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I'maBa 1

BBenenue

B nannoit riiaBe ! comepKuTCs Claeyomee: obInas XapaKTepUCTHKa paboThl, KPATKUit 0630p

COBPEMEHHBIX TOJX0J/IOB K CUCTEMHOMY HPOEKTHPOBAHUIO, KPAaTKue CBejeHusl 06 aKTyabHO-
CTH MOJIYJIbHBIX HMEePAPXUYECKUX CHUCTEM, KPATKOe ONMHMCAHUE CEMH THUIOBBIX KOMOWHATOPHBIX
WHXKEHEPHBIX CXeM [Jid MOJYJABHBIX CUCTEM, IPeJJIOKEeHHBIX aBTOPOM, CHIUCOK OCHOBHBLIX IPHU-
JIOXKEeHUI.

1.1 O6mas xapaKTepucTuka padoTbl

1.1.1 AxTyaJbHOCTH

B nocJjeaHue roJbl B pa3/JInIHbIX O6JIaCT§IX 3HAYUTE/IbHO BO3PAaCTa€T 3HAYUMOCTDb MOAYJIbHOCTHU
U HEePApPpXUYICCKUX MOJYJ/JbHBIX CHUCTEM.

Bo muOrux o6siactsix CO3JaHbl M CO3MAI0TCH OUOJIMOTEKH M KATAJOI'd KOMIOHEHTOB (JIO-
KaJIbHBIX peHIeHI/Iﬁ), WJIn TaKue JIOKaJIbHbl€ DEIIEeHHUA MO2KHO IOJIYyYUTb 3a CUeT I/IH(I)OpMaILI/I—
OHHOI'O aHaJIN3a UMEIOIIUNXCA 6&3 JaHHbIX M 3aKa3aThb. I/IHI)IMI/I CJIOBaMHu, IOCTPOEHUE CJIO2KHbIX
peHleHI/Iﬁ BO MHOTHUX IIPDHUJIOZKEHUAX TeIIePb OCHOBBLIBACTCA Ha H0ﬂ60pe BapHaHTOB JIOKaJIbHBIX
KOMIIOHEHTOB W KOMIIO3UIIMHU WX B PE3YJbTHPYIOIIEE COCTaBHOE CHUCTEMHOE€ DeEIleHUE. KpOMe
TOTrO, aKTYaJIbHBIMHU CTaHOBATCA 3a/Ja4u peKOH(bHI‘ypaHHH CYHIeCTBYIOIIUX CJIO?KHBIX CHCTEM-
HbIX penienuii. Takum 06pa30M, MOJLYJIbHOCTH SIBJISIETCSI OCHOBO# MTPAKTUYECKHU JIJIsT BCEX ITAIOB
MOAJAEPKKY PEIeHni Ha dTanax »KU3HeHHOTO IUKJIa MOLYJIbHBIX cucTeM. [Ipu 3ToM npencran-
JISIETCS 1eJIeCO00PA3HbIM TIePexol K pa3paboTke Habopa (CHeruaJbHOr0 YPOBHS) CHCTEMHBIX
327124 (KOMOMHATOPHBIX CXEM) TOJIEPXKKH PENIeHNi Ha STanaxX }KU3HEHHOTO IUKJ/Ia MOJLYIbHBIX
CHUCTEM, BKJIIOYad IIOCTPOECHUE MOJC/JIHN CHUCTEMHOI'O pEeIleHud, OllcHUBaHUuE, CUHTE3, BbIABJICHUE
Y3KUX MeCT, yJlydllleHue, MHOTOCTaIMiHOe ITPOEKTUPOBAHNE, MOJEJIMPOBAaHNE SBOJIOIUA U 1IPO-
THO3UPOBaHUE. yKaBaHHI)Ie KOM6I/IHaTOprIe CXEMbI PEaJIn3yI0TCd B BU/JIE KOM6I/IHaTOpHI)IX METO-
JIOB, BKJIFOUAIOIINX MOJIEJIM, aJITOPUTMBI, Y€JIOBEKO-MAITUHHbBIE TIPONEAYPhl U UX KOMOUHAIUH.
KpOMe TOro, HeO6XO,ZLI/IMO HaKOIIJICHHE OIIbITa IIPDUMEHEHHA YKa3aHHBbIX METOJUYECKUX CPeACTB
B Pa3JIMYIHBIX O6JIaCT$IX 1 IIOAI'OTOBKa CIIEIMAJIUCTOB.

lMaTepI/Ia.r[ TJIaBbl YaCTUYHO OCHOBAH Ha Hy6J’II/IKaJ_[I/IHX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Spinger, 1998. chapter 1.
(ii) Levin M.Sh. Composite Systems Decisions. Spinger, 2006. chapter 1.
(iii) Levin M.Sh., Note on combinatorial engineering frameworks for hierarchical modular systems. Electronic
preprint. 11 pp., Mar. 29, 2013. http://arxiv.org/abs/1304.0030 [math.OC]



1.1.2 TIleam paboThI

Henpio paboThl sBysieTCd pa3padOTKa U TPUMEHEHNe HOBBIX METOIOJOTUYECKUX IIOIXOJI0B K
OJIJIep2KKe PelIeHuil Ha dTalax »KU3HEHHOT'O IIUKJI1a MO/Ly/IbHBIX CHCTEM B BHJIE TUIIOBBIX KOMOH-
HaTOpHBIX cxeM (frameworks): mocrpoenue Mojie/iell CHCTEMHBIX PellleHuil, OIleHUBAHNE MOy Ib-
HBIX pelreHuil, KOMOMHATOPHBIH cuHTe3 (KOH(MUTypalys), YiIylieHne, MOIeJTUPOBAHIE SBOJIIO-
UM U TIPOTHO3MpoBaHue u Ap. [IpesiokeHHble KOMOMHATOPHBIE CXeMbl 0A3UPYIOTCsS Ha HOBOM
HepapXUIecKoil MOPGhOJOrTIeCKOil MOIEIN CHCTEMHOTO pellleHnst (paciiupeHne MOJETH U3 MOD-
dosornueckoro aHaau3a: uepapxus CUCTEMHOTO PelleHus, TIOPSIKOBbIE WU CIIeNUATbHbIE WH-
TepBaJIbHbIE OIIEHKU aJIbTepPHATUB JIjId YacTell pellleHus, MOPAIKOBBIE OIEHKH COBMECTUMOCTHU
AJIBTEPHATHUB [IJIsi PA3JIMYHBIX YacTeill pereHus).

1.1.3 Mertoabl uccjaeaoBaHUsd

Teopuss MHOTOYPOBHEBBIX MEePApXWUYECKUX CHUCTEM, CUCTEMHBIN aHaju3, Teopus TpadoB, KOM-
OMHATOpHAsI ONTHMU3AIMS, TEOPUsi MHOTOKPUTEPHAJIBHOTO IPUHSATUS PeIllleHni, MOpdoJIornde-
CKHe MeTOJbl, TPUKJIAJIHbIE UCCIETOBAHNS.

1.1.4 HayuyHas HOBU3HA M II€HHOCTbH

B muccepranuonnoii pabore cdopMupoBaHO HOBOe HampapiaeHue “‘THIOBbIE KOMOMHATOPHBIE
HHKEHEPHBIe CXeMbI JJIsI MOAEeP:KKH peIleHnil Ha dTanaxX *KU3HEHHOTO UK/ MOIYIbHBIX CH-
creM ¢ MOPGOJOTHYIECKOil CTPYKTYpOil”, uMeolee MUPOKOe MPUJIOXKEHHe IIPH IMOCTPOEHUU U
TpaHCcOPMAINA (PEUHKEHUPUHT) CJIOKHBIX MOJIYJIBHBIX CHCTEMHBIX DENIeHHil B Pa3IHdHBIX
oTpaciasax. B paMkax JaHHOTO HMCCAETOBAHUS MPEJIOXKEHO CJIeAYIONee:

(1) TunoBBIE KOMOMHATOPHBIE CXEMbI TIOJJIEPKKHU PEIeHU HA 9Tanax KU3HEHHOTO IHUKJIA
MOJLYJIbHBIX CHCTeM ([OCTPOEHNE MePAPXUIECKUX MOJIe/Ieil CHCTEMHBIX PeIleHunii, KOMGHHATOD-
HBIl CHHTE3, OIlEHWBAHWE, BBHISBJICEHWE Y3KMX MECT, YJIydIlleHHe, MOCTPOEHWe TPAEKTOpHH Cu-
cTeM, KOMOMHATOPHOE MOJEJUPOBAHUE SBOJIIONUYN CUCTEMHBIX DPEINeHUH W MPOTHO3UPOBAHUE)
[342, 344, 347, 353, 360, 364], KpoMe TOr0O MpPEJJIOKEHA JOMOTHATETbHAs cxeMa(bl) arperanuu
MOJLYJIbHBIX pernenuii [355, 364];

(2) HoBasi mepapxuyeckasi 3a7a4a O PIOK3aKe CO CIeIUaIbHBIM JIOTMYECKUM OIDaHUYeHHEM
(1151 TPOEKTUPOBAHUST OBEPJIEHHON CTPYKTYPBI IPOrPAMMHOIO KOMILJIEKCA W JIPYTUX [IPHJIOZKe-
HUil), 1Jis ee pellleHnss pa3paboTaH HOBBIH THUI TPUOIMKEHHOTO TOJIHHOMUATBHOTO AJTOPHTMA
C OTHOCHUTEJBHON MOTPENTHOCTHIO 10 IeeBoi (DYHKIUU U OTHOCUTEJbHOW MOTPENTHOCTHIO IO
orpaumdenuio |15, 334];

(3) HoBasi mepapxuueckass MOPGOJIOruIecKass MOJEIb CUCTEMbI C YYETOM HePapXUIECKOi
CTPYKTYDPBI CHCTEMHOIO PeIlleHHsl, KAYeCTBA IPOEKTHBIX (JIOKAJbHBIX) ATBTePHATUB JIJIs YacTel
WJIM KOMIIOHEHTOB ([OPSIIKOBBIE OINEHKY WM WHTEPBAJIbHBIE OICHKU B BUJIE MYJIbTUMHOMKECTB),
Ka4eCTBa COBMECTUMOCTH TPOEKTHBIX AJIbTEPHATUB JIJIs PA3JUYHBIX YacTeil (MOpsIKOBbIE OIeH-
ku) [331, 334];

(4) HOBBIH MeTOX “HEPAPXUIECKOTO0 MOPGOJOrHIECKOr0 MHOTOKPHTEPHATIHLHOTO IPOEKTHPO-
Banust” (MMMII) nyisi KoMGMHATOPHOTO CHHTE3a MOJLYJIBHBIX CHCTEMHBIX DENIeHHil Ha OCHOBE
KOMOMHATOPHOM 3aa4u MOPMOIOrnuecKoit KJIMKH WM 33124 proK3adHoro tuna [331, 334, 336,
339, 341, 342, 347|;

(5) HOBBIN THUII WHTEPBAJLHBIX OINEHOK B BHJE MYJbTHMHOXKECTB W COOTBETCTBYIOIIUII Ba-
puant IMMII (¢ ucnosb3oBanueM ONTHMU3AIMOHHBIX MOJEJel Ha OCHOBE MOMCKA PeIleHuii B
Bujie Meuan) [361, 367, 370];

(6) HoBasi BeKTOpHAs Mepa 0JIM30CTH JJisl PAHKUPOBOK [333, 334];

(7) HOBBIIt KOMOMHATOPHBIH MOAXO K HHTerparmu (fusion) JaHHBIX B BHE MOTOKOB rpados
Ha OCHOBe KJuK [360];



(8) HOBBIH 110101 K MOPMOIOTHYECKOMY HOCTPOEHHIO MAPAJLIETbHO-IIOC/IE0BATEIbHBIX CTPA~
Teruii pereHuit 3a7a4 (Ha HpUMepe MHOIOKPHUTEPUAIBHOIO DAHXKMPOBAHUS AJbTEPHATUB, Pea-
mauzoBano B CIIIIP KOMBU), npu stom dopmupyercs 6uban0TeKa METOI0B B BHIE ONEDAIH-
oHHO# Mopdosorndeckoit cpenst |26, 334];

(9) HOBas MopdosIOrnUecKasi CxeMa pelleHus JiJIs PACIIMPEHHON 3a/1a4u pa3MenieHus (Ha

ocuose UMMIT) [334, 347].

1.1.5 IIpakTudyeckoe MCNOJIb30BaHNE PE3YJIHTATOB PabOTHI

[lepeyenb TPaKTUYECKOTO MCIOJIH30BAHUS BKJIIOUAET CJIEIyIONIee:

(1) omrumMuszanus oBepJieiiHol cTpyKTypbl mporpammuoro komiuiekca 'WIIC Teosorus’ -
[enTpanbubiii reodpusnueckuit Tpect Munucrepcrsa reosiornu PO (1979) (uacts KanammaT-
CKoii muccepranuu aBropa) |15, 16];

(2) mporpammusiii Kommiaeke 'Cucrema moimepkku npunsatus pemennit KOMBIU (DSS
COMBI) (paspaboran coBmectHO 1 A.A. MuUXaiiIoBBIM) ¢1aH B (DOH[ AITOPUTMOB B IIPOTPAMM
AH CCCP (BIL PAH) (1989-1990) [26, 27];

(3) HOBasi MeTOIMKA KOMOMHATODHOTO IUIAHMPOBAHWS TEOJIOTMYECKUX HCcaegoBaHuii (Ha
IpUMEPe MEeCTOPOKIeHuit mojyocTposa Smasn) [28];

(4) nepapxuveckoe KOMOMHATOPHOE MOJIETMPOBAHNE OOOOIIEHHBIX [JIAHOB JIEIEHUs] ACTMBI Y
Jiereil U CUHTe3a TaKUX IJIAHOB IPUMEHUTE/IbHO K KOHKpeTHOMY Ty naiuenta (DeepasibHoe
rocyiapcrBennoe OrjzkerHoe yupexkjaenue “MockoBckuit Hayuno-uccienoBaresibckuit nHCTH-
TYT IeAMATPUU U JIeTKoi xupypruun”, 2004) [375];

(5) noswiit dakynbrerckuit kype “IIpoekrupoBanne cucrem”, dakyjgbrer paJMOTEXHUKH U
kubepHeTnKu, MOCKOBCKHUiT (DU3UKO-TEXHUUECKUH HHCTUTYT (TOCYIapCTBEHHBI YHHUBEDPCUTET)
(2004-2008) |22, 343, 348, 351];

(6) MeTOBI MHOTOKPUTEPHAIBLHOTO TPOEKTHPOBAHWSI CeTell niepeaun WHGOPMAIUK U MeTo-
JIBI MOJYJTbHOTO CHHTE3a CETeBBIX MPOTOKOJIOB W CTAHJAAPTOB MEePeJavn MyJIbTUMEeIUAHON WH-
dopmanun B ucciegoBaTe bckux paborax PenepasbHOTNO TOCYIaPCTBEHHOTO OI0I>KETHOTO yupe-
xaenns Hayku WIITIN TTAH um. A.A. XapkeBuua B paMmkax Boimoanenus HVP mo mpoekTam
Munncrepcra obpasoanus u Hayku PD [29, 349, 354, 361, 366, 368, 387, 388, 389, 392, 393]:
(a) “Meronsr npoekTupoBanusi komnbiorepusix cereit” ('K N 37.053.11.0063, 2004 rr.), (6) “Pas-
paboTKa TEXHOJIOTHH CO3/IAHWsI HOBOTO MOKOJIEHUS TTHPOKOIOJIOCHBIX TEJIEKOMMYHUKAIMOHHBIX
CpeJICTB KOMILJIEKTAIMK OECIIPOBOIHBIX CeTel mepeaadu JaHHbIX, I0JI0CA W BUAeoOnHMOPMann’
(K N 02.447.11.1003, 2005-2006 rr.), (B) “Pa3paboTka MHTErpHPOBAHHOI TEXHOJIOTHYECKOl
n71aTHOPMBI JjIT MOHUTOPUHTA, JIEMEHTOB U CUCTEM KM3HEHHO BaXKHON MHMPACTPYKTYpHI Ha
ocHoBe HH(MOPMAIMOHHO-KOMMYHUKAIMOHHBIX TeXHOJIoruil pacmupennoro Murepuera” ('K N
02.524.11.4002, 2007-2009 rr.), (r) “Meroxpl oGecnedenus: KauecTBa OOCTYyKMBAHUS [IPH JI0-
CTyIIe K IIMPOKOIOJOCHBIM MY/JIBTHMEIUHHBIM YCIyraM B O€CIPOBOIHBIX CAMOOPIaHU3Y IOIIHXCS
cersx” (cormamenue N 8330, 2012-2013 rr.), (1) “MeTosbl MIIABHOTO CHUYKEHUsSI KAUECTBA MEPe-
JIa4¥ BUJIEOTIOTOKA MPU BO3HUKHOBEHUU MEPETPY30K B MIMPOKOMOJIOCHBIX GECITPOBOIHBIX CETAX
(cormamenue N 8731, 2012-2013 rr.).

Onyb6imKOBaHHBIE ABTOPOM TIPUMEPHI TPUMEHEHUsT KOMOWHATODPHBIX CXEM ISl PA3JIHYHBIX
NPUKJIAHBIX CHCTEM COCTABISIOT “OMbJMOoTeKy” NpHIoKeHUH-1poToTHoB (0K0s10 30).

1.1.6 Amnpobarusa paboTbl

ITo Teme muccepranum OBLIN CAEIAHBI JOKJIAIHI HA BCECOIO3HBIX M MEXKIYHAPOIHBIX KOH(MEPEH-
MUSTX:

(1) I-e Beecorosnoe cosemanne “CrarncTudeckuii ¥ IUCKPETHBI aHAJN3 HEYHUCJIOBOI WH-
dbopManum, SKCIEPTHBIE OIEHKU U JUCKpeTHasd ontuMmu3anus’, Anma-Ara, 1981 r.;



(2) III Bcecorosnasi kondepenuust “ITpobsieMbl U MeTO/bI IPUHSATUSI PENIEHUIT B OpraHu3a-
nuoHHbIX cucremax ynpasienusi”’, ICA PAH (3senuropos, 1988);

(3) Mex rynapoauas koudepenims “MHOTOKpUTEpHATBHbBIE 33a90 MATEMATHIECKOTO PO-
rpamMmMmupoBanus’, fara, 1988;

(4) 2-i1, 4-it u 5-if Beecorosubiit 1 MexkrocyacTBeHHblE CeMUHADPBI [0 JUCKPETHOI MaTeMa-
tuke (MI'Y), Mocksa, 1989, 1993, 1995;

(5) Mexaynapomubie koubepernuu “Muorokpurepuasibaoe nputnstue pemenuii” MCDM:
CIITA (1990), Typuus (2000), 'penus (2006);

(6) 3-s1 u 4-s MexyHapoaHble KOH(MDEPEHIMA 10 YeJI0BEKO-KOMIBIOTEPHOMY B3auMOIeli-
cruo (EWHCI): Mocksa (1993), Cankr-Ilerep6ypr (1994);

(7) 2-1 Mexa. xkoud. o napasuensuomy nnzxkenupunry (MaxJ/Iean, CIIIA, 1995);

(8) 14-s1 Mex . xoudepennust 110 npukaaganoit nadopmaruke, (Ascrpus, 1996);

(9) Mexa. koudepennus no kiaaccudbukamuu (dnonus, 1996);

(10) Mexka. koudepennus no ontumuzanuun SIAM-OPT (Kanana, 1996);

(11) 13-s1 m 15-s1 Mezk 1. KoH(bEpeHIUH 110 KuGepHETUKE U CHCTEMHBIM UCCIeI0BaHusIM: Bena,
Ascrpus (1996, 2000);

(12) Mex . koubepeHIE 0 NPUKIAIHOMY HcKyccrBeHHOMY uHTeiekTy IEA-ATE: Ben-
rpust (2001), Vcnanus (2010);

(13) 2-it MockoBckast KoHbepernus “MeToapl JeKOMIO3UIMA B MATEMATHUYECKOM MOJIEJIH-
posanun”’, BI] PAH (Mocksa, 2004);

(14)) Esponeiickas koHdepenuust no kombunaropuoit onruvusanuu: ECCO-2005 (Muuck,
Benopyccust), ECCO-2009 (M3pawns);

(15) 18-s1 mexa. koHdepeHIysi 0 Teopun U Meropojoruu npoekrupoanns DETC2006
(Punanenndus, CIIIA);
16) mex . koud. no cucremuomy unzkenupunry ICSEM2007: spawuns (2007);
7) 2-s1 mexa. koud. “Uudopmaruka B Poccun” CSR-2007 (Exarepunbypr);
8) mexa. koud. CAD/CAM/PDM, UITY PAH: Mocksa (2006, 2007, 2010);.
9) mexa. koud. no caoxubiM cucremam 1CCS-2007 (Bocron, CIITA);
0) mexa. koud. IEEE Region 8 Sibircon: HoBocubupck (2008), Vpkyrck (2010);
1) mex . koud. o uaaycTpranbHoii nadopmaruke INDIN-2009, Cardiff, UK, 2009;
22) mex. koHd. 110 KomnbiorepHomy obpazosannio CSEDU: ITopryramust (2010); Fosnan-
qst 2011);

(23) mex . koHrpecc mo coppemenubM TesiekommyHaukaiusm ICUMT: Mocksa (2010), Cr.
[TerepOypr (2012).

Bolm crenansl mokaaapl Ha HaydHbix cemuHapax B ICA PAH, [I9SMU PAH, MI'Y, BU-
HUTUW PAH, BII PAH, UITY PAH, UIITIA PAH B 1979-2013 rr..

(
(
(
(
(
(
(

1.1.7 CrpykTypa n 06beMm

Huccepranus cocrout u3 18 mias (CrpynnupoOBaHHBIX B 3 YACTU: BBEJIEHUE, OMUCAHNE THUIIOBBIX
KOMOMHATODPHBIX CXEM U ONMCAHUS MPUMEHEHWH YKA3aHHBIX CXeM B MPUJIOKEHUSX ), 3aKII0Ue-
HUus ¥ cnucka Jmreparypbl. Ona comepxkut 300 cTpaHUI[ OCHOBHOIO IEYaTHOrO TeKcTa, 315
umocrpamuit, 214 rabaun. Crucok jureparypsl BraodaeT 590 HAUMEHOBAHMIA.

1.1.8 Ilybamkaiunm

[To Teme mccnenoBaHus OMyOJINKOBAHBL:

(1) 2 auunbie MoHOTpad Uy HA aHTIMIACKOM si3biKe (M3maTesbeTBO Springer) [334, 342);

(2) 14 nuunbix crareit B )ypHanax no cnucky BAK (Bkiowas WoS) [16, 22, 23, 331, 336,
339, 341, 347, 353, 354, 360, 364, 367, 368];
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(3) 6 crareit co ko/uteramu B KypHasax 1o ciuucky BAK (Bkirouas WoS) (npumepst npu-
nosenuit) [374, 375, 376, 377, 378, 382);

(4) 6 crareii ¢ crygeaTamu B XKypHasax no cnucky BAK (skiouas WoS) (mpumepst npu-
JIOXKeHWil, Ha OCHOBE JWILIOMHBIX pa0OT, BHIIOJIHEHHBIX IT0 PYKOBOACTBOM aBTOpa, M Ha OCHOBE
nabopaTopHbIX PaboT 10 Kypcy aBropa) [29, 379, 383, 388, 392, 393|;

(5) 18 crareit B Tpysax MexyHapoAHbIX KoHbepenuuii (Springer, Scopus) [327, 328, 331,
337, 343, 344, 345, 346, 348, 349, 361, 366, 381, 383, 384, 386, 387, 389];

(6) mpouue myGIUKAIMH.

1.2 O coaepxkanuu padbOTHI

1.2.1 TIloaxoawb! K MPOEKTUPOBAHUIO CUCTEM

Cpenu OCHOBHBIX TIOXOJI0OB K CHCTEMHOMY TIPOEKTUPOBAHUIO MOXKHO YKA3aTh CJIeIyOIIue:

I. O6mue moaxoam::

1.1 uepapxuueckoe NPOEKTUPOBAHUE CUCTEM ¥ JIEKOMIIO3UIMOHHBIE Toaxoabl [110, 243, 312,
307];

1.2 monysibHOe npoektuposanue [70, 110, 257, 453];

1.3 npoekTUpOBaHUe HA OCHOBE MaTPHUIIbI IPOEKTHON cTpyKTyphl (design structure matrix)
[108, 526];

1.4 mpoekTHpOBaHNe Ha OCHOBE MHOTOKPUTEPHAJBLHOTO NPHHATHS perenuii |63, 110, 162,
311, 312, 426, 502|;

1.5 mopdonoruueckuit ananus [62, 81, 276, 478, 590|;

1.6 06beKTHO-OPHEHTHPOBAHHOE TIpOeKTUpOBanue [94];

1.7 mpoekTHpOBaHKe HA OCHOBE KOMIIOHEHTOB [246, 321, 445, 453].

II.®opmanpHbIe TOAXOABI K CHCTEMHOMY IMPOEKTHUPOBAHUIO:

2.1 akcMoMaTHIeCKoe TpoeKTupoBanue [529);

2.2 dopmasbHble MeTObI IpoeKTHpOBanus [102]:

III. OnTumu3zannsg:

3.1 MHOroAMCIMIIMHAPHAST onTUMu3alms [47];

3.2 MeTO/Ibl CMEIIAHHOTO [EJIOYMCIEHHOTO HeJTMHEHHOro porpamMupoBanus [189, 222];

3.3 paznuuHble METO/bI 1I06aIbHOl onTuMu3anuu [190, 191];

3.4 menuueiinasi MHOTOIE/NeBas onTuMu3anus 418, 525];

3.5 MHOTOIIE/IeBasi BOJIONMOHHAS ONTHMU3AIKs, BKJIIOYAONAs TeHeTHIECKHe aJITOPUTMBI
[136, 438].

IV. Iloaxoapl HA OCHOBE METOJOB MCKYCCTBEHHOTO MHTEJLJIEKTA:

4.1 cuenuajbHBIE SKCIIEPTHBIE CUCTEMBI U CHCTEMbI Ha OCHOBe 6a3 3Hanwmil [229, 415, 532];

4.2 TpoeKTUpOBaHUE HA OCHOBE I'PDAMMATHYECKHX OMUCAHWI CHCTEeM, BKJIIOYAs MOIXOBI K
IIPOEKTUPOBAHUIO COCTABHBIX cucTeM (composable systems) [206, 506];

4.3 MeTo/Ipl MPOEKTHPOBAHKS HA, OCHOBE MHOTOAIEHTHBHIX MOAX0I0B [114];

4.4 MeTOIBI MPOEKTUPOBAHKsI HA OCHOBE 3334 BhIIOJHUMOCTH [489, 524]).

B Poccun nakomeH yHWKAJIbHBIN ONBIT B OOJACTH aHAIU3a, MOJEJUPOBAHUS W MOCTPOE-
HU¢ pellleHu#l Ha PAa3JUYHBIX JTAlaX *KM3HEHHOTO IWKJIA CJOXKHBIX cucTeM. MoXKHO mpuBecTn
HpUMEPbl HAYYHBIX HAIPABJICHUH B JaHHBIX 00J1aCTAX:

(1) pekommo3uIOHHOE MpoeKkTHpoBanue cjaoxkHbix cucreM (akag. PAH I1.C. Kpacuomekos
u ap., BI] PAH) [14];

(2) Teopus perennst n3o6peraTeabckux 3amad . Anprmymaepa (TPU3) [50];

(3) mopdomnorndeckuii cuuTe3 (YroJbHBIX NMAXT, XUMHYECKUX TEXHOJOTHIT) ¢ HCIOTH30Ba-

HHeM MHOTOKpuTepraabHoro Boibopa (akag. PAH C.B. Emennsnos, a.1.H. O.A. Ceprees, u ap.;
UTTY PAH, UCA PAH u UMAIII PAH) [6, 10];
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(4) cuHTe3 CHCTEMHBIX DellleHuil Ha OCHOBE MOPQOJOrHYEeCKOr0 ¥ MHOTOKPUTEPHAJIBLHOIO
aHasm3a, 6JM30CTH PelleHnii K ujaeajbHbIM KoMuosunusM (K.T.H., g.a.H. B.H. fdkumen u ap.;
NCA PAH) [9];

(5) anmIpOKCHMAIMOHHO-KOMOUHATOPHBIN METO] K TOCTPOEHHIO PA3BUBAIOIIUXCS CHCTEM (JI.T.H.
B.P. Xauarypos, BI] PAH) [39];

(6) pactipeiesieHHBIE CHCTEMBI OJIEPYKKH MTPOIECCOB NPUHsSTHs perennit (1.1.H. D.A. Tpax-
renrepr, UTTY PAH) [38];

(7) mHTEpaKTHBHBIE TOAXOABI K cuHTe3y cTpykTyp (m.r.H. E.VM. Apramonos u ap., UITY
PAH) [3];

(8) cucremnas cpena CAITP pgyist npoexruposanus CBUC (akax. PAH A.JI. CremnkoBckuii,
Uncruryr CAIIP PAH) [37];

(9) merox uccienoBanust npocrpancTsa napamerpos (a.d.-m.u. .M. Coboas, UTIM PAH
u a.1m.H. P.B. Craraukos, UMAIII PAH & Naval Postgraduate School - USA) [36];

(10) IEeKOMIO3UIMOHHBIE TIOXO/IbI U Hepapxudeckas onrumusanus (1.¢d.-m.u. B.. Ilypkos,
BII PAH) [40];

(11) momenuposanue uepapxuueckux cucrem (wien.-kopp. PAH 1O.C. ITonkos, ICA PAH)
[35];

(12) maremaTuvyeckue METOJAbI BUPTYAJLHOTO MPOEKTHPOBaHWs TexHoyoruit (akax. PAH
.M. Makapos, a.1.u. B.3. Paxmankynos, k.d-m.u. A.A. Axpem, ICA PAH) [31];

(13) xoudurypanus u peKoHMUIypanus CUCTEM HA OCHOBE MCKYCCTBEHHOTO UHTEJLIEKTa (B
gacTHOCTH, constraint satisfaction problem, fuzzy sets, concurrent engineering, onrosioruyeckue
noaxonp) (a.ru. A.B. Cvupnos, CTINU PAH) [513, 514, 515];

(14) KoMIO3UIMOHHBIE METOJIBI TTOCTPOeHUsI nHGOpMannoHHbX cucreM (a.d.-m.u. JI.A. Ka-
JuHUYeHKo u jap., U PAH) [11, 313];

(15) momckoBoe KOHCTpyHpOBaHue [12[;

(16) cunre3 nepapxudeckux cucrem yupasienus (a.1.H. B.H. Ipiruuko u ap., UCA PAH)
[41];

(17) onTuMHU3AIMOHHBIE METO/IbI TIOCTPOEHUsI CTPYKTYD opranusaruii (uien-kop. PAH, x.1.H.
JI.A. HoBukos, 1.¢.-m.1H. A.A Boponun, k.¢d.-m.H. C.II. Mumun, k.7.1H. M.B. I'yoko; UITY PAH
n Bosrorpaackwmit roc. yauBepcuret) |5, 225, 425, 560);

(18) aBroMaTH3MPOBAHHBIE METOBI TPOEKTHPOBAHMUSI, B TOM YHCJIe HA OCHOBE TeHEeTHYECKUX
anaropurmoB (a.1.H. VL.IT. Hopenkos, MI'TY um. H.D. Baymana) [33].

OTmeTnM HEKOTOPBIE COBPEMEHHBIE KJII0UYEeBbIe MPOOJIEMbI TPOIECCOB MOCTPOEHUST CUCTEM-
HBIX pemenuit [22, 23, 334, 337, 339, 342]:

1. OGmas opranu3aiys MPOIECcca, BKIYas Tapaen3anuio (pacnapaJiieuBanue) mpo-
1[ecca, BO3MOYKHOCTH BKJIIOUEHHUS B IIPOIECC PeIeHNs SKCIEePTOB U3 TPUKJIAJIHBIX 001acTeil 3HaA-
HUl, KOOPJMHANIMIO PA3JUYHBIX TPOGECCUOHATBHBIX TPYIII.

2. KombunaropHast CJIOKHOCTh “IPOCTPAHCTB’ CUCTEMHBIX PEIIeHUN.

3. AnropurmMudeckasi ¥ BRIYUCIUTETbHAS CJI02KHOCTD TIPOIECCOB PEITEeHUsT BO3HUKAIONUX 32~
Jlad, a Takxke, “9pdeKTUBHOCTD U yI00CTBO” BKJIIOUEHHSI B TEXHOJIOTUIO PEIIeHNs CIIeNUAIACTOB
U IKCIIEPTOB.

4. Opraau3aiust KOHTPOJIbHBIX TOYEK B IIPOIECCE PEIeHus /s OeHUBAHUS IPeIBAPUTE b
HBIX DelleHuil, Jjisi HepernpoeKTHPOBAHUSI /YTy dIIEHWSI.

5. Opranusanus uadoOpMarmu (“IPOCTPAHCTB” CUCTEMHBIX DeIleHuil).

6. Peanuzarnus 1OTOJHATEIBHBIX CUCTEMHBIX 33/]a4: TOUCK Y3KUX MECT, OlEHUBAHUE, Tepe-
IIPOEKTUPOBaHUE/ YIIyUIlleHNe U JIp.
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1.2.2 MoayJdbHOCTb U MEPAPXUYECKNE MOJEJIN

B noc/ieiaue rojibl 3HAUUTETHHO BO3POC/IA 3HAYUMOCTD MOJYJIBHBIX (MHOTOKOMIIOHEHTHBIX) CH-
crem [70, 134, 155, 207, 257, 280, 334, 342, 356, 369, 553, 564].

MonynbHOCTb cucTeM siBsieTcss 0a30if i yCKOPEHHO# pa3pabOTKU CHUCTEM, IMOJIyYeHUs]
GOJIBIIIOTO YHCJIA BADUAHTOB CUCTEMHBIX PEIIEHUi, IOBTOPHOTO MCIIOJIb30BAHUS CUCTEMHBIX MO-
qyneit, sdekTuBHOro yayumienus u/unum pekouduryparuu cucrem [207, 224, 235, 257, 334,
342, 549, 550, 553, 554|. C npyroii cTOpOHBI, HEPAPXUUECKHE TIOIXOIBI ABJISAIOTCI 049eHb 3 dek-
TUBHBIM CPEJICTBOM JIJIsl MOJIEJTAPOBAHUS, aHAJIN3a ¥ MPOEKTUPOBAHUS PA3TUIHBIX CUCTEM.

B naunoit paboTe mpesioXKeHbl THIIOBBIe KOMOMHATOPHbIE HHXKEHEPHbIE CXeMbI (KaK KOMIIO-
3UIUN B3aWMOCBSI3aHHBIX KOMOMHATOPBIX 3319 U COOTBETCTBYIONUX MM AJITOPUTMOB U MIPOILE-
JIyD DelleHust) JJisi MOJLYJIbHBIX CHCTEM C HEPAPXUUYECKON MOJEIbI0 (MOPGOIOTHYecKoro Tuia)
(Puc. 1.1).

Bazgsbie
n KOMOWHATOPHbIE
. %HléﬂiﬂHaﬂ cxembl (frameworks):
nCTreM
HAIPUMED: 1.IIocTpoenue
(a) duzmueckas MO/JIeJIN CUCTEMbI
CHUCTEMA, 2. IIpoexkTupoBanue
(6) opranuzauon- Uepapxu- 0
HAsI CUCTEMA, qeCKAsT <— | 3. OuenuBanue
B) IIporpamma, MOACIbL =\ <—> |4. Boigejenue
r) aaropurm(bl), MOTYJIbHOI s V3KUX MeCT
cepBuc(bI), CHCTEMBI 5.V enue
e) 1iaH(bI), - YJLydHIeHN
) 06pa3oBaTeIb- 6. MHorocraauitaoe
HbBIA Kypc(br), IPOEKTUPOBAHUE
53)) cTasmapT(bl), (TpaekTopus)
u) TpeOOBAHUA 7. KombunaropHas
SBOMIONUS
Y IPOTHO3UPOBAHUE

Puc. 1.1. Cucrema - nepapxudeckasi MOJe/b - KOMOMHATOPHAs CXeMa

Cuieiyer 0TMETUTH 0CO0YIO POJIb Mepapxuil. Mepapxudeckue MOIe M UIPAIOT IEHTPAJbHYIO
POJIb B CUCTEMHBIX HAyKaX, TeXHUKe, HHMOPMAIMOHHBIX TexHostorusx (205, 237, 244, 292, 301,
431]. MoxHo yKa3aTh HEKOTOPbIE OCHOBHBIE TuIlbl uepapxuit [205, 237, 301, 363|:

(1) paznuunsie Tunst gepesbes (Puc. 1.2, Puc. 1.3, Puc. 1.4) [198, 205, 301];

(2) oprannueckast uepapxust (T.e., C CBI3IMHU MeKJy BeprmiuHaMu-aerbmu, Puc. 1.5) [138];

(3) uepapxus (Kax JepeBo ¢ JIOMOJHUTENbHBIME pebpamu, Puc. 1.6) [326];

(4) “mopdosoruyeckas nepapxus’ (nepapxudecas Mopdosornueras Mojesnb) [334, 342, 355,
356] (Puc. 1.7);

(5) muoroyposnesas crpykrypa (Puc. 1.8) [42, 82, 410, 435, 450, 537, 538];

(6) crienuabHAst IBYX-YPOBHEBAs MOJIEJIb: CETh BEPXHETO YPOBHS - MOP(MDOJIOIMUECKHE CTPYK-
TYDBI JJIs1 KaxK 10l Bepruubl cetn (Puc. 1.9).

MoKHO Tak:Ke yKa3aTh PsiJi CIEIUATbHBIX MPUIOKeHuil nepapxuii: (1) mepapxuueckue cxe-
Mbl ganebix u 3uanuit [100, 301, 324, 326, 476]; (2) undbopMmanpoHHbIe KOHIENTYAJIbHBIE TIPO-
crpancrBa [125]; (3) opranusanmonnsie nepapxuu |71, 225, 425, 560|); (4) mMHOrOoypoBHEBbIE
caoxkHble cucTeMsl [417]; (5) sBommonuonnsle JepeBbs |52, 424]; (6) onrosmoruu [144, 254, 446,
555]; (7) cmenmanbHBlE HepapxXudecKue CTPYKTYphl mporpamm (statecharts) [244]; (8) mepesbs
pemenuii |44, 210, 216, 217]); (9) nepapxuu KpuTepHeB B NPUHSATHM DEINEHUi, HAPUMED, B
MeToJe aHaJuTHIecKux mepapxuit [488]; (10) mepapxudeckue cetn gocryma [214].
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tt

Bucsraue eprmmabt Kommonent 1 Kommnonent 2 Kommnonent 3

Puc. 1.2. /IepeBo Puc. 1.3. Jlec

AN

Puc. 1.4. ITosu-nepeBo

Kopens

Nopo s

Oprannueckue CBA3U JonosHuTeIbHBIE pebpa

Puc. 1.5. Opranuueckas nepapxusi Puc. 1.6. Uepapxusa

MCTEMHAST MePAPXUST
(zpeBoBUIHAS CTPYKTYDPA)

nCAINe A.HI:TepHaTI/IBbI I7I9 CoBMECTUMOCTD
BEPIIVHBI  BHCAGUX BEPIIUH aTbTEPHATHR

Bepxawmii

1\% T~ 1 7._ m'— 1m < //I I /I /I\\) YPOBEHb

O 0000 (a2 a0 vhosar
'A% '4T42

Hm HIH Hm C.. e e+ e o )Hmxnnii
YDOBEHB

Puc. 1.7. Cucremuass MmopdoJiorus Puc. 1.8. MHOrOypoBHEBasg CTpYKTypa

Cern Bepxuero yposasi G = (H, V) (y3me: H = {po, 1, ..., fin }, dyrua: V)

@,y\ @\
Ho

I I : Cerb Mopdo-
CN NS SN OO

Puc. 1.9. /IByx-ypoBHeBast MOJEIb: CeTh ¢ MOPMOIOTHIMHI

B nannoit paboTe mccie0BaHNe OCHOBBIBAETCS Ha, WCIOJb30BAHUU, B KAUYECTBE CUCTEMHOM
MOJIEJIH, CIENUaIbHON Mopdoaoruveckoit crpykrypsl (Puc. 1.7), mpejioxkeHHOH aBTOPOM B
koHie 80-x - navasie 90-x rogos |16, 17, 327, 328, 331, 334, 342, 363|. JonosHUTEIHHO UCIIOIH-
3yI0TCS JPEBOBU/HbIE CTPYKTYDPbI, MHOIOYPOBHEBbIE CTPYKTYDbI U CIIeIMaJbHAas HOBas JBYX-
yPOBHeBasi CTpyKTypa, npejcrasiennas Ha Puc. 1.9 (riasa 8).
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1.2.3 TwunoBbie KOMOMHATOPHBIE CXEMBbI

PaccmarpuBaembie TUIOBBIE KOMOMHATOPHBIE cxeMbl (frameworks) mpejcraBisiior co6oil KOM-
OuHAIMH 337124 /MOJIeIel JIJIst TIOIEPIKKU PA3JIUYHBIX CTAUH KU3HEHHOTO UKJIA MOJY/IbHBIX
cucrem (Puc. 1.10).

KM3HEHHBIE
IMKJIBI CUCTEMBL

‘ Konrm. npoektupoBanme ‘

\ [IpoexTupoBaHue \ KOMBUHATOPHBIE
l CXEMBI
= IIOAOEP2KKI
\ ponstﬂCTBO \ (FRAMEWORKS):
[Mux ‘ Tectuposanue ‘
|
ITocTpoenue
CxkiaaupoBanue, HMEPaPXUIECKOM
TPAHCIOPTUPOBAHUE MOIeITH
|
DKCITyaTanys ;} OnenuBanue )
(u TexobcmyKuBanue)
! <:;CHpoeKTI/IpOBaHI/Ie>
‘ Yrunuzanusi ‘

Briaenenne
Y3KHX MECT

‘ Konrm. npoektupoBanme ‘ ;( Vayamere )

.
[— o <+
.

‘ IIpoekTupoBanme ‘ MHuorocTamitHoe
l I oeKTHpOBaH)He
TPpaeKTOpuUus
‘ IIpoussoncTBO ‘ P P
' Kowmbunaropuast
I—[gK'H ‘ TeCTI/IpOBaHI/Ie ‘ 3BOJIIOLIVIS,
I [IPOTHO3UPOBAHUE
CkiiaupoBanue,
TPAHCIOPTUPOBAHUE
DKCITyaTaIus
(u TexobcmyKuBanue)

!

‘ Yrunuzanus ‘

!

Puc. 1.10. Tunosbie KOMOMHATOPHBIE CXEMbI MOJIIEPAKKI

Crucok KOMOMHATOPHBIX CXeM BKJIIOYaer cieaymomiee (342, 344]:

1. ITocrpoenue nepapxudeckoii mogesnn cucrembr (77).

2. Vepapxuueckoe Mojy/abHOe mpoekTupoBanue (75).

3. OuenuBanne MoxynbHO# cucrembl (T3).

4. BoisiBienne cucreMubix y3kux mect (7}).

5. Yayumenue cucremsr (T5).

6. Muorocraauitnoe nmpoekTupoBanue (T.e., IpoekTHpoBaHue TpaekTopuu cucrembr) (7).

7. KoMOGuHATOpHOE MOJIEIMPOBAHNE SBOJIIOIMA CUCTEMBI U TporHo3upoBanue (717).

JIOOJTHUTEIHHO CIIEAYeT TaKKe YKa3aTh BayKHYI0 BCIIOMOTaTeIbHYI0 KOMOMHATOPHYIO CXeMy
arperanuy MOLYIbHBIX PeIIeHui.
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PaccmarpuBaemMble KOMOMHATOPBIE CXeMbl MOTYT OBITh NPUMEHEHBI K CJICAYIONMM CHCTEM-
HBIX OObEKTAM: CHCTEeMBI, IJIaHbl, TpeboBaHus K cucreMam, crangaprsl (e.g., [334, 342, 355]).
Obmas cxeMa uccaeayeMoit obacTu npeactasiena Ha Puc. 1.11.

HbIEC TPOTOKOJIBI

S — Egi/gsfgglimp ggﬁgﬁgmomoﬂ

| Browemmma m HBIE CXEMBI ~ OIITIMU3AIIAN:
(frameworks): ‘

‘ Teosorus ‘ Proksax ‘

M porpasnmbe ‘ ‘B.HO‘IHI)II/I PIOK3aK ‘

CUCTEMBI CUCTEeMbL ‘ Kiuxka ‘

Kommynwnkamnmon- <~ OnernBanne ‘ ‘PaH)KHpOBa‘HHe ‘

Yupasienue B

‘ Kunacrepuzanust
IIpoekTupo-

BaHUe “
Uepapxu- Haznauenwst

YMHOM JIOM€
JecKast Boinenerue ITokpsiBatorue
CrpounrensCcTro MO yIbHAsA Y3KHX MECT ‘ AepeBbst
cucrema, o e .

Crparernu pe-
HICHUST 337939

W o 7 7 7 77

‘ Nepapxuueckas
Mopdosornyeckasi
> MOZEJIb CHCTEMbI
HOTO-CTauit ‘
HOE TIPOEKTH-

pOBaHUE

MonynbHbIe
y4ebOHbIe KypChl

CranmapTsr Ajist

o o o

Kombunar. o o o o

MYJIETUMEIUA, IBOJIIOIINS, o o o
TIPOTHO3UPO- ‘

Tesiemerpust BaHne \ T /

p AnbrepHaTUBbBI

NN N XN

N

Puc. 1.11. O6mas cxema uccjegayemMoro HalpaBjieHus

‘ Panno cercopsr

KomOunaTopHbie cxeMbl 6a3UpYyIOTCsS Ha 337a9aX KOMOMHATOPHOW ONTHMU3AIUAN U MOYKHO
paccMaTpUBaTh CJELYIOILYI0 YeThIPeXyPOBHEBYIO apXxuTekTypy [353]:

1. Ba3zoBble 3asa4n KOMOMHATOPHOH onrTMuzamuu (3a7a4a O pIOK3ake, 3a7a4a GJOYHOIO
PIOK3aKa, KJIacTepu3alysi, PAHKUPOBaHNUE, 33/1a4a O Ha3HAYAHWUH / PA3MEIIEeHUH, TOKPbIBAIOIINE
JIepeBbsi, packpacka rpadoB, 3324 MapIIPyTH3AIUN, KIUKA U JIP. ).

2. CocraBHBIe KOMOMHATOPHBIE 3341, BKJIIOYAIOIINE HECKOJIBKO DA30BBIX 3324, B YaCTHO-
CTH, MHOI'OKPUTEPHAJIbHBIE BEPCUM YKA3AHHBIX 0A30BbIX 3a1a4.

3. TunoBble uH)KeHepHbIe KOMOUHATOPHBIE cxeMmbl (frameworks), ykazauubie Bbiine (T.€., Hpo-
eKTHPOBaHMUE CUCTEMbI - KOMOMHATOPHBIN CHHTE3, MOCTPOEHWE MOJIENH, OICHUBAHUE, YJIyYIlle-
HUe, BBISIBIEHHE Y3KUX MECT, MOJETHPOBAaHIe KOMOUHATOPHOI 9BOJIOINH).

4. CucreMHbIe TPUIOKEHHUS.

Cuemyer 3aMeTUTh, 4TO B MPUJIOKEHUAX TUIIOBBIE KOMOMHATOPHBIE CXEMbI 9aCTO MCIOJIb3Y-
I0TCsl COBMECTHO B paMKax OOIeil MpuKJIaHO# MTPOEKTHOW CXeMbl, HAIPUMED:

Ipoexmuposarue uepapruueckoti Modesu NPuKAaOHOT CUCTEMDL, NPOEKMUPOBAHUE CUCTME-

Mbl, OUEHUBAHUE CUCMEMHLLT PEWEHU, BLIABAEHUE YSKUT MECTM 8 NOAYYEHHLLT CUCTNEMHBILT
PEUWEHUAT, YAYHYUWEHUE CUCTNEMHBLT PeuLeHUl.
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1.2.4 OcHOBHBIE CUCTEMHBIE TTPUJIOKEHUHA

Tabsuma 1.1 comepKUT CIIMCOK OCHOBHBIX OIyOJIMKOBAHHBIX CUCTEMHBIX NPUJIOKEHU, DU 9TOM
yKa3aHbl KOMOMHAIIMY ITPUMEHEHHBIX KOMOMHATOPHBIX CXEM.

Tabsimma 1.1. ITpuiokenust 1 KOMOMHATOPHBIE CXEMbI

Ipunoxxenne IIpumenennbie Cxembl CcpLaku Ha
T ‘ T ‘ T ‘ Ty ‘ T ‘ T ‘ T nyOJIuKaIe aBTopa

1.9/1eKTpoHHAS TOPTOBs * % %* % % * 346, 357]
2.Be6-cucrema, * Kk KX Kk K * 352, 355, 383]
3.Crpareruss MHOTOKPUTEPHAILHOTO * % 334, 3621

PAHKUPOBAHUS
4.CIITIIP KOMBU * % 1327, 334
5.MoznynbHEI IPOrPAMMHBII KOMIIEKC | 4 % 4 % % 341’ 342
6.Hoytbyk * % * 355]
7.PervonanbHasi ceTb CBSI3U * * 392
8.GSM cerb cBsizu * K 356, 380
9.TenemeTpirdecKast CHCTEMA, * % K« x K 359, 379
10.Cucrema Ge3omnacHoCTH * Kx K Kk K 355, 384
11.Paguo cemcop * * K K % 355, 386, 394]
12.TecTupoBanue * % 378|
13.IIporokon ca3u x % x K« x K «|[368, 385
14.YenoBexo-MammHHEH nHTEpdEHC T 328, 334, 339]
15.3 raune * K x % 342, 377
16.YpaBjeHue B yMHOM JOME * *x * K % 367, 390
17.MuBecTunyn *  x 334, 355
18.Il1an mapkeruHra * 23, 30]
19.BubpaumonHsbrit KOHBelEp * % 334, 373]
20.T'eosiormyeckoe MIaHUPOBAHKE * % 28, 334]
21.Texuomorust 6eToHa, * % 342, 374
22.IlnaBrpoBaHme JedeHus * % 342, 375
23.YuebHbBIE KyPChI * *x K K Kk x 334, 342, 3959, 364]
24.CrangapThl Ijis MyJbTUMEINA * % % * * x *|[366, 368 382]
25.IMMYHOJIOTUYIECK UM aHAJINA3 *  x 342, 376

1.3 BpiBoabl K rJjiaBe

B nanHo#t BBO/IHO# I1aBe IpUBEIEHO KPATKOE ONMUCAHHE W 0OOCHOBAHUE CXEMbl MCCJIEIOBAHUSI:
Ipunoorcernue <= Mopgonozuveckan modeav <= Komburnamopmrwie cremoi

B kagecTBe nepapxuveckoit MOpG0JI0ruuecKoii MoIeIu CUCTEMbI MCIIOJIb3YeTCs, B OCHOBHOM,
NPeJIJIOXKEHHAs] ABTOPOM PACIIUPEHHAsT MOJIEb 13 MOPGOIOrHIecKoro anajm3a: (i) nepapxude-
ckas (JIpeBOBUHAs) CTPYKTYpa CUCTeMbl, (ii) MHOYKECTBA MPOEKTHBIX AJbTEPHATUB JJisl KarK-
JI0¥ BUCsYell BEPIIMHBI CUCTeMHON Mojesu, (iii) TMOpSIKOBbIE ONEHKU TPOEKTHBIX AJbTePATHB
DAS (I/I.HI/I OIIEHKM Ha OCHOBE€ CIi€eMaJIbHBIX MWHTEPBAJIBHBIX IIIKaJI B BUIE MyﬂbTI/IMHO)KeCTB),
(IV) HOPpAAKOBbIE COBMECTUMOCTU ME2KAY INMPOEKTHLBIMU aJIbT€PpHATUBaAMHU IJid Pa3JIMYHBIX CH-
CTEMHBIX KOMIIOHEHTOB.

[TpeioxkeHHbIE KOMOMHATOPBIE CXEMbl OCHOBAHBI Ha KOMOMHAIMSIX 3aJa4/Mojieeil KOM-
OuHATOpHOU omTMMu3anuK (33JaUa O PIOK3ake, 3ajada OJOYHOrO PIOK3aKa, 33Ja4a O Ha3HA-
YeHHH /Pa3MeIleHnt, 3a/a9i O KJIMKe, 33/a4i IIOKPBIBAIOIIMX JE€PEBbEB, MHOIOKDHTEPUAIb-
HOe DaHXKMPOBaHWEe, PACKPACKA rpadOB M JP.) ¥ BKJIOYAIT BbIYMCIUTEIbHBIE AJTOPUTMbI 1
4eJI0BEeKO-MAalluHHBIE MPOIEAYPHI i pelleHrs KOMOMHATOPHBIX 3a/a4.

B kauecTBe 06beKTa HCCIENOBAHUS MOTYT paccMaTpuBaThes caenyromue: (1) dbusnueckas
cucreMa (HampuMep, 37aHUe, 3JeKTPOHHas amnmaparypa (2) opraHu3aludoHHas cuUcTeMa (Ha-
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npuMep, CTpyKTypa Gpurajpl ucrnojaHuTesei), (3) Kommiekcsl nporpamm, (4) mHdopmalmon-
Hasi cucrema uim cepsuc(pl), (5) mwianbl (B yupaBieHHH, B S5KOHOMHUKE, B MeJMIMHE U JP.),
(6) MomypHBIE 0Opa3oBaTeabHBIH Kypc(bl), (7) cTaHZAPTH ¥ MPOTOKOJBI (IIPOTOKOJIBI CBSI3H,
CTAaHAAPTHI Tlepeaadn nHdopManun), (8) cucrteMbl TpebOBaHUS.

B mocienyronux riaBax MpeCTaBIeHbl OMUCAHHUS CEMU THIOBBIX KOMOMHATOPHBIX CXeM M
JIOTIOJIHUTEIbHON KOMOUHATOPHOI cxeMbl (arperaiusi MOJIYJIbHBIX DEIeHuil), a, TaKKe, IpuMe-
pBl IPUMEHEHHUsI YKA3aHHBIX CXeM B Pa3/IMYHBIX IPUIOKEHHsX. Marepuasibl 6a3upyorcs Ha
MHOTOYHCJIEHHBIX TyOuKausx apropa (HauuHas ¢ 80-X TOJ0B) ¥ OBLJIM MHTEIPUPOBAHBI B MO~
cJielHIe TOIBI BO BpeMst paboTsl apropa B UITITIN PAH (¢ 2004 1.).

Tekcr coorBercrByioT Kypcy apropa “IIpoekrupoBanue cucrem” [22, 343, 348, 351|, npo-
apranaoMmy Ha OPTK M®TU B 2004-2008 rr.. (http://www.mslevin.iitp.ru/SYSD.HTM), u
MOXKeT OBITh MCIIOJIb30BaH, 10 MHEHUIO aBTOPa, Kak y4ebHoe mocobue. HacTh MpUKJIaJIHBIX Ma-
TepUaJIOB OCHOBAHA Ha OIyOJIMKOBAHHBIX PE3Y/bTATaX JAMIJIOMHBIX paboT (ypoBeHb GakajaBpa,
YPOBEHb MarucTpa), MOJArOTOBIEHHBIX 10 PYKOBOJCTBOM aBTODA.
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I'1aBa 2

CxeMbI IOCTPOEHNUs MepapxmiecKnux
MoJieJien

B ,HaHHOﬁ IJIaB€ 1 COOEPZKHUTCA OIMNCaHne€ OCHOBHBIX IOJAXOJO0B K INOCTPOCHHUIO HEPAPXUYECKUX

Mojiesteii cucteM (T.e., JepeBbsi, HePAPXUH, YPOBHEBBIE CTPYKTYDHI).

2.1 TIlpenBapurejbHBbIE CBEJCHUS

3aa4un MOCTPOEHUST HePAPXUIECKUX MOjeseil IBISIOTCS BaXKHBIME BO MHOTHX 0067IacTaX (WMH-
dbopmarmonHble CHCTEMBI, MOJIEIUPOBaHNe 3HAHUA W Ap.). s mMOCTpoeHnsT MepapXuaecKux
CTPYKTYD NMPHUMEHSIIOTCsI pa3iuuHbie MeTonbl [42, 44, 144, 178, 205, 210, 216, 217, 225, 236,
237, 275, 301, 315, 405, 410, 424, 428, 450, 560, 567, 578|. B mauHoii riaBe onucaHo CJeLyio-
mee:

I. Tloaxoapl K TOCTPOEHUIO MepapXuii Kak Mojeseil cucreM (BKJIOYas SKCIEPTHBIE MPOIe-
JIyDBI, Hepapxuveckasl KJaCTepU3alus U MOKPBIBAIOIINE JIEPEBbs ).

II. Cxembl TpaHcdhoOpMaluu HEpapXuii, HaIpuMep: mpeoOpa30BaHWE HCXOMHOTO JEpPeBa B
naepeso Illreitnepa, pecTpyKTypu3saiuss KOMOMHATOPHBIX 3a/1a4, /JI00aB/IeHNEe B HepApPXUYeCKHe
crpykTypbl “ropsiumnx cssizeit” (hotlink assignment).

Ha Puc. 2.1 npencrasiena cxema 6a30BOT0 MPOEKTHOTO TIPOIECCA JJIs TOCTPOEHUS Uepap-
XUYeCKOU CTPYKTYPHI.

OKCIepTHI

XX

b s: ITpomecc

TIOCTPOEHUS:

I/ICXOﬂHaH AJITOPUTMBI,

nHdOpMaIsI 3KCIEPTHHIE DOuHaIbLHAS

(Ga30BbIE Cy>KJeHus, Aepapxus

CTPYKTYPHI, UHTEpaK- (nepeso,

AHAJIOIUn TUBHLIE MHOI'O-

onucamust) HpOIELyPHI, yPOBHEBast
rubpuIHbIe CTPYKTypa

u J1p.)

CXeMbI

Puc. 2.1. Cxema nocTpoenusi nepapxuu
MoKHO BBIIEIUTH CJIEIYIONINEe OCHOBHBIE TUIIHI 337]a4 TIOCTPOEHUS UEPAPXUil CUCTEM:

Bagaua 2.1. [TpoekTupoBaHue Ha OCHOBE SKCIEPTHBIX CYKIEHNUIl (SKCIEPTHBIX TPOIEIyDP):

'Ha ocnose ny6imkanun: M.Sh. Levin, Towards design of hierarchy (research survey). Electronic preprint,
36 pp., Dec. 8, 2012. Http://arxiv.org/abs/1212.1735 [math.OC].
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Bzxoo: onucanue cucrembi.

Buizod: mepapxust Kak pe3ysibrar pa3OMeHusi CUCTeMbl Ha 4acTu (JIepeBo, uepapxusi, ypoB-
HeBasl CTPYKTYpa).

3amaua 2.2. ba3oBoe TpOEKTUPOBAHUE:

Bxod: MHOXKeCTBO 371eMEHTOB CHCTEMBI, IIapaMeTPhl 3JIEMEHTOB M UX B3aUMOCB3€il.

Buvizod: MHOXKeCTBO KJ1aCT€pOB MJIM ITOKPHIBAIOINIAsl CTPYKTYPa HaJl MHOXKECTBOM HMCXOHBIX
9JIEMEHTOB CUCTeMbI (J[epeBO, Mepapxusi, ypOBHEBasi CTPYKTYPa).

3anauya 2.3. [lokpoiTue:

Bxo0: ucxonmbiii rpad/cerh Kak MOJEIb CUCTEMBI (T.€., MHOKECTBO JIEMEHTOB CUCTEMbI U
pebpa).

Buizod: mokpbiBamolme nepapxuveckne CTpYKTYpbl (1epeBo, uepapxusi, ypoBHeBasi CTPYK-
TYypa).

Bagaua 2.4. IlepenpoekrupoBanue (Moaudbukaiys, TpaHcOpMalys, yIydlieHue):

Bxood: ucxonnas nepapxuveckasi CTPYKTypa (JIepeBo, uepapxusi, ypOBHEBasi CTPYKTYPA).

Buizod: HOBast nepapxuveckasi CTPYKTYpa ¢ HEKOTOPbIME TpebyeMbiMuU CBOHCTBaMU (J€peBo,
nepapxusi, ypOBHEBas CTPYKTYPA).

Bagaua 2.5. Pecrpykrypusanus (cnenuajibHbiil ciydail Mogudukanum):

Bzoo: (i) ucxomuast nepapxudeckast CTpPyKTypa (JepeBo, nepapxusi, ypOBHeBasl CTPYKTYpa).
(ii) meseBas mepapxudeckas CTPYKTypa (JepeBo, HepapXusi, yPOBHEBas CTPYKTYpa).

Buwzod: HoBas mepapxudeckash CTPYKTypa (JepeBo, MepapxXusl, ypPOBHeBas CTPYKTypa) ¢
yueroM cieaytomiero: (a) “memeBas’” Tpancdopmanust HCXOAHON cTpyKTyphl, (6) “Masenbkas’”
0JIM30CTH MEXKJIy HOBOI CTPYKTYpPO#l U 11eJ1eBO#l CTPYKTYpOil.

B ocHOBHOM, yKa3aHHBIE 3a/a4l KPATKO ONMHMCAHBI C MOMOIIBI0 TUIOBOH KOMOWHATOPHOMN
CXEMBbI PEIEeHUS:

(i) nHzKeHEpHOE OlMCaHMe,

(ii) dopmymposka 3a1a4n,

(iii) HeKOTOpBIE BO3MOXKHbBIE BEPCUH 33/1a4H,

(iv) 6azoBas cxema pelreHus,

(V) mepcrmeKTHBHBIE BEpCHM 3a1a4M (HAIPHUMED, MHOTOKPUTEpPHAJIbHAS MOCTAHOBKA, yUeT
HEOIPeJIeJIEHHOCTH ).

2.2 JxcmepTHas mpoleaypa ’cBepXy-BHHI3’

B ocnoBHOM, 3KCIlepTHBIE IPOIEAYPHl NOCTPOEHNd Hepapxuil cucreM 0a3UpyIOTCA Ha 3HAHHAX
CIIEI[MAIMCTOB B KOHKPETHHIX obsiacrsix (domain experts) u THIOBBIX “T€XHOJIOIHYECKHX’ CXe-
Max (HapuMep, }KU3HEHHBIH [UKJI IPOJYKIUA: IPOEKTHPOBAHUE, IPOU3BOJICTBO, TECTHPOBAHHE,
TEXHIUYECKOe 00C/Iy KUBAHNE, UCIOJIb30BAHNE, yTuIn3als). Takue mponeypsl BKIIOYAIOT CJIe-
Jaytotue das3bl:

1. pazbueHue cuUCTeMbl Ha IIOJICUCTEMBI;

2. pa3bueHme KaxKJI0i MOJCUCTEMBI Ha ee YacCTH;

3. pasbueHme KayKJ0il 4acTU Ha ee KOMIIOHEHTHI; U T.J.

[Mesrecoobpa3no yka3aTh 6a30Bble aJITOPUTMUYECKUE IIPABUIA JIjisI Pa30UEHusl CUCTeM Ha Ja-
cru: (a) pasbuenue 1mo GU3MIECKIM YAaCTHIM CHCTeMBI, (0) pa3bueHne 0 CHCTEMHBIM (DYHKITHSIM,
(B) pasbuenue 1o craguam o6paborku uHbopMmanun. [IBa IPUKIAIHBIX IPUMEPA UILIIOCTPUDY-
10T YKa3aHHBIH TUI SKCHEPTHLIX IPOIEIYD:

(1) nnan nevenns acrmor (Puc. 2.2) [342, 375],

(2) aByx-sraxkuoe 3xanue (Puc. 2.3) [342, 377].
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?HJI&H gedenua S = X xY x 7

X=JxM Y=PxHxG
Bazosoe DKOJIOrnIeCKas
JICYeHHIE cpena

M lP H lG

Ousmo- Jleqerme Pusmono- AJovammss  Obmas Pexxum O1mprx
Tepamms JeKapCT- TUYeCKast IKOJIOTHYeC-IKOJIOTHIec-
Bamu  OOCTaHOBKa Kas CP€lla  Kasd Cpela

Puc. 2.2. Vepapxudeckasi Mojiesib 1JIaHa JedeHusi acTMbl [342, 375]

Snamue S = A+« BxC

1 B=D+F o
DyHIaMEHT 8%%,0}?%,3*’{& IMepexpoiTus
(kapkac
D=ExGxH F=1xJ
Hecymme He necymue

KOHCTPYKIINU KOHCTPYKIIUU

H I J
Kapkac SInpo Jlecr- Hecymme Paznenurensubie
KecTkocTr HUUBL  creppy CTEHBI

Puc. 2.3. Crpykrypa 3nanus [342, 377]

2.3 UepapxmyecKas KJacTepuU3alius
Mmeercsi MHOXKECTBO 1 371eMEHTOB (HAIPUMED, aJIbTePHATHB, SJIEMEHTOB CUCTEMBbI):
A={Ay, ., A . Ay

¥ COOTBETCTBYIOINAsl BEKTOPHAs onenka 1no m napamerpam (11, ..., 7}, ..., T),) ans KaxKao0ro sJe-
MeHTa A;t 2 = (Zi1, ey Zijs -es Zim). DA3OBBIN aIIOMEPATHBHBIN aJITOPUTM (IOJHHOMHUAJIBHEII)
nMeer BUJ (IPOIECC MHTErpANUK Tap JeMEeHTOB 'cHu3y-BBepx’) [219, 516]:

Cmadus 1. Beraucjenne MaTpuiibl paccrostuuii 1yist map saementoB V(A(iq), A(iz)), A(iy) €
A, A(iz) € A, iy # iy (B npocTeiinem ciydae: IBKIMIOBO PACCTOSHUE):

m

diviy = | D (201 — Zinj)?

J=1

Cmadus 2. Boinenenue mapsl 3JIeMEHTOB ¢ HAMMEHBITUM PACCTOSHUEM W MHTerpalus COOT-
BETCTBYIOIIUX SJIEMEHTOB JIAHHOI Maphl B HOBbII HHTEIPUPOBAHHBII JIEMEHT.

Cmadusa 3. OKoHYaHME TIPOIECCA, WIH TTepe-BHIYUCTEHIEe MATPUILI PACCTOSIHUI TIAp SJIEMEH-
TOB U TIepexol, K cmaduu 2.

B pesysbrare paGoThl JAHHOIO aJrOPUTMA MOJIYyYaeTCsl [PEBOBUIHAS CTPYKTYpa (Ha KaxK-
JIOM TIare MPOBOJMTCS WHTErpalusl OMHON mapbl 3jJeMenToB). Hekuii 6a30BbIil MOIX01 K HPO-
eIy pe WHTErPAIMH JIEMEHTOB ([OJIyUYeHne CPeJIHUX 3HAYEHWH NapaMeTpOB JJisi HOBOIO WHTE-
IPHPOBAHHOTO 3jeMeHTa) umeer BUI: (J;, ., = A; &A;,): V) 2 Tipigd = W OueBuHO,
9TO IIPOIECC HHTEIPUPOBAHUS JIEMEHTOB (pacyer HOBBIX 3HAYEHUSI IIAPDAMETPOB) MOXKHO OCHO-
BBbIBATh Ha JApyrux (pyHKOmsx, HanpuMep: max, min . Ciaeayer 3aMeTuTh, 4TO MHTErPAIUs
HECKOJIBKUX 3JIEMEHTOB MOXKET MPOBOIUTHCS aHAJOTUYHO. [IpuMep mepapXudeckoit KiaacTepu-
sanuu npusener B Tabmure 2.1 un na Puc. 2.4. PaccmarpuBatores 8 s7eMeHTOB (BOCEMB UeI0BEK

AHAJM3UPYIOTCS HA OCHOBE MX OCOOEHHOCTEI: MHTEPECHl U CKIOHHOCTH).
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Tabauna 2.1. Kpurepuu, onenkn

Yemosek K1 K2 K3 K4
Ay 0 5 2 3
A,y 5 2 3 3
As 4 | 3 1 2
Ay 4 3 4 2
As 315 315
Ag 1 5 2 |5
Az 31315 |5
Ag 313 | 4| 4

MCHO.HI)SOB&HHBIG KpUuTepum COOTBETCTBYIOT CJIEAYIOIIUM IlapaMeTpaM (HOpH,H‘KOBaH IIKaJIa
[0,5]): (i) CKJIIOHHOCTH K MaTEMaTHYeCKOMY U Jiormdeckomy Mbinuienuto (Ki), (ii) uaTepec K
mysbike (K3), (iii) unrepec x cnopry (K3), (iv) maTepec k myremecrBusm (Ky4). Pesyasrar
npuMeHeHust 6A30BOr0 AJIrOPUTMA MEPAPXUIECKON KIacTepu3ayuu npuBejeH Ha Puc. 2.4.

Cucrema ( 1,2,3,4,5,6,7,8 )

IMar 4 6]
ITar 3 6!
ITar 2 6]
ITar 1 | 6]
IMTar 0 6]

Puc. 2.4. [Ipumep uepapxudeckoil KjiacTepu3alun

B mnocsieaue rogpl mpeiioXKeHbl pa3iudHble MOANMUKAIMY arJIOMEPATHBHOTO AJITOPUTMA
(nanpumep, [184, 534]). MoxkHO paccMOTpeTh HEKOTOpble MOAMMbUKAIMHA Ha OCHOBE PaGOTHI
[345)].

Bo-nepBbIX, MOXKHO MCIIOJIB30BATh MOPIIKOBYIO INKAJIY IPH OIEHUBAHUY OJTM30CTH MEXKIY
31eMeHTaMU.

Bo-BTOpPBIX, MOXKHO HCIIOJB30BATh BEKTOPHYIO OIEHKY OJIM30CTH 3JIEMEHTOB (B YaCTHOCTH,
ua ocHose [Tapero-noaxona [462]).

B-Tperbux, nmpornecc KjacTepu3anuy MOXKeT ObITh OPTraHM30BAaH KaK MOCJIEI0BATETHHOE BBI-
Jenenne Kiauk [205].

JlomoTHUTETbHO, BO3MOXKHO IIpeJcTaBJ/ieHue Ipollecca KJIacTepu3alld B BUJlE ONTUMHU3A-
IMOHHOM 3a/aun (BKJIIOUAsi MHOIOKDHUTEPUAIbHbBIE OCTAHOBKH). IIpn 9TOM, B KavecTse Iieje-
BBIX (DYHKIMI MOXKeT MCIO0JIb30BaThCs ciieiyioriee: (1) paccrosiHue MeXK Ly 3JleMeHTaMy BHYTPH
KJ1acTepa, (2) paccTosiHue MEXKIY JeMEHTaMU Pa3JIMYHbIX KJIacTepoB. VHOrIA MCIONb3YIOTCS
JIpyTHe TeieBble (DYHKIMH: YUCJI0 KJIACTEPOB MU OJIM30CTh K 33/JAHHOMY MHTEPBAJIY YHCTIa KJla-
CTEPOB B IIOJIy4YaeMOM DeIlleHNH, YHUCJIO 3JIeMeHTOB B KJlacTepaX. /lpyrue BapuaHTHI IleJIeBBIX
dbyHKIWii, nCoIB3yeMbIX IPH KJacTepu3alum, npuseiensl B [256, 278|. Caemyer orMeruTh, 4To
IEPCIEeKTUBHBIM SBJISIETCS 00'be/INHEHNE AJITOPUTMOB MePapXUIecKoil KJIacTepUu3alud U WHTeP-
AKTUBHBIX SKCHEPTHBIX MPOLELYP.
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2.4 (OO0 MCIOJIb30BAHUN OHTOJIOIMU

[Tocnennue necaTwyieTHs MIMPOKO WCIOJIb3yeTCS TOAXOM B TPEACTABICHUIO WHMOpMANUU Ha
OCHOBE OHTOJIOTHU{ B Pa3JIMUHBIX IPUKIATHBIX obaactax [144, 204, 223, 254, 401, 436, 446, 555]:
CUCTEMbI Ha OCHOBE 3HAHUI, CHCTEMHOE ITPOEKTUPOBaHUE, OUO/IMOTEeYHbIE CUCTEMbI, XUMHUST, O1O-
MeIUIMHCKAasi WH(OpMaIsi, KOHIENTyaJIbHOe MOJe/IMpoBaHue, ceMaHTudeckue Beb-cucrembi.
OHTOMIOrUHU TPEeACTABISIOT c060# apTHdaKTH are artifacts B Buge cTpyKTyp (IOTHYeCKuX, JTUHT-
BUCTHYECKHUX, TAKCOHOMUYIECKUX) JJIsI OMUCAHUs obacTeii win “mpocTpancTs” 3a1a4 [446, 555).
DakTHYECKH, IPH ITOM UCIOIB3YIOTCS Hepapxudeckue (MHOTOYPOBHEBBIE) CTPYKTYDHI.

B pamkax uccienoBanuii B 00J1aCTH OHTOJIOTHIl BBIIEJSIOT Psiji OCHOBHBIX Ipobiem [144,
254, 446, 447, 448, 555|: (a) npoekrupoBanue, (6) cpaBHeHue, (B) HHTErpaIys WK causHue, (1)
BeipaBHuBanue (alignment).

Obmrast cxeMa Mpu OCTPOEHUH OHTOJIOTH ObLiIa mpe iozkena B [446]. B pabore [202] npomnecce
BBISIBJICHUS] OHTOJIOTHI TIPECTABJIAETCS KaK CJIIYIONIas MOCIeI0BATETbHOCTD JTeHCTBUi:

Cmadus 1. Beimonnenue npeaBapuTe/ibHON PabOTHI HA OCHOBE JOCTYIHBIX JIOKYMEHTOB.

Cmadus 2. Co3nanue 11epBoii Bepcuu OHTOJIOIMU (KaK CTPYKTYDHI).

Cmadus 3. Tenepanusi KOHIENTOB ¥ OTHOIIEHUT (HANpUMED, HA OCHOBE TEKCTOBBIX JIOKY-
MEHTOB).

Cmadus 4. FapMOHU3aIus HOJTYYEeHHOR OHTOJOIUMHU IOCPEICTBOM AHAJIN3a JPYIUX OHTOJIO-
Ui ¥ KOHIEINTYaJbHBbIX OIUCAHUMN.

Cmadus 5. YaydilieHue u MOATBEPXKIEHUe PABUIbHOCTH / KOPPEKTHOCTH.

B kauecTBe OCHOBHBIX MCTOYHUKOB MPH MOCTPOCHUH OHTOJIOTHI OOBIYHO YKa3bIBAIOTCS CJIe-
JIYIOTIHE: KOHIENITYATbHbIE CXeMbl (KIaccu(UKaIuu, Te3aypychl, CIIUCKH HOMEHKJIATYP), HCTOY-
HUKK u3 VHTepHeTa, JOKYMEHTHI Ha €CTECTBEHHBIX S3bIKAX, CIPABOYHUKHU, SI3BIKM MOIEIUPO-
Banusi (Hanpumep, UML, ceru Ilerpn).

2.5 IlokpsiBaloliue gepeBbs

3&,[[‘3;“11/1 O IIOKPBIBAKOIIUX JEPEBbAX MOI'YyT UCIIOJIb30BAThCAd B Ka4e€CTB€ IIOCTPOECHUA UePpapxXnuve-
CKUX MOﬂeﬂeﬁ, KOTI'Jla UMeeTCd 1pe/IBapuTe/ibHad CETb Ha/J CUCTEMHBIMU JJIEMEHTAMMU. MHOI‘I/Ie
TOJIbI 33Ul O TOKPHIBAKOIIUX JIEPEBbIX HMCIOJIb3YIOTCI B MPUIOKEHUAX (HATPUMED, MPOEK-
THpOBaHME CeTeil, IPOEKTUPOBAHNEe KOMMYHHUKAIIMOHHBIX IPOTOKOJIOB, IIPOCKTHPOBAHUE CBEPX-
GOJIBIIMX WHTErPAJIbHBIX CXeM) U WHTEHCHBHO HCCJIEIYIOTCS B KOMOMHATOPHON ONTHMU3AIMH
[8, 145, 171, 205, 215, 259, 301, 575, 576]. 3aech npeacraBiena Kparkas UHGOPMAILHUSI O TPEX
3a/1a9aX O HOKPBIBAIOIIKX JIEPEBbsX: (a) MUHUMAJIbHOE IIOKPHIBAOIIEE JepeBo, (6) MUHUMAJIb-
Hoe Jepeso IlIreitnepa, (B) 3aJa4a O MOKPHITHH JEPEBOM C MAKCUMAJBbHBIM YUCJIOM BUCSIUUX
pepmuH. Tabauna 2.2 CONEp:KUT CHUCOK OCHOBHBIX THIOB 3334 IOKPHITHA JEPEBOM H COOT-
BETCTBYIOIIME JINTEPATYpHbIE MCTOYHUKH. PuC. 2.5 WLIIOCTPUpPYeT ABE 33Ja49d O HOKPBITHH
JIePeBOM.

3a/1a4a MUHMMAJIBHOTO TIOKPHIBAKOIIETrO JiepeBa (MM MUHUMAJILHOTO B3BEIIEHHOTO MOKPbI-
BAIOIIEro JiepeBa) siBJisieTcs 6a30Boii [145, 169, 200, 205, 468]. [Tycts G = (A, E) 6yneT CBA3HbIM
rpadom (A - MHOXKeCTBO BepuiuH, F - MHOXKeCTBO peGep//yr) ¢ HEOTPUIATEIbHBIMI BECAME
pebep / yT.

[MokpeiBatomee gepesa gannoro rpada 1T = (A, E') (E' C FE) upeacrasisier coboil moj-
rpad, KOTOPHIil SBJISIETCS JIEPEBOM U CBSI3BIBAET BCE BEPINMHBI UCXOHOro rpada. Oomuit Bec
(croumocTs) mokpeiBatonero aepesa ¢(T) sBasgerTca cymMMmoii BecoB Bcex pebep/ayr (r.e., E').
MuHnMaIbHOE TIOKPHIBAIOIIEE JePeBO (UM MUHUMAJIbHOE B3BENICHHOE MOKPHIBAOIIEE JEPEBO)
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T* npeacrasisier cobO0i TTOKPHIBAIOIIEE JIEPEBO € OOIMUM BECOM MEHBIIIE WJIM PABHBIM BECY JIO-
6oro apyroro mnoxkpeisapomero jepesa c(1*) = mingpy c(T). Hus jpannoit 3aja4m MMe0TCs
MOJIMHOMHUAJIbHEIE aaropuT™bl [145, 200, 205, 468|. Cpean OCHOBHBIX TaKHX AJTOPUTMOB MOXK-
HO yka3aTb ciexyionme [145, 205|: (a) amropurm Ilpmma (Prim’s algorithm), (6) anropurwm
Kpackaina (Kruskal’s algorithm), (8) aaropurm Bopysku (Boruvka’s algorithm).

Tabumma 2.2. Cnircok OCHOBHBIX THIIOB 3a1a9 B 00JIACTH IMOKPHIBAOIINX JI€PEBHEB

3212491 O HOKPBITUH

NcTounuku

1.TlokpeIBatoiee AepeBo
1.1.MuaMMAaIbHOE MOKPBIBAIOIIEE IEPEBO
1.2.ITokpbIBaoIee IePEeBO ¢ MUHUMAJLHBIM IUAMETPOM
1.3. MuHMMAIBHBIA TOKPBIBAIOMINM JTeC
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Puc. 2.5. [IBe 3aaun 0 OKPHITHH JIepeBOM: miutocTpanust [353]

Ucxonmbrit rpad

B 6osiee CI0XKHBIX Coydasx UCHOJIb3yeTcs “MOKpBIBaONIuii jiec”: HeKoTophiil rpad (He 0bsi-
3aTeJbHO CBSI3HBII) MMeeT “MUHMMAJbHBINA MOKpPbIBAOMIUI j1ec”, KOTOPbIil 0ObeuHsIeT MUHU-
MaJibHBIE TIOKPBIBAIOIIME JIEPEBbsl JIJIsl CBI3HBIX KOMIIOHEHTOB rpada [205, 469].

B mocnennune rompl MCCaeAyIOTCS 3aa9d MHOTOKPHTEPUAJIBHBIX TOKPBIBAIOIINX JIePEBbEeB
[59, 126, 160, 240]. B sToMm ciyuae KaxkaoMy peGpy (uau Kaxkuoil ayre) rpada COOTBETCTBYeT
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BEKTODHBIH Bec M HejeBasg (PYHKIUS ONTHMU3ALUMOHHON 3a/Ja4u PacCMATPUBAETCd KaK CyMMa
COOTBETCTBYIOIIMX KOMIIOHEHTOB BeKTOPHBbIX BecoB: ¢(T). Ilpu 3TOM OCymiecTB/sieTcst moucK
[Tapero-scpdbekrusubix (mo ¢(77)) pemenuii. I1a 3a1a4a sBasercas NP-Tpyanoit (qaxe B 1ByX-
KpUTepHajgbHOM caydae) [59, 126]). s maHHON 337290 HCTIOTB3YIOTCS CIEAYIONINE AJITOPUT-
Mol [59, 126]: (i) mHOrOKpuTepuasbublit anroput™ [Ipuma, (i) MEHOrOKpUTEPHATBHbIH AJIIOPUTM
Kpackaua, (iii) renerudyeckue aaropur™msl, (iv) ajaropuTMbl MHOIOKPUTEPUATBHON SBOJIOIMOH-
noit onrumuzamyu (EMO), (v) sBpucruku, (vi) MeToabl Ha OCHOBE 3HAHMIL.

B sazate nepesa Illtefimepa [43, 61, 168, 169, 171, 205, 215, 259, 298, 499, 572, 575),
MIOKPBIBAIOIIEE JEPEBO MOXKET BKJIIOYATH JONOJHUTEIbHBIE Bepriutbl (Bepruubl [IlTeitnepa).
3aech onrumanbioe pemenne Ty npeacrasisier coboii qepeso (aepeso [reiinepa). Obumit Bec
nepesa IlITeiinepa MoxkeT ObITH MEHBIIIE, YeM B C/Iydae 33Ja9d MHHUMAJIbLHOIO TIOKPbIBAIOLICIO
JiepeBa. Ita 3aaa4a sBisiercs NP-TpymaHoii.

Onucanusi MHOIMX THIOB Mojeseil 3amaun nepesa Illreitnepa comepxkurca B [215]. Cpe-
JId OCHOBHBIX IIOJIXOJI0OB K PEIIeHHIO 3aja4 jepesa lllTeiiHepa MOXKHO yKa3aTh CJIeIyOIIHe:
(1) Tounble asropuTMbl (mepeGOpHBIE AJTOPUTMbI THIA METOJa BerBeii-u-rpanui) [132, 400]
W aJIFOPUTMbI HA OCHOBE JMHAMHYECKOro IporpammupoBanus [195]; (2) paznuunble sBpuctu-
ku [147, 561, 563|, Bkitouas caemyrompue: (i) 6sicTpble (xkaaubie) anropurMer [122, 147]; (ii)
ANNPOKCUMUDYIOIHe aaroput™sel 43, 171, 227, 231, 233, 298, 589|; (iii) renerudyeckne aaroput-
Mbl [285]; (iv) MeTombl Ha OCHOBE MCKYCCTBEHHOIO MHTENIEKTa [279]; (V) MeTOABI JIOKATBHOTO
noucka [115].

B muorokpurepunaabubix 3agadax jgepesa [llreiinepa [391, 393, 565]) paccmarpuBaercst Bek-
TOPHBI BEC 1 KaxKa0r0 pebpa (myru) u nenesas MyHKIUS MOXKET UMETh BHJ| BEKTOPA CyMM
0 KayKJIOMy KOMIIOHEHTBI BeCOB-BeKTODOB 1isi pebep (ayr): ¢(Ty). B pesynbrare, nmpousso-
quThest mouck Ilapero-scddexrusnbix permennii (o ¢(7%)) [391, 393]. 3mech MOXKHO yKa3aTh
cJIeJIyroIue moaxoabl: (i) M3BeCTHBIE IBPUCTHYECKHE TOAXOAbI [565]; (ii) crnenumanbHBIE MHOTO-
YPOBHEBbIe MAKPO-9BPUCTHKH: (a) 9BPUCTUKA HA OCHOBe pa3buenusi-cunresa [334], (6) sspucru-
KM Ha OCHOBe NOKpbIBaoomuX jgepesbes [391], (B) cocraBuasi MHOTOCTAMiiHAs cxema [393].

3aja4a 1OCTPOEHUsI NMOKPHIBAIOIIEIO JIEPeBa ¢ MAKCHMMAJbHBIM YHCIOM BUCAYUX BEPIIHH
paccmorpena B |49, 205, 299| (Puc. 2.6). IlokpsiBatonuii rpad COIEPKUT CJELYIOIINE THIII
BepiuH: (a) KOpeHb, (6) BHYTpEHHHE BEPINUHBI, TAKHE BEPITHHBI MOTYT PACCMATPUBATHCS KaK
supryanabHas “nmua” (“bus”) B cern, (B) Bucsiume BepumHbl. Takum 06pa3oM, 3a1a4a COCTOUT B
MaKCUMM3AIMU YUC/Ia BUCSYNX BEPIIMH WIM WJIM B MUHAMHU3AIMKA YMCJIa BHYTPEHHUX BEPIINH.
Dra 3amava sBasiercss NP-rpyauoii [205].

IlokpeiBaroree
JIEPEBO

Ucxonusriit rpad

Puc. 2.6. Makcumuzaliysi 9ucjia BUCSYUX BEPITUH

Sra 33/a49a UCIO/Ib3yeTCs B IPOEKTHPOBAHUY ¥ TECTHPOBAHUK CeTell (JepeBbst PajuoBeIna-
HUsl C MUHUMU3aIMell SHEPreTHYecKuX 3aTpar B pauo cersx) [396, 544|, 3apaun pasmenienusi
B ajieKTpruecKux cerax [528|. IIpu sTom mpumensiorcs cieayiomue ajaroputmsi: (1) Toumble
aJropuT™Mel (MeTo[ BeTBeil-u-rpanun) [185, 197, (2) noxanpnas ontumuzanus [402], (3) xan-
uble anropurmsr [403], (4) annpokcumanuonusie aaropurmst [518|, (5) paz/maHble HOBBIE THITBL
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sppuctuk (Hanpumep, Bee Colony algorithm) [167, 512|. MoxHo yka3arh HEKOTODBIE HEPCIEK-
TUBHbIE 0000IIeHNsI pacCMaTpUBaeMoil 3a/1a4u, HapuMep: (2) MHOIOKPHUTEPUAIbHOE OLUCAHUE
BHUCSIYUX BepIuH, (6) yuer HeONpeIeleHHOCTH TapaMeTpoB, (B) yUeT IUHAMUKH (T.e., peXKuMa
PeabHOTO BpeMeHH).

C TOYKH 3peHus TOYHOrO PelIeHHus, yKa3aHHAsd 3a/a4a SKBUBAJIEHTHA 3aa4€ CBA3HOIO J0-
MUHUDYIOIIEr0 MHOXKECTBa, (T.€., IIOCTPOEHNe MOKPHIBAOIIEro o rpada ¢ MUHUMAJIbHBIM YHC-
noM BHyTpennux BepiuH) (“connected dominating set”) [91, 117, 129, 205|. O630p 3ama4 31010
tuna cojep:kurcs B [91]. Bagaua ¢BA3HOTO JOMUHUPYIOIMIET0 MHOYKECTBA UTPAET MEHTPATLHYIO
POJIb B CEHCOPHBIX PAIHO CceTsiX, MOOMIbHbIX cersax Tuna (MANET), B TecrupoBanuu cerei
[91, 156, 396, 544]. Dra 3amaua UCHOIB3YeTCs] B KOMMYHUKAIMOHHBIX IpoTokosax [91]: (i) ko-
OpJMHAIMs JI0CTyna Ha cpexHeM yposHe (media access) (ii) mapripyrusanusi Tuna unicast,
multicast, broadcast, (iii) mapmpyru3anus Ha ocHOBe 3aja4u pa3menienus, (iv) KOHcepBaiusi
sHepruu, (V) ymnpasjieHue Tomojiorueil, (vi) BbisiBjieHue pecypcos B cersix tuna MANET. s
TOM 334l MPUMEHSIIOTCsI CJIeJYIONMe TUIIBI AJrOpuTMOB: (a) anmpokcuMaruonubie 129, 226],
(6) sBpuctuku [113, 493]. AHaIOrUYHO, NPEACTABIAIOTCS MEPCIEKTUBHBIMU CJIELYIoIe 0000-
IIEHUsT JIAHHOM 3aj1a4u: (2) MHOrOKPHUTEpUAIbHOE ONMCAHUE BepInuH, (6) yueT Heolpe e leHHO-
CTU mapameTpos, (B) yduer AuHAMUKH (T.€., PE2KUMa PEaJbHOT0 BPEMEHH ).

2.6 OnrumaabHbIe OPraHN3aIMOHHBIE NEePaAPXUN

OpraHuszanyoHHble Wepapxuu HCCIeAyIoTcss MHOrMe roipl |1, 2, 71, 159, 225, 409, 425, 539,
560, 567|). O6bIYHO paccMATPUBAIOTCS CJIEAYIONIME THUIBI OPraHU3AIMOHHBIX CTPYKTYD B IOCY-
JIAPCTBEHHBIX OpraHu3anusax u B ¢hupmax (IpOU3BOJCTBO, MPOAAKY ¥ JP.): OIOPOKPATHUYECKUE
CTPYKTYPBI, DYHKIIMOHAJIBHBIE CTPYKTYPBI, CTPYKTYPBI B PAMKaX ITPOM3BOJICTBA ONPEETEHHOTO
npojaykrTa/usnenus ua dpupme (product structure), MaTpuunbie CTpyKTYphl (uHTErparus GhyHK-
IMOHAJIBHBIX CTPYKTYD M CTPYKTYD [0 HPOJYKTaM). B OCHOBHOM, MCIOJIB3YIOTCS CJIE/LyIOIIHe
repapxuvecKre ypoBHu opranusaiyii: (a) orpanusanus, (6) dusmasns, (B) oraesst, (1) paboune
rpymnsl, (1) uagusuayansl. Ha Puc. 2.7 npexcraBien npuMep nepapXudecKoil CTPYKTYDHI IS
VHUBEPCUTETA.

( YHuusepcurer )

‘(I)aKyaneT/mKona ‘ ‘ Uccaen. nenrp/Mucr-tyr ‘
Yposenb: / \
dakynbrer,
IIIKOJIA, Tounsie| |Umxen.| |Connan Hentp npukiaz.
ACCITeT. HAyKW ||HAYKU | |HAYKH MHPOPMATHKY
€HT

EHCTII/)I’,I‘yT ,/\ r/\q
YpoBeH: IIpouss| |[Nudo
xacepa MexaH. | |QekT- p p-

TEXHOJI. | [POHUKA | | TeXHOJI. | |TeXHOJL.
VposeHs: \‘\\

Jab-pust
I/ICCJIIG);L. ’ JIa6. no ana-
rpyrma JIU3Y JAHHBIX

Puc. 2.7. Yuporennsrii npumMep CTpyKTypbl YHUBEPCUTETA

B nocneanue rogpl MHTEpEC K MOCTPOCHHIO OPTaHU3AIMOHHBIX Mepapxuii moBbicuicsa (Ha-
npumep, [225, 425, 560]). 3mech MOXKHO PacCMATPUBATH MOAXObBI HA OCHOBE MOKDPBIBAIOIIAX
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CTPYKTYp ujiu “npsmoe’ npoektupoBanue. /[Ba 6a30BbIX THNA 33/a49 “TIPIMOr0” IPOEKTUPOBA-
HUsI MOTYT paccMarpuBarThcs Tak 326, 347):

1. OCTPOUTH HEPAPXUI0, 00/IATAOIIY IO HAMTY YIITUM 3HaYeHHeM (3HAUeHUIME) UX CBOHCTB(a);

2. IOCTPOUTH MEPAPXUI0, ABJISIONIYIOCSI Hambosee “OU3KO0i” K HEKO# “uaeabHOW’ CTPYK-
Type (W MHOXKECTBY “UJI€ATbHBIX” CTPYKTYD).

[lycte {H; = (A;, E;),i = 1,n} 6yger MHOXKECTBOM HCXOAHBIX CTPYKTYD (mepapxuii).
Iycts HY(Ay, E;) (HY € {G;}) o3nagaer Hekyio neieByo (“umeaybHyio”) CIPYKTYDPY, LyCTb
p(H;,, H;,) o3Ha4gaer GJU30CTh (WM PACCTOSTHUE) MEXKJY JABYMsI CTPYKTypamu (MepapXusiMm)
H;, u H;, (VH;,,G;, € {H;}). IoNOJHUTEJIBHO, 11€J16CO00PA3HO PACCMOTPETH CBOMCTBA CTPYK-
TYphl (HAIPEMED, CTENeHb BEPIIMHBI, CBA3HOCTH Bepumubl) Hy, € {H;}:

w(Hh) = (Z/}1<Hi1)7 L3 w;t(Hh)v ) Qﬁm(H“))

Baecw umercst uepapxust H* € {H;}. Takum o6pa3om, 3a/jaua nepBoro yKazaHHoro tuna (Mak-
CHMU3AIUsT CBOWCTBA) MMeeT BH/I:

max ¢, (H*) Vu=1m.
H*E{Hl} ﬂ( ) Y
OTa 3a/1a4a MOX0Ka HA U3BECTHYIO 33/1a4a “graph augmentation”, T.e., MomuduKanus uCX0IHOTO
rpaca s mostyuenust rpada ¢ 3amanubiMu cBoiicTBaMu [180, 294].
Bo Bropom ykazaHHOM TuIe 33ja4n IejeBasd GyHKIUS UMeeT Bua: Ming-cqg,y p(H*, HY).
Od4eBHIHO, YTO MOTYT OBITH PACCMOTPEHBI MHOTOKPHUTEPHUAJIbHBIE (PDOPMYIUPOBKH 33/ Ia4H.
J1oTOJTHUTETHHO, MOYKHO PACCMOTPETh MHTETPUPOBAHHYIO BEPCHUIO 3a1a9H, HAIPUMED:

i * HY t. ) > d* =1m
Hg%gi}p(H,H) st Yu(H") 2 d" ¥V p=1m,

rie (d',....d",...,d™) - BeKTOpHOe OrpaHHYeHHE Jijis CBOMCTB. YKa3aHHbIe ONTUMHU3AIMOHHbIC
MOJIEJI OOBIYHO SIBJISIFOTCS CJIOYKHBIMU TI€JIOUNCIEHHBIMU 3a1a9aMi (MU 33/[a9aMi CMENTaHHO-
IO IEJIOUUCIEHHOTO TIOTPAMMUPOBanus). [l UX pelreHust UCTOIb3YIOTCS PA3JIUYHBIE METO/IBI
perienus (mepebOpHBbIE AJTOPUTMbI, SBDUCTHKH, METObI UCKYCCTBEHHOTO MHTEJIJIEKTA).

Kpome Toro, nmeer ciemayomuit ONTHMU3AIMOHHBIN TOIXO0/, K TPOEKTHPOBAHUIO “ONTHMATb-
HBIX” OpraHM3aNMOHHBIX nepapxuil [225, 425, 560|. lanubrii M01x0/] OCHOBAH HA MCIIOJIH30BAHUY
Hekoro dpyHkumonasa P or nepapxudeckoil ctpyktypbl G € 2 (€ - MHOXKECTBO HEPAXUIECKUX
CTPYKTYP B BUJI€ HAIPABJIECHHBIX AlUKJNYeCKUX “ypoBHeBbIX” rpados; P : Q — [0, 400))
U 3a7a4a uMeeT BuA:  argmingeq P(G). B ocHoBHOM crpykTypa (G mpeamosiaraeTcs jaepe-
BOM, a dbyHKImoHaN P - BeImyKabiM (225, 425, 560]. IIpuioKeHust JaHHOTO TOIX0/a BKIIOYAIOT
TEXHOJIOIHYecKue (IIPOU3BOJICTBEHHBIE) IPOLECCHI, JIOTHCTHYECKHE CHCTEMBI.

2.7 MHOro-ypoBHEBbIE CTPYKTYPhI

2.7.1 MHoOro-ypoBHeBOii ITOIXO0/T

MHOro-ypOoBHEBBI MOIXO0/] ABJISETCs GA30BBIM JIJIsi MOJIEJIUPOBAHUST CJIOKHBIX cucTeM [353, 406,
407, 417, 537, 538|. PakTHuecKu, JAHHBIH [0/XO0J] HAIIPABJIEH HA YMEHBIIEHUe CJIOKHOCTH CHU-
creM, T.e., CHCTeMa pa3buBaeTcs Ha 4acTu (yPOBHH) M COOTBETCTBEHHO PAa3bUBAIOTCS HA YACTH
cucreMuble 3a1a4n. Creayer yKa3aTb OCHOBHbBIE METO0JIOTHYEeCKHe Maru. Bo-nepBbiX, B MHO-
rOYPOBHEBBIX CHCTEMAaX BBIIEJSIOT IIaBHbIE cBoiicTBa: (i) ycroiumBocThb (cTabuiibHOCTS), (ii)
YIIPaBJIsIeMOCTb, (iii) amanTuBHOCTS, (iv) camooprauu3aiys. [417]. Bo-BTOpPHIX, /I KOMIIBIOTED-
HBIX CHCTEM TIPEJJIOKEHO OIMCaHue Ha OCHOBe ceMu ypoBHeil [538]: (1) ypoBeHb 3/1€KTPOHUKH,
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(2) ypoBeHb MUKDPOIIPOIPAMMHUPOBaHUs, (3) yPOBEHb OEPAIMOHHOIT cucTeMbl, (4) ypOBeHb s13bl-
ka Assembler, (5) ypoBeHb aJrOPUTMUYECKUX SI3BIKOB, (6) ypOBEHb NPUKJIAJIHBIX cUCTeM (Ha-
npumep, DBMS, DSS), (7) ypoBensb npusoxkenunii. B-TpeTbux, 17151 KOMMYHUKAIIHOHHBIX CHCTEM
IIpe/IJIOXKEHBI ceMb ypoBHeii mepeqaun ganubix (OSI model) [537, 586]:

(1) dusuveckuii ypoBeHb (CHUrHAJBI ¥ JABOMYHAS [lepeada JAHHBIX, Meaua-uHbOopMaIus),

(2) ypoBenn cBsizu panubix (data link), dusnueckas agpecanysi,

(3) ceresoit ypoBenb (onpejiesieHue myTeii, JOruUecKasi apecanusi),

(4) TpaHCHOPTHBIH ypOBEHDb (CBSI3U MOJIB30BATE/b-TI0IH30BATEIb, HAJEKHOCTH ¥ YIIPABJIe-
HUST TIOTOKAMH)

(5) ypoBenb ceccuit (Bsi3b MeXK/Ly TOJIOBHbIMU y3/1aMu - hosts, ylpaB/ieHue CecCusiMu MexK Ly
IPUJIOYKEHUSIMH ) ,

(6) ypoBenb npejcraBienus (IpejcTaBieHne JaHHbIX, mudpoBanne u gemudpoBaHue, mpe-
o6pa30BaHie MAIIHHHO-3aBUCUMBIX JIAHHBIX B MAIIMHHO-HE3aBUCUMbBIE JAHHBIE),

(7) ypoBeHb TPUIOKEHUIL.

MHOTr0-ypOBHEBBI TOIXOJ1 MOKET ObITH IPUMEHEH K MHOTUM IPUKJIAHBIM CHCTEMAaM /06/1aCTsIM.
Hanpuwmep, dersipex-ypoBHEBas CTPYKTypa OblLia MPeNIoXKeHa Jjisd MOJEIUPOBAHU 00/1aCTH
“KOMOMHATOPHBIE ONTUMU3AMOHHbIE 3aa4n” [353]:

(i) ypoBeHb 6a30BBIX 33724 KOMOMHATOPHON ONTHUMU3AINH,

(ii) ypoBeHb MHOTOKPUTEPUAIBHBIX KOMOMHATOPHBIX 33134,

(iii) ypoBeHb THUIOBBIX COCTABHBIX KOMOWHATODHBIX CXEM,

(iv) ypoBeHb THIIOBBIX NPHJIOXKEHHIA.

MHOro-ypOBHEBbIE CHCTEMHbIE NePAPXUH MEePAPXHUH BKJIIOYAIOT CJIeLyIomee:

(a) mepapxuueckue ypOBHHU;

(6) MHOXKECTBO 3JIEMEHTOB KayKJOTO MEPAPXUYECKOTO YDPOBHS, OIUCAHUE ITUX 3JIEMEHTOB
(T.e., mapameTph);

(B) B3aMMOCBSI3M HA MHOYKECTBE JIEMEHTOB KaKJ[OT0 HEPAPXUYECKOIO YPOBHSI;

(r) cBsI3M MeXK/Iy SJEMEHTaMK COCEJHMX MEPAPXMYECKUX yDPOBHEI.

Takum 06pa3oM, MOKHO PACCMOTPETh CJIELYIONLYIO CXeMY IIPOEKTUPOBAHUS MHOI'O-YPOBHEBOM
repapxXumn:

1. Tenepanusi MHOrO-ypOBHEBOH CTPYKTYpHI, Hanpumep: (i) pasbuenue mcxomnoro Habopa
9JIEMEHTOB/y3JI0B Ha YaCTH, COOTBETCTBYIOIIME ypoBHsM, (ii) omnmcanue 3J1eMEHTOB ypPOBHEMH
(y370B, ayr) (manpumep, Tpaduk), (iii) mocrpoeHue CTpyKTYphI Jisi KaxkK 10 yactu (ypoBHsi),
HANPUMED: MyTh, HECKOJIBKO TyTeil, 1epeBo, KOJIbI0, MOMHbIH rpad (Kauka) uaum uX KOMOHHA-
WM.

2. Onpenesienne (TIOUCK) CBsA3eH MEXKY JIEMEHTAME COCEJIHUX YDPOBHEN.

2.7.2 TumnoBble nepapxmyeckue ypOBHI B CUCTEMAaX CBA3U

Bo-mepBbix, IpeICTaB/IsIeTCsl BAXKHBIM PEICTABUTH THIOBYIO Mepapxuio cetu cBsi3u 151, 208,
315, 435|. TpaaunuonHas uepapxusi cereil BKAOYAET CJICAYIOIINe YPOBHU:

(a) mexyHapoHble ceTn (MexXKy cTpaHamu, Mexy KoHruHeHTamn) GAN;

(6) obmeropojckue cern (metropolitan network MN);

(B) mmpoko-macimrabuas cerb (wide area network WAN);

(r) mokaspubie cetu (local area network LAN).

IBM Red Book conepxut moJie3noe pasbuenue cereit o uucay y3ios [435]: (i) ceru cBs3m
Gobioro pasmepa (> 500 y3u0B); (ii) ceru cBsizu cpeguero pasmepa (< 500 nodes); (iii) cern
csizn Masioro pasmepa (< 80 nodes). C uHzKeHEPHOW TOYKHM 3DEHHsS] MOXKHO PACCMATPUBATH
CJIEJLYIOINE MePAPXUYECKUE yPOBHHU:

1. Basosas cetsb (backbone network).
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2. [106asibHas CETh KAK MHOXKECTBO B3aMMOCBSI3AHHBIX CETMEHTOB CEeTeil, BKJIIYas CJIeLy-
fomiee: (&) JONOJHATEIbHBIE HEHTPHI, (0) mepekpecTHble CBs3H, (B) “MOCTBI .

3. Cerp mocTymna/ceTh cerMeHTOB (KJIAacTepoB): (HAmpuMep, IBYX-CBsI3HAS TOMOJIOTHS ).

4. PacupenenuTenbHasi ceTh, 0U€Hb MPOCTasl TOMOJIOTUs (HAIPUMeD, TIHHA, 3BE3/1a, JePEBO,
KOJIBIIO).

Y1poleHHasi nepapapxusi CeTH MOxKeT ObITh MmpejicTaBjieHa Kak cieayomas (Puc. 2.8):

1. Beprnudi yposenn: Y3JIbI U CBA3U I CBA3U KJjacTepoB: 1.1. 6a30Bble y3JIbI KJacTe-
poB (cermeHTBI ceTu), 1.2. NEHTPb KOMMYHUKAIUM, 1.5. MEPEKPECTHBbIE CBSA3M (CBSI3b MKy
neHTpamu), 1.4. CBSI3M MeXKJy COCEIHUMH KJIACTEPAMH.

2. Cpednudi yposenn: 6a30BbIe KJIACTEPHI (CEIMEHTHI CBSI3M/CETH JOCTYIA, J[BYX-CBSI3HBIE
TOIOJIOTUYECKHE MO/LY/IH).

3. Huotchuli yposens: paclpeieiuTe/bHble ceTh (HAIpUMeD, IIUHA, JePeBO, KOJIbIIO).

eee Nudopmanmronnbe
LEHTPbI

T'nobasnbubie
I_[eHprI CBA3U

Croenuaababie
°°c BBIYUCJ/INTEJIbHBIE
pecypcor

Cetn
JIOCTYTIa,

Toukun ...
JOCTyTIa

Tosb30BaTenu
Puc. 2.8. Nnnoctpanyuss MHOTO-YPOBHEBO# CeTH CBSI3U

2.7.3 VYposHeBag k-cBa3Hada ceThb

CrernuasibHasi Bepcusi 2-CBA3HON ceTn ObLia mpejyioxkena B [82]. O6obiienas k-cBsi3HAsi CeTh
takoro tuna omnucana B [353]. Ilyctre G = (A, E) Oyzmer ucxomuas cerb (rpad), roe A -
MHOKeCTBO BepiuH (y3/10B), E - muokecTBo pebep u |A| >k x (k+1) + k.

PaccmarpuBaemsiii Tun k-csi3Hoit cetn umeer Buja: (a) k “neHTpoB”; r1e KaxKbli “rieHTp”
npeacrasiser coboit (k -+ 1)-sepmunnyio kauky (“neHTpbl” He UMEIOT Tepecedenuii), (6) MHO-
wkectBo y310B M C A ( |M| > k) BkjIo4aeT Bce y3Jibl, KOTOPbIE HE OTHOCATCS K “IleHTpaM”;
nMeercst CBsA3b (pe6po) mexay Vo € M u kaxiasim “nentp”’; T.e., k pebep (omHo pebpo s
cesizu “nenrpom”). B pesyabrare nosyvaercst rpex-yposaeBasi cetb (Puc. 2.9): (i) yposenb ko-
HEYHBIX T10JIb30BaTe e, (1i) ypoBeHb CHenuaibHbIX “IeHTPOB” y3JI0B CBsi3U: BHIOPAHHBIE ¥ /WK
CrienuaibHbIe JOMOJTHATE/IbHbIE Y3/IbI (9TH y3J1bI TIOJK3HBI sl PA3MEIIeHusT KJI04eBOro 060py-
JoBaHus CBsi3n); (iii) “neHTpbl” cBsi3u (Takue “NeHTPH” MOTYT COOTBETCTBOBATH KOMMYHUKAIIU-
OHHBIM TIPOBaiIepaM WM KOMMYHUKAIMOHHBIM OlepaTOpaM WK UX (hUIHaIaM).

Ha Puc. 2.10 upejicraBjien npuMep 4eTbipeX-CBA3HON CTPYKTYPbI.
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JlokazareabeTBO k-CBS3HOCTH JIJIsl TIPEJJIOKEHHOTO TUIIA CETH OCHOBAHO HA PACCMOTPEHUH
4-x cnenmaJabHbIX caydaeB. [lycrs umerorcs aBa y3ia a,b € A. YKa3zaHHbIE CJlydau UMEIOT BHI;

Cayuati 1:  a u b otHOCATCS K oqHOMy “neHTpy” (T.e., (k+ 1)-kiuke). Y3isl a u b uMeioT
cs3u: (i) mpsimast ¢Bsi3b (a,b), (ii) (k — 1) aByx-pebepHasi CBSI3b MOCPEACTBOM APYTOTO y3J1a
sroro “nenrpa’. Takum ob6paszom, y3iasl a u b umeror k cBs3eii (6e3 nepecevenust).

Cayuati 2:  a orHocutest K “uentpy” A m b orrocures K “nenrpy” B (T.e., K Apyromy). ¥Y3Jsl
a ¥ b MMEIOT CJIeJIYIONIHe CBSI3U: JIByX-pebepHast CBsI3b IIOCPEACTBOM JApyroro y3na « € M (re.,
k-cBsizeii sroro tuna). Takum o6pa3oM, y3/bl a U b umeor k cBsaseil (6e3 mepecedenuii).

Cayuati 3: a OTHOCUTCS K HeKOoMy “meHTpy” m b € B. ¥Y31bl a U b UMEIOT CJemayoIue
csizu: (i) mpsimast cBsi3b (a,b), (ii) (k — 1) Tpex-peGepHBIX CBsi3eil: MOCPEACTBOM HEKOTOPOTO
y3J1a KazKJ0ro Apyroro “uenrpa”’ u mocpeactsoM apyroro y3iaa u3d M ((k—1) paznuvsbix myTn).
Takum o6pa3om, y3ibl a u b umeror k cBsizeii (6e3 nepecedeHnit).

Cayuati 4: a,b € M. Y31bl a u b uMeroT k pa3judHBIX CBsI3eil: y3esa a, HEeKuil “neHTp”,
y3eq b.

Yposenb 3: “leHTPHI” CBSI3U

N N R N B

(C YpoBeHb 2: crernuaibHbIe TOYKU TOCTYTIA )

N A S Y S Y T R

C Ypoensb 1: 6a30B0oe MHOXKECTBO KOHEYHBIX ITOJIb30BATENEH )

Puc. 2.9. Tpex-ypoBHeBasi MOJIeJIb CETH

“Uentp” 1 “ITenTp” 2 “ITenTp” 3 “ITenTp” 4
TP TP b TP

7 A A A

Koneunbrii moab30BaTesnb .
Puc. 2.10. [Ipumep 4-x cBLA3HOU ceTn

Takum 06pa3om, cxema mocTpoeHus (“CHu3y-BBepx”) k-CBSI3HON CTPYKTYDBI UMEET BHJI:

Cmadus 1. Beibop k x (k+1) Bepumn jyisi k “uentpos” (Ipu 9TOM MCIOJIB3YeTCsT MHOTO-
KPUTEPUAJILHOE PAHKUPOBAHUE).

Cmadus 2. Knacrepusanust BBIODAHHBIX JIJIsl TIOJYYeHUs &k KJIACTEPOB KakK “IeHTPOB” (KakK-
Jblil KytacTep BJoyaer (k -+ 1) BepuiMH, 5T KJIacTepbl He UMEIOT MepecedyeHmii).

Cmadus 3. Oupenesienne CBs3eil ¢ KOHEYHBIMHU II0JIb30BATEISIME: CBSI3b KK 0 BEPIIHHBI
(KoTOpasi He OTHOCUTCS K “IIEHTPY”) ¢ KaXKIbIM “IleHTPOM” (T.€., C TOJIBKO OJJHUM y3JIOM KAZKJIOTO
“merTpa”). 31ech MOXKET OBITh UCHOJIB30BAHA 33/a4a BJI0YHOrO PIOK3aKa WU €€ MOAU(pUKAIMY.

[IpuBeneM mamOCTpaTUBHBINA TTpUMep ABYX-cBsa3HOU cetn. Ha Puc. 2.11 mpeacraBiens uc-
XO/IHBbIE Y3JIBI.
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T a2

3
R .6 . 7

. «9
10 8

12 13 « 14

N ' 16- /

Puc. 2.11. Ucxoanble y37b ceTn

st “nentpoB” BeIOMpatoTcs caeayomue y3ias: {3,5,9,10,12, 14}, JIpyrue y37s1 cooTBeT-
CTBYIOT MOJTb30BATEJISIM.

Bepcust pesyabrupyiomieit aByx-cBsizuoit ceru (gepcus 1) npeacrasiena Ha Puc. 2.12:

Bepcus 1. “LlenTpbl” sIBISIIOTCS JIOKAJIBHO Pa3MeIeHHbIMU (T.€., perHOHAJIbHbIe “HEeHTPbI”):
“mentp” 1: y3awr 3, 10, u 12; “nentp” 2: y3as1 5, 9, u 14.

C npyroii CTOPOHBI, 11e/1IecO00Pa3HO PACCMOTPETD JIPYTYIO CUTYAIUIO ¢ “yIpolieHneM’ cBs3eil
JIUIsT KOHEUHBIX TIOJIb30BaTe el (HanpuMep, MUHIMU3AIHs PACCTOsSHU cBs3m). B aToMm ciydae,
HEOOXO/IMMO HCIIOJIb30BATh CJEAYIONee aJrOPUTMHUYECKOE IMPABUIO Ha cmaduu 2 yKa3aHHOU
CXEMBbI PeIleHus:

Yz kascdozo “uenmpa” doastcno, nokpuieams’ 6cro cemv (m.e., 0as KaxHcA020 KOHEUHO20
NoAvL306aMENT 00AHCEH BAUSKO HaTodumbea Tomsa 0ve 0dun ysea “uenmpa’)

Bropas cxema perienust 1jis MOCTPOEHUs k-CBA3HON CTPYKTYPHI UMEET BUI:

Cmadus 1. Knacrepusanusi MCXOAHBIX Y3JIOB JIJIsI TOJIyYeHUs k KJIaCTEPOB.

Cmadus 2. Tlocrpoenune k “meHTpOB”: BHIOOP BEPIIUHBI B KarXKJOM IOJIYyYEHHOM KJIACTEPE
KaK 5JIEMEHTa KaxKJ0ro (HeKuil mpejcTaBuTeib “UeHTpa”), CBA3b BEPIIUH B KaXKIOM “IeHTpe”.

Cmadus 3. [locTpoenune cBsi3eil st KaXKJI0T0 KOHEUHOT'O TOJIb30BATEIsI: CBSI3b KaXK 0 Bep-
muHbl (KOTOPBIA HE OTHOCUTCS K “IIEHTPY”) ¢ KaxKIAbIM “IeHTpOM” (T.€., C TOJBKO OJHUM y3JI0M
B KaxXKJOM “rieHTpe”).

“HeHTp” 1 “]_[eHTp” )
|

~

WL : k/

Puc. 2.12. /IByx-cBs3Has C€Th: JIOKAJIbHO Pa3MelleHHbIe “HeHTPhI”

[Tpumep Takoro Tuna pe3yjibTUpYIONIEil JIByX-CBSI3HOU ceTu 1pejcrasien na Puc. 2.13:
Bepcus 2. “llenTpnl” pacupejesienbl 1o cetu: “nentp” 1: y3ael 3, 9, u 12; “nenrp” 2: y3Jb
5, 10, m 14.
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“I_[eHTp” 1 “HeHTp” 2
|

Puc. 2.13. /IByx-cBsi3Hasi CeTh: “IIEHTPBI ~ PaCIpPe/ie/IeHbl 110 CEeTH

2.7.4 O 3amgave MPOEKTUPOBAHUSA MEPAPXUIECKON CEeTH

Ba3zoBas 3aa4a MpOeKTUPOBAHUS HEPAPXUYIECKOH BYX-YPOBHEBOI CETH 3aKJ/II0YAETCS B HAXO-
JKJIEHUY TOKPBIBAOIIEH ceTH MUHUMAJIBHOM CTOMMOCTH, BKJIIOYAIOMIEH Be YacTu: (i) OCHOBHAsI
nyTh (WM HECKOJIBKO myTeii, nepeBo, KoJblo), (i) Bropuunbe gepesbs [151, 449, 450, 471].
Takum obpazom, ucxojaHasi ceTb pPa3dUBAETCs HA JIBE YaCTH:

1. Hacrb Bepxuero ypoBHsi (IIepBUYHbIE Y3Jibl, OCHOBHOII IIyTh): HEKUil My Th (MJIM HECKOJIBKO
nyTeil, AepeBO, KOJIBIO), BKJIIOYAIIIee TIEPBUYHbIE YT, KOTOPble CBSI3aHHBIE ¢ HEKOTOPHIMA
y371aMu ceTd (T.K., TIEPBUYHBIMA Y3IaMH).

2. YacTh HUXKHEr0 YpOBHSI (BTOPDHYHBIE Y3/, BTOPUYHBIE JIEPEBbsI): 9Ta YaCTh BKJIIOYA-
er oIHO Wiu 6oJiee JIepeBbeB, YbH JyTU (BTOPUYHbIE) SIBJISIOTCS MeHe “IOpOruMu”; 4eM Jyru
HePBUYHBIX JIyT.

3xecy Kaxkpag ayra mmeer crommoctsb (di;, Vi,j € A, A - mHOXkecTBO y3i0B). Obmas
CTOMMOCTH BBHIODAHHBIX YT B MOKPBIBAIOIIEH CTPYKType UCIOIb3YETCs] KaK MUHUMU3UPYEMast
neseBast byHkius. 3anava GOpMyIUPYeTCsl KakK MOJeJ b KOMOMHATOPHOW onTumusanuu [151],
sra 33jada sBisiercss NP-rpynuoii [69]. st pemenust 3a1aun npe/jiarajnch pasaudHbie M0/
XOJ1bl, HATpUMeD: (&) TOYHBbIe mepebopHbIe MeTOo/bl (MEeTo/| BeTBeil U IDAHUIL, METO/bl Ha OCHO-
BE JIMHAMUYECKOr0 porpaMMupoBanusi), (6) sspuctuku (BrJOuYast Jlarpan:keBy peslakCalmio),
(B) 9BOJIONMOHHBIE AJTOPUTMBI. JaCTO Ha TPeIBAPUTENLHOM Tale CTPOUTCS MUHUMAJbHOM
MOKPBIBAIOIIEE JePEBO, B KOTOPOM BHUCSYHE Y3JIbl UCIOIB3YIOTCS KaK BropuuHble. Jlaee mpe-
CTaBJIEHBI J[Ba WJLIIOCTPATUBHBIX IIPHMepa:

(i) BepxHsisl YACTH IPEJCTABJIET COOOM JePeBO HAJl MEPBUYHBIME Y3/1aMU

{1,2,3,4,5,6,7} (Puc. 2.14a),

(ii) BepxHSSI YaCTh MPEACTABIAET COOOM KOJBIO (I[MKJI) HAJ MEPBAYHBIMHA y3JIaMH

{1,2,3,4,5,6,7} (mByxcBsi3ubiii cay4ait) (Puc. 2.146).

(a) BepxHMii ypOBEHD: JEPEBO (6) BepxHMII yPOBEHB: KOJIBIO
Puc. 2.14. IIpumep nByX-ypOBHEBOi# ceTH

[Ipunoxkenus: pacCMOTPEHHO# 3a/1a9¥ BKIIOYAIOT CJAEIYIONINe: CUCTEMbl CBS3H, KOMITBIOTED-
HbIE CeTH, TPAHCIOPTHBIE CETH, PACIIPEIe/IEHHbIE SHepreTuiecKue cucreMul. Celyer OTMETUTb,
9TO TAK’KE PACCMATPUBAETCS 3a]a4a MMOCTPOEHUsI MHOIO-yPOBHEBHIX cereii (69, 133].
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2.8 Mopdoaorngeckas nepapxms

Mopdosorudeckas uepapxusi 0606ImaeT MoJIeIb CUCTeMbI 13 MOpdosornueckoro anau3sa [590)
caieytorumM obpasom [334, 342, 355, 356, 358]: (i) uepapxuueckast (IpeBOBUIHAS) CTPYKTYPA UC-
CJelyeMO# CUCTEeMBbl, (ii) NPOEKTHBIE aJIbTEPHATUBHI JJid KaKJI01 BUCA4E BePINUHbI CUCTEMHOM
Mogesn (KomronenTa), (iii) oneHkn HpoeKTHBIX ajbreparuB DAs Ha OCHOBE MOPSIIKOBBIX IIKAJI
[334, 342, 347| unu cnenuaIbHBIX WHTEPBATIBHBIX MKAJ B BHE MYJIbTUMHOXKeCTB [358]; (iv) mo-
PSITKOBBIE COBMECTMMOCTH MEXKJIy TPOEKTHBIMU aJIbTePHATUBAMHU /IS PA3IUIHBIX CHCTEMHBIX
KOMIIOHEHTOB (BMeCTO GUHAPHOW COBMECTHMOCTH, KOTOPasl MCIOJIb3YeTCs B MOPMOIOTHIECKOM
aHaJjmuse).
Jlnst mocrpoerust MOP(OJIOrHYECKON HepapXul MOXKHO HCIIOJIb30BaTh CXEMY:

Cmadus 1. TlocTpoerue uepapxuu (HAIPUMED, HA OCHOBE OJHOTO WX ONMCAHHBIX BHIIIE Me-
TOJIOB).

Cmaduas 2. lenepamus DAs 1 Kark 10it BUCsST9eil BEPITUHBI CACTEMHON MOJIEJIH (3KcnepTHHe
npore/ypsl u/uin nabOopManuoHHbe 6a3bl).

Cmadus 3. renepanusi mkaJ jisi onenuBanust DAs u onenuBanne DAs (06biuHO HA pe/iBa-
PUTEJIHOM 3Talle MCIIOJb3YeTCsl MHOTOKPUTEPHAJIBHOE OIUCAHUE).

Cmadus 4. l'enepanus mopsiA0aBOM KA /I ONEHHBAHKUS COBMECTHMOCTH MexK 1y DAs u
OIEHHBAHUE STOH COBMECTHMOCTH.

2.9 Cxema JIjis MHOTO-YPOBHEBOI CTPYKTYPhI

O6III8§I CXEMa IMMPOECKTUPOBAHUA MHOFO—ypOBHeBOﬁ TOIIOJIOTUH MMEET BHJ:

Cmadus 1. Pa3bunue MCXOIHOTO MHOMKECTBA y3JI0B Ha IMOJMHOXKECTBA, COOTBETCTBYIOIINE
YPOBHSIM.

Cmadusa 2. IlocTpoeHne TOMOJIOTHY JIjIsI KarXKJI0TO YPOBHSI.

Cmadusa 3. IlpoekTupoBaHue cBg3€il MEXK/y y3JaMH COCETHUX YPOBHEIl.

Ha Puc. 2.15 nwnocrpupyercsi cxema NpOeKTUpOBaHusi: 1. pa3bueHue MCXOIHOTO MHOXKe-
CTBa y3JIOB Ha JIBa MHOXKECTBA, COOTBETCTBYIOIIUE JABYM yPOBHSM; 2. MOCTPOEHHME TOIOJIOIMU
JUTST KazKJ0TO ypoBHst: (2.1) mocTpoeHne TOMOMOTHHA (3/1€Ch: IepeBo) s “TeHTPAIBHON 4acTH
(BepxHUIi ypoBeHb), (2.2) K1acTepusalys y3/710B Ha HUXKHEM ypoBHe, (2.3) BbIOOp/Ha3HAUEHHE
“rnaBubix” y3s108 (head) B kaxkoMm Kiaacrepe, (2.4) nocrpoenue Tonosioruu (Hampumep, JIepeso,
3Be3/1a, IUKJI, KJIHKA) JJis KazKJI0T0 KJIacTepa Ha HUXKHEM YPOBHe; 3. IOCTPOEHNe CBsI3eil MeK Ly

y3J1aMu HUXKHEM YDOBHe (T.e., “IJIaBHBIX” Y3JI0B KJIACTEPOB) U y3JIaMU Ha BEPXHEM YDOBHE.

“UenrpanbHas’ “IlenTpanpHas’
4acTh 4aCTh
Ncxonnoe
MHOQ2KECTBO
y3JI0B

/

N

Puc. 2.15. [IpoekTHO# cxeMa /I ABYX-YPOBHEBOU CeTH

B pesynpraTe mosydaioTcsd Tpu yPOBHS:
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ypPOBeHb 1: y3iibl “HeHTPaJIbHOI” 4acTh ¢ COOTBETCTBYIONIE TOnoI0rueit (31eCh: 1epeBo),

ypOBeHb 2: “IryiaBHbIE” y3JIbl KJIACTEPOB HA HUXKHEM YPOBHE,

YPOBEHb 3: IPyTHe y3/bl KJIACTEPOB U COOTBETCBYIOIINE TOMOJOTHH /I KaXKJ0TO KJIacTepa
(Ha HUXKHEM YDOBHE).

2.10 BrmiBOIBI K TJIaBe

B rnase onucan 00001IeHHBII B3IVIST aBTOPA HA MPOEKTUPOBAHNE CUCTEMHBIX nepapxuit. Takue
33/1a4N NIPEJCTABJIAIOTCA YaCTO KJIIOYEBBIMA B CUCTEMHOM aHAJN3€, B CHCTEMHOM IIPOEKTHUPO-
BaHUU. B 1pesjiokeHHOM MaTrepuaJjie MHOTHE IPOOJIEMbI MPEJICTaBJIeHbl HA KOHIENTYaJIbHOM
YPOBHE B BUJIe YIPOIIEHHBIX CXeM (MHKeHEepPHbIe ONUCAHWs, TIOCTAHOBKY 3a/a4, 6a30BbIE CXe-
MBI DellleHus], ePCIeKTUBHbIe Bepcuu 3a1a4). OYeBUIHO, YTO MHOI'ME YIOMSIHYTBIE BOIPOCHI
TpeOYIOT JOMOJTHUTETHbHBIX HCCIEIOBAHUI.

34



I'maBa 3

CxeMBbl OlH€eHUBaAHNA CUCTEM

B nanuoit riiaBe ! MpUBeIeHO KPATKOE ONMCAHWE MOAXOJ0B K ONEHMBAHMIO MEPAPXMUECKUX MO-
JYJIbHBIX CUCTEM.

3.1 IlpeaBapureiibHble CBeIeHUS

MarepuaJ JaHHO# TJ1aBbl IOCBSIEH OCHOBHBLIM I10JX0JaM K OIEHUBAHUIO UEPAPXUUYECKUX MO-
JIyJILHBIX CUCTEM, BKJIIOUAs CJie/lyIOolue BOIPOCHL:

(i) OCHOBHBIE HIKAJIBI, MCIIOJb3YEMbIE JIJIsi ONEHUBAHUSI KOMIIOHEHTBI MOJIY/JIbHBIX CHCTEM U
CHUCTEM B TeJIOM (KOJIMYECTBEHHBIE MOPSIKOBbIE MIKAJIbl, MHOTOKPUTEPHAIbHBIE ONUCAHUS W/IH
BEKTODbBIE OIEHKH, JBA THUIA ITKAJ TUIA YaCTHYHOTO TOPSIKA)

(ii) 6azoBbIe 3amauu TpaHCchOPMAIMH NIKAT B BUe 0TOOpazkeHust 1:

UCTOOHAA WKAAGL = PESYALMUPYIOUWAAL UKAAG,

(iii) 6a3oBBIE THIIBI METOMOB JJIsI MHTEIDAIUY ITKAJI B BHJE OTOOparXKeHus 2:

UCTOOHBLE WKAADL, = PEYALINUPYIOULGA UHMEZPUPOSAHHAA WKANG.

[Ipennosaraercsi, 9T0 yKa3aHHbIE OTOOPAYKEHHUsI SIBJISIFOTCS. MOHOTOHHBIME (MJIM AHTH- MOHO-
roHHbIMA ). Cliefyer oTMeTuTh, 9T0 MeTo data envelopment analysis 31ech He PACCMATPUBACTCSI
[645]. OnenuBanue cocTaBHBIX (MOLYJIBHBIX) CHCTEM OCHOBBIBAETCS HA OIEHUBAHUM CUCTEMHBIX
KOMIIOHEHTOB (BKJIIOUAsl UX COBMECTMMOCTb) W WHTETPAIUH MOJIyYaeMbIX JIOKAJbHBIX OIEHOK
B 00IIyi0 OleHKy cucrembl [334, 336, 342, 358]. B kauecTBe OCHOBHOW 3a/a4M OIEHUBAHUS
HCIIOJ/Ib3YeTCsl 3a/ia9a WHTErpanus OIEHOK CHCTEMHBIX KOMIIOHEHTOB (OIEHKH COBMECTHMOCTH
CHCTEMHBIX KOMIOHEHTOB MOI'YT PaCCMaTPUBATLCH KAK JIOIOJHUTEILHbIE OIEHKH CUCTEMHBIX
KOMIIOHEHTOB). B 11€J10M, OIMCHIBAETCS MOAXO/ K OLEHMBAHUIO HA OCHOBE KOMOMHAIMIT yKa3aH-
HBIX JIBYX 3a/iau 1Ipeo0pa3oBaHus IIKaJl: TpaHcdopMalys IIKa/bl 1 uHTerpanus mkaJ. Jlajee
YKayKeM CJIeIYIOIee:

(a) cocraBrag (MomysIbHas cucTeMa) (ABYyX-ypoBHeBasi) S = Sy*..xS;x..x 5, (rme Si,

. S;y ... Sy, 0bo3Havaror cucremusie kommnonenThi /yactu) (Puc. 3.1) [334, 342, 355, 356, 358],

(6) sokasbHBIEe OOGJacTH (IIKaJbl, MHOYKECTBA OIEHOK) JJIs OIIEHWBAHWs KadecTmBa (T.e.,
3bHEKTUBHOCTD, COBEPINEHCTBO, “NIOJIE3HOCTH’) CHCTEMHBIX KOMIOHEHTOB {S7,...,S;, ..., Sn}
(u/nim ux npoexTHbIX anbrepHatuB DAs: {X;1,..., X, | i = 1,m}) u obmas obaacrs (mkaa,
MHOKECTBO OIIEHOK) JIjisi OlleHuBaHus 1esoi cucremsl S (Puc. 3.2) [334, 336, 342, 356, 358].

'MaTepuas TIaBEI OCHOBAH HA, TyOIHKAIAIX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Spinger, 1998. chapters 3, 4.
(ii) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 3.
(iii) Levin M.Sh. System synthesis with morphological clique problem: Fusion of subsystem evaluation decisions.
Inform. Fusion, Vol. 2, No. 3, 2001, pp. 225-237.
(iv) M.Sh. Levin, Note on evaluation of hierarchical modular systems. Electronic preprint. 15 pp., May 21, 2013.
http://arxiv.org/abs/1305.4917 [cs.Al]
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Puc. 3.1. [Ipumep MomynbHOI CHUCTEMBI

Obmas

00/1aCTh
(uwKana) Jyist

OIIEHUBAHUS
CUCTEMBI

f

H I/IHTeI‘paI_[I/ISI OII€EHOK KOMIIOHEHTOB CUCTEMBI H

Q6aa¢Th
(wKana) st

OLIEHUBAHUS

ObuacTb
(wkana) st

OIIEHUBAHUS

O6s1acTb
(wikasta) qoist

OIICHUBAHUS

1s 79 m>y
ee DAs ee DAs ee DAs

Puc. 3.2. OnenuBanue 1ByX-ypPOBHEBOW CHCTEMBI

Bo-1iepBbIX, MOKHO YKa3aTh CJIeayione 6a30Bble METO/[bl OIleHUBAHUS/U3MEPEHHUsI, KOTO-
pble MOI'YT OBITH WCIIOJBb30BaHbI Kak 6a3oBbie “610Ku” B cxemax um3Mepenusi cucrem: (1) skc-
IepTHBIE CYK/IeHHsl (Ha OCHOBE CIEIMAJICTOB B MPOOJIEMHON 06/1aCTH);

(2) mpoueypsl m3Mepenus:: (a) TeXHUYECKHe n3Mepenus /ucnbitanus, (b) o6paboTka HAKOII-
JIEHHBIX CTATHCTHYECKUX JAHHBIX, (C) 9KcmepTHOE oneHuBanue, (d) o6paborka JaHHBIX U3 6a3
JIAHHBIX, (€) THOPUIHBIE POy PHhI;

(3) uMHUTAIMOHHOE MOJIEJTMPOBAHNE,;

Bo-Bropsix, gBe 6a30Bble CUTYAIMU CHCTEMHOIO OIIEHWBAHWs MOTYT paccMaTpuBaThest: [334,
336, 342|:

Curyanus 1. OuennBanue 1eJioii CHCTEMbI JJIsl TOJyYeHHsl O0Iel OIEeHKH CHCTeMbl (Ha-
IpUMep, SKCIePTHbIE IIPOIIEYPBI, TECTHPOBAHUE CHCTEMbI, 00Pa0OTKa CTATUCTUYECKHUX JTAHHBIX,
HAKOILJIEHHe ¥ 00pabOTKa JAHHBIX nX 0a3 JAaHHBIX, CIEIUAJbHBIE TEXHUIECKUE POIEAYPHl U3~
MepeH#usi, TUOPH/IHbIE TIPOLE/YPbI).

Curyanusa 2. /[Byx-crajuiinas cxema:

2.1. OneHnBaHNe KOMIOHEHTOB CHCTEMBI.

2.2. VlnTerpanusa OIEHOK KOMIIOHEHTOB CHCTEMBI JJIS MOJTy4YeHUs OOINel OIeHKH CHCTEMBI
(T2 crajmst MOXKeT BBITOJHITHCS UTEPATUBHO HECKOJBKO Pa3 Jijisi MHOIOYPOBHEBOI CHCTEMBbI).

[Tpumep Tpex-ypoBHEBO# cucTembl npejacTasieH Ha Puc. 3.3. 3aeck ciemyroniyie nmporeaypst
OIEHMBAHWST PACCMATPUBAIOTCSI:

(1) onenuBanne DAs s BUCSYNX BEPIIMH CHCTEMHONH MOJETH (T.€., KOMIOHEHTOB CHCTe-
Mbl.) (HAIpUMep, KOJWYECTBEHHAs! IKaJIa, MOPSAKOBAs IMIKaJa, MHOIOKPDUTEPHATIBHOE OIUCA-
HHUe, MIKAJA B BHJE YACTHYHO-YIOPSIOUYEHHOTO MHOYKECTBA);

(2) muaTerpanumst moay4YeHHBIX OnEHOK DAS Jiisi 10JIydYeHus] WHTErPUPOBAHHBIX OIEHOK JIJIsl
COCTABHBIX CHCTEMHBIX YacTeil (T.e., CuCTeMHbIe YacTH Ha 60Jiee BHICOKOM HEePAPXUYECKOM YPOBHE);

(3) uHTErpanus MOJYYEHHBIX ONEHOK JJIs 9aCTeil CHCTeMBI JJIsl IOy YeHHs] HHTeIPUPOBAH-
HO# O0IIeil ONeHKHN CuCTeMBI (MM €€ BePCHid).

Hepapxuyeckas cxema OIeHWBaHUs IpuBeleHa Ha Puc. 3.4.
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Puc. 3.4. Cxema onenuBanusi Tpex-ypOBHEBOI CHCTEMBI

3.2 PaccmarpuBaeMble TUNBI ITKAJ

B Ta6smune 3.1 npeacTaB/ieH mepeveHb THIIOB MCIOJIb3YEeMbIX IIKAJIBI ONeHuBaHUs (711 Jacrei
CHUCTEMBI, JIJIsi CUCTEMBI B II€JIOM): KOJMYECTBEHHAs IIKAJIa, HOPSIKOBas IMKAJIa, MHOTOKDHUTE-

pHaJIbHOE OLIMCAHUE, MIKAJIbl Ha OCHOBE YacTHYHOrO nopsiaka [188, 288, 334, 336, 342, 358, 421,
484, 525, 587].

Tabsuma 3.1. Tunbl UCIOJIB3yeMBIX IIKAJ OIEHUBAHUS CUCTEM

Tunber mkas Ucrounuknu
1.KoyimyecTBeHHAS IIKAJIA, [188’ 288, 525]
2.ITopsiakoBast IKaJIa, [104, 319, 334, 421, 484, 587]

3.MuorokpuTepuaibHoe onucanue (BEKTOp- [288, 421, 462, 484, 525]

HasA OLIEHKA Ha OCHOBE KOJIMYECTBEHHBIX
U /W TIOPSIZIKOBBIX OLIEHOK )

4.I1Tkana yactraHOro TOpsiaKa Ha ocrose | |334, 336, 342, 356],
TTOPAKOBBIX OIIEHOK

5.I1Ikama 9aCTUIHOrO MOPSIKA HA OCHOBE [358]
OIIEHOK B BUJIE MYJbTUMHO2KECTB
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3.2.1 DBaszosBblie HIKaJbI

[IpuBeseM HITIOCTPAIUY /IS YKA3AHHBIX 0A30BBIX THIIOB HCIIOJIb3YEMBIX IMKAJL.

Bo-nepBoix, Ha Puc. 3.5 mpeacraBieHbl WILTIOCTPAIMA JJIsT KOJMYECTBEHHON IKAJIbI, TOPSs-
KOBOIi IIKAJIbI 1 MHOTOKPUTEPUAJIBHOTO OIUCAHUS (T.€., IPOCTPAHCTBO BEKTOPHBIX OIEHOK ):

(a) KoJIMUECTBEHHAS MIKAJIA, HAPUMED, uHTepBaJ (3, &), (v COOTBETCTBYET HAUIyYIIIel TOY-
ke, 3 coorBercTByer Hauxymei Touke (Puc. 3.5a);

(6) kauecTBenHas (mopsiKoBasi) mMKaja: [1,2, ..., k], 1 COOTBETCTBYeT HaMIyUIIell TOUKE, T.€.,
TOYKa ¢ JoMHHHpYeT To4Ky i + 1 (Puc. 3.56);

(B) MHOTOKpHTepHAJIbHbIE ONMHUCaHUs (T.e., BeKTopble onenku) (Puc. 3.58).

Cuexyer orMeTuTh, 9TO OMHAPHOE OTHOIIEHUE JOMUHUPOBAHUS /IS TOYEK IMKAJ B CIydasx
(a) u (6) siBasiercst oueBMmHBIM. B ciydae (B), OTHONIEHWE JOMUHUDOBHAWS MJLTIOCTPUPYETCS
Ha Puc. 3.5: ay = (o, as = (3, ay = (4. llpm mcnonb3oBanum goMuHUpoBaHus 1o Ilapero
[421, 462|, npuBeeHHEbIE OTHOIICHUS JOMUHUPOBAHUS PACITUPSIOTCS CIELYIONUM: (o ~r 3.
3/1eCh MOXKHO PACCMATPUBATH CJIEYIOIIUE YIOPsIOYEHHbIE YDOBHH KauecTBa (KaK HEKYIO Clie-
IMAIBHYIO TOPSIKOBYIO iKajy D, wirocTpaius npusejiena va Puc. 3.58):

(i) upeanbhas Touka (Hauayumas Touka) of,

(i) yposens Ilapero-sbdextuBubix Touek (Toukm: {oq, s, as,a4}),

(iii) Toukm, KoTopsie 6;1m3KH K [TapeTo-3¢dhdekTrBHBIM TOUKaM (HATpIMED, UX MOYKHO TTPe0s-
pazoBath B [lapero-addexTuBabie TOUKH 3a cyeT HEGOIbIIOTO yayumenus): {51, Ba, B3, B4, b5},

(iv) cnemyrommit ypoBeHb KadecTBa (HampuMep, MexKy TOYKAMH HPEJbIAYIIEro YPOBHS W
Hauxyamed Toukoit): {71, 72}),

(V) Hamxy/mast ToUKa.

Hau- Hawnnyumas Kpurepnit 1 N neanbuast
TYUIIast § o TOqKa(? 1 e %1 TO'KA
TOYKA 2 —_— —— — — — e«

! o

t 3 1 |
Han- v 52 @93
Bl | e |
TOYKA Haun- | Hauxynmias ﬁ. s ?044

Xynmasy . Touka Y2 4 °
(0) TOYKa (0,0) Kpnrepmnit 2
(a) xonmuecrBen- (6) mopsinkoBast (B) MHOTOKpPHTEPHAIBLHOE
Hasl [IKaJja IKaJIa OIIUCAHKE

Puc. 3.5. [lIkanbr: KosimdecTBeHHAS, TTOPSIIKOBAsi, BEKTOPbI

3.2.2 CucreMHasd NIKaJia Ha OCHOBE MOPAJKOBBIX OI€EHOK KOMIIOHEH-
TOB

OHI/IcaHI/IH HOIKaJI Ha OCHOBE YaCTHYHO-YIOPAJOYEHHBIX MHOXKECTB [JId OIEHKU Ka4veCTBa CO-
cTaBHBIX (MO/YJIbHBIX) CHCTEM OBLIO TpeJioykeHo B pamkax meroga VIMMII ([328, 331, 334,
336, 342, 356|, rnasa 4). B 6a30B0ii BepcHH TOT0 METOJA ONEHKH 0A3UPYIOTCS Ha HOPSIKOBBIX
onmenkax DAs u ux coBMecTUMOCTH. 3/1€Ch MOYKHO PACCMOTPETH JBA CJIyUasi:

(1) mKkana st KAYeCTBAa CHCTEMbI HA OCHOBE TOPSIKOBBIX OIIEHOK CHCTEMHBIX KOMIIOHEHTOB
(oTleHKa CHCTEMHOTO KOMIIOHEHTa IO IKase: L = 1,[; 1 COOTBeTCTBYeT Hau/IydIIeMy 3HAYEHHIO);

(2) mKkaia g KAYECTBA CHCTEMBI C MOPSJIKOBBIX ONEHOK CHCTEMHBIX KOMIIOHEHTOB H IIO-
PSIIKOBBIX OIEHOK COBMECTMMOCTH MEYK/[y CHCTEMHBIME KOMIIOHEHTAMU (OIEHKA COBMECTUMOCTH
CHCTEMHBIX KOMIIOHEHTOB TI0 IIKaJe: W = 1, ; I/ COOTBETCTBYeT HAWJIYYIIEeMYy YDPOBHIO).

Jns cucrembl, cocrodiieil u3 m 4dacTeil/KOMIIOHEHTOB, JuCKpeTHas objacth (“mpocTpaH-
CTBO”, YACTUYHBIX NOPsJOK, “penrerka’) ocHoBaHa Ha BekTope: N(S) = (w(S);n(S)), rue
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w(S) paBeH MHUHMMYMY NapHON coBMecTUMOCTH MexKy DAs (COOTBETCTBYIOIMM Da3HBIM CH-
creMHBIM KOMIIOHeHTaM), (T.e., V Pj u Pj,, 1 < j; # jo <m)in S, n(S) = (1, .., My s )5
rae 7, paBen uncay DAs ma yposre Kauectsa 7 B S (XF_, n, =m).

[Tpumep mas Tpex-komnoneHTHOI cucteMbl S = X Y % Z (Puc. 3.1) caeayronmit nmeer
BuJI. Vlcnosnb3yoTcs nopsiiKOBbIe MKaJbl: (a) MOPsIKOBasl MIKATA JIJIsS 9JIEMEHTOB ([IPHOpHTE-
Thl): [1,2,3], (6) nopsiakoBast mkana miast copmecrumoctu: [0, 1,2, 3,4]. Inst nanHOro npumMepa
Puc. 3.6a npejcraBisier mKajay KadecTBa JIjis CUCTEMHBIX KOMIIOHEHTOB u Puc. 3.66 mpej-
CTaBJISIET MHTEIPUPOBAHHYIO TIKAJIY C YU€TOM OIEHOK COBMECTHMOCTH (KaxKIblil “TpeyrobHuK”
cooTBeTcTBYeT mKaJse Ha Puc. 3.6a).

Kak 6p1J10 yKa3aHO BbITE, MOXKHO UCIIOJIb30BaTh HEKHE 0000OIIEHHbIE YPOBHU KAaveCTBa CH-
crembl (mkana D na Puc. 3.56):

1. Npeanbnas Touka N (ST) (ST - uneanbnoe pemenus jyist cucTemsi).

2. Yposenb Ilapero-adbdexrunnbix pemenuit: {51, S5, S5}; cocraBable oneHku uMe0T BU:
N(S?)=1(2;3,0,0), N(SY) = (3;1,1,1), N(S%) = (4;0,2,1).

3. Crnenytwomuii ypoBeHb KadecTBa (T.€., 00JIaCTh, KOTOpasi SABJISETCS “COCeHell” K ypoB-
uio [lapero-adbdexrusubix pemenwuit): {S], 55, S4}; cocraBubie onenku umeror sum: N(S]) =
(1;3,0,0), N(S)) =(2;1,1,1), N(S%) = (3;0,2,1).

4. Cnenyomuit ypoBensb kauectBa: S”; cocraBHas onenka umeet sum: N (S”) = (1;0,3,0).

5. Hamxymmas touka: Sp; coctaBHas ornenka nmeet sug: N(Sp) = (1;0,0,3).

OTMeTnM, 4TO OIEHKA COBMECTUMOCTH Mexkay DAS TakyKke MOXKeT ObITh MCIOJIb30BaHA HA
OCHOBE IIKAJIbl B BUJE YaCTHIHO-yNODPsIIOY€HHOro MHOXKecTBa (kKak n(S)) [336, 342]. B srom
cirydae obImast MKaJa Jijist OIEHKN Ka4eCcTBa CHCTEMbI Oy/IeT HMeeT aHAJIOTUYHBIH Bujie (HEMHOTO
CJIOXKHEE).

N neanbuas
< 3,|0, 0> TOUKA
n(S%)
N neanbuast

< 2,‘1,0 > Touxam N (ST)
<2,0,1> <1,2,0> N(S7)

— WS
<1,1,1> <0,3,0> )

‘ \—\ Y , @N(SQ)

N(S2) @N Sg)

<1,0,2> <0,2,1> A

‘ T w=4
<0,1,2 > n(S%) w=3

| Hauxymuas (So) w =2
<0,0,3 > rouxka ‘w=1

(a) mkasia HA OCHOBE OIEHOK (6) mKaJia HA OCHOBE OIEHOK 3IJIEMEHTOB
semenToB n(S) u oueHok copmecrumoctu N (S)

Puc. 3.6. lllkana njig cucreMbl Ha OCHOBE IOPSIIKOBBIX OIIEHOK

3.2.3 CuhoeumaJjbHasd IIKaJa JJid CUCTEMHbBIX KOMIIOHEHTOB

Hekoropbie BapuanThl 06001IeHusT 3a4a9i MOPMOJIOTHUECKONR KJIMKU (Cydau KA OLUEHKH
DAs B BuJIe HEKOTOPBIX MPOCTHIX YACTUYHBIX HOPSIIKOB) ¥ COOTBETCTBYIOIINE 0GOOIIEHHBIE Ba-
PHUAHTHI JUCKPETHBIX “IPOCTPAHCTB” KauecTBa (PEIIeTOK KA4ecTBa) JJIsi COCTABHBIX DEIIeHuiH
paccmorpensl B (336, 342]. Puc. 3.7 ujutiocTpupyer paccMOTpeHHbIe MKaJbl. [Ipumep pernerku
KadecTBa npusejeH Ha Puc. 3.8.

39



Caynai 1: 6a3oBas Caynatl 2: HECKOJIBKO

NOPAIKOBAS MIKAJIA IIPOMEXKYTOYHBIX TOYEK
1 1
2 2’ 27
3 3
Caynaii 3: HECKOJIBKO Cayuwat 4
HUIEAJTbHBIX TOYEK ciydan 2 u 3
1) 177 17 1”
2 2’ 27
3 3

Puc. 3.7. BapuanTsl npoctbix mkaJ (336, 342]

1/71//,1@ 1//71//,15
|

1Il, 1//7 2

1/71/73) 1/)1//)3) 1//71//)@

17,2,3

| |
1',3,3)/@",3,3)

Puc. 3.8. Paciupennas pererka kadecrsa: cayuali 3 [336, 342]

3.2.4 UNuTepBaJbHbIE OIIEHKU B BUJIE€ MYJbBTUMHOXKECTB

[IIkasia oneHUBAHUS CUCTEMbI B (YACTUYHO-yTIOPSIOYEHHOE MHOYKECTBO) Ha, OCHOBE MHTEPBAJIb-
HBIX OIEHOK B BHJIE MYJIbTHMHOXKECTB JiJisi KOMIIOHEHTOB CHCTeMbI ObliIa HpejioxkeHa B [358].
3/1ech TaKKe MOYKHO PaCCMOTPETh JIBa CJIyJas:

(i) mcrosp30BaHEE TOJBKO OIEHOK CHCTEMHBIX KOMIIOHEHTOB,

(ii) ucnob30BaHME ONEHOK CHCTEMHBIX KOMIOHEHTOB U OIEHOK COBMECTUMOCTH ME¥KJLYy KOM-
HOHEHTAMMU.

Puc. 3.9 niumrocrpupyer Takyio mKaJjy JJisi HHTePBaJIbHBIX OIEHOK B BUJIE MYJTHTHMHOYKECTB,
COOTBETCTBYIOIINX 33/iaue OlleHUBaHHs CHCTeMHBIX KoMmmoHenTos P3! (onenuBanue mo mopsn-
KOBO#i mikajie [1,3] ¢ ucnosb30BaHUeM YeThipex 3jeMeHTOB; onenku (2,0,2), (3,0,1), (1,0,3) -
He UCI0Jb3yI0TCs) [358]. OueBuIHO, UTO 3/1€Ch TAK¥XKe MOXKHO TPUMEHHUTH 0000IIEHHYIO CUCTEM-
HYIO TiKaJly Tumna D.

Hexwuit npumep Jijisi 4eTblpex-KOMIIOHEHTHOM cucTeMbl nipuBejieH Ha Puc. 3.10.

[Ipeanonaraercss, 9To s oneHUBaHUsS DAS MCTOMB3YIOTCSI WHTEPBAJbHBIE OIEHKH B BH-
Jle MyJIbTHMHOXKecTB (mKasna Ha Puc. 3.9). [Insg oneHumBaHMs CHCTEMBl U3 4YeTHIpEX dacTeil
HEeOOXOMMMO YUeCTh COBMECTHMOCTh Mexkay DAs (71 COBMECTHMOCTH WCIOJB3YeTCs IIKAJa:
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[0,1,2,3]). [Toay4aercst maTerpupoBaHHasi IIKaJla Jjisi CUCTeMbl, u306pazkennas Ha Puc. 3.11
(mpejosiaraercsi MHTErpaJbHas OIEHKA JJisi CUCTEMBbI THIA Meauanbl [358]).

[ —[11]]
\]
w

= T {11} or (4,0,0)
] * {1,1,1,2 3,1,0
123 { bor ( ,\)B(Tl)
123 {1>172>2} or (2,2,0%(;3),6@4)
Hot Cat ) \ {1,222  or (1,3,0)
123 (& {1,1,2,3  or (2,1,1)
2 e(T2)
33 €5’ {2,2,2,2} or (0,4,0)
{1,2,2,3} or (1,2,1)
EEN
| | 6’ {2727273} or (0, 3,1)
723
= {1,2,3,3} or (1,1,2)
123 =
——H {2,2,3,3} or (0,2,2)

123 ‘
= 3 {2,3,3,3} or (0,1,3)

i|

[ €12 {3,3,3,3} or (0,0,4)

3
Puc. 3.9. IIlkasa a5 cucreMsl Ha OCHOBe 3ajauu P34

S=XxY*xZxV
S1 = Xz xYsx Z3x Vs
So = Xz x Y5 x 23 x Vs
S = Xz xYsx Zyx V5

X Y 7 \Y

X1 Yi Zl ‘/1
X2 Yé ZQ ‘/2
X3 Y3 Z3 Vs

Puc. 3.10. IIpumep 4eTbIpeX-KOMIIOHEHTHON CHCTEMBI

Nutiocrpanust 06001eHHON MOPsSIAKOBO# MKaJibl st cucreMbl Tuna D nmeer Buj (st Puc.
3.11):

1. Uneambnoe pemenne ST, cocrasnag onenka: e(ST) = (3;4,0,0).

2. Yposennb [lapero-sdbdexrusubix pemenuit: {S7, S5, S4}; cocraBHbie oneHKH UMEOT BUI:
e(ST) = (1;3,1,0), e(S5) = (2;2,2,0), e(Sh) = (3;0,2,2).

3. Crenyromuit ypoBeHb KadecTBa cucreMbl (To4ku, coceanue ¢ [lapero-addexruBabivu):
{51, S4}; cocraBubie onenkun umeror BUI: €(S]) = (151, 3,0), e(S5) = (2;0, 1, 3).

4. Cnenyomuit ypoBeHb KadecTBa S”; cocraBHas onenka umeer sum: e(S”) = (1;0, 1, 3).

5. Hauxymimee pemenne Sp; coctaBHast onenkn umeet Bus: e(Sy) = (1;0,0, 3).
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COBMECTUMOCTH W = 1 COBMECTUMOCTH W = 2 COBMECTUMOCTH W = 3
(€1 (1;4,0,0) (€ (2:4,0,0) (€1 (3;4,0,0) (51
(1;3,170) (57) (2;3,1,0) (3;3,1,0)
(1;2,2,0) (2,2,2,0) (S%) (3;2,2,0)
(1;1,3,0) (S) 2;1,3,0) (1;1,3,0)

. (

(eaD (1;2,1,1) (eaD(2:2,1,1) (€ (3;2,1,1)

(1;0,4,0) (29 (2;0,4,0) (1;0,4,0)

€ (1:1,2,1) €D (2;1,2,1) 3D (3;1,2,1)

/ /

e (1;0,3,1) (¢ <2 0,3,1) (gD |(1;0,3,1)
(1;1,1,2) €D (2:1,1,2) (D(3;1,1,2)

/

/ /
(1;0,2,2) (2;0,2,2) (3;0,2,2) (%)

€1 (1;0,1,3) (") (e9(2:0,1,3) (S5)  (e37)(3;0,1,3)
(1707074) (SO) (2707074) (3a07074)

Puc. 3.11. Unrerpuposannas mkana (C COBMECTUMOCTbIO, P3*)

3.3 Tpancdopmanusd mMKaJ

B Tabaune 3.2 mpeacraBieHbl 3aaun TpaHC(HOpPMAIMH [Jiss 0A30BBIX TUIIOB IMKAJI OIEHHUBA-
HUsl (B OCHOBHOM, De3yJITUPYIOIIAsi HOPsIIKOBas MIKAJIA COOTBETCTBYET OKOHYATETHHOMY De-
mennio). PaccmarpuBatorcest ciepyronye 3a1a4u TpanchOpMaIyy MKaJI:

1. Koauvecmsennas wranra = Koauvecmeennas wrkana.

2. Koaunecmeennaa wrana = Ilopadkosasn wxana.

3. Hopadkosas wxanra = Iopadkosas wrana.

4. Mnozoxpumepuasvroe onucanue = Iopadkoeas wrara. Jra 3a1a9a COOTBETCTBYET OCHOB-
HO¥i 3a/1a4e B obsiacTu npuHsitus perrennii (ordinal decision making, sorting problem) [334, 26,
421, 484, 587].

5. Ilkana 6 eude wacmuurozo nopadka = Ilopadkosas wkana [334, 342, 358|.

6. Mnozoxpumepuasvroe onucarue = Koauvecmeennan wkara. JTa 3371a9a COOTBETCTBYET
OCHOBHOI1 3a/1a4e B 00JIaCTH TPUHSATHS DENIeHui, Koraa CTpouTcs (pyHKIus 1moie3Hoctu (188,
288, 525|.

7. Mnozokpumepuasvroe onucanue (nopadkosvie wrarv) = Illkara 6 eude wacmuunozo
NopAIKa Ha 0CHOBE NOPAJKOBHLL 0UEHOK. 3JECh YaCTO IPEII0IAraeTCs UCIIOJIb30BaHNE OIMHAKO-
BBIX TIOP$ITKOBBIX TIKAJI JIJIs1 BCEX CUCTEMHBIX 4acTel /KOMIIOHEHTOB (UJIM KPUTEPUeB/IapaMeTpoB).
Dra 3amaua onucana B [334, 342, 347, 356].

8. Mnozoxpumepuasvroe onucarue (nopadkosve wiraav,) = Ilxara 6 6ude wacmuurozo no-
PAOKQ HA OCHOBE UHMEPBANDHBLT OUEHOK 8 6UOE MYALMUMHONMCECME. 31eCh YaCTO MPeIo ara-
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€TCd UCIIOJIb30BaHUE O/IMHAKOBBIX ITIOPAJAKOBBIX ITKaJI JIJIA BCEX CUCTEMHBIX LIaCTeI.;'I/KOMHOHGHTOB
(nnm kpurepues/napamerpos). Dra 3axa4a onucana B [358|.

9. IIlkanra 6 6ude wacmMuwH020 NOPAIKE HA OCHOBE UHMEPBANDHUT 0UEHOK 6 6Ue MYALIMU-
muooicecms = Illkana 6 6ude wacmuuHo20 NOPAOKE HA OCHOBE UHMEPEAALHVULEL OUEHOK 6 6UJE
MYADMUMHOICECME. DTa 3a1a4a onucaHa B [358].

10. Mnozokpumepuasvroe onucarue = Mnozokpumepuasvhoe onucarue. (HEKOTOPbIE 0TOO-
pazKeHusi IPOCTPAHCTB, HAIIPHMED, MHOIOKPHUTEpUabHOe IKajauposanue [96]).

OrMmernM, 9TO yKa3aHHBIE THIBI 331349 4, 6, 7, 8 IpeacTaBIgoT co00i MHTErPAIUIO IIKAI.

Tabauna 3.2. PaccmarpuBaeMble 3aa4u TpaHCHOPMAIUHT TITKAJT

Ucxomuas PesynpTupyromas mkasa,

IIKAJIA
Komu- |llopsan- Muoro- ITkasia kaxk | IIkana kak
YecT- KOBast Kpure- YACTUYHBIA | YACTUIHBIN
BEHHAs | IKAJIA, PHAJIBHOE | TOPSIIOK IOPSII0K
HIKAJIA, ommcanme | (IOPsinko- | (MHTEpBAIbHBIE

BbIE OLIEHKU) | OLEHKU

1. KonuyecTBeHHast * *
KA

2.ITopsiakoBast — * — — —
KA,

3.MHorokpurepuainb-

* * * * *
HO® OIACAHIE 188] |[26, 334] | [96] 334, 342 [358]
(Ha ocHOBE 288| |[421, 484] 347, 356
TOPAIKOBBIX 525 [587]

U/WUu KOJIU-

9EeCTBEHHBIX
OIEHOK )

4. IMTkana Kaxk -
YaCTUIHBINA
TTOPSIIIOK
(ua ocuoBe
MIOPSAIKOBBIX
OIICHOK )

*
[334] 342

5.IIIkana Kak — *
YaCTUIHBINA [358]
TIOPSITOK
(na ocuoBe
WHTEPBAJIBHBIX
OLICHOK B BHIE
MYJIETUMHOKECTB)

[358]

[Tepebiii Tvn 3amaun Tpancopmanuy mKaI (KOAUYECTNEEHHAA WKAAQ = KOAUMECTNEEHHAA
wkana) (Puc. 3.12) MoxkeT OCHOBHIBATHCS (B IPOCTEiIIEM CIyvae) Ha JuHeiHo# dbyHKunn (y =
ax + b).

4) Hannyumas
Hau- TOYKA
JIydImast J
[0
TOYKA,
«
Hamn-
Xyamas
TOYKA Hawnxynmas
6] S T~ | TouKa
(0) ) 0
KOJINYECTBEHHASI KOJIYECTBEHHAS
mkasa (a) mkasa (6)

Puc. 3.12. Tpancdopmaliust KOJTUIECTBEHHON MKAJIbI
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Bropoii tun 3aga4du rpancdopmaiyn (Koauvecmeennas WKaAa = NOPAIKOSaAs UKAAG) TIPO-
wirocrpuposan Ha Puc. 3.13. 3aech komuecTBeHHast mKasa (MM paccMaTpUBaeMblil HHTEPBAJI
sHaveHnit ([, o)) pazbuBaercs HA MHOXKECTBO MHTEPBAJIOB, KayK/IbIii U3 KOTOPBIX COOTBETCTBY-
eT YPOBHIO De3yJIbTUPYIOIeil TopsIKoBoit mKasibl. [Iponeaypa pasbuenus (T.e., ompe/ejieHune
IPAHUI-IOPOTOB) MOXKeT ObITh OCHOBAHA HA PA3IMYHBIX MOAXOAAX (HALPUMED, BHIYHCIUTE b=

HbI€ CXE€EMBbI, 9KCIIEPTHbBIE€ IIPDOIE/AYPbI, UCIIOJIb30BaHHE CII€ENUAJIbHO 3aJaHHBIX OIIODHBIX TO"IeK)
26, 46, 319, 503].

Hawnsyua- (1)
mast TOYKa Hannyamas
a - 1 rouxa,
/ 2
Ipa- 2 -7 ? 3
HUIIBI i |- t
Hanxy,amaj{_ B i o Hauxymamas
TOYKA ® TOYKaA
b (0)
(a) Kommuect- (6) HopsiaxoBast
BEHHAsI IIKAJIA 1K AJI3,

Puc. 3.13. KonmudecTBennasa ImkaJjga = MOPSTKOBas ITKaJIa

JIBa THIIOBBIX CIyYast Il TPETHEro THIA 331249 TpaHChOPMAIUH KA (T.e., 0TOOpasKeHne )
NopAIKOBAA WKAAG = NOPAJK0BAA WKaAAA TTPeACcTaBIeHbl Ha Puc. 3.14. 91oT TN 0TOOpaskKeHus
MOXKeT OBITh OCHOBAH HA SKCIEPTHBIX CYXK/JEHUSX (T.e., HA 3HAHUAX HKCIEPTOB K KOHKPETHON
npuKJIaaHON obsactu - domain experts).

W N =
0 <+—0<+—0

(LY

A S
| | Ny

K /

K

i
" !
!
(

@ | ~@<®
[NSR

"

K "

|
[ ]
!
.

[} K
(a) orobpakenwue 1 6) orobpakeHue 2
Puc. 3.14. IlopgaakoBas mkaaa = MOPSIKOBas

JIis 4eTBepTOro THIa 33Jaud MpPeoOpPA30BAHUS MIKAJ (MHOZ0KPUMEPUAALHOE ONUCAHUE =
NopAOKOBAA WKAAG), UCTIOIB3YIOTCS CJIeyomue moaxoas: (1) aByX-cra uiiHbIii MeTO/I: BEK-
TOPHBIE OLEHKM = 3HaveHus (PYHKIMHU 1I0JIE3HOCTH => Pe3yJIbTHDYIOmasi OUEHKU Ha OCHOBE
1OpsiIKOBOH 1iKaJib; (2) mocienoBaresbHoe Bbiiesenuii yposueit [Tapero-sddekruBHbix pe-
mennit; (3) mocemoBaTeIbHOE BBIAEJIEHHE “MaKCHMAJIBHBIX Todek; (4) mcmoip3oBanume pas-
OUeHHs] MCXOMHOTO TPOCTPAHCTBA BEKTOPHBIX OIEHOK € MOMOIbIO KPHBBIX PABHOTO KAadvyecTBa,
(nnm mop-obacTedl PaBHOTO KadeCTBa); 3/€Ch MOTYT HCIOIb30BATHCH SKCIEPTHBIE MPOTEILYPhI
wIu Jjorudeckue Metoss! (Hanpumep, [26]) (Puc. 3.15); (5) cxeMbl pemeHust Ha OCHOBE OMOPHBIX
pemmennii (T.e., Hekux 00pa3uoB pemenuii); (6) meroast moporos Hecpasuumoctu (ELECTRE,
PROMETHEE wu ap.) (manpumep, [104, 484]); (7) cneruaibHble HHT€PAKTUBHBIE TIPOIEILYDBI
Ha OCHOBE JIOTHYeCKUX MeTozoB [26, 46, 503]; (8) ucnosb3oBaHue TOPSIKOBOMN mKajbl TUNa D
(nanpumep, Puc. 3.58, Puc. 3.66): (i) uneanbuoe pernenue; (ii) ITapero-sdbdexTusHbie penenus;
(iii) Toukm, 6im3kue Kk Ilapero-sdbdexruBabiM pernennsiM; (iv) pereHusi, KOTOPbE HAXOASATCS
“MexKly” TOYKAMHU NPEJBIAYIIEr0 YPOBHsI M HAMXY/IIUM perieHneM; (V) HauXyjliee pereHue.
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Kpussie paBHoro Ka4eCTBa
KpI/ITepI/II/I 1 W neanbuas
TOYKA

@ al
Hawnxymmas
TOYKa

Kpurepmnit 2
PI/IC. 3.15. Kpussie paBHOrO Kauectpa Puc. 3.16. IIpumep ypoBHeit KauecTBa

B usitom Tune 3asaunm npeobpazoBaHus mKaa (WKAAG HO OCHOBE YACTNUYHO20 NOPAOKQ
= NopAdK0BaA WKAAG), UCTIOIB3YIOTCS METOJIbl, aHAJOTHYHbIE METOJaM JIJIs 3aJa4d TUNa 2,
HAIpUMep: TI0CIeI0BaTeIbHOe Bhlaeaenue ypoBHeil [Tapero-spdheKTUBHBIX perleHnii u T.1I.

g mrectoro Tuma 3amadu mpeobpa3oBaHud mMKaJ, Ha Puc. 3.16 mpeacTaBieHbl ypOBHU Ka-
vecrBa (mopsikoBag mkajaa Tuna D kak Ha Puc. 3.66): (i) mgeannnoe pemenne e(ST), (ii)
[Tapero-sddexrupubie penrenus (r.e., rouxu: {e(S7),e(S5),e(S%),e(Sh)}, (iil) Toukn cuenyro-
mero yposast KadecTsa: {e(S]), e(S55),e(S%)}, (iv) Touka caenyromero yposust kadecrsa: e(S”),
(v) mamxynmas Touxa. 3xech I, S (i = 1,4), S5(j = 1,3), S” coOTBETCTBYIOT BEPCHAM CHCTEMBI.

Amnanoruuno ajis 3amauu tuna 9, obIas MOpsIKOBas MIKaJja Ka4eCTBA CHCTEMbI MPEJICTAB-
JIEHa B BHUJAE YaCTUYHO-YIIOPAJOYEHHOI'O MHO2KECTBa Ha OCHOBE MHTEPBAJIbHBIX OI€EHOK B BUJ/IE
mysbTuMHOXKecTB Ha Puc. 3.11: (i) npeanbuoe pemenwue; (ii) ITapero-sdbdexruBubie penenns;
(iii) ToukmM ciemyromero yposHsi kadectsa; (iv) ToYKa CJIELYIOIEro yPOBHs KadecTBa; (V) Hau-
Xy/IIas TOYKa.

3.4 UVHTerpanugd ImMKaJ U Ka4eCTBO CUCTEM

Mo2KHO IePeYuCIuTh CJIELYIONIME METOAbl MHTETDAIUK OIEHOK KAYECTBA KOMIIOHEHTOB CHCTEM
¥ COBMECTUMOCTH KOMIIOHEHTOB CUCTEM JIJIsl TIOJIyYeHUsI OLEHKH OBIIEro Ka4ecTBa CUCTeMbI (T.€.,
oneHuBanue Moay/IbHOl cucremsr) (Tabmuna 3.3):

1. Koauuecmeennvie oueHky = UMMEZPUPOBANHAA Koauvecmeennaa oyenka: (1.1) mox-
xoz Ha ocHoBe GbyHKImu nosesnoctu (utility function) [188, 288], (1.2) merox anamuTHYECKHX
uepapxuit (AHP) u ero momuduxanun [488], (1.3) meroxsr tuna TOPSIS (onenuBanue kade-
CTBa Ha OCHOBE OJIM30CTH K HeabHOMY pemnenuio) [317, 508|, (1.4) cxembl Ha OCHOBe aHAIA3A
¥ MCIIOJIH30BAHUS ONMOPHBIX pemtenuii, (1.5) rubpuanble MeTOIBI.

2. Koauuecmeennvie 0UerKky U NopadKosble OUEHKU = UHMEZPUPOSIHHAA NOPAIKOBAA OUEH-
ka (sorting problems) [334, 342, 587]: (2.1) ucnosb3oBaHue NOPsAKOBOH mKaabl D [334, 342],
(2.2) mocmemoBarenbHoe Boigenenue Ilapero-sdbdexTuBHbix pemenuit (T.e., yposueii I[lapero)
[421, 462], (2.3) nocenoBaTebHOE BBIIEIEHIE 'MAKCUMAIBHBIX TOYeK, (2.4) METOIbl IOPOroB
HecpaHumoctu [104, 484], (2.5) cxembl Ha OCHOBe aHAJIN3a W MCIOJH30BAHUS OMOPHBIX DeIlre-
Huii, (2.6) rubpuansie MeToasl [26, 362|.

3. Ilopadkosvie ouerky = UHMEZPUPOBAHHAA NoPAdKosas ouenka (sorting problems) [334,
342, 587]: (3.1) merox wHTErpupOBaHHBIX TaOJHIL |7, 342|, (3.2) YesOBEKO-MAIINHHbBIE TPOIE-
Jaypsl (expert judgment) Jyisi HOoCTpoeHMs paHuI] K1accoB (0bsacTeil OJMHAKOBOIO Ka4decTBa
cucrembl) B 001l 06/1aCTH XaPAKTEPUCTHK CUCTEMbI (T.€., HOPSKOBAsI IKAJIA KAYeCTBA CHCTe-
mel) (Puc. 3.17) [26, 319, (3.3) 4es0BeKO-MAIINHEBIE HIPOIEAYPHI, PEATU3YIONIHE SKCIEPTHDIE
¥V/WJIM JIOTHYECKHe METOJBI, JUisl TIOCTPOEHHUs] TPAHUI] KJaccoB (06JacTeil 0IMHAKOBOTO Kave-
CTBa CHCTEMBI) B OOIIell 061aCTH XapaKTePUCTUK CUCTEMBI (T.e., MOPSIKOBas IKATa KaIeCTBa
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cucremsi) (Puc. 3.17) [26, 46, 503], (3.4) cxembl Ha OCHOBE aHAJIM3a U MCIOJIb30BAHUS OIIOPHBIX
pemennii, (3.5) rubpuanbie Meroast |26, 362).

4. Iopadkosvie oueHrky = UHMELPUPOBAHHAA OUEHKA HA OCHOBE WKAADL 8 BUOE YACTNUYHOZ0
nopadka 334, 342, 356): (4.1) BeIYMCIEHNE HHTETPHPOBAHHOM OIEHKM Ha OCHOBE INKAJBI B BUJIE
YACTUYHOIO HOPsiKA, (4.2) HCIOIB30BAHUE SKCIEPTHBIX CYXKIEHUI JJIs IIOCTPOEHUsI HHTErPH-
POBAHHO} OIIEHKM HA OCHOBE IIKAJIbI B BHJIE YACTHYHOTO IIOPSIKA.

5. OQuenru Ha ocrose wkaavl 8 ude wacmuurozo nopadka Poset-like estimates = unmeapu-
POBAHHAA OUEHKA HA OCHOBE WKAAVL 6 sude wacmuyurozo nopadka [358|: (5.1) unTerpupoBanHas
oreHka, (5.2) OleHKa MeJIUAHHOTO TUIA, (5.3) UCIOJb30BAHUE SKCIEPTHBIX CYKICHUIL.

6. BexmopHbie oueHKu = UHMEe2PUPosanHas sexmophas oyenka: (6.1) obbenunenue wuc-
XOJIHBIX MHOTOKpHTEepHaJIbHBIX obJiacreil (‘mpocrpancrs’), (6.2) mpocrasi MHTErpamusi UCXOJ-
HBIX MHOTOKPUTEPHAJIbHBIX 0bs1acTeil (HanpuMep, CyMMUPOBAHUE 110 KOMIIOHEHTAM BEKTOPHBIX
OIEHOK), (6.3) crenuaabHbie 0TOOPAKEHUS.

Tabnumna 3.3. [logxoapl K WHTErpanuy OMEeHOK KOMIIOHEHTOB

Meronst Txamner gost MTkasra mos Tun waTerpatuv | Merouynuku
CHUCTEMHBIX Ka4ecTBa
KOMIIOHEHTOB CUCTEMBI
1.Anamus KomuaecrBennnre | Kommuecr- DynKuust 188, 288, 317]
TI0JIE3HOCTU BeHHas 1OJIE3HOCTH, 488, 508]
TOPSIS, AHP TOPSIS, AHP
2.NuTerpupyio- TlopsakoBas TopsaxoBas Uepapxuaeckue [7, 342]
mpe TabJIIBI MHTErpUpyOIIye
TaOJIUIIBI
3.ITapero-noaxos, Konmuecteennsie, | llopsankoBas Boienenne [421, 462]
TOPSIIKOBbIE yposus [Tapero
4.Meton moporos Kommyect- TopsiaxkoBas Bruinenenne [104, 484]
HECPABHUMOCTH BEHHBIE, JOMUHUPY FOIIIX
(ELECTRE, TMopsinkoBbie TOYEK
PROMETHEE)
5.¥posenn Koymaect- IopsiaxoBast Beinenenne 'Mak-
'MaKCHMAaJIbHBIX BEHHBIE, CUMANIBHBIX 1 /1
'MUHHUMAJIbHBIX') | TOPSIKOBBIE "MUHUMAJIbHBIX )
3JIEMEHTOB 3JIEMEHTOB
6.ntepakTurHas | IlopsakoBbre IlopsaakoBas I'paruner k1accos [319]
TIPOIIEIyPa, JUisT pasbuenHust
(3KcTepTHBIE BEKTOPHO
CyKIeHust) obmactu
7MurepakruBnas | [lopsinkoBbie IopsiaxkoBas Paznenstomue
mponenypa rpaHUIBI KJIaCCOB [46, 26, 503]
(3KcIepTHBIE U JIO- JIJISI BEKTOPHBIX
TUYeCKUe METOIbI) obmacTeit
8.06bemuneHme BexTopabIe BekTopHas Unrerpuposanue [334, 342, 358|
obtacreit OIIEHKHU OIICHK& obJtacreit
U3MEPEHUs (Menuana,
KOHCEHCYC)
9.IMMII ¢ IlopsakoBbre Yacruunstit nops- | Bermenenue 334, 342, 347]
MIOPSIKOBBIMU OLIEHKH JIOK HA OCHOBE I10- | YPOBHSA 356]
OIIeHKaMU paaKOBBIX O1eHOK | [Iapero
10.IMMII ¢ WurepBanbhbIe Yacruaneti ops- | (a) Omnenka uaTE- [358]
VHTEPBAJIBHBIMA OILIEHKW B JOK Ha OCHOBE rprupOBaHHAsA
OIIEHKAMU B BUE MYJlb- HMHTEPBAJIbHBIX WA METUAHHAS
BUZIE MyJTb- TUMHO>KECTB OLIEHOK B BUIE (6) Yposenn
TUMHOYKECTB mysnbTuMHOXKECTB | [lapero
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Hawunyammas
TOYKA,

Kanacc permennii 1

I'panuma .
DAt Kuacc perienwmit 2

I'parnma
2 JIOKaJIbHBbIE IIKAJIBI:
[1,2,..., k1]
[1,2,..., ko]
(1,2, k]

I'panwuiga

(r—1)

Kanacc pemennii r
Hauxymmas

TOYKA (klkaa"'akl)
Puc. 3.17. I'panuns! kaaccos (HOPsIKOBOE KaueCcTBO)

C TouYKM 3peHusl CIENUAINCTa B MPUKJIIHOW obsactu (domain expert), MoxKeT GbITh 1ie1e-
cO000pa3HO MPOUJLTIOCTPUPOBATE JIBA, METOJIA:

(a) unrerpuposannbie Tabaunel (Puc. 3.18, Puc. 3.19; unc/ieHHble IPUMEPDI JJIsi CHCTEMBI:
MHTErPUPOBAHHBIE TAGIUIBI U MEPAPXUYECKUI MPOIECC OIEHUBAHUS CHCTEMBI),

(6) merox TOPSIS (Puc. 3.20; wurocTpanust s “pacuimpeHHOr0” MeTOJa B CJIydYae UC-
OJIb30BaHUsI HECKOJIbKUX MI€AJTbHBIX TOYEK.

S=AxB=(XxY)x(ExHx*G)
(mkana [1,2,37475])’

A=X*Y B=FExHxG
(mkana [1,2,3,4]) (mxama [1,2,3,4])

X Y E H G
(mkana [1,2,3,4]) (mxana [1,2,3]) (mxama [1,2]) (mxkana [1,2,3]) (mxama [1,2])

Puc. 3.18. IIpumep cuctembl, MKaJI Jjii KOMIOHEHTOB

kana nnsa B

IMkana gas S B E HG
1111221 111 |1 |1
112121 3] 2 B 111 (1|2
2121 314]3 211 (2 |1
3131454 211 |2 |2
1 2 3 4 311 |3 |1
A 3|1 [3 |2
112 |1 |1
IIkamna g A N2 11 12
1{1]2]3|1 212 |2 |1
212133/ 2Y 312 |2 |2
313|4/4]|3 412 |3 |1
1 2 3 4 412 13 |2
X i T —
2 | IlIxana 1 1| Hxana 1| Mkana
st X 5 kaJia ILHH E ITIkaja ,ZI,JIH G
= pa Y (% ot H |9

Puc. 3.197/IHTeraILI/IH IITKaJI Ha, OCHOBE Ta0JIUII

B 6a30Boit Bepcuu merona TOPSIS Tpanchopmarus ucxomaHo#t BEKTOPHOI OIEHKY aJIbTep-
HATUB B (PUHATHHYIO MIKAJIY KaueCcTBa OCHOBBIBAETCS Ha YIPOIIEHUH 33Ja4d 33 CUYET UCTOJIb-
30BaHUs 61M30cTH (OOBIYHO - PACCTOSIHUSI) OT OIEHKH aJbTePHATHBBI 10 WAeaJbHON TouKu. B
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ob1eM C/1yvae, MOXKHO YIIOPsiJIOUMBATH AJbTEPHATHBbI HA OCHOBE BekTopa p = (p~, pT), rae p*
COOTBETCTBYET GJIM30CTH K HAWJIyd4Ileil ToYKe (MM TOYKAM) U p~ COOTBETCTBYeT OJIM30CTH K
HAWXY/IIeil Touke (MM TOYKaM).

Kpurepmii 1 (1) Hawnmyamue
p (aq) Pl TOYKH

—p(ag) 70|

Hanxyglfnne Kpurepuit 2
TOYKH

Puc. 3.20. Mumrocrpamust ais merona tuma TOPSIS

3.5 YwucaoBble mpuMepHI

3/ech mpeCcTaBaeH IpUMep JJist YeThIPeX-KOMIIOHEHTHOU cTyjaeHueckoil 6purajapl (Puc. 3.21)
(OLIlEHKM COBMECTUMOCTH KOMIIOHEHTOB He paccmarpuBaiorcst). B Tabiune 3.4 npuseeHsl uc-
XOJIHBIE OIEHKHU NPOEKTHBIX ajibrepHaTuB (DAS) /11t KOMIIOHEHTOB PACCMATPUBAEMOI CHCTEMBI
Ha OCHOBE YeTHIPEX THUIIOB TIKAJI:

(1) xommuecTBennble oneHkn (mKana (1,3), 1 cOOTBETCTBYeT HAMIYUIIEMY YPOBHIO);

(ii) BekTOpHBIE (IBYX-3J€MEHTHBIE) TOPSIIKOBBIE OeHKH (mKama (x,y), (1,1) coorBeTcTByeT
HAWJIy4IlieMy YPOBHIO, HATIPUMED, T - 9TO OLEHKa “MareMarnke”’, y - 3T0 oneHka “busnke”);

(iii) mopsimkoBbie onernku (mmKasna [1,2,3], 1 coorBeTcTBYeT HaMJIydIleMy YPOBHIO);

(iv) WHTepBAJbHBIC ONCHKA B BUJE MYJIbTUMHOXKECTB (MCIONB3YeTCs 3a7a4a ONECHKH THIIA
P31 Puc. 3.9).

T=LxQxG+xH
T1:L1*Q1*G1*H1, T2:L2*Q1*G2*H2
T3:L1*Q1*G2*H2, T4:L1*Q2*G1*H2

L Q G H
Ly Q1 Gy H,y
Lo Q2 Go Ho

Puc. 3.21. Ilpumep 4eTbIipex-KOMIOHEHTHON OpHUIa bl

Table 3.4. Ucxomubie naHHbIE

DA |Komuuectsenunie |BekTopubie |IlopsimkoBbie WurepBasibHbIE OLIEHKT
OIIEHKH OIIEHKU OIIEHKHU B BHU/IE€ MYJIbTUMHOXKECTB
(mxana (1,3)) (z,y) (mkana [1,2,3]) |(zamaua P34)

Ly 1.5 2,1 1 3,1,0

Lo 1.8 2,2 2 0.4.0

@ 1.1 1,1 1 400

Q2 2.7 2,3 3 0,3,1

G1 1.2 1,1 1 3,1,0

Gy 2.4 3,2 2 1,2,1

H 1.4 1,2 1 2.2.0)

H2 31 37 3 3 07 27 2

Crenyronue WLTIOCTPATUBHBIE TIPUMEDPHI MPEJCTABICHbI:
ITpumep 3.1. KonnvecrBenusie oneHkn DAS HHTErPUPYIOTCA HA OCHOBE IIPOCTEMINeH aji-
qutuBHON dynkiun (bynkmus moresnoctu) (Puc. 3.22): f(T)) =15+1.1+12+14 =52
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(nawmsyumee pemrenne), f(Ty) =1.8+1.1+24+3.1 =84, f(T3) =1.5+1.1+24+3.1 =81,
f(Ty) = 1.5+ 2.7+ 1.2+ 3.1 = 8.5; cCOOTBETCTBYIOIIEE OTHOIICHUE MPEINIOYTEHNs] UMEET BHL:
T, =153 =Ty = Ty.

Hau- (Ty) = 8.4

JIydImnas Haunxynmas
romca ¢(T1) = 5.2 e(Ts) =81 | e(T) =85 souxa
a=4 M B =12

Puc. 3.22. Pesyabrupyioiias KOJMYeCTBEHHAas MIKAJIA,

ITpumep 3.2. JlokaJjbHble TOPsAAKOBBIE OIeHKH DAS MHTErpUPYIOTCS B PE3YIBTHPY OILY O
OIEHKY JIJIsl MOJIYJILHOTO perieHust (MCI0JIb3yeTcsi MeTo, uHTerpupyomux Tabsaui, Puc. 3.23):

{e(Th) = 1}, {e(T2) = 4}, {e(Ts) = 3}, {e(Th) = 3}

®uHasibHASA

IIKAJIA,

mna T T L QG H
21111113
1111121
21113111
311321
41113213
112111
3121113
212111211
4(2(1]2|3 |<~—e(Tn)
3123111
41213113
4121321
512131213

\
H_IKa.na ITkamna
/:Lnﬂ L — st H
U_IKana _1 Illkana| 3
ILJTH Q [ 2|mna G

Puc. 3.23. I/IHTerpI/IpylomI/Ie tabsumpl (mpumep 3.2)

ITpumep 3.3. Bekrophbie (1ByX-KOMIIOHEHTHBIE) OIEHKM MHTETPUPYIOTCS B PE3YJIBTUPYIO-
ILY0 TOPsIKOBYIO oneHky: (1) cymmupoBanue (IO KazKJOMy KOMIOHEHTY BEKTODHBIX OILEHOK )
(re., mus T1,75,73,T4), (2) Boiuenenune [apero-sddexruBubix pemennii (Puc. 3.24):

(a) Bekropusie onenku: e(T1) = (5,5), e(Tz) = (9,8), e(T3) = (9,7), e(Ty) = (8,8);

(6) momunupoBanue (npegnourenus): 1y = Ty, Ty = T3, Ty = Ty, T3 = T, Ty > Ts.

(B) pesysbrupyOmas nopsakoBas mkasia Tuna D: Ilapero-addexrusnoe pemenue (ypo-
Benb 1): {T1}; caemyromumii yposenb kauectBa (ypowenn 2): {T3,74}; cremyromuii ypoBeHb
kauecTBa (yposenb 3): {Th}.

Taxum obpazom nomyuatorcs npuoputerst: r(17) =1, r(Ty) = 3, r(13) =2, r(Ty) = 2.

ITpumep 3.4. [lopsaakossie onenku DAs TpanchopMuUDPYIOTCS B OIIEHKY HA OCHOBE YaCTUY-
Horo nopsizika (Puc. 3.25), Boinenenne [Tapero-acdekTBUHBIX perenuii:

(a) omenku Ha ocoBe wacrmunoro nopsiaka: n(7) = (4,0,0), n(Ty) = (1,2,1), n(T3) =
(2,1,1), n(Ty) = (2,1,1);
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(6) momunupoBanue (npegunourenus): Ty = Ty, Ty = T3, Ty = Ty, T3 = T, Ty > T;

(B) pesysbrupyomast nopsijkoBas mkasia tuna D: Ilapero-addexrusnoe pemenune (ypo-
Benb 1): {7}, caemyommii yposens kKadectBa (yposens 2): {T3,74}, crenyromuii ypoBeHb
KadecTBa (yposenb 3): {75}

Takum o6pazom nosnyuatorcs npuopurerst: r(711) =1, r(Ty) = 3, r(13) = 2, r(Ty) = 2.

IIpumep 3.5. VlnrepBasibHble OIEHKU B BHJE MYJIbTHMHOXKeCTB s DAs (ucnosb3yercs
MIKAJIa 9aCTHYHOro mopsiaka ¢ Puc. 3.9) Tpancdopmupyorcs (Ha OCHOBE MOMCKA MeJMaH) B
PE3YIBTUPYIONIYI0 MHTEPBAJIbHYIO OIEHKY B BHJIE MYJIBTUMHOXKECTBA (UCIOJIB3YeTCs MIKAJIa Ya-
cruvHOro nopsiyka ¢ Puc. 3.9), Beigenenue ITapero-3¢bdhekTUBHBIX permeHuii:

(a) nnrepBasnbHble OneHku B BuAe myasrumuoxkecrs: n(7y) = (3,1,0), n(Ty) = (0,4,0),
n(Ty) = (1,3,0), n(Ty) = (1,3,0);

(6) momunupoBanue (npemgnourenusi): Ty = Ty, Ty = T3, Ty = Ty, T3 = T, Ty > T;

(B) pesysbTHpyIOmas MOpsaKoBas mkaja Tuna D: Ilapero-addexrusroe pemenue (ypo-
Benb 1): {71}, crexyromumii ypoenb kadectBa (yposenb 2): {T3,7,}, ciaeaywoomuii ypoBeHb
kauectBa (yposenb 3): {Th}.

Takum ob6pazom nosnyuatorcs npuopurerst: r(11) =1, r(Ty) = 3, r(T3) = 2, r(Ty) = 2.

Hawunygmas
rouka * "(T1)

<4,0,0 >

|

21,15 £1,3,0>)

Kpurepnii 1 Hanxynmas << 2,0,2 >) (< 1,2,1 >) << 0,4,0 >)
(“maremaruxa”) ﬁ%ﬁllfg) ‘ / ‘ >(R(T2)
3 — — — — . €1,1,2> €031

Ts® @15 ‘ \ ‘

|
| @1,0,39 @072a2>>
41 Hauw @ O | _—
|
g |
004 g Kpwepin2 rowa

Puc. 3.24. Bekropuas ’obsacts’ Puc. 3.25. lopsgok n(T') = (n1,m2,13)

3.6 BrnIBOJIHI K TJIaBe

JlanHag raBa ObLIa TOCBAIIEHA OMMMCAHWIO OCHOBHBIX METO/IOB ONIEHUBAHUS MOIY/IbHBIX CHCTEM.
MoxkHO yKa3aTh HECKOJBKO aKTYaJbHBIX B OYIyIIeM HAIpaBJICHUS WCCJIEIOBAHUN B PACCMOT-
pPeHHO# obJ1acTu:

1. ucceoBaHe MHOTO-CTaIMIHBIX MIPOLE/LYP TPaHC(HOPMAIUK KA,

2. paccMOTpeHue Pa3/uYHbIX IMPUKJIAIHBIX 3a/a4;

&. ICTOTb30BaHMe ONIOPHBIX PeNIeHuit;

4. y4eT HeolpeJe/IeHHOCTH;

5. aHa/IM3 CcBsi3eil MeXK/Iy 3ajlauaMu OIeHUBAHUS W 0A30BBIMU 3a/[a4aM¥i T€OPUU TPUHSATHUS
pereHnii.
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I'maBa 4

MeToabl KOMOMHATOPHOTO CUHTE3a

B namnoii riase ! npuBeieHo omucanue 3aJa4d KOMOMHATOPHOIO CHHTE3a MOJLYILHON CHCTEMbI
(kax BHIGOD BAPDMAHTOB JIJIsl YACTeil CUCTEMBI) M KPATKOE OLMCAHUE OCHOBHBIX METO/I0B KOMOUHA-
TOpHOTO cuHTe3a: (a) Mopdoornveckuii ananus; (6) METOIBI HA OCHOBE MHOTOKPUTEPHATBLHOTO
aHasm3a (MeToJ| 6JIM30CTH K HIEATbHONW TOUKe, MeToJ Bbiaejenus [lapero-3dpdekTuBHBIX pe-
mrenuit); (B) 3a1a4a 6JI0YHOTO PIOK3aKa, BK/IIOUAs BEPCUIO HA OCHOBE WHTEPBAJIBHBIX OIIEHKOK B
BUJIe MYJILTUMHOXKeCTB (paspaboran aBTropoM); () 3a1a4a 0 Ha3HAYEHUSIX; (1) MepAPXUIECKOe
mMopdosiornyeckue npoekTuposanue (paspaboTaH aBTOPOM) HA OCHOBE HOPSIKOBBIX OIEHOK M
Ha OCHOB€ MHTEPBAJIbHBIX OIIEHKOK B BUAE€ MYJIbTHUMHOXKECTB.

4.1 IlpenBapurejibHbIE CBEICHUS

Mopdomnoruyecknit anamuz (MA) 611 npegroxen @. Lsuku (F. Zwicky) B 1943 rogy mis
IPOEKTUPOBAHUST KOCMHYECKHUX ycTpoiicTB [590]. DTOT MeTON MpOEKTHPOBAHUS HPEICTABISET
co00it M3BECTHOE MOIITHOE CPEJCTBO I CUHTe3a MOMIYJIbHBIX CHCTEM B PA3JUYHBIX 00J1acTIX
|62, 276, 334, 342, 478, 479, 590|. MA ocHoBaH Ha npueme “pasiensit u Baactyit” (divide and
conquer). Meroy, 0OCHOBaH Ha MePApXUYECKON CTPYKTYpe MPOeKTUPyeMoil cucrembl. Pazienenne
CHCTEMBI HA YaCTH OCYIIECTBJISIETCS] HA OCHOBE CJIEYIONIMX MOAXO0IO0B: (&) 10 CHCTEMHBIM KOMIIO-
HeHTaM /9actsaM, (6) mo cucTeMHbIM (DYHKIMSIM. 3/6€Ch CUCTEMHAsl MepapXusl Ha OCHOBE KOMIIO-
HEHTOB (MOJICHCTEM, YacTeil) UCIOJIb3yeTcs Kak 6a30Bast. Takoil moIxo COOTBETCTBYET MOIY/Ib-
HBIM CHCTEMaM B PA3JIMYHBIX 00/1acTsaX (TeXHUKA, WHMOPMAIMOHHBIE TEXHOJIOTHH, YIIPABJICHNUE)
[70, 257, 314, 334, 342, 459, 553]. Muorue roxpl npuvenenne MA B IPOEKTHPOBAHUN CHCTEM
OBLIIO CYIIECTBEHHO OTPAHUYEHO BCJIEJCTBHE HEOOXOIUMOCTHU UCCJIEIOBAHUS OIPOMHOTO KOMOM-
HATOPHOI'O MPOEKTHBIX MHOXKeCTBa KomMOuHanuit. C JApyroii CrOpOHbI, COBPEMEHHbIE KOMIIbIO-
TepPHBbIE CHCTEMBI MO3BOJISIOT PEIIATh CJI0XKHBIE KOMOMHATOPHBIE 3324l U HepapXUIecKue MO-
JIEJTH CHCTEM TI03BOJISIIOT UCIOJIh30BATh CXEMBI DEIIeHUsI Ha OCHOBe Pa3bueHwus/TeKOMIIO3UIINH
cucTeM. DTO MPUBOIUT K PACIIMPEHUIO 00JIACTH UCIIOJIb30BAHNUST METO0B MPOEKTUPOBAHUS HA,
ocoBe MA. CoBpeMeHHBIE TPEHIBI B 00JIACTH MCIOJIb30BaHus U Mogudukanmu MA MoryT ObITh

' MaTepuaJs TIaBEI OCHOBAH HA, TTyOIUKAIIIX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Springer, 1998. chapter 3.
(ii) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 3.
(iii) Levin M.Sh. Towards morphological system design. 7th IEEE Int. Conf. on Industrial Informatics INDIN
2009°, UK, 95-100, 2009.
(iv) Levin M.Sh. Morphological methods for design of modular systems (a survey). Electronic preprint, 20 pp.,
Jan. 9, 2012. Http://arxiv.org/abs/1201.1712 [cs.SE]
(v) Levin M.Sh. Multiset estimates and combinatorial synthesis. Electronic preprint. 30 pp., May 9, 2012.
http://arxiv.org/abs/1205.2046 [cs.SY]
(vi) Levin M.Sh. System synthesis with morphological clique problem: fusion of subsystem evaluation decisions.
Inform. Fusion, 2001, Vol. 2, No. 3, pp. 225-237.
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ocHOBaHbI Ha cienymomem: (1) mepapxuueckoe MojgesupoBanue cucreM, (2) onrumusanus, (3)
MHOTOKPHUTEPHUAJIBHOE NIPUHSTHE Perienuii, (4) y4er Heonpe e eHHOCTH.

B kauecTBe OCHOBHO# TMPOEKTHO# 3a7a4u (T.e., TOCTPOCHUs KOH(DUTYDAIMA MOAYJIBHON CH-
CTeMBI) PAcCMaTpPHBAETCs BHIOOD anbrepHATHB s 4acreii cuctemsl (Puc. 4.1). Ilpenmonara-
ercsi, YTO COCTaBHAs (MOJIYJIbHAS) CHCTEMA COCTOMT M3 1M CHCTEMHBIX aCTeil:

(P(1), ..., P(i), .., P(m)}.

Hns xaxmoit yacru (r.e., Vi, i = 1,m) umerorcs ajbrepHaTuBbl (IpoeKTHBIE BapuaHThl DAs)
{X7, X3, "'7Xé¢}’ rJe ¢; - YUCJ0 aJbTePHATUB Jijisd 4acT ¢. Mojesb TpOEeKTUPOBAHUSI UMeEeT
BUJI;

Buibpamnv asvmepramusy 0aa kaHcdol Hacmu CUCmemMbl ¢ Y4emom A0KANOHLT U 2400040+
RO yeael/npednowmenutdl u ozpanuerud.

Yacru cucremsr: { P(1),..., P(i),...,P(m) }
[Ipumep KOH(UTYPAIMM CHCTEMBI:
S1=Xadx ..k Xbx..x X

o P() oP()  P(m)e
x1 Xi

e
AR W
X} Xy

1 [ m
Xq 1 X‘h‘ qu

Puc. 4.1. Koudurypanus cucremsr (Bi60p)

Hekotopsie apyrue 3a1a4u KOHGUTYPAIMHA MOIYJIbHBIX CHCTEM ONUCAHbL B [347].

Crucok paccMaTpuBaeMbIX ITPOEKTHBIX MOIX0J0B K KOMOWHATOPHOMY CUHTE3Y BKJIIOYAET
cJIeIyIonee:

(1) 6azoBasi Bepcusi Mmopdosornueckoro ananmsa (no @. Ipuku) (MA) (r.e., nmouck Becex
JIONYCTHMBIX 1O COBMECTHMOCTU KOMOWHAIIWI 3JIEMEHTOB: OJWH 3JIEMEHT I KaXKJI0i 9acTh
cucremsl, [81, 95, 276, 478, 590];

(2) momudukaiyst MOphOJOrMIECKOro aHaIu3a B BUJE MOUCKA JOIMYCTUMBIX (0 COBMECTH-
MOCTH) KOMOUHAIWI 371eMEHTOB W BhIGOpA KOMOMHAIWM, KOTOpas Haunbosee “0im3ka”’ K KOM-
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OUHAIMH U3 JIyUIIAX SJEMEHTOB JIJIsl KaxK 10l yactu cucreMd (T.e., “nueanbHoil” KOMOUHAIINY)
[9, 62];

(3) momudukamust MOpGOJOrHIECKOr0 AHAJIN3A TIOCPEJICTBOM PEYKIUH K 3a/1a4€e IXNHEHHOTO
nporpammupoBanus (MA&muneitnoe nporpamMmmuposanue) [13];

(4) monndukanus MopdoIOTHUECcKOro aHAIN3a TTOCPEACTBOM PEAYKIUH K 3aj1a4e GJOYHOTrO
proksaka (MCP) [349, 389, 522];

(5) momudukanus MOpGOJOrHIeCcKOro aHaIu3a MOCPEJACTBOM PEAYKIMH K 3aJaue KBapa-
TuaHOro nporpammuposanust (QAP) [118, 334, 347];

(6) muoOrokpuTepuaabHas MoauduKanus MOPQOIOTHIECKOTO aHANN3A € UCIOJIH30BAHUEM
BBIJIEJIEHHST JIYUIIIUX PE3YJIbTUPYIOMKUX KoMOuHanuit ssiemenToB Kak [lapero-acddexkTuBHbIX pe-
menuit (MA&ITapero merox): (a) mouck Bcex JOIYCTUMBIX (IO COBMECTHMOCTH 3/IEMEHTOB)
koMOuHAIWI (OfMH TIpeJCTaBUTE b [JJisi KAXKI0i 4acTh cucreMbl), (0) OLEHUBAHME 11OJIyYeH-
HBIX KOMOWHAIUI 3JIeMEeHTOB 10 HaboOpy KpurepueB u BHIOOP [lapero-sdpdekTuBHBIX pertenuii
[6, 10];

(7) nepapxudeckoe MOPGOJIOrnIecKoe MHOrOKpuTepuasbaoe npoekruposanne (MIMMIT) [334,
342, 356];
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(8) Bepcusi UMMII ¢ wucnosib3oBaHneM HHTEPBAJBHBIX OLEHOK B BHUJE MYJbTHMHOXKECTB
[358].

XapaKTepUCTHKA OCHOBHBIX METOJIOB IpecTaBaeHbl B Tadmure 4.1.

Tabsuna 4.1. KpaTkue XxapakKTepUCTUKU METOJI0B

Meron [Ikana [Ixana, KagecTBo NcTounukn
st DAs nas IC pelreHust
1.MA Her {0,1} JlomycTuMoCTb [276, 478, 590]
2.bam3octs K Her {0,1} Biuzocrs k [9, 62]
UJIeaJIbHOI TOYKe UJIeaJbHON TOYKe
3.MA&nuneitnoe Kommuecrennas |{0,1} AnuTusHast [1 3]
MIPOTPAMMUPOBAHNE dyHuKIHSA
4.3ama4a 6J109HOrO KoaunygecrBennasa | Her A,ILZLPITI/IBH&H [389, 522]
PIOK3aKa, byHKRIMSA
5.QAP Konmuecrernnasi | Kommaecr- | AJIuTHBHAS [1 18, 347]
BEHHAA bynkims
6.MA&Ilapero nomxon | Her {0,1} Mruorokpurepuanshas | [6, 10]
7 IMMTI Iopsaxosas Iopsakosast| Muoroxkpurepuansuas | |334 342]
8.UIMMII c unrepBanb- | aTEpBanbHAS IlopsinkoBast| MHOrOKpuTEpHaIbHAS 358]
HBIMHU OLICHKAMH B B BUJI€ MYJIbTH-
BUJE MYJIbTUMHOXKECTB | MHO2KECTB

4.2 Onucanue OCHOBHBIX HOJIXO0/J10B

4.2.1 Mopdoaorudeckuii aHaIN3

Merox MA Bk/OYaeTr CaeayIue CTaIun:

Cmadus 1. TlocTpoenne CTpyKTYpbl CHCTEMBI KAK MHOXKECTBO KOMIIOHEHTOB (dacTeil) cucre-
MBI

Cmadus 2. Tenepanusi TpOEKTHBIX ajbTepHaTuB DAs (BapuaHTOB) sl KaXKJ0f 4acTu CHU-
crembl (MHOXkKecTBO DAS Jiyisi 9acTé cucTeMbl (KOMIIOHEHTA) HA3bIBAETCS MOPQMOIOrHIeCKUM
KJIACCOM ).

Cmadus 3. OneHuBaHWe COBMECTUMOCTH B BUJe By/eBBIX OIeHOK /i KaxKmaoi mapsl DAs
(omHa aJbTEepHATHBA JITIST OTHOTO MOPGOIOTHIECKOTO KJIACCA, IPYTast AJIbTePHATHBA JJIst JPYTO-
ro Mopdonornaeckoro kiacca). OneHka COBMECTHMOCTH 1 COOTBETCTBYET COBMECTHMOCTH IIPO-
eKTHBIX aJIbT€PHATHUB, ONEeHKH () COOTBETCTBYET HECOBMECTHMOCTH AJIbTEPHATHB.

Cmadus 4. Tenepanust Bcex JOMyCTUMBIX KoMIo3umumii (komGunanmii) (T.e., 0[Ha ajbTrepHa-
THBA, JJIsl KaXKJ0T0 KOMIIOHEHTa CHCTEMBI) ¢ YY€TOM COBMECTUMOCTH BCEX Hap aJbTePHATHB.

Dror Meroj, siBysieTcs nepebopubiM. Puc. 4.2 wutiocrpupyer MA (1BondHBIE ONEHKH COB-
MeCTUMOCTH cojiepKarcs B Tabmuie 4.2).

B npumepe ykazanbl ciepyoiue MopdoJornieckue Kjaaccol (a) mopdosornueckunii kiace 1:
{X], X1, X3, X}, X2}, (6) mopdonornueckuit knace i: { X7, Xo Xt Xi X!}, (B) mopdosornue-
ckuit knacc m: {X{", XJ", X3*}. IlpuBogurcst yupoieHHslit ciydail jjist Tpex 4acreil CHCTeMBL.
Pesynabprupyiomee perenne (I0omycTuMoe) B BUIE KOMIO3UIUH TPOEKTHBIX aJIbTePHATHB NMeeT
B S1 = Xg * ... x Xix ..o X
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Tabmuna 4.2. Oneskn COBMECTUMOCTH

x| g o g

. _ i m o 0 0 0 0 0 0 O

‘ Opumep: S; = Xa % ... % X ... x X] ‘ §;1 0010010 0
P(1) P(m) X0 00010 0 0
X1 X xp X0 00000 0 0
X3 X! xXm X1 0 0 0 0 0 0 O
] 3/ . Xi 0 0 0
X} X} X1 X 00 0
Xi Xi X; 1 0 1
X3 X3 X} 0 0 0
Puc. 4.2. Nnmocrpanus aas MA X3 1 0 0

4.2.2 Metoa 6M30CTH K NAEAJHBHON TOYKE

Meton 6m30cTH K MAeaIbHON TOYKE OCHOBAH HA aHAM3e “OIM30CTH’ MOTYYAIOMIUXCH TOIY-
CTUMBIX DEIIEHUH K HEKOMY WJeaJIbHOMY pemreHuio (ujeanbHoit Touke) [62, 9. Ha Puc. 4.3
IPEJICTABJIEH WJUIIOCTPUPYIONMA MpUMep Jisi JAHHOTO METO/A (IBOUYHBIE OIEHKU COBMECTH-
MoctH cojepxkarcst B Tabomne 4.3).

Tabsmma 4.3. OneHKr COBMECTUMOCTHU

X XA X3 X X3 X™ X7 X

Ipumepsr:  S7 = X2 % ... x X4 % .. x X" - 1] 4243|425 A1 ‘ 2 ‘ 3
Sop = X} x.ox Xbx..x X X0 0000O0 0 O

X0 0 1 0 0 1 0 O

— e r(1) P(m) X0 00010 0 0
X X xil00 00000 0 0
LX) Xy x1o1oo00 01
o o he 0 0 0
o X} 1 0 1
Lo x! Xi X; 00 0
Puc. 4.3. Meron 61u30cTH K UaeaIbHON TOUKE X3 10 0

B pamkax JaHHOrO MeTOla B KaxKJIO0M MODMhOJOrHYeCKOM KJIACCe OIPENeJISeTCs JIydIast
IIPOEKTHAsI AJbTEePHATHBA (HAIPHMED, Ha OCHOBE BBIYKMCJIEHWH, HA OCHOBE SKCIEPTHBIX CY¥XK-
JIeHWH) ¥ UX KOMOMHAIMS CIMTAETCS WJeaJbHBIM pereHneM (ujeabHOi TOuKoi). B mpumepe
(Puc. 4.3) B KayecTBe JIydlIuxX ajJbTePHATHB B MOPMOJIOIMYECKUX KJIACCAX MCIIOJIb3YIOTCS Clie-
ayomue: X{, Xi and X7, Uneanbnoe pemenne umeer Bui: S, = X * ... x Xi* ...+ X7". Ho
9TO PEIeHHe SIBJISIETCs] HEJIOIYCTHMBIM 110 COBMECTHMOCTH MOYKHO PAaCcCMOTDEThH JOMYCTUMbIE
pemenus: S; = Xg* .. x Xix..x X" m Sy =X} s % XIx. . x X"

[Iycte  p(S’,S") - Gamsocts (1O 371€MeHTaM) /sl JBYX COCTABHBIX IPOEKTHBIX DeIIeHuUil
S’ S" € {S}. Torma nenecoobpasno uckarh cienyomee pemrerne S* € {S*} C {S} ({5}
MHOXKECTBO JIOIyCTUMBIX pemenuit): S* = Arg mingeggey p(S, S,). B mimmocrparusaoM npu-
Mepe pemenne Sy = X3 ... x Xix...x X" aBngercsa Gosee OIU3KUM K UJEATHHOMY DEIIEHHIO
So  (me., p(S2,S,) = p(S1,S,)). B obmeM ciayuae MOKHO HMCCIEIOBATH PA3JIHYHBIE BEPCHHU
6am3octu |9, 62].

4.2.3 Mopdosgorudecknii meTo 1 ¢ BbioopoMm 1o Ilapeto

VHTerpupoBaHHbIi MOAX0M Ha 0CHOBe MA M MHOIOKPUTEPHAJILHOIO IPUHATHS PeIleHuil ObLI
IpeyIozKeH B BHE ceayioneit cxemsl |10, 6]:
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Cmadus 1. Vicnosb3oBanue MA jist 10CTPOEHHUS IOIMYCTUMbBIX KOMIIO3UIMI 3/1eMEHTOB (J10-
IIyCTUMBIX 110 COBMECTHMOCTH 3JIEMEHTOB DElIeHHi ).

Cmadusa 2. enepanus KpuTepueB s OIEHUBAHUS MOJTYUYEHHBIX JOTMYCTUMBIX PEIleHui.

Cmadusa 3. OneHuBaHUe MOJYYeHHBIX pellleHns o KputepusaM 1 Beioop [lapeto-achdekTuBHbIX
perennii.

Jlanublii M0X0/ WUTIOCTPUPOBAH Ha OCHOBe mpuMepa Ha Puc. 4.4 (1BoMdYHbBIE OLEHKH COBMe-
crumoctu cozepxkarcsa B Tadmune 4.4). Cremyromnmue JONyCTUMbIE PEIIeHUs] TOCTPOEHBI: S =
Xdx o x Xixo kX", Sy =X2w  x Xix.. % X, S3=X}%...x Xix...x XJ". dru pemenus

OIIEHMBAIOTCS 10 KpuTepusiM Jijist BoijeseHus [lapero-addekTuBHbIX perrenuii.

Tabsmma 4.4. OneHKr COBMECTUMOCTHU

I S = X x Kk Xk X il vil vil xi| xil xm| xm| xm
pHUMepbI 5’; :XEIIXZIIX?‘ : X1 X5 X5 Xa| XE| X7 ‘XQ ‘Xs
S3= X3 x ...k Xix..x X X000 000 0 0
X300 010 01 0 O
— e P(1) P(m) X0 00010 0 0
o X{ X Xif0 00 0 00 0 O
o X1 ] xXm 1
s . 3 X3 0 0 O
X4 X 1 0 1
—o X L—— o X! X; 0 0 0
Puc. 4.4. Meton ¢ Berbopom no Ilapero X3 L0 1

4.2.4 O nmpuMeHEHUU JMHENHOro IMPOrpaMMUPOBAHULA

B crarpe [13| meTton MA penynupyercs K 3a/ade JHHEHHOTO TPOrpaMMUpPOBaHus ¢ BysreBbivu
nepeMeHHbIMHA. [loyuaemMble OTpAHNYEHUST UMEIOT B, HEPABEHCTB ¢ ByseBbIMU TIepeMeHHBIMI
u neseBas (PYHKIMS MMeeT BHJI aJJAWTHBHONW (yHKimu. lajsee MCrnoab3yeTcss 3BPUCTUYECKAS
cxeMa perenus (B BHJe 1epebOPHOrO aJropuTMa).

4.2.5 3amada 0JIOYHOIO PIOK3aKa

Bazosas Bepcus 3a7aun 0 piok3ake umeer Buj [205, 289, 411]:

m m
maXZcixi s.t. Zai:pi <b, z; €{0,1}, i =1,m,
i=1 i=1

rae r; = 1 npu BEIGOPE JIEMEHTa i, ¢; - “IIOJIE3HOCTD”) SJIEMEHTa i, a; - BeC dJIeMeHTa i (Tpedy-
eMblit pecypc). OBBIYHO MCIIOJIB3YIOTCS HeOTpUIATE bHbIe KO3bduImenTol. 3a1a4a OTHOCUTCS
K Ksaccy NP-tpynnbix [205, 411] u jnyist ee pereHusi mpUMEHSIIOTCsE 11epeOOPHbIE AJTOPUTMBbI
(HanpuMep, MeTOJ BeTBeil U IPaHUIl, [MHAMHYECKOE NIPOrPAMMUPOBAHNUE), IPUOJIMIKEHHbIE AJl-
TOPUTMBI € OTPaHUYeHHON oTHOCHTeNbHOI norperHocThio (FPTAS) (289, 411]. B caryuae 3amaqun
6109HOTO pIoK3aKa [289, 411], nexoaHOE MHOYKECTBO 3JIEMEHTOB pa30MBaeTCs HA IPYNIBI U TPO-
U3BOJIUTCI BHIOOD 3JIEMEHTOB M3 KaXKJIOi TPYIIBI ¢ yYETOM OOIIEro OTpaHUYEHUs IO Pecypcy.
Kaxpiit ssieMenT umeer jBa wHjekca: (i,j), rje i - HOMep TPYNIbl, j - HOMEP JEeMeHTa B
rpymme. 3aa49a 0JI0YHOTO PIOK3aKa MMeeT BUJL:

m i m g qi

maXZch-jxij s.t. ZZaijxij S b, Z.’L‘Z‘j S 1:= 1,m, Tij € {O, 1}

i=1j=1 i=1j=1 j=1

[Tpu MHOTOKPUTEPHATBLHOM OMHCAHUU KaXKIOTO 37eMeHTa (T.e., (i, j)) nMeeTcss BeKTOpHas “mo-

Je3HOCTL C;; = (cl1 v e cij, s O j) 1 MHOTOKpPHUTEpHAJIbHAA 3a/1a9a OJIOUHOTO PIOK3aKa, UMeeT
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BUI;

m g m 4 qi

maXZZcfjxij, VE=T,r st DY ayry <b, Y wyy=1Vi=T1,m, z; € {0,1}.

i=1j=1 i=1j=1 j=1

Ou4eBuIHO, YTO /I TOI 3ama9u 1erecoobpa3Ho uckarb [lapero-addexkTuBubie perrenns. Ta-
KO IOJIXOJ[ MCIIOJB30BAJICH Jijisd IPOEKTHUPOBAHUS M YJYUIIEHHS PAJA HPUKJIAIHBIX CHCTEM
(mporpaMMHbBIE KOMILTEKCHI, 3JEKTPOHUKA, KoMMmyHukanuu) [349, 352, 389, 392, 522|. Mox-
HO yKa3aTh CJIIYIONIME CXeMbl DeIleHus JJIs IPUBEIeHHON 3agaum: (1) mepebopHBIE aJropuT-
MbI (HampuMep, MeTOJ| BeTBeil M IDaHUIl, JUHAMHUYECKOE IporpaMmupoBanue), (ii) sBpucruka
Ha OCHOBE IIPEeJIBAPUTE]BHOIO PAHKUPOBAHUS JIEMEHTOB /I IOJIyYeHUs UX IPUOPUTETOB U
IIOIIIATOBON YIIAKOBKU 3JIEMEHTOB B DIOK3aK (2KaJHblii anropurm), (iii) MHOroKpurepuaibHOe
PaH2KUPOBAHUE IJIEMEHTOB [Jid IMOJIYYEeHUd IMOPAJKOBBIX IIPUOPUTETOB U HCIIOJIBIOBAHUE IIPDU-
OJIM>KEHHON CXeMbl DeIlleHUsl Ha OCHOBE JIMCKPETHOH 00JIacTH KadecTBa pelneHus (Kak Oyjaer
omnpesesieno gasee st IMMIT).

CuiesiyeT OTMETHTD, 4TO B JAHHOM II0JXO/I€ COBMECTHMOCTD 3JIEMEHTOB HEe PACCMATPUBAETCH.

4.2.6 3agaum HazHa4YeHUd /pa3MeIIeHUs

Bajaun Ha3HAYEHWs/PA3MEIIEHUs] IMUPOKO MCIOJIB3YIOTC B MHOTUX MPUKJIAIHBIX 00JIACTIX
[118, 205, 461|. IIpocreitmas 3ama4a O HA3HAYEHUSAX BKJIOUAET HEOTPHUIATE]bHYIO MATDPUILY
coorsercrBuit T = ||¢; ;|| (i =1,n, j =1,n), tae ¢;; - 'n01€3HOCTD’ HA3HAMEHUS HJIEMEHTA, |
Ha no3unmio j. 3azada umeer Bug [205]:

Hatimu nasnavenue m = (w(1),..7(i),...,m(n)) asemenmos i (i = 1,n) na nosuyuu (i),
Komopoe coomsemcmeyem 0bobwennol sfpexmuernocmu: Y1y C; x(;) — Max.

Bajaua kBagparnaHoro HazHavenust (QAP) 1oNosHUTEIHBHO YUUTHIBAET B3ANMOCBSI3H MeXK-
JIy JIEMEHTAMM DPA3JIMYHBIX IPyN (KarkJasi IPyINa 3JEMEHTOB COOBTECTBYET OIpeJeJIeHHO
nozunuu) [118, 461]. Ilycts Heorpunarenpuoe 3uadenue d(i, ji, k, jo) 0603HaUAET “NOJIE3HOCTD”
COBMECTHUMOCTH MEXKJIy 3JIEMEHTOM j; B TpyIIme .J; U 3JIEMEHTOM jo B rpymme J,. YKa3aHHBII
THII COBMECTUMOCTH J100aB/sgeTcs K neeBoil pynknun. 3amada QAP Moxker paccMaTpuBaThCs
kak Bepcust MA:

m g q1 9k

maxZZcmxi,j —+ Z Z Z d(l,jl, kf,jQ) L1 j1 Tk, jo > [ = 1,m, k= l,m,

i=1j=1 I<k j1=1jo=1

m  q; i

st YD ayw; <b, Y w; <1Vi=1,m, z;; € {0,1}.
i=1 j=1 j=1
Samaga QAP ornocurcst k kiaccy NP-rpyaupix. OOBIYHO MCIOJIB3YIOTCS CIELYIONNE METOIbI
perenusi: iepeGopHbie MeTObI (HAPUMED, METOJ BeTBeil ¥ I'DAHWI) WJIM SBPUCTUKH (HANDPHU-
Mep, YKaJIHble aJIFOPUTMBbI, TEHETHYECKHE aJIrOPUTMBI). B ciiyuae MHOrOKpUTEpPHAILHON 3a1a49u
0 Ha3HAUYEHUHU TiejieBasd (PYHKIUsS TPpaHCHOPMHUPYETCs B BEKTOPHYIO IeJeBYIO (DYHKIHIO, T.€.,

Cij = Cij= (Cz{j’ ey cij, ey c;”j), U Pe3yJIbTUPYIONIasd nejieBasd MYHKIUSI MOXKET UMETb BU/I:

m n m n m n
1 £ r
(DD Ciigsoens DD Gy D D ChiTiy ).
i=1j=1 i=1j=1 i=1j=1
OueBuHO, 9TO 31€Ch Ieaecoobpa3Ho uckarh Ilapero-addexTuBHbie perierus. AHAJIOTHIHO,

zasada QAP mMoxer ObITH TpanchOpMHUpPOBaHA B MHOTOKPUTEPHAIBHYIO 3amadqy QAP.
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4.3 WNepapxuyeckoe Mopgosiornieckoe ImMpoeKTUPOBaAHMIE

Bazosasi Bepcusi nepapxu4eckoro MopdoI0rn4ecKoro MHOrOKPUTEPUAIBHOTO TIPOEKTUPOBAHNS
VMMII mpencrasiena B [328, 331, 334, 342, 347, 356|. [Ipeamonaraercs cieyomiee:

(a) xpeBOBUHASI MOJIEJIb CUCTEMBI;

(6) cocraBHasi OLEHKM Ka4eCTBA CUCTEMbI, KOTOPAsi HHTErPUPYET KAYECTBO KOMIIOHEHTOB U
KauecTBO CBsi3eil Mex 1y KomroHeHTamu 1C (cOBMECTUMOCTS );

(B) MOHOTOHHBIE KPUTEPUH JIJIsI CHCTEMbBI U €€ KOMIIOHEHTOB;

(r) kKavecTBO cHCTeMHBIX KOMIOHeHTOB u IC OIeHMBAIOTCS HA OCHOBE KOODAMHUPOBAHHBIX
IIKAJL.

Ucnonp3yoTes ciepayoniyue 0603HAYCHUS:

(1) mpoektnbie anbrepHaTuBbl (DAS) myis BHCsSYuX (TEPMUHAJIBHBIX) BEPIIHH CHCTEMHOM
MOJIEJIH;

(2) mpuopurersr DAs (¢ = 1,1; 1 cOOTBeTCTBYeT HAMIYHUIIEMy YPOBHIO);

(3) mopsiKOBast COBMECTHMOCTD it Kaxkoi mapsl DAs (w = 1,v; v coorBercrByer Ham-
JIydIlleMy YPOBHIO).

NMMII Bksouaer ciejyiomnue ¢a3b:

®@asa 1. TlocTpoenne IPeBOBUIHON MOJEIN CUCTEMBI (TIpeBapuTe/ibHas da3a).

@asa 2. renepanusa DAs 11 BUCAYNX BEPIITUH CHCTEMHON MOIEIH.

Dasa 3. Nepapxudeckuii Beibop DAs u ux xommo3unus cocraBHble DAS i1 cOOTBETCTBY-
fo11ero 6oJiee BBICOKOIO HepapXuvIecKoro ypoBHsSI CHCTEMHOI nepapxuu (3a1a4a Mopdoaornyie-
CKOil KJIUKH).

@asa 4. AHanu3 u yaydineHne pe3yJbTHPYIONX cocTaBHBIX DAs (permenuit).

Puc. 4.5 u Puc. 4.6 wunocrpupyitor obniyio cxemy WITIIM.

/

Kowmnozurus n
OIIEHKA, COCTaBHBIX

perrennit
N TpeboBauusi
s (xpuTepun) _
/ s S = S =AxB
Kowmnosuiust u =
OLIEHK, COCTABHBIX
pernenuit Tpebosanusi Toeb
— (KpI/ITepI/II/I) B peooBaHUuA
/ \ A 24 « (xpurepun)
Ynopsnouennd Ynopsnouennd a = < s B
AJIbTEPHATUB AJIbTEPHATUB
T SR T TpeboBanus TpeGopammst
Teneparus TCenepanus (xpurepum) N « (xpurepnmu)
AJIbTEPHATUB AJIbTEePHATUB A = C D <= g D
Puc. 4.5. Cxema ’cHu3y-BBEpX’ Puc. 4.6. Uepapxus TpeboBaHmii

[amee moxpobHee paccMaTpuBaercs 3aaada Mopdosormdeckoit Kauku. Ilyers cucrema S
cocrout u3 m vacreit (komnonenton): {P(1),...,P(i),...,P(m)}  (Puc. 4.1). s kaxmoii
CUCTEMHOR YaCTU MeHEPUPYETCsST MHOXKECTBO IMPOEKTHHIX ajbrepHaruB DAs. 3axaua umeer Bu:

Hatimu cocmashyio npoexmuyio aavmepramuey S = S(1)*...xS(i)x...xS(m) us DAs
(0dun npedcmasumenv S(i) daa kascdozo cucmemnozo Komnowewma P(i), i = 1,m) c
HEHYAEB0T OUEHKOT COBMECTNUMOCTNY MeHCOY BLIOPAHHBLMU NPOEKTNHBMU AALMEPHAMUBAMU.
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B IMMII ucnosnb3yercs: auckperHast obaactb (“OpocTpancTBo”) Kak IKaJIa KAYeCTBA CUCTe-
MBI Ha ocHOBe Ha BekTopa: N (S) = (w(S5);e(S)), rme w(S) - MUHUMYM TapHOi COBMECTHMOCTH
Mexay DAs, KoTopasi COOTBETCTBYET Da3IMYIHBIM CHCTeMHBIM KoMIOHeHTaM (T.e., V P, u Pj,,
1 <j1#jo<m)sS, eS) =, ,-m), taen, - aucao DAs (-ro xauecrBa B S
(X', m, = m). Puc. 4.7 niamocrpupyer mkajy (YaCTHUHBIA TOPSIOK, PEIIETKY) KauecTsa s
COCTABHOTO pemtenust S 10 dmeMenTaM e(S) (3 yacTu cucTeMsl 1 3 yPOBHs KadeCTBA JIEMEHTOB

DAs [1,3)).

Cymma

00 HpnO%ﬂTeTOB: (1)

<2, |1,0 > 4 (2|11
<2,0,1><1,2,0> 5 (ﬁ___ﬁm
<1,|1,1><0,L,0> 6 (|ﬁ222
<1,0,2><0,2,1> 7 qé__7£2
<0,1,2 > 8 (BW
<0,0,3> 9 (333)

(a) (0)
Puc. 4.7. JIBa npeacraBienus pemerkn kadectsa e(S)
Ha Puc. 4.8 npeacrapiiena permreTka KauecTBa CUCTEMHOIO pemieHusi S ¢ y4eTOM COBMECTH-

moctu 1o Bektopy N (S) (amamornuno: 3 yacTu CUCTEMbI, 3 YPOBHS KauecTBa 1eMeHTOB DAs
[1,3]; mkana ajusa coBmecrumoctu |1, 3]).

Pemerka: w =1 Pemerka: w = 2 Pemerka: w = 3
<3,0,0 > <3,0,0 > < 3,0,0 > Uneanvnas
| N(Sy) | | TOYKA

<2,1,0 > <2,1,0 > N(Ss) <2,1,0 >

|— e

<2,0,1> <1,2,0><20,1> <1,20><20,1> <1,2,0>

[

<1,1,1> <0,3,0><1,1,1> <0,3,0><1,1,1> <0,3,0>

|

<1,0,2> <0,2,1><1,0,2> <0,2,1><10,2> <0,2,1>

[— |— [—\

<0,1,2> <0,1,2> <0,1,2> N(S3)

| Haunxygmast | |
< 0,0,3 >1ouKka <0,0,3 > <0,0,3 >
Puc. 4.8. [IlIkana KavecTBa KaK 4YaCTHYHBIN MOPSI0K

[Ipu 3TOM NPOU3BOAUTCS TMOMCK COCTABHBIX PEIIEHUH, KOTOPbIe HEJIOMUHHPYIOTCS 110 BEK-
topy N(S) (re., [Tapero-adpdbexruBubie pemennst). Takum obpazom, 6a30Basi Bepcusi 3aa4u
Mopdosioruueckoit kiuku B 6a3080it Bepcun IMMII coorBercTByeT ciejyiomiei onruMu3aiu-
OHHO# Mozenn (7Be meseBble (DYHKIMH, OJHO OTPAHUYEHHE):

max e(S), max w(S), s.t. w(S)>1.
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“Makcumuzaius” e(S) 0OCHOBaHA Ha MCIIOJIH30BAHUM COOTBETCTBYIOIIETO YACTHYHOTO TOPS/IKA.
Ora 3ajaua orHOcuTCs K Kiaccy NP-rpyasbix (mockosibky ee 6Gosiee mpocrasi 10/3a1a4a
asysgercss NP-tpyanoit [302]).
OueBngHa cxeMa peIIeHus Il YKa3aHHON 3a/[a4d BKJIIOUAeT 1Ba dTana (mepeGopHbIi aJl-
TOPUTM):

HIAT 1. TlocTpouTh AOIMyCTHMbIE KOMIIO3UIUH.
HIAT 2. Orobpars I1apero-sdbdextuBabie cocraubie DAs (o N(9)).

MoxkHO paccMaTpuBaTh IBPHCTHYECKHE NMPUOJIMKEeHHbIe cxeMbl pernenus [334]. Hanpumep,
cXeMa peIeHrus MOXKEeT ObITh HAIllpaBJ/IeHAa HA UCC/IEI0BAHUE JIOIYCTUMBIX PellleHuil, HaunHas C
WIeaJIbHOM TOUKM ¥ GIM3KUX K Heil pereHuii (C 0TCeBOM HEJOIYCTUMbIX DelleHni, KOTopble Ha
SABJISIOTC MOpdoorndeckuMu Kiaukamu ). Kpome Toro, aBTopoM ObLI IPOrPAMMHO peaJin30-
BAH aJICOPUTM Ha OCHOBE JMHAMHUYECKOro IporpaMmmupoBanust [336]. JomoHuTe/IbHOE CIeayeT
OTMETHUTb, YTO IKCIEPT MOKET y4aCTBOBATH HA BCEX CTAMUAX IPOIECCA PeIIeHus.

Jlng momycTUMBIX pelleHnii MOYKHO BBECTH HEKYI0 0000IEHHYIO NOPSIKOBYIO IKAJIY B BHJIE
ypoBreii kadecrBa cucremsl [334]: (i) maeanbnas Touka; (ii) [Tapero-sdpdekrusubie ToUKY;
(iii) cocemnss obmaacts o oTHOMmEHHIO [lapeTo-3bdeKTUBHBIM TOUKaM (COCTABHbBIE DEIIEHUS U3
9TO¥ 00JIACTU-MHOXKECTBA MOTYT OBITH TpaHcdopmupoBanbl B [lapeTo-adpdekTuBHyo TOUKY Ha
OCHOBE HEKHX IPOCTHIX YJIYUIIAIONIAX AKIHA).

Mertox UMMII uwinoctpupyercst va Puc. 4.9 u Puc. 4.10 Ha ocHOBe 4HMCJIEHHOTO TTPUMeEpa,
Jutsi cucreMbl ux Tpex 4dacreit S = X x Y x Z. Ilpuopurersr DAs npeacrasiens: vHa Puc. 4.9
B KPYIVIBIX CKOOKax u ykasaubl Ha Puc. 4.10. Tabsuna 4.5 coaep:KuT OLEHKH COBMECTUMOCTHU
(31u onenku ykazausl Ha Puc. 2.7). B npumepe, nmoayvarorcs cocraBubie [lapero-adbdexTuBHbie
pemenus: (Puc. 4.8, Puc. 4.9, Puc. 4.10, Puc. 4.11):

Sl = XQ *YQ * ZQ, N(Sl) = (1, 2, 1, 0),

SQZXl*YQ*ZQ, N(S2 (2,1,2,0),

S3ZX1*Y1*23, N(Sg (3 0,2,1)

) =
) =

Y

S=X*xYxZ
Sl = X2 * ng * ZQ ]
So = X1 %Yo x 2y QX
SgZXl*Yl*Zg 3 2 X2 2 3
X Y Z 1 |X3|3
Zy(1) |
W) o122 [oZm) A2z ] [[2)]
X3(1) @s(2)) = 9273
Puc. 4.9. IIpumep xommnosumnyum Puc. 4.10. Konnentpuieckoe mpeacTaBIeHNe
W neanvHast
TOYKa
N(Sz)
Ta6uuma 4.5. COBMECTHMOCTD N(Ss)
Vi [V [ 2] 7
X3 20 2 3
X200 3 01 0 Hapfxynmast w=3
X530 0 0 0 1 TgHK w=2
11;1 00 3 w=1
2 020 Puc. 4.11. [IIkajia KauyecrBa CUCTEMBI
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4.4 KoMOMHaATOPHBII CUHTE3 C MHTEPBAJbHBIMI OIEHKAMU

My/IBTUMHOXKECTBA, UCCIICAYIOTCS B psije padotr, Hanpumep: [34, 577|. VlnTepBajbHble ONEHKH
B BHJIE MYyJIbTUMHOYKECTB ObLIU TPEJJIOKEeHbI aBTOPOM B [358|. JIaHHBIN 110X0/ 3aK/IH0YAETCS
B Ha3HavyeHuu sj1emeHTOB (1,2,3,...) Ha ypoBHU nOpsiaAKOBO# mKasbl [1,2) ... 1]. B pe3ynbra-
T€ MOJIyYaeTCsl OIEHKU B BUJE MYJIBTUMHOXKECTBA, TJe 6a30BO€ MHOYXKECTBO BKJIIOYAET YPOBHU
nopsikoBoit mkane: ) = {1,2,...,(} (YpOBHU MIKAJBl SBJISIOTCS JHUHEHHO YMOPSIOYEHHBIMHU:
1> 2> 3> ..) u3amava oneHuBaHUs (/s KaXK0ro 00beKTa, aJlbTePHATHBEI) 3aKII0UACTCS
B BBIOOpE MYJTBTUMHOYKECTBA HaJ MHOXKECBOM () C yU4eTOM JIBYX YCJIOBHIi:

1. MOIIHOCTH TIOJIyYEHHOTO MYJIbTUMHOXKECTBA pPaBHA 3aJaHHOMY YHUCJIE SJIEMEHTOB 1) =
1,2,3, ... (paccMaTpuBalOTCS MyJIbTUMHOXKECTBA MOIIHOCTH 1));

2. “koHcurypanuss’ MyJbTUMHOXKECTBA HMeeT BHJI: OTOOpaHHBIE 3JEMEHTHI () MOKPHIBAIOT
uHTEepBas Ha mkase [1,[] (T.e.,. “MHTEpBaIbHAS ONEHKA B BHUJE MYJIbTHMHOMKECTBA).

Takum 06pa3om, oreHka e ajist anbrepHaTuBbl A umeer Bum: e(A) = (91, ..., 1, ..., m), T 7,
- yncJio 3jeMenToB Ha yposse ¢ (v = 1,1), mm e(A) = {1,...,1,2,..2,3,....3, ..., 1, ..., [}. Hucso
MYJIbTHMHOKECTB MOITHOCTH 7) C 9JIEMEHTAMHU U3 MCXOJHOTO KOHEYHOTO MHOXKECTBA, MOIIHOCTH ,
Ha3bIBaeTCs “Ko3dunuent mynsrumuoxkectsa” [301, 577]:  pb" = l(l“)(lﬁn)!“'(lmfl). D10 YnCsI0
COOTBETCTBYET YHCJIe BO3MOXKHBIX OIEHOK (6e3 ycsoBusi 2). B ciydae BbINOJTHEHUs] yCIOBUS 2
YHCJIO OLEHOK HEeCKOJIbKO MeHbine. O603HauuM 3a/a4y OIEHMBAHUS HA OCHOBE BBEJIEHHBIX MH-
TepBaILHLIX OIEHOK B BHAe MyabruMuozkecTs: Pl I1Ikana B BUe 9aCTHIHO-YIOPSI0YEHHOTO

MHOKeCTBa /15 337auu onennpanus P>* npencrasnena na Puc. 4.12.

El o ey’ (4,0,0)
_1 H ey (3,1,0)
El%l? (2,2,0)
| 1_2 3I ey’ (1,3,0)

33 2.1.1)
0.4,0)
=== S (L2

1:23 _—
e Cat) (0,3,1)

123

= (1,1,2)
123 P

-EH C@T) 02

123

] 31 0,1,3

I 1| 2_3 6 ( )

I]_I _3 61’2 (07074)

2
Puc. 4.12. IIkansl, onenku (P31) [358]
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JlonosiHUTE/IBHO, CJIeIyIOIe OlepPalluy HaJ| BBEJIEHHBIMHM OLEHKAMHM B BHUJIE€ MYJIBTHMHO-
JKeCTB MOryT ObITh paccMoTpenbl [358]: murerpauumst, 6m30cTh (B BHIE BEKTOPA), arperaus,
BhIpaBHUBaHWe. B nauHO# pabore OyayT WCIONb30BAHBI ONEPAIMA WHTETPAIUY, arperanuy U
6JIM30CTH.

VuTerpanus oneHOK OCHOBaHA HA CyMMHUPOBaHMs 110 KOMIIOHEeHTaM IlycTb mmeercs n ore-
HoK: onenka el = (ni, ... o0l ... nf), ... onenkae® = (Nf, ...n% ), e €t = (0, n ).
Toryia unTerpupoBantas onenka umeer suj: el = (nf ..nl ... nl),tnien! =" nF Ve =11
DakTHUecKn, ncroab3yeTcs omeparusd : el = el ... lWe ... 1 en.

Teneps paccMoTpuM GJIM30CTH OIEHOK IS ABYX aabTepHATHB Aq, Ay C COOTBETCTBYIOIUMHU
ouenkamu e( A ), e(As). Bamsocrs onpenensiercst rak: d(e(A;), e(Asz)) = (07 (A1, Aa), 67 (A1, Ag)),
rJie KOMIIOHEHTHI BEKTOPa UMeIoT BuJ (i) §~ - Y4HCJI0 OJHOMIATOBBIX W3MEHEHUH 3jeMenTa ¢ + 1
B asement ¢ (¢ = 1,1 — 1) (30 coorsercreyer “yayumenuto”); (ii) 01 - umucso opHOmAroBhx
M3MeHeHui s1eMenTa ¢ B mement t+ 1 (¢ = 1,1 — 1) (310 coorBercrByer “yxymmenuto”). IIpe-
nosiaraercst caeayiomee: |d(e(A1),e(Az))| = |07 (A1, A2)| + |07 (A1, As)l.

Ternepb MOKHO PACCMOTPETh MOCTPOEHHE OIeHKU-Meauanbl (omepanus arperamuu). [lycTsb
MMeeTCsl UCXOJIHOe MHOXKeCTBO oneHok F = {ej, ..., €., ...,e,}, mycrb D - MHOXKeCTBO BCEX BO3-
MoxkHbIX oneHok (E C D). Torma onenka-menuana umeer Buj (aBa ciydast: “0000IIeHHAsST Me-
quana” M9 u “mennana muoxectsa’ M°):

M9 = argminyep Yoroy [0(M,e,)|; M®=argminyer >noy |0(M,ey)l.

[Tpu mopdosorudeckom npoektupoBanuu (Meron UMMII) ¢ uHTEpPBAJIBHBIME OIEHKAMU
B BHUJI€ MYJIbTUMHO2KECTB WHTEPBaJIbHbIE OIEHKU HCIOJIB3YIOTCA [Jid OIEHUBAHUA ITPOCEKTHBIX
anprepaaTuB DAs. Takoii »Ke BHJI OLIEHKH UCIHOJIB3YeTCs sl Pe3yJbTUPYIOmEeil cucreMbl S =
S(1)*...%S (i) *...xS(m): arpermpoBanHnast onenka (“0600mmennast Mequana”) Ha OCHOBE COOTBET-
CTBYIOIIUX OIEHOK KOMIIOHEHTOB, BXOJAIMNX B pemenue. Takum o6pazom, N(S) = (w(S5);e(S)),
rae e(S) - “obo0mennas MenuaHa’ Ha OCHOBE ONEHOK KOMIIOHEHTOB pemienusi. Momaudunupo-
BaHHad 3aJava (Ha OCHOB€ HUCIIOJIB30BaHUd OICHOK B BH/IE My.HbTI/IMHO)KeCTB) uMeeTr BUJI:

max e(S) = M9 = arg}\r}lei% ; |0(M,e(S;))|, max w(S),

st. w(S) > 1.

Kpome Toro, MOXKHO MCIIOIB30BATH WHTEPBAJIbHBIE OLEHKYW W B 3aJa4de OJIOYHOTO PIOK3aKa.
Bazoras 3amaua 6s04HOr0 prok3aka nmeer B (pasmen 4.2.5):

m  qq m i qi

max ciixii  S.t. a;:xi; < b; zi; <1li=1,m, xz;; €{0,1}.
22D G PIPILIEL > @y ;€ {0,1}

i=1j=1 i=1j=1 j=1

[Tpu ucnosb30BaHUM OIEHOK B BUJE MYJBTUMHOMXKECTB JIJIsi OIEHUBAHUS “TOJIE3HOCTH 3Jie-
MeHTOB €;,1 € {1,...,4,...,m} (BMecTo ¢;), Ceyroas arpernpoBaHHas OEHKA B BUJE MYJIbTH-
MHOKECTBA MOYKET PACCMATPUBAETCS B BHJE TesieBoil dbyukmun (“mMakcumusaius’): (a) arperu-
poBaHHasl OIIEHKA B BHJIE MYJbTHMHOXKeCTBa Kak “0000mennasi meauana’, (6) arpernpoBanHast
OIEHKa B BUJIe MYJIBTUMHOXKECTBA KaK “Mej[naHa MHOxkecTBa”, (B) MHTErPUPOBAHHAS OLEHKA B
BUJIE MYJIbTUMHOXKECTBA.

Paccmotpum cieaytonuii BapuaHT OJI0YHOM 3312491 O PIOK3aKe:

(1) omeHKH B B MyJIBTHMHOXKECTB JJIS “IIOJIE3HOCTH 3JIeMEHTOB €; j, i € {1,...,1,...,m},j =
1, ¢; (Bmecto ¢;5),

(2) arperupoBanHasi OlEHKA Kak “0000IeHHas Meauana’ (uiu “MejuaHa MHOXKeCTBa”) UC-
0JIb3yeTcsl Kak 1esieBas dbyHkius (“Makcumusanus’).

[IycTh mMeeTCs UCXOIHOE MHOXKECTBO 3JIEMEHTOB:

{(1,1),(1,2), ... (L, q1), ey (4, 1), (4,2), ooy (4, Gi) 5 -, (M, 1), (M, 2), ey (M2, @) }-
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Bysnesa nepemennast x;; coorsercrByer BboibOpy ssementa (i, j). Pemenume npeacrasiser
co00ii MOAMHOXKECTBO MCXOAHOTO MHOXKecTBa dytementos: S = {(4,j)|z;; = 1}. 3anaua umeer
BUJL:

max e(S) =max M = argﬂr?i% > |0(M, e ;)|
T pes={Gwi=1}
m g ai
s.t. ZZ(ZUZL‘Z‘J S b, Zl‘ij = 17 T4 S {O, 1}
i=1 j=1 j=1

OueBnHO, 3Ta 33294 MOX0XKa HA PACCMOTPEHHYIO BBIIIE TMOCTAHOBKY, HO 0€3 y4eTa COBMECTH-
MOCTH OTOOpaHHBIX JIEMEHTOB.

4.5 BrnIBoaBI K TJ1aBe

B nmauHOii r1aBe IpUBEIEHB KPATKUE ONUCAHNST OCHOBHBIX MOIXO0I0B K KOMOMHATOPHOMY CHHTE-
3y. 3HAUNTeJbHOE BHAMAHHE YEIEHO MEeTOaM Ha OCHOBE MODP(OJIOrHYECKOTO aHAJIN3A, BKIIIO-
dast pa3paboOTaHHOE ABTOPOM HEPapXHIecKoe MOPQOIOrnIecKoe MHOTOKPHTEPHATILHOE IIPOEK-
tupoBanue (6a30Basi BEPCUSL U BEPCHsl C UHTEPBAJLHBIME OLEHKAME B BUJIE MYJILTHUMHOXKECTB).
Tabuuna 4.6 coaepKUT CpaBHEHHE YIPOIIEHHBIX KAYeCTBEHHBIX XaPAKTEPUCTHK /ISl YKA3AHHBIX
OCHOBHBIX METOJIOB (Ha OCHOBE MHEHHUSI aBTODA).

Tabsmma 4.6. KauecTBeHHOE cpaBHEHUE METOOB

Meton, Boruncivrenbuas| Ydaer Ynoberso miis Ynoberso
CJIO¥KHOCTh coBMecTHMOCTH | BRIOOpa pernennii| st
KOMIIOHEHTOB 9KCIIEPTOB
1.MA Bricokast Ha, bunapnas | Tpyano Tpyano
2.MA & Bamsocrtb K Beicokast Ha, bunapuas | IIpocro Xoporo
U1IeAJIbHOM TOYKEe
3.MA & BwIOOp 11O Bricokast Ila, 6unapuas | Cpexnne, anamm3 | Xoporo
ITapero ITapero-adpdek-
TUBBIX DeIIeHuit
4.3aga4a 6J109HOrO Huskasi/cpenusist | Her IIpocTo Cpenne
PIOK3aKa,
5.QAP Bricokast Ha IIpocro Cpenue
6. IMMII Hwuskas /cpennsia | [la, mopsakosas | [Ipocto Xopomo
7.MIMMII ¢ unrepBanb- | Cpenusis Ha, mopsinkoBasi | Cpengue Xoporo
HbIMU OLI€HKAaMU B
BUIE MyJIBTI/IMHO}KeCTB
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I'1aBa 5

CxeMblI BBIIBJIEHUS CUCTEMHBIX Y3KHUX
MeCT

B ILaHHOfI IJIaB€ 1 IpUBEIECHO OIMMCaHNEe MOAXOA0B K BBIJACJTCHUIO Y3KUX MECT B HEPAPXUICCKUX
MOAYJbHBIX CHCTEM.

5.1 IlpeaBapurenbHbIE CBEJECHUS

B nanHoii rase npesmosaraercs caenywomee (Puc. 5.1) [371]:

1. Uccoieryemasi MOJIy/IbHAsI CHCTEMA WMEET MOJENb B BHE MOP(hOJOTHIECKON CTPYKTYPhI
[334, 342, 356, 363] unu cern.

2. B kauecTBe y3kux Mect cucreMbl (system bottlenecks) paccmarpusatorcs cieytomue cu-
creMHbIe 371eMeHTH: (1) KoMIOoHeHTHI cucreMbl (uiu system component fault), (i) B3aumocss3u
MEXK/[y CHCTeMHBIMH KOMIOHEHTaMHU (COBMECTHMOCTH), (iii) Ipymma CHCTEMHBIX KOMIIOHEHTOB
(unm group of system faults), (iv) rpymnma B3auMOCBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (WU
composite system faults). Takum 06pa3oM, CHCTEMHBIE Y3KHE MECTa PACCMATPUBAIOTCS KaK
caemytonee: (a) CHCTEMHbI KOMIIOHEHT WM YaCTh CHCTEMbI HU3KOro KadecTsa, (6) c6oil cu-
CTeMHOIO KOMIIOHEHTa/4acTu cucreMbl (system component fault), (B) kommosuius yka3aHHbIX
00BEKTOB.

Wepapxugeckast
cucrema,

I'pynma
B3aMMOCBSI3aHHBIX

I'pymma CUCTEMHBIX
CUCTEMHBIX KOMIIOHEHTOB

Cucrevmsii  KOMIOHEHTOB
KOMIIOHEHT o ©°
® ® e

Puc. 5.1. Cucrema u cucteMHble Y3KHe MECTa,

PaccmarpuBaembie TOAXOAbI K BBIIEJIEHUIO CHCTEMHBIX Y3KHX MeCT IpuBeaenbl B Tabuuie
5.1:

! MaTepuaJs TIaBLI OCHOBAH HA, TTyOIMKAITMIX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Spinger, 1998. chapter 3.
(ii) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 4.
(iii) M.Sh. Levin, Towards Detection of Bottlenecks in Modular Systems. Electronic preprint. 12 pp., June 1,
2013. http://arxiv.org/abs/1306.0128 [cs.Al]
(iv) M.Sh. Levin, Towards clique-based fusion of graph streams in multi-function system testing. Informatica
(Lith.), 23(3), 2012, pp. 391-404.
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I. Bazosbie moxxoasl K yupasienuio kadecrsom: (1.1.) ITapero-mmarpamma [263], (1.2.)
MHOTOKPUTEPUAJIbHBIN aHAIN3 B BUje BbleeHus [lapero 3(hheKTUBHBIX TOUEK U /MM MHOTO-
KpUTepHAJIbHOE paHKuposanue |18, 342|.

I1. Beijesienne cucreMHbIX yacreil HU3Koro kadecrsa: (2.1.) Bbije/ieHHe KPUTHYECKUX KOM-
IIOHEHTOB/Mojty.ieil, (2.2.) Bbl/eJIeHHe KPUTHIECKOH B3aMMOCBS3M MKy KOMIIOHEHTaMu (COB-
MECTHMOCTb MeXKJy KOMIIOHeHTaMHu), (2.3.) aHaau3 CTPYKTYpPbl CUCTE€MbI W BbISIBJIEHHE CUTYa-
WM, KOTJA CTPYKTYPa, CUCTEMBI JOJIXKHA ObIThH YJIydIlIeHa.

IT1. Buibop rpynmnsl CBI3aHHBIX CUCTEMHBIX KOMIIOHEHTOB KaK COCTABHOT'O CHCTEMHOTO cOOst
(nanpumep, nocpeacrsom MMMIT 334, 342, 356, 358|, nocpeacrBom uHTErpaiun nHbOpMaIyu
Ha ocHoBe Kinku [360, 378]).

IV. Boigenenne kpurnueckux o6bekToB B cersix: (4.1) BblJejeHHe KPUTHYECKUX KOMIIO-
HEHTOB B cerTsiX, (4.2) BbIsIBIEHHE CBSI3U MEXK/Iy y3/1aMH HU3KOrO KauecTBa, (4.3) BbIsIBIeHUE
CeTEeBOHl TOMOJIONMH HU3KOTO KauecTBa, HANpUMep: (&) onpejesieHue 6a30BbIX BHYTPEHHUX y3-
JIOB CeTH Ha OCHOBE 33JIa4M MOKPHIBAIOIIETO JIEPeBa, ¢ MAKCUMAJILHBIM YMCIOM BUCAYMX BEPIIHH
[49, 117, 205|, (6) onpemesnenue 6a30BbIX BHYTPEHHUX Y3JI0B CETH HA OCHOBe 3aja4u “connected
dominating sets problem” [91, 117, 205|, (4.4) onpeenenne KpUTHIECKUX OGBEKTOB B CETU HA
ocHoBe 3a1a4d “hierarchical network design problem” [69, 151, 471|.

V. IIpescka3arebHOE BhISIBJIEHUE CHCTEMHBIX Y3KuX MecT: (5.1.) mpecka3aTebHOE BBISIB-
JIEHHE CHCTEMHBIX KOMIIOHEHTOB Ha OCHOBE TIPOTHO3a UX MapaMeTpos, (5.2.) mpecKa3aTebHOe
BBISIBJIEHME KPUTHYECKUX KOMIIOHEHTOB CeTh (y3Jibl HU3KOIO KAYECTBA, CBSI3U Y3JIOB HU3KOTO
Ka4ecTBa, TONOJIOTHsSI CeTH HHU3KOro kadecrna), (5.3.) mpejckasaTesibHOe BbISIBJIEHHE T'DYIIIbI
CBSI3AHHBIX CHCTEMHBIX KOMIIOHEHTOB: MHTErpalys JaHHLIX Ha OCHOBE KJIMKHM HaJ| MOTOKAMH

rpacos [360].

Tabsmma 5.1. IToaxoapl K BbIJIEJIEHUIO CHCTEMHBIX Y3KHX MECT

PaccmarpuBaemvbie
0OBEKTHI

Bazosbie Meronpl/Monenn
BBLIEJICHNSA

ITpenckaszarenabHOE BBIAETEHNE
(mporuos/auHaMuKa)

1.CucremHbIi
KOMITIOHEHT,

cOOlf CUCTEMHOIO
KOMIIOHEHTAQ

2.B3anmocsaszu
CHUCTEMHBIX
KOMIIOHEHTOB

3.I'pymnmna cucremHbIx
KOMITOHEHTOB WJIN
cocTaBHO#1 cboii

4. Kpurudaeckue
Y3JIBI B CETSX

5.I'pymnna cBsizaHHBIX

CUCTEMHBIX
KOMIIOHEHTOB

(a) TTapero-muarpaMma,
[263]

(6) MHOrOKpUTEPUATBHBIM
aHaJIn3/ paHKUPOBAHUE
(sorting) [18, 342]

(a) Iapero-muarpamma,
[263]

(6) MHOrOKpUTEPUATBHBIM
aHa/m3,/ PAaHKUPOBAHUE
(sorting)
MHOTOKpuTepuaIBHbII
anasm3 (sorting)

[18, 362, 484, 587]

(a) mokpoIBaOIIEE TEPEBO

C MaKCUMAJIBHBIM YHUCJIOM
tepmuHaos [49, 117, 205]
(6) connected dominating
set [91, 117, 205]

(B) uepapxuIeckoe IpOEeKTH-

posamme ceru [69, 151, 471]
(r) cBsI3b y370B HU3KOTO

KadecTBa

(a) IMMII

334, 342, 356, 358]

(6) unTErpanys JAHHBIX
Ha, oCHOBe Kamkn [360, 37§]

(a) Mapero-muarpaMma, (IPOTHO3
MapaMeTPOB CUCTEMHBIX KOMIIOHEHTOB)

(6) MHOrOKpUTEPHATIHHBIN aHANN3/
pamkupoBanue (sorting) Ha ocHose
NpPOTHO34, TTAPAMETPOR

(a) Iapero-guarpaMma Ha OCHOBE IIPOTHO3
mapaMeTpoB CUCTEMHBIX KOMIIOHEHTOB

(6) MHOrOKpUTEPUATHHDIH
aHasm3,/pamkupoBanue (sorting)

HA, OCHOBE MTPOTHO33, MaPAMETPOB
MHorokpuTepuaibHblii aHaams3 (sorting)

HA, OCHOBE MTPOTHO33, MaPaMETPOB

cern [18, 362, 484, 587]

(a) TMOKpBIBAOITIEE IEPEBO C MAKCAMYMOM
TEPMUHAJIOB HA OCHOBE TIPOTHO3A

(6) connected dominating set

(ra oCHOBE TIPOTHO3A)

(B) mepapxuyeckoe NPOEKTUPOBAHUE CETH
(Ha OCHOBe MPOrHO3a)
(
(
(

) CBSI3b y3JI0B HA3KOTO KAIeCTBA

Ha, OCHOBE MPOTHO32 CEeTH)

a) IMMII na ocHOBe IPOrHO3a CUCTEMBI
[334, 342, 356, 358]

(6) mHTErpaIys JAHHBIX HA, OCHOBE KJIMKA
Jyist 10ToKOB rpados [360]
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5.2 TpaauiimoHHbIE METOAbI YIIPABJIEHUSA KadeCTBOM

MozkHO yKa3aTh 1Ba TPaJAUIMOHHBIX METO/Ia BHISBIEHUS Y3KUX MECT B PAMKAX YIPaBJIEHUs Ka-
gecrBoM: (i) meron ITapero mumarpammsbi, (ii) MHOrOKpuUTEpUAJIbHBIN aHAU3 (PAHIKUPOBAHUE).
[TepBblii MeTO SABJISETCS OCHOBHBIM B PAMKaX SINOHCKOH CHCTEMbl yHPaBJIEHHEM KadeCcTBa U
3aKJIIOYALTCS B aHAJIN3€ HAJIEKHOCTH KOMIIOHEHTOB MCCJIe/lyeMOil cucTeMbl (M 4acToTsl ¢6o-
eB/0TKa30B) [263]:

Hlaz 1. Onpenenenne HCXOTHOTO MHOYKECTBA CHCTEMHBIX KOMIIOHEHTOB/9acTeil /1 aHAIN3A.

Ilaz 2. OuennBanne HAEXKHOCTH CHCTEMHBIX KOMIIOHEHTOB (HMJIM YaCTOTHI cO0eB/0TKAa30B).

IIlaz 3. Bpibop HeHAJEKHBIX CHCTEMHBIX KOMOIIHEHTOB B KA4eCTBE y3KHX MECT Ha OCHOBE
noporoB B [lapero nuarpamme.

CxeMa MHOTOKDPUTEPHUAJBHOTO aHAIN3a OCHOBAHA HA aHAJIM3e BEKTOPA IapaMeTpOB CHCTEM-
HBIX KOMIIOHEHTOB [18, 342]:

Ilaz 1. OnpeeieHne UCXOTHOTO MHOYKECTBA CUCTEMHBIX KOMIIOHEHTOB /4acTreli /s aHAIn3a.

Hlaz 2. OnennBaHue CHCTEMHBIX KOMIIOHEHTOB OIl KDUTEPUSIM.

Illaz 3. MHOrOKpUTEpHAIBLHOE DAHXKMUPOBAHME CHCTEMHBIX KOMIIOHEHTOB (HAIPUMED, BbI-
nenenue [Tapero-3¢pHeKTUBHBIX 371EMEHTOB, HCIIOJIb30BaHWE METOA0B OPOTOB HECPABHUMOCTH,
aHaJIu3 Ha OCHOBE MeTO/Ibl (DYHKIMH TIOJIE3HOCTH ) JIjisi BBIGOpa HanboJjiee BasKHbIX KOMIIOHEHTOB
C TOYKH 3peHust o0Ieil HaIeXKHOCTH CHCTEMBI.

OTH aBa METOJa WLTIOCTPUPYIOTCA Ha IpUMEpe HaTHeTaTesd IJId Ta30-IepPeKavMBaiOIuX
arperatos [18|. /IpeBoBujHas cTpyKTypa JaHHOro ycrpoiicrBa umeer Buj (Puc. 5.2):

@ Cucrema

e

I
8.1.
e
: I S T T T T
71.72. 73, 74, 75, 76. 7.7. 7.8. 79. 7.10.7.11.
Lol
6

;6.
2. 6.3. 64. 6.5. 6.6. 6.7. 6.8. 6.9.

o1. 02. 63. o4. §5.
I

1.1. 1.2, 1.3. 1.4. 5.1. 5.2, 5.3.
Puc. 5.2. Crpykrypa uccieayemoro ycrpoiicrsa

o

1. [etanu: 1.1. BHemHW# Kopmyc, 1.2. KpBIKa Kopiyca, 1.3. BHYTpeHHHI KOPIyC ¢ 3a-
KJIQJHBIMU 3jIeMeHTaMu, 1.4. yIJIOTHEHUsI KOPILyca.

2. llogpepxxkuBatoriue OJIOKH.

3. YnioTHeHUd IeieBble MacJsSHBIE.

4. Porop.

5. ¥Y3JBl coeuHEHNs HarHeTaTeselt ¢ mpuBogoM: J.1. momymydra, 5.2. 3yd4yaras oboiima,
H.3. TOPIMOHHBIN BaJI.

6. cucrema cmasku, 6.1. maciaobak, 6.2. macjsiHbie (OUILTPHI, 6.53. OCHOBHO# MacJi0-HACOC,
6.4. myckoBoOit MacJj0o-Hacoc, 6.5. apmarypa, 6.6. Kjnamnansl, 6.7. peryjsaTop TeMieparypsl, 6.8.
MacCJIO-OXJIAJUTeNU, 0.9. BEeHTUIATOPHI JIJI MACJI0-0XJIaiuTeieil.
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7. Cucrema Mac/siHbIX yIuioTHUTENMeH: 7.1. macio-6ak, 7.2. macio-puabrp, 7.3. riaaBHbI
Hacoc, 7.4. MyCKOBOU HAcOC, 7.5 peryasaTop JaBjieHus, 7.6. ruapo-akKKyMyJasaTop, 7.7. aera3arop,
7.8. Macno0-0oTBOIUUK, 7.9. TpybonpoBond, 7.10. kmanauwl, 7.11. yIJIOTHUTE/JbHbIE PE3WHOBBIE
KOJIBIIA,

8. Ynopuble noAMUIHUKA: 8. 1. pa3MepHbIi 0JI0K JIJIsi YIIOPHOTO MOJIIKUITHUKA, 8.2, wrapper
rings, 8.3. orpaHUYUTETbHBIE KOJIbIA, 8.4. NTUCTAHIMOHHBIE KOJIbIIA.

JIist oleHMBaHUST CUCTEMHBIX KOMIIOHEHTOB HCIIOJIB3YIOTCs IECTh KpUTepreB (JIOKaJbHBIE,
cucremubie): 1. (4, gacrora oTka3oB (B mnporenTax); 2. Cy, BpeMs PEMOHTa B CJIy4ae OT-
Ka3a KoMmoHeHTa; 3. ('3, CTOMMOCTh PEMOHTa KOMIIOHEeHTa; 4. Cy, YPOBEHb BJIMSHUS OTKAa3a,
KOMIIOHEHTa Ha J[Pyrue CUCTeMHble KOMIOHeHThI, mKaja [0, 1, 2] (ner Bausnus: 0, BiusiHue cy-
mectByer: 1, cuiabHoe Biusiaue: 2); 5. Cy, MaciTab uCrnoab30Banust KOMIOHeHTa, mKaja [0, 1, 2]
(KOMIIOHEHT PUMEHSIeTCs] TOJIBKO B JAHHOM ycrpoiicrse: (), KOMIIOHEHT TPUMEHSIETCsI TaKXKe B
JIPYTUX yCTPOHCTBAaX: 1, KOMIOHEHT IIMPOKO IPHMEHSIETCs] B PA3JIMYHBIX yCTpoiicTBax: 2); 6.
Cs, YPOBEHb BJIMsSIHHsI OTKa3a KOMIIOHEHTa Ha OOIIyI0 6€30MacHOCTh cucTeMsl, mKaga [0, 1] (mer
Biusiaust: 0, BJUsSIHUE CyIIecTByeT: 1).

Tabsuna 5.2 comepKUT MHOrOKPUTEPUATHHOE OMUCAHNE UCCIIEAYEMOl CUCTEMBI (T.€., OIEHKH
KOMIIOHEHTOB 10 YKA3aHHBIM IIIECTU KPUTEPHSIM ), IPEINOIATAeTCs UCTIOIb30BAHNE CTATUCTHYE-
CKHUX JaHHBIX, 06paboTKu nHbOPMAINH, SKCIEPTHHIX CyXKaeHuit [18].

Tabnauna 5.2. OneHKr CHCTEMHBIX KOMIIOHEHTOB

Yactb O1eHKY TI0 KPUTEPHUSIM
CUCTEMBI

KOMIIOHEHT Cy |Cy |C5 | Cy | Cs | Cg
1.1 0.25(12.8/18.0] 0 0 1
1.2 0.00 {12.8|18.0] 0 0 1
1.3 0.87(12.8|18.0] 1 0 0
1.4 0.25(12.8|18.0] 0 0 1
2. 1.53164 | 55| 2 0 0
3. 030196 64| 1 0 0
4. 6.80 |12.8|18.0] 1 0 0
5.1 0.00148] 59| 1 0 0
5.2 016148 59]| 1 0 0
5.3 09413237 1 0 0
6.1 01016 12| 0O 0 0
6.2 0501612 1 0 0
6.3 5.60132]40]| 1 0 0
6.4 081(32|31] 1 0 0
6.5 035108 14] 1 1 0
6.6 035108 14]| 1 1 0
6.7 020108 14] 1 1 0
6.8 1.50|28.8(48.7| 1 1 0
6.9 07016 | 25| 1 1 0
7.1 0001612 0 0 0
7.2 0351612 1 0 0
7.3 0.00108]| 14| 1 0 0
7.4 020132 31| 1 0 0
7.5 150124 20| 1 2 0
7.6 0000819 1 0 0
7.7 150|116 (29| 0 0 0
7.8 140124120 1 0 0
7.9 070108 | 14| 0 0 0
7.10 020108 14]| 1 0 0
7.11 70.001 0.8 | 14| 2 0 0
8. 070132 | 14| 2 0 0
8.1 0203214 2 0 0
8.2 000132 | 14| 2 0 0
8.3 000132 | 14| 2 0 0
8.4 0003214 2 0 0
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Bri6pannbie Ha ocuoBe Ilapero pauarpammbl y3kue mMecra (CHCTEMHbIE KOMIIOHEHTHI) TIPe/-
crasiensl Ha Puc. 5.3 (ucnosb3oBaubl onenku 1no kpurepuio C):

(a) mopor 1 (6.8), BeIOpaHHbIE CHCTeMHBIE KOMIOHEHTHE: 4, 7.11;

(6) mopor 2 (1.5), BeIOpaHHbIE CHCTeMHBIE KOMIOHeHTH: 2, 4, 6.3, 6.8, 7.5, 7.7, 7.11.

MHorokpurepuaibHoe paH:KupoBaHue (sorting problem) HampaBeHO Ha BblJeJIeHUE Y3KUX
MeCT KakK Hambojiee BaXKHBIX CUCTEMHBIX KOMIIOHEHTOB IIPM HCIIOJIb30BAHWM BCEX KPUTEPUEB
[18, 26, 362, 484, 587|. 3mech mis paHkupoBanusi npuMenena sepcus Meroia tuna ELECTRE
[26, 362, 484]. IIpu 5TOM ucnonb30Banbl Beca Kpurepues: 1.0 (C1), 0.3 (Cy), 0.4 (C3), 0.5 (Cy),
0.2 (C5), 3.0 (Cs). Pe3yabraThl paHKUpPOBaHUs MpejCTaBjieHbl Ha Puc. 7.4:

Yposenv 1 (cucremubie y3kue mecra): 2, 4, 6.3, 6.8, 7.11.
Yposennv 2: 1.3, 5.3, 6.4, 7.5, 7.8.

Yposenn 3 1.1, 1.4, 3, 5.1, 5.2, 6.5, 6.6, 6.9, 7.4, 7.7, 8.1, 8.
Yposenv 4: npyrue KOMIOHEHTHI.

ITopor 2 ITopor 1

B Lo o =

CTTFss I eIt L

°

|

* s

LNSEE

HE OO U WNF ORI R WN =W —

k)

PRPOONNNNNNNNNNANIDAAONND DD OTOTOTE QI NI = = = =

ISQSUN N
g — T @9

Puc. 5.3. Cxema na ocuose I[lapero-aunarpammbr
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Yposensb 1 (

y3KHe MecTa) 2,4,6.3,6.8, 7.11 )

Vposers 2 ( 13,53,64,7578 )

Yposenn 3 (1.1, 1.4, 3, 5.1, 5.2, 6.5, 6.6, 6.9, 7.4, 7.7, 8, S.D
| | !

Yposens 4 C Jlpyrue cucTeMHbIe KOMITOHEHTHI )

Puc. 5.4. Pegyjibrarhl MHOTOKPUTEPUAJILHOTI'O PAHXKUPOBAHUS

5.3 ¥Y3kume mecTta npu MOP@OJIOTrTIeCKOM ITPOEKTHPOBAHUNT

B merone UMMII pesysnbrupyioniee cocraBHoe perierue (popMupyercst U3 mMpOeKTHBIX aJbTep-
natuB (DAS) mjist cucTeMHBIX KOMIIOHEHTOB ¢ yueToM KadectBa ux comecrumoctu (IC). B 6a-
3oBoii Bepcun IMMII ucnosb3yiorcest cieyonye nopsiakoBble mkasbl: (1) mopsiakoBast mkaJa
/11 Ka9eCcTBa CHCTeMHBIX KOMOTHEeHTOB (mpuoputeTsi) (¢ = 1,1; 1 COOTBETCTBYeT HATydIIeMy
YPOBHIO KauecTBa); (2) mkaja KadecTBa CUCTEMBI ¢ yY€TOM IOPSIKOBBIX OIEHOK KOMIIOHEHTOB
¥ TIOPSIJIKOBBIX OIIEHOK COBMECTMMOCTH KOMIOHEHTOB (w = 0, V; I/ COOTBETCTBYET HAWJIYYIIEMY
YPOBHIO).

Juist cucrembl U3 m dacTeil UCKpeTHOe “HpoCTPaHCTBO” (YaCTUYHBIN MOPSIIOK, PEleTKa)
KadecTBa cucTeMbl Ha ocHOBe BekTopa: N(S) = (w(S);n(S)), tme w w(S) - MuruMyM map-
HOI coBMecTUMOCTH Mexk1y DAS, COOTBETCTBYIONUMH DPA3IUYHBIM CHCTEMHBIM KOMIIOHEHTaM,
n(S) = (N1, .y Wy ooy M)y THE 17y - umcao DAs yposusi kawectsa r B S (XF_,n, = m).
OnTuMu3anuonHas 3aja4a MPOEKTUPOBAHUS UMEeT BU/I:

maz N(S), maz w(S), w(S)>0.

JInst paccMaTpuBaeMoro MpoeKTHOrO MeTo/a YucjeHHblit mpumep (Puc. 5.5) uiiocTpupyer Bbi-
JieJIeHUe CUCTEeMHBIX y3KuxX MecT. Imeercs derbipex-koMroHeHTHast cucrema S = X xY x Z x H.
[TpoekTHbIe ajbTepHATHBBI JJIsi CUCTEMHBIX KOMIIOHEHTOB IpejcraBienbl Ha Puc. 5.5 (mopsii-
KOBBIE OIIEHKY KadecTBa DAS B BUe IPHOPUTETOB YKAa3aHbI B KPYIVIBIX CKOOKaX, UCIOJIb30BAHA
mkana [1,3], 1 coorBercTByeT Hamiydiiemy KadecTBYy). Tabmuna 5.3 COTEPKHUT MOPSIKOBBIE
onerku comectumoctu (IC) mexay DAs (mkana [0, 3], 3 coorBercTByeT HamydInel coBMe-
CTUMOCTH).

Ha Puc. 5.6a npeacraniiena 1mkaJia KauecTBa CUCTEMBI TI0 KOMIIOHeHTaM, Ha Puc. 5.60 mpe-
CTaBJIEHa WHTEIrPUPOBaHHad MIKaJla Ha OCHOBE YaCTUYHOI'O NOpdAaKa C y4€TOM COBMECTUMOCTHU
CHCTEMHBIX KOMIIOHEHTOB (KaxKIplil “TpeyroibHUK” COOTBETCTBYeT mikaje Ha Puc. 5.6a). Pac-
cmarpuBaiorcst 1Ba [lapero-addexkTuubix cucremubix pemenusi: (i) S; = Xy + Yo x Zy x Hy,
N(Sy) = (1;2,1,1); (ii) Se = Xox Yo x Zo % Hy. N(Ss) = (2;0,1,3).

Tabsmma 5.3. COBMECTUMOCTD
S=X*xYxZ+xH

51 Xy *Ya % Zox Hy(1;2,1,1) N ‘YQ‘Zl‘ZQ‘Hl‘m
XQ*E*ZQ*HQM,L?, X113 222

1

H X210 3 1

Y; 1

Y2(2) Zl é

PI/IC. 5.5. CI/ICTeMa u3 qumpeX KOMITOHEHTOB %

[\l (O V)
W W

W WM N W

B kadecTBe CHCTEMHBIX ¥Y3KHUX MECT PaCCMATPUBAIOTCA CUCTEMHbIE KOMIIOHEHTDI (DA) nJjan
COBMECTUMOCTH MEXKIY Hapoﬁ DAs. MoXHO HCIIOJB30BATh TaKHEe CXEMBI BBIJICJICHUA Y3KHUX
MECT:
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Czrema 1. MHOrOKpuTEpHAIbHOE PAHKUPOBAHUE CUCTEMHBIX KOMIOHEHTOB (DAs).

Cxema 2. MHOTOKpUTEpHUATBLHOE PAHKUPOBAHUE CBA3€H MEXKIYy KOMIIOHEHTAMM.

Cxema 3. CoBMeCTHOE MHOTOKpUTepHaIbHOEe paHkupoBanue DAs u cBs3eit MeXIy HUMH.

Czema /. BrisiBlieHre CBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (T.€., KAK COCTABHbIE CHCTEMHbIE
OTKAa3bl): HHTEIPUPOBAHKE JAHHBIX HA OCHOBE KJIMKH.

W neannuas
TOYKa

€2,0,2>5k1,2,1>0,4,0>) e

‘/// ‘ "
€1,1,2>0,3,1>)
>~ .
€1,0,3>E0,2,2>) N(S)
‘///
(s

| N(S)]

Hawnxymmas w =2
rowa

w=1
(a) mKasia 9ACTUYHOTO TOPSIKA, (6) mKasa YACTUYHOrO TOPSIKA, TIO
10 seMerTaM n(.S) sseMeHTaM u 1o coBmectumocta N (S)

Puc. 5.6. [TIkana kadecTBa cucTeMbl S: YACTUYHBINA MOPSIIOK

w=3

Ha Puc. 5.7 npeacrasieno cucremHoe pemenne S; = X x Yo * Zo « H  (BKJIIOUasi OEHKH
DAS u onenkn ux COBMGCTI/IMOCTI/I).

Puc. 5.7. Konnenrpuueckoe npejacraBienne Sp

B Tabsnue 5.4 mpejcraBieHbl IMECTh y3KUX MecT (110 KOMIIOHEHTaM, 110 COBMECTHMOCTH
KOMIOHEHTOB). OUYeBUIHO, KaxKI0€ Y3KOe MECTO MOXKET ObITh OIEHEHO 110 KDUTEPUSIM B CJIydae
aHaJIN3a UX YJIydlieHus (HAmpumep, BO3MOXKHAs MOJIE3HOCTb JIIi Ka4eCTBAa CHUCTEMbI, CTOU-
MOCTb OTepaluu y/aydiienus ). /lajee BO3MOXKHO HCHOJIb30BAHME MHOTOKPUTEPHAJBLHOTO DaH-
JKUPOBaHMsl y3KUX MeCT (TOYHee onepanyii uX yJydilleHWs) Ha OCHOBE OIEHOK 110 KPUTEPHSIM
JUtst BBIOOpa HanboJiee NePCHeKTHBHOIO (€ TOUKY 3PEHUs] YJIyYIIeHnsI) y3KOro MecTa (Min y3KuX
MecT).
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Tabmuna 5.4. Y3kue Mecra, yaydmieHus Jas Sy

Cocrasuste DAs V3kue mecra %I;etgilllélggﬂ
DA IC w/t
1. 51 =X1 %Yo x Zox Hy Y1 21
2-51:X1*Y'2*Z2*H1 Z2 21
3-51:X1*Y'2*Z2*H1 (Xl,ng) 223
4.51:X1*Y2*Z2*H1 (Xl,ZQ) 2=3
5. 51 =X1xYox Zyx Hy (X1, Hy) 1=3
G'SlzXl*Yé*ZQ*Hl (YQ,Hl) 223

BbIﬂeﬂeHHe CHUCTEMHBIX Y3KHUX MECT KaK I'DYIIIIbl B3aUMOCBA3aHHBIX Y3KUX MECT MO2KHO pacC-
CMaTpUBATh KaK BbIABJIEHUE MHOXKECTBa CUCTEMHBIX KOMIIOHEHTOB HU3KOI'O Ka4deCTBa, KOTOPbhIE
CBSI3aHBI MeXKJly €O0O0¥ Ha BBHICOKOM YPOBHE COBMECTUMOCTH. Takas CHTyaldsi COOTBETCTBYET
HOBOMY THUILy COCTABHBIX OTKa30B, KOTOpble ObLI mpejyioxken B [360, 378|. 3aech HEKOTOpBIE
“cnabeie” (T.e., He OUEHb ONMACHBIE) CUCTEMHbIE OTKA3bl SBJSIOTCS “OUeHb CHJIbHO” CBA3AHHBI-
MM U 3TO MOZKET IIPUBECTU K OYE€Hb CEPLEZHBIM COCTaBHBIM CUCTEMHBLIM OTKa3aM. HpI/IBe,ZLeHHOG
OIIMCaHUuE MOXKeET 6I)ITb npeacTaB/IeHO KaK JBYX-KPpHUTE€PpHAJIbHAasdA OIITHUMHU3AIlMOHHad 3aJa4dal

min n(B), max w(B); B - 3T0 moxperienue Jjisi CACTEMHOTO pelieHus S.

Ha Puc. 5.8 npezacrasiieno cocrasuoe pemenne Sy = Xo x Yo« Zy x Hy, N(S3) = (20,1, 3)
(u3 mpumepa na Puc. 5.5). I 9T0ro 4eThpex-KOMIOHEHTHOIO PEIIEHAs] MOXKHO MOXKHO Pac-
CMOTpPETh TPU TPEX-KOMIOHEHTHBIX HOJCHCTEMBI (IIOpereHns):

By = Xo% Yak Zo, N(B1) = (2;0,1,2);

By = Xo% Zo % Hy, N(Bs) = (2;0,0,3);

By = Xo% Ysx Hay N(Bs) = (2;0,2,1);

By = Yok Zox Hyy, N(By) = (3:0,2,1).

Puc. 5.8. Konnenrpuueckoe mpejacraBieHue So

Hpe Iapero-addexTuBubix nmopcucrembl (Kak cOCTaBHBIX y3Kux Mect) umeror Buj (Puc.

5.9): Byu By.
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< 3,0,0 >
|
<2,1,0>

|—

<2,0,1> <1,2,0>

<1,1,1> <0,3,0>
<1,02> <0,2,1> N(B
auJTy dIast

<0,1,2 > 4—71(32) (B2) TOYKA

| g, w=3

w =
<0,0,3> «——n(By) .
(a) mkana 9aCTUYHOrO IOPSIAKA (6) mKana 9aCTUIHOrO MOPSIAKA IO

1o ssemenTaM n(B) syeMeHTaMu U 1o coBmectumoctu N (B)

Fig. 5.9. [llkana 9acTUYHOTO MOpSIKA JJIs MOJACUCTEMbI B

5.4 Kpurudeckue 3JieMeHThl B MHOTOYPOBHEBBIX CTPYKTY-
pax

C obuieii TOYKM 3peHusi, HPEJCTAB/ISETCS BaxKHBIM KCC/IEJ0BAHUE MHOI'OYDOBHEBBIX CTDYK-
typ/cereit (Puc. 5.10) [363].

CyBJIbI yPOBHS L’ = {1 .,m}}) Bepxunit

YPOBEHb
/ é / l/ N

BSI3U JJIs1 Y3JI0B
COCEJIHUX YPOBHE#

y3m>1 ypOBHH L’ = {1 m) IIpomexy-

AN /7N

yPOBEHb
CyB.HbI ypoeus L; = {1, ..., ng Huoxamii
o o o o e o YPOBEHDb

Puc. 5.10. MuOrOYpOBHEBBIE CTPYKTYPHI

B paMKaX JaHHOT'O HallpaBJIEHUAd MOXKHO BBIJACJIHUTL CJICAYIOIIHWE THUIIBI 3aJa4 BbIICJICHUE
CUCTEMHBIX Y3KHUX MECT:

Tun I: pist ypoBHSI CTPYKTYPBI/CeTH:

(i) BBImEIEHNE KPUTHYECKUX Y3JIOB B CeTsX (HANPUMEp, 3aaYa MOKPHIBAIOIIETO Jepena C
MaKCUMU3aIuel Ync/ia BUCAYUX BepIIuH, 3a1a4a connected dominating sets),

(ii) BBIZE/IEHTE TPYIINBI KPUTHYECKUX Y3JI0B CETH,

(iii) BBIEJIEHTE TPYIIIBI B3AUMOCBSI3aHHBIX KPDUTHYECKUX Y3JI0B CETH,

(iv) BBISIBJIEHHE TOIIOJIOTUH CETH HU3KOIO KA4eCTBa.

Tun II: st coceHuX ypPOBHE(: BbljleieHNe KDUTHYECKUX CBA3€H MEXK/y y3JIaMU COCEIHUX
YPOBHei.

Tun III: njisi MHOTMX YPOBHEli: BbIJIeJIeHNe HEMPaBUILHOTO (MJIM HU3KOIO KauecTBa) pac-
IPEJIeJIEHUsT Y3JI0B TI0 YPOBHIM CTPYKTYPbI/CETH.
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PaccmorpuMm HekoTOpbie yKa3zaHHbIE 33/1a4¥ JIjisd YPOBHSI CTPYKTYPHI.

Bo-nepBbix, BbljeIeHHe KDUTHIECKUX y3JI0B (MJIM y371a) HA YPOBHE CTPYKTYDBI/CETH MOZXKeT
OBITH OCHOBAHO HA METOJAaX, KOTOPble ObLIN MPEeJCTABIEHBI B HPEABIIYIINAX CEKIUIX (HANPH-
Mep, Meror [lapeTo-guarpaMMbl, MHOTOKPUTEPHAJIBHBI apHAIN3/pAaHKUPOBAHUE, BbIIEJIEHIE
CBSI3aHHBIX Y3JIOB B BHJIE MHTEIPAIMH JAHHBIX HA OCHOBE KJIHKH). BO-BTOPBIX, MOIyT GBITH HC-
[0JIb30BaHbI TPH M3BECTHBIE 3314l KOMOMHATOPHO! onTuMm3amnuu. Puc. 5.11 mmmoctpupyer
91U 3a4a4u: (a) 3adana NOKPuIMUA ¢ MaKCUMU3ayUuel wucaa sucawur eepuuk , (6) 3adaua no-
KPOIMUA ¢ MUHUMUSAUUET YUCAA BHYMPEHHUT 6ePWUH , (B) 3a0a4a NOCMPOEHUS UEAPTULECKOT
(dsyz-yposresoti) cemu . [Ipu STOM 3/1EMEHTHI MHOYKECTBA BHYTPEHHUX Y3JI0B CTPYKTYDHI/ceTn
MOXKET PACCMATPUBATHCS KaK KPUTUYECKHe y3Jbl (HANPUMED, Jyisl YJIydIIeHus], JJisi TeCTHPO-
BaHWsl) WM KaK y3KHE MeCTa.

= TepmunasbHbBIE
Ucxonuast . (BuCsTUNME)
CeTh NENIST

—

Puc. 5.11. Max Bucsianx y3y08 (nau Min BHYTPEHHHX y3JI0B)

Bagada “maximum leaf spanning tree” dbopmymnupyercsa Tak |49, 117, 205|):

Hatimu noxpuearowee depeso 0as ucxrodHoz0 2paga, 6 KOMOPOM HUCAO BUCAMUL GEPUIUH
depesa ABAAEMCA MAKCUMGNLHBLM

B o6mem cirydae MOKPBIBAIOIIEE JIEPEBO COMEPIKHUT CJIJYIOINe THIB BepIUH: (&) KOPEHb;
(6) BHYTpEHHUE y3JIbl, BHYTPEHHUE Y3JIbl MOI'YT PACCMATPUBAThLCS KaK BUPTyajibHas muHa “bus”
B CETEBBIX TEXHOJIOTUSIX; (B) BUCs4YHMe (TepMHUHA/IbHBIE) y3ibl. Takum 00pa3oM 3aja4a 3aKJIIO-
4aeTcss B MAKCHMM3AIUN YUC/IA BUCSIUX Y3JI0B MJIM MAKMMHU3AIUK YUC/Ia BHYTDEHHBIX Y3JI0B.
Dra 3a1a4a sBasercs NP-tpyauoit [205].

C TOYKH 3peHus IOCTPOEHUS TOYHBIX AJTOPUTMOB, TaHHAS 33/1a4a ABJISeTCS SKBHBAJIEHTHON
3a/aue nocTpoenusi Tognoro “‘connected dominating set” (NP-tpynmas) [91, 117, 205]:

Hatimu munumanvroe muoscecmeo eepwur D C A das ucrodnozo epaga G = (A, E)
mak, wmobwv. coomeememeyrowut D nodepagp G' = (D, E') (E' C E) AGAAACA CBAZAGHHBILM
QOMUHUPYIOWUM MHOHCECMBOM U D Asaasca domunupyrousum muoscecmeom oaa G.

BazoBasi 3a/1aua IPOEKTUPOBAHUSI MEPAPXUIECKOTO JBYX-YPBOHEBOI cern mmeer Buj [69,
151, 471]:

Hatimu 06yx-yposHesyio nokpueaiowyio cems MUHUMAALHOT CIOUMOCTNG, COCTOAULYIO U3
deyx wacmet: (i) ocnosnotli (6nympennud) nymov (uau weckoavko nymeti, depeso, Koavuyo), (ii)
6MOPUHBLE DEPEBLA.

Takum obpasom, ucxojHasi ceTb Pa3dUBAETCs HA JIBE YaCTH:

(a) ocHOBHAS 9acTh (T.€., 9aCTh BEPXHErO HEPAPXUIECKOTO YPOBHSI): HEKHil My Th (MM HECKOJIb-
KO TIyTeil, epeBO, KOJIBIO), COCTABIEHHOE U3 TIEPBUYHBIX YT CETH, KOTOPBIE CBS3aHbI ¢ HA00POM
y3710B ceTH (T.e., IEPBUYHBIME Y3JIaMHU CETH);

(6) BropuuHast yacTh (T.e., BTOPUYHBIE Y3JIbl, BTODHYHBIE JEPEBbsI): 3Ta YaCTh BKJIOUYAET
OJIHO WJIM HECKOJIbKO JIEPEBheB, YbM JyI'M (BTOPHYHBIE JyT'H) SIBJSIOTCS MEHee JOPOIMMU JIJIsI
HCIIOJIb30BAHNS, Y€M MEPBUYHBIE JTYTH.
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IIpu srom kaxkgas ayru umeer croumocts (d;;, Vi,j € A, A - mEOKecTBO y3710B). Obmas
CTOMMOCTH BBIOPAHHBIX YT B HOKPBIBAOIIEH CTPYKTypPe UCHOJIB3YeTCs KAaK MUHUMH3UDPyeMasi
neneBas (GyHKIud. ITa 3amada (HOpMyaupyeTcsd KakK 3a7ada KOMOWHATOPHOW ONTHUMU3AIUU
[151]) u aBasiercs NP-tpynmoit [69).

OueBuHO, YTO MOMOOHBIE 33,1291 MOTYT UCIIOJIB30BATHCS JIJIsl BbII€IEHAN KDUTUIECKUX JIYT
B CeTsX.

B ynomsinyThIX Bbime 3ajadax muna Il u muna I1I, pemenue 3ak/aiodaercs B Ha3HAYEHUH
9JIeMeHTOB Ha “nosunuu”’ (T.e., 33724l O HA3HAYAHUM WU pa3Mernenun). [Ipu 3T0M, MOryT mo-
TpeOOBATHCS HOBbIE BADUAHTHI IIOCTAHOBKY KOMOWHATOPHBIX 33124 /15 BHISIBJICHUS HA3HAUECHUS
HU3KOT'0 KAYeCTBA B CYIIECTBYIOIUX CETEBbIX pereHusx. OTMeTnM, 94TO UCIOIb30BAHNE METO/IA,
VNMMII st “pacummpennoit” 3aja4u 0 Ha3HAYEHUSIX ObLIO Ipe/IoxKeHo B [334, 347 (riasa 11).

Cremyer orMeTuTbh, YTO BBIJEJIEHHE CETEBON TOMOJOIMU HU3KOrO KavdecTBa Tpedyer crie-
IUATBHBIX JIONOJTHATETLHBIX UCC/enoBanuii. M3BecTHas 3ama4a “augmentation problem” [180]
MOXKET PACCMATPUBATHCI KaK BAPUAHT TAKOTO HMCCJIETOBAHUS.

5.5 lIpejackazaTejbHOE BbLJIE€JIEHUE CUCTEMHBIX Y3KIUX MECT

[pencka3arebHOE BBIJIEIEHUE CHCTEMHBIX Y3KMX MECT MOXKET ObITh paccmorpeno Tak: (Puc.
5.12):

Ilaz 1. ViccieioBanye CyMeCTBYIOMUX U3MEHEHHWH 1 /ujin Oy Iy IuX W3MEeHEeHUH CUCTeMHBIX
apaMeTpPOB U /UJIH CTPYKTYPbI CUCTEMBI.

Ilaz 2. Ananus 5BOMIONME CUCTEMBI (T.e., COOTBETCTBYIOIIEH CUCTEMHON TPAEKTOPUH, TPa-
eKTOPUil CHCTEMHBIX APAMETPOB).

Illaz 3. IlporHo3upoBaHue CUCTEMHBIX MMAPAMETPOB JIJIsT TOCTPOEHUs TPOTHO3a CUCTEMBI.

Illaz 4. Beinenenue CUCTEMHBIX Y3KHX MECT Ha OCHOBE IIPOTHO3HBIX 3HAYEHMI CHCTEMHBIX
napaMeTpoB (T.e., IPOTHO3 CHCTEMBI, TPOTHO3 CHCTEMHBIX apaMeTpPOB).

IIporuosupo- ®opmMupoBaHUE
BAHIE IIPOrHO3a

CUCTEMHBIX

Y3KUX MECT

DBOIIOLUS CUCTEMbI

| | | | t
t=1 t=m7 t=rTg t=1y
Puc. 5.12. IIpencka3aresibHOE BbIJEIEHUE Y3KHX MECT

I 0

B kauecrBe ucciieyeMbix 0ObEKTOB (C TOYKM 3DEHUs] CHCTEMHBIX Y3KHX MECT) MOIYT Pac-
CManI/IBaTbCﬂl CUCTEMHBIE KOMHOHeHTbI, I‘pyHHbI CBA3aHHBIX CUCTEMHBIX KOMHOHeHTOB, CprK—
Typa CHUCTEMBI.

,ZLHH CETEBLIX CUCTEM YKa3aHHbIC 3a/a4U IIPEACKa3aTEe/JIbHOI'O BbIACJICHUA Y3KUX MECT IIPpeI-
CTaBJIAIOTCA OoJiee CJI0XKHBIMU.

5.5.1 IlIpencka3aTejbHOE BbIJAEJEHINE KOMIIOHEHTOB

st mpejicka3aTe/ibHOrO BbIJIEJIEHUS] CUCTEMHBIX Y3KHX MECT KaK CHCTE€MHBIX KOMIIOHEHTOB
MOXKHO HCIIOJIb30BaTh aHaJoru4nbie meroapl (r.e., Ilapero-gumapammy, MHONOKpUTEPHAILHOE
pankupoBauue). [Ipu 5TOM MPOTHO3BI CHCTEMHBIX MAPAMETPOB SIBJSIIOTCH MCXOIHBIMA JTaHHBI-
mu. B pacemarpuBaemom npumepe (Puc. 5.2, Tabauna 5.2, Puc. 5.3, Puc. 5.4), mporao3 nanubx
n3 Tabyuune! 5.2 101KeH UCIOJIb30BATHC.
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5.5.2 IlIpencka3aTejibHOE BbIJAEJEHNE CBA3AHHBIX KOMIIOHEHTOB

[Ipecka3aTesibHOE BBIIEIEHAE Y3KUX MECT IIPH HEPAPXAIECKOM MOPMOIOrHIECKOM IIPOEKTHPO-
BAHUU MOXKET PACCMATPUBATHCS KaK M B IIPEIBIAYINEH CeKIuu (T.€., AaHATIU3 IBOJIOIUA CHCTEMBI,
BBIYKCJIEHHE [POIHO3a CHCTEMBI, BBIJEJIEHHE Y3KUX MECT IOCPEJCTBOM YKA3aHHBIX METOJIOB).
YIpOIEHHbIH TPUMED UJIIIOCTPUPYET BbIIEJIEHHE COCTABHBIX Y3KUX MECT (KaK HOJICUCTEM) JIJIsI
YeThIPeX-KOMIIOHeHTHOM cucreMbl S = X xY xZ % H ¢ Puc. 5.5. Ha Puc. 5.13 npeacrasiien guc-
JIEHHBIH TIPUMeED 7151 SBOJTIONUA ¥ TIPOTHO3a perennst Sy = Xox Yok ZoxHy (N(S3) = 2;0,1,3).
Vcnmonp3yercs caeayoomas BpeMeHHast 0Ch: 0a30Bas BpeMeHHasl TOYKa, t = Ty, CAeAyIomast Bpe-
MeHHas TOUKa (9BOJIONHUS) ¢ = T;, IPOTHO3HAS BpEMEHHAs TOYKA t = Ty (T.e., t = 7).

IIporuosu- .
poBaHMe Sy’

(a) t =10 06)t=mn (B) t = 74 (mporHo3)
Puc. 5.13. 9Bomtonus permenust Sy ¥ MPOrHO3

OrmernM, st 6230BO¥ BpeMeHHOM TOUKHM (7)), MOJIYIEHbI JBE TOICUCTeMbI (KaK COCTABHbIE
y3kue mecra) (Puc. 5.9): By = Xy * Zy x Hyy N(Bs) = (2;0,0,3); By = Y % Zy x Ho,
N(By) = (3;0,2,1). Jusi caenyromeir BpeMeHHOW TOYKHU, TOJACHCTEMbI M UX OIEHKH HMMEIOT
sug: (i) t = 72 N(BT') = (3;0,1,2), N(B3') = (2;0,1,2), N(B3*) = (2;0,2,1), N(B}') =
(2;0,2,1); (ii) t = 74(m2): N(B*) = (3;0,0,3), N(B3*) = (3;1,1,1), N(B3*) = (2;1,0,2),
N(B;?) = (2;1,1,1). B pesyabrare, caeayoInue MOACACTEMBI TOJIYIEHB KaK COCTABHBIE Y3KHe
MeCTa:

(a) t = n (Fig. 5.14a): BT = Xo x Yo x Zo, N(B[*) = (3;0,1,2);

(6) t = 74(r2) (Fig. 5.146): BJ = Xy # Yy x Zy, N(BP) = (3;0,0,3).

Taxum 00pa3oM, IPOTHO3HOE y3KOe MecTo mMeeT Buia: B2 = Xy * Y5 x Z5. Ha Puc. 5.15
IPEeJICTaBIeHA TPAEKTOPHS COCTABHOTO Y3KOIO MECTa.

NiBTY) N(BT?)
Hawny4rmas Hawnygmas
TOYKA, TOYKA,
w=1 w=1
(a)t=m (6) t = 74(12) (mporuos)

Puc. 5.14. [IIkana 4aCTUYHOIO IMOPAAKA JIjis IIOJCUCTEMEI B

By
By
| | | t

t= T0 t= T1 t= T2
Puc. 5.15. TpaekTopus y3K0ro mecra

| 0
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5.6 IHTerpamms OJaHHBIX HA OCHOBE KJIMKW HA/Jl IMIOTOKAMU
rpacdoB

5.6.1 IIpenBapuTte/ibHOE OMMUCAHUE

CHauaJia pacCMOTPHUM YIPOIIEHHBIH TPUMEP MOJIYJbHONW CHCTEMBI, COCTOSINEH U3 CJIe Iy IOIIX
KOMIIOHEHTOB: 0a30Boe 00Opy/I0BaHHME Si, HOJICACTEMA YIPABJEHUS So, MOJACHCTEMa Oe3omac-
HOCTH S3, TIEPCOHAJ JjIsi OOC/TyKUBaHUs 0OOPYI0BaHMS MPHU ITPOU3BOJCTBEHHOM IIPOIECCE Sy,
HepCOHAJ JIJIsi TEXHUYECKOrO O0CJYyKUBAHUS ¥ TECTHPOBAHUS S5, MEPOCHAJ JJIs YAAJEHHOTO
ymnpasienus sg. Viccaeayiores tpu dbyukmuu cucrems! (Puc. 5.16): mpousBoncTBennas dbyHKIus
f1:{s1, 2, 83, 84}, DYHKIMST TEXHUIECKOTO OOC/TYyKUBAHUS U TECTUPOBaHUS fo : {S1, S, S3, S5},
dbyukus ynanensoro ynpasienusi f3 : {s1,S2,8¢}. B ciydae 1mioxoit KOOpIMHAIMK MEXK Ly
yKa3aHHBIMH (DYHKIMSIMU CUCTEMBI (T.e., UX peajn3alyeii) MOKeT BOSHUKHYTh CJIeyOIasi Cr-
ryarust: (i) 6a30Boe 06OpyOBaHKUEe S; BHINLIO U3 CTpost (He paboraer) (mepcoHas 00CITYKUBA-
HUsl 00OPY/IOBaHUsS S4, T.€., TOCpeacTBoM dbyukmuu f1); (ii) momcucrema 6e30MaCHOCTH S3 HE
paboraer (jeiicTBHS MEPCOHANA 0 TEXHUIECKOMY OOC/IyKUBAHUIO U TECTUPOBAHUIO S5, T.€., MO~
cpeacrBoM dyHKImH fo); (iii) mogcucremMa yrpasienust So HAXOAUTCS B HEMCIIPABHOM COCTOSTHUH
(HempaBUJIbHbIE JEHCTBYS IEPCOHAJA ISl YAAJIEHHOIO YIPABJIEHUS Sg, T.€., HOCPEICTBOM (DYHK-
uuu f3). Ha Puc. 5.16 u3o6pazkena ykazaHHasi curyainus (OPsiIKOBbIE OLEHKH BepIinH rpada
NpPeCTaBIeHa B KPYKKaX; IPH ITOM HCHOIB3YIOTCS CIEAYIONUe OIEHKHU JJis BEPIIHH /y3/I0B:
1 - cocTostHue HemcIpaBHOCTH, 2 - cocrosHue dacTudHoil ucnpasHoctu ('OK’), 3 - cocrosnue
nosinoit ucnpasuocru ('OK’)).

OyHKIUS
[IPOU3BO/I-
crBa fi

OyHKIUS

'. Tex00CIyKUBaHUS fo
51
S5

Oyuknust 51
Y/IaJIEHHOTO
yupasJyieHust f3

Puc. 5.16. Yupouienubiit mpumep

B pesysibrare KOMOMHAIUSI CBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (KakK KJMKa) {1, So, S3}
MO2KET IMMPUBECTHU K KOM6I/IHI/IpOBaHHOMy CUCTEMHOMY OTKa3y.
OuuceiBaemblit nojuxo, 6a3upyercst Ha ypoBreBoii cxeme (Puc. 5.17, [378]).

Hernoukn Haz knacrepamu MYHKIUN CUCTEMBI
(xak cuemapmit) L', L" ...

! ! !

‘ Knacrepsr dyukumit cucrempr  {Fi, ..., Fy., .., F.} ‘

! ! !

‘ Dynxuun cucremsr  { f1, ..., fe, .., fr} ‘

! ! !

‘ Kowmnonentst cucrembr 2 = {s1, ..., $i, ..., Sn} ‘

Puc. 5.17. YpoBHEBOe TeCTUPOBaHUE CUCTEMBI

CxeMa TECTUPOBaHUA CUCTEMBI BKJ/IIOYaeT CJICAYIOIIUuE CTaJINu:
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Cmadus 1. TecrupoBaHue KOMIIOHEHTOB cucTeMbl (Hanpumep, [282]).

Cmadus 2. Ananus cucremMubix (DyHKIUH, UX B3aUMOCBsi3eil, MOCTPOEHNE KJIacTepPOB (hyHK-
it (T.e., GYHKIUHU, KOTOPBIE BBITIOTHSIIOTCS COBMECTHO, OJTHOBpeMeHHO) [378|.

Cmadus 3. TlocTpoeHne MHTErpUPOBAHHOTO TI'pada HaJ[ CUCTEMHBIMHM KOMIIOHEHTAMH IS
KazKJI0ro KJjacrepa (pyHKIHii.

Cmadus 4. BoisiBiienne kiauku (Wi KBa3u-KJIUKU) B MHTErpupoBaHHOM rpade [454, 464].

VYIpolneHHas cxeMa, MpOIecca TeCTUPOBaHUs NpuBeneHa Ha Puc. 5.18 (uHTErpHMpOBaHHbIH
rpad coorBercTByer Kiacrepy byukmmit ' = {f1,..., fe, ..., fn}). 3amaua BbIsBIEHUS KIUKH
B MHTEIPUPOBAHHOM rpade paccMaTpuBaercss Kak 3ajada wHTerpupoBanust JaHHbIX (fusion)
WJIM BBISIBJIEHUSI CTPYKTYPHI (structure mining) [135, 261]. Takum o6pa3om, cxema ocHOBaHA HA
BbIsiBJIEHHH MexKTpadoBbix KK (cross-graphs cliques) wiam kBasu-kuuk [205, 270, 378, 454,

464).

HCTEMHA,
ngKuHﬂ T Ipad ¢
Cucremnast - - - - - - Cucremnas
by fi bynkrmsa [
WNarerpu-

I'pad 1 ) = | pomammpmi | <—(I'pad A

Brinenennas
KJmKa, ()

Puc. 5.18. BoigaBienue Kiuku

Paccmorpum ciepyromme 6a3obie MHOXKecTBa [378]. Tlyers Q = {s1,...,8;, ..., S5} Oyaer
MHOKECTBO TIOJCUCTEM WJIM OCHOBHBIX CHCTEMHBIX KOMIIOHEHTOB. [IyCcTh MMeeTcsi MHOYKECTBO
cucremublx dyukmuit [ = {fi, ..., fe, ..., fn}. dug xaxnoit cucremuoit dpysxkuuu fe mmeercs
ciaenyiomee: (i) IOIMHOXKECTBO CHCTEMHBIX KOMIOHEHTOB, $)(f¢) C (2, KOTOpbBIE HCIOJB3Y-
I0TCSl JAHHOHN cucreMHON (dbynkimeir fe; (ii) Hexmit rpad )OOBIYHO MOJHBIH HAJ SJI€MEHTAME
mnoxecrsa Q(fe): G(fe) = (Qfe), E(fe))-

TaxKke MMeeTCss MHOXKECTBO KjacTepoB cucremublx dyukumit [ = {Fy, ..., F, ..., F,}, e
F, C f; xnacrep kaxuoii cucremuoit dynkuuu F, (r = 1,p) npeacrasiaser coboil mogamuo-
»KECTBO MHOXKECTBA CUCTEMHBIX (YHKIUI [F ¥ 1jisi KaxKI0T0 KJIacTepa CHCTEMHBIX (hyHKImi
ero JIeMeHThl (M COOTBETCTBYIONME (DYHKIUY) BBHIIOJHSAIOTCS B OJUH U TOT K€ MOMEHT BpE-
MeHd. JI1s KaXKI0ro KjaacTepa CUCTeMHBIX (hyHKIWi F). MOXKHO MOCTPOUTH COOTBETCTBY IOIIUIA
unrerpuposannbiii rpad: G(F.) = G(QUF,), E(F,)) = Uf,er G(f;), tne Q(F.) = Uy, er Q(f;)
u E(F,) = Uger E(f;).

JIist KasK 0 MOJICUCTEMBI S; TPUMEHSIETCS TPOIeypa TeCTUPOBAHUS (T€CTUPOBAHUE KOM-
IIOHEHTA) W TaKasl MPOIE/ypa MO3BOJISIET TOJIYyYUTh MOPSAKOBBIH pe3yibTaT (ONEHKY), B 4aCTHO-
cru, o mkaje: [1,2,3,4] (1 - KOMIOHEHT He MCTpaBeH, 2 - CYIIEeCTBEHHBIH 0TKA3 KOMIOHEHTA,
3 - HE3HAYUTEJbHbI OTKAa3 KOMIOHEHTa, 4 - T0JHasi paboTOCIIOCOGHOCTh KOMIIOHEHTA). YKa-
3aHHAs OPSIJIKOBAsT OIEHKA COOTBETCTBYET COCTOSIHUIO KOMIIOHEHTA (MOYKHO MCIIOJIb30BATh JIJIsI
obo3HaveHus 1BeT). B pesysibrare mosyudaercs rpad ¢ MOpPsSIKOBHIMU ONEHKAMHU (BeCaMu) Bep-
muH (MM PACKPAIIEHHBIMEU BepImuHAMK). Takum 00pa3oM, JJisi KaxKI0ro Kiaacrepa dbyHKiuii
F, MOXHO HCC/Ie/IOBATh COOTBETCTBYIOTIHH HHTErpHPOBaHHBI rpad (C MOPSIKOBHIME BecaMu
sepmnn): G(F,) = G(S(F,), E(F,)).

Pesysibrarsl TecTUpOBaHUsST KOMIIOHEHTA MOTYT ObITh PA3JIMYHbI JJIsl PA3JIMYHBIX CUCTEMHBIX
dbyukumii. B 3T0M ciiydae B KauecTBe HTOTOBOI ONEHKW KOMIIOHEHTa HA3HAYAETCS HAUXY/IIIAs.

[Tycts @, Gyaer kiuka Haj BepImHaMu h (HampuMep, (4, 37€Ch ONEHKA KarK0il BEPITHHBI
<, [ =1,2,34), “annpokcuMaiiysi’ 1Mo YUCIY BEPIIMH WM 1O OIEHKAM OIIEHKAM BepIIHH
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oboznavaercst nocpeacrsom “widetilde” (mpumep: @4). Takum 06pa3oMm, B MHTEIPUPOBAHHOM
rpade ¢ nOpsiAKOBBIMYU BECAMM BEDINUH (MJIM [(BETAMHU ) (A}’(Fr) UCCJIELYETCsl TOJACTPYKTYPhI
(moxrpadsr) (mocpencTBOM mMpaBHJIa: B CTPYKTYpe KaxKawlil “mer” mmeer Bug: “ = 17, “ <
2" u mn.). Ha Puc. 5.19 npencrasiena uamocTparyst 4-BepUIMHHON CTPYKTYPHI (MOPSITKOBbBIE
OIEHKHU BepiiuH rpada yKa3aHbl B KPYZKKaX):

1. Knuka, pasmepHocTh Kiauku paBHa (uiam Gosbine yeMm) uucay byHKuumii B kiacrepe F,
(Puc. 5.19a): Q, .

2. KBasu-k/mka 1o peGpam/B3auMocBsi3sM (T.e., pedpo - orcyrcreyer) (Puc. 5.19b): @, .

3. KBasu-k/inka 1o BepumHaM (B BBLIEJIEHHOM ToArpade He BCe BEPIIUHBI UMEIOT OIEHKY
<l, 1=1,2,...) (Puc. 5.19¢): O, .

4. Ksazu-x/mka 10 sepumaam u pepam (Puc. 5.19d): O, or ®, .

5. IToa-k/MKa Wiin KJIMKa MeHbIeil pa3MepHOCTH (T.e., YMCJIO BEPIIMH B KJWKE U MEHbIIIE,
gem qucsio dyukimit B F,. (Puc. 5.19¢): Q,, v < p).

6. Ksasu-ksmmka (cTpykrypHasi annpokcumarys): (i) mo Bepmmaam, (i) mo pebpawm, (iii) mo
BepurHaM 1 pebpam (Q u T.I1.).

(c) xBasw-kymka (d) kBasu-kiuKa (€) HOJ-KJIMKA
Oy Py vy Oy Q3

Pwuc. 5.19. lIpumepsl KUK U KBa3U-KJIUKA

[TpencrapasieTcss BaXKHBIM yKa3aTh CJIeAyIOIIee:

I. Curyanusi, Korja OleHKa CHCTEMHOTO KOMIIOHEHTa paBHa 1 (T.e., KOMIIOHEHT He UCIIPABEH),
SABJITETCS KPUTUIECKOH M MOXKET MPUBECTH K CUCTEMHOMY OTKA3Yy.

I1. Curyanusi, KOrja HECKOJIbKO CBSI3AHHBIX MKy co0oii (Mo BpeMeHu u/uau mo pabore
CHCTEMbI) CHCTEMHBIX KOMIIOHEHTA MMEIOT OIEHKU Ha ‘cpeiHeM ypoBHe” (T.e., CyIIeCTBEHHBIH
OTKa3 KOMIIOHEHTA WJIM HEe3HAYMTEJbHBI OTKA3 KOMIIOHEHTA), MOXKET NPUBECTH K CHCTEMHO-
My OTKa3y B CjI0KHO# cucreme [137]. B manHOM pasjesie OCHOBHOe BHMMAaHWE Y/EJE€HO TAKOMH
cucremuoit curyamuu (Puc. 5.20, onenku Bepmma: < 3).

(i) clique Q4 (i) quasi-clique @4
Puc. 5.20. IIpumepsl 0TKa30B cHCTEMBI

O“IeBI/I,ILHO, OHeHKH CUCTEMHBIX KOMIIOHEHTOB Ha yp0BHe 1 nu 2 MOI‘YT TaK2>Keé NUCITIOJIb30BaThHCA
Kak 0a30BbIe.

5.6.2 OcHoBHag 3aja4a

3aecy paccmarpuBaeTcss 6azoBas 3amada (3adawa ). CrpykTypHas wuHTerparms (structural
fusion) omenok KadecTBa JJisi CHCTEMHBIX KOMIIOHEHTOB TIO TIOPSIIKOBOM IKAJe HIIIIOCTPUDPY-
erca Ha Puc. 5.21, Puc. 5.22, Puc. 5.23. OnueHku A/ CHCTEMHBIX KOMIIOHEHTOB TPEJICTABICHbBI
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Puc. 5.21 (KOMIIOHEHTBI S3, S5, S: 1; KOMIIOHEHT S1: 2; KOMIOHEHT S7: 3; JAPYI'Me KOMIIOHEHTHI:
4). Bazosas 3aa4a (3adava 1) nmeer Bu:

Hatimu dasa mmoz0-dynryuonasohotl cumyayus (6 unmezpuposannotl epade dia Kiacmepa
pynryud F.) kaurky Qpn (uucao sepwun pasho wucay gynkyud 6 kaacmepe F, uau 6oaee
¢ yposnem ouenox <1 (I =1,2,..).

Takum 00pa3oM IMOIYyJIaeTCsd U3BECTHASA 3aa4UU KJIUKH:

Hatmu nauboavwyro kauky (noanwd nodepag) Q 6 menanpasaenmom epage

()

DODDODOD

Puc. 5.21. CrpykTypa cuUCTEMBI U OIEHKH KOMIIOHEHTOR

so Oyskuus fo

QyHKIWST

f3

S7

Puc. 5.22. Knacrep cucremubix OyHKImii

[TostyuenHOE MHOXKECTBO CHCTEMHBIX KOMIIOHEHTOB (BEPIIKMH) MOYKHO MCCJIE0BATH KAK “HOJI-
MHOKECTBO KPUTHYECKUX CHCTEMHBIX KOMIIOHEHTOB’ wJi “cucreMublii cuugpom” (aHasor “cuH-
apoma” B mMemunuue). Ha Puc. 5.21 u na Puc. 5.22, F, = {f1, fo, f3}. Jamnee, na Puc. 5.23
BEPINUHBI KJIUKW CJEAyommue {ss, S5, S¢}. [Ipr 9TOM OIEHKYN yKa3aHHBIX BEPINUH PABHBI 1.

dcno, uro kauKa ()) MOXKeET OTCYTCTBOBATh. B 3TOM ciydae BayKHO OCYIIECTBJISTH TTOUCK
KBA3U-KJIMKK ()) WM KJIMK, KOTOPBIE COIEPIKAT MEHbIIee YNC/I0 BEPIINH.

Taxkum 06pa3om, apyrasi 3aj1a4a CTPYKTYPHON WHTerpaiun faHubix (structural fusion) nveer
B (3adava 1a):

Hatimu xeasu-xauky Qy 048 MHO20-BYHKUUOKGALHOT CUMYaAUUU, m.e., 63 HeKOMOPyE
ceaseti/pebep u/uru ¢ yposuem oyenok: <[, (1 << 3).

B kadecrBe npuMepoB KBa3U-KJIUK (MHOXKECTBA BEPIIMH) MOXKHO IPHUBECTH CJIELYIONINE
(Puc. 5.23): (a) {s1,s3, S5, S¢}, onenku: < 2; (b) {sy,ss, S5, Se, 57}, onenkn < 3. Crexyer
OTMETHTB, YTO YACTO SIBJISETCS BO3MOXKHBIM (WJIH I1€J1eCOOOPA3HBIM) BbIJEJIEHHE HECKOJbKHUX
KJIUK (MM KBa3U-KJIUK).
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Oyukiust f1 s9 @yukuus fo

Broinenennast Kauka
Q;l),i {53, 85,56}

Puc. 5.23. nterpupoBannbiii rpad mid Kaacrtepa QyHKIH

5.6.3 3amaum HajJa MOTOKaMH rpadoB

Ha Puc. 5.24. npejcrapiena njLmioCTpalys JJisl CJIydasi MOTOKOB rpados.

Oyukims f, -
(rorox )
¢

Oyukimst f1 (I)yHKLu/IH i
(moTox 1) (moTok A)

T T i < TU e
.@
Ocb Bpemenu { ) O™ Boigerennbie
—t—t—t—t —— JINKU
To TL To T3 ITOTOK

Q™ KIWK)

Puc. 5.24. IToTtok KuK HaJi MOTOKaM#u rpadoB

31ech paccMaTpuBaeTcst BpEMEHHAs OCh:

= {7-07 T1,T2,73, T4, Ts, }

Takum 00pa3oM, UCCIEIYETCS CIIeAYIOIIee:

(1) mocsIeI0BATEILHOCT COCTOSTHUIT CHCTEMHBIX KOMIOHEHTOB (j = 1, k):

Tl 7—2 T3 T4 75
si(t) = {s}, L850, 85,87,

re 8J<7',7) € {0,1} (n=0,1,2,3,4,5,...), sj(1,) = 1 ecim pyskuus j ucrosb3yercs B
MOMOEHT BpeMeHN T, # S;(7,) = 0 - B IPOTUBHOM CJIydae;

(11) HocneAOBaTeJIbHOCTb cucreMubIX byHKIwmit (£ =1, \ ):

T4 75
( ) { f f§ 7f ) }a

e S]<Tn) E {0, 1}, 8J<7',7) = 1 ecom (yHKIHS j UCIOIB3YETCs B MOMEHT BPEMEHH T, H
s;(1,) = 0 - B IPOTUBHOM CIIydae;

(iii) HOCJIe;LOBaTeJIbHOCTb rpados st byukumit cucremsr (£ =1, A ):

T1 T2 73 T4 75
Gfg( ) { fgv for Y fer T fer M fer M feoo }
(eciu s = 0, coorBercrBytomuit rpad G sBIgeTCH MYCTHIM);
7 D Y YOI, P fe y ’
(iv) mocenoBarenbHOCTL rpadoB It Kaacrepa cucreMHubix dbyHkmuit (r = 1, p):
T T T T: T T

Gr,(t) ={G}. Gy, GE .G, G, GR . ...}
(ec =0 it rpadp G )

mm s;” = 0, COOTBETCTBYIOMMUii Ipa 7. SBJISIETCS MYCTBIM).

OTMeTHM, UTO Ielb KJIaCTEePOB CUCTeMHBIX (yHKImi (Hanpumep, L =< F' F" F"
paccMaTpuBaeTcst Kak creHapuit (B o0uieM cjiyuae, CUEHAPHH MOMKET UMETh 60J1ee CJIOXKHBI
BU/JI, HAIIPUMED, JIEPEBO, CETh).

MHOKECTBO JOTIOJHUTEIBHBIX 33189 BKJIIOYAET CJIeLyOIue:

3adava 2. Bolgenenve KJIMKH, KOTJa 9UCJIO BEPIIMH MEHBIIEe, YeM YHuCI0 (DYHKIuUil B KJa-

crepe dbyHKuuii (T.€., HOJ-KIUKH).

>
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3adaua 3. Tunamudeckue 3a1aun (“upera” BepHIMH siBASIOTCH (DYHKIUSMU BpeMeHu): 3.1.
CYyIIECTBOBAHME BPEMEHHOI'O MHTEPBaJa, KOIJa KJWKa CyllecTByer; J.2. CyleCTBOBAHUE Bpe-
MEHHOT'O MHTEPBaJIa, KOTJa KBa3U-KJINKa CYIECTBYET;

3adaua 4. Anann3 BpeMeHHBIX WHTEPBAJIOB, KOTa KJIUKa (MM KBa3U-KJIHKA) CYIIECTBYET U
MOHUTOPUHT KJIMKHU (KBA3U-KJIMKM) KAK HEKOW “KpUTHYECKOH” CTPYKTYpbl (mogcTpyKrypsi). B
pe3y/ibrare MOXKeT ObITh MOJIyYeHA HEKasl TPAcCa CIEIUATbHON CTPYKTYDPbl (HAIPUMED, KJIUKA
Q)I TQ.

3adaua 5. TIpoekTupoBanue NeHCTBUI KaK COCTABHOTO ILJIaHA 110 PA3PYIIEHUIO KPUTHYIECKOI
MOJ-CTPYKTYPHI (MU TOA-CTPYKTYD) (T.€., KIUKH WM KWK, KBA3U-KJIMKH MM KBA3U-KJIUK).

5.6.4 Ilpumep

B nammoem pa3zjese mpencTaBieH YUCIEHHBIH WJLTIOCTPATUBHBIN npumep. B Tabaune 5.5. u
Tabmmne 5.6 comepKUTCA OMUCaHNe UCCAeIYeMOr0 MHOXKECTBA (DYHKIMH CHCTEMBI U KJIACTEPOB

bynxmuit: { f1, f2, f3, fa, f5} 1 {F1, Fo, Fs}.

Tabumma 5.5. OyHKIUH CUCTEMBI

S;ch‘fgﬁffl CucremHuble KOMITOHEHTbI Ta6suma 5.6. Kitactepbl dyHKIuTi
o1 ‘82 ‘ 53 ‘84 ‘85 ‘86 ‘87 ‘88 Knacrepnr OYHKIMU CUCTEMBI

fi * * % * GbyHuKIWmit

f2 . ok ok % ccrensi flge s s

I3 *x kK Kk £ * K

fa * * Fy * *  *

f5 * K * F3 * *

PaccmarpuBaltorces cieyionime BpeMeHHbIE OCH:

{T07 T1,7T2,73,T4, T5}

(i.e., 7, 1 =0,5). Ilemouka k1acrepoB GyHKuMii (HEKMii CleHAPHIT) NMeeT CIIeyOmuii BU:
! T0 T1 T2 T3 T4 T5

e eeprruli o3nauaer moment spemenn. Ha Puc. 5.23 nsobpazen unrerpupoBanHbrii rpad
G(F}), Ha Puc. 5.25 npexacrapiensl apa uarerpupoBanubix rpada G(F) u G(F3).

(a) unrerpupoBanubii rpad G (Fy) (b) unTerpuposanubrii rpad G (F3)
Puc. 5.25. uterpupoBanubie rpadbl Jij1sI KJacTepoB MYyHKIUM

Jlanee paccMaTpuBaIOTCd Cjeayolnue 0a30BbIE 33a4u: 3a7a4a 3, 3a7a4a 4, 3amada 5. Ha
Puc. 5.26 mpezcTaBiieH OTOKM COCTOsIHUI (State streams) Jyist CHCTEMHBIX KOMIIOHEHTOB (Bep-
IIUH) S1, S2, S3, S4, S5, S5, S6, S7, Sg C YUETOM YKA3aHHOM BBIIIE BpeMeHHOiT ocu. JlonoHuTensHo,
Puc. 5.26. conepxkur cieayiomee: (i) narerpupoBannbie rpadbl {@}, (ii) BbIEIIEHHBIE CTPYK-
Typsl (31ech: (3), (iii) nosydennsie Tpeku (Tpacchl) U3 BBIAETEHHBIX CTPYKTYD (31ech: T(,).
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AQB AQB ~
G(Fy) G(F") G(FS)
® 60 @O--
®© O O
O @©

H @

O O

O @O

Ocb Bpemenu
| I I I I I t
I T T T T T

T0 T1 T2 T3 T4 75

Puc. 5.26. [Ipumepsl noTokoB rpadon

Tenepsh MOXKHO yKa3aTh CJIEIYIOIINE PEIIEHHUS:

3adaua 3.1. Knnka Q3 : {s3, S5, 56} MOXKeT OBbITh BbIIEJIEHA JIJIsl BDEMEHU: Ti, T3, T4 (OIEHKH
BEPINUH PABHBI 1).

3adaua 4. N BpEMEHHOTO WHTEpBAaJa |[T1,T;] CYIECTBYeT CTPYKTYpa € BEpPIIAHAMU:
{53, S5, S6}. C y4eToM U3BECTHOTO WHKEHEPHOTO TPABU/IA “IPABU/IO 3aXBaTa TPACCh: 2 u3 37
(T.e., IUIsi BDEMEHHOTO MHTEpBaJIa JUIMHBI 3), KJIWKa BbleJseTcss 2 pa3a. B pesyiabrare npej-
CTABJISIETCS] 1eJ1eCO00PA3HBIM “MHUIMAIN3UPOBATE” (T.€., ONPEJETNTh) B MOMEHT BPEMEHH T3
KUKy (3 : {s3, 85,86} (omenku Bepmmu paBubl 1). Ciiegyer OTMETUTH, YTO YKA3aHHOE Ipa-
BUJIO UCIOJIb3YETCsl TAKXkKe KaK “NPABUJIO MOJJIEPKKY/CONPOBOXKAeHUsT Tpacchl”. Ilocse 51oro
BO3MOYKHO TMOJJIEPXKUBATH BBIJIEJEHHYIO CTPYKTYPY KaK HeKoe coObiTue (T.e., MPOBEPSATH ITO
IPABUJIO B KAXKJIbIil JUCKPETHBIi MOMEHT BPDEMEHU, HAIPUMED: Ty, Ts ).

3adana 5. OueBugHO, 4TO JJIst “paspyiieHus’” YKa3aHHOIO BbIIIE COObITUsS (T.€., T8, Tos
T5,) Heobxoammo “paspymuTh’ KIUKY (J3 B MOMEHT BPEMEHH T3 3 CYeT Y/IydIeHus COCTOTHHS
st sy (unm sg) (T.e., ynydmenwe onesku: 1 — 2 wim 1 — 3 mwm 1 — 4).

5.6.5 ObcyxkaeHue

Caeyer oT™MeTHTh BarXKHOCTH CHCTEM OOpabOTKM Ha OCHOBe MOTOKOB JaHHbIX (data stream
systems) |64, 135, 510, 530|. Takue cucTeMbl UCIOIB3YIOTCI BO MHOTHX TMPUIOKEHUSX, HAIPHU-
Mep: UHTerpaIys JaHHbIX U 3HAHUN B MH(OOPMAIMOHHBIX CHCTeMaX, WHTerparys nHdopMaIun
B CEHCOPHBIX CHUCTEMAX, aHAJIU3 U MOHWUTOPHUHT HAJIE’KHOCTHU TIPOMBITILIIEHHBIX CHCTEM.

Cpe/iy KJIIOUEBBIX MAPAMETPOB TAKUX CHCTEM MOXKHO yKazarh cieiytompme: (1) umcio mo-
TOKOB (OiMH, MHOT0); (2) THIIa JAHHBIX, HAPUMED: 3HAYEHUsI (JIBOWYHbIE, OPSJAKOBBIE U JIP.),
cTPYKTYpHI (rpadsl, oTHOIIEHUS peanoYTeHuii); (3) pasmep BpeMEHHOTO OKHA (T.e., YUCJIO MO~
CJIE/IOBATEJIbHBIX BPEMEHHBIX MOMEHTOB, KOTOPbIE QHATU3UPYIOTCS COBMECTHO). YTPOIIEHHAs
THUIIOJIOTHsI TAKUX CHCTEM MOXKeT BbIVIsieTh Tak [221, 395, 510, 530):

(a) crarnueckuit ciyqait ajist m moTOKOB (streams): (i) mHTerpanust 3HadeHuit, MeToabl 06pa-
6OTKM: 'ECTOrpaMMBbl, IPABUJIO “k u3 m”, MeTojpl Juarnoctuky; (i) arperanust crpykryp (rjasa
7), MeTozbl 00paboTKu (MPUHSATHE DElleHuil, TeXHOJOrusl 3HaHWi, 06paboTKa M300paKeHui):
IIOCTPOEHNE MAKCHMAJBHBIX MOJCTPYKTYDP (KOHCEHCYC, MEIMaHa), MOCTPOEHHEe MUHUMAJIbHBIX

HAJICTPYKTYD;
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(6) qunamuyeckuii ciaydaii (OJMH HOTOK, OKHO JIJIsi 12 BDEMEHHBIX MOMEHTOB); METO/Ibl 00pa-
6oTKu: TpaBuJio “k U3 m”, uHTErpaIus 1nocjae0BaTeIbHOCTEH N300parKeHnil, BblJIe/IeHUE CTPYK-
TYp B BPEMEHHBIX IOCJIe0BaTebHOCTSX rpados |73, 135, 510];

(B) KOMOMHMPOBAHHBIH TUHAMUYECKHI CIy9aii (7 TTOTOKOB U OKHO JJIsI 1 BpEMEHHBIX MOMEH-
TOB); COCTABHbIE METOJ/bI OOPAOOTKHU (HAPUMED, JTUHAMUYECKOE IIPUHITHE DEIIeHuil Ha OCHOBE
nporeccoB MapkoBa, JuHaMU4YeCKue ceTH NpuHsaTHs pemtenuit) [73, 89, 106, 107, 153).

B ciiyuae (B) BO3MOXKHBI TPH CTPATErHU:

cmpamezus 1: (1) UHTErpanus JAHHBIX JJIs KaXKJOTO MOTOKA B PAMKAX BPEMEHHOTO OKHA
(cnyuaait 6), (ii) “cymmupoBanue” pe3yibTaTOB JJIs M MOTOKOB (CJydail a);

cmpamezus 2: (i) “cymvmupoBanue” JAHHBIX 1M HOTOKOB Jisi KaXKJOI'0 MOMEHTa BDEMEeHH
(cityuait a), (ii) nHTErpanus pe3yJabraToB B pAMKAX BPEMEHHOro okHa (ciydvaii 6);

cmpameaus 3 KOMOMHUPOBAHHAS CXEMA.

Paccmorpennas cxema peanusyer cmpamezuto 2: (1) uarerpanus rpadoB B KayKIblii MOMEHT
BPEMEHH C BBIJEJICHNEM KJIUKH (MM KBa3u-kjiuku), (ii) ucnosnb3oanue npasuia “k u3z m’”.

5.7 BBIBOIBI K TJIaBeE

OrnucanHbIe B IJIaBe MOAXOIB! K BBIIETEHIIO CHCTEMHBIX Y3KUX MeCT MOYKHO PacCMaTPUBATh KaK
IPeIBAPUTEIBHYIO CTAINIO AHAJIN3A  HOBOTO MTPOEKTHPOBAHUS ([ePEIPOCKTHPOBAHNUS) PA3THY-
HBIX MOAYJBHBIX cucteM. C Ipyroit CTOPOHBI, PACCMOTPEHHBIE MOJIXO/bl K BBIJIEJIEHUIO Y3KUX
MeCT OY€eHb OJIM3KM K TPOIEypaM TeCTUPOBaHUsl cucreM (HampuMmep, MHOrO-byHKIMOHAIBHOE
rectupoBanue cucrem [360, 378]). IIpencrapiisiercst BaXKHBIM yKa3aTh BO3MOXKHbIE HAITPABJICHHUST
UCCJIeIOBAHMIT B Oy/IyTeM:

1. mccnenoBaHe MHOTO-CTAVIHBIX U KOMILIEKCHBIX CXeM BBIJIEJIEHUS CHCTEMHBIX Y3KHUX
MECT;

2. uccjieJIOBHauE CUCTEMHBIX Y3KUX MECT KaK 'TPAaeKTOpHil’ CUCTEMHBIX KOMIIOHEHTOB;

3. JOTIOJTHUTEIbHBIE UCCJIE/IOBAHNS BbI/I€JIEHUS Y3KUX METC B CETEBBIX CHCTEMAX;

4. y4eT HeollpeJleJIeHHOCTH.
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I'maBa 6

CxeMbl yJaydlleHusl CUCTeM

B nanuoif riiase ! nmpuseieno onucanue moaxo0B K yJlydlIeHUI0 / PACIIUPEHUI0 HePapXUIeCKUX
MOy IbHBIX cucTeM. Crparernun yiydineHust /paCHIMPEeHUs: CUCTEM PACCMATPUBAIOTCS Kak Jeid-
crBusl (aKIWu, OmMEpaluy) JBYX THIOB: (&) yJIydIleHWe CHCTEMHBIX KOMIIOHEHTOB H/WJIM WX
B3auMocBs3eil, (6) MomubUKAIKsS CTPYKTYPHl CUCTEMBI.

6.1 IIpenBapurenbHbIEe CBeJeHUSI

B nocsienaue necsTHieTHsT aKTYaJIbHOCTD I€PeNpOeKTHPOBanus (yIydiineHust, OOHOBJICHNUS) CH-
crem [332, 334, 342, 349, 365, 377, 444).

TpauIMOHHbBIE TIOAXOAbl K M€HEPAIMH HOBBIX POEKTHBIX DEIIeHUii OCHOBBIBAIOTCS HA MO-
qudukanuy/yrydieHun cymecTByomeil cucremsl (nmpogaykra) [149]. Hacro B kadecrse 6azo-

BOI'O DeIlleHusl Jisi MOAUDUKAINE UCIIOIB3YeTCsl OJIHA CYIECTBYIONAs cucreMa (MM IPOLYKT)
[334, 342, 344, 349, 350, 389, 392| (Puc. 6.1):

Hcexodnan cucmema(v) = Ipouece yaywwenus = Yayuwwennas cucmema(n) .

IIporecc Hogas
MonudUKaAINN —»( YILIy dIEHHAST
(ymyarmenmust) cucrema

Puc. 6.1. Mogudukanust /yydinenue cucreMbl

Cymect-
BYIOIIAS
CHCTEMA,

CucremMHbIe TOAXOALI K YIYYIIEHAIO MOI'YT PACCMATPUBATHLCA KaK CJIeLyOIIne:

(a) yJrydineHue CHCTEMHBIX KOMIOHEHTOB ¥ /WJIM WX B3aMMOCBsI3eid,

(6) yuryuinenue/pacimupesne CTPyKTYpPbl CHCTEMBbI,

(B) pacurMpenue CUCTEMbI B BUJEe IPOEKTHPOBAHUS JIONOJHUTEIBHON 4acTH,

(r) KOMOUHUPOBAHHOE YJyUllleHne / PACIIUPEHUE CHCTEMBI.

Ha Puc. 6.2 npencrasiieHa WIIIOCTPAIUAS OOIIETr0 MOAX0Aa K PACIIMUPEHUI0 CHCTEMEI.

I MaTepuaJs TIaBLI OCHOBAH Ha, TTyOIUKAIMIX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Spinger, 1998. chapters 3, 5.
(ii) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapters 5, 8.
(iii) M.Sh. Levin, Towards design of hierarchy (research survey). Electronic preprint, 36 pp., Dec. 8, 2012.
Http://arxiv.org/abs/1212.1735 [math.OC].
(iv) M.Sh. Levin, Improvement/extension of modular systems as combinatorial reengineering (survey).
Electronic preprint, 24 pp., Apr. 17, 2013. Http://arxiv.org/abs/1304.4965 [cs.Al].
(v) Levin M.Sh., Aggregation of composite solutions: strategies, models, examples. Electronic preprint. 72 pp.,
Nov. 29, 2011. http://arxiv.org/abs/1111.6983 [cs.SE]
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Bazosas cucremas: ,HOHO.TIHHTG.HI)H&H YaCTh CUCTEMBI:
Cpr}{Typa, KOMHOHeHTI)I, CprKTypa, KOMHOHeHTbI,
CBA3U KOMIIOHEHTOB CBA3U KOMIIOHEHTOB

Puc. 6.2. Cucrema u JonosiHuTe/IbHAS 9acTh [349]

Ha Puc. 6.3 npejcraiens! obiye JefCTBUsI 10 YIIyYIIeHUIO /PA3BUTUIO CHCTEMBI:

(i) ynyumenue 6a30BOil CHCTEMBI,

(ii) pacmupenue Ha OCHOBE NPOEKTUPOBAHUS JOTOJHUTEIBHON YaCTH CUCTEMBI,

(iii) koopauHanust yuyurienust 6a30BOil CHCTEMBI W IIPOEKTUPOBAHUS JIONOTHATEBHON YaCTH
CHCTEMBbI.

(yﬂqueHHe /DPACIIVPEHIEe CUCTEMbI ))

Hyﬂqueﬂne cucTeMbl: Ha3oBast CI/ICTeMa”

CucreMHble Bszammo-| |CTpykTypa
KOMIIOHEHTH]| CBA3U CUucCTeMbIl

Vyameq |Ho- | |Ynydmeq [Ho- | | Yoy e

HUe BbIIi | |HuE BbIN | |HEE

HPacmeeHHe CUCTEMBI: JOIIOJIHUTEJIbHAA 9aCTh CI/ICTeMbIH

Crpykry-| |Kommonents| | Bzaumo- | | Koopaunamus ¢
pa CBA3U 0a30B0It cucTemMoit

Puc. 6.3. [eiicTBus no ynydineHuio cucreMs [349)

MHOKECTBO OCHOBHBIX JeHCTBHUil 110 YJIy4IIeHUIO /PACTIMPEHUIO CUCTEMbI BKJIIOUAET CJIELy-
I01IKe Ollepallu:

(a) yydienre CHCTEMHBIX KOMIIOHEHTOB (HAIpUMep, Y/Iy4IleHne CHCTEMHOTO KOMIIOHEHTA,
3aMeHa CHCTeMHOTO KOMIIOHEHTA);

(6) ynyumienue cBsizeit MeXKy CHCTEMHBIMA KOMIIOHEHTAMH (COBMECTHMOCTD);

(B) COBMECTHOE YJIy4YIlleHUue CUCTEMHBIX KOMIIOHEHTOB U UX CBH3eﬁ;

(r) yaydrrenue CTPYKTYPBI CHCTeMbI (3aMeHa YaCcTH CHCTEMBI, 00ABJIEHNe YaCTH CHCTEMBbI,
yJlaJleHne 9aCTh CHCTeMbl, MOANMDUKALNS CTPYKTYPhI CHCTEMBI ).

Crparernn ymydinenus/paclInpeHusl CUCTEMbl OCHOBBIBAIOTCS HA BBHIOODE M /WM KOMIIO3H-
UK yIy4IIaOIUX JeifCTBIil, YKa3aHHBIX BBIIIE. DTH CTPATeruy 6Aa3UpYIOTCA Ha MOJEIAX KOM-
GuHaTOpHOW onTHMU3ANMU (B YACTHOCTH, MHOTOKDUTEPHAJLHBIN BBHIOOD, 3aja4a O PIOK3akKe,
3aj1a4a 0JI0YHOrO PIOK3aKa, KOMOMHATOPHbIA CHHTE3 Ha OCHOBE MOP(OJIOTHYECKON KJIUKHU, 3a-
Jlada HAa3HAYeHUs WM pa3MelleHus, epeKpacka rpada, 3aa4m 0 IMOKPBITHH, 33/a9a BHIOOPa
HOBBIX “ropsiunx” cBsi3eil - hotlink assignment) [74, 86, 205, 288, 305, 306, 347, 484].

6.2 TumoBble cuTyanum yJoydlieHnus CUCTEMBI

6.2.1 DbazoBble cuTtyanuu yJaydIlleHUs CUCTEM

OcHoBHasi curyalysi yJydiieHusi cucreM npejcrasiena Ha Puc. 6.4 (oxHa ucxomnast cucreMa u
OZiHA PE3yIbTUPYIOMAS-YIydIIeHHast cucTeMa). [Ipn 9T0OM MOXKHO BBIIEIUTH CJIEAYIOIIHe CIie-
[IMaJbHbIE CJIYYau:
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Cneyuarvholi cayvat 1. Yiydinmenue KoMmroHeHTOB cucrembl: (1.1) ysydrienne cucrem-
HBIX KOMIIOHEHTOB, (1.2) yiydiienue B3anMOoCBsi3€eil CHCTEMHBIX KOMOIIHEHTOB (COBMECTHMOCTH ),
(1.3) coBMecTHOE yIIydIlleHHe CHCTEMHBIX JIEMEHTOB W UX COBMECTHMOCTH.

Cneyuarvholi cayvat 2. Yiaydirenue B BhAe MOAUMDUKAINN CTPYKTYPHI cucTeMbl: (2.1)
pacIIupeHue CTPYKTypbl cucreMbl (T.e., J00aBI€HHE YACTH CTPYKTYPbl cucreMmsbi), (2.2) mo-
JquUKaIsl CTPYKTYPbl CHCTEMBl B BHJIE YAAJEHHUs] YaCTH CTPYKTYPbI cucrembl, (2.3) momu-
dbukanusa crpykrypsl cucrembl (Tpancdopmanus, 106aBIeHEe,VIATEHEE JEMEHTOB, 100aBie-
Hue/yiajieHue cBsi3eii 31eMeHToR), (2.4) coBMeCTHBIN ciiyuail (T.e., ylajeHne 4acTu CTPYKTYPBI
CHUCTEMBI U JIOOAB/JIEHUE YACTU CTPYKTYPBI CUCTEMbI, MOAUMDUKAIUS CTPYKTYPhI CHCTEMBI).

Cneyuasvhniti cayvwat 3. Pacimupenne cuCTeMbl B BHJE IHPOEKTUPOBAHUS JIOMOJTHUTEIHHOM
YaCTu CUCTEMBI (T.e., JOIIOJIHUTEJIbHAaA 9aCThb CUCTEMbBI U JOIIOJIHUTE/IbHbBIC 3JIEMEHTHL CI/ICTeMI)I).

Cnevyuasvhuiti caywat 4. KombuHanmst yKa3aHHBIX BBIIIE CIyYaeB.

o~

Yy urenme PesynapTupyromas
Ucxonnast |—s (KOMOMHATOD- ol yivamenmas
CHCTeMA, HBIN CUHTE3) cucTeMa,

! f

Bruigenenne Viydmaromme
y3KUX |[—» Ollepanun
MeCT

Puc. 6.4. OcnoBHoe cucreMHoe ynyurenne |334, 342, 349|

C obueit TOYKM 3peHusi, MPOLECCHl YJIydieHusi /MOIu(bUKAIMA CUCTEM OCHOBBIBAIOTCS HA
Tpex THmax geiicteuii [334, 342, 349|:
(1) yayumenue (Moxndukanus, o6HOBIEHUE, TOTOJTHEHNE) KOMIIOHEHTA CHCTEMBI,
(ii) ymydrmenre COBMECTUMOCTH KOMIIOHEHTOB CHCTEMHBI,
(iii) M3MeHeHWe CTPYKTYDPbl CHCTEMBI.
MoO>KHO NPHBECTH HEKOTOPbIE TIPUMEPHI YJIy4IeHUsT MOLYILHBIX CHCTEM:
(a) 3manue 342, 377],
) uadopmannonHas cucrema 334,
B) 4eJIOBEKO-MallnHHas cucrema [342, 339),
) IPOTOKOJIbI CBSI3M M CTaHIAPTHI nepegadn nudopmanuu [368, 382,
J1) cucTeMa ylpasiieHusi yMHbIME goMamu [367, 390),
(e) ceru cBsizu [349, 389).
Briesienne y3Kkux MeCT B CHCTEME MOYKET PACCMATPHBATHCS KaK IpeBapUTeIbHas (a3a.
Ha Puc. 6.5 npencraBieH WLTIOCTPATUBHBIN IPUMeED JIJIsI TIPOIECCA YTy YIeHIe CHCTEMbI Ha
OCHOBe KOMIIOHEHTOB cucTeMbl: S¢ = S° (X| = Xo, Z; = Z3).

MopdoJorus Ucxonnast cucrema, ViydinenHasi cucrema
CUCTEMBI S :Xl*Yl*Zl Sb:XQ*Yl*Zg
Y Z
A Y1
Z Xo
Z1 Z3

Puc. 6.5. Yayumenust cucrembl (10 KOMIIOHEHTAM )

PacmnpeHI/Ie CUCTEMDBbI 3aKJ/JI0Y9a€TCAd B IIPOEKTUPOBaAHUUN ,ILOHOJIHI/ITGJIBHOﬁ JaCTHU CHUCTEMBI.
B,ILer MOryT OBITD IIpPUMEHEHbI TPHU OCHOBHLIE€ CTPDATEI'UH:
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L. Hesasucumoe (pazdeavroe) npoexmuposanue. IIpoekTupoBanue HOMOTHATESHHONW Y4aCTH
CUCTEMBI. B pe3yJjibraTe, HOBad CUCTEMa BKJIIOYa€T JIBE YaCTU (T.e., UCXoJHad 4aCTb U JOIIOJI-
HUTEJbHAs 9acTh).

1. Obobwennniti Hosoe npoexmuposarue. IIpoekTupoBaHUe HOBOI “0000ITIEHHO” CHCTEMBI,
KOTOpasl BKJIIOYAET MCXOJHYIO0 YaCTh U JONOJHUTEIBHYIO YaCTh (HHTErPHPOBAHHOE MPOEKTHPO-
BAHME).

II1. Pasdeavroe npoexmuposarue ¢ koopdunayuet. lIIpoekTupoBaHue TOIMOJTHUTETLHON Ya-
CTH CHCTEMBI, MOAU(UKAIMS UCXOJHON YaCTH U KOOPIUHAIUS MCXOJHOU M JTOMOJHHUTEIbHOMN
YACTU CHUCTEMBI.

6.2.2 OcHOBHBIE CUTyalINU YJIYYIEeHUd 1 KOMOMHATOPHBIE 33/1a4N

Tabsuma 6.1 coTepKUT CIUCOK OCHOBHBIX TOIXOI0B U COOTBETCTBYIOIIUX 3314 KOMOMHATOPHOM
ONTHMU3AINH JJIsi pACMATPUBAEMbIX cUTyanuii yrydrmenus cucreMm (Puc. 6.4).

Tabnauna 6.1. Curyanuu yaydiieHus: CUCTeM, 33a9U ¥ MOJE/N

Tunbr yay4duieHu s HO,ZLXO,ZLBI 3a;1aq1/1/ MOaeIn Ncrounuku
cucreMm
Cayuait 1 (yny4umenue
KOMITOHEHTOB CHUCTEMBI):
(1.1) ymyurmenue 3amena, mepe- Baa4un PIOK3a4HOrO 332, 334, 339
3JIEMEHTOB CUCTEMbI NPOEKTUPOBAHNE runa, UMMII, 342, 347, 356
nasHauenne/pasvemenne, | (367, 389]
nepekpacka rpada
(1.2) ymyumenue copmec- Bawmena, niepe- 3aja4u PIOK3a4HOrO [334, 342]
TUMOCTH 3JIEMEHTOB TIPOEKTUPOBAHUE tuna, TMMII,
Ha3HAa4YEeHNe / pa3MelleHne
(1.3) coBmectHOe yiryumenue | Kombunuposanubie | CocTaBHBIE CXEMB, 334, 342, 347]
3JIEMEHTOB CUCTEMBL NOAXObI nepekpacka rpada, 3561
¥ UX COBMECTHMOCTHU NMMII
Cayuait 2 (Mmogudukams
CTPYKTYDBI CHCTEMBI):
(2.1) moGasnenue acreit Jobasenue 3a1a4u PIOK3a4HOIO [363, 389]
CTPYKTYPBI CUCTEMBI tuna, UMMII, nobasienue
rOpsAYNX CBA3€i
(2.2) ynasenue gacreii Vaanenve 3a/aun PIOK3aYHOrO [363]
CTPYKTYDPBI CUCTEMBI tuna, TMMII
(2.3) momuduxanus Iobasienue, 3a,1a4M IOKPLITHS, 15, 334, 350]
CTPYKTYPBI CHCTEMBI yIaJieHue, sanaum prox3adroro tuma, | |363, 391, 393]
arperanusi/ VMMII,
WHTErpaimus, augmentation problem,
PECTPYKTYPHU3ALHsl | PEOLITUMU3ALIKST
(2.4) cosmecrrbiil ciyuait | KOoMOMHMDOBaH- | Cocrapmbre [363]
HBIE€ IIOAXO0ObI CXeMbI
Cayuait 3 (nobasienne Ipoexruposanme | Cxembr npoextuposamus, | |349, 363]
9aCTU CUCTEMBI) 3371491 PIOK3a4HOrO THIIA,
NMMII
Cayuait 4 (komOuHamst KombunaMpOoBaH- CxeMsbl U3 33134 [349, 363]
NPEIBIIYIUX CIIy9aes) HBIE MOIXOJIbI

6.2.3 /lomosHUTEJIbHBIE CUTYAITUU YJIYYIITIEHUSA CUCTEM

[IpencraBisiercss BaXKHBIM yKa3aTh JONMOJHUTEIbHBIE TUIIOBbIE CATYAIMH YJIyYIIEHHUS] CHCTEM:
(a) arperamusi: OCTPOEHUE YJIyUIIEHHONW CHCTEMBI KaK arperupoOBaHMe HECKOJIBKUX HCXOIHBIX
cucrem (Puc. 6.6, rmaBa 7), (6) npoekTupoBanune MHOXKeCTBa yiay4umeHHbIX cucreM (Puc. 6.7),
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(B) coBMeCTHOE arpernpoBaHue U IPOEKTUPOBAHNE MHOXKECTBA y/y4dinieHHbix cucreM (Puc. 6.8).
B ciayuae MHOrOKpuTepuasbHBIX 1I0AX0A0B K NPOCKTUPOBAHUIO TIOCTPOEHUE MHOXKECTBA YJIy4d-
IIEHHBIX CHCTEM MOYKEeT OBITh OCHOBAHO Ha MoJiyueHun [lapeTo-3hdeKTUBHBIX peleHnil, KOTo-
pble MOTYT PAacCMATPUBATHCSI KaK MHOXKECTBO cucTeM [334, 342, 347, 355].

Hcxonnas
cucrema 1

Pezynbrupyromas
Arperamnus YOIy dIIeHHAS
cucTeMa,

Puc. 6.6. Ynyumnenne cucreMbl KaK arperamnus

/\\
Pesynbrupyromast
YILydIIeHHAS
cucrema 1
IIpoekTupona-
Ucxonuast HUE MHOXKECTBJ, t
cucTeMAa YIIy4IIE€HHbIX /\\
Cucrem Pesyaprupyromas
YIIYHIIIeHHAS
cucreMa m

Puc. 6.7. [IpoekTupoBane MHOXKECTBa CUCTEM

Pormripyonas

Wcxonnas \ YILy dIeHHAST

cucreMa 1 A cucreMa 1
rperamysi u

“ o TPOEKTUPOBAHNE <.
VITYdIIIeHHON /\\
S CuCTeMbl PezyabTupyromas
Ucxonnas yIIydIIeHHas
cucrema 1| cucTeMa, m

Puc. 6.8. Arperamysi/IpoeKTHPOBAHNE MHOYKECTBA CHCTEM

6.3 Iloaxoabl K OllEHKE U yJIy4YHIEHUIO CUCTEM

6.3.1 KadecTBO cucTtemMbl u yJIydIieHue

[Tpouece ymyuriennst cocTaBHON (MOJLY/IHHOMN )CHCTEMBI 3aKJII0UAETCS B BBHIOODE YTy YITAIONINX
JeiicTuii (onepanmii) ¢ 1eJabIo MoJlyYeHns ToBbinenue obieit addexkruBrocTn (Kavecrsa, co-
BEPINEHCTBA) CHCTEMbI C YI€TOM OOIUX OTPAHUYEHHI HA CTOMMOCTD YJIyUIIAIOIUX JeHCTBUIA.
Takum 006pa3oM, IPeICTAB/ISCTCS BasKHBIM PACCMATPHUBATDH CJIEAYIOIINE BOIPOCHL:

(i) onenuBanue 3¢hdHEKTUBHOCTH CUCTEMBI (B KAUECTBE NIKAJIbI JIJIs ONEHMBAHUS MOXKHO HC-
H0JIb30BaTh, HAPUMeED, HEKOe “IpocTpaHcTBO” KaK NIKAJIa, MHOMOPA3MEPHOe HPOCTPAHCTBO,
YACTUYHBIH NOPSAIO0K /PeIeTka )

(ii) BBIZEIEHUME Y3KUX MECT B CHCT€Me W TEeHepallisi COOTBETCTBYIONIUX YJIYUIIAIONUX JIeli-
CTBUH,

(iil) oneHMBaHUe YIyUIMIAIOIIUX JeHCTBU (T.e. UX CTOMMOCTb, OJIE3HOCTD), : (i.e., their costs
and “profit”),
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(iv) KoMOMHATOPHBIE 3a/a4u yJIy4lieHus (HampuMep, MHOTOKPUTEPHAJbHbIH BHIGOD yiyd-
MAIUX JIeHCTBUi, 33/[a9i PIOK3a4HOTO THUIIA, KOMOMHATOPHBIN CUHTE3 B BUE BHIOOPA U KOM-
MO3UINHN YTy YIIaOIUX ;LeﬁCTBI/H‘/’I).

O4eBUAHO, UTO CllENUAJTBHBIE MHOTOIIATOBBIE YIYUIIAIONIHAE TTPOIEIY Pl MOTYT TaKKe OBITh
UCIIOJTb30BAHBI.

MoKHO yHOMSIHYTh OCHOBHBIE TIOJXOJbI K OLEHUBAHUIO 00mIeil 3ddekTuBHOCTH (KauecTsa,
coBepIIeHCTBa) cucreM (rasa 3):

1. @yukuus nosesnoctu [188, 288, 525].

2. Muorokpurepuajbaoe onucanue [288; 462, 484, 525].

3. llIkanbl B BuJe yacTuaHOro nopsijka 334, 342, 356|.

(3.1) nOpsIIKOBBIE ITKAJIBI Jjisi KOMIIOHEHTOB CUCTEM JIJIsl JIJisi COBMECTHMOCTH KOMIIOHEHTOB;

(3.2) mopsiAKOBBIE TIKAJIBI JIJIsi KOMIIOHEHTOB CHCTeMBbI, MIKAJIA B BUJE YACTUYHOTO HOPSIIKA
JIJIS COBMECTUMOCTH KOMIIOHEHTOB.

4. llkansl B BUJE YaCTUYHOTO TOPSIKA HA OCHOBE MHTEDPBAJbHBIX OIEHOK B BUJE MYJILTH-
MHOXKeCTB [358].

(4.1) orneHKu B BUJIE MYJbTUMHOYKECTB JJIi KOMIOHEHTOB CUCTEMbI ¥ MOPSJIKOBBIE OIEHKH
JIJIsI COBMECTUMOCTHU KOMIIOHEHTOB;

(4.2) oneHKY B BUJE MYJIBTHMHOMKECTB JJisi KOMIOHEHTOB CHCTEMbI OIEHKH B BHUJE MYJIBTH-
MHOXKECTB JIJIsl COBMECTHMOCTH KOMIIOHEHTOB;

MokHO IPUBECTH UJLTIOCTPAIMY JJI YKA3aHHBIX METOJOB M WX UCIOJb30BAHUS JJIs YJIyU-
MMeHUsT CUCTEM:

Metopn 1: mkasna mjis onenuBanue noiesnocru (Puc. 6.9), ucxomnas cucrema S* rpancgop-
MupyeTcsi B ynyumentyio cucremy S, addektusnocts cucrembr oboznauena N(S¢) (N(S?)).

Metos 2: MHOrOKpHTepHAIbHBI cayuail (1Ba KpuTepus), uieaabHas Touka ST, ueTwipe
[Mapero-sddekruBnbix pemenus (ST, S5, S5, ST) (Puc. 6.10), Tpu yaydImarmmx mpomecca:

(i) ucxoguas cucrema S’ rpancdopmupyercs B [lapero-acdbdexruBHoe penrenne S5,

(ii) ucxomunast cucrema S’ Tpancdopmupyercs B ujeaibHoe pemienue S

(iii) [Tapero-acbdekrusnoe pemenue Sy Tpancdopmupyercs B ujeaibHoe pemenue S

ITone3nocTh Tlosie3nocTn .
CHCTEMbI CHCTeMbI Kpurepuit 1 Yiyumenus N neanbuast
N(Sb) ]V_(Sf.)_/ ® TOIKa,
- ) N(S1)
_— NAVAS N(SE) |
R IIIeHne
ED N(s?) g NS
(0) (0) (0,0) Kpurepmnit 2
Puc. 6.9. I1Ikaaa ToIe3HOCTH Pwuc. 6.10. MuoroKpuTepunaabHOe ONHUCAHWE

Metoa 3: mKajbl KauecTBa B BUJE YACTUYHOIO MOPsijiKa (MM DENIeTOK) JJis OIEHKH
kavecTBa cucrem (cayuait 3.1) [334, 336, 342, 356|. 3necwh ucnosnsyercs UMMIT.

B npumepe paccmarpuBaercst Tpex-KoOMIOHeHTHast cucrema S = X x Y x Z. Mcnoab3yoores
mka/b: (1) mopsiakoBasi mkasa Jist neMenToB (npuopurerst) (1,2, 3], (ii) nopsiikoBast mkasa
st comectumoctu (1,2, 3]. Ins nannoro caydas ua Puc. 6.11 mpejcrasieHa mkaja B BU-
Jie peIleTKN KadecTBa i ONEHKU KAadecTBa I KOMIOHEHTOB M Ha Puc. 6.12 npencrasiiena
WHTEIPUPOBAHHAS ITKAJIA B BHUJIe YACTUYHOTO TMOPSIKA C YIeTOM COBMECTUMOCTH KOMIIOHEHTOB
(KaxK bt “TpeyrosbHUK” COOTBETCTBYET 4aCTHYHOMY Hopsiiky ¢ Puc. 6.11). Do cayuai 3.1.

Puc. 6.11 u Puc. 6.12 njuiiocTpupyior y/iydIiaioliyie IpPOoecch:

Yaywwenue A: MKaja 9aCTHYHOTO MOPSIIKA [T KadecTBa 31eMeHToB cucreMsl (Puc. 6.11),
ncxonHas cucrema S (n(S*) = (0,2,1)) TpancdopmMupyercss B yaydIIeHHYIO cucTeMy (IO KOM-
nonentam) S° (n(S?%) = (2,0,1)).
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Vayuwwenue B: mATErpupOBaHHAs IMKAJIa B BUJE YaCTMYHOIO NOPSAIKA JJIs 3JIEMEHTOB CH-
CTEeMbI ¥ UX COBMECTUMOCTH ([OPSIZKOBAsl MIKAJA UCHOJIB3YETCsl Jjisi OIEHOK COBMECTHMOCTH ),
uneanbuasa Touka S’ tpu Iapero-scdbdextusnbx pemenus (ST, S5, SY) (Puc. 6.12), Tpu npo-
recca, yJIydIneHust:

(a) ucxomuas cucrema S’ rpancdopmupyercs B [lapero-adpdexrusnoe pemenne ST,
(6) ucxonnas cucrema S’ TpanchopMupyercs B ujeanbHoe perienue ST,
(B) ITapero-addexTusHOE pemenue S TpancdopMmupyercsa B ujaeasibHoe permenue S’

Vcnob3yercs cieayiomast mKaJja, J1Jjisi KA9eCTBa CHCTEMBI:

(i) mmeaspHast TOUKA;

(ii) [Mapero-acpdexTrBHBIE TOUKY;

(iii) Toukm, Koropsie siBisitorcst cocenauumu ¢ [lapero-sddexkruBabimu DAs (nanpumep, co-
CTaBHOE PEIIeHNe ITOr0 MHOXKECTBO MOXKeT ObITh TpaHncdopmuponano B [lapero-adpdexkTuBnyio
TOYKY HA OCHOBE IMPOCTHIX YJIYUIIAIOIIUX ONepaIyii B BUIe MOAUMUKAIMA TOJHKO OJHOTO JJIe-
MEHTa).

Ciieiyer OTMETHTH, YTO COBMECTHMOCTb KOMIOHEHTOB BeKTOpa /N (S) MOMXKET paccMaTpu-
BATBhCS TAK)Ke HA OCHOBE IIKAJIbI 4aCTUYHOro mopsiaka (pemrerku) (kak n(S)) [336, 342]. B
JIAHHOM CJIy4ae JUCKPETHOE MPOCTPAHCTBO KAYECTBA CHCTEMbl MMEeT aHAJOTMYHBIA BuJ (pe-
IIeTKA).

W neanbHas
<3,0,0> TOYKA
| n( Sb)
<2,1,0 >
N neans-
| o

<2,0,1> <1,2,0>

] s

<1,1,1> <0,3,0>

| N(S)

<1,0,2> <0,2,1>

—\ N(S)

<0,1,2> n(S%)
| w =2
Haunxymimas
<0,0,3 > rouxka w=1
Puc. 6.11. Kauecrso no n(.S) Puc. 6.12. Kavecro o N(5)

Metopa 4: Anajornunas 06/,1aCTh Ha OCHOBE YACTUYHOTO TIOPSIIKA, JIJIsI ONCHUBAHUS (MHTED-
BAJIbHbIE OIEHKY B BHJIE MYJbTUMHOXKECTB) DAS ¥ /MM MX COBMECTUMOCTHU OBLIa MPEIJIOKEHA,
B [358] (rraBa 4).

Taxkoit ciyuail oneHUBaHUS CHCTEMBI MOXKeT OBITh HMCIIOJIB30BaH B IIPEIBIAYINEM MeToje 3.
C apyroii CTOpOHBI, 3TOT IOJAXO0JI K OINEHMBAHUIO CUCTEMBl sBJIsSeTCs KpailHe MOJIe3HBIM JIJis
YJIYUIIeHus IO KOMIOHEHTAM W JJjIs Pacitupenus cucteMbl. [Ipu 3ToM, 061mas oneHka CucTeMbl
paccMaTpUBaEeTCS Ha OCHOBE CJIEAYIONIUX MOAXOJ0B K arperan HHTePBAJIbHBIX OIEHKO KOMIIO-
HEeHTOB cucreMbl [358]: (a) MHTEprupoBaHHAsi MHTEPBAIbHAS OLEHKA B BHUJE MYJIbTHMHOMKECTB,
(6) MenmaHHAsi MHTEPBAJIbHAS OIEHKA B BUJE MYJIbTHMHOMKECTB.

Ha Puc. 6.13 npeacrasien npumep takoro tuna rpascdopmaimn cucreMbl (pekoHdurypa-
nun): (a) 3amena kommoHeHTa: X; —> Xy, (0) yaasenue xommoHenta: Z;, (B) moGaBieHue
aByx-kommoHeHTHO# yactu UV . Ha Puc. 6.13 maTepBaIbHbIE OIEHKH B BUJI€ MYJIBTUMHOXKECTB
JIJIT KOMIIOHEHTOB CUCTEMBI ¥ JIJisi Ka4eCTBa CHCTeMbl M300paKeHbl B KPYTJIBIX CKOOKax. Me-
JIMaHHAsl WHTEPBAJIbHAsI OIEHKA B BHJIE MYJBTHMHOYKECTB UCIOJIB3YETCs JIjIsi ONEHUBAHUS JIJIsI
Ka4eCTBA CUCTEMBI.
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S = Xl*Yl*Zl(l 1,1) So

R

X1(0,2,1) Yi(1,1,1) Z1(1,2,0)

:XQ*Yl*Ul*Vl(l 2 O)

f Y1(1,1,1) U1(1,2,0) V41(3,0,0)

X2(1,2,0)
Puc. 6.13. Yayumienus: cucrembl (Ho KOMIIOHEHTAM, 110 PACIIUPEHHUIO)

6.3.2 O peonTumMm3aIAN

[Tocsiegane HECKOIBKO JIET “PEONTUMHU3AIMS CTAIa HCCAEI0BATHLCI KaK CIIeNMaJIbHBIN KIacc 3a-
JIad KOMOMHATOPHON ONTUMU3AIMA Jjisl Psiia u3BeCTHHIX 33134 (Tabmuna 6.2). DopMmyaupoBka
33749l PEONITUMM3AINN UMEeT CJIEIYIOIIHi BUI;

Jano: (i) mpumep KOMOMHATOPHO¥W 3a1aun Ha rpade ¥ COOTBETCTBYIONIEE ONTUMAJILHOE
pemenne, (ii) Hekune “masbie” u3amenenust (perturbations) some “small” perturbations (r.e., mo-
quduKanum) 5Toro mpuMmepa (HampuMep, J100aBIeHNe BEPIINHBI, y/IAJEHIe BEDIINHBI).

Bonpoc: B03M0XKHO BBIYACIHTH HOBOE XOpOIee (ONTHMAJIbHOE WM MOYTH-ONTHMAJbHOE)
peltieHne ¢ orpaHnYeHreM Ha “‘paszmep”’ MoauduKaIud !

Tabmuna 6.2. VccmemoBaHus peonTUMAZAIAN

3a1a4a KOMOMHATOPHON ONTUMUBALUY M eToYHuKS

1.3a139a MPHUMAJIBHOTO TTOKPHIBAIOIIETO JIEPEBA 97]

2.3ama9u KOMMUBOSIIKEPA o7, 60]
3.3a1aun MunumMasbHOTO Jepesa [lTeitnepa 86 179
4.3a0a91 0 TIOKPHITHI 87
5.3a1a49a OCTPOEHMsT KpaTJaiiiiei oomei 88

Ha/ITIOCJIEIOBATEIbHOCTH

O630p BOIPOCOB CJOXKHOCTU JJisi 33/[@4 PEONTUMu3anun cojgepkurcst B [92]. B ocHOBHOM,
9TH 33Ja9u OTHOCATCSA K Kjaccy NP-TpyaHbiX 3ama4 w JUiss HUX NPEIIaraloTcs pa3/imdHble
IpUOJINKEHHBIE aJITOPUTMBI.

Jlpyroit moaxom K MoauduKaluu B 00JACTH 33724 KOMOMHATOPHON ONTUMH3AIUKA B BUJE
“pecrpykrypusanuu’ O6bu1 npemioxed B [350]. JaHubI 1104X0[1 COOTBETCTBYET MHOIMM IPH-
KJIQJIHBIM 3aJadaM IePernpoeKTUPOBAHUS B CYIINECTBYIOIIUX MO/YJIbHBIX cucTremax. lIporecc
pecTpykTypu3anuu uiuocrpupyercs ua Puc. 6.14 [350].

TpeboBanus H TpeboBanusi
Pectpykrypusa-
(B MOMeHT T7) 1 . (B MOMeHT T2)
mst: S° = S
! C y4eToM: }
Samada (i) S* 6mm3ok Banaga
OIITUMU3AIUY K 52, OIITUMU3AIIUN
(B MomenT 1) | (ii) n3menenne (B MOMEHT T3)
Sls S*
“ 99

I |
0 T1

TIQ t

Puc. 6.14. [Tponecc pecrpykrypusanuu [350]

3aech MoaudUKAIMST OCHOBBIBALTCS Ha CIEAYIONEM: BKIIOUEHNE /yIAJeHIe SIeMEHTOB (d1e-
MEHTOB, Y3JI0B/BEpIINH, IyT) U U3MEHeHUsI CTPYKTYphl. PaccMarpuBaroTes 1Be XapaKTepUCTH-
KM TPOIECCa PECTPYKTypu3aIuu: (1) CTOMMOCTb PeCTPYKTYPU3AIUH PeNleHns] HCXOTHON 3a1a4u
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(T.e., croumocTb 0To6paHHbIX MoguduKanmit), (i) 6JM30CTh MOJYYEHHOIO PECTPYKTYPU30BAH-
HOT'O PEIIeHM K LIEJAEBOMY PEHICHHUIO.

PaccMarpuBaemblit THI 337149 COOTBETCTBYET 3ajadaM MePenpOeKTHPOBaHus (yIydIIeHus,
OOHOBJIEHHST) MOAY/IBHBIX CHCTEM ¥ TaKas CUTYAIWs MOXKeT ObITh BCTpeYeHa B KOMILTIEKCHBIM
IPOIPAMMHBIX CUCTEMaX, aJITOPUTMUIECKUX CHCTEMAX, CETIX CBA3U, KOMIILIOTEPHBIX CeTIX, MH-
dbopmManyonHbIX cucTEMaX, TPOU3BOJICTBEHHBIX CHCTEMAX, CTPOMTEIbHBIX KOHCTPYKIUAX [349,
350).

CoOTBETCTBYIOIASA ONTUMU3AIMOHHAA 33/1a9a PEIIAeTcd JJId IBYX MOMEHTOB BPEMEHU: T U
Ty 1715 nodydenns pemenuit S u S?. ccnenyemas 3a/aua peCTpYKTypU3aIliK 3aKII09aeTcd B
“nemesoit” Tpancdopmarmn pemenus S’ B pemenue to S*, KOTOpoe SBJISETCS OYEHb OIN3KIM K
S2. B paGote [350], maunblii 10/1X0/1 K PECTPYKTYPU3ALMU ONUCAH U UJIIOCTPUPOBAH Jiis CJle-
JIYIOIIKX 33124 KOMOMHATOPHON ONTUMU3AIMK: 3312498 0 PIOK3aKe, 3a/a4a 0JI09HOr0 PIOK3aKa,
33J1a4a O HA3HAYEHUH, 33/1a4l IOKPBIBAIOIIUX JIePEBbEB.

Ha Puc. 6.15 npejcrasiena 3aga4a pectpykrypusanuu [350].

“KauecTBo”

ITosnyuennoe
petrenne S*
—"

Ilena n3mene-
HUdA PDEIIeHUA

H(ST — §*)

ITeneBoe
perenue

(t=12%): 52

Cocennsis
gt BJH/I30CT2b obJsactb s S?
@) Ucxomuoe p(S*,S?)
"\ perenue
t=r1" ¢

Puc. 6.15. 3agaua pecrpykrypusanuu [350]

IIycte P - 3ama4a KOMOMHATODHON ONTHMMHU3AIME C PEIIeHHe B BHIE CTPYKTYphl S (T.e.,
IIOJIMHOXKECTBO, rpad), €2 - HCXOHbIe JaHHbIE (JIEMEHTHI, TaApAMeTpPhl 3J1eMeHTOB 1 1p.), f(P)
- mesieBast pyukumsi(un). Takum obpasom, S(€2) - pemenue [yis ucxomubix naHubX €2, f(S(Q))
- coorBeTcTByOIas 1esaeBas dynkius. OGO3HAYMM UCXOJHBIE JAHHBIE HA MCXOAHOH CTAIuu
QL F(S(92Y)) - coorBercrBylomas nenesas dynknus, ()? - HCXOHbIE JaHHbIE HA CJeLyromeil
craguu, f(S(Q?)) - cooTBeTCTBYIOTAs TeTeBas MYHKIHUS.

Cnenyomue pemenust MOryT OuITh paccmorpensr: (a) ST = S(QY) ¢ f(S(Q') u  (6)
5?2 = S(02%) ¢ f(S(9?)). MoKHO TaK:Ke WCCIe0BaTh IeHy TpaHchOPMAIUi OJHOTO peIleHus B
apyroe: H(S® — SP). Tlycrs p(S®, SP) - 6mmsocts (moxoxects) mexry pemennsvu S u SP)
nanpumep: p(S®, S%) = |f(S%) — f(SP)|. Cnenyer ormeruts, uro byukuus f(S) sapnsercs Bek-
TopHoii dynkmeil. B pesyasrare nosyuaercs ciepyomas 3a1a4a pectpykrypusanun (6azosast
BepCHsi):

Hatimu pewenue S* ¢ yuemom caedyrowe2o :
(i) H(S' — S*) — min, (ii) p(5*, S?) — min (uau oeparnuuenue ).

Taxum 06pa3oM, 6a30Bas ONTUMHAZAIUOHHAS MOJETb MOYKET PACCMATPUBATLCS TaK:
min p(S*,5%) s.t. H(S' — S*) < h,

r/ie h OrpaHMYeHHe Jisl LeHbl N3MEHEHUs! PelIeHNsl.

@yukius 6uzoctu  p(S*, S?) Moxker GbITh paccMOTpeHa Kak BeKTOpHas (byHKIus (aHa-
JIOTUYHO, [JIS IIeHbl W3MEeHEHUsl PeIleHns1). DTa 3a7ada MOMXKeT ObITh paclIupeHa Ha CJIydail
MHOTOKDPHUTEPHUAIBHON MOCTAHOBKY 33a49l PECTPYKTYPU3ANUH (B 9TOM CJIydae MPOBOTUTCS MO~
nck [lapero-3¢dbekTuBHBIX perenmii).
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6.4 VYaydimieHue 1mo CUCTEMHBIM KOMIOHEHTaM

6.4.1 DBasosag cxema

yJIy‘{IHeHI/Ie CUCTEM Ha OCHOBE KOMIIOHEHTOB OCHOBAaHO Ha YyJYYIICHUH I/I/I/IJII/I 3aMeHe CUCTEMHBIX
KOMIIOHEHTOB. ba3oBas cxema AJId YKa3aHHOI'O THIIa YJIYYIIeHUd UMEET BUI:

Cmadus 1. Beigeienne MHOXKECTBA CUCTEMHBIX Y3KUX MECT.

Cmadus 2. Tenepanust yuydmatommx geiicrsuii (r.e., yiayuamenne DA, yuydmenue cBsizeii
mexkry DAS) u ux oneHuBaHue.

Cmadus 3. PopMyJIMPOBKa 3aJa4ud YJIyUIIeHUs] CHCTEMbl KaK 3a/1a9i KOMOWMHATOPHOR OII-
TUMU3ANUK B BUJIE BHIOOPA,/KOMOMHAIIMY YTy YINAIONMX JeificTBuii (omeparmii) (Momesb: 3a1a4a
610uHOrO0 prok3aka wiu merox UMMIT pis yuera csizeit MexK 1y yiIymIatoNmuMy ONEePAIUSIMHE ).

Cmadus 4. Pemenue 3a1aum yJIydnieHns] CUCTEMBI.

[IpumMep KOMOMHATOPHOTO CUHTE3a, I COCTABHOM MATH-KOMIOHEHTHON CHCTEMBI TPEJICTAB-
jgeH Ha Puc. 6.16. 3mech ucnoansyerca UMMIL. TlopsaakoBoe kauectBo DAS mpeacTaBieHO Ha
Puc. 6.16 B kpyrubix ckobkax (mkasa [1,2,3,4]). Tabauna 6.3 comepKuT MOPsiKOBbIE OLEHKH
cosmecrumoctu (mxkasa [0, 3]).

S=XxYxZxUxV
Sl :XQ*YVl*ZQ*Ul*‘/vQ
SQZXQ*Y'l*Z3*U2*‘/2

R ST A O
X13)  vi(1)  Zi(4)  U(1)  Vi(4)
Xa(2)  Ya3)  Z(1)  Ua(2)  Va(2)
Z3(3)  Us(4)  Va(3)
Puc. 6.16. IIpumep cucrembr

Umetorest 1Ba pesysbrupyomux cocraBubix [lapero-addexkrupubix DAs (Puc. 6.17):

(a) S1 = Xox Y1 x Zy x Uy x Vo, N(S1) = (1;3,2,0,0),

(6) So = Xox Yy *x Z3 % Uy x Vo, N(S3) = (3,2,2, 1,0).

Tabsuna 6.4 comep:KUT y3Kue MecTa W yjaydiaionue jgeiicrud. Jlajmee MOXKHO paccMOT-
peTh KOMOMHATOPHBINA CUHTE3 /I MPOEKTHPOBAHUS IJIaAHA CUCTEMHOTO YJIVUIIEHUS Ha OCHOBE
YKa3aHHBIX yJIydmIaomux geiicteuii (3a1aua 6109000 prok3aka uau TMMIT).

PaccmarpuBaercs mporeaypa yaydiieHns: Ha OCHOBE 331a91 0JIOYHOTO PIOK3aKa, A1t So. DTO
MpeJIIojaraeT COBMECTUMbIE yiydinatoinue aeiicTBus. Tabauma 6.5 COAep:KUT yJIydIIaroIime
rZLeI./JICTBI/Iﬂ " X WIJIIOCTPATUBHBIE TTOPAJAKOBBIEC OIEHKH.

CooTBeTcTByIOmast 3a/1a4a 6JIOYHOTO PIOK3aKa UMeeT BU/I:

max C;iiTi; 8.t a;ixi; < b, xi; =1 Vi=1,4, x;; €{0,1}.
ZZ 5% ZZ 5% Z j ;€{0,1}

i=1j=1 i=1j=1

OueBngHO, ¢1 = 2, @2 = 3, g3 = 2, q4 = 2.
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N neans-

HasA

Tabmma 6.3. CoBMeCTUMOCTD ToTKa

Y; \YQ \Zl\zz\zg\Ul\Uz\Ug\vl \vz \vg
X1133232330332 ®
X2133333332331
Y; 333332331
Y, 333321322
A 310311
Zs 302331
Zs 230331
Uy 310 w=2
U2 2 3 1 w=1
Ys 132 Puc. 6.17. I1Ikana kauecTBa

Tabnauna 6.4. Y3kue mecrta, yJIydIiaioIniue 1eicTBus

Cocrasusie DAs V3kue mecta ﬂef/’lC/TBHH
w/r
DAs IC
SQZXQ*Yl*Zg*UQ*V4 XQ 2=1
SQZXQ*Yl*Zg*UQ*V4 Z3 3=2
SQZXQ*Yl*Zg*UQ*V4 Z3 3=1
SQZXQ*Yl*Zg*UQ*V4 U, 2=1
So=XoxY1xZ3xUsxVy | V3 2=1
SlZXQ*Yl*ZQ*Ul*‘/Q (Ula%) 1=3

Tabsiuma 6.5. Yaydmaoiiyue aabTepHATUBBI

DA | Ynyumaromue | Bunapuass | Croumocts |Ilosb3a
JeicTBusa IepeMeHHasA Qjj Cij
1] X, Her T11 0 0
21 Xo 2=1 T2 3 4
3| Zs Her a1 0 0
4| Zs 3=2 T2 1 2
5| Zs 3=1 T23 5 4
6| Us Her 31 0 0
71 Us 2=1 T32 4 4
& Vs Her T41 0 0
9| 1, 2=1 Ty2 2 4

[TpumMepsl pe3yIbTUPYIOIUX Y1y YMIaIIUX PEeHIeHH, 01y YeHHBIX Ha OCHOBE IPOCTOI0 »Kal-
HOTO aJropuT™a (yHOpsiJIoUeHre JIEMEHTOB 110 HEBO3PACTAHUIO C;/a;), UMEIOT BUJI:

()bt =1: (v =1, 290 =1, 23y = 1, 14y = 1), 3HaueHHue neneBoit GpyHkmun ' = 2,
N(S5') = (3;2,3,0,0);

(2) =2 (w1 =1, 201 =1, x5 =1, 249 = 1), & =4, N(S¥)=(3:3,1,1,0);
BYV¥ =7 (z11=1,293=1, 25 =1, 240 = 1), =8, N(S%)=(3;3,2,0,0);
(4) b4 = 14: (2712 = 1, To3 = 1, T32 = 1, Ty = 1), Cb4 = 16, N(S§4> = (3,5,0,0,0)

6.4.2 3agada mepeKpacku BepHinH rpada

VIpoleHHast WITIOCTPATHBHAS BEPCHUS Y/IyUIIeHUs] CACTEMbI IT0 KOMIIOHEHTAM MPEeICTABJISETCS
Kak 3aja4a 1nepekpacku Bepiiut rpada [347]. Tociequne rogpl 3aga4m nepeKpack BepIIHH
rpada uHTEHCUBHO uccaeayorces (65, 74, 234, 429, 430]. Bazosas popmympoBka 3a1a4m uMeer
caexytomuii Bu. Vmeercs creayromee: rpad G = (A, E) (|A| = n), Habop (MHOXKeCTBO) I[BETOB
X ={zy,...,x}, ucxonnas kongpueypayus yeemos mjis rpada G:

C(GQ) ={C°(a),...,C°(a;), ..., C°(an)}, C°a;) € X Va; € A (i =1,n).
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[ycrs d,,(1s,,25,) (01 = 1,k, 6, = 1, k) - HeorpunaTesbHasi MaTPUIQ CTONMOCTH TIePEKPaC-
KM JIJIs] KAXKJI0# BEPHIMHBI (T.€., MATPUIA WHIMBKYaJIbHONH CTOMMOCTH Hepekpacku Va; € A).
st rpada G, neneBast kongueypayua ueemos C9(G) nium MHOKECTBO TEIEBHIX KOHPu2ypayul
uyeemos {C9(G)} Takxke mcnombsyworea. JInsg Kaxkasx aByx xomobunayut yeemos (C'(G) m
C?*(G)) MOXKHO PacCMOTPeTbh MHTEIPUPOBAHHYIO CTOMMOCTH (CTOMMOCTH NEPeKPACKH), HallpH-
Mep, KaK aJIUuTHBHYIO (DYHKIIHIO

n

D(CH(G), C*(G)) = 3_ do,(C" (), C*(ar)).

i=1
JlomoTHUTETEHO, HEOOXOIUMO PACCMOTPETh OJIM30CTh ABYX Kohpuaypauuli 4eemos :
p(C7H(G),C™(@)).
B pesynbrate MOXKHO UCC/IeIOBATH CAEAYIONYIO METOYKY TpaHchOpMAIUN:
C°(G=(AF)=C"(G=(AE) = CYG=(AE)),

rie C*(G = (A, F)) - pe3yIbTupyomas kKon@ueypayus 4eemos .

B obmiem ciyuae, 1e1€c000pa3Ho paccMaTpuBaTh JBe neseBbie dyHkiuu: (i) croumMocThb
rpanchopmarun  C°(G) = C*(G), (ii) xauecrBo 6amzocrn mexay C*(G) u C9(G) (wm
{C9(G)}). OnenuBanne yka3aHHBIX CTOMMOCTH U OJIM30CTH MOYKET OCHOBBIBATHCS HA PA3Jiny-
HBIX 110/(X0/IaX (HAIPUMED, a/IMTUBHbIE (DYHKIMU, MUHAUMU3AIUs, DyHKIMK B BUe ‘min/max’,
BeKTOpHast (DYHKITHS).

Temepb MOXKHO OMUCATh GA30BYI0 33149y MEPEKPACKHU:

Hatimu nosyro xongueypayuto yeemos C*(G) mias mannoro rpada G = (A, E) umobw
MUHUMUBUPOBAMb bAU30CTS pe3ysvmupyowet konguaypayuu yeemos epaga C*(G(A, E))
ueaesotl Kondueypayuu yeemos zpaga  CY(G(A, E)) ¢ yuemom oepanureniot cmoumocmu
nepexpacku (< D):

min C*(@), (G
o in p(CU(G),C(G))
sit. D(C°(@),C*(@)) < D, C*(a;) # C*(a;) V(a;,a;) € E, i # j.

Puc. 6.18 uutioctpupyer 3axady nepekpacku rpada (ero BepiiuH):

C(G) = (PoxQsxUsx Vox Wp) = C*(G) = (PL*xQax Uy x Vi x W3) .

o
q Qo q Q2
Z Qs
=
p w v p w v
Py Vi Wi
Wy Py Ws Va
P W3 u U V3 P u V3
u 1 P 1
pacipacka v
U3 U3

Puc. 6.18. [Tpumep nepekpacku Beprus [347]
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6.5 Moandukarusa CTPYKTypPbl CUCTEMBI

Momudukaius CTpyKTyp CUCTEM SIBJIsI€TCS KPUTUYECKOH KOMILIEKCHON KOMOMHATOPHOM 3a/1a-
qei:

HUczodnan cmpyxmypa cucmemv, —> Moodugpurayus —> DQunasvras cmpykmypa cucme-
Ml

Tabauna 6.6 comepKUT CIUCOK 0A30BBIX 33/1a4 MOAUMDUKAIIUU CTPYKTYP.

Tabsiuna 6.6. Moaudukaiusi CTpyKTyp

3amada Ucxomuas QuHasbHAS CTPYKTYPA | McTOUHUK
CTPYKTYDa

1.Moaudukarusi 1peBOBUI-

HBIX CTPYKTYP:

1.1.3apmaqa ‘ropsuanx’ Jpesosunuas | JIpesoBuanas crpykrypa |99, 164, 196]
cesizeit (hotlink CTPYKTYpa C JOTIOTHUTETLHOMN 265, 305, 363]
assignment, problem) CBSI3BIO U3 KOPHSI

1.2.Mogudukamus nepesa: | Bapemennoe | B3BEIIEHHOE JIEPEBO C [15, 16, 334, 363]
‘CKJICUBaHIE’ aepeBo arperupoBaHHBIMA
B3BELICHHbIX BEPIINH BePpIOIVHAMN

1.3.Tpancdopmarus Ilepero Jepero IllTeitnepa [363, 391, 393
JIEPEBA B IEPEBO
IMIreitnepa

2.Tpancdhopmarust Mopdosoru- | Mopdosorugeckast [334, 342, 363]
MOpP@OSIOrnIecKOit qeckast CTPYKTYpa C Tpebyembl-
CTPYKTYDBI CTPYKTYypa MU CBOMCTBaMU

3.Tpaucdopmanus YpoBHeBast YpoBHEBasT CTPYKTYpa €

YDPOBHEBBIX CTPYKTYD CTPYKTYPa TpedyeMbIMu CBOMCTBAMU

4.3a7a4a IONOJTHEHN ST CBSI3HBIH Cas3ublii rpad ¢ [180, 294]
rpada (graph rpad TpedyeMbIMU CBONCTBaMU
augmentation problem) (Te., ¢ ynydIneHHOM

CBSI3HOCTBIO)

6.5.1 Momudukanusa gepeBa MMOCPEJICTBOM CKJIEMBAHUSA BEPIITUH

Jlanublit pa3aen ? colepKUT KpaTKoe OMUcaHue TpaHchOpMamuu Jepesa (C BecaMd BEPITUH U
Becamu pebep/yr) mocpeacTBOM uHTErparyu (KOHIEHCAIMN) HEKOTOPHIX COCEJIHUX BEPIIHH C
y4YeTOM OrpaHuyYeHuii Ha 00Ul BeC MAKCHMAJIbHOIO XBOCTA jJepeBa (T.e., JIMHA OT KOPHSI Jiepe-
Ba J10 BHCsiveil Bepinunbl). Jannas 3amada 6buta Buepsbie chOPMyJINPOBaHA KaK TPOEKTHPOBA-
HUE OBepJIEIiHON CTPYKTYPHI sl MOJY/IbHO mporpamMMHoii cucremsr |15, 16]. MuTerpuposanue
(ckJIenBaHME) MPOTPAMMHBIX MOJIYJIell Tpebyer IONOJHUTEIHHON IaMsTH, HO TO I03BOJISET
YMEHBIIUTh BpeMsi (T.€., 4aCTOTY) 3arpy3Kd HEKOTOPBIX COOTBETCTBYIOIUX Moyseil. Takxke
MOI'YT PACCMaTPUBATHCS JIPYTUe TPUJIOKEHU ST ITOU MOJIEJIU, HAIIPUMED: IOCTPOEHHE Hepapxuyde-
CKOIi CTPYKTYDHI JaHHBIX, HepapxuvecKas Crpykrypa caiita B VlHrepuere, 3aja4a Bbi3oBa (call
problem). Ha Puc. 6.19 u Puc. 6.20 comepKuTcs MTIOCTpAIys Ha TIPUMeEPe TTPOEKTHPOBAHUS
OBEPJIEHO# CTPYKTYPhl HA OCHOBE MHTETPAIMY MOJIYJel, KOTJa pa3JudHble TPOTPAMMBl UJIH
MOJIy/IH JAHHBIX MOTYT HCIOJIb30BaTh ofquu u Te ke dactu O3Y (RAM). [na nannoit xombu-
HATOPHOI ONTHMU3AIMOHHON 331aun (00001IeHre 3a1a491 6JI0YHOr0 PIOK3aKa Ha JPEBOBHIHOM

2From (with amendments):
(i) M.Sh. Levin, An extremal problem of organization of data. Eng. Cybern., 19(5), 1981, 87-95.
(ii) M.Sh. Levin, Combinatorial Engineering of Decomposable Systems, Springer, 1998, Chapter 2.
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CTPYKTYPE ¥ IPU CHEIHUAJIbHBIX OIDAHMYEHUsX) ObLI MPEJIOKEH HOBBIH THII NPUOIINIKEHHO-
r0 MOJMHOMHMAJIBHOTO AJIOPUTMA C OrpaHMYeHHON oTHOcUTe bHOW mnorpemocrbio (FPTAS)
|15, 16].

1 0 f [0
1 9 X
wey |1 P e T
3l 1415
16 7 [B]91 10 =
17
5 o
1618 g

Puc. 6.20. Ucnonws3oanne namsaru (O3Y) [15, 16, 334]

[Tycrs G = (A, T) - opuenTHpOBaHHOE J€PeBO, The A - MHOXKeCTBO BepIIHH (MOIYJIN TPO-
rpamM win gavubiX) (|A| = n). [yers T - muorosnaunoe orobpaxkenne A B A. Jlyru B G
OPHEHTHPOBAHBI OT KODHS a, € A K Bucsunm BepmmuaMm. Kaxknas sepumua a € A nMeer mo-
JIOXKUTEJILHBIX Bec (Tpefyemsrii 06bem omeparuBHoii mamsaru O3Y - RAM) §(a) > 0. Kaxnas
ayra (a',a") (a',a" € Awnd’ € YTa') umeer Bec (T.e., HCXOMHYIO YACTOTY 3arpy3Knm B Olepa-
tupHyto namsaTh) w(a',a’) > 0. DTOT Bec JyrM COOTBETCTBYET YacTOTe BhI30Ba/obpamenus (1
3arpy3KH) u3 MO,ILy.HH a K MOJIYJTIO @ .

[lycrs 7(al, d') =< a, ...,d%, ...,a' > 6yzner nyts (/! € Ta’,j = 1,...,1—1). Jlna kaxa0ro

IIyTH BBOAUTCS BeC \(7 (a al) !_ M\(a"). Becom rpaca G 6yzner 3HadeHue

MG) = mazx ”eAO{/\( m(ao,a))},

rae A° ={a € A| Ta = O} - mHO)KeCTBO BHCstunx BepmH. [lycrs G, = (A,, T) obo3nauaer
IOAJEPEBO ¢ KopHeM a € A, m A, COIep:KWUT BepIIMHY @ ¥ BCe APYTHe BEpIIHHBI, KOTODPHIE
MoryT gocrurarbes u3 a. I'pad (A, \ a, T) Oyzer Ha3bIBATLCS T60CM BEPIIUHBI @, U 3HAYECHHE
A" (a) = MG,) — A(a) Gyaer Ha3bIBATHCS BECOM T60¢Ma BepIIUHb a. OYeBUIHO, YTO

Aa) = maz s v {ANG )}

a €Ya

1"

Hanee ncmonpsyorest Bec w(a) u 6unapHas mepemennas x(a) Ya € A\ a, (1 coorBercBTy-
eT CHTYyaIlWH, KOTJa Jyra, HApaBJIeHHAs K a, KOHICHCHDPYETCS - cmnMaeTcs{) Tenepb MOXKHO
onpeenTh TpancdopManuio rpada G Ha 0OCHOBe HHTEIDAIMH BepIIUH ¢ ¥ a
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(a) Bepmuna o m3Mensiercs Ha J(a ,a’) ¢ CJAEAYIOUMMHU CBOCTBAMME:

MJ(d',a")) = Ad )+ Ad") YJ(a,a")=(Yd UYad")\a";

(6) BepmmmEa @ W AYIH, KOTOPBIE WAYT U3 3TOH BEPIIMHDI, YAAJTIOTCH.

g rpada G paccMaTpuBaercs OMHAPHBIN BeKTOD k(a), KOTOpHIit BKIoUaeT Bee x(a) Va €
A\ a,. Takum 06pazom, uCCIeIyIOTCS Beca BEPUIMHBI @ U €e T60CMa KaK (DYHKIMH BEKTOPA K:
Ma, k), A" (a, k). Tenepr MoxkHO paccMoTperhb 3aaady (Tum 1):

max W(k) = > z(a)w(a) s.t. Ma,, &)+ A (a,,k) <b,

ac€A\ao

rje b - TOJIoKUTE/IbHAs KOHCTAHTa (T.€., 00'beM J0CTYIHOM oneparuBHoii maMstu - O3V). Dra
dopMyIupOBKa 33a4Uu COOTBETCTBYeT npumepy Ha Puc. 6.19 u Puc. 6.20.

JIomoTHUTEIbHO, PACCMATPUBACTCS aHAJIOIMYHAS 3aja4a (TUIl 2) ¢ APYTUMMHU OIPAHUYEHWSI-
MU:

Mag, k) < b, A (ag, k) <0, b~ +b" =b.

Craenyer OTMETUTH, WIIOCTPAIMHU I JAHHOTO KJIACCA PACCMATPUBAEMBIX KOMOWHATOPHBIX
Moziesieli ipejicTaBiensl Ha Puc. 6.21 (6a3oBbie 3a1a4a 0 pIOK3aKe U 3aja4a 0JI0YHOTO PIOK3aKA)
u Ha Puc. 6.22, coorBercrBre 33/[a4u U WILTIOCTPaIuu npejacrasieHo B Tabsuie 6.7.

/l\ ///\\\

(i) 3amaga o prok3ake ( (ii) 3amaua 6;109HOrO proK3aKa (

Puc. 6.21. 3azauu o pok3ake u 6J0IHOrO prok3aka [15, 16, 334]

Ternepb MOXKHO PACCMOTPETh HEKOTOPbIe MPOCThie caydau 3agaduu (tun 1 u tun 2). Iycts
= {a1, ..., a;,...,an} (1 u;) coorBercTBYET HEKOTOPOH ayre (a,,a;) (w(u;) = w;). Torma
COOTBETCTBYOIIAs 3aa4a (3a7a4a 1, SKBUBAJEHT 3aja4u O pIoK3ake, Puc. 6.211) umeer Bu:

max » zaw; st Mao) + > wMa;) < b, z; € {0,1}.
i=1 i=1

[eneBasi byukuust B gpyrux npocrbix ciaydasx (1.1 - Puc. 6.22a, 1.2 - Puc. 6.22b, 1.3 - Puc.

6.22c, 1.4 - Puc. 6.22d), koropbie ocHOBaHBI Ha 33jade O plokK3ake (3amada 1, Puc. 6.21i),

SIBJISIETCS] AHAJIOTMYHON; Ja/iee TOJIBKO OrPAHUYeHUs] Oy/IyT YKA3bIBATHCS JIJIsi ITUX 33/1a4.
Bamauda 1.1 (Puc. 6.22a) BkiIoYaeT caeyomniee orpaHndeHue:

AMao) + le a;) + max ((1 — ;)M (a;)) < b.

=1

OTa 3a/a4a COOTBETCTBYET (POPMUPOBAHUIO 3aTPY30YHOTO “MPOrPAMMHOIO $/pa’ BO MHOTHX
IPOTPAMMHBIX MTaKeTaxX.
Bazmaga 1.2 (Puc. 6.22b) Tuna 2 nmeer Bu:

) . - — . . +
Na,) + le)\(az) <b, 11;1%);((1 ziX(a;)) < b
Bazmaua 1.3 (Puc. 6.22c) umeer Buz;:

Aa, + Z ziA~(a;) + max ((1 — A (a;) + AT (a;)) < 0.
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(a) T 1 (11)

(c) tum 1 (1.3) (g) tux 1 (2.3)
N RN

Oy LY

(d) Tun 2 (1.4) (h) tun 2 (2.4)
Puc. 6.22. [Tpocreitimast u Bciomoraresibubie 3agaqu [15, 16, 334|

Tabauna 6.7. 3amaun prOK3aYHOTO THUIIA - WJLTIOCTPAIUN

Sajaua Nnnocrpanun
1.hazoBas 3amaua o pok3ake (3adaya 1) |Puc. 6.21i
2.3adaua 1.1 Puc. 6.22a
3.3adama 1.2 Puc. 6.22b
4.3adava 1.3 Puc. 6.22¢
5.83adaua 1.4 Puc. 6.22d
6.3amaua 61049HOrO proK3aka (3adaua 2) |Puc. 6.21ii
7.83adava 2.1 Puc. 6.22¢
8.3adana 2.2 Puc. 6.22f
9.3adaua 2.3 Puc. 6.22g
10.3adava 2.4 Puc. 6.22h

[IpencraBaseTcs BaXKHBIM YKa3aTh CJAEAYIONIME CBOMCTBA ITOU 33 a4M:

(a) a; (Va; € Ta,) nmeer Bec A~ (a;);

(6) a; (Va; € Ta,) nMeer TOIBLKO OAHOTO ChiHA ¢ BecOM AT (a;), M 3HAYEHHE COOTBETCTBYET
BECY Z60CMNA;

(B) TONIBKO KOHjeHCAIUs (CxKaTue) CJIEAYIONUX IYyT SIBJISETCS JOMYCTUMBIM (a,,a;) (i =
I,m).

B pesysibrare, mocsieoBaTeIbHOCTh HPOCTHIX 33/a4 Ha OCHOBE 33/Ia4M O PIOK3aKe MOXKeT
6biTh paccmorpena (Tabumuma 6.7): 1 (6a3oBasi 3amaua o prok3ake, Puc. 6.21i), 1.1 (anasuor
3a/a4 0 piok3ake, Puc. 6.22a), 1.2 (Puc. 6.22b), 1.3 (Puc. 6.22¢), 1.4 (Puc. 6.22d).

AHAIOrU9IHO, MOXKHO YyKa3aTh IOCIEI0BATETFHOCTh BCIOMOTATEIbHBIX 33729 HA OCHOBE 3a-
Jqadn 61ouHoro prok3aka (Tabmuma 6.7): 2 (6azoBas 3amada 6r1ouHOTO prok3aka, Puce. 6.21ii),
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2.1 (anasnor 3aaun 6109HOrO prOK3aka, Puc. 6.22¢), 2.2 (Puc. 6.22f), 2.3 (Puc. 6.22g), 2.4 (Puc.
6.22h).

B mamnoM ciydae, 3amada 6;109HOTO prok3aka wian 3amada 2 (Puc. 6.21ii) nmeer Bum:

m g

max W({z;;}) = Z Z w(aij)i;

i=1j=1

m  qi

st Mao) DY xijhay;) < b, wa—l =1,m; x;; € {0,1}.

i=17=1

B BcmoMoraTeabHBIX 3aJla9aX HUCIIOJIB3YIOTCA CJIEAYIoIee MHOXKECTBO By.HeBI)IX BEKTOPOB:

— 2 5= R
X = {H ( 237 )‘xzw ije{(]?l}? 3_17Qi7 2_17m}
,Z[OHO.HHI/ITe.HbHO, ciaeayromee Orpaindenue J0JI2KHO OBITH y4T€HO OJid BCEX BCIIOMOI'aTE€J/IbHBIX
3aJa4:
Vi, .

’l_]’

q;
Z:c =1, Vi q: < xl

Taxk>ke ucnob3yeTcs cieayoinas MoaudunupoBanHas 1ejeBas pyHKIus:

m g

W(X) =3 (wiw (ay) + zw(ay)).

i=1j=1

Tenepb MOXKHO PacCMOTPETH BCIIOMOTATEJBHYIO 3a/ady, HAIpUMep 33J1ady 2.4, KoTopasi CoOT-
sercryer Tuny 2 (Puc. 6.22h):

AMao) + i i:p?j)\_(azj) <b, max((l — x?j))\_(aij) + A (ai;)) < b,

i=1j=1 b

15 mocenoBaTeIbHOCTH IPOCTHIX 3324, MOXKHO UCIOJIb30BaTh MPUOJINKEHHbIE aJITOPUTMBL,
KOTODBIE OCHOBBIBAIOTCS Ha e-mpub/uzkeHHoM ajroputme (e € [0,1]) s 3amaum o prok3a-
ke [289, 411, 491, 492]. B yka3aHHBIX aJIrOPUTMAX OINEHKU YUCJIA BBIUC/IUTE/LHBIX omeparuit
nofno6Ha ONeHKe JTd 3aadd O piok3ake (289, 411] u pasma O(™- %) [15, 16, 334]. Dru anro-
PUTMBI UCIOJIB3YIOT YIOPSIJOUEHUe IJIEMEHTOB U3 MHOXKeCTBa Y a [0 HeBO3pACTAHUIO \(a;) WIH
(A (ar) + A (a).

[Tomxom K pelmeHnio BCIIOMOTraTeTbHBIX 33/1a9 OCHOBAH Ha IOJ0OHOM ITPHOIMKEHHOM I0/TXO0-
Jle K 33/1a49e 6JIOYHOTO PIOK3aKa C CJAEAYIONMME ONEeHKAMH YUCJIa BBIYUCIUTETbHBIX OIepaliuii
1 TpebyeMbiM 00'bEMOM ONEPATHBHON MaMsiTu coorBercTBeHHO [289, 411]:

m m2
O(= ‘ =
(= ;qz), — ax {g:}).
K coxasienuio, ajropuT™ ¢ aHAJOTHYHOM ONEHKO CI0XKHOCTH JijId 33124 2.3 He ObLI HOCTPO-
en (Puc. 6.22g). IlosTomy (€, d)-IpHOIMKEHHBIH AJITOPUTM C CJIEAYIOIMME OIEHKAMH (YHCII0
onepanuii, Tpebyembiit 00beM maMmsiTH) 6bLT IpeioxkeH [15, 16, 334]:

2

053 a). 0" max (a))

e 1<i<m

r7e 0 - OTHOCUTEIbHAS TOTPEITHOCTh TI0 OTPAHUIEHHUIO.
B ciyuae, korma G - k-ypoBHeBoe JiepeBo, aJrOPUTM OCHOBaH Ha KackaaHoit cxeme 'CHUI3Y-
BBEPX’ (Puc. 6.23) |15, 16, 334]:
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Hlaz 1. Bapaua 1.2.
Hlaz j (j =2,k —2). 3agaua 2.4.

Ilaz (k —1). 3anava 2.3.

3azaga 2.3
(Puc. 6.22g)

SN

/ N

3amaua, 2.4 Sanaqa 2.4

(Puc. 6.22h) (Puc. 6.22h)
Samaga 1.2 Sanaga 1.2 3amaga 1.2 3amaga 1.2
(Puc. 6.22b) | | (Puc. 6.22b) (Puc. 6.22b) | | (Puc. 6.22b)

Puc 6.23. Cxema 'CHU3Y-BBEPX’ misa apesosuauoro rpada [334]

O1eHKY CI0KHOCTH aJTOPUTMOB UMEIOT BHJ, (T.e., YUCJI0 omepanuii, oobeM Tpebyemoii ma-
b b
MSITH )
2.5 2,4
o1 o)y ot
edt 7 edt
I !
rae m(a) = |Y(a)|, m = max,ea m(a), n(a) =| A, \ {a € A, | Ya =D} |.
B ciyuae 3-ypoBHEBOro nepeBa, OLEHKH HUMEIOT BH/L: O(%&“"))
[TepcuekTuBHBIe 0600IIEHUS PACCMOTPEHHON 33,0849l MOTYT BKJIIOYATH CJIeAyIOIIee:
(a) MHOTOKpUTEPHAJIBHOE OMUCAHUE HJIEMEHTOB,
0) 6oJsiee ci0KHAA CTPYKTYypa (Hampumep, HapasljiebHO-II0C/Ie10BaATe/ILHBII I'Pa
YKTY ) AL )
(B) HEONpeIeJIEHHOCTD,
(r) quHAMMKA.

6.5.2 3amaya Ha3HaAYEHUS TOPAYNX CBA3eEi

B nocsiegame roabl Obla MpeIjIoyKeHa KOHIEIINAS TOPSYnX’ CBsA3e# JIjIsi YMEeHbIIIeHUs CJI0XKHO-
cru jocryna B WHGOPMAIMOHHBIX CTPYKTYpax (HampuMep, B web-InpeKTopusix) MoCpeICTBOM
HCII0J/Ib30BaHUsl OIPAHMYEHHOTO YHC/IA JIONOJTHATETBHBIX CBs3ell (‘ropsunx’ cBsi3eil) B CTPYK-
Typax gaHHbIX [99, 163, 467]. B obuem ciydae, 3a1ava HA3HAUEHUs 'TOPSYUX’ CBs3€il MOXKET
paccMaTpUBaThCs Kak 3aja4a ooHosienus (upgrade) cern [196]:

Hatmu donoanumenvryro dyey(u) das ucrodnozo epada kax xopomrul nymv K dGHHOM C
UEABI YMEHDULEHUSA CPEOHE20 004CUIAEMO20 NYMA.

O6bIuHO, TaHHAs 3aja4a paccMaTpuBaeTcs s aepeBbeB. Ilycts 10 = (A, E) obo3Hauaer

HalpaBJIEHHOE JIePEBO C MAKCUMAJbHON crenenbio d, KopHeM ro € A (Hampumep, 371€MeHTHI
A coorBercrBytor Web caiitam, sinemenTsl E coorBercTBYIOT cBsizsim - hyperlinks). Bec y3ia
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paBeH dacrore (BeposiTHOCTH) o6painenusi (gocryna, moucka) K Hemy. [jisi ynpoiueHust npej-
nosiaraercst, 4to Tpebyemasi nHGOPMAIWs COAEPXKUTC B BUCsuuX BepmmHax (y3nax). Juuna
MOUCKa [ y3/1a v € A paBHA YUCJIy JYT B MyTH U3 KOPHS Ty B 0.

[Iycrs T, = (Au, E,) 6yner mogmepeso 1 (A, C A, E, C E), KOpeHb DaCIOIOXKEH B y3J€
u € A (31ech, u He SBISETCS CHIHOM 7). Takum 06pa30oM, JONOJHUTEIbHAS NMPAMas CBI3b
(“hotlink”) umeer Bum: (rg,u). Ilpu sTOM TIyTH KO BCeM BucsumM y3iam B T, OyayT MeHbIieii
JUTHHBL.

Puc. 6.24, Puc. 6.25, Puc. 6.26, u Puc. 6.27 nIocTpupyIOT YIPOIIEHHbIE BEPCUU 33141
ropsuux csa3eit. Ha Puc. 6.27 npeacraBieHo uCnoIb30Banie BHYTPEHHBIX Y3/I0B KaK OO THH-
TeJIbHBIX KOpHeH (17).

BazoBast 3ajaua Ha3HAYEHUsT TOPSYNX CBsI3€il 3aK/II0YAETCS B HA3HAYEHUU K JTOMOJTHUTE Th-
HBIX CBsi3eil (M3 KODHsI) C IEJIbI0 MUHMMU3AIUK OOIIEro YMCJIa IMIArOB I HOCEIeHHs TPe-
OyeMbIX HH(MOPMANMOHHBIX y3J0B. C JApYyroif cTOpoHbI, HEOOXOAUMO HANTH MHOXKECTBO k y3-
nos (U = {u}) B mepese T. B mocjennue roabl Takue 3a/a4d IOPSYUX CBsA3edl MHTEHCHUB-
HO HCCJIeAYI0TCst (HAmpuMep, MOCTPOEHUe AJTOPUTMOB, BOIPOCHI CJIOKHOCTH, HTPUO/IHKEHUS)
[99, 152, 164, 163, 196, 265, 306, 316, 413, 467|. Hekoropbie Bepcuu JAHHOIO THIA 3374 YKa-
3anbl B Tabsuie 6.8. B ocHoBHOM, 9TH 331aun oTHOCATCs K Kiaaccy NP-Tpynubix 3ama4a [265).
Jns Takux 3a7a4a mpeioXKeHsl IpubnKenubie aaroputmsl (Braodas FPTAS) 306, 413].

%NA

Puc. 6.24. 3azaua ropsveil cBs3u (0HA CBSI3b)

U2
u1 uz

Puc. 6.25. 3azaua ropsiveii csizu (1Be CBsi3b)

To

Puc. 6.26. 3amaua ropsdeit cBs3u (Tpu cBsi3U)

r
UQ 0

Puc. 6.27. 3agaua ropsiueil cBsi3u (TP CBsSI3U, BHYTPEHHUIT KOPEHb )
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[Tpu MHOrOKpPUTEPHAJILHOM OIIMCAHUM TOPSIYUX CBsi3ei U/WiiM BBIOPAHHBIX Y3JI0B/ T10/j1epe-
BbeB (T.e., y3JI0B KaK ), MHOTOKPHTEPHAJIbHbIE 33/[a4i O PIOK3aKe WJIM MHOIOKDHTEDUATbHbIE
0600IIeHHbIe 3312491 Ha3HAYEHUs] MOTYT HCHOJIb30BaThes 387, 389, 404, 463]. Bosmoxkno pac-
CMaTpHUBATh HEKOTOPBIE 000OIIEHN 3318491 TOPIINX CBsi3eil, HampuMep: (i) yueToMm Heompese-
nennocty, (ii) 3amaua Briroyenus nepesa (“hot-tree assignment” problem).

Tabsmma 6.8. 3agaun ropssunx CBsI3ei

Banaqa Wcrounuku
1.Bazosas 3ana4a ropsideit cBsi3u 99, 467]
2.3a1849a ¢ OIHOH CBA3BIO 163
3.Topstyasi CBSI3b TOJBKO JJisT BUCAYUX Y3JIOB 265
4-3&,&3}{3 C rOpAYMMU MHOTHUMHU CBA3AMHA 163, 196]
5. /InHamurdeckasi 3371298 TOPSTINX CBsi3ei 164]

C obmieii TOYKM 3peHud 33/1a49a ropadeil CBI3M MOXKeT PaCCMaTPHBATLCA KaK CHelHaJIbHbII
caydaii 3asaun nonosiHenus rpada (“graph augmentation problem”) [180, 294|.

6.5.3 Tpancdopmamnusa gepeBa B aepeBo IllTeiinepa

3aecy Tpancdopmarus nepesa 1’ = (A, E) B nepeso Ulreitnepa S = (A, E') paccMarpuBaercst
Kak jonosiHenue touek Illreitnepa B ucxojnoe JepeBo (Wid HpeaBapUTEIbHO IIOCTPOEHHOE MO~
KPBIBAIOIIEE JIEPEBO) C YUETOM CJIEAYIONIEro: “cTouMocTs’ (TpebyeMble pecypehbl) i KazKIoi
touku [lTeiinepa, “mose3nocts” kKaxkoit Touku IllTeitHepa, obiee orpaHudeHue Mo pecypcy
(T.e., obmas “croumocts” BeiOpanHbIX Touek [Ilreiinepa) [363, 393]. PaccmarpuBaercs npocreii-
muit caydait, korga Touku lllTeitHepa MCIOIB3YIOTCS TOTBKO /IS “TpeyroJbHUKOB . O4eBUIHO,
YTO MOJIEJIM C BEKTOPHBIMHU “CTOMMOCTBIO” ¥ “NIOJIE3HOCTHIO” MOTYT OBITH TaKyKe PACCMOTPEHBI.
CxeMa pereHust UMeeT B

Cmadus 1. Oupenenenue (SKCIEPTHOE ONEHUBAHUE, KJIACTEPU3AINUS) M PErHOHOB (KJacTe-
PbI, TPYIIBI COCEHUX Y3JI0B) B UCXOAHOM jiepeBe T  Jjist BO3MOXKHBIX JIOHOJIHATEIbHBIX TOUEK
[Mreiinepa.

Cmadus 2. Tenepanust Bo3amoxkubix Tovek [llrefinepa (KanuIaToB) 1 UX napaMerpos (T.e.,
CTOUMOCTH J00ABJICHHS TOYEK, “II0JIE3HOCTD”).

Cmadusa 3. PopMmynupoBanue 3a/1a4u OJJOYHOTO PIOK3aKa JJjIsd BHIOOPA HAWUIYUIIHAX JOTOJI-
HUTETHHBIX Touek [IITeliHepa ¢ y4eToM OrpaHUYeHHuil 0 pecypcaM:

m  qq m  qi

qi
max ZZ Cijxij s.t. ZZazjxij S b, :L‘ij = 1, ZL‘Z‘j c {O, 1},
7=1

i=11i=1 i=1j=1

re i - uHgekc permona (i = 1,m), ¢; - umcao Bepcmit s nobasienns touek Illreiinepa B
peruone i = 1,m, j - unjgeKC Bepcum Jis gobasienus Touek 1llreiinepa B pernone (j = 1,¢q;),
x;; - OMHApHAs NepeMeHHas, paBHasg 1, ecM BHIOMpAETCs BEpCHs j B peruoHe i, b - obiiee
OrpaHWYeHue 1Mo TpedyeMbIM pecypcaM (T.e., obimast “cTouMocTs”).

Cmaduas 4. Perenue 3aa4u GJI0YHOTO PIOK3aKa JJIs MOJIYyYeHUsT Pe3YIbTUPYIONIEro JIepeBa
[MIreitnepa S.

YuceHHBI TPUMep WILTIOCTPUPYET AaHHYIO cxeMy. Mcxonnoe nepeso nmeer Buz (Puc. 6.28):
T=(AF),A=1{1,2,3,4,5,6,7,8,9,10,11}. Oupenenenst gersipe peruona (Puc. 6.28): pern-
ou 1: {1,2,3,4}; peruon 2: {4,6,7}; peruon 3: {4,5,6,9,11}; peruon 4: {7,8,10}. Paccmarpu-
Batorcst caeyrone touku [reiinepa (Puc. 6.29): peruon 1: sq11, S12; Pernon 2: Sa1; peruoH 3:
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$31, S32; peruoH 4: s41. Tabsmna 6.9 comep:KuT UCXoAHbIE JaHHbIE /IS 33449 OJI0YHOIO PIOK3a-
Ka: OMHAPHBbIE IIEPEMEHHBbIe U COOTBETCTBYIOIME mapaMerpbl (TpebyeMblii pecypc “croumMocTs”,
BO3MOKHas “TIOJIE3HOCTH”). 3a/aua MMeeT BU/I;:

4 G 4 G 9
max Z Z Cij T4j s.t. Z Zaijxij S b, inj = 1, Lij S {O, 1}
j=1

i=11i=1 i=1j=1

Ucxomnast nepeBo T'
Perwon 1

Peruon
2

Pernon
3

Peruon 4

11
Puc. 6.28. Vcxomnoe JiepeBo u pernossl (Kjaacrepsl)
Touku Ireiinepa Touku IIreituepa Touku Ilreitnepa
JIJIsI PETUOHOB 2, 4 711 peruoHOB 1, 3 JJ1s1 PeTuoHOoB 1, 3
S921 532
S31
S41

Puc. 6.29. /lononuurensusie Touku IllTeitHepa 11 pernoHOB

Taomumna 6.9. /lanasie gasa 33134 0JI0YHOIO PIOK3aKa

Permon |DBunapnasi |Touxka “Croumocts” | “ITonesnoctn”
nepemenHad | [TIreitnepa, Cij aij
Peruon 1 11 Her 0.0 0.0
T12 S11 3.1 1.5
13 S12 1.2 1.4
Peruon 2 T21 Her 0.0 0.0
T22 S21 2.0 1.3
Peruoun 3 Z31 Her 0.0 0.0
32 831 24 1.4
T33 $32 1.8 1.3
Peruon 4 Tq1 Her 0.0 0.0
Tg2 S41 1.5 1.2

Ha ocHOBe nmprMeHeHus] IPOCTHIX YKAAHBIX AJTOPUTMOB OBLIM IIOJIYYeHbI CJIC/LYONHIe Pele-
HUs (B BHJe MHOXKECTBa JONOJTHUTEIbHBIX Touek Illreiinepa) (Puc. 6.30):

(1) by =2.9: T2 210 =1, 291 =1, 230 = 1, x4y = 1, rouku lreitnepa 7, = {s11, S31},

obmast (ajuuruBHas) “nosesnocrs’ ¢ = 5.5;

(2) b2 =4.2: beZ T19 = 1, Lo = 1, T3o — 1, Ty = O, TOYKHU LHTeﬁHepa Zb2 = {811, S91, 831},

obmas (aguTuBHAs) “mOTE3HOCTD’ € = 7.5;

(3) bg = 5.4: Tp,: w12 = 1,009 = 1, w30 = 1, 249 = 1, Touxm llreitnepa Z,, = {s11, 21, S31, S41 },

obmas (agmuTuBHAs) “mose3nocTs” € = 9.0.
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Pemenue Sy, :
(2 Toukm Illreiinepa)

S11

Pemenue Sy, :
(3 Touku IllTeitnepa)

S11

Pemenne Sy, :
(4 Touku Illreiinepa)

S11

S21 521

531 531 531

S41

Puc. 6.30. Pemennga

Ha ocnoBe mpejjioskeHHOTO HOJXOMa MOTYT OBITH HCCIeJOBaHBI Oojiee CIOYKHBIE 3a/a9M C
ydaeToM ciieaytonero: (i) HeCKOJIbKO AOmOTHUTE bHbIX ToueK IllTeiinepa B ogroM permone, (ii)
COBMECTHMOCTD JIONOTHUTETbHBIX TOUEK B COCETHUX PETMOHAX.

6.5.4 3amada nmomnoJHeHus rpada

[less u3BecTHO! 3amaum nonoHeHus rpada (“graph augmentation problem”) sakiouaercs B
Mo uUKAIUKE UCXOAHOrO rpada (cern), HaIpuMep, MOCPeJCTBOM pebep, Tak, YTO0bI MOJIydae-
MbIii HOBBI Irpad yI0BJIETBODS HEKOTOPHIM TPEOOBAHUSIM (B YACTHOCTH, YJIYUIIEHUE CBSI3HO-
cru) (180, 294].

6.5.5 Tpaacdopmamusa Mop@dOJIOTUIECKOH CTPYKTYPhI

Crpykrypa MOpdOIOTHUecKoil CHCTEMBI COIEPKUT cJieytonue dactu [334, 342, 355, 356, 363]:
(1) nepapxuto cucremsbl (06BIYHO J1EPEBO), (2) MHOMXKECTBO BHCSYUX y3JI0B (T.€., CHCTEMHBIX KOM-
IIOHEHTOB), (3) MHOXKECTBO aJITEPHATUB JJIsl KAZKJIO0TO BUCSYEro y3Jia, (4) OLeHKH aJbTepHATUB
(B 9aCcTHOCTH, MOPSIAKOBBIE ONEHKW B BHJE MPHOPUTETOB, HHTEPBAJIbHBIE ONEHKH), (5) OleHKH
COBMECTHMOCTH JIJIsl TIap aJibTepaHTuB. [IpuMep cTpyKTYphl MOPGOJIOTHYECKOH CHCTEMBI TIPe]I-
crasiieH Ha Puc. 6.16 u B Tabsiute 6.3. Ha Puc. 6.31 npeacrasiena Tpancdopmanus CTPYKTYPbI
mopdosorndeckoy cucrembl: S’ = S”. Tlpu 310oM nipeobpasyercst cieayroliee:

(a) nepapxust cucremst (gepeso) T = T",

(6) 6a30BBIE CHCTEMHBIE KOMIIOHEHTHI (BHCSYHE Y3JIbl)
{1,...,4,...,m"}.

YucieHHBIH TpUMep TpaHCHOPMAIMH CTPYKTYPhI CUCTEMBI (KaK PEKOHMUIYpAlUs CUCTE-
Mbl) npuBesieH Ha Puc. 6.13.

L= {1, i,om} = L

Cucrema S’

HepeBo
cucremsr 1"’

Kommonenrsr
cucremer L'
)

@ @F

Anwbrep-
HATUBbLI

Cucrema S”

HepeBo
cucrembr 1"

KommonenTsr
cucremer L”:
1 m

i) - i) -
W [l-gomsee [l

Puc. 6.31. Tpaucdopmanus Mopd0oI0rudeckoii CTpyKTYpPhI
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6.5.6 Tpanachopmamusa ypoBHEBOI CTPYKTYPHI

MHoroypoBHeBasi CTpPyKTypa CHCTEMBI DACCMATPUBAETCS KAK KOMIIO3UIUS CJIeIYIOMNX YacTeii:
(a) MHOXKeCTBO ypoBHEiA, (6) /isi KasKJI0r0 YPOBHS: MHOYKECTBO Y3JI0B, TOIIOJIOIHsI HAJI y3JIaMu,
(B) CBsI3M y3JI0B HA COCEHUX YPOBHSIX.

[Tponece MoauduKanyMu YPOBHEBLIX CTPYKTYD BKJIOYAET CJIEYIOIIee:

1. Momguduxkarus ypoueBoii crpykrypsi: (1.1) mobasienue yposusi, (1.2) ynajieHue ypoBHsi.

2. Momudukanus ypous: (2.1) nobasyienue y3/10B ypoBHs, (2.2) ynajeHue y3J0B ypPOBHS,
(2.3) MopguduKanus ypoBHEBOil TOMONOTHs (CeTh HAJL y3JaMU YPOBHS).

3. Mogndukanus cBs3eit MeX/y YPOBHIMH (T.e., CBSI3b Me3/y y3JaMH COCEIHUX YDPOBHEH):
nepeHa3HaYeHNe.

Ha Puc. 6.32 npeacrasien mporece MoauduKaiuu MHOTOyPOBHEBOIT cucrembr S = S”.

MmuoroyposHaeBas cucrema S’

CyB.HbI yposus Lj = {1, ..., méDBerHHI‘/‘I _ Mmuoroyposuesast cucrema S’
yPOBeHb CyBHH YpOBHS L” _ {1 mQ’B

« o o ” R
”Sﬁzzzzg;ﬂssmiiﬁ“ = Ak
YBHLI ypOBHH L = {1 ,m) )ggg?)&‘iﬁm y3.J'IbI ypOBHH L” = {1 mi'}
AN FT7N T yeomer AN A7
C%’BJI.I)I ypos1is -ng = {1 mbB}I;I&)gggg/I <§73J1.b1 ypoB1 .ng' = {1,....7 .mbb

Puc. 6.32. Tpancdopmaliyss MHOrOYpPOBHEBO# CTPYKTY Dbl

6.6 BrIBOIHI K TJIaBe

B ,ZLaHHOfI TJIaBe€ NIpeACTaBJIEHbI OCHOBHBIC CXEMBbI JIJIA yﬂquHeHHH/paCHIHpeHHSI MOIAYJIbHBIX
cucreM. B kauecTBe BO3MOXKHBIX UCCJIEOBATEIHCKUX HAIIPABIECHUN B OY/IyIIIEM MOYKHO yKa3aTh
CJeYIOIIHE:

1. ncciteoBaHNe PA3/IMYHBIX PEAJIbHBIX MTPUIOXKEHWUIH;

2. Hnccjaea0BaHue MHOFOCTaﬂHﬁHbIX CTpaTeI’I/Iﬁ JJIA ynqueﬁnﬂ/pacmnpem/m MOAYJIbHBIX CH-
CTeM;

3. y4ueT HeolpeeIeHHOCTH.

105



I'maBa 7

CxeMbl arperupoBaHus MOIYJIbHBIX
pelleHunin

o 1 o
B nammoii rimaBe © mpuBeIeHO ONMCaHNE KOMOMHATOPHBIX CXEM arperalui MOAY/IbHBIX pelieHuil,
BKJIIOYAsl arperanuio PaHKUPOBOK, IePEeBbeB, MOP(MOJIOTUIECKUX CTPYKTYP.

7.1 IlpeaBapurejbHbIE CBeJeHUA

B nmannoii rimaBe reHepanus HOBBIX MOJIYJIBLHBIX NPOEKTHBIX PENTeHHS pPacCMaTpPUBAETCS Kak
arperaiusi HEKOTOPOrO MHOYKECTBA MCXOJHBIX MOJYJIbHbIX pemtenuii (Puc. 7.1):

Hatimu aepezuposannoe cocmasnoe (modyavhoe) pewenue S na ocHose MHOMCECBA UC-

TOOHULL COCMaHHT (ModYyavhbix) pewenud {S1, ..., Sy, ..., Sm}, T,
{S1, ..y Sr; oy S} = S99,

C Pemenne S, )

JlonoTHUTENHLHBIE
C Pemenne Sy ) C Pemenme Sy, ) CHUCTEMHBIE
KOMIIOHEHTBI
N L (mpoekTHbBIE
IIpouecc arperanym 3JIEMEHTHI)

( ArperupoBannoe pemenue S99 ))

Puc. 7.1. Obmasg cxeMa Iporecca arperamum

Cresyer OTMETHTD, ITO IPOIECC ATPETAIMH JIOJIKEH OBITh OCHOBAH Ha, AHAJIN3E TPUJIOXKEHUST
(nHKeHepHOTO WM yupasiendeckoro) (Puc. 7.2).

'MarepuaJ riaBbl OCHOBAH HA myOMKaIun:
Levin M.Sh., Aggregation of composite solutions: strategies, models, examples. Electronic preprint. 72 pp., Nov.
29, 2011. http://arxiv.org/abs/1111.6983 [cs.SE]
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ITocTpoenue Peanuzarus

CXEMBbI —>|cxeMBbI ]
IpukiaaHast pelnenus perenus Ananns
saznaqa(n), 1 } 1 bt PEe3y/IBTATOB
curyauusi(u) “Unxeneprpii” Anams

aHaau3 > CXeMbI -

CI/ITya]_[I/II/I peHleHI/Iﬂ

Puc. 7.2. “nxenepHslit” (9KCHEPTHBI) HOAXO/ K PEIICHHIO

MoxkHno paccMaTpuBaTh ABa 6A30BBIX CIy4asl arperanuu peleHnii:

Cayuati 1. Vlcnonp30BaHue 371€MEHTOB 111 UCXOJTHBIX PEIleHui.

Cayuati 2. Vlcnonb3oBaHue 3JIEMEHTOB 171 UCXOJHBIX PEIIeHUil W JTOMOJHUTEIbHBIX ITPOEKT-
HBIX 3JIEMEHTOB W3 PACIIUPEHHOTO MPOEKTHOTO “MPOCTPAHCTBA’.

B cayuae 1 MoXHO paccMaTpuBaTh JIBe CTpATETWH peleHus. Bo-1epBhIX, OUeBHIHAS CTPa-
TEruIo 3aKJII0YAETCs B aHAM3€e 1M MCXOJHBIX PENIeHuil U NOCTPOEHUH MOACTPYKTYPHI (“crcrem-
Hoe siyipo” K, najee janHas “OGa30Basi 4aCTh CUCTEMbI B BHJE MOACTPYKTYPHI WJIM MeIUaHbBI
(consensus) MCXOMHBIX PelleHui MOXKeT ObITh pacipena win Moaudunuposana. s mocrpo-
enus “cucreMHOro siapa”’ K: MOKHO MCIOJIH30BATh HECKOJBKO METOJOB: (&) MOACTYKTYpPA HC-
XOIHBIX pemrenuii, (6) Meauana (consensus/agreement) MCXOMHBIX pelneHuii, (B) pacurupeHHast
NOJCTPYKTYPa, (I) pacimuperHas Meauana, (1) BbIOOD HAUIYUIIEro CHCTEMHOTO SJIEMEHTA, JIJIst
KaxKJI0# 3a/1aHHo# dactu cucrembl. [Ipu 3ToM, Ha KaxK/I0# CTa MM MPOIECCA PEIIeHUs MOTYT
OBITH MCIIOJIb30BAHBI YKCIIEPTHHIE TPOIE/LY PhI.

Bo-BTOpPBIX, MOXKHO CIPOEKTHPOBATH HAJACTPYKTYPY §) JJIsl M MCXOAHBIX DENIeHuil (Hanpu-
Mep, KOMOMHUPOBAHWEe MCXOTHBIX DeIleHuii, “moKpbITHe” MCXOMHBIX pemntennit). lamee mocTpo-
eHHas HAJCTPYKTypPa MOXKeT OBITh “cxKaTa’ MOCPEJCTBOM yIAJIeHUs MeHe Ba’KHBIX JIEMEHTOB.

B cayuae 2, M0oKHO PaccCMOTPETH CJILyIOTINI TTOIXO/T;:

[Toctpouts “obryo” o6aacTh (“IPOCTPAHCTBO”) MPOEKTHHIX AJTBTEPHATHUEB (T.€., SJIEMEHTOB
peIlennii) U CIPOEKTUPOBATh HOBOE pelleHue (BKJII0Yas UCIOJIb30BAHUE HOBBIX JIOMOJIHATE b~
HBIX MPOEKTHBIX JIEMEHTOR).

VkasaHHas pacnMpeHHas 00JaCcTh PENIeHul MOXKeT ObITh MOJIyYeHa HA OCHOBE CJIEAYIOIINX
1ox010B: (a) “HOKPBITHE” M MCXOAHBIX DEIIeHU ¢ MOMOIILI HOBOH “06s1acTh” MPOEKTHBIX
ajibrepHaTHB, (6) MCc/ieI0BaHNe PUHIMITUAIBLHO HOBOI “00J1acT” MPOEKTHHIX aJIbTEePHATHB.

B nanHO# riaBe mccaeayioTcs caeayiomue 6a3oBble cTpyKTYpbl: (i) MHOXkecTBa [301], (ii)
paHKUpOBaHUsl (JTMHEHHO yIIOPsI0UeHHHbIE MHOYKECTBA JIM MHOXKECTBA, PA30UThIE HA JINHEHHO
YIOPJIOYEHHbIE TIOJMHOXKECTBa - cou) (142, 143, 334], (iii) mopdoaoruueckoe muoxkecTBa (62,
276, 334, 342, 344, 590, (iv) mepesbs [205, 244, 301].

CucreMHYI0 MOJIe/b B BUjie 0600IIEHHOM CTPYKTYPHI (A) MOXKHO TpeacTaBuTh Tak: A= (
T,P,.D,R]I ), rae ucnosnb3yiorcs cieayiomme dactu [334, 342, 344]: (i) apeBoBuaHAsS MOMIEND
cucrembl T, (ii) MHOXKECTBO BUCSYMX BEPIIMH Kak 0A30BBIX YaCTell /KOMIIOHEHTOB CUCTEMBbl P,
(iii) MHOXKECTBO MTPOEKTHHIX asbrepHaTHB DAS 1151 Kaxk10it Bucsiveit Bepumasl D, (iv) panku-
posanue DAs rankings (i.e., ordinal priorities) (r.e., mopsiakoBeie npuopurersi) R, (v) onenkn
coBmectumocTu (nopsakosbie) Mexay DAs 1. Puc. 7.3 wutnocrpupyer 060GIIEHHYIO CTPYK-
TYpPY MOJIYJIbHOH cucTeMbl (MomysabHoro pemrenus) (A). Takke pacCMaTPUBAIOTCS CJICAYIOIINE
CTPYKTYDBI:

(a) mopdosorusi: & = ( P,D );

(6) mopdomoruueckoe muoxecrso:  ® = ( P,.DR,I);

(B) mopdomnornueckas crpykrypa (mepeso): &= ( T,P,.D,R );

(r) Mopdosnoruueckas CTPyKTypa ¢ COBMECTUMOCTBIO (T.€., ¢ COBMecTHMOCTbIO DAs):

o= (T,P,.DRI).
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Wepapxusi cucrembi
(ctpykrypa-gepeso T)

Mmuo-Bo

Cucremnbie IPOEKTHBIX CoBMecTuMOCT
qacTu (BUCSYME AJTBTEPHATUB — MexK/ly HPOEKT-

BepmmEbl) P)  (Mopdomorus D) ubivu SJILTED-
naruBamu (1)

1 T—17 m—1m

\;
m - M -

Puc. 7.3. Apxurekrypa MoayabHbix cucreM (A)

B Tabsume 7.1 KpaTKo mpeaCcTaBIeHbI OCHOBHBIE 331a4d MOCTPOEHUS 0A30BBIX MOJCTPYK-
TYD/HAACTPYKTYDP.

Tenepb MOXKHO onmcarh jBe 6a30Bble CHCTEMHBbIE 33Ja4n: (&) BbIIeJIEeHNE/TOCTPpOeHNe “CH-
cremHOro sizpa”, (6) mocTpoeHue paCIMpPeHHO “00JacTH” MPOEKTHHIX aJbTepHATHB. deThipe
CTPATETHH PEIEHNS MOTYT OBITh MCIOJIb30BAHBIL:

(1) crparerusi paclupeHus: MOCTPOEHUE “CHCTEMHOTO sijipa’ Ha OCHOBE MHOYKECTBA MCXOJI-
HBIX DENIeHU W ero pacllupeHue 3a cuer M00aBIeHUS HEKUX JIOMOJHUTEIHHBIX JIEMEHTOB;

(2) ckumaromasl crparerusi: HOCTPOEHHE HAJCTPYKTYDBI Il MHOYKECTBA MCXOJIHBIX pelle-
HUil ¥ yjajieHne u3 Hee HEKOTOPBIX IJIEMEHTOB;

(3) xoMbuHMpOBaHHAsS cTpaTerus (paciiupenue, yIadeHue, OMepPAIU 3aMeHbl 3JIEMEHTOB);

(4) cTpaTerusi MPOEKTHPOBAHUS: MOCTPOEHUE PACIIUPEHHON “0671acTH” MPOEKTHBIX JIeMeH-
TOB U TTPOEKTUPOBAHNE HOBOTO PEIIeHHUS.

YKazaHHble YeThIPEe CTPATEIM OCHOBBIBAIOTCS HA KOMOMHATOPHBIX MOJEJISIX KaK BCIIOMOTa-
TeJIbHBIX (MHOIOKPHTEPHATbHOE PAHKUPOBaHUE/BbIOOD, PIOK3aK, OJOYHbIN PIOK3aK, KOMOMHA-
TOPHBIH MOPdOIOrHIecKuil CHHTES).

Tabsiuma 7.1. BazoBbie cTpyKTypbl U 6ubInOrpadudeckue CChbLIKA

Ucxonmpie IlesneBas CTPyKTypa Cenuiku
CTPYKTYDbI
1.MuoskecTsa | IIOIMHOXKECTBO, HaIMHOKECTBO [51, 269]
2.Ilenoukn/ O6mas noanocaenosarensHocTs,| (93, 98, 79, 83, 90, 174, 203]a
noc/esoBa- | 00IIas HAIOCIeI0BATEIbHOCTD, | |232, 201, 271, 274, 284, 408, 432],
TeIbHOCTH | MEIHaHA, KOHCEHCYC 474, 443, 511, 519, 540, 546
3.Pamxuposku| (i)Meauana,/koHceHCyC 78, 80, 141, 142, 143, 177, 250, 290, 291|
(ii) PazmbIToe paHKUpOBaHUE 249, 296, 333, 334]
4.,Z[epeBb91 (I)KOHCGHCyC (agreement) [51, 52, 84, 182, 187, 267, 470, 523]
KaK JIepeBo
(ii))Koncencyc xax mec 121, 239, 481, 573, 574]
(iii)Hamepeso 84, 165, 253, 501]
5. padunr O6mmwmit moxrpad, [186, 273, 340, 342|

obmuit Hagrpad

7.2 BcnomorarteJjibHBIE 32a9N U CTPATETUN arperupoBaHMsd

7.2.1 DBa3zoBble BcmoMorareJbHBIE 3aJJa4N

B ciydae ABYX MCXOHBIX pereHuii B Buje MHOXKeCTB dj1eMeHToB A; u Ap, Puc. 7.4 umo-
CTUPYET TOACTPYKTYDPY Sa 4, C (A1&A2) u HARCTPYKTYDPY Saya, 2 (A1 UA2) (ucmonp3oBana
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jquarpamva Benna).

Ha,zLCprKTypa Saia, 2 (A1UAy)) N
MMoncrpyxrypa Sa, 4, C (A1&A2)

Puc. 7.4. llogcrpykrypa u HaJICTPYKTypa

[TycTh MMeeTcst MHOXKECTBO UCXOAHBIX perenuii (crpykryp) S = {Si,...,S;, ..., Sp}. IlycTh
dbyukuus 6;u30CcTH WM METPUKHU [JIs pertenuit umeer Bum: p(S;,, Si, ), i1,42 € {1,2,...,n}.
PaccmarpuBarorcs cjeayomniie BCIOMOTraTe/IbHbIE 3a1a4u:

3amaua 1. Haiitu MakcuMaabHYIO IOJACTPYKTYPY:

S = arg max (15, vS'e () S

i=1

3amauva 2. HaiiTu MUHUMAJIBHYIO HAJACTPYKTYPY:

S = arg %}II]} (15", v8"elJ S.

i=1

Ternepbh MOXKHO PACCMOTPETH OIPEJIEIEHNE MeIMAHbI JJisi HCXOAHBIX MHOXKeCTB S [274, 443,
519]:
(a) “obobmennas meauana” (“generalized median”) MY omnpenenercs Tak:

n

MY = arg minyep (Y p(M, D;)),

i=1

rae D (D D S) gBaseTCS MHOKECTBOM CTPYKTYD CIEIUAIBHOTO BUJA (MMOUCK TAKOW MeUaHbI
06b1uHO TpescraBisier coboit NP-rpyanyio 3ama4y);

(6) yupouenHbiii ciydail Meuanbl (HeKas allpoOKCUMAIUs) B BUJE “MeJnaHbl MHOXKECTBA’
(“set median”) M*® nax MHOXKecTBaMu S-

M® = arg minyes (O p(M,S;)).
i=1

3/1ech WIMeTCsT OUH MPeICTaBuTe b 3 MHOXKecTBa S = {51, ..., S;, ..., Sp }. Cnenyer 3amerurs,
BeIuncyieHue Gausoctu p(M, S;) npenacrasiser coboit yacto Takxke NP-Tpyanyio 3a1a4y.
Teneps MOXKHO TIpUBeCTH 3a7a4y 3, 3a/a4y 4, 3a1a9y 5:

3amaua 3. Haiitu “menunany muoxkects”  M°.
Bagaua 4. Haiitu (“06061menunyto meauany”) MY.

Bagaga 5. Haiitu pacummpeHnyo CTpyKTypy B BUje MeAuaHbl (KOHCEHCYCA) HOCDEICTBOM
Jo6aB/eHust (MM KOPPEKIUK / peJIaKTHPOBaHsi) K 6230BOi CTPYKType B BH/Ie MeIMaHbl / KOHCEHCYCa
HEKOTOPBIX 3JIEMEHTOB C YYETOM PECYPCHBIX OIpaHWYeHUI.

31ech, HEKOTOPBIE 3JIEMEHTHI T00ABIISIOTCS K MeanaHe (3amada 3 wid 3a1ada 4) ¢ yaerom
“mosie3aHocTH” U “TpedyeMbIX pecypcoB’ JJis UCHOJIb3YEMBIX T00ABICHUI.
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YKazaHHbIE 33129 PACCMATPHUBAIOTCS [JIsi CJIEAYIOMUX TUIOB CTPYKTYp: (1) MHOXKecTBa,
(ii) mmoorcecmeo mopgoaoeud, (iil) mepesbs, (iv) gepeBbs ¢ mMHoscecmeom mopporoeud. B ciy-
Jae, KOTJIa PACCMATPUBAETCs BEKTOPHast 6,1n30¢Th /MeTpuka p(S;,, S;, ), OCYIIECTBIISETCS TTOMCK
[Tapero-acbdexkTuBHBIX perienuil B 3agade 3, 3aja4de 4, 3a1a4e 5.

7.2.2 IlocTpoenne “cucreMHOro gapa”’

Caeaytomnme MeToAbl MOXKHO UCIOJIB30BATH JIJIsI TOCTPOEHUs “‘CHCTEMHOTO siapa” K:

(1) mocrpoenue MOACTPYKTYPHI JIJIsi HCXOAHBIX DeIIeHuil,

(ii) mocTpoenue MennaHHON CTPYKTYPHI (consensus/agreement) st HCXOTHBIX PEIeHUI,

(iii) mocTpoeHue pacIIMpeHHON MOACTPYKTYPHl WIN PACIIMPEHHONR MeIUAHHON CTPYKTYDHI,

(iv) mByx-craamitHas cxema: (a) 3aJaHue MHOXKeCTBa 6a30BBIX CHCTEMHBIX JacTell (Kak MOJ-
MHOYKECTBO BCEX 4acTell /KOMIIOHEHTOB CUCTeMEI ), (6) BBIOOD HAMIYUIIEro CHCTEMHOIO SJIEMEHTa
JIJI KasKI0i 3aJaHHOM 0a30BOM CHCTEMHONW YaCTH.

B HekoTOpHIX Ciaydasix, mojpernieHue (T.e., “CHCTEMHOE sipO” KaK MOACTPYKTYpa) sIBISETCS
OYeHb MAaJIeHbKUM TMOJMHOXKECTBOM. TOr/a WMeeT CMBICJ HCIOJIh30BaTh CHeIUaIbHyo (6osee
“MSITKYI0”) IPOIIEIyPY BHIOODPA 3JIeMEeHTOB Jiis “cuctemuoro sapa’. I[lycrs S = {51, ..., S;, ..., Sp }
Oy/eT MHOYKeCTBOM MCXOJHBIX perrenuii (crpykryp). B pamkax paccmarpuBaeMoil mpoueiyphi,
3JieMeHT e Oyjer BKIIYaThCs (J06aBIsThCs) B “cuCTeMHOE siApo”, ecau 1); > « (Haupumep,
a > 0.5) e 7. paBHO YUCJY HCXOIHBIX 3JEMEHTOB, KOTOPblE BKJIIOYAIOT B CBOIl COCTaB €.
Ucnonp3oBanue yKa3aHHOTO IIPABUJIA, IIPUBOAUT K PACIIMPEHHUI0 0a30BOTO METOJA IMOCTPOEHUS
CHUCTEMHOM MOJICTPYKTYPHI.

7.2.3 Crparernm arperupoBaHUSA

Crparerus pacimuperust uMmeer cieayionmii suy (Puc. 7.5):

Twun I. Crparerusi pacmupenusi:

@asa 1.1. Anau3 NPUKJIATHON 332491, UCXOIHBIX PEIeHNil, PeCyPCOB, 3JIEMEHTOB DEeIIeHMIA.

Dasza 1.2. Beigenenne 0a30BOro MOApEIIeHUsT WM “CHCTEMHOro saapa’ K Ha OCHOBE M HC-
XOJIHBIX perieHuii (HampuMmep, MOJAMHOKECTBO 3JIEMEHTOB, MOJACTPYKTYPA, MEIUAHA).

Da3za 1.3. DopMupoBaHHe MHOXKECTBA JIONOJHUTEIbHBIX 3JIEMEHTOB DellleHus, KOTOPble He
OBLIIM UCIOJIb30BAHBI PAHEe.

®a3za 1.4. Beibop Hanbosiee BaXKHBIX 9/IEMEHTOB U3 MHOXKECTBA, JTOIOJTHUTEIbHBIX 3JIEMEHTOB
¢ yueroM cyreayiomiero: (i) “mosie3HocTs” BBIGMpPaeMBIX 3j1eMeHTOB, (ii) obmiee orpanunyenue(s)
110 TpebyeMbIM pecypcaM, (iiil) COBMECTHMOCTD MeXK /Ty BHIODAHHBIME 3JIEMEHTAME U 3JIeMEHTaMA
6a30BOr0 “CUCTEMHOTO Sapa’.

Dasa 1.5. Ananus moy4eHHOrO arpernpoOBaHHOIO PeIleHus (M penieHnii).

‘ Ucxonmeie pemenns {51, .., Sr, ..., Sm } ‘

(CHCTeMHoe Apo” 5 DJIEMEHTHI-KaH I IATHI

nas pobasyenus W

! !

Crparerus pacimupenus (tun I)

!

C ArperupoBannoe permenne S99 )

Puc. 7.5. Cxema crparerun paciiupenust
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Bropasi crparerusi (crparerusi jaJieHusi/c:KaThsi) OCHOBAHA HA IIPEJABAPUTESHLHOM 00beu-
HEHMM BCeX 3JIEMEHTOB 17 UCXOJHBIX PEHICHHMH W yIAJeHMM He-BasKHBbIX 3JIEMEHTOB C y4eTOM
VAOBJIETBOPEHUSI HEKOTOPBIX OorpaHudenuii mo pecypcam (Puc. 7.6):

Tun II. Crparerus cxxarus (ynaneHus):

Dasza 2.1. Ananu3 NPUKIAIHON 331291, HCXOHBIX PeIIeHuil, 3JIEMEHTOB PeIIeHnH.

®a3za 2.2. O0beuHEeHNE BCEX JIEMEHTOB M3 1M HCXOJHBIX pelieHuil 4Tobbl cchopMUpOBaTH
6a30Boe HajpelieHue (HAIPUMEpP, HAJICTPYKTYPA, MHOXKECTBO BCEX SJIEMEHTOB BCEX HMCXOTHBIX
pereHuii).

Dasza 2.3. DopMupoBaHUe MHOXKECTBA 3JIEMEHTOB-KAHINIATOB IS VIAJEHUS.

®a3za 2.4. Boibop He O4YeHb BaXKHBIX IJIEMEHTOB U3 MHOXKECTBA KaHJIMJIATOB C yYETOM CJie-
jytomero: (i) nHTerpupoBaHHas “NMOJIE3HOCTH” CXKATOrO perienus, (ii) obiiue orpaHuYeHus MO
pecypcy(cam), (iii) cOBMECTUMOCTD MEXK/Ly BHIODAHHBIME 3JIEMEHTAME B C2KATOM DEIEHWH.

@asa 2.5. AHaiu3 moyYeHHOrO arperupoOBAHHOIO PEIleHus (MU PEIIeHuil ).

Smp |

!

I/cho,uHme pemeHI/m {S1,.,, 57, ...
DJIEMEHTbI-KAHIUIATHI
s ynanenus A C Q\K

“CHCTeMﬁoe allpe e-
HILPO” K e Q
CTpaTeFI/IH cxkarus (tun II)

.

ArperupoBanHoe perienue S%99

C )

Puc. 7.6. Cxema cTpareruu cxaTus

Tperbs crparerusi BKJII04aeT KOMOMHAIUY OnepaIuii 1006aB/IeHNs, yaJeHUus U 3aMEHbI dJie-
mentoB (Puc. 7.7):

‘ Ucxonubie pemenus {51, .., Sr, ..., Sm} ‘
“Cuc- Kanmunarel | Kanguoars]| Kasmmaare:
TEMHQE Hazpe JUISE IS JTst
SAOPO meHue || robapaeHus | yAaIeHUs 3aMEHBI
K Q w C = {(au,b)}

!

!

!

!

Crparerus pacmmpenue/cxxarust (tun I1T)

‘ )

C ArperupoBannoe pemiexnue S99
Puc. 7.7. Cxema crparernu pacmmpenus/cxKaTusi

<

Tun ITI. KombunupoBanHast cTpaTerus:

@asza 3.1. AHamu3 TPUKIATHON 3a/1a9M, UCXOTHBIX PEIIeHuil, 3JIEMEHTOB DPeIIeHni.

@asa 3.2. Beijenenne Ha OCHOBE M WCXOJHBIX PEITEHU HEKOW 0a3bl B BUJE MOPENTEHUST
win “cucreMHoro siapa” K (Hampumep, MOAMHOYKECTBO 3JIEMEHTOB, MOACTPYKYTPA, MEJINAHA).

Da3za 3.5. DopmupoBaHue CJaeayOIero:

() MHOXKECTBO JIOTIOJTHATE/ILHBIX 9JIEMEHTOB PeIleHUsT KaK KAHAUIATOB [ist jgobasyenus W,
KOTOpBIE He ObLIM BKJIIOYEHBI B ynomsuyTyio 6a3y (|WW N K| = 0),

(6) mogmHOXKecTBO 3s1eMeHTOB B C K Kak KaHAWIATOB IS YIAJI€HHUs,
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(B) muoxkecTBO 1ap tementoB C' = {(ay, b,)|(a, € K)&(b,EK)}, nanee MHOXKeCTBO oepa-
Uil KOPPEKIMK PACCMATPUBAETCS KaK 3aMeHa JIEMEHTa d, Ha JJIeMeHT b,.

@asa 3.4. Beibop Hanbosee BazKHBIX onepanuii (BKI0Yast 100aBIeHUE JIEMEHTOB, YIAJIeHUe
9JIEMEHTOB, 3aMeHY 3JIEMEHTOB) ¢ yueToM cieaytomniero: (i) “mosesnocts” omeparmit, (ii) obmue
orpaHuyenus o TpebyeMbiM pecypca, (iii) coBMECTHMOCTh MezK 1y BBIODAHHBIME 3JIEMEHTAMU
B PE3yJIbTUPYIOIIEM DPelIeHuH.

@asa 3.5. AHau3 n0ayYeHHOrO ArperupOBAHHOIO PeIleHus (MM PeIleHuil).

YerBepTas cTpaTerus HAIIPaBJIeHa Ha UCIIOJIb30BaHUE JIOMOJHUTEIHHBIX 9JIEMEHTOB U3 “pac-
MIUPEHHOTr0” IPOEKTHOTO “IIpocTpaHcTBa” (00JIACTH) 3JIEMEHTOB. 311ECh, PE3y/IbTUPYIOIIee arpe-
TUPOBaHHOE pelnieHrue MO2KET BKJIIOYAaThb HE TOJIBKO 3JIEMEHTblI M3 MCXOJ/HbIX pe]l[eHI/Ifl, HO "
HOBBIE 3JIEMEHTHI. UeTBepTas CTpaTerus BKAKYAET CJIeLyIOIee:

Tun IV. Crparerusi pacIiupeHHOr0 TPOEKTHOTO “IIPOCTPaHCTBA’ (HOBOE MPOEKTUPOBAHHUE):

Dasza 4.1. AHanu3 NpUKITHON 331a49d, UCXOIHBIX PEIIeHU, 3JIEMEHTOB PeIleHMiA.

®asa 4.2. Pacmupenne oObelMHEHNsST MHOXKECTBA BCEX SJIEMEHTOB 1M UCXOJHBIX DPeIleHwuil,
4TOOBI ¢POPMUPOBATH PACIIMPEHHOE IPOEKTHOE “IIPOCTPAHCTBO’.

Dasa 4.3. HoBoe MpoeKTUPOBaHUE COCTABHOTO PEIeHUs] HA OCHOBE TIOJTyYeHHOTO PACIIHAPEH-
HOTO TPOEKTHOTO “IPOCTpaHCTBA” ¢ ydeToM ciexayiomero: (i) “mose3nocTs” MpOeKTHPYeMOro
pemenus, (ii) obmue orpanndenust no TpebyeMbIM pecypcaM, (iii) coBMeECTHMOCTD MeXKIy BBI-
OpaHHBIMU 3JIEMEHTAMU B PE3YJIBTUPYIOIMIEM DEIeHNH.

Da3a 4.4. AHaiu3 noay4eHHOr0 arpernpoBaHHOIO PeIieHust (MU PereHuii).

Puc. 7.8 winiocTpupyer 4eTBEPTYIO CTPATETWIO: MMEIOTCS TPHU UCXOJHBIX pelreHust Si, So,
and S3, pe3yJbTUPYIOIIee arperupoBaHHOe perneHue S*Y MOKeT BKJIOYATh 3JI€MEHTHl U3 UC-
XOJIHBIX pereHuit Sy, So ¥ 9JIEeMEHThl U3 PACHIMPEHHOIO IIPOEKTHOTO “npocTpancTa’ (061acTh).

Pacimupennast o61acThb

5 TIPOEKTHBIX JIEMEHTOB
Sa99
CshH (s )

Puc. 7.8. Mnnoctpanusi HOBOro MpOEKTUPOBAHUS

7.3 PaccmarpuBaeMble CTPYKTYPbI

PaccmarpuBatorest ciepyiomme 6a30Bble BUJbI MHOXKECTB: MHOYKECTBA, CIIMCKH, JepeBbst [165,
301, 533|. JonosHuTeIbHO, BHUMAHWE Y/IEJIE€HO CIENNATbHOMY BUIY COCTABHBIX CTPYKTYD: MOp-
dorozuveckum cmMPYKMYpam.

7.3.1 MumuoxkecTBa

Puc. 7.9 comep:kut nmpumep 715t IByX UCXOMHBIX MHOXKeCTB A 1 B. Puc. 7.10 cofepKuT mpuMephI
MIOIMHOXKECTBa S5 U HAIMHOXKECTBA S4p5.

Muoxectso A MuoxkectBo B

° e o o0 0 ° ) ') ° ) o o °
1 3456 8§ 101112 12 4 6 7 91 12

Puc. 7.9. [Ipumep: 1Ba UCXOHBIX MHOYKECTBA,
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TlomMmuOXKecTBO SAB HaaMuOokecTBO S A

° ° ° ° ° e o o e 0000000
1 4 6 10 12 12345678 9101112

Puc. 7.10. ITpumepsi: OJMHOXKECTBO U HAJIMHOXKECTBO

[Iycrs  {Ai, ..., Aj; ..., Ay} ABIAIOTCA MCXOMHBIME MHOXKeCTBaMH. Torja MOIMHOKECTBO
(momcrpykrypa) mmeer Bux: Spa,y S (i, A;. Hammuoxectso (majgcTpykTypa) nMeer Bu:
Say 2 U A

7.3.2 PamXxupoBKu (CJIONCTBIE MHOXKECTBA)

PanXupoBKa paccMaTpUBaeTCsl KAK CJIOMCTOE MHOYKECTBO (T.€., MHOYKECTBO, 3JIEMEHTBI KOTOPOTO
pa3buThl Ha JMHEHHO yHopsijodeHHble oaMHoxKecTBa-cton). [Tyers A = {1, ...;4,....n} Gyuer
MHOKECTBO MCXOTHBIX 3JIEMEHTOB. PaHKHPOBKa (4aCTHUYHBIH NOPSIOK WIN Pa3bHeHne MHOXKe-
ctBa) A) paccMaTpuBaeTCcsl KaK JHHEHHO ynopsgodennsie noqmuoxectsa A (Puc. 7.11): A =
Uznzl A(k)), |A(l€1) N A(k2)| =0 ecJjin k?l 7é k’g, ’ig j il \V/’Ll € A(k)l), \V/ZQ c H(k)g),
ki < ks. TlomuokectBo A(k) Gymer Ha3biBaThCs cJoeM k, KaXKblil ssemMenT i € A mnosydaer
IIPUOPUTET 7;, KOTOPBIA PaBeH HOMEPY COOTBETCTBYIOMEro cjiosd. OnucanHoe pa3bueHne MHOXKe-
crBa A Oy/eT Ha3bIBATHCS PAHKUPOBaHUE (PAHKUPOBKA), CpaTudUKAIUs, CJIOUCTOE MHOKECTBO
[161, 333, 334, 342, 26, 484, 587|. OueBuAHO, YTO JMHEHHBIH MOPSIIOK SJIEMEHTOB MHOXKECTBA
A gBisieTCs Tak¥Ke PaHKUPOBKOH. MHOTHE rojibl 33aui PaHKUPOBaHUs (SOrting) WHTEHCUBHO
uccaenoBaiuck 105, 161, 120, 290, 291, 342, 26, 484, 587, 588|.

Ncxonubie
9JIEMEHTBI
(asipTEpHATHUBBI)

A={1,...,i,...,n}

Puc. 7.11. Cxema paHKUPOBAHUS

7.3.3 Mopdoaornieckue MHOXKECTBA

Mopgponozuueckoe mHuosrcecmeo - 370 CTPYKTYpa, COCTOSIIAS U3 CJIeIyIOIIEro:

1. KoHeuHOe MHOXKeCTBO 1esbix uncenn N = {1,...,7,....m} (Kaxmoe 1ejaoe T COOTBETCTBYET
9ACTH CHCTEMBI);

2. MHOYKECTBO 3/JIEMEHTOB (a/IbTePHATHUB) JJIs KasKJI0H YaCTH CUCTEMBI T

A ={An, ..., A, ..., Ay }, e Are - 9TO IPOEKTHAS AJIBTEPHATUBA,;

3. OTHOIIEHUE TIPE/IIOUTEHUS] HAJ[ MHOYKECTBOM 3JIeMEHTOB A, (WM OIEHKU 10 3aJaHHOMY
MHOYKECTBY KPUTEPUEB WJIM Pe3yJIbTUPYIONIHNE TOPSIKOBbIE TPUOPUTETHI /I KayKJI0# aJibTep-
HatuBbl D(Ar¢));

4. B3BelIeHHbIe ([OPsIIKOBAsl IKaJa) OWHADHbBIE OTHOIIEHUST COBMECMUMOCTIY JIJIsl KazK 0¥
naphl CUCTeMHBIX dacTelt (o, 3) € N Haj 3JeMeHTaMi MHOYKECTB albTepHaTuB Ay, Ag: Ra, a,-

PaccmarpuBaercs cucrema, cocrosimas u3 m dacreir (Puc. 7.12) (334, 342, 347, 356]. Ta-
KuM 06pazoM, mopgosoeus cucmemv, Sa (unu mopdosorus ¢ ) ompemensiercs tak: A =

(A1, s Ary oy A} (Puc. 7.13).
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Hanee npusenensl npumepsr ais AByX Mopdosornit: mopdomnorus Al (PHC._7.14), MOp-
bonornst A? (Puc. 7.15), nog-mopdonorust Sai 42 (Puc. 7.16), nag-mopdonorus S 41 42 (Puc.
7.17).

( Cucrema )
Hactb YacTe Hactb
1 T m
. . . - ' '
MHuoxkecTBO MHuoxkecTBO MHuoxkecTBO
aJbTEPHATUB  AJIBTEPHATHUB aJbTEePHATHUB
ajs Jactu 1 IJIS 9aCTH T JJIST 9aCTh M

Puc. 7.12. CocraBHag cucreMa

Mopgonroeusn cucmemv, A

Puc. 7.13. Mopgonrozua cucmemuot

Mopgonozusa Al
o

Puc. 7.14. Ilpumep: mopgoaoeus Al

Mopgponoeusa A?
@)

Fig. 7.15. Ilpumep: mopdoroeus A?

A12
Ais

Puc. 7.16. Ilod-mopgonrozus §A1,A2

Iod-mopgonozus Sar a2
M

s’
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Hao-mopponozus S a1 42
(@)

s’

Puc. 7.17. Had-mopponoeus S a2

Kpowme Toro, ciiegyer paccMoTperb OLEHKH COBMECTHMOCTH. ATPErnpoBaHue ONEHOK (110 3J1e-
MeHTaM) MOYKeT ObITh OCHOBAHO Ha CHEIHAJbHBIX ONepanusax (HanpuMep, BHIOOP MEHUMAIBEHOTO
sHavenns ). Tabauna 7.2 cOMepKUT WITIOCTPATABHBIN TTPHMED OIEHOK COBMECTHMOCTH ¥ UX ar-
perupoBaHUsI.

Tabauna 7.2. Arperanus oneHok copMmectumoctu jyg Al A%: yannr A;, Ay
Han-mopdonorus S Ay, Ag

Mopdosorus A' Mopdoiorus A? Ao1 Agp Ay A
A1 Agz Aoy Agg Ags Al 0 — 1 2
Ar| 0 1 2 Aga| 2 3 Ag2| 3 2 @ 1
A1a| 3 2 1 Azl 1 2 Aiz| 2 1 @ 1
Agz| 2 3 1 Al 2 2 Ay — 2 2 —

7.3.4 JlepeBbs u Mop@oI0oTHIECKE CTPYKTYPbI

Ha Puc. 7.18 npencrasnenst npumepst aByx aepesbes 11 u Tp. Ha Puc. 7.19 npeacrasnenst
HpUMEPbI COOTBETCTBYIOIUX HaJ-Jepesa 1 u noju-jaepesa 1.

T, ¢l2

Puc. 7.18. JIBa ucxoaHbix jiepeBa

Han-nepeso T Ilox-mepeBo T
12

10, 11

Puc. 7.19. Hax-nepeBo u moa-aepeBo

Ha Puc. 7.20 npeacraB/ieHbl TpuUMEpPHI ABYX JIepeBbeB ¢ Mopdosoruavu O u Oy. Ha Puc.
7.21 TIpe/ICTABIIEHBl COOTBETCTRYIONIIE HAJI-IEPEBO H MOJ-1epeBo ¢ Mopdoorusyu O u ©. Oue-
BUJIHO, YTO TAOJIUIBI OTIEHOK COBMECTUMOCTH U UX arperupoBaHUE MOTYT OBITH TAKYKe PaCCMOT-
PEHBI.

Puc. 7.20. JIBa ucxoanbIx jiepeBa ¢ MOP(MOJIOTUSIME
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Ioxn-nepeso ¢ mopdoJioruei 5

e
@l

Hau-nepeso ¢ mopdosiorue

Puc. 7.21. Hap-nepeBo u 1oji-jiepeBo ¢ MOpgoI0rusiMu

7.4 IlpeaBapuTenbHBI MIJIIOCTPATUBHBINA ITPUMEP

Crpykrypa Kommbiorepa umeer Buj, (Puc. 7.22):

S
H W

C, Y, I 7
B R E O/ \F D \A G/P Q

Bl Ul Rl ‘/1 El Ol Fl Dl Gl Pl Ll 1

BQ U2 RQ ‘/2 E2 02 FQ GQ P2 L2 QQ

Bs|| Us || B3| V3 G3 Py Qs
Ry\Va Py

Puc. 7.22. Yupoiennasi cTpykTypa HoyT6yKa

0. HoyTOyk S.

1. DnexTponuka H:

1.1. Bazossle Beruncennud C':

1.1.1. Marepunckas wiara B: By (P67A - C43(B3) ATX Intel),

B, (MSI 870A-G54 ATX AMD), B; (ASRoot P67 EXTREME 4(B3) ATX Intel);
1.1.2. IIpongeccop (CPU) U: U, (Intel Pentium dual-core processor T 2330),

U, (Celeron dual-core processor 2330), Us (Intel core 2 T 7200);

1.1.3. Oneparusnas namsats (RAM) R: R; (1 GB DDR A-DATA),

R, (2 GB DDR2 KINGSTON), R; (2 GB DDR3 A-DATA),

R4 (2 GB DDR3 HYPER X KINGSTON);

1.2. Muck (Hard drive) V: V; (100 GB HDD), V, (120 GB HDD), V5 (160 GB HDD),
V, (200 GB HDD);

1.3. Bugneo kaprer (Video/graphic cards) J: J; (NVIDIA GeForce CTS 300M),

Jo (GT 400M Series), J3 (ATT Radion HD 5000 M Series);

1.4. Monemsl E: E; (Buyrpennue monem u anrenna), Fy (Her).

2. ITporpammbr W':

2.1. Onepanyonnas cucreMa u 6e30mMacHOCTD Y :

2.1.1. OS O: O; (Windows XP), Oy (Windows Vista); O3 (Linux).

2.1.2. TIIporpamwmsl Ge3omacuocru F: Fy (Norton AntiVirus), F» (AntiVirus Kaspersky).
2.2. Obpaborka nH(pOpPMAIMA U UHTEpPHET [:

2.2.1. Tlopaeprkka gannsix u obpaborka D: Dy (Microsoft Office), Dy (Her).

2.2.2. locryn k Nnrepuer A: A; (Microsoft Internet Explorer), A, (Mozilla);

As (Microsoft Internet Explorer & Mozilla).

2.3. llpodeccruonaibHble TPOTPAMMBI Z :

2.3.1. O6paborka nudopmanun G: G; (Matlab), G, (LabView); G5 (MatCad), G4 (Het);
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2.3.2. Cuerpasbabie cpejpl st pazpaborku nporpamm P: P (C++), Py (JAVA);
P; (Delphi), P, (Her);

2.3.3. Cnenuasnbusle pegaktopsl L: Ly (LaTex), Ly (None);

2.3.4. Urpsr Q: )y (Tetris), Q3 (Solitaire), Q3 (Chess).

CTpyKTYyphl YeThipex MCXOAHBIX BApPUAHTOB KOMIbioTepa Si, Sa, S3, S; NpeacTaBieHbl Ha,
Puc. 7.23, Puc. 7.24, Puc. 7.25, Puc. 7.26. 31ech n3MeHSIOTCS TOJIBKO BUCIYNE BEPIIMHBI MOJIEIN
cucreMbl. are not considered. CoBmectumocTh Mexkay DAs He paccmarpuBaercs. Ob1mas cxema
arperanuu npejcTaBieHa Ha Puc. 7.27 (BK/ouas JBa aJbTEPHATUBHBIX METOJA MOCTPOEHUS
“cucreMHOro sipa’).

B U RV J E OF D A G P L

ARROREGREHAARE
Puc. 7.23. CtpykTypa HOyTOyKa S

B U RV J E OF D A G P L

BOEOOECREROREE
Puc. 7.24. Crpykrypa HOyTOyKa So

B U RV J E OF D A G P L

AERORAGEEEAARE
Puc. 7.25. Crpykrypa HOyTOyKa S3

B U RV J E OF D A G P L Q

AOEEEECEEEEEEE

Puc. 7.26. Crpykrypa HOyTOYKa Sy

CHOYT6yK Sg) CHoyT6yK 5’3)

TTocTpoenwue “cucremuoro siapa’ K
(moaperenue, BHIGOP HAMIIY YIIAX
SJIEMEHTOB JJIsT KaXKJI0H JaCTh CUCTEMBI)

!

C “Cucremnoe ssapo” K )

!

Koppekrtus “cucremuoro sapa’ K
(momosnHeHwe /3aMeHa, 37IEMEHTOB )

@FpeFHPOBaHHOG perenue S"g@

Puc. 7.27. Cxema mporecca arperamnuu

HoxcrpykTypa yist paccMaTPUBAEMBIX BADHAHTOB S npencrasiena Ha Puc. 7.28, HagcTpyk-
Typa S mpencraBiena Ha Puc. 7.29. Temepb cremyer paccMoTpeTh “cucremuoe saapo’ K kak
pacmupenne noacTpykTypst S (Puc. 7.30).

117



B U RV J E OF D A G P L Q

JO0E0E0OA000EE

Puc. 7.28. Tloacrpykrypa pernrenuit S

B URV J E OF D A G P L Q

Bl Ul Rl ‘/3 Jl El Ol Fl Dl Al Gl P2 Ll QQ
B2 U2 R2 J2 02 F2 Ag G4 P3
U3 P4

Puc. 7.29. Haacrpykrypa pemenuii S

B U RV J E OF D A G P L Q

A0EEEECOABE0E

Puc. 7.30. “Cucremnoe gapo” K

Teneps KOMOMHUpPOBAHHAS CTPATErUs arperalyy B BUJE MOAMMDUKANUN “CHCTEMHOTO Sapa’
K wmoxer 6biTh nipuMenena. Ciieyioniee MHOXKECTBO onepanuii Mogudukanun (Kak KaHIuia-
TOB) MOYKHO PACCMOTDETh:

1. onepamuu jpobaBienusi: 1.1. gobasienue s U: Uy wim Uy num Us, 1.2. nobaBienue Jist
F: Fy wum Fy, 1.5. nobasiyienune aiass P: Py wim P i Py

2. omepallud KOPPeKTHPOBKU: 2.1. 3ameHa By = Bs, 2.2. 3amena V3 = V,, 2.3. 3aMmena
A1 = Ag.

O4eBHUIHO, IIPEJICTABJIAETCS 1€7eCO00PA3HBIM OIEHUTh YKa3aHHbIE Olepaluy MO IU(MDUKAIIH
(nanpumep, “crouMocTs”, “HOJIE3HOCTE”) U PACCMOTPETh ONTUMU3AMUOHHYIO Mojesb. aee Gy-
JIeT IIPUBEJIEHa COOTBETCTBYIOIIAs ONTUMHU3ANMOHHAS MOJIEIb PIOK3a4HOTO BU1a. Hekuit mpumep
pesyabTupylomero pemenus S' npencrasiaen na Puc. 7.31 (Mogudukanus “cucremMnoro sgpa’
K).

B U RV J E OF D A G P L Q

ﬁ@ﬁ@ﬂ@ﬂeﬂeeeeg
Puc. 7.31. Pemenne S' (Momudukanus “cucremuoro sjpa’ K)

C npyroit cTOpOHBI, TIOCTPOEHKE “‘CHCTEMHOTO s/Ipa’ MOXKHO PACCMATPUBATh KaK MHOTOKPH-
TepUaJIbHBIN BBIOOD ¥ /MK SKCIepTHOEe 000cHOBaHUe. Hanpumep, MOXKHO PACCMOTPETH CJIEIY0-
1ry1o 6a30ByI0 CTPYKTYpY “‘cucremuoro sapa™ B, U, R, V, O, F, D, GG. Jlns KaxK 10 yKa3aHHOi
YACTH CHCTEMbl MOYKHO PACCMOTPETH MPOLELYPY BHIOOPA HAMJIYYIIEro SJieMeHTa (C yu4eToM Jie-
MEHTOB UCXOJHbIX pe]_[IeHI/Iﬁ njam JOIOJIHUTEJIbHbBIX SJIeMeHTOB). HaHpHMep, MO2KHO IIOJIYYUTb
caeayroniee “‘CUCTeMHOe siJipo’:

K*:Bl*UQ*RQ*%*EQ*OQ*FQ*DQ*GQ.

[Tpouecc koppekTupoBanus (MOIUGMUKAIMN) JAHHOTO “CHCTEMHOTO siipa” MOXKeT ObITh OCHOBAH
Ha CJIEYIONUX ONePANAX:

1. nobasyenme: A, Pi, Lq;

2. ynanenune: Fs;

3. 3amena: By = Bs, Uy = Uy, Oy = O;.

Pesynbrupyiomee permenne S? mpejacTtabiaeno Ha Puc. 7.32.
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CUCUNEUULTCNUS

Puc. 7.32. Pemenne S?

7.5 Merpuku n 6;IM30CTHN

B 1aHHOM pas/elie pacCMaTPUBAIOTCSI MEPBI OJIM30CTH MEXK LY “CTPYKTYDPHBIME’ O'beKTaMu (MHO-

JKeCTBA, PAHKUPOBKH, JiepeBbsi, rpadbl) Ay u Ay. OBbIYHO Mepa PACCTOSIHUS OIPEJIeIIsIeTCs] KaK

dbynxus d(A;, Ay), yaoBierBopsitomasi psijly CBONCTB METPUKH:

1. d(Ay, As) (HEOTPUIATEILHOCTS ),

2. d(Ay,Ay) = 0 (mOEHTHIHOCTS ),
) =
) =

|| v
o

3. d(A1,Ay) =0 & A= B (yHEKAJIBHOCTS),

4. d(Ay, As) = d(Ay, A1) (cummeTpus),

5. d(Ay, Ay) 4+ d(As, A3) > d(Ay, A3) (HepaBEHCTBO TPEYTOJBHUKA).

Ecnu nannas dbyukuus ymosiaersopsier ycaosuto d(Ajp, As) < 1, To roBopstr, 4T0 JaHHAs
METPUKa, SBJISI€TCS] HOPMAJIN30BAHHOIA.

Bo MHOTHX MpU/IOXKEHUSX TTPUBEJEHHBIE YCJIOBUS SBJSIOTCS JOCTATOYHO ‘CUTbHBIMEU U PAC-
cmarpuBatoTes 6osee "coabbie' cBoiicTBa. B pesynbrare dynkuus d(A;, As) coorBercTByer 60-
nee “cinaboit” curyanun, nHanpumep: (i) kBa3u-merpuka, (ii) 6umsocrs (6e3 cpoiicra 5, Hanpu-
Mep, 6JIM30CTh JijIst paHKUPOBOK B (333, 334]).

CymiecrByer Tpu M3BECTHBIX MOAXO0/Ia K OIPEJEJEHUIO OX0XKeCTH /61u30¢TH 00HEKTOB WK
CTPYKTYD:

(1) TpaaunuonHbBle METPUKH /paccTosuus (B Buje yKazauHoit dyukmum) [93, 175, 218, 220,
423|;

(2) TpancdopMmalys MUHUMAIBHONR CTOMMOCTH HEKOro o0beKkTa B Ipyroil (paccrosHue pe-
JakTupoBanust) [85, 111, 242, 325, 412, 535, 559, 584];

(3) makcumasbHas 00IIasl MOJACTPYKTYpa (C yI€TOM COIJIACOBAHUS JAAHHOH CTPYKTYDHI C
ncxoaHbIME ObbekTamu) [51, 52, 111, 112, 340, 342, 477, 568|.

7.5.1 Merpuku/6au30CcTH JJIg MHOXKECTB

Paccmorpum muOKecTBO 3mementoB A = {1,...,4,....,n}. IlycTh umeeTcs nBa MOAMHOXKECTBA
Al C Am A? C A. Merpuka 110 3j1eMeHTaM (T.e., PACCTOSIHEE) UMeeT BHJ (C y9eTOM MPEIoJIo-
xerns |[A'J A?| £ 0):

| AT N A2

AT A2

Teneps paccmoTpuM Beca smemenTon: w; € (0,1] (i € A). Torma paccrosiuue (o BecaM JeMeH-
TOB) UMeeT BHJL (C y9eTOM MPENOIOKEHHS Y e (41 A2) Wi # 0):

pe(AlaAQ) =1-

Die(ar N A2) Wi
Pie(ar a2 Wi

plU<A17A2) =1-

Pacemorpum npumep (Tabiuna 7.3), KoTopsiii BK/IIOYaeT:

(a) ncxomuoe muoxkecrso A = {1,2,3,4,5,6,7,8},

(6) nBa noxmuoxkecrsa: At = {1,2,4,5} u A% = {1,2,3,4,5,6,7}.

Caenyrorue Beca 3J1eMeHTOB I/ICHO.HI:ByIOTCS{ 0.5,0.6,0.4,1.0,0.7, 0.2, 0 1 1.0. ITonyuatorca
cremytomue paccrosaus: p(A', A%?) =1—2=0571n pw(A1 A2) =1-— 18 =10.496.
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Tabauna 7.3. Yucnosoit mpumep

il wi | A | AY| A2 |[ATUAYATNA?
1 0.5 = * * * *

2 0.6 * * * *

3 0.4 % * *

4 1.0] = * *

5 0.7 % * * * *

6 0.2 % *

7 0.1 % * *

8 1.0] =

3

B ciiyuae UCI0/Ib30BaHUs BEKTOPHBIX BECOB W; = (W}, ..., W;, ..., w!), cjleiyrolas yipoleH-

Hasl BEKTOpHas 6JIM30CTh MOXKET PACCMaTPUBATHCS:
%<A17 A2) = (plﬁ<A17 A2)7 R p%<A17 A2)7 R pTE<A17 A2)) =

2ie(Ar ) A2) W w; - 2ie(Ar ) A2) Wi
Zze(AlLJA?) 217 Zze Al UA2)

ic(A1 ) 42) wf)

1—
( 2ie(ar UA2)wz

3
7
wt »1-
[

7.5.2 BuausocTh AJid mocJjieJ0BATEJIbHOCTEMN

B OCHOBHOM HCIIOJIB3YIOTCsI TPU BUAA OJU30CTH Jjisl TENOYEK /TCIe0BaTeIbHOCTEH (KaK yKa-
3BIBAJIOCH B OOIIEM Ciiydae):

(1) obmas 4acThb UCXOMHBIX MOCTIEI0BATENLHOCTEN KAK IIONOC/IeJ0BATEIbHOCTH, HAIIOCIe-
joBaresibHOCTH [56, 55, 232, 271, 272, 546,

(2) mocnemoBarenbHOCTH-Meuana [303, 443,

(3) paccrosinme penaktupoBanus [55, 242, 325, 480, 566].

37ech BaXKHBIMHA 3a1a9aMU SIBJISTIOTCS CAEIYIOMue: (a) aHAIu3 aJrOPUTMHUIECKON CII0KHO-
cru [546]; (6) mocrpoeHre MOJIMHOMHUAIBHBIX aJIropuTMOB (242, 272]; (B) mocTpoeHue npubIn-
JKEHHBIX aJaropuTMmoB [271].

7.5.3 DBausocTh Jyig paH>KUPOBOK

Heckonbko BUIOB paccTosiHuii (METPUK) WM Mep GJIM30CTH MCTOJIb3YIOTCS JIJIsl PAHKUPOBOK:

1. paccrosuue Kenyanna (Kendall tau) [293];

2. paccTosiHUs Jijisi YACTUYHBIX PAHXKUPOBOK |72, 181];

3. BekTOpas 6m30cThb (333, 334].

Hanee paccrosiaue Kengasia u BeKTOpHast OJU30CTh JJIsi PAHKUPOBOK KPATKO OIMCAHBI
(ommcanne ocuosano Ha [334]). Ilycts ||gis, (¢, 7 € A) Gymer marpuia cMexkuHoCTH A5 Tpada
G-

1, ecmm > j,
Gij = O, ecJId 1 ~ j,
-1, ecim v < j.

Paccrosaue Kennamna ans rpados G u G? umeer Bu:

k(GG =D 1g;—95 |,

1<J

rjie gilj, ggj ABJISIOTCS dJIeMeHTaMn MaTpullbl cmexkaoctn rpados G u G? cooTeTcTBeHHO.
Bekropnasi 6i130CTh OCHOBaHA Ha Cleyonmx onpeaenenusx [333, 334]. [Tycrs ¥ (S) obo-
3HaYaeT MHOXKECTBO BCEX CJOMCTHIX CTPYKTYp A.
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Onpenenenne 7.1. Bygem Ha3biBaTh 0muOKOil mepBoro nopsiaka Vi € A, u ommOKoit BTO-
poro mopsizika V(i,j) € {Ax Ali # j VS, Q € ¥(S)} crenymomee:

07 (5,Q) = mi(S) — m(Q),
033(5, Q) = mi(S) = m;(S) — (m:(Q) — m(Q)),

rae m;(S) = 1 Vi € A(l) B S. Takum obpazom, [jIsi OIEHKH HECOOTBETCTBUSI (HECOTIACOBAH-
HOCTH) MexXJy cTpykrypamu S, ) € VU(S) OTHOCHTENHLHO JIEMEHTY i W Tape 3J1eMeHTOB (i, )
I0JIYy9a€TCs TEJOYUCJIAEHHASI IKAJIA C CIEAYIOIMMHA yPOBHSIMU:

() —(m—1) <7 <m— 1 67(S,Q).

(i) —2(m —1) <r <2(m—1) ana §7.(S, Q).

)

Onpepenenne 7.2. [Iycrs
2(S,Q) = (z=m=Y a7t gt L™,

y(S7 Q) = <y_2(m_1)7 ) y_17 y17 ) yz(m_l))7

OymyT BekTOpBI 0muboK (6s1m3ocru) VS, () € ¥(S) oTHOCHTEILHO KOMIOHEHTOB ¢ (1-if OpsII0K)
W map KOMIOHEHTOB (i,j) (2-# mopsmok). KOMIOHEHTHI yKa3aHHBIX BEKTODOB ONPEIEJISIOTCS
CJIeIyIONUM 00pa30M:
o =[{i € Al67 (5, Q) = r}[/n,
y" = 2[{(1,5) € {Ax Ali # j}053(5, Q) = r}|/(n(n = 1)).
O603HAYMM MHOYKECTBO apIyMEHTOB JJIsi KOMIIOHEHTOB BEKTOPOB T U ¥y CJIEAYIONM 00pa-
som: 0 = {—k,...,k}, MHOXKeCTBO OTpPHUIATEIHHBIX KaK ()™, MHOXKECTBO MOJIOKUTEJIbHBIX KaK

Qt. HonosuureabHo GyayT MCIOIB30BATHLCS BEKTOPHI TUINA X C ArPETMPOBAHHBIME KOMIIOHEH-
TaMu (AHAJOTUIHO JUIsSt )

ko —k m-+1
<-— > —
ghrke = N gr Sk = N e =Y 0" k> 0,2 =" b2
r=k1 r=—(m-—1) r=k

Onpenenenne 7.3. [Iycrs |2(S, Q)| = X,ca2”, |Y(S, Q)| = X,cqy” 0b03HaTAET MOy
BEKTOPOB.
BekTop x OyjeT ucno/ib30BaThCs KaK 0a30BBIil.

Onpenenenne 7.4. BeKTOpbl HA3BIBAIOTCS COKPAIIEHHBIMY, €CJINU:
(1) yacTh TepMUHAIBHBIX KOMIIOHEHTOB y/AJIsieTCsi, HAIPUMeD:

z(8,Q) = (z7h g~ "= gt gt gkt gk,

U OJIHO Wi OoJiee CJeIYIONIUX YCJIOBHM yIoBIeTBOpaoTcd k1 < m — 1, ko < m — 1;
(2) arperupoBaHHbBIE KOMIIOHEHTHI UCIIOJIb3YIOTCSI:

x(S7 Q) = (x§k17 R xkaila xka’kbu xkb+17 ceey kaQ)

Y

z(S,Q) = (zM, .., 2l . xl*h.
Onpenenenne 7.5. Bekrop z (y) Oyger Ha3bIBATHCS:
(a) aByx-cropounnm, eciun Q1] #£ 0 u |Q7| = 0;
(b) omHo-cTOpOoHHUM, ecau Q| =0 wm |Q| = 0;
(c) cummerpudHbIM, ecin —r € )~ cymectByer Vr € Q1 u HaoGopor;
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(d) MOmy/IBHBIM, €CJIi OH ONPEJIeJIeH B COOTBETCTBHU ¢ onpejenenuem 7.4 (7.3).
Takum 06pa3om, napa JUHERHBIX MOPSIJIKOB HA KOMIIOHEHTaX BEKTOPOB T W Y (OlpejieieHue
7.2) nonyuenst: Komnonwenm 1(—1) < ... < xomnonenm k(—k).

Onpepenienne 7.6. x1(5, Q) = x2(5,Q), Qz1) = Q(xs), VS, Q € V(S), eciiu HEeKoe yMeHb-
mnieHue “cj1abbix’ KOMIIOHEHT 7 110 CDABHEHUIO C Ty KOMIIEHCUPYETCSI COOTBETCTBYIOIIUM YBEJIU-
dyeHueM ee “CubHbIX” KOMIOHEHT (r,p € QF wmu —r, —p € Q7):

S-S >0 Vue QN (V—ueQ, —r < —u).

r>u r>u

[TpuseneM WILITIOCTPATHBHBIA IIpUMED:

(a) ucxomuoe muoxkecrso A = {1,2,3,4,5,6,7,8,9},

(6) paHKHpOBKa

St = {A% = {274}7/4% = {9}7"4%, = {1737 7}’ Al= {57678}}7

(B) pamxuposka S? = {A? = {7,9}, A2 ={1,3}, A2 ={2,5,8}, A2 = {4,6}}.

CooTBeTCTBYIOIME MATPUI[HI CMEXKHOCTH UMEIOT BHI:

-1 0 -1 11 01 —1
1 . 1 011 11 1
0o -1 . -111 01 —1
1 0o 1 .11 11 1

lgij(SH =] -1 -1 =1 =1 . 0 -1 0 -1
-1 -1 -1 -1 0 . -1 0 —1
0 -1 0 -1 11 1 -1
-1 -1 -1 -1 00 -1 . -1
1 -1 1 -1 11 11
.1 01 11 -1 1 -1
-1 . -11 01 -1 0 -1
o 1 .1 11 -1 1 -1
-1 -1 -1 . =10 -1 -1 -1

gi;(S*)| = -1 0 -1 1 .1 -1 0 -1
-1 -1 -1 0 -1 . -1 -1 -1
1 1 11 11 1 0
-1 0 -11 01 -1 ~1
1 1 11 11 0 1

Hecmoxno mocuntath paccrosgnue Kengamna qia St u 5%
1 g2
BexTopHbie 61u30cTH 103BOIAIOT O0Tee “pesibepHoe” onucanue pa3ndus MeXIy CTPYKTypaMu

St um 5%
W(Sl) = (71—1(51)7 "'77Ti<Sl7 - 7T4(Sl) = (37 1,3,1,4,4,3,4, 2)7
ﬂ-(S2) = (7T1<S2>7 "'77Ti<S27 "'77T4<S2) = (273727473747 1737 1)7
5?(51752) = (17 _27 17 _37 1a072a ]-7 1)7
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-3 . -3 -1 -3 -2 —4 -3 -3
0 3 -4 0 1 1 0 0
—4 1 4 . -4 -3 -5 —4 —4

o7 (51, 5%) = 0 3 0 4 1 -1 0 0
-1 -2 -1 3 -1 -1 -1 -1
1 4 -1 5 1 1 . 1 1
0O 3 0 4 0 1 -1 . 0
0O 3 0 4 0 1 -1 0

2(81,8%) = (z7%, 272 a7 2t a?, 2%) = (1,1,0,5,1,0),
y(SL, S =(w Sy y Tyt y v v v vt Ryt =
(0,1,5,5,1,6,6,0,1,1,0,0).

1 2
Ormernm, kospdunuentsr - u n(n—T) He UCIOJIb30BAUCE B I 1 .

_1)

7.5.4 bausocTs AJid JepeEBLEB

Kax u B 061iem cirydae, jjist OneHKY 6Ju30CTH (II0X0XKECTH, PA3/Inusl) JePEBbEB IIPUMEHSIOTCS
Tpu mojxona [51, 52, 139, 173, 182, 253, 500, 536, 556, 557|:

(i) merpuku (paccrosinus) [139, 173, 536, 557];

(ii) paccrosinus pemakTupoBaHus s aepesbes [124, 494, 535, 547, 581, 582, 583];

(iii) obrmee mojIEPEBO, MeIMAHHOE JePeBO, KOHCeHeye [51, 52, 182, 187, 253, 267, 501, 523,
569].

Caenyer ormeruth, uro MHOTHE 3bbdeKTuBHbIE (IIOJUHOMHUAIBHBIE) AJITOPUTMBI TIPEJJIOKE-
HbI JIJIs IOCTPOEHUsS] METPUK /OJIU30CTel JJisl IePeBheB, MOCKOJIbKY JIEPEBbs SBJISIFOTCS J0CTa-
TOYHO “XOPOINO” YIOPSI0UeHHBIMU CTpYKTypamu [176, 547, 548, 556].

Jlanee Gyner ucrnoIb30BaHa YIPOIIEHHAS BEPCHsI JIBYX-KOMIIOHEHTHO 6JIM30CTH 71T KOPHe-
BBIX JlepeBbeB ¢ MapkupoBanHbiMu Beprinaamu (labelled trees). Paccmorpum iBa Takux mepe-
Ba: T' = (A, E)u T" = (A", E") (kopeb B 000MX J€PEBbsIX OJMH U TOT K€), IJle MHOXKECTBA
A" u A” - Bepmmnubl, MHOXKecTBa FE' u E” - ayru. PaccmorpuMm napamemp domuruposarus
V(a,b) € (E'NE"). UMmetoTcs caeayonme Tpu cayyas doMunuposanua st Bepimut a u b: (1))
a — b (a gomuuupyer b, e, a > b), (ii) b — a (b gomuuupyer a, Te., a < b), (iii) a u b
SABJIAIOTCS HE3ABUCUMBIMU. Torma napamemp 0oMUHUPOBAHUS AMEET BUIL:

d', ecom a — b,
_ 2
d(a,b)e(E’ﬂE”) = d , ecjmn b— a,
d3, ecam a,b - HE3ABUCUMBI.

B pesyabrare, napamemp usmenernua V(a,b) € (E' (N E") MOXKHO ONpeIeUTh TaK:

[0, ecom d(a,b)e(E’ﬂE”) - He U3MeEHeH,
Plape NE =1 1, ecym dapye(pr (Br) - U3MEHEH.

OKOHYATEJBbHO, PACCMATPUBAEMad OIM30CTh I ABYX JI€PEBbEB UMEET BHUJL;
ﬁ(Tla T”) = (p(Alv AH)? p(E/, E”))v

rie
A/mA//
pe(A,A") =1 - m, p(E', E") =

O‘{eBI/I,ZLHO, YTO BBIIIOJTHAIOTCA CJI€AYIOIIHne CBOMCTBA:

Y(ap)e® NE) PlaseE N7
[(E'NE")]
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(1) 0< p(E E") <1, (2) p(E,E)=0.
OTmeTuM, 9TO ONUCAHHBIN MOAXOJ] MOXKET OBITh MCIOJb30BaH u s rpados. [Ipusegem
AJTIOCTPATUBHBIN IIPUMED:

ITpumep 7.1: Jdepesba T’ u T” npencrasaens Ha Puc. 7.33.
Ob6mias 6mm3octs umeer sux: p(17,7") = (0, 1).

1 2 3 4 5 6 7 8
T @ ® ® ® ® o ® °®
T @ @ @ ® ® ® ® ®
1 2 3 4 5 6 7 8

Puc. 7.33. JlepeBbs nns npumepa, 7.1
ITpumep 7.2: /IBa nepesa 1’ u T" npeacrasnenst Ha Puc. 7.34. 3necs A’ = A" u p(A’'; A”) =

0. Tabuuna 7.4 u Tabuuna 7.5 comep:KaT COOTBETCTBYIOMME darmopsv. domunuposarus nasa 1’
u 7" (u3menenust ykaszanbl ‘oajgamu’). Obmas 6im3octs umeer caepytommii Bua: p(T",T") =

(0.8).
/ l
r 1 r 1
/ ./IB\ : 8
4 5) 6 7 8 4 6 5/3{
7

Puc. 7.34. JlepeBbs s npumepa, 7.2

Tabsuna 7.4. @axmop domunuposarus (T")
1 2 3 4 ) 6 7 8

1|« & & 4 A D&
2 | — o« & & A& B BB
3| - - % & & 4 4 &
I, L A
50 - - - - x & B B
6| - - — - - x & &
T - - - - - - % &
8

~—

Tabmmua 7.5. @axmop domunuposarus (1"

1 2 3 4 5 6 7 8
1|« a 4 4 a8 & &
2 | - x & & @&
3 - - x & & d!
4| - - - x & & & &
50 - - - - x & &
6| - - - - - % & &
T - - - = = - x @
8| - - - - - - - x

Ipumep 7.3: [Hepesbst 7" u T" npencrasiaens Ha Puc. 7.35:
A =1{1,2,3,4,5,6,7,8}, A” = {1,2,3,6,8,9,10}, A’ A" = {1,2,3,6,8}.
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Bomsocrs ans Muoxkecrs Bepumn umeer sug; p(A', A7) = 1.

Tabauna 7.6 u Tabsmna 7.7 comepxkar coorBercrByomume contain corresponding garxmopoi
domunuposanua nag A’ A" 8 T' u B T" (u3menenus ykazaubl ‘oBasiamn’). Obmast 6,1130CTh

umeer sug: p(T",T") = (3, 1)

/ 1
Tl Tl

2 /IB\ : 8

10
Puc. 7.35. JlepeBbs /15 npumepa 7.3

Tabiuna 7.6. @axmop domunuposarus (1")
1 2 3 6 8

1 * v dtdb
2 — * e G SR &
3 - - % atdt
6| — - - *x &
8 — — — — *

Tabuuna 7.7. @axmop domunuposarus (T")
1 2 3 6 8

1 * at dat dt d
2 | — x & d?
3 - - x d
6 - - - % &
8 - - - - %

7.5.5 DBamsocth Aj1ss MOP@OIOTUIECKUX CTPYKTYP

MopdoJioruueckue CrpyKTyphl siBJISIFOTCS COCTABHBIME, [IO9TOMY TIPEJICTABJISETCS 1EJ1eC000pas-
HBIM HCIIOJIH30BATh JJIsT HUX BEKTOPHYIO OJu30cTh. B 0bmiem ciaydae, crpykrypa (A) cocrout
ux caegyomux 4acrei: (i) mpeBoBuanast Mozmenb cucteMbl T, (ii) MHOXKECTBO BHCSYHMX BEIITHH
P, (iii) mroxkectBo DAs s kaxkmoit Bucsdeil Bepmunsl D, (iv) pamxuposku DAs (r.e., mo-
psinkoBbie ipuopurersl) R, (v) omenkn comecrumoctn mexiay DAs I. Bekroprast 61m30cTh
ans ayx Mopdosorndecknx crpykTyp A%, AP Moxker paccMaTpmBaThCs TaK:

p (A% A7) = (p'(T,T7), p'(PPY), p'(D*, D7), p"(R*R7), p"(I*.1%)).

[TpuBeseM yupolneHHbiii IpuMep, Korua cTpyKTypa (A) cocrout u3 aByx vacreil (a) qepeBo
T = (A, E) (T.e., MHOXKECTBO BEPIIUH U MHOYKECTBO JyT), (6) PAHXKUPOBKH [IJisT KAXK 10i1 BUCsSUeli
sepinabl ¢ ( UJ; R; ). Torpa 6im3ocTh 1ByX MOPGOJOrHYECKUX CTPYKTYD UMeeT BU/L:

E(Ala A”) = (p(A/, A”)v p(Ela E”)a pT’(Alv A”))'

3aech npeanonaraercs, 4ro DAS s BUCSIUX BEPIIMH HE U3MEHSIOTCA U OLEHKH COBMECTHUMO-
CTU HE PacCMaTPUBAKTCH.

Ipumep 7.4: [epesbst 7" u T" npencrasiaens Ha Puc. 7.36:
A =1{1,2,3,4,5,6,7,8}, A" = {1,2,3,4,5,6,7,9}, A/UA" = {1,2,3,4,5,6, 7).
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Bomzocrs jyisi MuoxkectB Bepiun uveer sug: p(A') A”) = %. Tabsimna 7.8 u Tabauna 7.9
cojiepxkar coorsercrByiomme gaxmopv. domunuposanus aiast A'JA” 8 T' n 8 T" (n3menenusi
ykazausl ‘oBasamu’). Bansocts qis qepeBbeB umeer Bux: p(17,7") = (£, ).

Puc. 7.36. lepeBbsi ¢ mopdosiorueii jijisi npumepa 7.4

3ech pOLECC CPABHEHMs ISl PAHXKMPOBOK OCHOBAH HA PAHKMPOBKAX OOIMX BUCAYUX
sepmmn: L(T',T") = {4,5,6,7}. Takum obpazoM, jyisi KaxkJ0il yKa3aHHOH BEPIIMHBI MOXK-
HO HCTOJIb30BATh METPUKY WK OJU30C¢Th. B MaHHOM CiIydae, UCIOTB3yeTCs HOPMAJTH30BAHHOE

paccrosinne Kennasma: Bepmuna 4: d4(A', A”) = %, BepmmHa 5: 05(A', A”) = %, BeprHa 6:
de(N,AN") = %, Bepimmuna 7: 07(A,A") = %. Pesyibrupyromryto o6y 6Ju30CTh I/t PAHAKHUPO-

BOK MO>KHO BBIYMCJIUTH KaK Cpe€JHee 3HaUYCHUe:

Yicrr ) 0i(A, A7)

N A/ AI/ —
pr(AL A7) L(T, 7]

= 0.33.

OxoHuaTe1bHO, 00MIasT OJIU30CTH UMEeT BHU/I:
(N A" = (p(A, A", p(E', E"), pr (A, A")) = (0.22,0.1,0.33).

OrMmeruM, 6JIM30CTH OIEHOK COBMECTUMOCTH MOKET OBbITh JI00aBjIeHa K IIPUBEIEHHOMY BEKTOPY
0JTM30CTH.

Tabsunua 7.8. @axmop domunuposanus, (1")
1 2 3 4 ) 6 7

I I LN L R L
2| - x B A P B P
3 - - o« & P &
4l - - - % B BB
50 - - - - % B &
6| - - - — - % &
Tl - - - - - - &

Tabsmua 7.9. @axmop domunuposanus (T")
1 2 3 4 ) 6 7

1|« &0 & & A d
2| — « & & & d?
3| - - % &$B P d"
4] - - - % B BB
50 - — - - B B
6| - - - - - % &
7T - - - - - - x
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7.6 3aaadu mMOCTpoeHus MeJAuaHbl, 3ada49M arperamumn

7.6.1 MmuoxkecTBa

Paccmorpum coaywait m muOkecTB: {A1, ..., A;, ..., Ay} 3amada mocTpoeHUsT paciupeHHoi Me-
JuaHbl (KOHCEHCYCA) JJIsi YKA3aHHBIX 11 MHOXKECTB WMeeT CJeXyIonuii Buja. PaccmarpuBaem
asa napamerpa (Ve € U, A;): “npubsuis” wim “nosesnocts” ¢, > 0, Tpebyembiii pe-
cypc be > 0. Ilycrp mmeercs Hekoe 6a30BO€ MHOKECTBO (nanpumep, 6a30BbI KOHCEHCYC)
R{Ai} = S{Ai} - ﬂ;nzl AZ (I/I.}II/I R{Ai} = M{Ai}) u ZeeRAB < b, rae b
- ofIee pecypcHOe OTpaHUYEHME. 3aJava MOCTPOeHUs “pACIIMPEHHOI MeIuaHbl/KOHCeHCyca”
AMEEeT BH/I:

max Z Ce s.t. Z be < b.

GEWQ((UZr; Ai\Rga,1) eeWQ((UZil Ai)\Ra;y)

Jlanuasi Mozieb COOTBETCTBYET 3a/ade O PIOK3aKe.

Temepb MOXKHO PACCMOTPETh 33Jady arperanuu Jjis MHO)KecTB. CHauasa pacCMOTPHM 3a-
Jlady arperamuu it 1ByX MHOxkKecTB A, B. Merpuky oboznaunm tak: p(A, B) >0, p(A, B) =
p(B, A). B npumepe ucnosb3yercs cieyomias npocrast merpuka: p(A, B) = |[ANB|/|AU B].

Meuanuoe MOAMHOXKECTBO (HAIPEMED, MOJIEJIb KOHCEHCYCa Ha OCHOBe paccrosuus Kennas-
na |293]) umeer Bu:

Map = arg min (p(M, A) + p(M, B)).

Teneps paccmarpuBaiorcs asa napamerpa Ve € (AU B): “npubslis” win “nose3nocts” ¢, > 0,
Tpebyemsrit pecypc b, > 0. [Iyctb Rap = S 4B (wmu Rap = Map) ucnosbsyercs kak 6a30Boe
MHOXKECTBO-KOHCEHCYC” M Y .cp,, < b, Tae b - obmee orpanudenue 1o pecypcy. [anee pac-
CMaTPHUBAETCS MOJIE/Ib, AHAJOIMYHAS IIPUBEJIEHHON BHIIIE. 3a/a49a MOCTPOEHUs “paCIIUPEHHOM
Me/[MaHbl /KOHCeHCyca” uMeeT BUJL:

max > Ce s.t. > b, < b.

e€WC((AJB)\Rap) e€WC((AJB)\Rap)

JlanHast MO/IESIb COOTBETCTBYET 33/1aU€ O PIOK3aKe.

Terepsr MOXXKHO paccMOTpeTh 3aJlady arperamyud B CAydae MHOTHX HCXOJIHBIX MHOYKECTB
{Ay, ..., Ay, ..., Ay} Anasornaso, ucnoab3yrorest asa napamerpa Ve € UL, A;) : “npubbuip”
um “nosesnocts” ¢, > 0, Tpebyempriit pecype b, > 0. Ilycrs 6a30B0e MHOXKECTBO-“KOHCEHCYC”
umeeT BUI: Rpay = Spay € Nt A (wm Rpay = M) #n Yecr,pbe < b, raebd-
001Iiee OrpaHUYeHHe MO PeCypey. 3aaada UMeeT BUIL:

max Z Ce s.t. Z be < b.

GEWQ((UZr; Ai\Rga,1) eeWQ((UZil Ai)\Rga;y)

9Ta MOZeIb COOTBETCTBYET 33/1a9€e O PIOK3aKe.

Crenyer 3aMeTUTh, YTO MIPUMEHEHHE JIDYTUX CTPATEruil arperanuu MOXKET TaKyKe OCHOBBI-
BAETCsl HA MOJEJIsIX pIoK3adHoro tuna. Hanpumep, B crparerun “cxkarusi” (ynajeHus) MOXKHO
HCI0JIb30BATh HAIMHOXKECTBO (KakK O0'be/MHEeHNe UCXOJHBIX MHOXKECTB), CTEHEPHPOBATH HEKOe
MHO>KECTBO 3JIEMEHTOB KaK KaHJ/MJIATOB HA y/aJIEHUEe, OLEHUTh ITU JIEMEHTHI 110 JIBYM lapa-
MeTpaM (T.e., “moe3HOCTh” U TpebyeMblil pecypc) U MPUMEHUTh MOJIEIb PIOK3aqHOrO THTA (Ha-
npuMep, MUHUMU3AIWS O0IIeil MOJe3HOCTH YIAIIeMbIX 3JIEMEHTOB MTPU OTPAHUYEHWH Ha OOIuit
TpebyeMblii pecypce).
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7.6.2 PaHXupoBKu

[TocTpoenne MeuaHbl / KOHCEHCYCA JIJIs PAHKUPOBOK SIBJIsIeTCst 6a30B0i 3a1aueli B 06,1aCTH IpU-
HaTus pertenuit [78, 142, 290, 291, 78, 290]. 3xech OyayT KpaTKo omucanbl Tpu MeTonaa: (i) mo-
CTPOEHHNe KOHCEHCYCa Ha OCHOBe 3aJiauu o HazHadenuu [141, 142, 143, 308]; (ii) sBpucruueckuit
meroz [80, 308, 542]; (iii) meTox Ha OCHOBe 3a7a4u 6JIOYHOrO pIOK3aka [333, 334].

Memod 1. Meros, 0CHOBaHHBIH Ha HCIIOJb30BAHUY PACCTOSHUA U 312491 O HA3HAYCHUAX OBLI
nccsenoBad B [141, 142, 143| (06b1uHO 31ech ucnob3yercs paccrosaue Kenmamna). Pacemorpum
HEKYI0 BEPCHMIO JaHHOTO MOJXOMAbI IPUMEHHUTEIHHO K CJIOMCTHIM CTPYKTypaM IlycTh mMeercs
MCXOJHOE MHOXKECTBO 371eMeHTOB (06bekToB, anbrepuaruB) A = {1,...,4,...,n}. Hucno ypoBuei
(cnoes) pauo m (k = m) Umeercst 1 cho;Lme par)upoBok MuOKecTBa A: S1.... S,
Sk. Takum obpaszom, S* = UJ, A7, HyCTb r} (i € A) Gyjer IpHOPHUTET 3JIeMeHTa i B S)‘ T.€.,
HOMED COOTBETCTBYIOIEro yposHs: 1 = k if i € A.

00603HaUYMM PE3YALTUPYIONLYI0 PAHKUPOBKY (KOHceHcyc) rak: S* = {Af,..., A}, ..., A%}, u
coorBeTcTByOIMe npuopurersl Tak: r¢ Vi € A. Ucnosb3yrorcs ciejyomiue OMHADHbIE Iepe-
MEHHBbIE:

1, ecmu r{ =k wm i € Af,
Lik =
{ 0, B OIPOTHBHOM Clydae.

Ba/iaua 0 Ha3HAYEHWHU JJIsl HAXOXK/IEHUs] KOHCEHCyca uMeeT BUJL (Caydail CJI0MCThIX CTPYKTYD):

n m M m
min Y > (O |} — k|)aa st. > xy =1, 1i=1,n; x4 € {0,1}.
k=1

i=1 k=1 A=1

Jns 6a30Boit 33141 0 HA3HAYEHUH M3BECTHBI MOJTMHOMHAIBHBIE agroputmbl [205, 309]. ITomy-
YeHHAsT BEPCHUS 33/1aUd O HA3HAUEHWH sSBJIsIeTCs 6oJiee CJIOXKHON. 371ech /I Hee MCIOJIb3yeTCs
OYEBUIHBIN YKAJHBIH ajiroputM: BHIOOp Oumxkaiimero yposus Vi € A. ITpusenem npumep (Tab-
muna 7.10):

(a) ucxomnoe mHOKecTBO yementoB A = {1,2,3,4,5,6,7,8,9},

(6) Tpu paHKUPOBKY (PACCMATPUBAIOTCS YETHIPE YPOBHS ):

St ={A] ={2,4}, AL = {9}, AL ={1,3,7}, A} = {5,6,8}},

52:{A2 {2,3}, A2 {4,9}, A2—{1 7}, AQ—{S 6,8}},

= {43 = {2,4}, A3 {3,9}, A3 = {1,5}, A1 = {6,7,8}}.
PeSyﬂbTprfomaﬂ panxkupoBka umeer Bu/ (Tabiuna 7.10).

S*={A1 ={2,4}, A3 ={3,9}, A5 = {1, 7}, A7 = {5,6,8}}.
Tabsuma 7.10. [Ipumep a1 paHKUPOBOK
i€ Alr! (SY) |72 (S?) | r? (SY) | re (S%)|7F (S%)

QOO U= W —
N Wk P Wk W
N W ESEN—F W
N W DNDFEW
NP WHR RN W
NP WHR RN W

Memod 2. DBpuctudeckuii moaxo 66T mpe/iokeH B [80]. DToT METOL ZOCTATOUHO MUPOKO
ucrnosb3yercst [542]. PaccMoTpuM yupoIieHHy0 BEPCHIO IBPUCTHKH JIJIsi HAXOXKIEHUs] COOTBET-
CTBYIOIIETO pertenust S

= { (5o r)/nl, e (S5, 1)/ — [(52 ) /ul < 0.5,

= [(CA_,r})/p] +1, B mpoTuUBHOM Ciyuae.
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Taxum o6pazom, pemenne S® umeer su, (Tabmumna 7.10):
5S¢ = {Af = {2,4}, 45 = {3,9}, A§ = {1. 7}, AT = {5,6,8}}.

Memod 3. 3nech paccmarpuBaercsi HOIXOJ, HA OCHOBe GJI0YHOI 3aja4u 0 prok3ake [333, 334]:
ucxojnbie panxuposku {S*M\ = 1, 1} orobpaxkaiorcs B “PasMbITY10” arperupoOBAHHYIO PAHKH-
poBky S, Te., {S*} = S%, S € {Sy}, tme {Sy} - MHOKeCTBO BeeX “DasMBITHIX” PAHKHPOBOK.
Takum obpa3zom, 3a1a4ua UMeeT BU;:

max  h(S¢ sit. n(S% 8N <n, YA=T1,p4,
ssetsy) ( f) n( f )27 H

rje h - mapamerp (KauecTBO) pesy/bTaTa B BHUJE “ycpeaHeHHOH” cTpykTypwm S¢, n(S',S") -
BEKTOPHas OJIM30CTH JJIs ABYX PaHKUPOBOK S’ u S”| 1), - orpaHnyeHne Ha BEKTOPHYIO OJIM30CThH

23

(T.e., “onopubIit” BekTOp). Puc. 7.37 uamocTpupyer JaHHYIO 3a7ady.

Puc. 7.37. Arperanus [334]

Vcmosib30Banbl Caepyomue 0003HaYeHN: (; - YUCI0 UCXOAHBIX CTPYKTYD, B KOTOPBIX 3JI€-
meHT i € A;, | = 1,m (ypoBum); BekTop & = (&1, ., ity oy Eim) OLpPEIEIIsIET “dacroTy” mpH-
HAJIJIE)KHOCTH 3J1eMeHTa © K ypoBHsM {Aj, ..., Aj, ..., Ay}, toe & = % (sro anasor dyHK-
LMK IPUHA/JIEXKHOCTH JJIEMEHTa ¢ K ypoBHIO [ = 1,..,m). S§ - 3T0 MHOXKECTBO 7 MHTEPBAJIOB
{Hi(Sf)} = {[d}(Sy),d;(Sy)]}, @ = I,n. Pesynprupyiomee “kauectso” S} OCHOBAHO HA ClIe/Lyi0-
el byHKIMU (0X0Ka Ha SHTPOIUIO):

n n 1

Y H(SH) =) B057) —d () 11 — max.

=1 i=1 "

Jlasiee, ncnoib3yercs: MOy IbHbIN BEKTOD Kak 6M30cTh: 2, = (21, ..., 27,0, ..., 0). Oxonuaremnn-

HO, 3aJla4a UMeeT BUI:

max »_ H;(S}) s.t. Z(S)‘,SJ‘?) = %, YA =1, p.

i=1

+
OTHOCUTEIBHO HYJIEBbIX KOMIIOHEHTOB ZkJrl, ceey Zk , MO2KHO OIIpeaeJiMTb MHOXKECTBO AOIYyCTHU-

MbIX BapuaHTOB MHTEpBasoB (dig | 0 = 1,¢;). 3amava cBogurest K cieymomeil Moaudukamumn
3ajiauu O6JIOUHOIO PIOK3aKa:

n 4
max Z Z Hig(dig)liw

i=16=1

n g q;
s.t. ZZZZ);@/{Z@ < er p=1k, Z/{w =1 i=1,n, ry € {0,1},

r>pi=16=1 r>p 0=1

rze b, - cyMMa KOMIIOHEHTOB &;, KOTopble ortnudaiorcs ot dy, (dZ,) no r. Bepcusi onmcanHoit
CXeMbl arperupoBaHus PAHKUPOBOK Oblia peasm3osana B CIITIP KOMBU [26, 27, 334, 362].
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7.6.3 JlepeBba

[Ipu arperanuu JepeBbEB, MMEETCSl MHOXKECTBO HCXOIHBIX JepeBbeB. MOXKHO yKa3aThb YeThI-
pe ocHOBHBIX mozxona: (1) makcumasbHoe obiee moxaepeso [51, 187]; (2) mequanunoe mepeBo
(median/agreement tree) [52, 84, 182, 228, 267, 470, 523]; (3) coBmecTumoe nepeso (compatible
tree) [84, 228, 241|; (4) makcumabHbIR “MequaHHb’ Jec (maximum agreement forest) [121,
239, 481, 573, 574|. B ocrHoBHOM, yKa3aHHbIE 33]a4i OTHOCATCS K Kiaccy NP-Tpyaabix 3amad.
[241, 470]. Takum 06pa3oM, J1jis UX PEIIeHUsT UCIOIb3YIOTCsI SBPUCTHKH, TPUO/IHKEHHBIE CXeMBI
1 epebOPHBIE METOJIBI.

Bajiady arperanuu I MHOXKECTBa UCXOAHBIX fAepeBbes {1} = {T' .. T% .., T™} MOXHO
paccMaTpuBaTh cJeayommuM obpasoM (cTparerust pacmupenust 1):

Cmadus 1. Tlouck MeauaHHOrO jgepeBa (T.e., “aapa’):

m
T%9 = arg min > p(T,T")).
iy 3
Cmadusa 2. Tenepanusi MHOXKEeCTBaA, JONOTHUTEILHBIX 9JI€MEHTOB (BePIIMHBL 1/UIu pebpa).
Cmadus 3. JJob6asnenne smemenToB K 1% (3a7a4a PIOK3a4HOIO THIIA).

B ciy4ae ucnonb3oBanus BektopHoit 6mmzoctu p(1”,T"), T nokeH UCKATHCS HA OCHOBE
noucka [lapero-scdbdexTuBnbix perrennii. C 1pyroit CTOPOHBI, MOXKHO PACCMATPUBATD IBPUCTH-
KU JIJIsl TIOCTPOeHUS “‘saipa”’, HampuMep:

m—1

K= Q(TiﬂTizl).

=1

7.6.4 Mopdosoruieckme CTPYKTYPHI

3ajiaua arperanuu MHOXKECTBA, UCXOIHBIX CTPYKTYDP
(A} = {AL,.. A, A™)

MOXKeT OBITh PACCMOTPEHa Tak (CTpaTerus JOMOJHeHUs /paciupenus 1):

Cmadus 1. Tlonck menmannoro gepesa (r.e., “supa’):

m

A" = arg min (> p(A,AY)).
s

Cmadus 2. Tenepanusi MHOKECTBa, JOTOJTHATEILHBIX 3JIEMEHTOB (BEPIIMHBI U/Wn peGpa).
Cmadus 3. Jlob6aBienue 371eMeHTOB K A% (3a/1aua PIOK3aYHOTO THIIA).

B ciyuae ucnosnb3oBanusi BekTopHOit 6smzoctu p(A'; A”), A9 nonKHa MCKATHCS HA OCHO-
Be noucka [lapero-addexkrupanix permennii. Ciieyer orMeTnTh, MOPGOJIOTHIECKHE CTPYKTY PhI
(Mopdosioruyeckue CTpyKTyphbl ¢ COBMECTHMOCTBIO) SIBJISIIOTCS CJIOKHBIMU COCTABHBIMHU CTPYK-
rypamu: A= ( T,P,.DR]I ). Moxer ObTH 11€7€C000pPA3HO UCIOJB30BATH CJIEIYIONYI0 SBPH-
CTUYECKYIO CXEMY:

Cmadus 1. Arperanust MHOXKeCTB cucTeMHbIX 4acreii {P}.

Cmadus 2. Arperanust MHOXKeCTB MPOeKTHHIX anbTepHaTuB DAs {D}.
Cmadus 3. Arperanust MHOXKeCTB OIleHOK coBMmecTumoctu {I}.
Cmadusa 4. Arperamus npeBoBuaHbix Momesnein { T }.
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7.7 IIpogojkeHne MJLJIIOCTPATUBHOTO HpUMeEpPa

PaccMmoTpuM 3aK/IIOYUTENBHYIO YaCTh HJIIOCTPATHBHOIO IpuMepa, /i1t HoyTOyka. KoMOuHupo-
BaHHas crparerus arperanuu (crparerust I1I) ucnosb3yercs it [BYX CJIy4Yaes:

(1) “cucremuoe siipo” KaK paCIIMpeHue IOJICTPYKTYPbL:

K =BixRixVsx JixE; xO1 % Dy % Ay x Gy % L1 % Qo;

(2) “cucremuoe sapo” K*, 0CHOBaHHOe Ha MHOTOKPUTEPHAJIBLHOM BBIOODE HAWIYUIIHAX HPO-
eKTHBIX aJIbTePHATHUB I KayKJI0#W YaCTH CHCTEMBI.

PaccmoTpum coyuait 1. 3ech crpaTerus arperanyuy Kak MoIuGUKAIMS “‘CHCTEMHOTO sapa’
K’ moeT ObITh NCH0JIb30BaHa. PaccMoTpuM ciieLyioniee MHOXKECTBO KaHIUIATOB sl Olepaluii
MOIU(DUKAIIN:

1. oneparuu nobasyenus: 1.1. nobapaenue misg U: Uy unu Uy wmm Us, 1.2. nobaBieHue s
F: Fy wim Fy, 1.5. nobasnenue niasg P: P, nin Py nim Py

2. onepanuu Koppeknuu: 2.1. 3amena By = Bs, 2.2. 3amena V3 = V), 2.3. 3amena A, = As.

Tabmumna 7.11 coaepKuT CIUCOK yYKAa3aHHBIX Onepaluii MoanduKaIMNA, WX TOPsiIKOBbIE OIeH-
ki (9KcneprHOe oneHuBaHue). B pesysbrare 1mosydaercsi ynpouieHHas 3aa4a 6J09HOr0 PrOK-
3aka (¢;; = 3 — 145, b = 11.00):

6 g 6 g i
maxz Z Cij T4j s.t. Z Z Q35T 55 S b, Z Tij = 1Vi = 1, 6, L5 c {O, 1}
i=1j=1 i=1j=1 j=1

PesybTupyiomee pemenue S¢ npejicrasneno na Puc. 7.38 (21 = 1, 110 = 0, 213 = 0, 297 = 0,
Too = 1, w31 = 0, w30 = 1, 233 = 0, 241 = 0, 240 = 1, w51 = 0, w50 = 1, 61 = 1, 262 =
0). 3mech UCHONB30BAJICS KaaHbI aaroput™. OIEHKH COBMECTHMOCTH MEXKJy MPOEKTHBIMU
aJbTepHATHBAMM HE MCIO0JIb30BAJIUC.

Tabauna 7.11. Onepamun Moaud UK

Omneparyu Bunapubie | Croumocts | IIpuopuTers
EPEMEHHDBIE | a;; Tij
1. Tobasenune
1.1. Uy 11 3 2
1.1. U, 12 2 3
1.1. U3 T13 4 1
1.2. F; T2 2 2
1.2. F} Z29 3 1
1.3. P, 31 3 1
1.3. P3 32 2 1
1.3. P4 T33 0 2
2. Samena,
2.1. By = B3 41 4 1
2.1. Her Z42 0 2
22. V3=V, T51 3 1
2.2. Her T52 0 2
2.3. A; = Az Te1 2 1
2.3. Her T2 0 2

Puc. 7.38. Pemenne S'¢ (Mmomudukanusa “cucremuoro sapa’ K')
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Tenepnr paccmoTpum BTOPO# ciiydail. 37ech MOCTPOEHUE “‘CHCTEMHOrO siipa” OCHOBAHO HA
MHOIOKDUTEPHAJIBLHOM BBIOODE ¥/MJIM 3KCHEPTHBIX CyxKiaeHusix. Vmeercsi 6azoBasi cTpyKTypa
(coctaB) “cucremuoro sapa” B, U, R, V, O, F, D, G. Jlna KaxX7a0#l yKa3aHHON YaCTH CHCTe-
MBI BO3MOXKHO IPUMEHEHHe MPOIeAyPhl BHIOOPA HAMIYYIIEro CHCTEMHOTO 3JIeMeHTa, (TTPOeKTHOM
AJIbTePHATHBBI, PACCMATPUBAIOTCH SJIEMEHTHI UCXOIHOIO PEIleHHs W JOIOJTHUTEIbHBIE dJIeMeH-
Tb1). Tabiuna 7.12 conepKUT MPOEKTHBIE AJIbTEPHATUBBI JJIsi KOMIIOHEHTOB “CHCTEMHOrO sapa’.

Tabauna 7.12. IIpoekTHBIE aTbTEPHATHBEI

IIpoexrHbIe Kpurepun IIpuopurerst
aJ[bTepHa.TI/IBbI T ) T2 T3 T4 TZ‘
B, 3 2 1 2 2
B, 2 2 1 2 1
Bs 4 1 1 1 2
Uy 3 2 1 2 2
Us 2 2 1 3 1
Us 4 1 1 1 2
Ry 1 3 1 3 3
Ry 2 2 2 3 3
Rs 2 2 2 2 1
Ry 3 1 3 1 2
Vi 1 2 1 3 3
Vs 2 1 1 2 2
V3 3 1 2 1 1
Vy 4 1 2 1 2
E, 2 1 2 1 1
Ey 0 2 1 2 2
O 2 2 1 2 1
Os 3 1 2 2 2
Os 1 1 3 1 2
Fy 2 2 1 3 2
Fy 3 1 2 2 1
D, 1 1 1 1 1
D, 0 2 2 2 2
Gy 4 1 1 1 1
Go 4 | 2 3 2 3
Gs 3 2 3 2 3
Gy 2 3 2 3 2

Ucnonb3oBansl cieyonme kpurepun (nopsiakosas mkaia [0,4]): croumocrs (Y1), mosies-
Hocth (Y'3), ombir (Y'3), mepcnekrusubie ocobernnoctu (Yy). [TopsiIKOBBIE OIEHKU OCHOBAHBI HA
SKCIIEPTHOM OLEHMBAHWH, HAUMEHBIINE OLEHKH SBJISIOTCS JyYIIUME. B pe3ysbrare moJLy4aerca
caenyiomiee “‘cucremuoe siapo”’ K*: K* = By x Uy x Ry x Va x By % O1 x Fy x D1 x (Gy.

[Tponecc KOppeKIUK CUCTeMbl BK/IIOUYAET CJIC/YIONINEe OIePALIUN:

1. nobasyienne: 1.1. Ay, 1.2. Py, 1.3. Lq;

2. ynanenune: 2.1. Ey;

3. 3amena: 3.1. By = B3, 3.2. Uy = Uy, 3.3. O = Os.

Tabuia 7.13 Co/lep»KUT CHUCOK YKa3aHHBIX ONepaluii U ux oneHku. B pesysnbrare mosyda-
ercst 3a1a4a 6JIOYHOTO PIOK3aka (¢;; = 3 — 145, b = 9.00):

7T 2 7T 2 2

maXZZCijZEU s.t. ZZ(IUZL‘U S b, Zl‘ij =1 \V/Z = 1, 7, xij € {0, 1}
i=1j=1 i=1j5=1 7=1

[Tosyuennoe pemenne A S%¢ npesacrasieno na Puc. 7.39 (21, = 1, 110 = 0, 191 = 0, x99 = 1,

T3] — 1, T3 — 0, Ty = 1, Tyo = 0, T51 = 1, Tro — O, Tegl — O, Lo — 1, 71 — 1, Ty = O)

Bt ucnonb3osan )Ka,[LHbeI AJITOPUTM. CoBMecTUMOCTD MEXKIY IIPOCKTHLBIMH aJibTepHATHUBaMH

HEe pacCMaTpHuBaJlaChb.
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Tabauma 7.13. Onepanuu MoaudUKAIIT

Omneparu Bunaprwste | Croumocrs |IIpnopurers
IIepEMEHHbIe Qg5 Tij
1. Tobasiienune
1.1. A 11 1 1
1.1. Her T12 0 3
1.2. P T21 3 2
1.2. Her T22 0 3
1.3. L1 T31 1 1
1.3. Her T32 0 3
2. Ynanenue
2.1. B T41 1 1
2.2. Her T42 0 2
3. 3amena,
3.1. By = Bj T51 4 1
3.1. Her T52 0 3
3.2. Uy = Uy Te1 3 2
3.2. Her T2 0 3
3.3.01 = O3 T 1 1
3.3. Her Tr2 0 3

S

Puc. 7.39. Pemenue S%¢

7.8 BrBIBOIBI K TJIaBe

B nannoit ryiaBe mpeacTaB/IeHO CHCTEMHOE OIMCAHWE CXeM arperanuyd MOJYJIbHBIX pPelTeHU.
[Ipeno:keHHbIE MOAXOIBI MOTYT OKa3aThCAd OYEHb IMOJIE3HBI MPU HCIOJb30BAHUM PA3JTUIHBIX
METO/IOB PEIIeHud MPUKJIATHBIX 33734 C MOCIEAYIONel arperamueil NoJIy4eHHbIX PEeIIeHu.

Mo:kHO yKazaTh psiJi IEPCHEKTUBHBIX HAITPABJIEHUN UCCJIeOBAHMIL:

1. wiccsieioBaHe W IPUMEHEHNE PA3JIMYHBIX TUIIOB MeTPHK /61M30CTell st MOJLYJIbHBIX pe-
IIEeHU1;

2. anajim3 0oJiee CIOXKHBIX MPOEKTHBIX 337@4, KOTJa MOIYJIbHBIE PEIIEeHNs COOTBETCTBYIOT
CJIOYKHBIM MPUJIOKEHUsIM (HAITPUMED, TPOU3BOICTBEHHBIM JINHUSIM, [EMOYKAM HPOIYKTOB);

3. MCTIOJIb30BaHME PA3JIMYHBIX TOJAX0J0B K yUeTy HeOolpe/leJIeHHOCTH.

133



I'maBa 8

CxeMbl MHOTO-CTQIUITHOTO
ITPOEKTUPOBAHNS CUCTEM

B ,ZLaHHOfI IJIaB€ 1 IIPpUBEACHO OIIUCaHUE KOM6I/IH8,TOprIX CXEM MHOFO—CT&ILI/IIZHOI‘O IIPOEKTUPO-
BaHUA (T.e., IIPOEKTUPDOBaHUE TPACKTOPUN CI/ICTeMbI).

8.1 IlpenBapurenbHbIE CBEJECHUS

B riaBe paccMaTrpuBaroTCd KOMOMHATOPHBIE CXEMBI I MHOIO-CTaUIHOIO HPOEKTHPOBAHHA
MOJYJIbHBIX cucTeM (T.e., ocTpoeHue Tpaekropuii cucrem) [372]. IIpu sTom mpejamoaraercs
cJleJIyIoliee: paccMaTpuBaeMas MOJLy/IbHas CUCTeMa MOKeT ObITh IIPeJICTaB/IeHa KaK MOpgo-
JIOTUYEeCKasi CTPYKTYPa: JAPEBOBHIHASI MOJIEJIb CUCTeMBbI, IIPOeKTHBIE ainbrepHaTusbl (DAS) mis
BUCSYMX BEPIIUH MOJIEJIU CUCTeMbl, oneHku DAs u ux coBmectumoctu [334, 342, 356, 363]). Ho-
IIOJIHUTEJIbHO, HEOOXOJMMO DPACCMOTPETh CTPYKTYDY/CeTh BEPXHEro ypOBHsI (MHOXKECTBO 3Jie-
MEHTOB KaK BPEMEHHBIX /JIOTMYECKUX TOYEK /COCTOSIHUIT U CTPYKTYPY HAJ[ STUMH SJIEMEHTAMH ).
B kauecTBe CTPYKTYp JJid YKA3aHHOTO BEPXHEr0 YPOBHS MOXKHO HCIIOJbL30BATh: (a) NENnouKy,
(6) mepeso, (B) anukamueckuii rpad, (r) obuwmit rpad. Takum o6pa3om, paccMaTpuBaeTcs Cle-
nytomee (Puc. 8.1):

aXKIpIi y3es1 COOTBETCTBYET BPEMEHHOMH /JTOrmIeCcKOi T04Y

t t t t t

MHuokecTBO MOP(OTIOrHIECKUX CTPYKTYD,
Kaxk1asg MOPGOJIOrndecKast CIPyKTyPa COOTBETCTBYET
y3J1y ceTu BepxHero ypoBHs {A*, u € H}

( Bepxuwit yposens wan y3navu G = (H, V), >
K Ke

Puc. 8.1. /IByx-ypoBHEBasi MO/Ie/Ib TPAEKTOPUHU CUCTEMBbI

(1) cern/rpad Bepxuero G = (H,V'), rme H - Bepumnbl (y3ibl) (BpeMeHHbBIE/JIOTHYeCKUe
TOYKY MM COCTOsIHUSA), V' - MHOXKECTBO JIyT:

(2) mopdosiornueckasi CpyKTypa Jijis KayKI0# BepmuHbl 1 € H: AX.

Tabuura 8.1 ComepKUT KPATKOE OMHUCAHNE PACCMATPUBAEMBIX CXEM H 3371a4.

I MarepuaJ riaBel OCHOBAH HA, Ty OIMKAISIX:
(i) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Spinger, 1998. chapter 3.
(ii) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 4.
(iii) M.Sh. Levin, Towards multistage design of modular systems. Electronic preprint, 13 pp., June 19, 2013.
Http://arxiv.org/abs/1306.4635 [cs.Al].
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Tabsiuma 8.1. OcHOBHBIE THIIBI 33J@4 IIOCTPOEHUSI TPACKTOPHIl crucTeM

Tun cern Tun cxeMbl/3a0a4u Hpuknaanoit npumep
BEPXHero IIPOEKTUPOBAHUSA
YPOBHst

1.I0enouxa |(1.1) IlocnenoBarensras TpaekTopus(u) | 1.ITocmenoBaTeabHbie u

(1.2) IocnenoBaTenbHO-IAPALIENbHAS [OCJIEIOBATELHO-[1APAJLIEIbHBIE
TpaekTopusi(u) CTPATErnU PAHIKUPOBAHUS
[26, 334, 362]

2.ITocnieroBaTeIbHBIE CTPATEr AU
1yisi Web-cucrem (mposaiizep)

[352]

3.IIpoekTupoBanue start-up

Opurapl (376Ch)

2. JIpesosuz- ((2.1) JIpeBoBuaHas TPAEKTOPHST ITnanuposanue nevenus (376Ch)
HAast (2.2) Paciuupenue ceru BepXHEro ypOBHsI
CTPYKTYPA |rouKaMu "aHaIn3a’, IPOEKTUPOBAHUE

JIPEBOBUIHBIX TPACKTOPHIA

3. Ammxsm-  |(3.1) ITocrpoenne mapiupyTa (1emouka, [puwmep (31€CH)
YecKuit JepeBo, NOCJAe0BATEIbHO-TIaPaJIIEIbHBII
rpad rpad, mOCTpoeHYe COOTBETCTBYOIIEH
TpaekTopu(uii)

(3.2) TlocTpoeHue OKPHIBAIOIIETO JIEPEBA;
perenve 3ama9m 2.2

4.0OpuenTtrpo- (4.1) TlocTpoenue MapmpyTa (1lenoJKa, Yrupolnennas uIIOCTPAIsT
BaHHBIIA JEepeBO, MOCIIeNOBATEIbHO-TIAPAJIIIEIbHBIN (3;Lec13)
rpad rpad); design of corresponding system
TpaekTopu(uii)

(4.2) IocTpoeHue OKPHIBAOIIETO JEPEBA;
peiienue 3aja4u 2.2

(4.3) TIocTpoerue GoJiee TPOCTOH

(mo cTpyKType) MOKPBIBAIOMIEH CeTH;
pertienue 3ama4 4.1 unu 4.2

PaccmarpuBaemMasi TpOEKTHAsE KOMOMHATOPHAsSI CXeMa BKJO4aer ciaeiayioree (i) onpejesie-
HUE MHOXKECTBA BPEMEHHBIX /JIOTMYECKUX TOUeK (cocTosiHuil cucrembl); (ii) ompemesenue cere-
BOI CTPYKTYDBI HaJl yKa3aHHBIM MHOXKECTBO JIOPMYECKUX TOYEK (HANPUMEp, [EN0vKa, JePeBo,
opuenTupoBanHbiii rpad); (iii) 3amanue nepapxuueckoit Mojesu (MOPMOJIOrHIECKON CTPYKTY-
PbI) CHCTEMBI JIJIsl KaxK IO JIOru4ecKoil Touku; (iv) IMPOEKTUPOBAHUE MOJYJIbHON CUCTEMBI JIJIst
KK J10i1 JIOTH4eCcKOil TOUKY (KOMOMHATOPHBIN cuHTe3 Ha ocHOBe VIMMII min 3ama4u 6y109HOTO
PIOK3aKa) JJIsl OJIyY€HUsT HECKOJBbKUX peleHuil; (V) BBIOOP CUCTEMHOTO PeIeHust JJIsl KazKI0i
JIOTUYEeCKO! TOYKM C y4eTOM KAadecTBA PelleHHi ¥ KaueCTBa COBMECTUMOCTH MeXK/ly COCeTHUMU
pemeHusMu (B pAMKaxX CTPYKTYPbI HAJ[ JIOTHYECKUMH TOYKAMH), 3/€Ch TAK¥Ke HCIOJIb3YeTcs
JIOTUYECKUil CHHTES.

B ocHOBHOM mCTIOIB3yeTCS CTPYKTYPA HAJT JJOTHIECKUM TOYKAME B BH/E TEMOYKH (T.€., Bpe-
MEHHO# 1enoukn). B nomosHeHne, MOIyT paccMaTpuBaThes Oosiee CIOXKHBIE caydan: (a) CTPYK-
Typa HaJi JJOTHIeCKUMHU TOYKAMU UMeeT BUJ fepeBa, (0) CTpyKTypa HaJl JIOTHYeCKUMH TOYKAMHE
nMeeT Bujl oprueHTHpOBaHHOrO rpada (oprpad). B nannoil riaBe npuMepsl HILTIOCTPUPYIOT MO~
CTPOEHME CUCTEMHBIX TpaeKTopuil. JlonosHuTe IhHO, TIPEJCTaBIEHO KPATKOE OIUCAHNEe JTAHHOTO
HOJXO0Ja JJIs 337124 Ha OCHOBE HECKOJIbKHUX 00J1acTeil.

8.2 (O0mue cxeMbl

[Tpennaraercs ciemyromnias IBYX-ypOBHEBas KOMOMHATOPHAS CXeMa JIJIsT MHOTO-CTaIUTHOTO TIPO-
eKTHPOBAHUS WM MOCTpoeHUs: TpaekTopuu cucrembl (Puc. 8.2) (334, 342, 372]:
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TpaekTopust cucrembr n3 k pemennii (Kak 1enovka)

= e — = =

®a3za 2: [locTpoenne TpaeKTOpUu JJjIs CETH \\\
BEPXHEro ypoBHs (LIENOYKa, AepeBo, oprpad)

/ - T - \ Pemenus

Daza 1: Daza 1: Daza 1:
KOMOMHATOP- KOMOHHATOP- KOMOHHATOP-
HBbIM CUHTE3 HbIM CUHTE3 HbIM CHHTE3

(IMMII) (MMMII) (MMMII)
0 Cragus 1 Cranus i Cragus k ¢
| | | |
I t= T1 t= Ti t = Tk

Puc. 8.2. UnnmocTpanusa mpoeKTHPOBAHUS TPAEKTOPUH

@asa 0. Tenepanys o0Ielt CTPYKTYPHI TPOEKTHO 331a91:

0.1. renepanusi BDEMEHHBIX /JIOTMYECKUX TOYEK,

0.2. reHepanysi CeTH BEPXHEr0 YPOBHsI HAJ| JIOTHYECKUMH TOYKaMu (I[eM0YKa, JIepeBo, Op-
rpad),

0.3. dbopmynmupoBanue MOAIPOOIEM KOMOMHATOPHOTO CHHTE3a JJIs KarKJIOH JIOTHYeCKOn
TOYKH: MOP(OJIOrHIECKasi MOJIE/Ib CUCTEMBI, IPOeKTHbIe ajbrepHaTusbl (DAS), Kpurepun s
onenku DAs, onenkn DAs u ux coBmecrumoctn).

@Dasa 1. Vepapxuyeckoe NPOEKTUPOBAHKUE MPOEKTHBIX PEIEHUH JJIsi KaXK/I0# JIOTH4YecKoit
rouku (nosydenue [lapero-scdbekTuBHbIX perenuii).

@asa 2. llpoekTUpoBaHUE TPAEKTOPUU CUCTEMBI KaK KOMOWHAIIMM PEIIeHUil B JIOTUIECKUX
TOYKaX. Pe3yrbTupyromas cucTeMHash TPAeKTOPHS MOYKET MMeTh BHI;: (a) IemodYKa perreHuii
(mocJieroBaTesIbHAS WM [OCJIEI0BATEIbHO-IApaJLIebHas TpaekTopusi), (6) JepeBo penieHui,
(B) oprpad pemrenuii.

Ha Puc. 8.2 npeacrap/ieHbl CJIeIylolye JOKaJIbHbIE PeleHus (T.e., B IOTHYeCKUX TOYKaX):
(a) cramua 1: Si, 53, S3; (6) cramusa i: S?,5%; (B) cramus k: S¥ S5 S¥ Sk Tlonyuennas cu-
CTeMHas TPAEKTOpUA MMeeT BUI: « =< Six .. xSt x .. xSy >. Ha Puc. 8.3 npencrasien
WJLTIOCTPATUBHBIH TIPUMED U1l TPEeX-CTAMAHON TPAeKTOPHH, IPUMED TPAeKTOpuH (IIeroUKa)
umeer Bui: 3 =< S3' xS3? x ST >.

ST = Ay By x (4 ST* = Ay x B3+ C) (Sp? = Ay x Bo % Cs)

(S;IZAl*Bl*CQ 552:142*32*02/5;3:AQ*BQ*CQ
S§1:A3*BQ*CQ 552:142*33*01) S;SZAB*BQ*CQ

® ® ® ®
(a) cramgms 1 (1) (6) cramus 2 (12) (B) cramus 3 (73)
Puc. 8.3. [Ipumep Tpex-crajuitHoit TpaeKTOpUn

Nnntocrpanust ajst ApeBOBUIHON cUCTeMHO TpaekTopuu mnpejacraBieHa Ha Puc. 8.4:

136



/ﬂ
\ﬂ

(a) cerb BepxHero ypoBHs (1epeBo) (6) cucremnasi TpaeKTOpPUS
Puc. 8.4. Unmoctpanus ajis ApeBOBUIHON TPaeKTOPUU

‘AHL ‘A M2

(i) BOCEMB JIOTMYECKUX TOUEK: { flo, [41, [2, 113, [h4s [5s 116 [47 15

(ii) BoCEMBb COOTBETCTBYIONMX MOP(MOJOrHYECKUX CTPYKTYD:

{A“O,A“l,A“Q,A“3,A“4,A“5,A“6,A“7}.

[Tpu sTOM, HpeEjCTaB/IEHbl CleAyIoIue cucTeMHble pemenuil: (a) Touka po: S1°, S5%; (b)
rouka p1: S, S5 SEY; (¢) Touka po: SP?,S4?; (d) rouka pz: SiP, 553 54?5 (e) Touka puy:
Syt Syt SEY: (f) Touka us: S1°, 54, 5S4 (h) Touka pg: S1°¢,S5¢, SE¢; (1) rouka pur: SiC, SHS.
TakuM 00pa3oM, CHCTEMHasi TPAEKTOPHUS (J€PEBO) COCTOUT W3 CJEAYIOIIUX JIOKAJTBHBIX Delle-
auit: y = {S}°, 8", S5*, S, S Sie. SEC . ST}, OdeBuHO, 9TO CTPYKTYpa CHCTEMHOM Tpaek-
TOPHHU 7y COOTBETCTBYeT nucxopHomy nepeny (Puc. 8.5).

(519
VA

e
® &
Nel®

Puc. 8.5. [Ipumep npeBoBU HOI TpaeKTOpUHU

B cnydae npeBOBUIHBIX TpaeKTOPHUii MPEJICTABISIETC MEIeCO00PA3HBIM UCIOTb30BAHNE 0~
MIOJIHUTE/IbHBIX y3JI0B KaK TOYEK 'aHajmu3a/IPUHATHS PEelmieHuit’ [Jisi TPOBEIEHUs] aHAJIN3a, Pe-
aJIM3alUy JIOKAJIbHOTO PEIIeHUsT ¥ BHIOOpA CJIEJYIOEero mara (T.e., HAlpaBJIeHHE TEePeXoja).
Ha Puc. 8.6 npuBesen npumep Takoro paciimpeHHONW JIPEBOBUIHONW CETU C COOTBETCTBYIOIIU-
MM TOYKAMH 'aHaJM3a/TIPUHSTHS PeleHuit’: ag, a1, ay. 3/€Ch Pe3yJbTUPYIOIAst TPAEKTOPHS
npejcrasisier coboit nenouky, nanpumep (st Puc. 8.6): 7 =< SH0 x SH4 % SHs >,
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Puc. 8.6. /IpeBoBuHAS CETh C y3JaMu "aHAIN3a’

Ha Puc. 8.7 mpeacrasien nmpumep oprpada ¢ COOTBETCTBYIONIIMHU CUCTEMHBIMU TPAEKTOPH-
sMHA. 371eCh MOTYT PacCMATPUBATHCS CJEAYIONINe CATYAluy (3a1a4n):

(i) mocTpoenme MapIIpyTa Ha OCHOBE MCXOAHOTO oprpada (HampuMmep: TOCTIeI0BATEIbHbIH
MapHmIpyT B BHUJE IENOYKH, IMTOCJEI0BATEIBHO-TIAPAJIIEbHBIN MapIIPYyT, APEBOBUIHBINA MapIIl-
pyT);

(i) mocTpoenue MOKPHIBAIOLIETO JePeBa JIJis HCXOAHOTO rpada U UCCIIe0BAHUE TIPE bl Iy el
3a/a4M (BKJIIOYAs MCIOJb30BAHUE JOTOJTHUTEILHBIX Y3JI0B 'aHa u3a’).

MoxKHO mpUBECTH cJiejyiomue npuMepbl MapuipyTos (Puc. 8.7):

(a) mapmpyT-nienouka (nocaegoBarenbubiii): < Sh* x SET x SH >

(6) ApeBOBUAHBINA MAPIIPYT OCHOBAH HA CEMH JIOKAJIBHBIX PEITeHUsIX:

{95%, 817, 81, 55", 51, 557, 517

(B) moc/ieIoBaTEIbHO-NIAPAJLIEIBHbBI MapIIPYT OCHOBAH HA YETHIPEX JIOKAJbHBIX DElIeHU-
ax: {544, S1°, SE7S55 ).

/A/ws
= =
—® s —

7 e A Ave Ao
E)— D —® =

© D/@
E—® /A

(a) cerp Bepxuero yposHs (oprpad) ) CUCTEMHAasl TPAEKTOPUsI
Puc. 8.7. NnmocTpanusa cuCTeMHBIX TpaeKTOpI/II/I Ha OCHOBe oprpada

Ucxonnas cerb BepxHero ypoBHs (Puc. 8.7a) MoxkeT anmnpoKCUMUAPOBATHCs 60J1ee TPOCTHIMU
MOKPBIBAIOIMME CTPYKTypamu: (a) menouka (Puc. 8.8a), (6) anmpokcumMupyroiiee mOKpPHIBAO-
mee sgepeso (Puc. 8.86), (B) mokpbiBatommas ynpoiensas cerb (Puc. 8.88).
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(a) menoura < pug, 1, pg > (6) nokpeIBaOIIEe AEPEBO (B) ynporuieHas ceTb
Puc. 8.8. AnnpokcuMupyoIiie CTPYKTYPHI JIJIsT CETH BEPXHETO YPOBHS

/

3 G
o ~
|

\

8.3 HMuaaocTpaTuBHBIE TPUMEPHI

8.3.1 YetnIpex-cTaauiiHasg TpaeKTopuda start-up rpynmnsl

PaccmaTpuBaerca caemyoomast odmas peBOBUIHAS CTPYKTypa JJid start-up rpynms:

0. /IpeBoBugnasi crpykrypa S = L*x Rx E x M:

1. JTuzmep npoekra L: Her Ly, yacTuvHOE ydacTue (HENMOJIHbINA pabouuii J1eHb), KOHCY/IbTH-
poBanue L;, moJHO# y4acTue (mOHBIH pabounii geub) Lo.

2. Uccnenosarens R: Her Ry, yacTuuHOoe ydyactue (HEMOJHBIH pabovuii EHb), KOHCYJIbTH-
poBanue R, mosHO¥ yuacTue (mosHbil pabounii nenb) R, nBa uccienoBarens Ry = Ri&R,.

3. Nnxkenep E: mer Ey, yacTuuHoe yuacrtue (HEmOJHbIH paboumii J1eHb), KOHCYIBTUPOBAHUE
FE4, nonuoit yuactue (nosnslii pabounii qenn) o, nBa unxenepa F3 = E1&Fs.

4. Menemkep M: uer My, yacTuuHoe ydyacTue (HEMOJHbIA pabovmil JIeHb), KOHCYIBTHPO-
Bauue M, mOHOM yuacTue (MOJHBIN pabouwit qeHb) M.

DTa CTPYKTypPa MCCIEYETCs JIJIsi YEThIPEX MOCJIE0BATETbHBIX BPEMEHHBIX TOYEK:

Cmadus 0 (t = 19) (Puc. 8.9, npuopurersl DAs mokasansl B Kpymibix ckobkax; Tabsmuia
8.2): renepaius 6a30BOIl WIEW JJIsi HOBOTO POIYKTA/CHCTEMBI, TIOJTOTOBKA TPOEKTA PEIJIO-
JKEeHUS.

Cmadus 1 (t = 1) (Puc. 8.10, npuopurersl DAs ykazaubl B KpyIJibiX cKoOkax; Tabsura
8.3): HpoeKTMpPOBAHWE MPOTOTHUIIA IIPEJJIATEMOTO MPOJYKTa/CUCTEMBI, TIOAIOTOBKA UCCJIEI0BA~
TeJIbCKMX MATEPHAJIOB B BHUJE HAy4HBIX CTaTeil, npe3eHTanuii Ha KOH(EPeHIUsIX, MOArOTOBKA
NaTeHTa, TIOUCK UHBECTOPOB.

Cmadusa 2 (t = 72) (Puc. 8.11, npuoputerst DAs ykazaubl B KpyIJIbIX cKoOkax; Tabsura
8.4): TpOEKTHPOBaHWE IMPEIBAPTEIbHON BEPCHM MPOJIYKTa,/CHCTEMBI, aHAJIN3 PHIHKA (MapKe-
THUHT), MOArOTOBKA OU3HEC-TJIAHA, TIONCK WHBECTOPOB.

Cmadus 3 (t = 13) (Fig. 8.12, npuopurersl DAs ykasaHbsl B Kpyribix ckobkax; Tabsuia
8.5): TPOEKTUPOBAHWE BEPCUU CHCTEMBI JJIsi PEAJbHOTO MPUJIOKeHHUs (Uif), TOMCK peaJbHbIX
NPUKJIAJHBIX 00/1acTell IPUMEHEeHUs], MaPKEeTHHT.

Tabmuna 8.2. CoBmectumocts (7p)

SO =LxRxExM RO‘ Rl‘Rz‘ Eo‘El‘EﬂMdMl

ST° = Ly x Ry x Ey * My Lij1 2 1 3 3 2 3 2
%%2 1 3233 2 3 2

0 3 3 2 3 1

LB E WM R, 3313 3
Li(2) Ry(2) Eo(1) My(1 Ry 3 313 2
Ri(1) Ey(3) M;y(2 Ey 3 3

) 2 E, 3 3

Puc. 8.9. Crpykrypa rpymmst (79) By 3 2
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Pesynbrupytomee cocrasnoe Ilapero-sbdexrusnoe perenne st 7o (Puc. 8.9) umeer Bun
(Puc. 8.13):

ST° = Lo % Ry x Eg x My, N(S7°) = (3;4,0,0).

Pesynabrupytomue cocraBusie [lapero-asddexrusnunie pemenus aas 7, (Puc. 8.10) mmeror
sz (Puc. 8.13):

(a) ST* = Lo * Ry x By x My, N(ST') = (2;4,0,0);

(6) S3* = Lo * Ry x By x My, N(S3') = (3;3,1,0).

Pesynbrupyiomee cocrasroe Ilapero-sdbdexrusroe pemenue st 7o (Puc. 8.11) umeer Bu
(Puc. 8.13):

ST = Lo * Ry x E3x My, N(S*) = (3;4,0,0).

Pesynbrupytomue cocrasubie [lapero-addexrusubie pemenus: st 73 (Puc. 8.12) umeror
sz (Puc. 8.13):

(a) ST = Ly % Ry x E5x My, N(ST?) = (2;4,0,0);

(6) S3® = Lo % Ry x E5x My, N(S3°) = (3;3,1,0).

Tabsmna 8.6 COMEPKHUT OIEHKH COBMECTHMMOCTH JIJIsl IIOJIYYEHHBIX JIOKAJIBbHBIX PEIICHUIA.
[Ipeamonaraercsi, 4TO JIOKAJbHBIE DEIIEHHs] UMEIOT OJMHAKOBbIE MPUOPHUTETHI (T.€., 1).

Tabsmua 8.3. CoBmectumoctsb (77)
ST =LxRxExM

STt = Lo * Ry % Ey x My RI‘RQ‘ R?" El‘Ez‘E:S‘MO‘MI
STlZLQ*Rl*El*MO %2 3 2 2 3 3 1 3 1
1 3 2 2 3 1
SOl E M R, 2 21 3 3
Ly(1) Ry(1) Ey(2) Mo(1 Ry 12322
5(2) Eo(1) M, (2 £y 33
Ra(3 X Es 3 2
Puc. 8.10. Crpykrypa rpynmst (71) Es 5 2
S§2T2 :LL . g* EE " MM Table 8.4. CoBmectumoctsb (73)
1 = Lk fig x Loy x My RQ‘R3‘E2‘E3‘M1‘M2
Ly3 2 2 3 3 2
LR E M Ry 2 3 3 2
La(1) Ro(1) Ex(2) Mi(1 It 2332
R3(2) E3(1) My(2 By 2
Puc. 8.11. Crpykrypa rpyumst (73) Es 2

Ta6snuua 8.5. CoBmectumocts (73)

S — L« RxExM 31‘32‘33‘ EI‘EQ‘E?;‘MQ
ST® = Ly * Ry x E3 % My Lii2 2 2 2 3 3 3
S33 = Lo % Ry x E3 % M, ]L%z 2 3 2 2 3 3 3

1 3 2 3 2

Lo F W R, 333 3
Li(1) Ri(2) Ei(3) My(1) R 332 3
L2 2 R2 1 E2 2 E1 2
3 3 E3 1 E2 3

Puc. 8.12. Crpykrypa rpyumst (73) B 3

Pesynabrupyromas ITapero-adbdexkruBnas Tpaekropus umeer puj (Puc. 8.14):
alerm =< ST0 % STV % ST2 % ST2 >, N(a'*™) = (3;4,0,0).
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N(STY), TOYKA
N(SP? -
( 1 ) N(S2 )

Tabsmma 8.6. CoBMecTUMOCTD
ST S5t ST?| 513 S5°
SPl2 3 3 3 3

w = 2 ST 3 3 3
w=1 Sa' 2 3 3
Puc. 8.13. Pemerka kaudecrsa S 3 2

A o N
OB O

| |
t:TO t:Tl t:T2 t:Tg
Puc. 8.14. TpaekTopus rpynmbt

8.3.2 JIpeBoBuaHas TpPaeKTOpUsA MEIUIIMHCKOTO JIEUECHUS

PaccmarpuBaercs ciepyomuii npuMep IJIaHa MeIUIUHCKOro Jedenus: (i) 6a3oBast ApEBOBU/I-
Hasi CTPYKTYpa IJIAHA JiedeHusl JAeTCKOi acTMbl u3 [375] (ympomennas Bepcusi); (ii) ceTh Bepx-
HEro ypOBHs B BuUjie jiepena pemennii (Puc. 8.6); (iil) Mmoaudunuposantas ApeBOBUIHAS CTPYK-
Typa IJIaHa JIEYeHUs I KAXKJIOrO y3Jia JepeBa pemnenuii. PaccMarpuBaemasi JpeBOBHIHAS
TPAEKTOPHUsI TIJIAHA JIEYEHNUs C y3JIaMH "aHaIu3/TIPUHTHE perenuii’ npeacrasiena Ha Puc. 8.15.
Kaxkipiit y3es1 3Toit TpaeKTOpuu OCHOBAH Ha, YNPONIEHHON MePapXUIeCKOl CTPyKType 6a30BoTo
niaHa Jedenus u3 [375].

~®
.\
@
~@

Puc. 8.15. JlepeBo perienwuil m1ana jJedeHust

Takum obpazom, paccMarpuBaemasi CTPYKTypa 0a30BOro IjiaHa WMeeT CJeAyIOmuil BuI
(mpuopurerst DAs ykazaubl B Kpyribix ckobkax) (Puc. 8.16):

0. IInan nedenusa S = X xY x Z.

1. OcuoBuble noaxonael X = J x M:

1.1. ®usnorepanus J: mer Jy(2), maccax Ji(2), uaransmus Jo(2), cayna J3(3), pedrekcosto-
ruveckast Tepanus Jy(3), nazepuas repanus J5(3), Maccax i CIENUAJBHBIX IEHTPOB/TOUEK
J6(3), pedekcorepanus JJisl CHEIUAJBHBIX EHTPOB J7(4), rajo-KaMepsl W COJISHBIE IMAXThI
J3(2).

1.2. JlekapcrBa M: wer My(2), sutamunsr M (3), sodium chromoglycate (omun mecs u

JBa pasa B roa) Ms(2), sodium chromoglycate (n1Ba mecsina) Ms(3), sodium chromoglycate (Tpu
mecsina) My(3).
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2. @usnosiornyeckas u dKoJjgorudeckas cpega Y = Ax B+ C:

2.1. @usnosornveckuit knumar A: ser Ay(3), Koucyabruposanue dusunoora A;(2).

2.2. Nomamusis skosmorundeckas cpena B: mer By(3), Bognas y6opka Bj(1), uncrka KHAXK-
HOil mbiin B (2), yaajeHne XJIOMKOBBIX U MEPCTIHBIX Bemed Bs(1), ynamenune koBpos By(1),
HCKJIIOUEHHEe KOHTAKTOB C YKUBOTHBIME Bs(2), yHUUYTOXKEeHMe HACEKOMBIX Bg(2), yaasienue 1se-
ToB B7(1), arpernposannsie anbsrepuarussl By = B1&By& Bs& B (1).

2.2. Obmas skonornueckas cpega C: uwer Co(4), yaydmenue cpeip oouranus C(1).

3. Pexxuwm, otnpix Z = O % K:

3.1. Pexxum O: wner Ogy(3), orapix B mosgens O1(1), cuenuanbueie dusndeckue aeiCTBUs
(npenax, orxapkuanue MOKporThl) Os(1), ciopr (6er, sibizku, miaBanue) Oz(1), komdopraas
BanHa Oy4(1), xonoguast Banna Oj(2), uckiouenne 31ekTpoHHbix urp Og(2), arpernpoBanHast
anbrepHaruBa O; = O2&04(2), arperupoBannas anbrepraruBa Og = O3&05(2).

3.2. Otnpix K: mer Ky(2), orapix B secHoit cpefe Ki(2), orapix okosro Mopst Ko (3), oTabIx
B ropax K3(4), cnenuanbusiit garepb K4(3), sedenne B consublx maxTtax K;(3).

Sto =X xY xZ
Sfo :Xg*Yl*Zl
Sém :Xg*Yl*ZQ

Y=AxBxC
.Y1 :Al *Bg*cl(l)

T
N O O R W NN = O
AN N AN AN TN TN TN —
D DNDNDNDNDDNDDN W
\_/\_/\_/\_/\_/\_/\_/\_/DU

Os = 03&05(2)
Bg = B1&B& Bs&B7(1)

Puc. 8.16. Uepapxuueckast Mojiesib TIaHa Jjederus (342, 375]

Uepapxudeckas momenb (Mopdosorndeckas crpykrypa) Ha Puc. 8.16 coorBercTByer Jio-
rudeckoit Touke (i (Puc. 8.15). Onenku coBmectumoctn qist DAs mpeacrasienst B Tabome
8.7, Tabauue 8.8, Tabnume 8.9 [342, 375| (yupoiuennsle Bepcuu, IS BCEX JIOTHYECKHX TOUEK
{10, 111, f2, P, fas fis, pi6 }). Onenkn coBmecTuMocTr DAs Ha BBICIIIEM MEPApXHUYECKOM YDOBHE
npexcrasyenbl B Tabaune 8.10 (pg). Tabauna 8.11 comepKuT onucanue JOTHIECKUX TOYEK,
BKJIIOYAsi CCBIJIKA Ha COOTBETCTBYMOIUe Mopdosornueckue crpykrypsl (Puc. 8.17, Puc. 8.18,
Puc. 8.19, Puc. 8.20).

st rouku pg (Puc. 8.16), ITapero-sdbdexrusubie DAs nmeror Bu:

(1) sokasbubie [Tapero-adbdexTusubie pemenust Jyisi nogcucrembl X: Xy = JixMy, N(X;) =
(3:2,0); Xo = Jo % Ma, N(X2) = (3:2,0); X3 = Js % My, N(X3) = (3;2,0);

(2) sokaububie [lapero-addexruBubie pemennst mist nogcucrembl Y: Y = Ay x Bg « (4,
N(Y)) = (3;2,1,0);

(3) nokanbusie [Tapero-sddekTuBHbIe perienus Ayist noacucremsl Z: Z; = O1x Ko, N(Z1) =
(3:2,0,0); Zs = Oy % K, N(Z5) = (3:2,0,0).

(4) pesynbrupytomue I[Tapero-sddexrusubie pemenus mias cucremsr S: (a) S0 = X3+ Y]+
71, (6) SE = X3+ Y * Z.

Jns rouku py (Puc. 8.17), pesynbrupyiomee [Tapero-sdbdekTuBHOE peleHuii uMeeT BUI:

S{“ = Al*Bg*Cl, N(Siﬂ) = (3,3,0,0)

142



Hust touku po (Puc. 8.18, u jyist Touku fi5), pesyasrupyiomue [lapero-asddexrusubie DAs
umeror Bug: (a) S = O; % Ky, N(S1?) = (3;1,1,0); (6) S5* = Og x K1, N(S4?) = (3;1,1,0).

Hns roukn ps (Puc. 8.19), pesynsrupyiomue [lapero-acddektususie DAs numeor Bu:

(a) Sf?’ = Jl, (6) Sg?’ = JQ, (B) SMS = Jg.

Hnst rouku piy (Puc. 8.20, u ma pg), pesyasrupytomue [Tapero-sdpdexruasie DAs nmeror
sug:  (a) Si* = Jp x My, N(S1?) (3;2,0); (6) S4* = Jy * My, N(S4?) = (3;2,0); (8)
St = Jg* My, N(S5*) = (2;2,0).

Tabsuna 8.12 comepKuT onucanue ToYeK 'aHanu3/npuHsathe pemenuit’. TIpuvep dbuHaAIL-
HOTO JIPEBOBUIHOTO peIlleHus NpecTaBieH Ha Puc. 8.21.

Tabmuna 8.7. CoBMECTUMOCTD Tabmuna 8.8. CoBMECTUMOCTD

M4 M* M4 Aq M, KO{ Kl‘ KQ‘ Kg‘ K4‘ K
Jol 0 3 3 3 3 Qo0 0 3 3 3 3 3
Jil3 3 3 3 3 O 3 3 3 3 3 3
J21'3 3 3 3 3 Ol 3 3 33 2 3
J31'3 3 3 2 2 O3 3 3 3 3 3 3
Ji| 3 3 3 2 2 O4 3 2 2 2 2 2
J513 3 3 2 2 Osl 3 3 3 3 3 3
Js| 3 3 3 3 3 Osf 33 3 3 3 3
J713 3 3 3 3 O13 3 3 3 3 3
Js|'3 2 2 2 2 Osf 33 3 3 3 3

Tabauna 8.9. CoBmectumocThb Tabauna 8.10. CoBmecTumocTh

CO‘Cl‘BO‘Bl‘BQ‘B3‘B4‘BS‘BG‘B7‘BS Y1‘Z1‘ZQ
A0 303 32 323 3 3 X3 2 2
A3 3233232333 X9 2 2 2
Co 0 332323233 X33 3 3
Cy 23 3 2 3 2 3 3 3 Y, 3 3
St = AxBx(C Stz — O+ K
TS{H:Al*BS*Cl IS/QZO?*Kl
2 =05+ K
lA lB Cl Sh g x 15
Ao(3 By(3 Co(4 lo K|
A(2 By(2 (1 O7 = 02&04(2 Kq(1
BBQ 08203&052 K23
Bg(2 K3(3
Bs(1 K4(3
Puc. 8.17. Ilnan nevyenus mjis fuq Puc. 8.18. Ilinan nevyenus st fio
SZ‘*:J*M
St = J; « M.
u3 1 2
guz:§ S%4=J2*M2
}43: 1 S34ZJ8*M2
S% = Js
S3° = Jg lJ Ml
J Ji(1 M (3
Ji(1 Jo(1 M, (1
Jo(1 Js(1 M5(3
Js(1 My (3

Puc. 8.19. [lnan neyennsa s fig
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Tabavna 8.11. Jloruueckue ToOUKH

Jlormueckast Omnucanue

TOYKA,

Ho Bazosoe (nonHoe) jedyenue
(Puc. 8.16)

M1 Jledyenue
cpenoit (Puc. 8.17)

[ip) JononmHuTe bHOE Tedenue
oraprxom (Puc. 8.18)

JoE; JomonHuTeIbHAS
dusnorepanus (Puc. 8.19)

i JlomoTHUTEIbHAS
dusnoTepanus u JeueHNe
sekapcrBamu (Puc. 8.20)

s JonosmHnTeIRHOE JIeYeHTEe
cpenoit (Puc. 8.18)

e JomnonauTebHas
dusnoTepanus u JeIeHNEe
sekapcrsamu (Puc. 8.20)

Tabuma 8.12. Touku 'ananus/pemenue’

Touka Omnwucanne

‘aHam3 /|

perieHue

ag (i) xopoiwmii pe3ynbraT, Iepexos K (i1

(ii) pesynbTaT HEIOCTATOYEH,
epexoJt K fi4

a (i) xopommmii pe3ynbTaT, IePexo] K fio
(ii) pesysmbrar HEmOCTATOUEH,
Hepexo K i3

Q4 (i) xopormuii pe3yabTaT, MEPEXos K fi5
(ii) pe3ysbTaT HEIOCTATOYEH,
[IePEXOT K g

P
poac:
@@

Puc. 8.21. /IpeBoBuHasg TpaeKTOpUd

8.3.3 VYmnpomeHHBIIT TpuMep aJisg oprpada

Paccmorpum mopudukamnuio mpeabaynero MeauiinacKoro npumepa. Tabuuna 8.13 u Tabauia
8.14 comepzkaT ONMCAHUsI JIOTHYECKUX TOYEK ¥ TOYEK 'aHaau3/npuHsiTre perrenuii’. Vcnoub3y-
I0TCsl Te Ke Mopdosiornvyeckue crpykTypsol. lepeso pemienusi uz Puc. 8.15 Tpancdopmupyercs
B 00mmuit oprpad (¢ obparnoil cBsi3bi0): Puc. 8.22. Ilpumep pemenust B Buje oprpada mnpes-
crasyier Ha Puc. 8.23 (1191 KOHKPETHOTO IAIMEHTA).
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Tabsmna 8.13. Jloruueckue To4YKH

Jloruueckas | Omucanue
TOYKA
Lo Ocuosroe (nonuoe) neuenune (Puc. 8.16)
1 Jleuenne cpenoit (Puc. 8.17)
2 JlomoTHUTEIbHOE JIEIeHHE
oraprxom (Puc. 8.18)
13 HononuurensHas dpusnorepanus (Puc. 8.19)
4 Hononaurenbuas dbusnorepans
u nedenue jekapcrsamu (Puc. 8.20)

Ta6nuua 8.14. Touku 'ananu3/MpuHATHE pENICHU’

Touka Onucanue
"aHasm3/
peinenue’
aop (i) xopomwmii pe3ysbTaT, Nepexos K fi1

(ii) pe3ysbTar HeOCTATOYEH, IEPEXOL K [i4
a; (i) xopommii pe3yJbrar, Iepexos K (o

(ii) pe3ysbTaT HEOCTATOYEH, IEPEXOL K [i3
ay (i) xopommii pe3yapTaT, mepexos K fio

( )

Puc. 8.22. Ilpumep obmero oprpada Puc. 8.23. Pemenne B Buse oprpada

8.3.4 O 3amadax Jjid HECKOJLKHX 00JIacTeii

MHoro-craiuiiHble CTpaTerud MOI'YT PACCMATPUBATLCA U B CJy4ae KOMOMHMPOBAHUS HECKOJIb-
KuX obJiacreii, HanpuMep: (a) MPOEKTUPOBAHUE CHCTEMBI, TECTHPOBAHWE CUCTEMBI; (6) MeauIMH-
CKas IMArHOCTHKA, TJIAHWPOBAHME JICYCHUSI.

CHauaJia IpuBe/IeM ITpeIBapuTeIbHbIH TpuMep. Puc. 8.24 wimocTrpupyer MHOTO-CTaTHHHY IO
TPAEKTOPHIO JIJIsT MHOTO-CTaUHHON JMATHOCTUKY UM CHCTEMHOTO TECTHPOBAHUSI:

(i) roukn {6y, 01, ...,0} COOTBETCTBYIOT AMArOCTUKE/ TECTUPOBAHUIO,

(ii) Touku {ag, ay, ..., ar} COOTBETCTBYIOT aHAIM3Y/IPUHSITHIO PEIleHui,

(iii) Mmopdostormueckne cTPyKTYpHI A/1s TecToBbix Touek: {A% A% A%}

O6nacTb: TecrupoBanue/ ,Z[I/Ia,FHOCTI/IKa

JledeHnve un yiydineHue CUCTEMBI

Puc. 8.24. Ilpumep n1d TuarHOCTUKY - JIeUEHUS
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Tenepb MOXKHO PACCMOTPETh MHOIO-CTaAuiiHbIe TPAeKTOpUH Jyisi BYX obJiacreii (Puc. 8.25):
(a) TecrupoBanue cucremsl, (6) npoekruposanue cucrembl. Ciieyonye 0603HaAYEHUST UCIIOJIb-
30BaHBbI:

(i) roukn {6, 0, ...,0;} COOTBETCTBYIOT CHCTEMHOMY TECTHPOBAHWIO UM THATHOCTHUKE,

(ii) Touku {ag, ay, ..., ar} COOTBETCTBYIOT MPOIECCY aHATM3A/IPUHATHS DELIeHHU,

(iii) Toukm {&1,&o, ..., &} COOTBETCTBYIOT CHCTEMHOMY MPOEKTHPOBAHUIO WM MEPEIPOEKTH-
POBaHUIO.

(iv) Mopdosiornueckue CTPYKTYPHBI JJisk TECTOBBIX TOYEK:

{A% A% .. A%}, and

(v) Mopdosiornueckue CTpyKTYPBI JIJIs TOUEK IPOEKTHPOBAHWSI UJIU [EPEPOEKTHPOBAHUSI:

{A% A& ASe)

Takum obpazom, KOMOMHMPOBAHHAsT MHOTO-CTAAWWHAS TPAEKTOPHUS BKJIIOYAET JBE YaCTH:
(a) MHOTO-CTQIUIHYIO TPAEKTOPHIO Jjisl TECTUPOBaHuUs, (6) MHOTO-CTaIUHHYIO TPACKTOPHIO JIIsI
YJLyYIlIeHU sl / TIePelPOEKTUPOBAHYS.

O6sacTb: _TECTUPOBAHUE / IUATHOCTHUKA

% ﬁ .

O6u1acTh: IPOEKTUPOBAHNUE / IEPEIPOCKTUPOBAHIE

Puc. 8.25. Tpaekropus: TectupoBanue & MpOeKTUPOBAHUE

8.4 BrnIBOJHI K IJIaBeE

B saHHO# Ty1aBe OMMCAHO MHOTO-CTAMIHOE TIPOEKTHPOBAHNE MOJYJIbHBIX CHCTEM (ITPOEKTHPO-
BaHWe TPAeKTOpHii crcreM). B Oy/yineM mpeacTaBisiiorcsi BaXKHBIMY CJIEJIYIOIINe HATPABJICHNUST
HUCCJIeJOBAHUI:

1. viccyie1oBaHNe PA3JIMYHBIX TPUJIOKEHU T (HApUMep, MeIUINHA, CHCTEMbI CBSI3H );

2. crenuaabHble UCC/IeI0BAHUS MOJIEIel ¢ JOTIOIHUTEIbHBIMI TOYKAMH 'aHATM3a,/ IPUHSITHSI
perenuit’;

3. MCIOJIb30BaHKWE PA3JIMYHBIX MOJAX0JI0B K yUeTy HeOolpe/ e IeHHOCTH;

/4. MccJieIoOBaHUe OIMMCAHHOTO IMOAX0Aa C YYeTOM M3MeHEeHU# BHENTHUX TPeOOBAHUIA.

146



I'maBa 9

CxeMbl KOMOMHATOPHOI 3BOJIIOIIUN CUCTEM

B nannoif raase ! mpuBeieHo ONMMcaHWe MHIKEHEPHBIX CXeM s KOMOMHATOPHOTO MOJIEINPOBa-
HUS 3BOJIIOIUU MOJYJIbHBIX CUCTEM.

9.1 IIpeaBapureiibHble CBeIeHUS

B mnociiegnue roapl CynecTBEHHO BO3pAcTaeT BAXKHOCTh 3aJ@4 MOJEJIUPOBAHUS IBOJIOINUU U
HPOTHO3UPOBaHUsl MOJYJibHbIX cucteMm. B Tabmune 9.1 ykazanbl pa3juyHble HANPABJICHUS UC-
CJIIOBAHM 33J1a9 SBOJIOIMY /PA3BUTUS CHUCTEM. B JaHHOW IjlaBe OMUCAHBI KOMOWHATODHbIE
CXeMBbI JIJI MOJEJIMPOBAHMS SBOJIIOINN U ITPOTHO3UPOBAHUSA MOAYIbHBIX cucTteM. Ha Puc. 9.1.
IIpeaCTaBJIeH YIIPOIIEHHBIN WIJIOCTPATUBHBII IIpUMep ABYX-CTaJAUNHON 3BOJSIOUUN 14 COCTAB-
Holt cuctemel S = Ax Bx C:

S — Sy — 53.

[Tpu 5TOM HCIOIB30BAHbBI CJIEIYIONINE ONEePAIid U3MEHEHWSI:

1. Onepanuu u3menenus ajag S = S (a) mamenenne By, — Bs, (b) uamenenne C; — Cy;

2. Onepanun w3menenns ns S* = S*: (a) usmenenne A; — Ay, (b) nusmenenue By — Bs,
(c) wamenenne Cy — C3; (d) pacmupenne cucremsr: jgob6aBjIeHHe TMOACUCTEMbl [D W 37€MeHTa
D.

OueBuHO, YTO BBIJIEJIEHHbIE CHCTEMHBIE U3MEHEHHH MOryT OBITh HCIIOJIb30BAHBI KaK OCHO-
Ba JIIsl IPOTHO3UPOBAHUST CUCTEMBI (KaK HabOp MEepPCIeKTHBHBIX M3MeHeHWil cucrembl). Takoii
HA0OP MEePCIeKTUBHBIX W3MEHEHWH MOYKET DACIIMPATCS U MOIUMpUIUPOBATHCS (HAPUMED, HA
OCHOBE KCIEPTHBIX MPOIEAYD).

[Tpensaraemasi KOMOMHATOPHAS CXEMa JJIsT MOJEJMPOBAHMS SBOJIONUU CUCTEMbl BKJIIOYAET
caemytomue cragun: (1) nocrpoenue o01Ieil MepapxXuuecKoe MOJIEJIN UCCIIeLyeMOil cucTeMbl; (2)
BBIJIeJICHIE U3MEHEHUH MEeXK/[y MOKOJIEHUSIME CUCTeMbI (KaK HEKOe MHOYKECTBO OIepalnuii u3me-
HEHUsl) ¥ UX OleHWBaHUE (MHOIOKPHUTEPUAJIbHBINA aHAIM3 BKJIIOYAN UCIOJIb30BAHNE WHTEPBA/Ib-
HBIX OLEHOK B BHJI€ MYJbLTHMHOKECTB, OMHAPHBIX OTHOIIEHUI HAJl MHOXKECTBOM ON€paIuil u3-
MEHEHHUsI: COBMECTUMOCTb, JIONIOJHUTEIbHOCTD, MeIIecTBOBaHue); (3) KOMOUHATOPHBIH CHHTE3
(T.€., IPOrHO3) CHCTEMBI KAK BBIOOD IE€PCIEKTHBHBIX ONEPAIMi U3MEHEHUs CHCTEMBI C YI€TOM

' MaTepuas TIaBEl OCHOBAH Ha, TyOIUKAIAIX:
(i) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 5.
(ii) M.Sh. Levin, Towards combinatorial evolution of composite systems. Exzpert Systems with Applications,
40(4), 2013, pp. 1342-1351.
(iii) M.Sh. Levin, Towards Multistage Design of Modular Systems. Electronic preprint. 13 pp., June 19, 2013.
http://arxiv.org/abs/1306.4635 [cs.Al]
(iv) Levin M.Sh. Combinatorial evolution of composite systems, In: 16th Eur. Meeting on Cybern. and Syst.
Res. Vol. 1, Vienna, 2002, pp. 275-280.

147



OBIIMX OrpaHUYEHUI M COBMECTHMMOCTH MEXKJy BbIOMpaeMbIMU oneparusiMu (3a1a4a 6109HOIO0
pIOK3aKa MM MOPGhOJIOIHYecKOe IIPOEKTUPOBAHNE).

Tabsuua 9.1. UccnenoBanusi SBOIONMH / PA3BUTHS CHCTEM

Hamnpassienue uccienoBanuit Vcrounuku
1.9BOIIONAST CUCTEM C JJIMHHBIM YKU3HEHHBIM [148]
OUKJIOM (HpOFpaMMHbIe HaKeTbI)
2.3aKOHBI 3BOJIIONIH TPOrPAMM 323
3.NmxeHepHbIit aHAIN3 N300PETEHUN U IBOJIOIAN 193
4. Merosibl MHOTOKPUTEPHAIBHOTO TPUHSITHS PEIIEHIH 75, 109]
5.CucreMbl aHAIN3a TEXHOJIOTMYECKUX U3MEHEHMIA 931
s sBosonuu MobmibHO# ceszm (1G, 2G, 3G, 4G)
6.IlaTepHBbI TEXHOIOTMIECKUAX CUCTEM 490
7. AHasM3 TPAEKTOPUil TEXHOJIOTUYECKUX YITYUITIeHuU 154
8.DMepIKEeHTHAST IBOJIIOLUS 437
9.9MepaKeHTHEBIH CHHTE3 552
10.luHoBanmy B MOYJIbHBIX CHCTEMAaX 318
11.MoaenupoBanue Bepcuii B IPOEKTUPOBAHUH
OOJIBINNX MHTErPAJIBHBIX CXEM 287
12.MogenupoBaHue BepcHii MPY yTIPaBJIEHUH 140
KOH(MUTYpAIMSIME IPOrPAMM
13.Mogiestb AJ1s1 3BOJTIOIMOHHOTO TipoekTuposanus (ESD) 504]
14.MeTtonosiorust IepenpoeKTHPOBAHUS 456, 457, 579]
15.ApxuTekTypHbIE MFHHOBAIMY KAK PEKOHMUTYpaust 247]
CYIIECTBYIOIUX TEeXHOJIOTUHI
16.0CHOBBI MO/LY/IBHOIT 9BOMTIOIUN 134, 399]
17.9Bosronus 1aTdOPM CUCTEM CBSI3U HA OCHOBE 201

tpancdopmanun anrebpandeckux cereii (AHL)
18.CucreMbl IIAHUPOBAHUST PA3BUTHSI HA, OCHOBE

OIITUMU3ALIA 473
19.Ba3b! MHXKEHEPHBIX UCTOPUA 543

SlZAl*Bl*Cl S2:A1*B3*CQ SBZAQ*BQ*Cg*DQ

= ’
/El lEl cl b
Co Az [ B Dy
Cs
(a) mokomenue 1 (b) mokosnenue 2 (¢c) mokosenue 3
Puc. 9.1. [Tpumep 3BoJIIOIMK CHCTEMBI

Ham nozaxos 6bL1 MCIIO/IB30BaH Jijisi KOMOMHATOPHOIO MOJEJIUPOBAHUS IBOJIOIUHE CHCTEM
B HeckoIbKuX npuiaokenusx (Tabmuna 9.2): (1) CIIIIP KOMBU (DSS COMBI) gnst muOTO-
KPUTEPUAJILHOTO paHxKupoBanus [26, 327, 334, 362|; (2) snexkrpoHHbIe yCTpoicTBa st PO~
BOit 00paboTku curuanos [342]; (3) crangapTsl 1/ nepegaun MyJIbTUMETUHHON uHbOpMAIu
(JPEG, MPEG-1, MPEG-2, MPEG-4) [382]; (4) koMmMmyHuKanuoHHbIii poTokos ZigBee s
GEeCIPOBOIHBIX CEHCOPHBIX cereit [385].

B namnoif riaBe npemoXKeHHbIH KOMOWHATOPHBINH MOIXOM WMJIIOCTPUPYETCS HA TPUMEPE
Tpex y4eOHBIX KYyPCOB aBTOpPa (KaK MOKOJIEHWH CUCTeM) B 00JIaCTH MHOTOKPUTEPUATLHOTO MPH-
HSTHS PElleHuii U MPOEKTUPOBAHUs MOMAY/IbHBIX cucteM [364|. TIpu sTOM mpejcTaBiieHO Ciie-
aytomee: (a) mepapXuueckue CTPYKTYDBI PACCMATPUBAEMBIX KypcoB, (6) M3MEHEHUs] MeKIy
KypcamH, (B) MoysibHOe (MOPGOIOrnyeckoe) MpoeKTHPOBAHIEe HOBOI'O HEPCHEKTHBHOIO Kypca
(mporuo3), (r) arperanusi MOJIy4YE€HHBIX IIPOIHO30B B PE3YyJIbTUPYIOIIEEe arperupoBaHHOE pelle-
HYe.

[Tpouece mpoekTUpoBanus pemenus: ocHoBal Ha IMMII ¢ MHTepBATbHBIMU OIEHKAMY B BU-
Jie MyJIBTUMHOXKeCTB. Ha cTajiuu arperaiiuu perenuii ucnosb3yeTcs 3a1ada 6JI0UHOTO PIOK3aKa
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(c MHTEPBAJILHBIMU OLIEHKAMU B BH/JIe My IbTUMHOXKeCTB). [To/rydenne yKka3aHHBIX HHTEPBAJIbHBIX
OIIEHOK B B BUJI€ MYJBTHUMHOYKECTB OCHOBAQHO HA MHOTOKPUTEPUAJIbHOM aHAJIU3€ U IKCIIEPTHHIX
CYKIECHUSX.

Tabmumna 9.2. MonenupoBaHue 3BOJIONUN CHCTEM

IpuxnagHas cucreMa Uccnenyemas 3amada | VicTouHnK
Drosmo-{[Iporuosur Arpera-
st poBaHue | mus
1.CTIITP KOMBI Ta Her | Her |[26, 327, 334, 362
2.9JIeKTPOHHOE YCTPOHCTBO Ia Ia Her |[342]
3.MPEG-nono6usIii crangapT aig me- | Ja Ha Her |[382]
pe,ZLaHI/I MyﬂbTI/IMeﬂI/IﬁHbIX JAHHBIX
4.TTporokosn cesizu ZigBee Ia Ja Ha  |[385]

9.2 KomMmbuHaTopHas 3BOJIOMNALA

Obmas cxema KOMOMHATOPHON SBOJIIOIMA M IPOTHO3UPOBAHUS JJIs MOJIY/IbHBIX CUCTEM IIPEJi-
crasiena Ha Puc. 9.2 [342, 355, 364]:

— CI/IC']?MI)I — CI/IC']§MI}I

(I/IBMeHeHI/IS{) (I/IBMeHeHI/IS{)

)

“BazoBast
CO6H_Lee MHO>KECTBO I/IBMeHeHI/II‘/D crCTEMA

by 4 !

KoMOuHATOPHBIA CuHTE3 ‘

o

IIporeaypa arperammu

TIPOTHO3

Puc. 9.2. Obmasg cxema 3BOJIIONHI

Cmadus 1. Tenepanust ob1ell nepapxudeckoil CTpyKTYPHI JIJIs UCCIeYeMOi CUCTeMbI (BKJIIO-
qad 6&301308 MHO2KECTBO aJIbT€PpHATUB IJId KOMIIOHEHTOB CUCTEMbI - BUCAYUX BEPIIUH MO,ZLGJII/I).
Cmadus 2. Tlocrpoenne nepapXxuveckoil CTPYKTYPbI JIjIs KaXKJI0TO TMOKOJIEHUs] CHCTEMBI.

Cmadus 3. Beiaenenne CUCTEMHBIX M3MEHEHUN MeXKy COCEIHUMU MOKOJIEHUSIMHU CHCTEMBI.

Cmadus 4. VIHTerpanus u3MeHeHU CUCTEMBbI IJIsi TOCTPOeHUs O0ITEero MHOXKECTBO BO3MOK-
HBIX M3MEHEHUIl CHCTeMBbl (BKJIIOYAsi UCIOJIb30BAHME SKCIEPTHBIX MPOLEAYD JJis J00aBjIeHue
M3MEHEHUH CHCTEMBI).

Cmadus 5. Ananu3 MHOKeCTBA HU3MEHEHMI CHCTeMbl: MHOTOKPHUTEPHAJBHOE OIeHOBaHUE,
OuHADHbIE OTHOIIEHUSI HAJ MHOXKECTBOM (IIPEIIECTBOBAHWE, JOMOJHUTEIbHOCTH, COBMECTH-
MOCTB).
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Cmadus 6. KomOuHaTOPHBI CHHTE3 TPOTHO3HOTO BAPUAHTA CHCTEMBI KAK BHIOOD HamboJIee
IIEPCHEKTUBHBIX M3MEHEHUH CHCTeMbl ¢ yderoM cienyiomero: (i) obiiee pecypcHoe orpanuye-
uue(s), (ii) “mose3HOCTS” NI KaXKJO0TO U3MEHEHHe CUCTEMBI i COOTBETCTBYIOIIAs MOJIydaeMast
obmmas “nosesHocts”, (iii) COBMECTUMOCTH MeXKy BEIODAHHBIMU H3MEHEHUSIMU CHCTEMBI (B CIIy-
vae ucnosb3oBanus VIMMII).

Cmadus 7. AHayu3 nosry 9eHHOro IPOrHO3bI (30B) M arperaius (B C/Iyvae MoJIyYeHus HECKOJIb-
KHX [POTHO3HBIX BAPUAHTOB) /U1l (DOPMUPOBAHNS OKOHYATEIBHOIO ArPErHPOBAHHOIO PEIICeHUSI.

9.3 Omnepanuu n3MeHeHUIA

[Tpuenem ciepyromuii HaGOP TUIOBBIX Olepalyil W3MEHeHUsI JJisi MOJYJIbHBIX cucreM [338,
342):

L Onepayuu das DAs: (1.1.) usmenenue/yayumenune DA Oq: A; = A}, (1.2.) ynanenue DA
Oy: A7, (1.3.) nobasnenme DA Oj: Af, (1.4.) arperanms DAs Oy {A;} = A% = A & Asxk....

II. Onepayuu das nodcucmem. (2.1.) u3amenenue/ynydmenne dacru cucreMsl O, (2.2.)
ynasnenue yactu cucrembl Og, (2.3.) nobasienue yactu cucrembl Oy, (2.4.) arperaius yacreii
cucrembl Og.

II1. Onepavuu das cmpyxmypo, cucmemv, (Og).

Taxum 06pa30M, IBOJIIONMS CUCTEMbI MOMKET OBITh PACCMOTPEHA KaK HEKOe TOIMHOYKECTBO
yKazaHHbIX onepanuii. st Kaxk10if onepanuyu MOXKHO UCCJIe0BATh HAGOP XapakTepucTuK (Ha-
npumep, TpebyeMble Pecypcehl, “MOJIE3HOCTH”) WM pPe3yJbTHPYIOIasi HHTEPBAJIbHAS OIEHKU B
BUJIe MYJIBTUMHOKECTB. [Iponecc TpancdOpMaIu CUCTEMBI MOXKET OBITH PACCMOTPEH KaK OTl-
TUMU3ANOHHAS 3371244,

B kauecTBe OMHAPHBIX OTHONIEHWI HAJl MHOXKECTBOM OTIEPAIMH U3MEHEHUH CJIe/IyIONue TPU
BUJIa MOTYT UCIOJIb30BaThes: (1) axeusasenmmuocms RS (2) donoanumenvrocms (coemecmu-
mocmo ) RS (3) npedwecmesosarue RP. D1u OTHOIIEHUS] MOTYT MCIIOJbL30BATHCS KAK OCHOBA
JIUIsl CTPYKTYPHBIX OIDAHMYEHU.

9.4 Ilpumep aJigs MOJAYJIBHOTO KypcCa

9.4.1 Wepapxudeckas MopdosorndeckKas MOIeJTb

Obimas nepapxudeckast (IpPeBOBUJHAS) MOJEIb PACCMATPUBAEMBIX KYDCOB NPEJCTABJIEHA HA
Puc. 9.3:

0. Obmas cxema kypca S = H x B x L.

1. Meronosioruda H = ExGx D x I % K:

1.1. cucreMHBIH WHKEHUPUHT (HAPUMED, *KU3HEHHBIH [UKJI MPOJYKIUH, TPOEKTHPOBAHUE
HA PAHHUX CTAUSAX, TECTHPOBAHWME, TEXHUUYECKOe OOC/IyKWBAaHWE, TEXHOJIOTHsS TPeOOBAHUN K
cucreme) E,

1.2. cxeMbl IPOEKTUPOBaHUs (HAIPUMED, CXEMBI Ha OCHOBE IPUHSITHS PEIIEHNH, nepapxude-
CKOe TIPOEKTUPOBaHME, MOPGOJOTUIECKOI aHAIN3 U €10 MOAUMUKAIINN, MHOTOAUCIIATLINHAPHAS
ONTUMU3AIMsI, METOJI, MCCAEJOBAHUsI TPOCTPAHCTBA MAPAMETPOB, MPOEKTHPOBAHUS HA OCHOBE
MOJIeJIeil CHCTeM B BHJIe 'PAMMATHK, IIPOEKTHPOBAHNE HA OCHOBE aKCHOM, IPOEKTHPOBAHUE HA,
OCHOBE MMUTAIMOHHOIO MOjieiupoBanust u ap.) G,

1.3. mpunaTHe pentennit (KaaccuduKanus 3a1a9 MPUHATHS PeIeHnii, o01as cxema, Teopust
dyHKIMit MOE3HOCTH, TMOAXOJ, Ha OocHOBe mpaBus [lapeTo, MeTomsl MOPOTOB HECPABHUMOCTH,
9KCIePTHBIE TponeAypsl u ap. ) decision making D,
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1.4. nadopmanmonnbie cucreMbl (TUIIBI CUCTEM, PACIPE/IEJEHHbIE CUCTeMbl, HH(MOPMAIMOH-
HBIT TIOUCK, WHJEKcalysi, 6Jr30cTh HHPOPMAIMOHHBIX 06beKTOB 1 1p.) I,

1.5. Texuomorus 3HaHWil (TUNBI 3HAHWH, cTaguu 06pabOTKM 3HAHWUIL, CTPYKTYPHI 3HAHWIA,
OTepanuy HaJ CTPYKTYpPaMU 3HAHUM, 9KCIEPTHbIE CyXKaeHus u ap.) K.

2. Meroust B=FxC*xY xAxU:

2.1. onrumu3anust (TUIBI ONTHMU3AIMOHHBIX MOJEJIeH, BBIILYKJIAs ONTHMU3AINSs, HeJInHeli-
Hasl ONTUMU3AIMS, MOJIEIH CMEIIAHHOTO [EJIOYUCIEHHOrO onTuMu3anyu) F,

2.2. KOMOMHATOPHAs ONTUMU3aNKs (HApUMep, 3aja49a O PIOK3aKe, 337a4a OJI0UYHOTO PIOK-
3aKa, 337[a4a O HA3HAYEHWH /Pa3MeIleHn], 33,1298 KOMMUBOSIZKEPA, 33/1a91 TeOPUU PACIUCAHUI,
packpacka rpada, 3a/a4u 0 MOKPHITHHU JePeBbsIMH, 3a/1a4a 0 MakcuMaJbHoil kinke) C,

2.3. BOIPOCHI CJIOKHOCTU (AJITOPUTMUYECKAs CI0KHOCTD, TPUMEDHI 33124 M UX CJIOKHOCTh )

Y’
2.4. TOYHbBIE aJITOPUTMBI (HAIPUMEp, METOJ BeTBeil ¥ TPaHMUI], aJITOPUTMBI HA OCHOBE JINHA-
MHUYECKOr0 MpOrpaMMHUpOBanusi) A,

2.5. 9BpUCTHUKY (HAIPUMED, YKAJ(HbIE AJITOPUTMBI, JIOKAIbHASI ONTUMU3AIINS, SBOJIOIUOHHBIE
BBIYKCJICHUs], TUOPUHbIE MeTa-3BpucTHKH) U.

3. Ilpunoxkennsas L =V x Zx RxW xJ*xQ*T:

3.1. nuBecTHIMY (HAIIPUMED, THIIHI WHBECTHUIMH, HHBECTUIMOHHDIH TIopTdens) V,

3.2. 3a1a9 yIpaBJIeHHUs] IEPCOHAIOM (HAampuMep, BHIOOD MepCcoHaa, Ha3HAYEHHEe ePCOHATA
Ha TIO3UIUH) 7,

3.3. mapkeTuHr (HampUMep, CIEHAPUU MapKeTHHIa, CErMEHTHl PBIHKA, IJIAHMPOBAHWE, T10-
JIMTUYECKUH MapKeTuHr) R,

3.4. nporpaMMHbIe KOMILJIEKCHI (HAIPUMED, MOy IbHbIe AKEThI IIPOIPAMM, MOJIETHPOBAHKE
Bepcuit) W,

3.5. rectupoBanue cucreM (HapUMep, HEIOCPEICTBEHHOE TeCTUPOBAHNE CUCTEM C H3BECTHOM
cTpykTypoii - glass-box testing, black-box testing, kombunaropuoe TecTupoBaHue, MJIAHUPOBA-
HHE IPOLECCOB TeCTUpoBanus) J,

3.4. cern (HanpUMep, TOIOJIOTHsI CeTel, IPOEKTHPOBAHKE CeTel, ceTeBble IPOTOKOIbI) (),

3.5. Tenemerpust (HaIpUMep, CEHCOPHI, TeJeMETPHYECKHe CHCTEMbI, CeHCOpHBIe ceTn) 1.

®S—-—H«BxL
H=FExGxD*xIxK
e e o b1k
jB:F*C*Y*A*U
ir o by la v
L=VxZ*xRxWxJxQxT
W lz lrlwly lolr

Puc. 9.3. O6mas cxema KypcoB

Jlist Kaska0ro KOMIIOHEHTa, KypCa MCIOJb3YIOTCS YeThIPE THIOBBIX MPOEKTHHIX aJbTePHa-
THB: OTCyTCTBUE JaHHOTO KOMIOHEHTa X, KPATKOE PACCMOTPEHne Marepuasa X, u3y4eHue Ha
cpeJHeM YpOBHE MOAPOOHOCTH X, MOAPOOHOE M3yUeHHe MaTepuasa Xs, MOJAPOOHOe M3yUeHHe
MaTepuaJia, BKJII0Yas CIeluaabHble MHIUBUIyaIbHbIe PAOOTHI /TIPOEKTHI (HAPUMED, HATIUCAHUE
IIpOrpaMM, pa3paboTKa aJrOpUTMOB, UCCJIEOBAHUE HOBBIX MPHUJIOXKEHWH, MOAr0TOBKa, CTaTeil)
X4. Tpu yupolieHHbIX BEPCUU KyPCOB PACCMAaTPUBAIOTCS:

(a) uHdoOpMaoHHbIe TeXHOIOTUK U puHsiTHe perenuii |20, 329, 330, 334]:

St = (Eyx Gy % D3 x Iy x K1) % (Fyx Cy % Yo x Ag % Up) % (Vo % Zyx Ry x Wy Jo % Qo x Tp);

(6) BBeJeHME B CHCTEeMHBIN nHxKeHUpHHT [334, 335, 342

SQ = (EQ*GQ*Dg*]Q*Kl)*(Fl*Cl*}/O*AQ*Ul)*(‘/O*Zo*R4*W1*J0*QQ*T1);
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(B) npoekTupoBanue cucrem (22, 334, 342, 343, 348, 351|:
S3 = (Eyx G % D3 x Igx Ko) % (Fyx O3 % Y1 % Ay x Up) % (Vo * Zo x Ryx Wy x J3x Qg x Ty).

9.4.2 IlocTraHoBKa 3ajilauu, IPOEKTUPOBAHNIE

Crenyer yka3aTh IJIaBHBIE [EJIU P TOCTPOEHUU HOBOTO Kypca:

(i) moBbIIIIEHNE YPOBHSI TOJAIOTOBKU B 00JIACTH MATEMATHYECKHX METOJIOB (YacTh CHCTEMBI
B),

(ii) mobaByieHHe PEATMCTHYHBIX MPOEKTOB CTYJAEHTOB (HMCIOJb30BAHUE AJLTEPHATUB THUIIA
X4,

(iii) mpuobpeTeHne HEKOTOPOTO MEPBOHAYATIBHOTO OIBITA B OPraHU3aIMy start-up KoMuaHuit
(nanpumep, KommnoHeHTsl V', R).

Crenyromasi cxema, perieHus UCI0JIb3yeTCs:

1. Onucanue omeparuii U3MEHEHUsT MeK Iy TOKOJEHUSIMA CHCTEMBI (T.e., KypcaMi).

2. IlocTpoenne cucTeMHOTO “cucTeMHOTO sapa” - “6a30Boit” cucTeMbl (3/€Ch HCIOJIB3YETCS
0CJIe/[HEee TIOKOJIEHHE CUCTEMbI W SKCIIEPTHBIE CYKIEHNUS).

&. reHepalusl MHTEIPUPOBAHHOTO MHOXKECTBA OIllepalnii "3MEeHeHu .

4. KoMOMHATOPHBIN CHHTE3 Jjisl IOCTPOEHUs IPOrHo3a(0B) KaK pacmupenue “6a30Boi” cu-
CTEMBI.

5. Arperaiysi MoJIyYeHHBIX pelieHuil (POTHO30B) JIjisl MOJIyYeHUs] arPErHPOBAHHOTO Delle-
HU4d.

PaCCManHBaeTCH cjaeayrimue n3MeHEHUA ME2K/Y IHOKOJIEHUuAMU CUCTEMbI:

(a) S! = S? (Tabmmua 9.3): @~ = {®}2, . &2

(6) S? = S3 (Tabmmma 9.4): ° = {®3°, .. 331,

Tabmuna 9.4. 3menenna S? = S3

N3menenne| Tun omeparopa
q’?’g Gy — G3 |yayuamenune O
Tabuma 9.3. Usmenenus S' = 52 5% | K, — K, |ynanenue Oy
3% | — Fy | ynyamenne O
W3menenue| Tun omeparopa 5.3
@7 |y — C3 | ynyuinenune O
@%’2 Ey — E5 |nobasnenune Oz <I>§’3 Yo — Y7 | nobasienne Oz
% |Gy — Gy | ynyumenue O; D% | Ay — A, | noGasmerme Os
‘I)é’Q I, — I ynasenue Oo ‘I)?B Uy — Uy |ynyumenue Oq
)% |Fy — Fy | nobasmenne O 2% | W, — Ws | yayamenne O,
%V, =V, |ynanenne Oy % | Jy — J5 | nobasmenue O;
‘I)é’Q Zy — Zy | ymanenue Og ‘I)fbg Qo — Q4 |nobasnenue O
‘I)é’Q Ry — Ry |ymyumenue Oq ‘I)f’lg To — Ty |mobasnenne O3

“Bazosas” cucrema MOxKeT GbITh paccMOTpeHa Kak Mojudukamus S (SKcuepTHbie CyxkK/ie-
HUS):
Sk = (Eo*Gg*Dg*Io*Kl)*(FQ*Cg*Y&*Al*UQ)*(‘/l*Zo*R4*WQ*JQ*Q3*T0).

23

Jlng nanuoit “6a30B0i” CUCTEMBI MOXKHO PACCMOTPETDH JOMOJTHUTETHHOE MHOYKECTBO U3MEHe-
N —k "
uuit (Tabauna 9.5, skcnepTHbie cyxaenus): O = {<I>’f ) eees @’5}. OueBHIHO, TPHU MAPHI OIEPAIHil
apysioTes ajbrepHatusabivu: () ®F u Ok, (6) OF u OF, () OF u L.
N =1,2 =23 =k =g
OO611ee MHOXKECTBO U3MEHEeHU OCHOBAHO Ha WHTerpanuu MHOKecTB O, &7 & kak P7 =
{®9,...,9{,} (Tabmmua 9.6, sKCHEPTHBIE CYXKICHNUSN).

152



Tabsmma 9.6. O6muil CIuCoK M3MeHeHU

N3menennd THm onepanym

Tabuuna 9.5. Namenenne “sapa” S* Y |91% |Ey — E, |no6asnenue Os
(I)g k

Visserermd THI orepaTopa 5 | 7 | K — Ky |ynyumenue O

g @k O

2 5 |C3 — Cy |ynyumenune Oq

‘I)If K1 — Ky |ynyumenue O oY <I>§ Y1 =Y, |ynyumenune Oq

i3 C3 — C4 |ynyumenune Oq o7 oF |y, — Y; | ynyumenune Oq

®F |y, - Vs |yayumenne Oy oY | OF | A, — Y, |yayumenne O,

®F |y, Vs | yayamenne Oy I | ®F | A, — A3 |ynyumenme O3

OF | A — Ay |ynyumenne O, oy | ®F |Uy —» Uy |yayumenne O,

OF | A; — A3 | yayumenne O o) | @ U, » U, |ynyumenne O,

®F Uy — U; | ynydmenne Oy oY, @3’3 Jo — Jsz | nobasierume Oz

®f |U, - Uy |ymyamenne Oy P, | % Qs — Q4 |ymyumenne O

(I)S Q3 — Q4 |ynyumenue O @{2 @i’g To — Ty |nobasnenne O3

L[anee WIMMII ucnosib3yercst Jjisi IOCTPOEHUsI TIEPCIIEKTUBHOTO Kypca (T.e., mporHo3) S* =
H® x B LA [Ipomecc mpoeKTHPOBaHUST PEAJTU3YETCs KaK BHIOOD W KOMIIO3UIUS omepanuit
usMenennss O . [IpoekTHpyeMBblil KYPC pacCMaTpPUBAETCH KaK 00beIHHEeHIe ABYX JacTeil: Sa —
S“US%, re HCHOMB3YIOTCH CIIeAYIONINe YaCTH:

. —~a 7 -T=a —-a

(i) dukcuposannas vacts: S = H x B x L, rje

= -a —-a
:Gg*Dg*]Q, B = FQ, L = ‘/1*20*R4*W0;

(ii) m3menennas qacth: S* = H*xB*x L, rje 6a30Bast cTpykTypa umeet Bua: H* = Eyx K1,

¢ = C3*Y1*A1*U2; LY = Jo*Qg*To.

HNepapxuyeckoe MpOEKTUPOBAHNE HAIIPABJIEHO HA M3MEHEHHUE CJIeAYIOIel dacT Kypca: S¢ =
H® % B® % L* (Puc. 9.4; uaTepBajIbHbIE OIIEHKH B BUJIE MYJBTUMHOXKECTB Jjisi DAS yka3aHbl B
KPYIJIBIX CKOOKAX, UCIOJIb3YIOTCS IKCIEPTHBIE CYIKICHHUS).

@ o' =H"xB*xL"

¢ = H{* By« L{, S
S9 = H{x BS* L%, S§
ngH“*B“*L“ S¢
S% = H{ » BY % LY, S“

ﬁ EQ*%E 2303

B x L§

|| || || I
aufeafenfan
o oo
* ok b
A
— QN Q—
* %
A
DO QN Q

B“*L“

EQ*KQ

| E I K
Eo(0.0,5),(0,3, 2
E5(2,3,0)K5(2,3,0

B=C*%Y%*x A*x U*

Ba—Cg*YQ*AQ*U4 3,3, ,0
BS—C4*YE),*A3*U4 2,4, ,0
ba U
, 1A1 0,3,2U5(2,3,0
, 3 0)As(1. 4, 015(4.1.0
41.0)45(3.2 0Y/,(5.0.0
L® :J“ “x T
L —J(]* 3*T0 3,0,1,4
L —Jg*Q3*T4 2,3,2,0
lJ \Q i
76(0,0,5) Q0(0,0,5) Tp(0,0,5
J5(2.370) Q3(4.1.0) Ty(3.2.0

Puc. 9.4. CrpykTypa mpoeKTupyeMoro Kypca
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Ouenku copmectumocty Mexky DAs npescrasiensr B Tabuune 9.7. (coBMeCTUMOCTD € 1€~
MeHTaMu (DUKCHPOBAHHOM 4acTH Kypca S He PacCMaTPHBAETCH Jijis yIPOLIEHHs ).
[Tonyuennnie [lapero-aspdekTuBuble cocTaBable DAS 111 cOCTaBHBIX KOMIIOHEHTOB UMEIOT
BH/I;
1) mua H*: H{ = Eyx K1, N(H{) = (3;0,5,0); HY = Ey x Ko, N(HS) = (2;2,3,0);
2) anst BA: BY = C3x Yo x Ay x Uy, N(B¢) = (3;3,2,0); B = Cyx Ysx A3 x Uy, N(BS) =
1
)

JJId Le: Lcll = JO*Q?)*TOa N(L?) - (3’07 174)7 Lg = J3*Q3*T47 N(L%) = (273727())

Tabsmma 9.7. CoBMeCTUMOCTD

V1|5 |Y3| A} A A4U5| U3 Us
51333333233
54233322233

4 322333

Yy 5323 3 5] AT

Y, 133222[kl3331

A, 22 2|1 21 3| |F]H
Ay 2 2 3(|Qq 3 1||Ey|1 1
As 2 3 3|1Q3 3 2||Ey |3 2

Puc. 9.5 nmoctpupyer KadecTBO pemrenuit g L®.

W neanbHast
TOYKa

Xyfmasa
e )
Puc. 9.5. Kauecrso L?

st peaynprupyomei cucreMbl S® MOJIy4eHO BoceMb KoMOuHaImil ee yacreii (t.e., H*, B

L%):
St =HjxBf % L} = (Eyx K3) % (C3x Yo *x Ay x Uy) * (Jo * Q3 % Tp);
Sy = H{ % B} x Ly = (Eax K1) x (C3 % Yo % Ay % Uy) * (J3 % Q3 % Ty);
S§ = H{ % BSx L} = (Eax K1) x (Cy % Y3 % Az % Uy) * (Jo * Q3 * Tp);
S¢ = H{ % BSx Lj = (Ea*x K1) x (Cy % Y3 % Az % Uy) * (J3 % Q3 % Ty);
S¢ = H§x Bf % L} = (Eyx K3) % (C3 % Yo *x Ay x Uy) * (Jo * Q3 % Tp);
S¢ =H§*xBf % L§ = (Eyx K3) % (C3x Yok Ay x Uy) * (J3 % Q3 % T});
S¢ = H§*x BS % L} = (Eyx Ko) % (Cyx Yy *x Ag x Uy) * (Jo * Q3 % Tp);
S¢ = HY % BS x Ly = (Eg % Ko) x (Cy* Yy x Az % Uy) * (J3 % Q3 x Ty).

9.4.3 Amnanu3 u ysydnieHue perieHumit

PaccmarpuBaercs noacucrema L* = J%x Q%+ T (Tabmuna 9.8). Ipeanosaraercs cJie Ly onuii
IPOIECC YJIYUINEeHus JJIsi COCTABHOrO pemenuss LS = J3 * Q3 * Ty (ucnosib3oBanbl GUHADHbBIE
nepeMeHHbie {y;;}):
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(1) aBe Bepcum jyis snementa Jz: yi; (wer), y12 ((2,3,0) = (3,2,0)), y13 ((2,3,0) = (4,1,0)),
Y14 ((27 37 O) = (57 07 0)):

(2) mBe Bepcum it smeMeHTa QQ3: Y21 (HeT), Yoo ((4,1,0) = (5,0,0));

(3) marTe Bepeus mis ssmementa As: ys; (wer), ys2 ((0,2,1,0) = (0,3,0,0)), ys3 ((0,2,1,0) =
(17 2,0, 0)), Y34 (<O> 2,1, 0) = (27 1,0, O))a Y35 ((07 2,1, O) = (37 0,0, 0))

Tabmmna 9.9 comepkur GuHAPHBIE IepEMeHHbIE (Y;;), OTePALNA yIydIeHns (0 KOMIOHeH-
TaM) ¥ UX OIEHKHU (JAHHBIE ONEHKH MMEIT WIIIOCTPATHBHBINA XapakTep).

Tabauma 9.8. Y3kue mecrta, yIydIieHus Tabmuna 9.9. Yayumenus Ly
Cocrasnbie | Y3kue Onepauun Oneparun Uurepsambuast | Croumocts
DAs MECTa, YLy IILIEeHW ST YILy 9IeHusT OIICHKA €;; (@ij)
DA/IC w/e Y11 (J3, mer) 2,3,0 0
Lo J3 2,3,0) = (3,2,0 Y12 (J3, yayumenue 1) 3,2,0 17
Lo Js3 2,3,0) = (4,1,0 Y13 (J3, ynyamenue 2) 4,1,0 19
Lo J3 2,3,0) = (5,0,0 Y14 (J3, ynyuenue 3) 5,0,0 25
Lo Q3 4,1,0) = (5,0,0 Y21 (Q3, Her) 4,1,0 0
L2 §J37 Q3; 2=3 Yoz (Q37 yaydimeHmne 1) 57 07 0 28
Lo Q3,14 2=3 Y31 (Ty, mer) 3,2,0 0
Ly T, 3,2,0)=(4,1,0 Y32 (Ty, ynyumenne 1) 4,1,0 20
Lo T 3,2,0) = (5,0,0 Y33 (Ty, ynyamenne 2) 5,0,0 30
OHTI/IMI/IBaHI/IOHHaH 3aJada YJIydYHICHUd UMeeT BUI:
arg min > |0(M, ;)| s.t. ZZaUyw <b, Zyw =1, y; € {0,1}.

MED (i jyeS={(i.j)lyi;=1} i=1j=1

Mo>KHO TIpUBECTH HEKOTOPbHIE TPUMEPHI PeleHuii:

(1) b=39: y13 =1 (J3, ynyumenne 2), yo; = 1 (Q3, Her), yso = 1 (T}, yayumenne 1);

Ly = L% = J??*Q?»*Tzll’ G(L%) = (47 170);

(2) b=73 yu =1 (J;, yryumenue 3), yor = 1 (Q3, ynyumenue 1), ys3 = 1 (TF,
yiydiiesue 2);

Lo = L3 = J3x QL x T2, e(L23) = (5,0,0).

9.4.4 Arperamus penieHui

,HJIH IIOJIy4Y€HHBbIX BOCbMH peI]_IeHI/Iﬁ HCIIOJIb3YETCA prOH.[GHHbeI IIOAX0d K arperaiiii Ha OCHOBE
3a/1a41 GJIOYHOTO PIOK3aKa (PACIIMpeHue “CHCTEMHOrO sijipa’):

S = (By* Ky) % (C3x Yo x Ay % Uy) x (Jo * Q3 % Tp);
S8 = (Ey* K1) % (C3 % Yo x Ay x Uy) * (J3 % Q3 x Ty);
S = (Bg* K1) x (Cyx Y3 x Az % Uy) x (Jo * Q3 * Tp);
SZ:(EQ*Kl)*(C4*}6*A3*U4)*(J3*Q3*T4),
Sg:(EQ*KQ)*(Cg*}/Q*AQ*U4)*(J0*Q3*TQ),
Sg:(EQ*KQ)*(Cg*}/Q*AQ*U4)*(J3*Q3*T4),
S = (Bg* Ko) x (Cyx Y3 x Az % Uy) x (Jo * Q3 * Tp);

Sg = (EQ*KQ) (04*}/:3*143*[]4) (Jg*Qg*T4).
[lompemenue u HaApelleHue npeacTasaenbl Ha Puc. 9.6 u Puc. 9.7.

Ea Ka Ca Ya Aa Ua Ja Qa Ta

Ex)( Kq|[ Cs|[ Y2 \[ A2)( Us)( Jo |[ @3|[To
K| Cq|| Ys || As J3 T

Puc. 9.6. Hagpermenune
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Ea Ka Ca Ya Aa Ua Ja Qa Ta

(000000E0

Puc. 9.7. ITogpemenue

[TosryueHHOE TIOAPEIIEHNE COAEPIKUT TPHU JIeMEHTa (9Ta KOMOMHAIMS OYIET UCIIOIB30BATHCS
Kak “cucremHoe sinpo”). ITpomecc arperamum paccMaTpuBaercsi Ha OCHOBE 33J@4d BJIOYHOIO
prok3aka kak BbiOop DAs musa mogcucrembr © = K xC' xY x Ax J % T (Puc. 9.8) (6e3 yuera
coBmecTuMocT#). Vcmonb3ytores cienyonpe GunapHble nepemenusie: {z;;}, i = 1,6, j =1,2.
OHTI/IMI/I3aHI/IOHHaH 3aJdada uMeeT BU/IL:

arg min > 6(M,e;5)|  s.t. ZZCLZJSL’Z] < wa 1; x;; € {0,1}.

MeED (4 jyeS={(i,j)|zij=1} i=1j=1

( IToncucrema: © = KxC*xY xAxJ*T )

Fr b o L &
K1 (211)C3(z21) Ya(xz1) As(za1) Jo(zs1) To(ze1)
Ko (x12) Ca(wa2) Ya(xs2) As(za2) J3(w52) Tu(z62)

Puc. 9.8. Buibop DAs s moacucreMsr

Tabsmma 9.10 coepKuUT UITIOCTPATUBHBIE ONIEHKH. MOXKHO ITPUBECTH HEKOTOPHIE TPUMEPHI
PE3yABTUPYIOMUX PEeNeHuni:

(1) b = 42: 11 = 1 (Kl) To1 — 1 (Cg), T31
(TQ), @1:K1*03*Y2*A2*J0*T0, ( ) (

(2) b =101: T12 = 1 (KQ) Loy — 1 (04) T32
(Ty), O3 = Ky x Cy % Y3 x Az % J3 x Ty, €(O2) = (3,

=1(Ys), 21 =1 (A2), 251 = 1 (Jo), we1 = 1
70)7
=1(Y3), z42 =1 (A3), x50 =1 (J3), xe2 = 1
2,0).

Taomumna 9.10. Ouenku 1jist arperaiuu

Bri6op WNureppanbrast | CTouMOCTD
DA OLICHKA €;; (@iy)
T11 K1 O, 3, 2 6
T12 KQ 2, 3, 0 12
x21 (C 3,2,0 15
Tz (Cy 4,1,0 20
x31 }/2 27 37 0 11
T32 }/:3 47 17 0 22
T41 AQ 1, 4, 0 10
T2 (As 3,2,0 16
Ts51 JO 07 07 5 0
T52 J3 27 37 O ]-3
61 TO O, 0, ) 0
T2 T4 37 27 0 18

9.5 BrBIBOJHI K IJIaBe

B sannoit riiaBe npejicrapienbl 0biast cxeMa, Jijisi KOMOMHATOPHOT'O MOJIE/IMPOBAHUS IBOJIIOIMH
Y IIPOTHO3UPOBAHMUS MO/IYJIbHOW CUCTEMbI, BKJIIOYAs WLJIOCTPATUBHBII IIpUMeEP J1JIs MOJLYJIbHbBIX
y4eOHbIX KypcoB. [IpencraBiisgercsa mepcneKTUBHBIM PaCcCMOTPETh B OYAYIIEM CJieyIoIee:

1. ucciemoBanre KOMOMHATOPHO SBOJIIONMY W MTPOTHO3UPOBAHUS PA3TUIHBIX MPUKJIATHBIX
CUCTEeM;

2. UCTIOJIb30BaHWE PA3JIUYHBIX TOJIXO0B K YUYETy HeOlpee/leHHOCTH.
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I'maBa 10

Ilpnaoxkennsa B nporpaMMHBIX CHUCTEMaX

B jannoii riase ! npuseneno omucanue uernipex 3ajau: (a) mepapxudeckas KOMIOZUIUS MO-
JLyJIBHOTO TIaKeTa MPOTpaMM (HepapXuyecKass MOJIE/b, TTPOCKTHPOBAHNE, aHAJIU3 DE3y/IbTaTOB,
yiyuiienue), (6) nepapxuveckoe MPOEKTUPOBAHUE UYeJIOBEKO-MAIIUHHOTO uHTepdeiica Ha mpu-
mepe uHTepdeiica pis cucremsr CIITIP-KOMBU (unu DSS COMBI) [24, 25, 26, 27, 327,
328|, (B) wumocTrparust KomouHaTOpHO# 3BOsI0IMU cuctembl CIITIP-KOMBU, (r) mocrpoenue
1nocJje/J0BaTe/ IbHO-Napa/LIebHbIX CTPAaTeruil Jjis MHOTOKPUTEPHAJIBLHOIO PAHKMPOBAHMUSL.

10.1 MoayabHBIiT IIPOrpaMMHBIN ITAKET

PaccMarpuBaeTcst mpuMep HHTErpalui IporpaMMHOTO aKeTa U3 THHOBBIX Moyseit (Puc. 10.1):

0. Cucrema S = AxB.

1. IToacucrema A = M x P:

1.1. Cucrema ynpasmenus 6a3oii nannsix (Data Base Management System DBMS) (M).

1.2. NnrerpupoBannsiii naker (Integrated Software IP) (P).

2. [logcucrema B =D x H % L:

2.1. Cucrema nopjepxxku npunsitus pemennii CITITP (Decision Support System DSS) (D)

2.2. T'uneprekcroBas cucrema (Hypertext System HS) (H)

2.3. larepdeiicHblii maker jjis CHCTEMbI HCKyccTBeHHOTO nHTe ekTa (Language for Artificial
Intelligence LAI) (L).

Caeayer OTMETUTH, YTO MMOCJIEIHUE TOIBI IOJI00HBIE 331891 CTAHOBATCS BCe 00JIee aKTyab-
ubivu [453].

Ucxonubie qannbe (XapaKTePUCTHKY /KPUTEPUH, 3HAYECHUST XaPAKTEPUCTHUK ) JJIsT YKA3AHHBIX
MPOTPAMMHBIX MAKETOB OBLIN B3SITHI U3 COOTBETCTBYIOIIUX MPOodeccHoHaJbHBIX KypHaaoB: 'PC
World’, "Microcomputers’, 'InfoWorld’, ’Expert Systems Users’ u ap. PaccmarpuBatorcst cire-
JYIOIIHE CIIUCKA KPUTEPHUEB:

1. DBMSs: (1) cpeacrsa guisi passutust (0 coorsercryer 'Her’, 1 coorBercryer "Ecth, Xo-
poto’, 2 coorBercTByeT 'TIPEBOCXOIHO’; Maiee UCTIOIB3YETCsl AHAJOIMYHAS OPSIIKOBAS TITKAJIA,);

'MaTepuas TIaBEI OCHOBAH HA, ITyOIHKAITAIX:
(i) Levin M.Sh. Modular system synthesis: Example for composite packaged software. IEEE Trans. on SMC,
Part C, Vol. 35, No. 4, 2005, pp. 544-553.
(ii) Levin M.Sh. Hierarchical design of user interfaces. In: Human Computer Interaction. LNCS, Vol.876, Berlin:
Springer, 1994, pp. 140-151.
(iii) Levin M.Sh., Combinatorial Engineering of Decomposable Systems. Springer, 1998. chapter 11.
(iv) Levin M.Sh., Composite Systems Decisions. Springer, 2006. chapter 7.
(v) M.Sh. Levin, Composite strategy for multicriteria ranking/sorting (methodological issues, examples).
Electronic preprint. 24 pp., Nov. 9, 2012. http://arxiv.org/abs/1211.2245 [math.OC]
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(2) ckopocrs paborsr (0,1,2); (3) mogroroska orueros (0,1,2); (4) aganTuBHOCTH YeJs1.-Malll.
unrepdeiica (0, 1); (5) croumocrs (USD); (6) cpena nocrpoenust 3anpocos (0,1, 2).

2. IPs: (1) rpaduxa (0,1,2); (2) mpocrora ucnonbzoBanus (0, 1,2); (3) 6a3a namnsrx (0, 1);
(4) dyukims rerekommynukanun (0, 1,2); (5) Tekcrossriit mporeccop (0, 1,2); (6) azanTuBHOCTD
gesr.-mamt. uarepdeiica (0,1); (7) croumocrs (USD).

3. DSSs: (1) uen.-mamnr. unrepdeiic (1,2); (2) nomaepxkka auamora (0, 1,2); (3) obywaomast
noacucrema (0, 1); (4) 6ubnuorexa mozesneii (0,1,2); (5) KOMIOHEHTHI HCKYCCTBEHHOTO MHTEJI-
nekta (0,1); (6) namuune npeasiaymero omnbita (0,1); (7) croumocts (USD).

4. HSs: (1) pexkum 6paysunra (0,1); (2) rpaduxa (0,1); (3) pexkuM MHOr0-OKOHHOTO WH-
tepdeiica (0, 1); (4) komnonenTs! uckyccrsenuoro uuresuiekra (0, 1); (5) crommocrs (USD); (6)
Hasmaue npeplaymero onbira (0,1); (7) yposens nosin3osarens (0, 1,2).

5. LAIs: (1) crommocrs (USD); (2) mammune mpeapigymmero omsrra (0,1,2); (3) yposenn
nosibzoBaress (0,1); (4) kauecrso cepsuca (0, 1,2).

Tabuura 10.1 comepKuT arperaTuBHbIE KDUTEPUH JIJIS TIOACKCTEM (TepBBIii HHEKC COOTBET-
CTBYeT KOMIIOHEHTY, HeraTHBHAS MOHOTOHHOCTH yKa3aHa B CKOOKAX).

® S=AxB
51:A5*B4: Ml*P4 * D3*H5*L2
52:A4*33: Mg*P4 * D5*H5*L3
53:141*31: M3*P1 *Dl*Hl*LQ
S4ZA4*B2: Mg*P4 * DQ*Hl*LQ
S5ZA2*B2: M4*P1 *DQ*Hl*LQ

Honcucrema A = M x P
Toncucrema B = D+ H x L

.A1:M3*P11 LBlle*Hl*LZI
A2:M4*P11 BQZDQ*Hl*LQ]_
A3:M5*P31 BgZD5*H5*L32
A4IM3*P42 B4ID3*H5*L23
A5:M2*P4 3
AGZMﬁ*P4 3

Mo lpP D lu Iz

DBMS Wwurerp. CIITIP TI'mmeprekct [Taker
M H

1 MaKeT Di(1 1 st TN

My(1) Pi(1 Ds(2 Ho(1) Lq(1

M5(1) Ps(2 Ds(2 Hi(1) Lo(1
1(2) P5(2 Dy(3 4(2)  L3(2

Ms5(2) Py(2 Ds(4 Hs(2) Ly4(2

Me(3) Ps(2 Dg(4 Hg(2) Ls(3

M7(3) Fs(3 H7(2) Lg(3

%8 P7 3 Hg 3 L7 - LQ&L3<1)
9

Puc. 10.1. Crpykrypa cucremsl (npuopurerst st DAs
yKa3aHbl B CKOOKaX

JIJ1s1 BUCSIIMX BEPIIUH MOJIEJTH CUCTEMbI BBITIOJIHSIIOTCS Ceyomue oneparuu: (1) reseparus
DAs; (2) ouenuBanue DAs no kpurepusiv (moJrydenue onenok); (3) pamkupoBanue DAs nHa
ocuoBe oneHok. DAs u ux onenku npejcrasiensl B Tabaunax 10.2, 10.3. Puc. 10.1 cogepxur
BBIYUCJIEHHBbIE TPUOPUTETH Ayt DAs.

Tenepb MOXKHO PACCMOTPETH CJEAYIONUH HepapXudecKuil ypoBeHb Mojenu cucteMbl: (1)
3ajanne copMectuMocTH Mex 1y DAs; (2) xommosumus coctaBubix DAs; (3) omennBanme DAs
no kpurepusiv; (4) pamkuposanne DAs. Ouenku coBmectumoctu DAs npejcrasienst B Tab-
qune 10.4. DAs gisa noacucrem A u B conepxkarnest B Tabmume 10.5. Puc. 10.2 nntoctpupyer
KOHIIGHTpUUecKoe npejacrasienne DAs nua By u Bs.
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Tabauna 10.1. ArperaTuBHBIE KPUTEPUU

Kpurepun Crermudukariim
F},; Crommocrs (—1) Fins + Fpr
F,5 T'paduxka min( £z, Fp1)
F,3 TIpocTora ucnonp3opapusa | Max Fo, }622)
F,4 TenexoMmynukamum min Frna, Fy
F,5 AnantusnocTs wei.- min(Fq, F£6
Maii. uaTepdeiica
F,¢ Texcroserit mponeccop max (L3, Fps
F,7 TIonroroska or4eros max(F,;3, FP 2
F,s Cxopocrs max(F,2, Fﬁs
F,9 Cpena nocrpoenust Fe
3aMpPOCOB
Fbl CroumocTth (71) FCU + Fh5 + El
Fys Yposeus nomszosarenst | min(Fp7, Fi3
b3 Kommonents: N maX(F 55 Fha
Fy4 Onpir nenonssosanns Fas + Fhe + Fi2
Fy5 Tlonnepsxka muanora Fy

Ta6smma 10.2. Onenku gag DAs

DAs Kpurepun

1\2\3\4\5\6
My 12222 482 3
My 122292 490 3
Ms 11111 48 2
My 11111 237 2
Ms 11111 502 3
Mg 1111 451 0
M; 11111 3330
Mg 10000 240 0
My 10000 180 0

DAs Kpurepun DAs Kpurepun

1\2\3\4\5\6\ 7 1 \2\3\4
P 1221311 506||L1 17001 2 2
P, 1221020 94 ||L2 30001 2 2
Py 1223120 438||Ls 25002 1 2
Py {111111477||Ls 50000 1 2
Ps [201111510||Ls 28501 1 1
Ps 1120100 130||Ls 135700 1 2
P 1021000 87||L7y = Lo&Ls 55002 2 2

Tabsmma 10.3. Onenku aug DAs

DAs Kpurepun
DAs|  Kpuropun 1[2[3]4[ 5 [6]7
Hy 1111135002
1231415[6] 7 |7, 171116001 2
Dy {111201100/|Hs |111130011
Dy 111110149||Hs [111050010
Ds 1210110299/ Hs [10117000 1
Dy 1110200500(Hs (00101000 1
Ds 1100100 29(|H7 [0000 1001 1
Ds 1101100400||Hs |1 11147011

Ouenku coBmectumocTu Mexkay DAs myis momcucrem mpenacrasienbl B Tadmume 10.6. Tao-
quna 10.7 comep:kuT cocraBHble DAS /111 pe3yJIbTUPYIONEl CHCTEMBI. DTO IO3BOJISET OIEHUTH
cocraBable DAS 171 pe3yIbTUPYIOINIell CHCTeMbI 110 KpUTEPUSIM M CPaBHUTL. Jlajiee MOKHO aHa-
JM3UPOBATh y3Kue Mecra u akuuu yiayumenus (Tabiuna 10.8). B paccmarpuBaemom mpumepe
BCe aKIWW YJIy4IIeHHs COOTBETCTBYIOT yiyumieHuio llapero-acddexkTuBHbiXx pemrenuit. Yayd-
merne coBmectumoctu (A, By) wnmu (Ag, By) ¢ 2 10 5 mO3BOJISIET TMOJYYATH CJIIYIOIINE IBa
udeasvholr permenus: Ay x By u Ay x By. Puc. 10.3 wmiocTpupyeT peneTky KadecTBa, CHCTEMBI
u [lapero-acdexkTuBHBIE peIIEHUS.
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Tabsmma 10.4. CoBMeCTIMOCTD

D]‘D#D#D4D#D#Ll‘Lz‘Lg‘M‘L#LG‘M
H|11300000300000
%0000000000000

30000001 112221
PIPIPIPI PPl P HI0000000O0OO0O1110
4444‘447&51040500451114
Milo0230001(|H/0O0OO0ODO0OO0ODO0OOOT1T110
MaloO1 1000/ HOOOOOODOOOT1T1 10
%32213000 580000010000000
4300000 01D 1112221
Msio0 04000 0]1D2 0300000
Msf0 O O5000]1Ds 0400000
M0 000O0O0 0]|Ds 0000O0O0O
Mo 0000O0O0]lDs 0050000
Mglo 21000 01|Ds 0001110
Tabsmma 10.5. DAs anga noncucrem
DAs Kpurepun N
L [243456789

Ay = Ms+ P 992 22311432(2;2,0,0,0

Ay = My~ Py 743 22301232/(3;1,1,0,0

As = M5 % Ps 940 22102333(40,2,0,0

Ay = M3+ Py 963 11111432(3;1,1,0,0

As = My % Py 959 11111423|3;1,1,0,0

Ag = Mg * Py 928 21101130(9:0,1,1,0

By =Dy Hy%L9|34502121 1;3,0,0,0

By = Dy Hy % L9|38452121 3;2,1,0,0

Bs = D5« H5 % L3132291120 5;0,2,0,1

By =Ds* Hs;%L5(39991111 4;1,2,0,0

O6I>ILIHO I/136bITOLIHOCTI) CUCTEMHBIX KOMIIOHEHTOB HMCIOJIb3YyeTCd [Jid IOBBIIIEHUA HaJIE€2KHO-
cTu cucreMbl. B ciiydae mporpaMMHOTO 00eCIieYeH s CUCTeMa, ¢ M30BITOYHOCTHIO COAEPIKUT AJTb-
TepHATUBHBIE MOAY/IH. PaccMOTpuM mpumep JJish TOJACUCTEMBI B co ceaymolneit arperaTuBHO#
aJbTePHATHBO} (M30BITOYHOCTD Ha OCHOBE JBYX 971eMeHTOB) L7 = Lo& L3. OueHkn mjs arpera-
TUBHOW aJIbTEPHATUBBI OCHOBBIBAIOTCS Ha CJIEAYIOMUX "arperupyomux’ (HYHKIUIX Ha OIEHKaX
ssemenTos (Tabsuma 10.1): (1) cymma, (2) makcumym, (3) murumyMm. COBMECTHMOCTD ISl arpe-
IUPOBAHHOM albTepHATHBEL L7 Oy/1eT paBHA MUHUMYMY COOTBETCTBYIOIINX OIMEHOK BKJIFOUEHHBIX
B Hee (Tabmuna 10.4). Ilpuopurer nys Ly Gyxer pasen 1. B pesysibrare nosxyvaem cocraBHoe pe-
mennit: Dy x Hsx Ly with N = (1;1,2,0,0). 9o pemenue He siBisiercs [lapero-sdbdekTuBHbIM,
HO MOYKET PacCMaTPUBATHCS KaK HEKasl TOUKa s jJajbHeiimero yaydmenus (Tabmuna 10.8).
Puc. 10.4 wimoctpupyer coctaBHOE pelieHne ¢ U30bITOYHOCTHIO.

1

3

‘ D6D5‘ D4 D3D2‘ Dl‘

‘L1 LQ‘L3L4‘L5L6‘ ‘

5] 1

Puc. 10.2. Konnenrpuueckoe npejicrapienne DAs
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Tabsmma 10.7. DAs njia cucrembl

Tabsmma 10.6. CoBmecTumMocTh Coctaniiie DAS N
Al‘AQ‘A3‘A4‘A5‘A6 51:A5*B4: Ml*P4 * D3*H5*L2 5,0,07270
Bl 21 0 01 0 52:A4*B3: M3*P4 * D5*H5*L3 4,0,2,070
B, |1 2 030 0 Sy = A1 x By = (M3 * Py) % (D1 % Hy x L)[2;2,0,0,0
Bg O 0 0 4 0 0 S4ZA4*B2: Mg*P4 *DQ*Hl*LQ 3,1,1,070
By [0000G50 S5 = Agx By = (My* P1) % (D2 x Hy x L2)2;2,0,0,0
Table 10.8. ¥Y3kue mecta u akiuu yJaydrieHust
CocraBunie DAs Y3Kkue mecra AK1>HH
w/r
DAs IC
Ay = M3 * P, (M3, P1) |2 =3
A2:M4*P1 M4 2=1
Ay = My* Py EM4>P13 3=14
Az = M; % Ps 3 P1) | 2=3
Az = Ms * Ps M; 2=1
11?13:%5*53 53 2=1
4 = Mz *x Iy 4 2=1
214:%3*54 P (M3,Py) | 3= 4
5 = V1 * Iy 4 2=1
As = M, x P, (My,Py) | 3= 4
Ag = Mg * Py Py 2=1
Ag = Mg * Py Mg 3=2
By = Dyx Hyx Ly | Dy 2=1
B3 = D5 % Hsx L3 | Hy 2=1
Bs = Dsx Hsx L3 | L3 2=1
By = D3x Hsx Ly | D3 2=1
By = D3x Hsx Ly | Hs 2=1
51:A5*B4 A5 3=2
S1 = As x By B, 3=3
Sy = Ay * Bs Ay 2=1
Sy = Ay x Bs B3 2=1
Sy = Ay * Bs EA47 Bl; 4 =75
SgZAl*Bl 1aBl 2=3
Sy = Ay x By Ay 2=1
Sy = Ay * By EA47 323 3=4
S5 = Ay x By 1, B2) |23
Dy % Hs *x L7 H 2=1
N neanbuas
TOYKa
N(S37
N(§5)
° N(S,
(s, .

w=3

w =2

D) L7<|>

Puc. 10.4. Pemenne ¢ n30bITOYHOCTHIO

Puc. 10.3. Pemerka KadecTBa u
[Tapero-acddexTuBHBIE TOUKHU

PaCCMOTpI/IM 3—CTa,ZLI/II71HOG MOZYJIbHOE IPOEKTUDPOBaHUE JJI IOJACUCTEMBbIL B. Hpe,unonaraeM,
YTO OIEHKHN COBMECTHMOCTH ME2KIY DAs VAYUIIalOTCA Ha Ka}K,ILOﬁ CTaJuu. MOI‘yT HCIIOJIB30-
BaTbCAd JBa METO/Ja:
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1. ArperaTuBHbIfi MeTOA: Arperanysi OIIEHOK COBMECTUMOCTH U TIOUCK COCTABHOIO De-
[IeHWsI Ha OCHOBE yCPEIHEHHSI OIEHOK.

2. TpaekTopHbIit MeToa: [IByX-yPOBHEBBIil IPOIECC PEIIeHUs, COCTOSAIINN U3 IBYX (bas:

2.1 Pemenne 3a/aun POEKTHPOBaHNs (CHHTE3 COCTABHON mojcucTeMbl B) Ha KaX0ii cTa-
L.

2.2 KoMnosunusi COCTABHBIX DeIIeHHil, IIOJyIeHHBIX Ha mpeablaymeil dase (ayis KaxK o
CTaJ[UU) B IOCJIEJ0BATEIHHOCTh COCTABHBIX PEIIeHUH (TPAeKTOPHIO).

PaccmorpuM creyommee yiydieHne COBMECTHMOCTH:

(Hy,Dy): 2 (cTamus 2), arperupoBaHHas OIEHKA COBMECTHMOCTH PAaBHA 2;

(Hy, Ds): 4 (crapus 2), 5 (cragusi 3), arperupoBaHHasi OLEHKA COBMECTHMOCTH DaBHA 2;
(Hy, Dy): 3 (cramus 2), 5 (cragust 3), arperupoBaHHasi OIEHKA COBMECTHMOCTH DaBHA 3;
(Hs, D3): 5 (cragust 2), arperupoBaHHasi OEHKA COBMECTUMOCTH DaBHA b;

(Hs, Ds): 5 (cramus 2), arperupoBaHHasi OIEHKA COBMECTUMOCTH PaBHA b;

(Hy, Ly): 4 (cramus 2), 5 (cramust 3), arperupoBaHHasl OIEHKA COBMECTHMOCTH DABHA 4;
(Hy, Ly): 2 (cramus 2), arperupoBaHHasl OIEHKA COBMECTUMOCTH DaBHA 2;

(Hs, Lo): 5 (cramus 2), arperupoBaHHasl OIEHKA COBMECTHMOCTH PaBHA b;

(D1, Lo): 2 (cramus 2), 3 (cragus 3), arperupoBaHHast OIEHKA COBMECTHMOCTU DABHA 2;
(D, Ly): 4 (cragus 2), 5 (cragus 3) arperupoBaHHas OIEHKA COBMECTUMOCTH DaBHa 4;
(D, L3): 3 (cramus 2), 4 (ctagus 3), arpernpoBaHHas OIEHKA COBMECTHMOCTH DABHA 3;
(D3, Ly): 5 (cragus 2), arpernpoBaHHasl OIlEHKa COBMECTUMOCTH DaBHa D;

( (

Ds, L3): 5 (cramust 2), arperupoBaHHasi OEHKA COBMECTUMOCTH PaBHA b;

Paccmorpum arperaruBabiit Mmeron. Permaem 3amady cuHTe3a JJIsT CJIydasi arPeruPOBAHHBIX
oreHOK coBmectuMocTu. [Tomydaem pesynbrupyonme coctaBabie DAs:

(a) By = Ds* Hs* Ly, N(BY{)=(5;1,2,0,0);

(b) B$=D;xH; %Ly, N(BS)=(2;3,0,0,0);

(¢) By =Dy*xHyxLy, N(BY)=(2;3,0,0,0).

Takum obpazoMm yJiydilieHue COBMeCTMMOCTH HpuBojuT K HOBOMY [lapero-acddexkTunomy
COCTaBHOMY Demienuio Bf.

Teneps paccMOTpUM TpPaeKTOPHBIH MeTo . Ha mepBoit cTagun MOXKHO HCTIOIb30BaTh [lapeto-
s dexkTuBHbIEe cocTaBHble DAs mia nmoacucrtemsl B u3 Tabaunsr 10.5:

Bi{ = Dy x Hy x Ly, N(B})=(1;3,0,0,0);

B = Dyx Hy x Ly, N(B)=(3;2,1,0,0);

Bi = Ds* Hs x L3, N(B3)=(5;0,2,0,1);

Bl = Dyx Hsx Ly, N(B})=(4;1,2,0,0).

Ha Bropoit craguu cocrasusie DAs cienyromue:

(a) TTapero-sbdekTuBHBIE PEIIEHUS:

B? = Dy x Hy x Ly, N(B?)=(2;3,0,0,0);

B2 = Dyx Hy x Ly, N(B2) = (4;2,1,0,0);

B2 = Dy Hsx Ly, N(B2) = (5;1,2,0,0);

(b) DAs, koropsie 6m3ku K [Tapero-sdpdekTuBHBIM perenusiM (3T peleHns: JOMUHUDY-
10TCs yKa3auubiMu Bhiiie [Tapero-addexkrupabivu DAs):

B? = Dsx Hs x L3, N(B3)=(5;0,2,0,1).

Cocrasusie DAs mis craguu 3 ciemyomniue:

(a) ITapero-sdbdexTuBHble pernenus:

B? = Dy x Hy x Ly, N(B?)=(2;3,0,0,0);

B3 = Dyx Hy x Ly, N(B3) = (5;2,1,0,0);

B3 = Dy x Hyx Ly, N(B3)=(2;3,0,0,0);

(b) DAs, koropsie 6m3ku k [Tapero-sdpdexkTuBHbIM permenusiM (3Tu pernenus: JOMUHUDY-
1oTcst yKazanubiMu Boimie [Tapero-addexkrupabivu DAs):

B} = Dyx Hs x Ly, N(B3}) = (5;1,2,0,0);
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B2 = D5 Hs x Ly, N(B3)=(5;0,2,0,1).

Ormerum, aro DAs, 6siuzkue x [Tapero-acdexkruasiv DAs, MOryT ObITH 1IOJIE3HBI CO CJIELY-
I0ITIelt TOYKY 3peHus. VI3MeHeHre KOMIIOHEHTOB B TPAeKTOPUH MOYKET MOTPeO0BATH HEKOTOPHIX
YCHJIUH TIPU 3TOM HEOOXOIUMO PeIaTh JOMOJTHUTETBHYIO 33/1a4y BEPXHETO YPOBHSI:

Cromburuposams mpaexmopuio ¢ yuemom Kavecmsa cocmashux DAs na kascdotl cmaduu
U CMOUMOCTIY USMEHEHUSA KOMNOKEHMOS (Hanpumep, nepeobyyerue Cnetuaiucmos, coepuLeH-
cmeosarue gopmamos @atinee).

[Tostyuenst cienyromue Tpaekropun (6e3 n3MeHeHwii):
_ 1 p2 p3 _ 1 p2 P3
oy =< By, B{, B} >, a9 =< By, B3, By > .
[Ipumep TpaekTOpuM ¢ U3MEHEHHEM KOMIIOHEHTOB CJIe/LyIOIInii:
o =< B}, B? B3 > cusmenennem H; — Ho.
Jlpyras crpaTerus MOKeT OCHOBBIBATHCA HA YJIYYIIEHHH KOMIIOHEHTA. HAIIPUME], YJIydIle-
nue Hs Ha craguy 3 NpHUBENEeT K TPACKTOPHMU:
" o__ 1 2 3
o' =< B3, B3, By >.
Puc. 10.5 winocTpupyer MeTo TPAeKTOPHii.

) B
o B3

o B c B
B! i B

| | |
Stage 1 Stage 2 Stage 3
Puc. 10.5. MnnocTpaliug TpaeKTOPHOTO METOIa

10.2 MoxayabHBIil ITOJIB30BATEIbCKIT MHTEpgeTic

B nannom pasjene paccmarpuBaercs uepapxudeckoe npoekruposanue (MMMII) s nosb3o-
BaTesbcKoro uuTepdeiica [328, 334|. [Ipumep 6azupyercsa Ha pa3paboTaHHON aBTOPOM ¢ A.A.
Muxaitnossim (1984-1991 rr..) CIIIIP KOMBU (DSS COMBI) |26, 327, 328, 334, 362|.

PaccmaTpuBaeTcss TOIbKO 6a30BBIi MOTOK JaHHBIX (00paboTku maHHBIX) B cucreme CIIITP
KOMBU, korna B kayecTBe 6a30BOT0 3j1eMeHTa 00pabOTKK PacCMaTPUBAETCS OTHOIIIEHUE IIPe]I-
HOYTEHUS] U TPOTIECC PEIIeHUs] MOJIETUPYeTCs: KaK MOC/Ie0BaTeIbHas TpaHchOpMaIus TaHHbIX:
(1) anbrepHATHBBI, KPUTEPUH, MHOTOKPUTEPUAJIbHbIE OIICHKHU AJIbTEPHATUB 110 KpuTepusm (Ry);
(2) orHOmIeHUs TpeIOUYTEeHHsT HA ajbrepHaTuBax (R;); (3) mpoMmexyTouHOE JMHEHHOE YHIOpS-
Joverue anbrepHaTus (Ry); (4) IpOMEXKYTOYHOE IPYNIIOBOE YHOpsI0YeHre aabTepHaTuB (R3);
(5) pesynbrupyomue ganHble (paHKUpOBaHUe ajbrepHaTHB (Ry).

Habop dyukimonaaibubix onepaiuii peajiu3dyeT yKa3aHHyO oOpabOTKYy:

Ry= Ry = Ry = {Rg} = R4.

Ha Puc. 10.6 npeacrapiena crpykrypa uaTepdeiica CIIIITP KOMBU.
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/\ IIpsimoe permnenue m
—> (3KcepTHAsS TPOLEAYpa,
At JIOTMYECKAs TIPOIIEyPa)
Tep-
HATH- _
BRI 1 I'pynnoBoe pauxupoBanue
TIpesa- DuHAIIbL-
Kou- i HBIE
pu= pUTEIB petite-
Te- > Has ypo- it
pun Dopmu- BHEBASA
K poBaHue CTPYX Ry
posar Typa (o)
Ouen-[—*|1104- {Rs} >
KI TeHuit
Ry
Jluneitaoe Arperaust

N IIpEIBAPUTEIIb-
\_/ PaHXKUPOBAHUE HBIX peIeHuit

Puc. 10.6. Crpykrypa dyHnkuunonaasaoro rpada-menio |26, 334|

PaccMaTpuBaioTcs CeIyIonue Onepali peJIakTupoBanus Aanubix: (a) BBoj, (b) Koppek-
THPOBKA, (c) mpezacrasienue, (d) BoBOJ, (€) UMIOPT/9KCIOPT.

B CIIITP KOMBU peanu3oBaHbl CAeAyIONME PEXKUMbI: (a) BHIOOD WU CO3JaHUE HOBOI
npukJaaaHoil 3anaun; (b) pemenue 3aja4u (MHOIOKPHUTEPUAIbHOE DAHXKMPOBAHKME) HA OCHOBE
pasaM4YHbIX MeTo/I0B; (C) anaau3 pedybraros; (d) momoins nosb3oBareno (0bydenue); (e) um-
nopr/skcnopr ganubix; (f) BeIXOI.

Taxum 00pa30M, pacCMaTPUBAIOTCH CJIEAYIONINE KOMIOHEHTHI MOJIb30BaTeIbCKOTO WHTED-
deiica: (1) ynpapsienue pe;kuMaMu CHCTeMBI; (2) IIaHHPOBaHKe/ yIPABJIEHUE MIPOIECCOM pelTre-
Hus; (3) onepanuu 06paboTKu JAHHBIX; (4) peJJAKTUPOBAHUE U IIPEJCTABJIEHUE JTAHHbBIX.

Mopenb paccmarpuBaeMoro ¢gpparmMeHTa I10J1b30BaTe/IbCKOro nHTepdeiica mpeacTaBieHa Ha
Puc. 10.7. lcnonb30Banbl ciiegayooiire 0003HAUYECHNS:

Y - npejicTaB/ieHne TIABHBIX PEXKUMOB (peleHre, OMOIIb, BBIXO U JIP.);

Z - 6a30Bble KOMIIO3UIUY IBETOB JIJisl TIABHBIX PeKUMOB (DOH Jjist SKpaHa, GoH Jis mpej-
CTaBJIIEMbBIX 3JIEMEHTOB, TEKCT, CXEMa);

J - npejcraniienue PyHKIMOHAJBHBIX CXeM JIjisi 00pabOTKU JaHHBIX;

L - npencrasienne GbyHKIMOHATIBHBIX onepanumii 1s 06paborku nauubix (R, — R;);

H - npejicraBjieHne B3auMOCBsi3el MeX Iy (DyHKIMOHAIBHBIME OTI€PAIUSIMU;

K - cmenuasbHBIE BO3AEHCTBUS B YaCTH OIEPAIMii (HaanMep, 3BYKOBOM CHrHaJI);

X - nBeroBasi KOMIO3UIMS JIJIsl IPEJICTaBIeHUs JacTh oneparuii (poH, TekcT, cxema);

E - npencraBienne cxeMbl JaHHBIX;

R - npejcraBienue JAaHHBIX (YUCII0, TAOIUNA, OJIOK-THArpaMMa);

() - IIpeJICTaB/IeHNE OTePAINH PeJaKTUPOBAHUS JAHHBIX (BBOJ, KOPPEKIU U JP.);

B - 3ByK B 4aCTH JTaHHBIX;

C' - 1BeTOBas KOMIIO3UIIUS JIJIsl TIPEJICTABICHNs TAHHBIX ((DOH, TEKCT, CXeMa).

Ucnonb3yembie kpurepun copepzkarcs B Tabuune 10.9. DAs (1151 BuCSIIMX BEPIIHH MOJIEN)
U UX OIIEHKU 10 Kpurepusim npejcrasienbl B Tadbaunax 10.10, 10.11, 10.12. [Ipuopurerst s
DAs ykazanbl B ckoOkax wa Puc. 10.7.
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OparMeHT noJib30BATEILCKOr0 uHTEPdEiica
® S=G*x0xU

Sl G4*03 *U4
LG YxZ 0 O=P+xKxX U=AxBxC
YacTh pesKuMOB YacTb oneparmii YacTh JaHHBIX
G1 }%*Z4(1) 01 1*K4*X2(1) U1:A1 *B4*CQ(1)
G2:Yv5*21(2) 02 P1 *K4*X4(1) U2:A1 *B4*C3(1)
G3:Y:5*Zﬁ(2) OgZPQ*K4*X1(1) U3:A2*B4*Cl(1)
g4—Y7*Z5E33 04:P2*K4*X2(1) U4:A2*B4*CQ(1)
5 — }/8 * Z1 1
vz N 4B aC
I;{BZIEI)/IMBILBL::;):I:IQ Ar = By % Ris % Qs(1) B}?&{) HBe?a)
(2)  Z.1(2) Ay =EyxRixQ6(1)  By(3) (1)
Yﬁ; §§§§§ le lr o ﬁjﬁ% 8;
Ys(1)  Zi(1) %Xgl)a IIpencra- Onepaunn C5(3)
1 BJIEHUE pe,zLaKTI/IpOBaHI/Iﬂ
A B M 0 )
= i3 g
3
P=JxLxH lx  lx ?g; 83
CxeMa onepauui 3ByK IIsera R5 9 1
— Ui Lo Hy(1) Ka(3) Xi(1) o) Qell)
— Ui Lo Ha(1) Ko(3) Xo(1)  HT(3)
(2) X3(1) REEQ;
l J l L iH a() §4(§) Rio(2)
Cxempr Omepa-  Bsaummo- X5 (4) Ri1(1)
L@ o oopmm 00 Ri()
R(3) L3 H() @
J3(3) Lo(1) H(3)
Ja(1)  Ls(1)  Hs(3)
J5(1) L4(2)  Ha(2)
Js(3)
J7(2)
Js(1)

Puc. 10.7. lepapxudeckas cxema ¢pparMeHTa MOJIb30BATETbCKOTO
unrepdeiica (mpuopurerst st DAs ykazanbl B CKOOKax)

Tabsmma 10.9. Kpurepun u ux Beca

Kpurepun Beca
Y|J|L|H|E|R|Q|Z|X|C|K|B

1.Tpamuuus (npusbruka) 53555 3 9

2.06bem undopmau 1 6 4 2 4 4

3.CioxHOCTD pa3paboTKu 333442 3 2 2

(orpunarensHO)

4.¥Yno6erso (Usability) 6 6 6556566 6

5.IIpocrora mcrionw3oBarust | 6 6 6 H 5 6 5

6.Bo3moxknocTs pacmmpenusi | 4 2 2 3 5 5 3

7.JIerkocts 0Oy4eHns 26 6 466 4 3 3

8.A manTuBHOCTH 5 5 5 5 5

9.9ddexrTrBHOCTD 3 3
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Ta6suua 10.10. DAs u ux ouenku (uacrts 1)

DASs

Kpurepun

1\2\3\4\5\6\7

Y71 KomaHmHbIM S3bIK

Y5> Beprukanbaoe MeHIO
Y5 TopusoHTaIBHOE MEHIO
Y, Biok-muarpaMmma

Y5 Ukona

Ys Menro-marpurna

Y7 Pop-Up mento

Ys Menro-karaJjor

J1 Komananablii 361K

Jo BepTukaanbHOe MEHIO
J3 Topu3oHTaIBHOE MEHIO
J4 Biok-auarpamma,

J5 UkoHa

Jg Mento-marpuia

J7 Pop-Up mento

Js Menro-karaJjor

L1 Komanaubii si36IK

Lo Ukona

L3 DmeMeHThI HJI0K-TUarpaMMbl
L4 DyeMeHTbI MEHIO

H, Tabnuua (Marpuna)
H, Dnement (napa)

Hj3 Crincok 3J1eMeHTOB
H, T'pad

O DO Lo B QO DD QO S GO GO — QO O I i B QO i GO DO W i

WO UTIOWWO U R E RO UIERWOHOOD

QMW TTWWUOIER CTWWWN N O CTW W = DN DN Ot
MW WOTOTOUIN OO QMO B N OO OTOY = = N

P WWN RN R RO DN B b O O = DN

5

WOTOTHREWN WOTOIUOIND W N WWOTOCTOT N W W W

DO WWOOOIIN R WHEREOODOREERNEREWEREOOD &N

Ta6smua 10.11. DAs u ux ouenku (vacrs 2)

DAs

Kpurepun

3[4[5[6]7

Fy Tabiuna ceazeit

FE> Biok-muarpaMmma

F5 Karajor

R; Homepa

Ry Tabmuma (MaTpuna)

R3 I'pad npeamourenuit

R4 Vertical bar chart

R5 Horizontal bar chart

R Pie chart

R7; Star chart

Rg T'padugeckoe npencrapeHne
yposeeii (t.e., [Tapero-
5} HEKTUBHBIX TOYEK )

Ry Anumanys

R1o Table & bar chart

Ry1 Table & bar chart & pie chart

R15 Bce Bepcun

@1 Komanaublii 361k

(2 Beprukanbaoe MeHIO

3 TopuzoHTaILHOE MEHIO

4 Mento-marpuna

@5 Cuucok uKoH

Q¢ Pop-Up menu

RN WWWNWWWWH| —

WWIN R WWWN

DDWW| N

3
3
4
2
1
2
D
3
3
3
3
4

P WWh NI UL O

D= CTOTO

U GO0 Qo W O — CTUT R

GO = = DD 00 Oy U1 Ot

2

B S DD GO O s O

OV e N O W

R WWWWhoR oI N

QTWWWWUILWWW

QMO e e W WO N

WO =N N = = O
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Ta6suna 10.12. DAs ux onenku (4actsb 3)

DAs Kpurepun
3[4]7[8]9

71 Black-blue-white-white
Z5 White-blue-yellow-black
Z3 Cyan-blue-white-black
Z, Cyan-blue-cyan-black
Z5 Cyan-white-blue-black
Zs Blue-white-black-black
X1(C1) Green-black-black
X2(C2) Blue-yellow-black
X3(C3) Blue-white-black
X4(C4) Blue-cyan-black
X5(C5) Blue-cyan-white
X6(Cs) White-blue-black
X7(C7) Grey-black-black

WO IO Ot R W OTO

DO — = GO DD — = G0 s DO GO i i i i A OT i O B Ot

K, Her 0 0 0
K5 Crapr 1 1 2
K3 Komner 1 2 2
K, TIponece 3 2 1
B; Her 0 0 0
By Crapr 1 1 1
Bs Konern, 1 2 1
By Ilpomecc 3 2 1

Tabaumsr 10.13, 10.14, 10.15 comepzKaT OIEeHKHA cOBMeCTUMOCTHU i DAS.
Cocrasusie DAs npespcrasiensr B Tabmume 10.16. Tabmuma 10.17 cogep:kut y3kue mecrta u
AKIIUKN yJIy4dYIIeHUndd.

Tabauna 10.13. OueHKH COBMECTHMOCTH

Ql‘ Q2‘ Q3‘ Q4‘ Q5‘ QG‘ E1‘ Ez‘ Es

Ry |3 3 3 4 4 40 02

Ry |3 335 4 4 3 51

Ry |3 3 3 4 4 4 2 52
%342432444

5 13 2 4 4 3 2 4 44
Ll‘L2‘L3‘L4‘H1‘H2‘H3‘H4R6 3 3 4 4 4 3 4 4 4
Ji 5 0 0 0 1 2 2 1||R |3 3 4 4 4 3 4 44
Jo 10 0 0 5 1 2 2 1||Rs |3 3 4 4 4 3 4 44
Js {00 05 1 2 2 1/|Re |3 3 4 3 4 4 4 44
Jir |1 1 5 1 3 2 2 4||Rio|3 4 4 5 4 4 4 5 4
J5 105 0 0 3 2 2 3||[Ru |3 4 45 4 4 4 54
Js |1 2 0 4 4 2 2 2(|R2|5 5 5555555
Jr11 2 05 0 1 1 3||& 3 4 3
Js 12 5 0 4 5 2 2 2(Q 4 35
Ly 4 3 3 2/|Qs 4 4 5
L, 5 3 3 4||Q4 3 53
Ly 3 2 2 5||Qs 4 5 3
4 4 3 3 3||Qs 4 5 3
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Tabsmma 10.14. OneHK: COBMECTHUMOCTH

P1:J8*L2*H1

U4:A2*B4*CQ

Kl‘ KQ‘ Kg‘ K4‘ Pl‘Pz
X1 |55 5 5 45
§2 55 5 5 5 5
3 |5 5 5 5 4 4
K\YQ\Y?’M\Y#%\Y?% X4 |5 5 5 5 5 4
Zy (311 3 4 3 3 4(|Xs |5 5 5 5 4 4
Zy |2 11 2 43 2 2/|Xs|5 5 5 5 4 4
Zy |2 4 4 4 4 4 4 3||X7 |5 5 5 5 4 4
Zy |12 4 4 4 5 3 3 3||K; 5 5
Zs |2 4 4 4 3 4 3 3. | ...
Zs |3 2 2 3 4 3 3 3|/Ks 5 5
Tabmumna 10.15. O1eHKE COBMECTHUMOCTHI
01\ Oz\ Og\ 04\ Ul\ Uz\ Us\ U, Bl\ Bz\ Bs\ 84\ Al\ Ay
Gi |1 351135 1|/Ci |55 55 45
Gy |2 35 2 2 2 5 2|Cy |55 5 5 5 5
Gs |2 4 5 2 2 2 5 2lCs |5 5 5 5 5 4
Gy |5 355 5 35 5(|Cs |55 5 5 4 4
Gs |2 4 5 2 2 2 5 20 oo | eever e o
Oy 0 25 0llCr |5 5 5 5 4 4
Os 2 0 5 2|81 5 5
Os 55 0 5¢.. | ..
Oy 0 2 5 0B 5 5
Tabauna 10.16. Cocrasubie DAs
DAs N DAs N
G’1:Y5‘)<Z4 e ) A1:E2*R12*Q5 572717070
G’2:Y5‘kZ1 g &y Uy AQZEQ*R12*Q6 572717070
Gs =Ysx Zg y Ly Uy Ui = A1 xBy%xCy 5,3,0,070
Gy =Y7rx Z5 32,0, Us = A; *ByxCs 9;3,0,0,0
Gs =Yy x 23 ; , Us = Ay By C 5;3,0,0,0
5:3,0,0,0
5:3,0,0,0

P2:J4*L3*H4
01 :Pl*K4*X2
02:P1*K4*X4
03:P2*K4*X1
O4=P2*K4*X2

SO
OO OO ODODODOO

TG TR TR s e
Lo 0O QO LI RO B B D B DD

SO oo

Sl :G4*O3*U4

Tabauna 10.17. Y3kue MecTa u aKIuy yJaIydIIeHus

Cocrasubsle DAs Y3kue mecra Axnun
DAs| IC w/r Tun
G1=Ys%x 2y Zy 2=1 1
GQZY:L',*Zl (Y55Z1) 4=35 1
Gs = Ys % Zg (Ys.Z6) | 4 =5 | 1
Gys=Yr*Zs (Y7,7Z5) |4 =5 1
Gs =Yy x 21 (Ys,Z1) [4=5 | 1
Yo x Zs Ys 2=11] 3
Y3« Z5 Y3 2=11] 3
Y5 x Z3 Z3 2=11| 3
Y7 x Z3 Z3 2=11| 3
Py = JgxLyx Hy H,y 3=1 1
Py =JyxLaxHy Hy 2=1 2
Py = JyxL3*Hy (Jo,Hs) | 4 = 5 2
AL = By« Riax Qs E, 2=1 1
Ag = Ey x Ri2 % Qs Es 2=1 1




10.3 3Bomaonmusa cucrembl CIIIITP KOMBI

B naHHOM pasjiesie MpeJCTaB/IeH MPUMED MOJEJIUPOBAHUS HECKOJbKUX MOKOJIeHUil (Bepcwuii)
CIIITP KOMBU (DSS COMBI) [26, 327, 328, 334, 362|. Ilepeuenb MOKOJIEHUI CUCTEMBI TIPEI-
crasied B Tabsmne 10.18 (nokosenue 0 JaHHON CHCTEMBI IPEACTABIISIIO CODOM IIPOrpaMmy Ha
cDOHTpaHe Ha OCHOB€ HECKOJIbKHUX aJIbTEPHATUBHBIX a.HI‘OpI/ITMOB).

Tabauna 10.18. ITokosienus CIITIP KOMBI

[Mokonenue Tun Tun O6macrs |O0y- |Ton |Cepwika | IIpesentanus | Ilpuvenenue B

9BM WUHTEP- TIpUJIO- JyeHue Ha O0pa30BaHUU
deiica SKEHUIT KOH(}pEpeHIUn

1. KOMBU Munn- |Ha ocuose |Pazmus- |Her |1987([24, 25] Her Her

(s3bik Pascal) |9BM | a3biKa HbIE [27]

2. COMBI PC |PC Tpac- Pasmma- |2 {1988 ([26] SPUDM-89 |Her

(s3p1x Pascal) MEHIO HbBIE

3. COMBI PC |PC T'pac- Pazmmu- |da  [1989[26, 327], |[MCDM-90, |[22, 329, 330],

(s3p1K C) MEHIO HbIe 328, 334] |[EWHCI-93 |[343, 351]

4. COMBI PC |PC I'pad- Unsec- |Ma  |1991([327] Her Her

(s3p1K C) MEHIO TUIKAU

Mopenn cucremnl npencrasiensl Ha Puc. 10.8, na Puc. 10.9, ma Puc. 10.10, va Puc. 10.11

(marepuas ony6inkoBan B [334]). Paccmorpens yerbipe ¢as3bl pa3sBUTHSI CHCTEMBI.

Cucrema 0

S0 =Q

Cucrema 1

St=QxU

Q e @ U
Metoapr Mertombr Yeur.-manr. unrepdeiic
1 o Ql Ll
Fo 2
o '3

Puc. 10.8. Pazpurue CIIIIP (1if mar): ¢dasa 1

Cucrema 2

Y

Cpencrsa IJisi CUHTE3a,
CTpaTeruii pemeHus

Y,

Puc. 10.9. Pazsurue CIITIP (2i mar): dasa 2
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Cucrema 3

S3=QxU(LxG)*xY xExH

U'Yen.-mam Y Cpeacrsa | | H

unaTepdeiic L nns cunredagy Bubmoreka @ L AIED-

JIbI Hf’IK G Tpaduxa |crparermii | IpEMEpOB TEKCT
o Ql G 1 }/1 E 1 H 1
o QQ L2
—o \&¢'3

Puc. 10.10. Pazsurue CIIIIP (3i mar): ¢dasa 3

Cucrema 4

St=QxU(LxG)xExH

U Yes.~mam. unrepdeiic E H
Q.MGTO pd Bubimorexa g L ANEP-
G I'paduxa TIPUMEPOB TEKCT
E 1 H 1
G 2 H 2
—o \¢'3

Puc. 10.11. Pazsurue CIIIIP (4it mar): ¢daza 4

@azwpl 1, 2 ¥ 3 OCHOBAHBI HA PACIIMPEHUHU HPEIbILYIIUX BEPCUil CHCTEMBI (T.€., PACIIHDEHHE
CTPYKTYpHI, mobasienne DAs). @aza 4 3akaodaercs B PACHIMPEHUH W M3MEHEHWH TpeKHei
BepcHM, BKIOUas yaageHue DAs.

B yka3zaHHBIX CHCTEMHBIX Bepcusgx cjemytormue DAS ObLIM MCIOIB30BAHBI: MOIMMDUKAIIHS
merona ELECTRE (outranking technique) (1; meron dyukiun nosesnocru (utility function
technique) (Q)o; MeTox sKcHepTHOH cTpaTuduKanum (T.e., IKCHEPT 3aaeT YPOBEHb KAYeCTBA AJlb-
TepHATHBbI) (J3; KOMAHAHBIH 36K L1; MEHIO METOJOB Lo; rpad-MeHio MeToi0B B BHe MOPdhO-
jgoruu (51; rpaduka a1 1aHHbIX (o) CpeICTBa CHHTE3a COCTABHBIX CTpATErnii perenus Y, ; 6a3a
NPUKJIAIHBIX TPUMEPOB Fj; rumeprekcroBasi cucTeMa(ONUCaHue MHOIOKDPHUTEPUATBHBIX MOJIE-
Jieii /MeTO/I0B, IPUMEPBI CUCTEM KPUTEPHEB, CCHIIIKM HAa MCTOYHUKU U Jp.) Hi; runeprekcroBast
cucrema 110 uHBecTULUSAM Ho.

®aza 4 ocHOBbBIBAJIACH HA CJIELYIOIIEM:

(a) mosb30BaTe M B OCHOBHOM HE MCIIOJIB30BAJU DEKUM CHHTE3a CTpATeruii perneHus (u
COOTBETCTBYIOIHE KOMIOHEHT CHCTEMbI OBLIT yIaJIeH);

(b) moTpe6oBaIOCh YIyUIMUATE MOTH30BATETbCKHE CBOHCTBA cucTeMbl (usability) 3a cuer mo-
MOJTHUTEILHBIX TPaUUIECKUX CPEICTB JJIs MPeJACTaBJIeHnsT NHHOPMAIIH.

10.4 TIlocaenoBaTelibHO-IIapaJlieJIbHbIE CTPATErUN

B nanHoM pasjiesie IpuBeIEHO ONMUCAHNE KOMIIO3UIUU CTPATErni PEIeHusl 33,1491 MHOTOKPUTE-
PHAJIBLHOTO PAHKMPOBAHUSI AJIBTEPHATHB (SOrting) HA PUMEPe CHCTEMBI MOIIEPKKH TPUHSITHUS
pemenuii CITITP-KOMBU.

[TocnemoBaTeTbHO-TTAPAJLIEIBHBINA MPOIECC COOTBETCTBYET J€PEBO-IE€KOMIIO3UPYEMOMY T'Da-
by (tree-decomposable graph), T.e. BO3MOX«KHa, JIEKOMIIO3UIHs UCXOAHOTO rpada Ha 6a3e nepese
‘mpoucxox ienus’. JIpyrue nepeBo-aekoMmnosupyembie rpadsl (HAIpUMep, 1ePeBbsi, YACTUIHBIE
k-nepesbsi) ucciaenyorcs B ([98] u ap.). 3xeck ucnonbayercs crpykrypa tuna M-UJIH nepesa. B
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JAaHHOM pa3/iejle PacCMaTPUBAETCId CUHTE3 TPEX-ITAIlHONW CTpaTeruu pPelleHud i MHOTOKPU-
TepuaJibHOTO parkuposanusi. Ha Puc. 10.12 npejcrasiienbl JiBa IpuMepa IMOC/e0BATEIbHO-
napaJjijieJIbHbIX CTpaTeruil a4 MHOTO-CTaIuAHON 3a1a4u.

IIpumep crparerun 1
O ®

IIpumep crparerum 2
[ 4

Tlepuos, Tlepuos, Tlepuon, Ilepuon, Tlepuos, Tlepuos,
1 2 3 4 5 6

Puc. 10.12. ITpumepsl MHOTO-CTAIUIHBIX TOCIEI0BATETHHO-
IapaJuleJIbHbIX CTpareruit

OOBIYHO TIJIAHUPOBAHUE TPOIECCa TMPUHATUS PEIeHUl OCHOBBIBAETCS Ha BBHIOOpE W WHTE-
rpanuu Mojeseit u3 6a3sl Mozesneit. Takue mporeaypbl 4acTo TPeOYIOT CHeluaIbHBIX 3HAHUN O
MOJIeJISIX, BKJIIOYas 6a30Bble MOAMOJIENH, uX B3auMocBs3u u ap. ([433] u ap.). 3mecy onucana
KOMIIO3UIIMS cxeMbl perieHus Ha ocHoBe IMMII, B Tom 4ucsie nmocyienopaTesbHO-TIapa/Lie/IbHAs
KOMITO3UIMs cocTaBHBIX DAs mist o6paborku maHHbIX ¢ yuerom IC mexxay DAs. B sTtom mpu-
snoxkennu IC coOTBETCTBYeT COBMECTHMOCTH IIOCJIEI0BATEIbHBIX DAS M HE3aBHCHMOCTH HapaJi-
smenbHBIX DAs.

O6braHO MHAGOPMAIMOHHAST YACTh CHCTEM TOJJEPXKKM HPUHSITHS PEIIeHuil BKIIOYALT CJIe-
JLyIoIee:

(1) nauubIe (aJbTEPHATUBLL WK 6A30BbIE SJIEMEHTHI, KPUTEPUH, MHOTOKPUTEPUAJIBHBIE OIEH-
KU aJIbTEPHATUB 110 KPUTEPUSIM, OTHOLICHUsI [PEINOUTEHNUS );

(2) cpencTBa MOEPKKY JAHHBIX (CHCTEMa yIpaB/ieHus: 0a30i JaHHBIX, HHTEPMdEHC ¢ KOM-
MepUecKuMu 6azamu);

(3) BcnomorarenbHas uHbOpPMAaIUst st O0yYEHUS U JIP.

PaccMaTpuBaioTcs CJIEAYIONIUME THUNBI JAHHBIX (B OCHOBHOM, OTHOIIEHWH MPEIIOYTEHNS)
R;(j = 0,...3) (xak B pazzmese 10.2). Ilpu sToM mpeanosaraiorcs caeayomue 6a30Bble OIe-
pamuu: (i) 06paboTka HaHHBIX (IOC/IeI0BATEIbHAS U/ WK TapaJuieibHas); (ii) arperamust gaH-
HbIX; (iii) mapasuiesM3aIyst MpoIecca pereHnsi Ha OCHOBE PACCMOTPEHUSsT PA3IMYHbBIX 3JIEMEHTOB
(aJIbTepHATUBBI, KPUTEPUH, METOJIbI, SKCIEPTHI).

[Tponecc pemnenusi MOXKHO TPEJICTABUTH KaK HEKYIO MEPAPXUIO CO CJIEJYIOIMUMHU YPOBHSIMU
[26, 334]:

Yposenn 1: aJIrOpUTMbl U 4eJOBEKO-MAIIMHHBIE TTPOIEAYPHI JIJi 00pabOTKM JTaHHBIX.

Yposenv 2: crparerun (nowazosvie cxembl 00pabOTKM JJAHHBIX, B YACTHOCTH [1OCJI€10BATEIbHO-
napaJijie/ibHbIe).

Yposenv 3: cuenapuu (KOMILIEKCHI CTPATEruii, BKJIIOYas aHAJIN3 PE3YJIbTATOB DEIeHUsl U
06paTHYIO CBS3b).

Janee npuBemens! aBe 6a30BbIe 3a1a49M MPOEKTHPOBaHUS cTpareruii [334]:

(a) KOMIO3uIKsI MOC/IEI0BATEIbHON 00pabOTKY NAHHBIX (MOPMOIOrHUecKas KIUKA);

(6) koMIO3UIKUS TapaLIebHON 06pabOTKY JaHHBIX (MAKCHUMAIbHAS KJIMKA ¢ OTPAHUYEHHEM
110 obmeMy Becy).

Bazosas cxema (Mopdosiorus) 00paboTKY JaHHBIX (COCTABHAS CTPATETHs PEIIEHNsI) COCTOUT
U3 TpeX CTaaWii:

Ry— R — Ry; — Rj
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wim S = HxT % U, rue H coorBercryer hopmupoBanuio R; (HeKuit ajropuTm ujm npo-
ueaypa), T' coorsercreyer dopmupoBanuio Ry, U coorsercrByer dhopmuposanuio Rs. IIporece
MPOEKTUPOBAHUS CTPATETMH PEIeHus IJIT MHOTOKPUTEPHUAJIHHOTO PAH:KUPOBAHUS ITIPEICTAB-
nen Ha Puc. 10.13. Kpurepnu aist OIEHKH TPONECCOB MPeoOpa30BaHust JAHHBIX (JTOKAJIBHBIX
aJrOPUTMOB W mpoueayp) mnpeicrasiensl a Tabuume 10.19 (Bkiovasi Beca BayKHOCTH KPHTE-
pHEB ¢ IPUBSI3KOi K 3Tamy mpeobpa3oBaHus JAHHBIX). /{151 Ka)KI0ro KpuTepusi HCIOIh30BaHA
mkasa [0...5]. MuoxecrBo uccienyembix B npumepe DAs (T.e., aaropurMoB u IpoIeayp) U ux
XapaKTepUCTUKHU TipejicTaBiensl B Tadaume 10.20.

JnarnocTuka 3a1a4u,
TIOJIb30BATENS U CUTYaIluU
MIPUHATUSA PEIIeHU;
3ajaHue TpebOBAHMIA

TpeboBauusi

J

IIpeobpazoBanue 6a30BOIA Wepapxuaeckoe
mopdosioruu (BeIGOP MOPdOIOrUIeCKOe IPOCT-
OnepaTopoB n Jp.) PAHCTBO AJTOPUTMOB

¥ TIPOLeyD

}

Pabouas mopdosorust

}

Komno3unus crpareruu Crparerust pereHust

Puc. 10.13. Cxema npoeKTHUPOBaHUS JIJIsI CTPATETHH PeIleHusT

Tabsuma 10.19. Kputepun

Kpurepun Bec
H|T |U
1.TpebyeMble KOMIIBIOTEPHBIE PECYPCHI -2 -1 -1
2.TpebyeMble HesloBedeCKre Pecypehl -4 -3 —4
3.KauecTBo paHxupoBaHust (H&,[LG)KHOCTI) u ;Lp.) 5 5 5
4.Bo3MOXKHOCTH [1J1s1 TPECTABJIEHNS JAHHBIX 4 4 4
5.Bo3mokHOCTH aHAIN3a MIPOMEXKYTOYHBIX JAHHBIX| 4 2 3
6.ITonesnocrs (mpocrora o6y4YeHust u ap.) 5 5 5
Tabumma 10.20. DAs u onenku

DAs | Onucanus Kpurepun | TIpuopurer
1]2]34]5]6 "
H, |Hapubie cpauenuii 454453 2
H, |ELECTRE-nono6usii MeTos 334453 1
H; | Anmwrusnas byHKIUS T0T€3HOCTH 232314 3
H, |9xcneprnas crparnduxanms 554443 3
T} |Merox MOCTPOYHBIX CyMM 202224 3
T5 | Apurusnas GyHKIMS T0JI€3HOCTH 232314 3
T5 | Boigenenue MaKCUMATLHBIX 3JIEMEHTOB 304443 1
T, Broimenenne Ilapero-adpdexT. s1emeHToB 304443 1
T5 |Oxcmeprras crparuduxamms 554443 2
U, |Boiienenue MakCHMATBHBIX 3JIEMEHTOB 304443 1
Us | Beigenenne ITapero-sdbdexT. seMeHTOB 304443 1
Us; |Pastuenne IuHEHAHOTO PAHAKIPOBAHMUS 433233 3
U, |Dxcnepraas crparudukanms 554443 2
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[TocsieroBaTesibHASE CTPATErnst PEllleHrsi CTPOMTCS Ha OCHOBEe Mopdosiornyueckoit kinku (6a-
3oBast Bepcust IMMIT). JTinst muorokpurepuaibHoro pamzxkuposanust DAs ucnosssyercss CITITP
KOMBMUN. Pesynprupytomue npopurersl DAs npenctapiaensl B Tabaume 10.20. Taomuma 10.21
CONepKUT OleHKU coBMecTuMocTu DAs. B pesynabrate mosydaiorcs cieayiolue COCTaBHBIE
[Mapero-scdbdbexruBunie DAs: (a) S; = HyxTsx Uy, N(S1) = (5;0,2,1); (6) Sy = Hy* Ty *Us,
N(Sy) = (5;1,0,2); (B) S3 = HoxT3 % Uy, N(S3) = (4;3,0,0).

Tabsmma 10.21. CoBmectumocts DASs

T, \TQ \Ts \T4 \T5 \Ul \UQ \Us \U4
Hil4 0 3 4 3 3 4 4 3
Hyl5 0 4 3 3 4 3 5 3
H3lo 5 0 0 0 0 0 4 0

40 00 0O5 0 0 0 5
T, 0 0 5 0
T, 0 0 4 0
T 5 0 0 0
Ty 0 5 0 0
Ts 0 0 0 5

J11st TpOoeKTUpOBaHUs TApaJIIeIbHBIX CTpAaTeruil paccMaTpuBaioTca ciaeayionme DAS:

(1) H; (npexnosiaraercst HaJquuue 7 PA3JIUIHBIX IKCIEPTOB; 2-1 MHIEKC YKA3BIBAET Mapai-
JIEJIbHYI0 BEPCUIO; aHAJIOTHIHASI CUTYyaIusi paccMarpusaercs jiusa Hy, Ts, Uy);

(2) Hy (4 momudukanuu MerojoB, T.e. Ha OCHOBE HCIOJIH30BAHUS PA3JIMYHBIX [OPOTOB B
MeTO/Ie TIOPOToB HecpaBHUMOCTH - outranking technique);

(3) 3 nocnenoBaresbHbIX crpaTeruu Sy, Sa, S3.

Tabaumna 10.22 comepKUT ONEHKH HEe3aBHCUMOCTH yKa3aHHBIX DAs. Pesyabrupyromue co-
cTaBHBIE MapaJuieabHble DAS, HaiieHHbIe Ha OCHOBE MAaKCHMAJIBHON KJIMKH C IOPSIKOBBIMHI
Becamu IC, npeacrasiensl B Tabsuie 10.23.

Tabsmma 10.22. Hesasucumocts DAs

Hy|Hyo| Hig| Hia| His| Hyg
Hil . 0 4 1 4 1 Hoy| Hop| Has) Hoa| Hos
Hol0o . 3 4 2 3 ||Hu . 1 2 3 4
sl 4 03 . 3 4 3|Hwn 1 . 1 2 3 S |8 |
Hu 1 4 3 . 2 4 ||Hsl2 1 . 1 210/5S% . 3 3
Hsl 4 2 4 2 . 2||Hu 3 2 1 . 1|53 . 2
Hgl 1 3 3 4 2 Hys| 4 3 2 1 . ||S]3 3

Tabauna 10.23. CocTaBHble MapaJiieIbHbIe CTPATETHH

Basossie DAs | (w; M)| Ilapannensusie DAs
1. H1 4; 3 Hll&H13&H15

3;4 Hy2&Hi3& H1,& Hg

2;5 Hy o2& Hi3& Hi4& H5& Hyg
2. H4(T57 U4) 47 3 H41&H43&H45

3;4 Hyp& Hys& Hiy& Hyg

2;9 Hypp& Hys& Hiy& Hys & H g
3. Hy 4;2 Hy & Hos
4. S 372 51&52,51&33

2;3 S1&595& S5

[TpoekTHast mopdosorus mpejpcrasiena ua Puc. 10.14. Ynansem DAs, koropbie 'TOKpbIBa-
focst’ npyrumu (Hanpumep, S1&S3 nokpsiBatorces S1&55&S3). Ilpu sT10oM npeanosnaraercs, 4o
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XapaKTEePUCTHKK NapasuiesibHbiX DAS (OleHKH, COBMECTHMOCTD, TpeOyeMble PeCypPChl) COOTBET-
CTBYIOT XapakTepucrukaMm 6a3oBbix DAS.
Pesynwrupylomue nocienoBaTebHO-IapaJIe/ibHbIEe CTPaTerun mpeacTasaeHsl Ha Puc. 10.15.

HpI/I 9TOM IIapaJljieJIbHbIE CTPATETUX BKJIIOYEHBI B COOTBETCTBYIOIUE ITOCJIEOBATEJIbHBIE CTPa-
TEeruun.

Crparerus: pemmenusi S = H xT x U
Sl&SQ&Sg = (H4 *Ts * U4)&(H2 *Tl * Ug)&(HQ *Tg * Ul)

®opwmupoBanue oTHOIIe- | PopmupoBanue jguHeHOrO  PamxupoBanue

HUS npenodreHuss ) | ynopsnodenus Ra Rs
H,y Ty Uy
Hy 15 Us
o3 T3 Us
Hy Ty Uy
Hu&H13&H 15 Ts U41&U43&U45
Hyo& Hi3& H14& Hi5& Hq6 T51&T53&T 55 Us2&Us3&Uss&Us5& Uy
Hy1 & Ho3& Hoy T50&T53&T54&T55&T56
Hy1 & Hy38 Hys
42&H43&H44&H45&H46

Puc. 10.14. Pegyabrupyiomasi mpoekTHasi MOPGOJIOTust

Hyy T51— U

Hys—— +T53—+Uys
Hyy Ts4—Uss
|—>H45 T55—Uss
Hyp— +T5o—+ Uy
Hys——+T53—+Uss
Hyy Ts4—Uss
Hys Ts5—Uss
Hye T56—Uss
B Rt

Puc. 10.15. TTocienosarebHO-T1apaJiie/ibHbIE
CTpaTeruu

10.5 BrniBoabl K rjiaBe

B nannoit ryiaBe mpejcraBiieHbl TPU 3aja4M B 00JIACTH TOCTPOEHUs, MOAM(PUKAINYN, aHAJJIU3a
(BOTIOIMH) MOJYJIBHOTO MPOTPAMMHOTO 00ECTIeYeHNs U 33/1a9a MMOCTPOEHHUST TOCJIeT0BATETHHO-
nmapaJe/IbHBIX CTPAaTeruii peneHns Ha TpUMepe MHOTOKPHUTEPHAJILHOTO paHkupoBanud. [Ipe-
CTaBJISIeTCS MEPCIEKTUBHBIM PACCMOTPETh B OYIYITIEM CJeyIoIee:

1. vccyieoBaHne PA3IUIHBIX TPUKIAIHBIX TPOTPAMMHBIX CHCTEM;

2. ydeT HeoIpe/ieIeHHOCTH IapaMeTPOB;

3. MoCTpOeHUe CTPATEeruil pereHus 3a1a49 Ha, OCHOBE TPadOBBIX CTPYKTYP.
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I's1aBa 11

Mopdoaornvieckasi cxema JJisi 312491
pa3MenieHns

B namHO# rase ! mpuBeqeHO OmMCaHUE PeIleHMs 3a/Ja9d Pa3MeNIeHUs 37eMeHTOB Ha ILIOCKO-
CTH ¢ TMOMOIIHI0 MOPGOTOTHYECKOTO TOAX0Ja. B mpuMepe pacripenensiorcs COTPYIHUKHU JIBYX
MPOEKTOB TI0 KOMHATAM.

11.1 Omnucanune 3aga49n

Basaua pa3MenieHus siBJIsieTCsl KJII0YeBOil JIjisi MHOIMX TPUIOXKenuit, nanpumep [157, 419, 420,
440, 458]: (1) pasmemenue obopyaoBanus B cersix; (2) padmemienne nudopmanuu (nHODOPMAa-
IMOHHBIX MACCHBOB U T.IL.): (3) pa3melneHue JaTYnKOB (HANPUMEDP, B KPYIHBIX 31aHusX); (4)
pacrpejie/ieHue 4acToT MO0 KaHajaM CBs3u; (5) pa3MelneHune 3a/ia4 B BBIUMCTUTEbHBIX CETSIX
(nst BeImOJTHEHUS); (6) TPOEKTUPOBAHKE JIEKTPUUECKUX ceTeil; (7) MpoeKTHPOBAHMe CTaHIap-
TOB; (8) IPOEKTUPOBAHUE CTPOUTEJBHBIX/APXUTEKTYPHBIX 00beKTOB 1 Jp. Bosee 50 6a30BbIX
THUIIOB 33124 pa3Merienus (1esesbie byHKIUH, CACTEMHBIE TaPAMETPbI, AJITOPUTMbI) IIPUBE/Ie-
ubl B [103].

31ech npejcTaBieHa MakKposBpuctuka Ha ocHoBe UMMII nyis pemenus "pacuiupeHHoit’ 3a-
Jaun pasmenienus [334]. B npemyiaraemoii mocTaHOBKeE, JJIsh KaXKI0T0 MecTa (TIO3UIUH) PACCMAT-
PUBAETCS MHOXKECTBO JIOKAJIBHBIX AJbTEPHATUBHBIX PEINEHUH M0 PAa3MEIIeHUI0 00bEeKTOB (T.€.,
DAs). B 3rom ciydae COBMECTMMOCTH MOYKET OCHOBBIBATBHCS HA PECYPCHBIX OIDAHUYEHUSAX W
. [Tyers H = {1,...,4,..,n} — MHOXKeCTBO JIeMEHTOB Jijisi pa3Merenusi (000pyIoBaHue, mep-
conan). MuoxkecrBo nosunmit o6oznadum Q) = {1,...,4,..,m}. JlonosHATESHLHO UCIOIB3YETCSsI
caeytomas nHMOPMAIHs:

(1) B3Bemenusie orHOMEHUsT HA () (6IM30CTD);

(2) ornoutenue na H;

(3) coorBercrBue Mexy sementamMu H u () (Beca, BEKTOD OIIEHOK, OTHOIIIEHUE MPEIIOYUTe-
HUSI, OPPAHUYEHUS] U JIP.);

(4) undopmarus 11 HEKOTOPHIX JIOKAJBHBIX PA3MEIIeHU| BYX THIIOB:

(a) COOTBETCTBHE MEXKJYy COCTABHBIM 3JIEMEHTOM (KaK TOJMHOXKECTBO H, KOTOpOe MOYKeT
OBITH UCIOJB30BAHO JJIsl Pa3MeIeHnsl HEKOTOPOTO 3JIeMeHTa U3 () U MO3UIUSMH (); MOXKHO
MCIOIH30BATh CJEAYIONHe JaHHbIe: BeCa, BEKTOP OLEHOK, OTHOIICHHE TPEeANOYTeHns] OTPaHMU-
YeHWd, TPABUJIA U JP.;

' MaTepuas rIaBel OCHOBAH Ha, ITyOIUKAITAIX:
(i) Levin M.Sh., Combinatorial Engineering of Decomposable Systems. Springer, 1998. chapter 7.
(ii) Levin M.Sh., Combinatorial optimization in system configuration design. Autom. and Remote Control, vol.
70, no. 3, pp. 519-561, 2009.
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(b) coorBercTBHE MeXK Ly JIOKAJLHBIME PEIlleHHeM 110 PA3MEIeHHI0, HAallpUMeD, KaK mapa:

11 € H naznaveno Ha j; € QQ u io € H Ha3zHaveHo Ha j, € (); cjeayonme JaHHbIE MOTYT OBITh

HCTIOJTb30BAaHBI: BECA, BEKTOP OIEHOK, OTHOIIEHHE MPEANOYTEHNs] OTPAHUYEHNS, TIPABUIA U JIP.;

B curyarnuu, Korga HECKOJBKO JIEMEHTOB H pa3MemnmalTcss Ha OJHY W Ty Ke MO3UIUIO,

MOXKHO TIOCTPOUTH HOBBIHi arperupoBanubiii ('ckieeHHbINH’) s1eMeHT H ¢ COOTBETCTBYOIINMA
arperupoBaHHbIME TTapamerpamu [Ipegmaraemasi 3aga4a nuMeeT BUI:

Pasmecmumo ssemenmo, muooicecmea H na nosuyuu @ ¢ yuemom donosnumenvHoti uh-
dopmayuu (omHowenus, npeonovmenus, npasuaa u op. ).

Jlannas 3aja4a Moxker ObITH CHOPMYIMPOBAHA KAK 337@49a BBHITIOJHUMOCTH WU KaK OIl-
TUMU3ANMOHHAst. KadecTBo pa3mernenust 31eMeHTOB (pelenne) MOKHO chOpPMYJINPOBATH Kak
MHTErPUPOBAHHOE 'KAYeCTBO’ JIOKAJbHBIX pelieHuil (Ha OCHOBE ONEHOK, IPEIIOYTeHuil U T.11.) C
y4eTOM OTpaHUYEHUH U NMpaBuj. B KOMOMHATOPHON ONTHMMHU3AIMU PACCMATPUBAIOTCS pPa3JInd-
Hble BEPCUU 3a/1a49¥ Pa3Mellenuii (HanpuMep, 3a/1a4a 0 apOCOYETAHUsIX, KBaIpaTHIHAS 33248
0 Ha3HaueHuW, OOOOIIEHHAs 3aja4a O HA3HAYEHUU U Jp.). B mocsiepnue rojibl MCIOJB3YIOTCH
TaKKe TOJXO0/Ibl Ha OCHOBE METOJI0B MCKYCCTBEHHOI'O MHTEJIJIEKTA.

PaccmarpuBaeTcst npuMep UCHONb30BaHus MOPQOIOTHIECKOTO MOAX0Ma (MAKPOIBPUCTUKH)
Ha OCHOBe Ha3HA4YeHWs MEePCOHAJIA M0 KOMHATaM: MOP(OJOTHYECKUH KJIACC COOTBETCTBYET MHO-
JKECTBY COTPYIHUKOB, KOTOPbIE MOTYT OBITh Pa3MeIIeHbl B KOHKPETHOM CJIYKeOHOM TOMEIeHUH
(komHare). B mpumepe mcnoab3yoores ciepyompe KoHIenTs: (1) muccienoBarebcKue mpoekK-
ThI; (2) mepconat; (3) koMHaThl; (4) OGUHADHBIE OTHOIIEHUS] HA YKA3aHHBIX BbINE MHOYKECTBAX
(KoHIENTAX).

[Tycts umeercs 4 npoekra: (a) KpymHbiii npoekT Ry (Tpu crenumasmucra u cekperapb); (0)
npoekT Ry (nBa cnemuasnucra); (B) npoekt Rz (omuu cneruasuct); (r) npoekt Ry (oauH criemnu-
asmcr). OnuH cekperapb ydacTByer B npoektax Ry, Ro, Ry.

Ha Puc. 11.1, Puc. 11.2, Puc. 11.3 npejcraiess crpyKTypa IIPOEKTOB, IJIaH KOMHAT (A,
B, C, D, X, Y, Z) u ux ’6iuzocru’ (1Ba ypoBHsi '6M30CTH’: IyHKTUPHAs JIMHUS COOTBET-
cTByeT ’cy1aboit 6uim30cTH’) U OmHcaHuWe nepcoHasta. Bo3MoKHOe pa3Melnenne OIHOTO WIH JABYX
COTPYJIHMKOB B KOMHATaX ykKa3aHo B Tabswuie 11.1 B KBaJpaTHBIX CKOOKaX.

JlomoTHUTETHHO PACCMATPUBAIOTCS TTPABUIIA!

IIpaBmujao 11.1. JIugep npoekTa I0I>KEeH PA3MEIAThCs OJU3KO K OCTAJTLHBIM YjIeHAM TPYTI-
bl (MCCJIeI0BATeNIN, MEHEIZKEDP, CeKPeTaph).

IIpaBusio 11.2. Jlujep npoeKTa JOJKEH PACIOJATAThCs B 6OJIBIION KOMHATE (OJMH ).

IIpaBuso 11.3. Menemkep IpoeKTa JOJKEH PACIOIATraThCs OJU3KO K JUIEPY U CeKpeTa-
pIo.

ITpaBusio 11.4. MeHe pKep NPOEKTa JOJIZKEH PACIOIATaThCst B HEOOJIbIIONH KoMHaTe (01uH)
i B 60JIb1I0N KOMHATE (BABOEM).

IIpaBmao 11.5. VccienoBaTenb, KOTOPHIA peajiu3yeT CBOMl MPOEKT M PYKOBOJWT UM KakK
MeHeJ[2Kep, JIOJXKEH DPACIIOararbcss B HEOOJIbINON KOMHaTe (OfuH) WM B GOJIBIION KOMHATE
(BIBOEM).

IIpaBusio 11.6. Y4acTHHKHM OJHOTO IPOEKTa JOJI2KHBI PACIIOJIAraThCsd B OJIHON KOMHATE
Wi B OJIU3KO PACIIOJIO?KEHHBIX KOMHATaX.

IIpaBusio 11.7. Cekperapb MOXKeT PACIOJAraThCss B GOJIBINON KOMHATe (BIBOEM) WU B
HeOOJIBION KOMHATE (BIBOEM).

IlpaBuso 11.8. kypsinue U HEKypdIue COTPYIHUKHA HE MOTYT pacIoJjiararbCs B OTHOM
KOMHATe.

ITpaBusio 11.9. Corpynauku, CBsI3aHHBIE OTHOIIEHUEM APYKOBI JOJIZKHBI PACTIOIATATHCS
B OJIHO¥ KOMHATE WU OJIM3KO PACIOJI0KEHHBIX KOMHATAX.
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YKa3aHHbIE IPABUJIA YUYUTHIBAIOTCS [P Pa3MEIIeHH! COTPYAHUKOB 10 KomHaram (Tabsuna
11.1).

IIpoekT R;i: IIpoekT R:
T Junep P; JTunep Py
n
l P, l P, CCJIeIOBATEIINA P, P, P,

Menemxep Cekperapb

(a)

Uccnenosarenu Cekperapb

Py IP5 ].P6 (b)

1 IlpoekT Rj: IlpoexT Ry:
cenenoparens Hccnenosarens
Py Cekperapb Fs Cekperapb
Pg .\‘ P9
() (d)
Puc. 11.1. CrpykTypa npoeKkToB
X Y A
A B C D

Puc. 11.2. Ilran komHaT ¥ rpad ux 01u30CTH

Tabsuma 11.1. Onucanue mepcoHasIa,

Ilep- |Posb ITpoekr|Kyper CoorBercrayromye komuarsl Ipyx-
COHAJT HUe 6a
Py |Mmmepxp. |Ry  |Ha |A[l], B[1], C[1], D[1] |P,,Ps
IIPOEKTA,
P, |Jlugep Ry Her A[l]a B[l]’ C[l]’ D[H P,
IIPOEKTa,
P3 MeHemKep Rl ,Ha A[Q], B[Q b C 2 ) D[QL PlaP5
Kp. IIPOEKTa, X[l], Y[l , 21 P
P4 Uccnen-nn R1,R3 Her A[Q]a B[Q 5 C|2 ) D[QL P6
XT[1], YT1], Z]1
Ps |Uccnen-ms | Ro Ha AFJ; BF , C|2], DPJ Py, Py
Py |Uccnen-mv | Ri,Ra|Her |Al2], B|2], C2], D2|, |P;
XI1], Y[1], Z[1
P Ucenen-ne | R1,Ro | a AH, BF , C|2], Dﬂ Py, Py
PS CereTapb Rl ﬂa AQ,BQ,CQ,DQ, P3,P5
X2l Y]2], Z[2
Py |Cekperaps | Bee |[a Al2], B[2], C|2], D[2], P
X2, v[2], Z[2

177



11.2 CocTaBHOE penieHme

Bo-nepBrix, paccMaTpuBaeTcs ' IOMOTHUTETBHOCTD COTPY/IHUKOB, KOTOPHIE MOTYT PACHIOJIAraTh-
cs BABOEM B O/iHO# KoMmHaTe. Tadiuna 11.2 comep:KuT BEKTOP OIEHOK M Pe3yJIbTUPYIONLYIO T0-
PSIJIKOBYIO OILIEHKY:
1. BexTop OIIEHOK BKJIIOYAET CJ/Ieyolie OMHAPHBIE 3JIEeMEHTHI:
(1) xypenne (1 cOOTBETCTBYeT COBMECTHOMY KYPEHHIO WM HeKypeHuio, 0 - mHaue);
(2) coBmecTHast paborta (1 cooTBeTCTBYeT ydacTus B OXHOM TpoekTe, 0 - HHAYE);
(3) oTHomenue Apyx66! (1 cooTBeTCTBYET NpYKOE, 0 - HHAUE).
2. st pe3yIbTUPYIONIEH OIEHKY JOTOJTHATEILHOCTH uenosb3yercs mkamna: [0, 1, 2], rme 0 -
HECOBMECTHUMOCTb, 1 - COBMECTHMOCTbD, 2 - XOPOIIasd COBMECTHMOCTb.

Tabsuma 11.2. JlonomHATETEHOCTD

p, | | B | P | K| B
P, | (010)/0 (101)/1 (010)/0 (110)/1 (111)/2 (100)/1
P 000 /O 111 /2 010 /O 010 /0 010 /O
P; 000)/0 (111)/2 (100)/1 (110)/1
P; 010)/0 (010)/0 (010)/0
P; 110)/1 (111)/2
Py 110)/1

B pesysibraTe 1M0/IydYalOTCs CeyIoNye Xopoliue arperupoBantbie DAS:

P38:P3&P8, P46:P4&P6, P79:P7&P9, P57:P5&P7.

Urak, ucnosnb3yoTcs CHeruaibHble ONEHKH JABYX THIOB: (1) COOTBETCTBHE COTPYIHUKOB
KOMHATaM, (2) COBMECTHMOCTH JIOKAJIbHBIX PEIleHHil.

JIoKaJIbHOE pellleHne 3aKII0UAeTCs B PA3MENIeHU! COTPYIHUKA B KOMHATE. [Ipu 9TOM ucce-
JlyeTcsi cyiejiyronee: (a) CJIOBECHOE ONMHMCaHUe ¥ TpaBuia, (6) MHOTOKpUTepHaIbHAs OlEHKA, (B)
pe3yabTupyloias nopsijikosast onenka. Ha Puc. 11.3 npejcrapiiena pe3y/ibTupyonast CTpyKTy-
pa coctaBHOro perenus. [Ipeanosaraercst, 9To MOPsIAKOBBIE OIEHKHA COOTBETCTBUSI COTPYIHUKOB
KOMHAaTaM II0JIY4€Hbl Ha OCHOBE 3KCHEPTHBIX Cy)K,ZLeHI/H';I (C Y4eTOM YKa3aHHbIX BbINIE€ ITPpaBUJI U
II€PCOHAJIBHBIX TPEIIOYTEHUIH ).

Tabsuna 11.3 comepKuT JBa OTHOINIEHNS] HA MHOYKECTBE COTPYIHUKOB, Oy Y€HHBIX HA OCHO-
Be Puc. 11.1 u Tabmumnesr 11.1: coBmecTHOe yuacTue npoekre (p), u oTHOmeHHe 1pyKObI (f).

0 S=AxBxC*xD*xXxY xZ

S'=Asx By Cy % D5 x Xy Y3 x 7y =
(Pg&Pg)*Pl*PQ*(P'ﬂgCPg)*Pg; P P

Ly vy 2
X1 =PF52) Yy =P(1) Zy = P5(2
Xo = Py(1) Yo = Py(2) Zy= Py(1
X3:P61 }/ESZP62 ZBZP61
X3:P51
144 lp icg Lp
1:P11 Blzpll 1:P11 D1:P11
A2 - Pzéllg BQ - Pzéllg CQ é{; D2 - Pzéllg
Ag—Pg P82 Bgng P83 03 P83 D3:P3 P82

A4 P4&P6 B4:P4&P63 04 P4&P6 D4:P4&P62
A5:P7&P91 B5:P7&P92 C5:P7&P92 D5:P7&P91
A62P5&P71 BGIP5&P72 C6:P5&P72 D62P5&P71

Puc. 11.3. CtpykTypa COCTaBHOIO pelreHust
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Tabmuusr 11.4, 11.5, 11.6, 11.7, 11.8, 11.9 coxepkarT OLEHKU COBMECTHMOCTH JIOKAJIbHBIX
pemenuii. Vcnonb3yores cieayomue OneHKN:
1. BekTOp, COCTOSIIMI U3 IBYX KOMIIOHEHTOB:
(1.1) BBIO/THEHME TIPABUJI JIJIsi COBMECTHBIX TPOEKTOB:
(i) mepemenHasi paBHa 2, ecJin BbIIOJIHsOTCH mpasmia 11.1, 11.3, 11.6;
(ii) nepemennas paBHa 1, ecau 'caiaboe’ BeimosHenue npasua 11.1, 11.3, 11.6;
(iii) nepemennasi o603Hauaercss /A B MIPOTUBHOM CJiydae (HECOBMECTUMOCTD M T.II.);
(1.2) BBIIO/THEHME TIPABUJI JIJisl OTHOIIEHUST JIPYKOBI:
(1) mepemeHHasi paBHA 2, eCJIM BBINOJIHsIETCs TIpaBuio 11.9;
(ii)nepemennasi pasua 1, ecm 'ciiaboe’ BbinoJiHenne npasuia 11.9;
(iii) O - unaue.
2. PegysibTupyiomniast OpsiJIKOBast OIEHKA:
(1) HamTy4Imask COBMECTHMOCTD:
(a) 5 (Bexropnas onenka (4,4) wiu (8,0)) nin
(b) <& (mesaBucumoctb asnbrepHatus DAS);
(il) mouru HamIydImIasi COBMECTUMOCTD 4 (BeKTOpHAs OleHKA paBHA (4,2));
(iii) xopomras coBMecTUMOCTh 3 (BeKTOpHas oneHka pasHa (4,0) wiu (2,2));
(iv) ymoBmeTBOpUTEIBHAS COBMECTHMOCTE 2 (BeKTOpHAas onenka pasHa (1,1), (2,0)) (0,2),
(2,1));
(v) moxas coBmecrumocTh 1 (BekTopHas onenka pasaa (0,1), (1,0));
(vi) HECOBMECTHMOCTH:
(a) 0 (BekTopHasi onenka pasHa (0,0));
(b) A (ecsim KOMIIOHEHT BEKTOPHO# OLeHKM 0603HaUeH A).
B pesynbrare nosyuaercs cocraBuoe perenue (Puc. 11.4):

S,:Ag*Bl*CQ*D5*X4*}/3*ZQZ(Pg&Pg)*Pl*Pg*(P7&P9)*P5*P6*P4,

rae N(S') = (2;5,2).

Ta6suma 11.3. /IBa oTHOIEHUS

PQ‘P3 P4‘P5‘P6‘P7‘P8‘P9
Pilf ptp pp- p -
Py - - P - PP -
Pj ppfp - pf.
Py ppf- pop
P; P f pf-
Ps - PP
P7 - paf
Py )

Tabsmma 11.4. COBMeCTI/IMOCTb

B1 ‘ By ‘ B; ‘ By 5
ﬁ; 2,3/3 /&/2 2<%/4 22&/2 40/3 40
ﬁi %420?3 ; 8%/5 X Kg 4(2/3 4
et 3? Wi o) A a
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Tabsmma 11.5. CoBMeCTIMOCTD
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Tabsmma 11.8. CoBMeCTUMOCTD

1)1 | D, [ Dy | Dy | 1)5

o~ o~ o~ o~~~ o~ —~————

(0,0)/0 (0,0)/0 (0,0)/0
00/0 A/ <§/( &/ 000
0,0)/0 /o <0%m
0,0)/0 /& 00/0 0(2/0
/ 0,0)/0 (0,0)/0 (0, 0/0
o,(z/o 0,0)/0 (0,0)/0 (0,0)/0 /A
/ 0,1)/1 (2,1)/2 (2,0)/2 /&
0,1)/1 / / /S o @02
2Lz o I8 (403 )
2002 10 (403 IA(2.0))2
/o (2,02 /O (2,012
2,(2/2 2,0)/2 (2,2)/3 (2,0)/2 /A
/ 0,2)/2 (4,2)/4 (4,0)/3 /O
0,2)/2 / /& (4,0)/3
Lot ye Ja (.05 )
L0)/3 Jo B0/ A (403
2/5>/2 §4’03?3 <4fﬁ>/5 §430§?3 fzx

Tabsmma 11.9. CoBMeCcTIMOCTD

Z |z, |z

r R T
ﬁi (20/2( W2 @ A/
A |/ 1,0)/1 (1.0)/1
4 31,1 /9 él,oé/l gl,oé/l
B, | (2.2)/3 (2,0)/2 (2,0)/2
7 O’/2 /2 (4/0 /3 (4/0 /3
B | (4 /3 JA Ak

B |/ 2.0)/1 (2.0)/1
B | (2:2)/3 (2.0)72 (2.0)/2
) %2,2 /3 %2,0 12 gmﬁ/z
& O’/2 /? (4/0 /3 (4/0 /3
C, .03 JA Rk

c. |/ 2/0)/2 (2.0)/2
Co | (2/2)/3 (2.0)72 (2,072
D, 52,2 /3 §2,0 12 §2,0§/z
Do (0272 4/0 /3 (4/0 /3
gi <4’;0 /3 (27/0& /2 2’/(% /2
2 | /s (005 05

Agl Bli CQI D5I
Pg&Pg P1 P2 P7&P9

Puc. 11.4. CocraBHOE pelreHus

181




11.3 BrniBoabI K rjiaBe

B rnaBe onucana 3ajava pa3MelnieHnus ¢ y9eTOM COBMECTHUMOCTH JIOKAJbHBIX HA3HAYEHUS dJie-
MEHTOB Ha MOo3uIyy. Vcnosb30BaHa HOBAs CXeMa pelieHus B BHJie MOPGOJOTTIECKOTO TOIXO0/IA.
[Ipencrapisiercs KpaiiHe ePCIEKTUBHBIM IPUMEHEHHNE PE/JIO2KEHHON TIOCTAHOBKY 'paCIIMpPeH-
HO¥I’ 33/1auM pa3MeNieHuit 1 TPUMEHEHHOIO 110/X0/Ia K PEIeHUI0 B PA3/IMYHbIX ITPUJIOXKEHUSIX.
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I's1aBa 12

Ilpunnoxkennd npu yopaBjJeHAU B YMHOM
JoMe

B nmanuoii riaBe ! IpuBeieHO ONMCAHWE IBYX MPAMEPOB C UCTOJb30BAHUEM HHTEPBATbHBIX Olle-
HOK B BHJIe MYJIbTUMHOXKECTB: (&) CHCTeMa YIPABJIEHUs] YMHBIM JOMOM (HepapXudecKasi MOJIeJb,
KOMIIO3UIUs, yayurienue), (6) TunoBas cucreMa aBTOMATU3AIMK 3/aHusl (MepapXudecKas Mo-
JleJ1b, KOMIIO3UILUS, YLy ILICHHE).

12.1 IIpeaBapurejibHbIE CBEJIeHUH

Cucrembl apromarusaiyu 3xanuii (building design automation systems BASs) cranossitcst Bee
6osiee u Gosiee momysnsipubl [262, 286, 367, 498]. BAS ofecneunBator yupasieHue ammnapary-
poit 31auust (BKIO4Yast (GYHKIUHE MOHUTOPUHIA, BBISIBJIEHUS HEUCIPABHOCTEH, YMEHbBIIEHUST 110~
TpeOJIeHNST SHEPTUH ¥ JIP.) C YY€TOM HAJIeKHOCTH M YMEHbBIIEHUS] CTOUMOCTH TEXHHYECKOTO
obcyKuBaHus. B mocJiefane aBa eCATHIeTHsI, MHOTHE YCUJIUST HATIPABJIEHBI HA UCCJIEIOBAHNUS
B obsiacTd yMHBIX 10MOB (smart homes): (1) apxurextypa [245, 262, 460, 558|; (2) mpoekTu-
posanme (68, 262|; (3) yupasnenue [475, 570]; (4) munamuka [465]; (5) pamuocsszb [520]; (6)
cercopsl [451]; (7) marerpanus qanubix [255, 570|. B nannoii craThbe paccMaTpuBaeTCss MOJLY b
HOE MPOEKTUPOBAHKE U YJIYUIIIeHNe CUCTEMBI YIIPABJIEHHsI YMHOTO IOMa W aBTOMATH3MPOBAHHOM
CHCTeMBI yIpaBjieHus 3nanueM. Puc. 12.1 wutoctpupyer cTpyKTypy Harmero uccyeoBanust: (1)
MO/LYJIbHOE TPOEKTHPOBAHNE KAK KOMIIO3MIMsSI KOHMDUIYPAIUH CUCTEMBI; (2) MOMLYJIbHOE YJIyd-
meHue cucTeMsl: (i) yydienue dyacreil/KOMIOHEHTOB cucreMsl, (ii) yirydienne cOBMeCTHMOCTH
KOMIIOHEHTOB cucTeMbl, (iii) 3MeHeHne apXUTeKTyphl cucTeMbl. TakuM 06pa3om, paccMaTpuBa-
I0TCsI JIBE 33JIa4i MOJYJIbHOTO HMPOEKTHPOBaHUS: (a) MepapXudecKuii KOMOMHATODHBI CHHTE3,
(6) yayumenue cucrembl (B yacTHOCTH, upgrade).

'Marepuas riaBbl OCHOBaH Ha, MyOIMKAIIHAX:
(i) Levin M.Sh., Modular design and improvement of the management system in the smart home with the use
of interval multiset estimates. J. of Communications Technology and Electronics, vol. 58, no. 6, 584-593, 2013.
(ii) Jleun M.III. MoaysibHOE IPOEKTUPOBAHME U YJIyYIIEHUE YNPABJICHUS B YMHOM JIOME C UCIOJIb30BAHUEM
WHTEPBAJIBHBIX ONEHOK B BUJE MYJbTHMHOXKECTB. JyekTp. HaydH. XK. “Urdopmanmnonnsie nponeccer’, 12(2),
2012. C. 141-154.
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Wepapxuaeckoe MOIYIbHOE TPOEKTUPOBAHUE

IIpoekTupona- Vnydienue

HHUE CUCTEMBI CHACTEMBI

Uepapxuyaeckoe Ynydrmnenue Yayurenue M3Mmenenme
IPOEKTUPOBA- KOMTIOHEHTOB COBMECTUMOCTHU CTPYKTYPBI
uue (MMMIT) KOMIIOHEHTOB CHCTEMBI

\

CHpHMep yIIpaBJeHusI

YMHBIM JIOMOM

IIpumep aBTOMaTH-
3auu 313HUS

Puc. 12.1. Cxema uccaegoBanus

CuieiyeT OTMETUTH, 9TO B MOCJEIHAE TOABI CYIIECTBEHHO BO3POC/Ia BasKHOCTH BOIPOCOB IIe-
PEIPOeKTUPOBaHUsI cUcTeM (reengineering), T.e., IPOIECCH YJIy4IlleHNs, TPAHCHOPMAIHMHT, Pe-
koHdurypanuu, paciupenus [68, 334, 342, 392, 483]. B naunoii riaBe paccMaTpUBAIOTCS JBE
cxeMbl yayurnenus [334, 342, 392, 365]: (1) crparerus yaydiieHust y3KuX MECT KaK YJIydIIEHHE
HEKOTOPOT'O MOJAMHOYKECTBA KOMIIOHEHTOB CHCTeMbl MJIM COBMECTHMMOCTH MeEXKJy KOMIIOHEHTa-
mu cucreMbl (crparerusi 1); (2) pacmmpenne CHCTeMBI 3a CYeT JT00aBJIEHHs JOMOJHUTEIbHOMN
IOJICHCTEMBI (CTpaTerust 2).

31ech NOAPOGHO MCCIEI0BAHBI JBA PEATBHBIX PUKJIAIHBIX pUMepa: (a) MOJyJIbHAs CUCTe-
Ma ynpasienust st ymuoro goma (Puc. 12.2), (6) Momy/ibHasi cucTeMa aBTOMATU3AIMA 3/aHHUSL.
CrpyKTypa cuCTeMBbl aBTOMATH3AINY 3/aHus npejcTasiena Ha Puc. 12.3 (“SAC” coorBercrByeT
“cencopy, akryaropy, kourposuiepy” (“sensor, actuator, controller”) [498]). PaccmarpuBaembrii
IpUMep CHUCTEMbI aBTOMaTH3anuu 31aHus BKaoudaer verbipe dactu: (1) IP/KNX Gateway,
(2) IP/WSN 6LoWPAN Gateway, (3) ZigBee Wireless Sensor Network, (4) KNX Field Bus
Infrastructure.

( CucreMa ynpaBJieHUs YMHBIM JIOMOM )

IToncucrema IToncucrema Marennexryasns-
Gesomacuoctu || KoMdopra Hasl TOACUCTEMA,
(mocrym, (remneparypa, || (MynpTEMenua,
TPEBOra) Ka4eCTBO) 0bopynoBaHuE)

Puc. 12.2. Crpykrypa cucremsbl yupaBjieHust

[IpuMepsl BKITIOUAIOT Clleyolnee: nepapxudeckast (IpeBOBH/IHAS) CTPYKTYPa CUCTEMBI, TIPO-
eKTHbIe BapuaHThl (ajgbrepHaTuBbl) DA J1st yacTeil /KOMIIOHEHTOB CHCTEMBI, TIPOIECC PEITIeHNSI.
DKCIePTHOE OLEHMBAHUE WCIOJIb30BAHO Jisi OleHKH DA (MHTepBajbHbIE OIEHKH HA OCHOBE
mysabTEMHOKeCTB (interval multiset estimates [358]). Ormerum, Bce OLEHKN 1 TIPUMEPHI BBIYHC-
JIHUH MMEIOT HJUTIOCTPATHBHBIN XapaKTep, HO MOTYT OBITH YCIEIIHO MCIOIb30BAHbl KAK OCHOBA,
JUIsl PEATIbHBIX MIPUIOXKEHMUI.
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YerpoiicTBa yupaB/ieHus

< Verpoiicra N\
@ B3N] | E

‘ MarucrpajbHast cerb CBsisu |

BACnet KNX  LonWorks ZigBee

Puc. 12.3. [Ipumep cucrembl aBTOMATH3ANNANA 31aHUS

12.2 IIpumepsl ajid cuCcTeMbl yOpaBJAeHUd YMHBIM JOMOM

12.2.1 MHWepapxmdeckas MOAETb

PaccmarpuBaerca ciaenyonias nepapxumdeckas CTPYKTypa CHCTEMbBI yIIPaBJAEHUS YMHBIM TOMOM
(Puc. 12.4, u3 [385]; uHTepBaJIbHBIE OIIEHKHU B BUJE MYJbTUMHOYKECTB MPEJICTABICHBI B KPYIJIBIX
CKOOKaXx):

0. Cucrema yupasnenuss S = Ax B*C.

1. [Toncucrema 6esonacuoctu A = D x E.

1.1. Yupasnenue goctynom D =G+ H 1.

1.1.1. Okonnsie ctaBau (@ pyuHoit pexxuMm (G, 3JeKTpudeckuii pexxuMm Gs.

1.1.2. /Isepnoit 3amok H: tunooit Hy, snexkrpuueckuii Hs.

1.1.8. Touka unentucdpukanuu [: wiawou [y, PIN-xox I, RFID I3,
ouomerpuydeckuit crocob Iy.

1.2. Yupapnenune tpeBoramu FE = J x K x L.

1.2.1. Curnan tpeBoru J: cupena Ji, ceer Js.

1.2.2. lerexrop npucyrcrBusi [K: undpakpacubie jiyun Ki, yabTpasByk Ko,
aBmkeHue K.

1.2.3. Cnocob curnanmzanuu  L: ropojackoit Tenedon Ly, paguo Lo, Unreprer Lg,
GSM/SMS L.

2. Iloncucrema komdopra B = M x N.

2.1. Temneparypa M = O x P.

2.1.1. ITomorpes  O: mona Oy, paguaTopsl Oy, moTosok O3, creHa ¢ mogorpesom Oy.
2.1.2. Kouguimonep P: BHemHwuit P;, BHyTpeHHUil P;.

2.2. KagectBo cpenst N = R« F.

2.2.1. Bentungnusa R: mo nepekpsiTusaM R, Ha pabounx mectax Ry, neHTpajibHas Rs.
2.2.2. OunpTpanud Bo3ayxa [ jokajabHag Fi, meHTpaabHas Fh.

3. Nnrennexkryanbpnas nogcucrema C = Q xT.

3.1. Mynsrumemua Q = W xV % U.

3.1.1. Bunecucrema, W: monumtop Wi, mynpTuMmennitabiii mpoekTop W.

3.1.2. Aymno-cucrema V: “2:1”7 Vi, “5:1” V5, cxema mymnogasiaenus Jloaou Vs.
3.1.8. lomammnwmii cepsep/IIK  U: pacupenenenusiii Uy, uarerpupoBanubiii Us.
3.2. Jomaiuee obopynoBanue 1T = X xY x Z.

3.2.1. lyxosoit mkad X: razoswiit Xi, ajekrpudeckuit X.
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3.2.2. Pedbpuxeparop Y: ¢ MOPO3UJIBHUKOM Y7, ¢ cBs3bIO 110 VHTEpHET Y.
3.2.3. Bakyymublii ouncturesib /: HeHTpaJibHbll Zq, iLoc Zs.

@ S =AxBxC(1;4,0,0)

Sl :A1*31*01(3;1,370)
SQ :Al*Bl*Cg(1;2,27O)
S3:A2*Bl*01(1;2,270)
S4:A2*Bl*02(1;2,270)

o A=D+E B=Mx® C=Qx*T
A1:D1*E1(3;173,0) B1:M1*<I)1(3;2,270) Clin*Tl(g;l,g,O)
AQZDI*E2(1;27230) CQZQQ*T1(1;27270)

Q=WxVxU T=X*xYxZ
‘Q1:W1*V1*U1(3;1,3,0) T1:X2*Y2*Z2(3;172,1)
QQ :WQ*W*U1(1;37170)
lw lv lv L x Ly |z
W1(17370) Vl(gvlao) U1(15370) X1(05371) Y1(17251) Z1(05371)
Wa(3,1,0)  V5(0,3,1) U(0,1,3) Xo(1,2,1)  Ya(2,2,0)  Z»(1,2,1)
V3(0,1,3)
M=0xP d=RxF
.Ml—Og*Pl(?);l,?),O) ¢1ZR1*F1(3;2,270)
MQZOB*P1(2;272,O)
O ].P R F
0:(0,1,3)  Pi(1,3,0) R1(2,2,0)  Fi(1,3,0)
0:(1,3,0)  P5(0,2,2) R»(0,3,1)  F3(0,3,1)
03 (37 13 O) R3(07 27 2)
04(07272)
D=GxHxI E=JxKxL
‘DliGl*Hl*Il(g;l,g,O) ElZJQ*Kl*L1(3;172,1)
E2 = Jl*KQ*L3(1;272,0)

G L I L |k Iz

G1(15271) H1(15271) 11(35170) J1(17370) K1(35170) L1(15271)

G2(0,1,3)  H2(0,2,2) 1,(0,1,3)  J»(1,1,2)  K2(2,2,0) L(0,1,3)

I5(1,1,2) K5(0,3,1)  Ls(4,0,0)
I(1,2,1) Ly(1,2,1)

Puc. 12.4. CrpykTypa cucrembl yrpaB/ieHuUs

Vcriosib30BaHHBIE OIEHKM B BUJE MYJIBTMMHOMKECTB OCHOBAHBI HA HECKOJbKUX KPHUTEpPHU-
X (CTOMMOCTbH, TIOTPEOIEHNE SHEPTHH, HAJEKHOCTD, JUIMTEJIbHOCTh YKU3HEHHOTrO IuKJa [385]).
Ouenku copmectumoctu Mexkay DAs npezcrasienst B Tabumnax 12.1, 12.2 (nopsiakoBasi mkasa,
9KCIIEPTHOE OleHuBaHue, u3 [385)).

Tabauna 12.1. CoBMecTUMOCTD

Kl‘ KQ‘ Kg‘ Ll‘ LQ‘ Lg‘ L,

GHl‘HQ‘Il‘]QV?"IA‘ 51 2 1 3211 3

333211 3 333332
G;3 3 33 3 3 [gl 3 2 0 2 01‘02\03\04
H, 31 1 1||K: 2 11 2/|1”A13 3 21
H, 1 3 3 3|3 2 3 2 21”12 31 2
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Tabsmmna 12.2. CoBMeCTUMOCTD

Vl\Vz\Vg\Ul\Uz TRy
Wil3 2 1 3 2 1\2\1\2
RE[RY vt 28 2 33 3 3 3
Fi13 3 2|V 3 2| 3 2
Frio 2 311Ws 2 3(|Ys 3 3

12.2.2 CocTaBHbIE peIllIeHUsd

[Tonyuens caemyromue ITapeTo adhdekTuBHBIE TPOEKTHBHIE aJbTepHATUBBI DAS:
(1) pgna wactu A (Puc. 12.5 mmoctpupyer Kadecrso E):
Dy =Gy~ Hy I, N(Dy) = (3;1,3,0);
Ey = Jox K1 x Ly, N(Ey) = (3;1,2,1); Ey =Jyx Kox L3, N(F2) = (1;2,2,0);
Ay = D1+ E1(3;1,3,0), Ay = Dy * E5(1;2,2,0).
(2) nst wactu B:
P = Ry * Fl, N((I)l) = (3, 2, 2, O),
My = Oy x P, N(My) = (3;1,3,0); My = O3 % P, N(My) = (2;2,2,0);
By = &1 % M;(3;2,2,0).
(3) mast vacru C:
Q1 =WixVixU, N(@Q1) = (3;1,3,0); Qo =Wy*VixUp, N(Q2) = (1;3,1,0);
Ty = XoxYox Zy, N(T1) = (3;1,2,1);
Cl = Ql *Tl(?); 1, 3, O), CQ = QQ *Tl(l; 2, 2, O)
Taknum 06pa3oM, TOJIyUeHbl CJIEIYIONHe YeThIPe COCTABHbIE Dellenns (Kak KOMOWHAIWN ):
S1=A1%*B1xC1, So = A1 x By x(Cy, S3= Ay x By x (1, Sy = Ay x By % (s,
Crenyer 3aMeTUTh, YTO UCXOIHOE MHOXKECTBO KOMOnHAIMi BKIodaeT 1179648 BO3MOKHBIX
pemennii (T.e., (2 X2 x4) X (2x3x4)x (4x2)x (3x2)x(2x2x2)x(2x2x2)).

12.2.3 Anajgu3 m yjaydlneHue y3KuUX MeCT
Tabsuna 12.3 comepKuT NpuMepsl yIydilleHus:: y3Kue MecTa (10 3JeMeHTaM, [0 COBMECTHMOCTH

MeKJLy SJIEMEHTAMHU) U ONEPAIMH YJIydIlleHusl JIJIi COCTABHBIX pelnenuii (1is kommnonenta F).

"
JealbHasa Tabsuma 12.3. Y3kue MecTa, Olepalun yaydieHns

Cocrassie DAs Y3kue mecra Onepanun
YIIyqIeHUST
(EQ) DAs 1C w/r
* Bi=JxKixLi| Iy 1,2,1) = (4,0,0
Fi=JxKixL| Jy 1,1,2) = (4,0,0
EQZJl*KQ*Lg Jl 1,3,0 = 4,0,0
EQZJl*KQ*Lg Kl 3,1,0 = 4,0,0
w:2 EQZJl*KQ*Lg J17L3) 1:>3
w=1 g2:§1*§2*£3 Jl,KQ) 1= 3
Puc. 12.5. Kauecrso E 2= S1xfaxls Ko, L 1=3

12.3 Tlpumep aJjig cucTeMbl aBTOMATU3AINA 3aHAA

12.3.1 CrpykTypa CUCTEMBI U IIPOEKTUPOBAHUE

B kauecTBe mprMepa paccMaTpHBAeTCs CIIeAyolnas mepapxudeckas crpykrypa (Puc. 12.6, u3
[390|; nuTEpBaNBHBIE OIEHKN B BH/E MYJbTHMHOYKECTB IPEICTABIEHB B KPYIVIBIX CKOOKAX):
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Cucmema. Ilpumep cucrembr apromaru3anuu 3gaauss S = G+ Q1T % 1.
ITodcucmema 1. IP/KNX Gateway G: Gira HS3 Gy, EibPort G, EibPC Gj.
ITodcucmema 2. IP/WSN 6LoWPAN Gateway (): Sensinode Nanorouter )y,
Jennic Border-Router (02, Arch Rock PhyNet Router ()3,

Crossbow Ehernet Gateway (MIB600) Q4.

Hodcucmema 3. ZigBee Wireless Sensor Network 7: TI 77, Ember T3, Jennic T3,
Freescale T);, Microchip T5.

Hodcucmema 4. KNX Field Bus Infrastructure [: ABB [, Siemens I,
SCHNEIDER Electric I3, BOSCH I,.

S=GxQ+Tx1I
Sl :Gl*Qg*TQ*]1(3;3,1,O)

G Q T] I,
G1(3,1,0) [(@:1(1,2,1) [[T1(0,3,1) [Ji(1,3,0)
G2(0,1,3) [6Q2(1,3,0) [672(4,0,0) |[¢12(0,2,2)
G3(0,2,2) [©Q5(3,1,0) [@T75(0,2,2) |ol5(3,1,0)
®(04(0,3,1) [©T4(0,1,3) "©I4(1,2,1)
®T75(0,3,1)

Puc. 12.6. Mepapxudeckast CTPyKTypa CUCTEMBI

MCHO.HI)SOB&HHBIG OIl€EHKKW B BHU/JAE MYJbTHUMHOXKECTB OCHOBaHbl Ha HECKOJIBKUX KPHUTEPHUAX
(HAIEKHOCTD, TPOM3BOJUTENHLHOCTD, MACIITAOMPYEMOCTh, TEXHUYECKOE OOC/IyKUBAHUE, CTOW-
MocThb. OneHKH coBMecTuMOocTH Mexky DAs npecrasienst B Tabune 12.4 (mopsiikoBas mka-
Ja, 9KcnepTHoe ornenuBanue). [loxyueno ciemyromee [Tapero sdbdekTuBHOE COCTABHOE TIPOEKT-
Hoe pemenue: 57 = Gy * Q3 x Ty x I, N(S1) = (3;3,1,0). Puc. 12.7 wnocrpupyer KauecTBo
YKA3aHHOTO Pe3y/IbTHPYIOIIEr0 pelleHusl.

Tabauna 12.4. CoBMeCTUMOCTD
QIQ4Q QTN T T3 T|T5 |1 | | | L
2 2

N neanpuas
TOYKa,

(S1)

3
DO DO W
DO DO W
wWww
Www

Y
DO DO DO BN Q2 W DN
WWWWWwww
WWWwwhNww
DO DO DO DO DN DN o
DO DO DO DO W DN

w=1
Puc. 12.7. KagectBOo S

WWWWWWWWWwWwww
DD DO QWD DLW DN DN W
DO DO DO DO DD DO DO DO DN DN DN

WWWWWWWWWwWwww

12.3.2 Pacmmupenune cucreMbl

Pacmupenne cucrembl peajm3yercst Kak jobapjeHue mnsarToi nojgcucrembl HomeServer SW H:
Domovea SW H;, Eisbaer SW H,, Misterhouse SW Hs, and Eibd-linKNX-KNXweb H,. Pac-
mUpeHHasi CTPYKTypa cucreMbl npejcrapieHa wHa Puc. 12.8. Tabsuna 12.5 comep:KuT oleHK#
COBMECTUMOCTH (MOPSIIKOBAs IMIKaJja, IKCIEPTHOE ONEHUBAHMUE).
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~

S=GxQxTxIxH

Sl = Gl*Q3*T2*[1*H2(3;3,1,O)

G O T I H
G1(3,1,0) Q1(1,2,1) T1(0,3,1) 11(1 0) H1(0,3,1)
G2(07173) Q2(17370) T2(47070) IQ(O 2) H2(17370)
G3(0,2,2) @Q3(3,1,0) t@735(0,2,2) (®13(3,1,0) r® Hs(4,0,0)
©04(0,3,1) [®T,(0,1,3) @1I4(1,2,1) ©Hy0,2,2)
T5(07371)
Puc. 12.8. Pacmupennas uepapxudeckasg CTPYKTypPa CHCTEMBI
W neanbuast
TOYKa . N(Sl)
Tabsuma 12.5. CoBMeCTUMOCTD
G| G G Q1| Q4 Q| QY Ty | To | | Tu| T | I | I | I | L
H|3 111111111111 1171 w=3
H2)3 1 1113113111331 2 w=2
Hy3 1 1 1131131112111 w=1
m1 111111111 111111 Puc. 12.9. Kauecrso S

I}onyquo cJeiyroniee pesysIbTUupyromnee [Tapero S(I)(beKTI/IBHOG COCTaBHOE€ peIIcHHeE:
Sl = Gl*Qg*TQ*IQ*HQ, N(Sl) = (3,3, 1,0)

Puc. 12.9 UJUTIOCTPUPYET TIOJTyYeHHOe COCTABHOE IIPOEKTHOE pelleHHe. Crnenyer 3aMeTHTh,

12.3.3 VYaydineHme 4acTeil cuc

VYiay4dnienue KOMIIOHEHTOB

Si.

TEMBI

4TO perenue S ABJISETCsS PACIIMPEHHEM COCTABHOTO MIPOEKTHOrO pemienusi Sp (cTparerus 2).

Tabsmua 12.6 wiurocTpupyer IpOIece yJIydllleHusi Ha OCHOBe KOMIOHeHTOB perrenusi (Puc.
12.6):

Tabauna 12.6. Y3Kue MecTa U ONepAINy YIyUYIeHNsT

Cocrasasle DAs

V3kue mecra

DA | IC

Omneparyu
JIVAIICHWU A
Yy wﬁr’

Sl :Gl*Qg*TQ*Il
Sl :Gl*Qg*TQ*[l
Sl :Gl*Qg*TQ*[l

4,0,0
4,0,0
4,0,0

max e(S) =max M = arg ]\I/rllin

5 4
s.t. ZZ(IUZL‘U S b,

i=1j=1

yﬂqueﬂne Ha OCHOBE€ 3aJa4Yu OJI0UHOTO PIOK3aKa

>

VilydIineHue CUCTeMbl MOXKeT ObITh PeaTu30BaHO Kak yiayurienne (upgrade) CUCTEMHBIX KOMIIO-
HEHTOB C yY€TOM 001ero 010/IXKeTHOT0 OrpaHuYeHus. Takoi mMoaxo/l OCHOBAH Ha 3ajade 0J10Y-
HOTO PIOK3aKa. 3/1eCh PACCMaTPUBAETCS MCXOAHOE PENIeHUs, BKAIYAIONIEe MITh KOMIIOHEHTOB:
S =GoxQ1xTyx I~ Hy (Puc. 12.10). CoorBercrByiomas 3aa4a 6JI09HOIO PIOK3aKa HMeer
BUJL:

|5(M7 ei,j)|7

di
inj = 1, 1=
j=1
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Ncxonmoe permenne S = G+ Q + Ty * Iy x Hy

Yaydrme- ‘YJIque— ‘ynque— ‘yﬂque— ‘ynque—
® nie G, ® Hue Q1 ® Hue 7, © Hue [, @ mHue H;

T11 T21 T31 Ty Ts1
T12 T22 T32 Ty2 T52
x13 x23 x33 X43 T53
X34 L44
T35

Puc. 12.10. Viyuinenue Ha ocHOBe 3a/1a4K OJIOYHOTO PIOK3aKa

Tabmuna 12.7 conepKut GUHADHBIE [IEpEMEHHbIe (X;;), ONEPAIUK YIYUYIIeHAs] U UX OILEHKH
(nsutIOCTpAaTHBHBIE, KCIIEPTHOE OleHuBaHue). [IpuBeeM 1Ba puMepa pereHuii:

(1) b=14: 25 =1 (T4 = T3), S= 5 =Gy*Qy+Ts+LxHy, e(S;) = (0,2,2);

(2) b=73: 3 =1(Gy— G3), 22 =1 (Q1 — Qa), 233 =1 (T4 = T1), w32 = 1 (I — L),
50 =1 (Hy — Hs), S = Sy=G3%xQy*xTy*IyxHs, e(Sy)=(1,2,1).

Tabauna 12.7. Ouenku

Onepanyn Orenka Iena
YLy 4IlI€HUST €ij (aij )
x11 (mer) 0,1,3 0
T12 EGQ — Gy 3,1,0 26
113 (G2 — G3 0,2,2 16
Ty (mer) 1,2,1 0
T22 §Q1 - Q2§ 1,3,0 16
T3 (Q1 — Q3 3,1,0 20
x31 (Her) 0,3,1 0
x32 (Iy — T3 0,3,1 17
w33 (L3 — T 4,0,0 28
x3o (T4 — T3 0,2,2 14
w33 (Iy — T 0,3,1 17
rq (mer) 0,2,2 0
Tg2 ([p — Iy 1,3,0 23
23 (o — I3 3,1,0 27
T4 (L2 — Iy 1,2,1 20
r5 (mer) 0,3,1 0
T52 E 1 H2; 1,3,0 21
w53 (H1 — Hj 4,0,0 31

12.4 BrpIBoabI K rJjiaBe

B naHHO# r1aBe npeIcTaBIeHbl CXeMbI MOJIYJIbHOTO IPOEKTUPOBAHYS U Y1y UIlIeHUs / DACITHDEHWST
JJId ABYX IPUKJIAJHBIX CHCTEM: YIpPaBJeHHe YMHBIM JIOMOM, CUCTeMa aBTOMATHA3ALINN 3IAHUL.
Mcnosib30Banbl jiBe 334l KOMOMHATODHON onTuMmusanuu (Mopdosornueckas KIUKa, 333~
4a GJI0OYHOrO pIOK3aKa). JlaHHbIE ONTHMHU3AIMOHHBIE MOJENU 0A3UPYIOTCS HA WHTEPBAJILHBIX
OllEHKaX B Buje MyabTuMHOXKecTB (riaBa 4). Ciefyer orMeTuTh, 9T0 HPEeJCTABJISIETCS [EeJeCo-
00pa3HBIM IPUMEHATH 1 60JIee CI0KHBIE MIKAJIbl Ha OCHOBE 33/1a4 OlleHUBaHus, Hampumep: P35,
P*?. MoXHO yKa3aTh CJIeIyIolie HAPABIeHNs /I UCCAe0BAHN B Oy/IyIeM:

1. mocTpoeHNEe TPAEKTOPUN YIyUIIeHUS CUCTEM;

2. aHaJIN3 PACCMOTPEHHBIX 331249 TPOEKTUPOBAHUS U YJIYUIIEHUSI B PEKMUME PeaJibHOTO Bpe-
MeHH.
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I'maBa 13

HpI/I.TIO}KeHI/IH B KOMMYHUKAaIIUOHHDbBIX
cucreMax

B ,HaHHOﬁ IJIaB€ 1 IIpUBEICHO OIIMCaHNEe IMEeCTU IIPpUMEepPOB HpI/IJ'IO}KeHI/Iﬁ B objacTu KOMMYHU-

KAIMOHHBIX CHCTeM: (&) 3aJa4a mocaeaHeil Mun (TOIK/II0YeHne OIh30BaTe el K KOMMYHUKA-
IIMOHHBIM TIpoBaiinepam), (6) mMoayabHOe npoekTupoBanne GSM-ceru, (B) OIKIIIOUEHHUE T10JIb-
30BaTe]ell K TOYKaM J0CTyna (HA OCHOBe MHOTOKPUTEPHAJbHON 3a/a4u O Ha3HadeHusX), (I)
HePaPXUIECKOe MOJIETUPOBAHAE U KOMOMHATOPHAS SBOJIONHA CTAHIAPTOB IIePeIady MyJIbTHMe-
quiinoit uadopmamuu (MPEG-1, MPEG-2, MPEG-4), (1) Moy ibHOE TPOEKTHPOBAHUE TIPOTO-
koJia cs3u (ZigBee), (€) MOLy/IbHOE IPOEKTHPOBAHKNE CTAHIAPTOB MEPEJIad MYyIbTUMEIMHHONR
uH(OpMAIWH.

13.1 3aaaya ’‘mocjieHAd MWJIA’

Bamava ‘mocsrenHsas MU’ 3aK/II0YAETCS B MPOEKTHPOBAHUH CHCTEMbI 00CITyKMBaHUs (CBSI3H)
JIOMAIIHUX [0Jb30BaTes el KOMIBIOTEPOB MPOBaiiepoB ((bupMoil - KOMMYHUKAIMOHHBIM OIe-
paropom) [158, 268, 342, 472]|. IIpu sToM mpejcTaB/IseTCs MeJ1eCO00PA3HBIM YUUTHIBATH TPEOO-
BaHUsl C JBYX CTOPOH: (i) BBIPOJHOCTH (MOJIE3HOCTH, TPUOBLIBLHOCTD) JIJIsi KOMMYHUKAIMOHHOTO
onepaTopa u (ii) BEICOKHUiT yPOBEHb, KAYECTBO M CTOMMOCTH OOCJIYKMBAHUS JJIsl TOJIH30BATEE].

B namHOM pasmesie omuchbiBaeTcs MOAXOJ K 3ajade 'Tocaeansasa Muig Ha ocHope UMMII ¢
yueToM TpeGoBaHMi KOMMYHMKAIMOHHOTO oneparopa (342, 354]. Puc. 13.1 wurocrpupyer uc-
cJIeJlyeMyIo 3ajiady Ha TpuMepe: (a) KOMMYHUKAIMOHHBIH oneparop u (b) mosbs3oBaresn HEKO-
TOPOro pernoHa. B HameMm ciydae paccMaTpUBAIOTCs CJIeyOIIne TPYIIbI nojb3oBareseii: (i)

' MaTepuaJs TIaBEI OCHOBAH HA, ITyOIHKAITAIX:
(i) Levin M.Sh., Selection of user’s connection in last mile problem. IEEE Trans. SMC - Part A, 41(2), 370-374,
2011.
(ii) Levin M.Sh., Petukhov M.V., Connection of users with a telecommunications network: multicriteria
assignment problem. J. of Communications Technology and Electronics, 55(12), 1532-1541, 2010.
(iii) M.Sh. Levin, Towards communication network development (structural system issues, combinatorial
problems). IEEE Region 8 Int. Conf. ’Sibircon 2010’°, vol. 1, 204-208, 2010.
(iv) Levin M.Sh., Kruchkov O., Hadar O., Kaminsky E., Combinatorial systems evolution: Example of standard
for multimedia information. INFORMATICA. 20(4), 519-538, 2009.
(v) Levin M.Sh., Morphological methods for design of modular systems (a survey). Electronic preprint. 20 pp.,
Jan. 9, 2012. http://arxiv.org/abs/1201.1712 [cs.SE]
(vi) Levin M.Sh., Improvement/extension of modular systems as combinatorial reengineering (survey).
Electronic preprint, 24 pp., Apr. 17, 2013. Http://arxiv.org/abs/1304.4965 [cs.AT]
(vii) Levin M.Sh., A modular approach to the communication protocol and standard for multimedia information:
A review. J. of Communications Technology and Electronics, vol. 58, no. 6, 594-601, 2013.
(ix) Jleun M.III. MonynbHbI# 1OIX0 K KOMMYHUKAIIMOHHOMY [IPOTOKOJY ¥ CTAHAAPTY /IS MYJbTUMEIUNHON
urbopMaImu. JIeKTPOHHbIH HaydH. XK. “Uudopmanunonnsie npoueccs’, 12(4), 389-399, 2012.
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rpymna komnanuu A = Ex F; (i) rpynna obpazosamenvhvie yupescdenus B = I x J x M;
(iii) rpynna  2ocydapecmeennvie opzanusayuy C = O* Px R; (iv) rpynna npousdsodcmeenivie
opeanusdayuy / 366000 D =Y * Z. Takum 06pa3oM, CTPYKTypa COCTABHOTO DEIIEHUS HMeeT
Buj (Puc. 13.2): S=AxBxCxD.

Hasnee, 11t KazK10r0 MOJIb30BATE sl TEHEPUPYEM MHOXKECTBO BO3MOXKHBIX AJIbT€PHATHB (IPO-
eKTHBIX BADHAHTOB COeJIMHeHUsl, T.€., DAS) U BbIYHCJIIEM UX IPUOPUTETH HA OCHOBE KPUTEPHEB
U OIEHOK 110 KPUTEPHSIM.

B mamem npumepe, paccMaTpuBaiOTCd Caemyolee obmee 6a30Boe MHOXKeCTBO DAS:

X, (ADSL): Tenedonnas cers,

X5 (DACSIS): cers kabeabHOrO TEI€BH/ICHHUSI,

X3 Ethernet,

X4 dHepreTuvecKast ceTb,

X5 (FTTH): ontuueckuii kabeJb,

X6 (LMDS): 6ectipoBonnast cBsa3b (2.5-2.7 GHz),

X, (4G): 6ecupoBognas cBs3b(800-2000 MHz), and

Xs (WMAN, WiMAX): 6ecupoBoznnas cBs3b (2.4, 3.5, 5.8 GHz).

OOBIYHO PACCMATPHUBALTCS CJIELYIONee MHOXKECTBO OCHOBHBIX KPUTEPHEB JIJIsi MHOIOKPUTE-
PHAJTBHOTO BBHIOOpPA BAPUAHTOB CBSI3U: 00bEM MCXOIHBIX WHBECTHUIIHUIT, CTONMOCTH 000PYI0BAHMSI,
CKOPOCTH Tepegadn HHGMOPMAIUH, BpeMsl WHCTAISAIUN CUCTEMBI CBSI3H (MPOBaiiiepoB), BpeMs
UHCTAJISNIUA IS TI0JIb30BaTENIsI, CTOMMOCTh TEXHHUYECKOTO OOC/IYyKUBaHUS, HAJIEKHOCTH, MO-
OUJIBHOCTH YCIYT, BJU30CTh K CYIIECTBYIOIIEH KOMMYHUKAIMOHHON cpeje. B Hamem ucciieno-
BaHWM JIJIs KAyKJOT0 M0JIb30BATENs] PACCMATPUBAETCS HEKOTOPOE UCXOJHOE MHOYKECTBO BapUaH-
ToB (BeIGpaHHbIX DAS) u ux npuopurers (skcneprubie cyxiaenus) (Puc. 13.2). Tabauna 13.1
u Tabsuna 13.2 comepKaT OIEHKH COBMeCTUMOCTH Jijiss DAS (Tak:ke HA OCHOBE SKCIEDTHBIX
CyKJIeHuit).

Toc.
opr-tmst O

3ason, Z
( Komnemx [ )
Kommynu- 3ason Y
HATHOT IIkona J
HbIN

orepaTop ggimm P

Kovmmnanusa F

Toc.
opr-must R

Kovmmnanusa F

ITkoma K

Puc 13.1. nmocTpaTuBHas cxeMma

B pesyabrate, moaydaeM cieayionue pe3yJbTHPYIONINE COCTABHBIE PEIICHMS:

1. A = By« Fy, N(A1) = (3;2,0).

2. By = IyxJox My, N(B)) = (1;3,0,0); By = Iyx Ji x My, N(Bs) = (1;3,0,0);
By = Iy Jy« My, N(Bs)=(3;1,2,0).

3. O = Osg*xPsxRg, N(Cy) = (3;2,1,0); Co = O7x P x Ryy N(Co) = (3;2,1,0);
03 = O7*P5*R7, N(Cg) = (2, 3, 0, O), 04 = 08*P5*R7, N(C4) = (2, 3, O, 0), 05 = O7*P5*R8,
N(C5) = (2:3,0,0); Cg= Og*Ps*Rs, N(Cg)=(2;3,0,0).

4. D, = YyxZs, N(Dy) = (2:2,0); Dy = Ysx Zs, N(Dy) = (2;2,0); D5 = Yy * Zs,
N(Dy) = (3:1,1).
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Jlasiee umeercst JBa 1yTH:
1. UccnenoBarh 54 BO3MOXKHBIX PE3Y/JIBTUPYIONIUX COCTABHBIX PEIIEHUS:
Sl = Al*Bl *Cl*Dl, SQ = Al*Bl *Cg*Dl, u m.o.
2. ChopMyIupOBATh U PEIIUTH JOTOJHUTEIBHYIO 33429y MOPGOJOTHIecKoil KUK Ha 60-
Jiee BBICOKOM HEPapXUIECKOM YPOBHE Halmeil Mojesu s KoMmmo3uiuu Kommonentos A, B, C,
and D ¢ yderom coorBercrByiomux npuopureroB DAs nua A, B, C', and D u o1neHOK UX COB-

MECTUMOCTH.
@ S5S=A4xBxCxD
Sl = A1 *Bl*Cl *Dl, etc.
B=IxJxM
Blilg*JQ*Ml
Bgzlg*Jl*Ml
B3218*J8*Mg
(JJI (JJJ M
1,(3) Ji(1)  M(1)
I5(3) Jo(1)  M(2) D=Yx«Z
?83 Js() Ms(2) Dy =Y3x Zs
A=ExF @ 1Ir Q@@ D:=Y:%7s
C=0%xPxR _
AI—E7*F7 18(1) ClZOS*Pg*Rg D3—Y4*Z4
02207*P7*R7
e F] Cy=OrxPyxRr | LB FJ
By3)  E(3) ool v 20)
Ey(2)  Fy(2) GOl vy z(3)
52 R) Co=OsxPyxBs | vy 7,(2)
Es(2) Fs(1) Y5(3) Z5(1)
Eq(1) Fr(1) éOOQ élfl ﬁ% Yz(3) Zg(1)
Eg(l) F8(1) 5() 5() 5 )
O6(2) Ps(2)  Rs(2)
O7(1) Pr(2)  Ry(1)
Os(1) P3(2)  Rs(1)
Puc 13.2. CtpykTypa COCTaBHOIO peIleHus
Tabauna 13.1. CoBMecTUMOCTD
Jp ‘JQ ‘Jg ‘Ml‘MQ‘Mg P, ‘PQ ‘Pg ‘Pl ‘RQ‘Rg‘RQ‘RS
L3 213 2 1||0s5/3 2 2 2 3 2 2 2
FQ‘F3‘F5‘F6‘F7‘F8 L2 32 2 3 2(06/2 3 2 2 2 3 2 2
Exl3 222221 2212 2107/2 2 3 2 2 2 3 2
Esl132222/z|1 2 2 3 2 2052 2 2 3 2 2 2 3
%223222%123123% 3 2 2 2
6|2 2 2 3 2 2| 3 2 1|5 2 3 2 2
E:l2 2 2 2 3 2|l 2 3 2||F 3 2 3 2
Es|2 2 2 2 2 3]||Js 1 2 3|5 2 2 2 3

Tabymmna 13.2. CoBMeCTUMOCTD

Zy ‘Z?, ‘Z4 ‘25 ‘Zs
Y513 2 1 2
Y12 3 1 2
Yil1 1 3 1
Ys12 2 1 3
Ys12 2 1 2

WWHF NN
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13.2 MoayabHoe npoektupoBanue GSM cern

B nacrosimee Bpemss GSM ceru siBIsIIOTCS HamboJIee IMUPOKO UCIOJIb3yeMbiMu [127, 213, 238.
Yupormennasa apeposuaHas moaeab GSM ceru npencrasiiena Ha Puc. 13.3:

0. GSM cerp S = A x B.

1. IMepekmovarommas moacucrema (Switching SubSystem) SSS ( A= M % L).
1.1. MoGWIBHBIN TIEHTD MepeKToUennii /PerncTp rocTeBbx pa3MenieHuit

(Mobile Switching Center/Visitors Location Register) MSC/VLR M :

M; (Motorola), M, (Alcatel), Mz (Huawei), M, (Siemens), Ms (Ericsson).

1.2. Peructp nomaminero pasmemnienus/LlenTp unenrudukanuu

(Home Location Register/Authentification Center) HLR/AC L : L; (Motorola),
Ly (Ericsson), L3 (Alcatel), L, (Huawei).

2. Bazosas craumust BSS (B =V xU xT).

2.1. Konrposiep 6a3osoit cranmuu (Base Station Controller) BSC V' : V) (Motorola),
Vs (Ericsson), V3 (Alcatel), V; (Huawei), V5 (Nokia), Vs (Siemens).

2.2. Tlpuemo-niepearank 6azosoii crannun (Base Transceiver Station) BTS U :
U; (Motorola), Us (Ericsson), Us (Alcatel), Uy (Huawei), Us (Nokia).

2.3. Ilpuemo-nepenaruuku (Transceivers) TRx T : T (Alcatel), T» (Ericsson),
T3 (Motorola), Ty (Huawei), T5 (Siemens).

GSM cerb S=AxB=(M*L)x(V*Ux*T)

H SSS A= ML | | BSS B=V«Ux*T H

| | | | |
MSC/VLR M:||HLR/AC L:| |BSS V:  ||BTS U: || TRxT:
M17M27M37 L17L27L37 ‘/17‘/27‘/37 U17U27U3 T17T27T37

47M5 L4 ‘/217‘/})7% U47U5 T47T5

Puc. 13.3. Yopomennas crpykrypa GSM cetn

YuCI0 UCXOAHBIX BO3MOYKHBIX cHcTeMHBIX KoMOuuarmii pasao 3000 (5 x4 x 6 x 5 x 5). s
OIIEHKH KOMIIOHEHTOB CHCTEMBI UCIOJb3YIOTCS CJIEAYIONe KPUTepnu (Beca BaXKHOCTH KPHUTE-
pueB yKa3aHbl B CKOOKax):

1. M: wmakcumasbHoe uncio myreit ganabix (1000 pathes) (C,1, 0.2); MakcuMaibHast Ha-
rpy3ka VLR (100000 nognucuukoB) (Ci,z, 0.2); ungexc nenst ( 100000/uena (USD) ) (Chus,
0.2); suepreruyeckue norpebuocTu (1/(kWt) ) (Cia, 0.2); 4ucio KOMMYHUKAIMA U CUTHAJIA-
supytonux uarepdeiicos (Ci,s, 0.2).

2. L: makcuMasbHOe uucio noanucaukos (100000 noanucunkos) (Cjy, 0.25); obecneynBae-
mbiit 06bem cepsuca (Cho, 0.25); nagexuocts (mkana [1,...,10]) (Cj3, 0.25); uaTErpUpYyEMOCTH
¢ papyrumu cucreMamu (mkasa [1, ..., 10]) (Ciy, 0.25 ).

3. V: wungekc nensl ( 100000/mena (USD) ) (C,q, 0.25); makcumanbhoe uucyao BTS (Co,
0.25); kauecTBo nepekoveHus KanaaoB (Cy3, 0.25); nponyckuas cnocobHocts (Chy, 0.25).

4. U: wmakcumanpnoe uucio TRx (Cyy, 0.25); marpyska (Cyo, 0.25); unmekc nens (
100000/mena (USD) ) (Cls, 0.25); nagexuocts (mkasua [1,...,10]) (Cy4, 0.25).

5. T: makcumyMm sHeprerudeckoii Tekymeii narpysku (Cyp, 0.3); npomyckuas croco6HOCTb
(Ci2, 0.2); mugekc nenst ( 100000/ nena (USD) ) (Cys, 0.25); nagexnocrs (mkamna [1,...,10])
(Cia, 0.25).

Ouenkn DAs npuesenst B8 Tabuune 13.3, Ta6nuue 13.4, Tabaune 13.5 (ucnosb3oBaHbI 1aH-
Hble W3 KATAaJOrOB M SKCIEPTHOE OlEHWBaHMe). B pe3yiabrare MHOTOKPUTEPHAJIBLHOIO PAaHIKHU-
poBanusi (MoxmduimpoBanHas Bepcusi Meroga Electre). mosyvarorcs npuopurerst mist DAs
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(yka3anbl B Tabsamuax). DKcueprHble oneHKH comecrumoctu DAs mpejcrasienst B Tabsuie

13.6.

Tabsmma 13.3. Ouenku gus M

DAs Kpurepuu [Ipuopwu-
le‘ Cm# Cm3‘ Cm C17715 TeTT’
M, | 37 86 6 5.1 4 2
My | 40 11 8 7 5 3
Ms | 4110 9 7 4 3
My | 327 5 6 3 1
Ms | 35 87 62 5 4 2

Ta6sauma 13.4. Ouenku gs V., L

DAs Kpurepuu IIpuopwu-
TEeT

Cvl Cv2 CU3 CM r DAs Kpurepun TTpuopwu|
% (75 é % 471 % 011‘012‘013‘014 e
Vs 9 7 10 7| 3 ||[Lx |9 7 7 8] 1
Vi 7 5 8 6 2 Ly |10 4 9 8 1
Vs 16 3 4 4| 1 ||Ls |12 8 10 10| 2
Ve |10 6 9 71| 3 ||[Ls |9 5 8 81| 1

Tabauna 13.5. Ouenku gasa U, T

DAs Kpurepun IIpuopwut| DASs Kpurepun IIpuopwu-

Cut| Cua[Cua[ Cud| Cu[Ci2[Cia [Cua |7
Uy |2 7 5 8| 1 ||Th 9 7 10 7| 3
Uy |4 10 6 100 3 ||I |6 4 3 4] 1
Us |3 9 6 10 2 ||Ts |7 5 7 7| 2
U 13 6 3 7 1 Ty 7 5 8 6 2
Us 13 106 9| 2 ||Ts |6 3 4 4| 1

Tabmuna 13.6. CoBmecTuMocThb
Ul‘UQ‘Ug‘U4‘U5‘T1‘TQ‘T?,‘T4‘T5

Vil2 222332222

213332003032

V5313332003032

54 3202302022

503002022022

Vel0323230220 Ll\LQ\L?’\LAf

Uy 200 2 3/|Mi|3 20 3

Us 02030[|M2320

Us 020 30[|Mo2 32

U, 03300[|MJ2333

Us 302 20/|M|3303

[IpesBapuTebHash BEPCUsl PACCMATPUBAEMOrO mpuMepa Oblia omybiukoBana B [380].

s mopcucrembr A, ciaenyronue ITapero-adbdexrusnie cocrasubie DAs mosyuenst: (1) A; =
My Ly, N(A1) =(3;2,0,0); (2) Ay = My* Ly, N(A3) = (3;2,0,0).

Hust mopcucremsr B, ciepytomue [apero-acdbdexrusbie cocraubie DAs nonyuensi: (1) By =
Vsx Uy xTs, N(B1) = (2;3,0,0); (2) By = Vs*Uy*Ty, N(Bs) = (2;3,0,0); (3) By = Vi*xUsxT1,
N(Bs) = (3;1,1,1), and (4) By = VoxUsx Ty, N(By) = (3;0,3,0). Puc. 13.4 nnnocrpupyer
KauvecTBO pelmeHuit niasa B.

Temepb MoyYaOTCs CAEAYIONINE Pe3YILTUPYIONINE PEITeHus /171 CUCTEMBI:
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(]. {—I_Al*Bl M4*L2 %*Ul*Tg);
(3
(

( )*( ) 2 SH—Al*BQ M4*L2 %*U4*T2;
H—Al*Bg (M4*L2)*(‘/1*U5*T1);
( )% ( )
)

) ) (M L) )
) 4) 54 = Ayx By = (My* Ly) x (Vs x Uy x T5);
5) SH—AQ*BQ M4*L4 ‘/}]*U4*T2 ) 6) 6 —AQ*Bg (M4*L4)*(‘/1*U5*T1);
(7) SH—Al*Bg (M4*L2)*(‘/2*U3*T4; 8) SH—AQ*Bg (M4*L4)*(‘/2*U3*T4).

YT06BI IIOJyYATh MHTEIPUPOBAHHYIO OLEHKY KAa4eCTBa CHCTEMHBIX PEIICHHUil, HAJI0 HHTe-
rpupoBarh onenku jyuig gacreit A u B: N(ST) = (2;5,0,0), N(S¥) = (2;5,0,0), N(Si) =
(3:3.1,1), N(SF) = (2:5,0,0), N(S7) = (3:3,1,1), N(S) = (3:3.1,1), N(SE) = (3,2,3,0),
N(SI) = (3;2,3,0).

Jlasee, moJiydeHHBIE CHCTEMHbIE PEIIeHHs MOIYT aHAJIM3UPOBATHCA C IEJIbI0 BHIOOpA HaM-
JIyqIIero pemenusi (HAnpUMep, JONOJHUTEIbHbIH MHOTOKPUTEPUAIbHbBIA aHAJIN3, SKCIEPTHBIE

NpOTIE/ Ly Ph).

NN SN

N neannuas

N E Bl; TOYKA

w =2

w=1

Puc. 13.4. KauectBo mia B

13.3 IloakJirodeHue 10JIb30BaTeJIeii K TOYKaM JIOCTYIIa

13.3.1 IIpenBapurenbHble 3aMeYaHUSA

B nocieinue rogpl Bo3pacTaeT BaxKHOCTD 3a/a4 MOIK/TI0UEHUsI TOJIb30BaTe el K OeCIrpOBOIHBIM
TeJIEKOMMYHUKAIMOHHBIM ceTsiM [268, 342, 354]. B nanHoil cTrarbhe BlepBble PACCMATPUBAETCS
MOJIK/TIOUEHUE TI0JIh30BaTeIeii K TOUKAM JOCTYIa OECIPOBOIHBIX TEJIEKOMMYHHUKAIIMOHHOR ce-
T HA OCHOBE MHOTOKDHWTEDPHMAJHHON 3a/auM O HasHaueHWW. Puc. 13.5 mimiocTpupyer mnporece
NOAKJIIOYCHU A IoJIb30BaTes el K ToUuKaM A0CTyIla CETH.

[Toan30- Touxu
JOCTyTIa,
BaTe/N
& —

Kommynnka-

©_
[MAOHHAA
=
CceThb
©_
©_

Puc. 13.5. Ilonp3oBaTesim u TOYKH JTOCTyTIA

B pamkax mpejjiaraeMoro MHOTOKPUTEPHATBHOTO TOIX0/Ia MCIIOIb3YIOTCS CJIeIYIONe KPHU-
repun: (a) MAKCHMYM II0JIOCHI IIPONyCKaHusi, (6) 4UCJI0 OJHOBPEMEHHO OBCJIY?KMBAEMbIX 110JIb-
3oBareseit, (B) TpebOBaHUS HAIEKHOCTH OOCJY:KMBAHUS U Jp. MHOrOKpUTEpHAIbHbIE 3312491
0 Ha3HAYEHWH OTHOCATCS K Kjaaccy NP-TpymaHbIX, MOTOMY NpeIaraloTcsl SBPUCTHYECKUE CXe-
MBI pellleHus. Beluncienus: MpoBeieHbl Ha OCHOBE TporpaMM, paspaboTaHHbiX B cpege MatLab
(http://www.mathworks.com/).
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13.3.2 IlocranoBka 3aga4n

B nannoit cTaThe MCMOIB30BAHBI CJIEIYIONINE IIPE/ITOTOKEHUS:

1. Peasibuoit Teppuropuu (Hekoil “o6/1acTi”) COOTBETCTBYET KapTa MECTHOCTH, KOTOPasi OT-
pazkaer pejbed.

2. Touku mocTyna pacioyaraloTcss Ha MECTHOCTH (T.e., HA KapTe) U “NOKPBIBAIOT’ BCIO 06-
JIaCTh.

3. [oap3oBaTenu (KIMEHTHI) MOTYT PACIOJIATATHCS HA TEPPUTOPUH TIPOU3BOIBHBIM (CIIYy-
JaiiHBIM) 06pa30M.

4. JIng KaXkJaoro KJaWeHTa HeoOXOIUM JIOCTYN K CEeTH, T.e., COOTBETCTBYIOIIEE IMOIK/IIOYe-
HUEe K OfHOM (M XOoTsi Obl K OJHOI B ciiydae “paciivpeHHON” 3a/a4M MOIKJIIOYEHUsI) TOYKe
JIOCTYTIA ¥ KaXKJI0€ TAKOe MOJKJIIOYeHNe ONUCHIBAETCsI (OIEHMBAETCsI) HAGOPOM XapaKTepUCTHK
(kpuTepuesn).

5. Touku mOCTyNa U KJIMEHTH MMEIOT KOOPIMHATHI HA KApTe ¢ y4eToM pesbeda, T.e., (T, Y, 2).

Copep:kaTebHAs MOCTAHOBKA, 337]a4U 3aK/II0YAETCI B CJIEAYIONEM:

Iodka10MUMbD MAKCUMAADHOE YUCAO NOAL30BAMENET K TMOYKAM JOCMYNG MEAEKOMMYHUKA-
yuorHol cemu mak, wmobw, “obobuennan” nadesrcnocmo coedunenut (m.e., nepedawy daHHHLT
0 ecex noavsosameneti) bviAG MAKCUMAALHA U “0006wentan” dauna ceasels OvAa MUHUMAAD-
Ha, U YOOBAEMBOPANUCD BCE 0ZPAHUNEHUA NO MPEOOBANUAM NoAv306amenel (No Kauwecmsy 06-
cayotcusanus): (a) no nosocam nponyckanua, (6) no YpoeHio 3aGULUEHHOCTY JGHHVLL.

Paccmorpum dhopmasibHyI0 mocTaHOBKY 3aa4uu. O003HAYUM MHOXKECTBO I0Jib3oBaresneir ¥ =
{1,...,4,...,n} m MHOXKeCTBO TOUeK mocryma O = {1,...,7j,....m}.

Kaxk prit moib30BaTe b i OMUCHIBACTCS BEKTOPOM: (T, Ui, Ziy fis Diy T4y d;), THE (T4, Y4, T;) - KO-
OpJMHATHI TI0Jb30BATENA 1, f; - HapaMeTp, COOTBETCTBYIONMIA TpeOyemoil mo10ce NPOIyCKaHUs
(or 1 Mbit/s go 10 Mbit/s), p; - Tpebyemsiii yposernb CoS (kJacc, npuopurer) obCIyKUBaHMs,
r; - Tpebyemas JIs NOJIb30BaTe sl HAJEKHOCTH TIepeJadn JaHHbIX, d; - ypOBeHb mMuMPOBAHUS
(T.€., ypOBeHb 3amUThl HHGMOPMAIIUH).

Kaxxas Touka nocryna onuceiBaeTcs Tax: (&, Y;, 24, [, nj, 75, d;), tae (x;,y;, ;) - KOOPAH-
HATBI TOYKH JOCTYIA j, f; - IapaMerp, COOTBETCTBYIONHIl MAKCHMAIbLHO BO3SMOXKHOMY TpabuKy
(T.e., MAKCHMYM IIOJIOCHI IIPOILYCKAHMUSI) TOYKH JOCTYIA j, N - MAKCHMAJIbHOE YHCJIO IOIb30BA-
Teseil, KOTOPOe MOXKeT 0OCIIy’KHBATHCA TOYKON JOCTYNA j, 7j - HAJIE’KHOCTH KAaHAJIA [epeJadn
JIAHHBIX, KOTOPas MOXKeT 00eCIeYnBATLCS TOYKON JocTymna j, d; - mapaMerp, OTBEYAlOMuil 3a
YPOBEHb 3aIUTHI OT B3JI0MA, JIJIsl JAHHBIX, IlepelaBaeMbIX uepe3 TOuKy aoctyia, j. Tabauna 13.7
COJIEPKUT ONHMCAHKE IIKAJ JIJIS UCHOJIb3yeMbIX HapaMeTpOB.

Juist kaxk10it mapsl “nosib3oBaresib-rouka gocryna’ (V(i,7),i € W, j € ©) umeercs Habop
xapakTepucTuk: (1) ypoBeHb HAJEKHOCTH 7T;j, (2) XapaKTePUCTUKA PACCTOSHUS W HAJIHUHSI
NpenaTCTBUil (Ka4ecTBO HAIpaBJIEHHs PACIHPOCTPAHEHUs curHaga) [, (3) XapakTepucTHKa
HCIIOJIb30BAHMS TIOJIOCH IpomycKanus fi;, (4) kmacc obcyxkuBanusi (mpuopurer) pij, ()
XapaKTePUCTHKA YPOBHS 3AIMUTHI IIepeadn JAHHBIX d;;. Takum 06pa3oM mosydaemM BeKTOPHYIO
xapakrepuctuky V(i,j7), i € ¥, j € O: & = (i, Bij, fij, Pij» dij)-

[Toakouenue 1oJib30BaTE s ¢ K TOYKe JOCTyla j Oyjer 3ajaBarbes OysieBO# 1epeMeHHO
z;j (v;; = 1 npum nogkmovenun i X j u x;; = 0 B npoTuBHOM Ciydae). BapuanTt nmoaxsode-
HUSI MHOXKECTBA TOJIb30BaTe el WU K MHOXKECTBY TOYEK J0CTyna O (T.e., pelieHne 3a1a4du 110
MOJIKJIIOUEHUIO TOIb30BaTeell K TOYKaM JIOCTYTA) OIpeessieTcss HabopoM 3HaYeHuH OyIeBbIX
nepemenHsix (Gysesoit marpuueit) X = ||z;l], i =1,n, j =1, m.

PaccmoTpuM npasuiia pacdera XapakTePUCTHK JIUIs TTOAKIIOUYeHns oab3osarens i (Vi € V)
nocryna j (Vi€ O):

(1) Hagmexxnocts: 735 = min{r;, r;}.

(2) Paccrosimme: ;.
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1, wumeercs mpensitcTBue/6apbep,
0, mpendaTcTBHUS HET.
(4) VInTerpupoBaHHbIil apaMeTp, o0be IMHSION I 6apbep i paccTosHue (Liq, = maxy; ) lij):

(3) Ilpusnak Gapwepa: e;; =

0, ecau ((l;; > Lyas/2)&(e;; = 1)),
ﬁij = 5, ecJm ((ll] < Lmam/Q)&(eij = 1)) nJIn ((Lma:v > lij > Lmax/Q)&(eij = 0)),
10, ecan ((ll] < Lmam/Q)&(eij = 0))
« 9 B 07 e€CJIn ﬁzy = 07
[Tpusnak “cstznocTn” mo fi: &5 = 1 mmave.

(5) Yposens kiacca o6c/LykuBanust (IPHOPUTET):  D;j = P
(6) Tpebyemasi/BO3MOKHAsI T0JIOCA TPOIMYCKAHUS JIJIT COEJIUHEHMUS:
cramuu f;; = f;). PaccmarpuBaiorest Tpu cirydas:

(a) IIpU p;; = 1: fij fis

fij (Ha HavambHOl

1
(6) pu p_2 f_ fi7 €Cjin (maX] fj_ﬁ ;ﬂzlfj)zfi’
ig — 4 Jiyg T f_Llsm o p 1sm o A
max; fj m L-j=1 fj7 ecian (maX] fj m L-j=1 fj) < fz:
1 m
(B) mpu p;; = 3: fij = Ji 1 ecin (max; f; g fi) 2 Ji
ig — 9 Jij = f._1Lm g f._ Lm g .
max; fj — .- 0L, [, ecm (max; f; — = i fi) < fis
Tabswuma 13.7. [lapaMeTpsl ¥ onUCaHUE MIKAJ
Ilapamerp | ITIkasa Omnucanne
Di [1, 3] 1pu 3HadeHnu 1 Bce TpeOOBAHUSI KJIMEHTA JJOJIKHBI yJIOBJIETBOPSITHCS,
(momnb30- COOTBETCTBYIOIINE TIOJIH30BATEIN 00CIYKUBAIOTCS B TIEPBYIO OYEDPE/Ih;
BATEJIb) TIPU 3HAYEHUN 2 BO3MOYKHO MCIOJIH30BAHME TIOJOCHI TTPOITYCKAHMUS
B /IBa Pa3a yxKe, YeM 3aKa3aHO I0JIb30BATEEM, IIPU OOJIBIION
3arpy>KEeHHOCTH CeTH TpeDOBAHUE II0JIH30BATEIS
paccMaTpuBaeTCa B BTOPYIO O4epellb, BO3MOXKHA IOHU>KEHHASA
HAJIE2KHOCTD [I€PEJAYHN JAHHBIX;
IIPU 3HAYEHUH 3 BO3MOKHO ITOJIKJIIOUEHNE TT0JIH30BaTEIS
npu 000 HOCTYIHON IOJIOCE IPOILYCKAHUS.
T [1, 10] Ipu 3HaYeHnH 1 BO3MOKHA MOTEPst nHGMOPMAIHS I0JIb30BATEISI
(monb30- (mo 20 %, npumep: TPOCMOTD BUAEO-TPAHCIISILNH),
BATEJIb) npu 3Ha4vernn 10 norepst nHMOpMALMS T0IH30BATENST NCKIIIOYAETCST
(y nosb3oBarenss MAKCUMAJIbHbIE TPEOOBAHMS TIO HAJIEXKHOCTH)
r; [1,10] npu 3HaveHun 1 Bo3MoxkHa noTepst nadopmanus (10 20 %),
(Touxa npu 3ua4vennn 10 morepsi HDOPMAIKS IOJIb30BATE IS UCKJIIOYAETC.
JIOCTYIA)
d; [1, 10] npu 3Hadernn 1 nadOpMAaIUs T0JIb30BATEIIsI SIBJISIETCS HECEKPETHOI,
(monw30- 3HAYEHUE D COOTBETCTBYET CPEJHEMY YPOBHIO TPEOOBAHUSI IO 3AIIUTE
BATEJIb) npu 3Hadennn 10 uabOpManus SBIsSeTCS KOHDUIESHINAIHHOM,
dj [1, 10] IIpU 3Ha4YeHUH 1 TOYKA JOCTYIIA MMeeT TPUBHAJIbHbIE MEPbI 3allUTHI,
(rouka npu 3HaueHuu 10 ToOUKa JOCTYIA UMEET CaMble CTPOTHE
,ZLOCTyHa) Mepr 3aUThl JaHHbBIX OT B3JIOMAa.

31ech yunThiBaeTCs TO, 9TO Tpaduk MoxkeT ObITh ABYX BujoB: (i) elastic (cepBuc mosib3o-
BaTeJIsl UCIOJIB3YeT TOJIBKO JOCTYIHYIO 10JI0Cy mponyckauus), (ii) non-elastic (nosbp3oBaresnb
uMeeT TPeBOBAHUS K ONPEIEJEHHON 1M0JI0Ce IPOIYCKAHUs JIjIsl er0 CEPBUCOB).

(7) Ioka3aTesb ypOBHS 3aIUTHI IIepeaadn JAHHBIX : d;;. PaccMarpuBarorcs Tpu Cirydasi:

s [ d;, ecnm d; > d;,
(a) mpu pj; = 10 dij = 0, ecmmd; <d;

o, dy ecom d; > d;)2,
(6) mpu pij =20 di = 0, ecan d; < d;/2;
(6) wpu pyy = 3 dyy =,

0,
1,

eCcJi dij = O,
HnHa4ve.

d

« 9 .
[Tpusnax “cBga3nHocTn” Ho d;;: b
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JlonosHuTeIbHO U1t KAXKI0T0 T0JIb30BaTe sl OlpeiesisieTcst (Ha OCHOBe éw Z]) IOJIMHOKe-
CTBO BO3MOXKHBIX JIJIsl TIOJKJIIOYeHUs To4YeK jgocryna: Vi € U Bbiaensiercs O; C ©. OueBugHoO,
uyto ipu  |O;| = 0, MOIB30BATEH i MOXKET OBITH UCK/IIOUEH U3 JajibHeiinero paccMorpenns. Ha
Puc. 13.6 mamocTpupoBana cxeMa 00pabOTKH MCXOTHBIX JTAHHBIX.

{iaxiayiaziaria fiapiadia} {ja xjayja Zj,Tj, f]up]7dj7}
| |
{ ll]urmaeljuﬁlwfl]7p2]7dl_77£z]7 }

|
Ccz] TZ]7 ﬁz]a f2]7p2]7 dz]

Fig. 13.6. Cxema 06paboTKM JAaHHBIX

Bynem wucnonp3oBarh ciemyoime HaOOP 0OODOIIEHHBIX XapaKTEPUCTUK PEIeHnsT 3aJ1a49u
(HeKWil yIPOIIEHHBII A JINTUBHBIA BAPUAHT JJIsl CIIOJIb3YEMbIX KDUTEPHER):

(a) obobmennas magexnocts R(X) = Y7L, Y7L, 1y Tij,

(6) oGoGmenHbIil MapaMeTp KadecTBa pacpocTpanenus curiana B(X) = >0, Y, Bij x4,
(B) 0606IIEHHOE KAUECTBO UCIOJIB30BAHMS YaCTOTHOTO cneKTpa F(X) =YL 20 fig 2,
(r) obobmennas xapaxrepucruka obcyxusanusa P(X) =37, 30 pij xzj,

(1) 06obIIeHHAST XaPAKTEPUCTUKA YPOBHS 3allUTHI [epeIadu D(X ) =2 Xy dij iy

B pesysibrate mojiydaeM BEKTOPHYIO XapaKTEPUCTHKY pemieHust X :

C(X) = (R(X), B(X), F(X), P(X), D(X)).

Jlamee BBOAATCS OTpaHUYEHUS:

(1) Orpanudenne Ha [OJIOCY HPOIYCKAHHS TOYKH JOCTyma j: .o fij zij < f; Vj € O,
rae f; - MAKCHMyM IIOJIOCHI IIPOIYCKaHUS TOYKHU JOCTYIA j.

(2) OrpanuveHue Ha YUCIO MOJBH30BATENEHl, KOTOPBIE MOIYT OBITH MOJK/IIOYEHBI K TOYKE
jJocTyma j: Y, xy; < nj Vi € O, rme n; - MAKCHUMyM 4YHCJIA MOTb30BATeNeH I TOYKH
JOoCTyna j.

(3) Orpanuvenue MO MOIKIIOYEHUIO MOJH30BATENs] K TOUKAM JMOCTYMa (31€Ch Mpenosara-
eTCsi, YTO KarK/blil M0JIb30BATE/b MOIKJIYAETCs] TOJIBKO K OJ[HON TOYKEe JIOCTYIIA): Z;”:l Ty <
1 VieWw.

Takum 06pa3oM, MOJyIAETCs CJIEIYIONAasi MHOTOKPUTEPHAIbHAS 331394

max R(X) = i > rijxy, max B(X) = i > By wi,

i=1 jeo, i=1 j€O,

max F(X) = i > fij my, max P(X) = i > pij 2,

i=1 j€O; i=1 j€O,

max D(X) = Z Z dij Tij

=1 j€O;

s.t. Z fij l’l’jgfj Vje@, Z l’l'jgnj Vje@, Z .szgl V’iE\II,

i=1 JEO;

r; €{0,1}, Yi=I,n, Vj=1,m, x5;=0, Vi=1n, je{O©\06;}
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13.3.3 Cxema penteHus

[TostyuuBInasics MHOTOKDHUTEpUAJIbHAs 0000IeHHAs 3aja4a 0 Ha3HAYeHUU (PAa3MEINEHUH) OT-
HOocUTCs K Kyaccy NP-Tpynubix 3ana4 [205]. Ilpu nmoBeseHnn pacyeToB UCIHOJIb30BAJIACH JIBYX-
STaITHAs YBPUCTUKA:

(i) ynporenue 3aa4u Ha OCHOBE OTOOPaKEHNUsI BEKTOPA XaPAKTEPUCTHK COeMHEeHUs “I0JIb-
30BaTeb - TOYKA JOCTyHa” K MOPSIKOBOM OleHKe (HA OCHOBE MHOTOKPUTEPHAJIBHOTO DAHKHU-
POBaHHUS C UCTIOJIB30BaHUEM BapuaHTa MeToa moporos Hecpasaumoctu ELECTRE (26, 362)),

(ii) pemenne Moy YMBITIEHiCs OMHOKPUTEPHAJIBHOM 3314491 0 HA3HAYEHHH HA OCHOBE KaJHOTO
aJTOPUTMA;

Cremyer OTMETHTD, 9TO UCC/IeLyeMast 3a/1a49a, MOAKI0YEHNS T0JIb30BaTe el MMeeT IMUPOKOe
IPUMEHEHHE ISl IMHAMUYECKUX PEeXKUMOB paboThl KOMMYHUKAIMOHHBIX cereii (T.e., Ad Hoc ce-
TH, MOOUJIbHBIE ceTH, mesh ceTu) W JJIs PelleHns] pacCMaTPUBAEMOil 3ajaui MMeeTcsl Kpaiine
OTpaHUYEHHBIH BpeMeHHO#! mHTepBaJs. Takas CUTyalus IPUBOIUT K HEOOXOTUMOCTHU HUCIOIB30-
BaHWs OYeHb ObICTPHIX YBPUCTUK (THUIIA YKATHBIX AJTOPHUTMOB).

13.3.4 YucaeHuHslit mpumep

[Tpumep Brurouaer 30 nosb3oBareseid u 6 rouek jgocryna (Puc. 13.7). Ucxonnbie nanHbie 110
TOYKaAM JIOCTyIA ¥ 1OJIb30BaTe siM 1pejcrapienbl B Tabsuie 13.8 u Tabaume 13.9.

Tabsuna 13.8. Touku gocryna Tabsuma 13.9. [lonws3oBaTenn
g xG) (yG) [20) [ fG) | nG) () |dG) || ¢ |x() (y(@) [2(2) | f@) |p() |r(i) |d(i)
1 [ 501571030 4 |10/ 10 1 [30]165] 5 10 215138
2 1150165 10 [ 30| 5 | 15| 8 2 | 58 [174| 5 | 5 | 1| 9 | 6
3 7201021021 6 |10 9 318|156 0|6 | 11|68
4 140112110 21| 5 | 8 | 8 4 11101169 5 | 71 21 5 | 6
5 1455210 | 35|10 | 10 | 10 5 1451811 3 | 5 | 2 | 4 | 6
6 | 14747 |10 30| 5 | 15| 7 6 |170(161| 5 | 7| 2 | 4 | 7
7 1231136 7|6 | 2| 7] 6
8 | 52134 5 | 6 | 1|8 | 7
Touka ITpemsaT- HOJ1b3OBaTem/I 9 85 | 134 3 6 1 7 7
JOCTYNa  crTBme 10 | 120|140 | 6 4 2 6 8
/ @ 11 150|136 3 | 6 | 2 | 7 | 8
/ 121175011251 1 | 8 | 3 | 5 | 6
\ % 131271109 7| 81| 3|5 | 8
b7 ® 14551105 2| 71 210/ 6
1 % G 1519818 | 3 |10] 1 |10] 7
I @ 10 16 (107115 4 | 7 | 1| 7 |10
1 171127195 | 5 | 71 2|5 |7
@ %3 9 % 18 1160/104] 5| 9] 2] 415
1918391 | 4 | 4| 3|5 |7
® @ % 20125165 21 713156
3 14 4 ol | 52|81 | 1 10| 1] 8|10
5 17 ® 2018166 | 4 |14 2| 3|7
O ® 19 23 111256 |10 10| 1 | 10| 9
@ 21 @ 5% 24 13559 | 4 | 13| 3 | 4 | 6
20 25 1147179 | 5 | 7| 3 | 16| 8
% O 2% [165| 50| 3 | 7|3 1| 3|7
E 24 6 271 23 (31| 4 | 8| 1| 7|6
O ® 6 @ 2165125 716 | 2198
27 5% 30 20193139 1 10| 1/]10] 9
Puc. 13.7. cxonnwiit npumep 30 172126 | 2 | 10 ] 2 7 6

Paccunrannsie napaMeTpm conepxkarca B Tabmune 13.10, Tabmaume 13.11, Tabaume 13.12,

Tabaune 13.13. BekTopsr (flj, &) (rabmuma 13.12) ompenensior MHOKectBa ©;, (1 = 1,n):
0, = {1,3,5), O» = {1,2,3,5), Os = {1,2,3,4,5}, O, = {1,2,3,4}, ©; = {2,4}, O =
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(2,4,6), ©; = {1,3,5}, Og = {1,3,4,5}, Oy = {1,2,3,4,5,6}, O1p = {1,2,3,4,5,6}, O, =
(2,3,4,5,6}, O = {2,3.4,5,6}, O3 = {1,3,4,5}, Ou = {1,3,4,5}, O = {1,3,4,5,6},
O15 = {1,5}, Our = {2,3,4,5,6}, O = {2,3,4,5,6), O = {2,3,4,6}, On = {1,3,4,5},
O = {1,5}, Os = {1,3,4,5,6}, Ou = {1,3,5}, On = {3,4,5,6}, Ous = {2,3,4,6},
@26 = {4,6}, @27 - {1,3,4,5}, @28 = {1,3,4,5,6}, @29 - {1,3, 5}, @30 = {4,6}

Pacuer uHTerpupOBaHHBIX IIOKa3aTeeil COOTBeTCTBUA C;; (Tabiuma 13.14) ocymecTsisiercst
3a cdeT 0TOOpaXKeHUsl BEKTOPOil omeHKH ¢;; (rabuuna 13.13) ma mopsgakosyro mkamy [1,3] (5
COOTBETCTBYET HAMJIYUIIEMY YDOBHIO COOTBETCTBHUSI, MCIIOJIb3YETCsl MHOTOKPUTEPUAIbHOE DaH-
JKupoBaHue Ha ocHoBe Moudukamnust Mmeroqa ELECTRE (26, 362|). TonosnuTenbHo, B Tab/IuIe
13.13 yurenst muoxkectBa {O;} (1e., ¢; =0ecm j e {O\O;}).

Takum 06pazom noJrydaercs: u periaercst ynpouiennast (simplified) 3agava o Hasnavenuu (c
O/IHUM MHTEI'PDUPOBAHHBIM KPUTEPUEM, Ka}K‘ﬂ‘I)H.;’I 110JIB30BATECJ/Ib MOXKET IIOJAKJIIOYaThCA TOJIBKO K
OJTHO¥ TOYKe JOCTYTA):

n
max 3> Y &

i=1 j€O;

s.t. Z fij l’l’jgfj Vje@, Z l’l'jgnj Vje@, Z .szgl V’iE\II,

i=1 i=1 J€O;

SL’ije{O,l}, VZ:L—R,\V/.]:Lm, .CL’Z‘J‘:O, V’lzl,—n,jE{@\@z}

Pesysbrarsr pemenus 3aga4u (T.€., BADUAHT TIOKJIIOYEHUSs M0JIh30BATENeHl K TOYKAM JOCTYIIA)
npejcrasienbl Ha Puc. 13.8 u B Tabaune 13.15.

13.3.5 Obcyxaenune

[IpencraBiennsiit B paboTe MOAXOM SIBJISIETCS IEPBBIM IIArOM B MCIIOJIb30BAHUM MHOTOKDHTE-
pHATbHBIX KOMOMHATOPHBIX MOJIJIell IIPH IOAK/IIOYEeHUH I10JIb30BATe/Iell K TeJTeKOMMYHUKAIIY-
onHoii ceru. OCHOBHOE BHHMaHHe OBLIO y/EI€HO HOBON IOCTAHOBKE 3a/a4H M CXEMe DEIICHHSI.
OdeBuIHO, UTO CJIelyeT IPOBECTH JATbHEHIINe HCCIe[OBAHNS:

1. B obsiacTy mOCTaHOBKY 33/1a4H:

(1) Yrounenune mOCTAHOBKH: (a) COCTAB W IMPABUJIA MEpeCcYeTa MapaMeTpPOB I0Jb30BATE e
¥ TOYEK JOCTyla, MHTeTPUPOBAHHBIX MTOKa3aTesell, IpaBuja, HalpuMep, UHTErPUPOBAHHBIE TIO-
kazaren (6apbep-paccrosinue (3;;), IOKa3aTe/ Il KadecTBa pacupocTpanenns: curaajios (f;); (6)
MHOXKECTBO KPHTEDHEB, (B) MHOXKECTBO OrDaHUYEHHUIL;

(2) BOBMOXKHOCTH HPUMEHEHHs] JPYTHX DEXKUMOB YIPABJICHWs, HAIPUMEDP: MHOTOIIATOBbIE
(multi-hop) cxembl cBsi3u, pexum P2P;

(3) yuer MOOGUIBHOCTH TOYEK JIOCTYIIA;

(4) y4er pexuma pacuIMpeHHs] MHOXKECTBa IMOJb30BaTeseil (T.e., MOIKIOYEHUe JOTOJIHE-
TEJILHBIX TOJIb30BaTeNIell B IPONecce paboThl CHCTEMBI );

(5) pacmupenue MCOIB30BAHHO TTOCTAHOBKY 3a/1a4i Ha OCHOBE BO3MOXKHOCTH IOJIKJIIOUE-
HUsI KayKJIOTO MOJIh30BaTeNs] K HECKOJIHKAM TOYKAM JOCTYTIA.

2. B obaactu mozeeir:

(1) ucnosp3oBanne Gosiee CIOKHBIX ONTUMU3ALMOHHBIX MOJEJIEH ¢ y9eTOM HeOIlPeIeIeHHO-
CTH, HallpuMep, MO/ieJIn Ha OCHOBE PA3MbIThIX MHOXKECTB, MOAEJIN CTOXaCTUYECKOM OIITUMU3a-
I

(2) yuer B3anMocBsi3u “coceHUX” MOAKIIIOUEHNH (/151 yueTa BO3MOXKHBIX KOJIIH3UI, B3auM-
HOTO BJIMSIHUSI), HAIIPEMED, HA OCHOBE 334l KBA[PATUYHOIO HAZHAYEHUs] MJIH [I0/IX0/Ia Uepap-
XU9IECKOro MOPGOJIOrn4ecKOro NpoeKTUpoBanusi (T.e., 33a4u MOPMOJIOrnIecKOil KIUKHM).
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3. B obiacti MeroJIoB pelieHust: Peau3alnusl CepU CxeM pelienus (BKJIouYas nepeGopHble
METO/Ibl, TeHETHYEeCKUe AJITOPUTMbI, META-9BPUCTUKH) ¥ IIPOBEIEHHE CPABHUTEIbHBIX BHIYUC/IU-
TeJTbHBIX JKCIEPUMEHTOB Ha OCHOBE CIIEIUAJIbHBIX T€CTOBBIX YUCJIOBBIX IPUMEPOB.

Ta6suma 13.10. Marpuna paccrosuuit ||1;;]|

7 Touku gocryna ]
1 2 3 4 5 6

1 22.11 120.10 75.88 122.20 114.10 166.25
2 19.44 92.57 73.52 102.92 122.79 155.16
3 39.31 63.44 57.20 68.85 112.98 124.35
4 61.39 40.51 77.19 64.61 133.94 127.59
5 98.23 18.17 107.79 69.53 163.37 134.20
6 120.17 21.00 114.50 57.67 165.2 116.40
7 34.34 130.30 59.72 119.47 86.89 152.66
8 23.62 102.91 38.07 90.85 82.45 128.91
9 42.46 72.35 35.24 59.65 91.50 107.06
10 72.15 39.26 61.35 34.64 115.69 96.92
11 102.42 29.83 85.38 26.93 134.65 89.33
12 129.34 48.02 105.92 38.41 149.37 83.36
13 53.31 135.18 45.64 113.08 59.85 135.10
14 | 52.85 112.65 19.03 85.66 54.53 109.05
15 83.53 92.35 29.90 48.39 65.02 64.92
16 71.06 66.22 37.82 33.67 88.59 79.12
17 08.98 73.85 55.67 21.98 92.73 52.24
18 122.20 62.02 88.16 22.11 126.31 58.68
19 148.60 81.25 111.71 48.23 143.53 57.17
20 95.67 160.28 60.35 124.49 25.16 123.58
21 76.56 129.39 30.36 93.73 31.16 101.30
22 96.65 120.25 37.84 74.27 40.01 67.99
23 118.51 115.43 60.96 62.61 67.12 36.14
24 129.87 107.22 76.51 53.57 90.47 18.00
25 124.57 86.20 78.61 34.10 105.63 32.39
26 157.24 116.19 106.78 67.22 120.22 19.54
27 129.00 184.72 86.48 142.43 31.00 125.17
28 132.88 163.81 77.38 114.90 33.73 84.95
29 125.91 138.59 67.01 87.29 50.54 55.33
30 179.19 140.96 125.86 92.11 129.88 33.62
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Tabsuma 13.12. Matpuiia BeKTOpoB ||(§£, £

Ta6auna 13.11. Marpura ||e;;||

Touku pocryna j
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rYfr A4 r4rd A r A A r A r A r A A A A A A A A A A A A A e e e e e

HrA A A OO A rdArA OO A A A1 OO0 A A A O OO O
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30

28
Puc. 13.8. [loakouenne mnoJib30BaTeseit

27
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Tabnuna 13.14. Marpuna ||C”||

Ta6JII/H_La 13.15. BapuanT noak/odeHus

7 Touku nocryna j Touku mocryna j

1 2 3 4 d 6 1 2 3 4 ) 6
1 3 0 3 0 3 0 1 1 0 0 0 0 0
2 2 1 1 0 2 0 2 0 1 0 0 0 0
3 1 1 1 1 1 0 3 0 1 0 0 0 0
4 1 1 2 1 0 0 4 0 1 0 0 0 0
5 0 1 0 1 0 0 d 0 1 0 0 0 0
6 0 1 0 1 0 1 6 0 1 0 0 0 0
7 1 0 2 0 1 0 7 0 0 0 0 0 0
8 2 0 2 1 2 0 8 1 0 0 0 0 0
9 1 1 1 1 1 1 9 0 0 0 1 0 0
10 | 2 1 1 1 1 1 10 | O 0 1 0 0 0
11 0 1 2 1 3 1 11 0 0 0 1 0 0
12 1 0 3 3 3 3 2 121 0 0 0 1 0 0
13| 3 0 3 3 3 0 13| 1 0 0 0 0 0
14 | 3 0 3 3 3 0 14 | 1 0 0 0 0 0
151 3 0 3 3 3 2 151 0 0 1 0 0 0
16 | 2 0 0 0 3 0 16 | 0 0 0 0 0 0
171 0 1 3 1 2 1 171 0 0 0 0 0 0
181 0 1 2 1 3 1 181 0 0 0 0 0 0
19 1 0 1 2 1 0 1 19 | 0 0 0 0 0 1
20 | 3 0 3 2 1 0 20 O 0 0 0 1 0
21 | 3 0 0 0 3 0 21 1 O 0 0 0 1 0
22 | 2 0 1 1 2 1 221 0 0 0 0 0 0
23 | 3 0 3 0 3 0 231 0 0 0 0 0 0
241 0 0 3 3 3 2 24 1 0 0 0 0 0 1
251 0 3 3 3 0 3 251 0 0 1 0 0 0
26 | O 0 0 1 0 1 26 | O 0 0 0 0 0
27 | 3 0 2 1 3 0 211 0 0 0 0 0 0
28 | 3 0 3 3 3 2 28 1 0 0 0 0 1 0
29 | 3 0 3 0 3 0 29 1 0 0 0 0 1 0
30| O 0 0 3 0 3 30 | O 0 0 0 0 1

13.4 Ilepemada myasTuMeauitHOI MHGpOpPMAIIINT

13.4.1 CrangapTsl

Ha Puc. 13.9 npeacraBiena cxema o0pabOTKu WHGMOPMAIUK: ¢ - BHJIEO CUTHAJ, b - 3BYKOBOIA
(aynmo) curHAJ, ¢ - CUTHAJ CUHXDOHU3ANUM, d - TECTOBbIH CUTHAJ. DTa CXeMa HCIOJIb3yeTCs
Kak 6a30Basi /IS IPOIEcca CTaHaapTu3anyuu (IpHeMHasi 9YaCTh UMEeT aHAJOIHYHYI0 HHBEPCHYTO
CTPYKTYDY JUJIsl JIEKOAMPOBAHUSI / IEKOMIIPECCHUH ).

Komuposanue
(Bue0)

—

MysnbTHIIEKCOD

(cunxponmszarys)[ |

ITakerupo-
BaHMe

HH

Konuposanue
(aymmo)

]

Puc. 13.9. Cxema 06paboTku uHMOpMAIAHT

AHanm3 0CHOBHBIX TpeOOBaHUiI K Ipomeccy 00paboTKy HHGOPMAIMY OCHOBBIBAETCS Ha, CJIe-

JIyIoIIeM:
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I. Mcxonubie maHHbie (ay/uo, BUJEO, JAHHbIE CHHXPOHU3AIMH, CHHTeTHYeCKas: nH(MOD-
Malus).
II. O6paborka (kKoaMpOBaHMe, EpeIada 10 CETH, TeKOTUPOBAHNE).
IT1. PesynsTupyiomnme JaHHBIE (s CHCTEM ITOJH30BATENS: YeJOBEK, MPUKJIAIHAS CH-
crema).
Taxum obpa3oM, TpebOBaHUS MOXKHO PACCMATPUBATHL C YUYETOM CJIEIYIONIEro:
1. O6beKT (T.€., JaHHBIE OIPEJEJEHHOTO THIIA, IPOIECC).
2. Ba3oBas ToYKa Jjis aHaau3a (T.e., CTajusl YIOMSHYTOrO MUKJa 06paboTKu uHMOpMAIyu:
BXOJIHAsl 9ACTh, BHIXOJHAS YACTh, IIPOMEKYTOYHAS] TEXHOJOIMYECKAs YaCTh).
Hononnaurensuo, 1enecoobpa3tHo ykasarh Kiaaccudukanuo ganubix: (1) Buj qaHHbIX (aHA-
joroBble, mudpossie), (i) BpeMeHHO# pexkuM (peasibHOe BpeMsi, He-peasibHOe BPeMsi ).
B obmmem citydae, jaBa Tumna TpeboBaHUN MCCIIELYIOTCS:
1. KauecTBo pe3ysbraToB (T.€., pe3yabTupyomas nHdopMaims).
2. 3arpaTsl (CTOMMOCTD, OIEHKH BPEMEHU U JIP.).
KadecTBo pesynbrupyiomneit KapTHHKE MOXKHO OCHOBBIBATH HA CJIIyIOMeM: Kodhduiment
PSNR, 3anep:kka, ommbKy, JIAT€eHTHOCTD, IOTE€PH (T.€., HOTEPH IIAKETOB, IOTEPU KaJIPOB).
C TOYKHU 3peHusi THIIOBBIX M3MEHEHHIl MOXKHO PACCMaTpPUBATh OIEpalud U3MEHEHHUs U Tpe-
OOBaHUS K 3TUM OIEPAIUIM:
I. [Tone3nocTs oneparnmii:
1.1 KadecTBO BBIXOIA.
1.2 Yposenb TpeboBaHUs K BXOJLY.
1.3 YpoBenb TpebOBaHUs K TEXHOJOIMYECKUX CTajusiM (T.e., KOAMPOBAHHUE,
nepejiada 1o CeTu, JeKOUPOBAHMKE).
I1. ’Croumocts’ oneparnmii:
2.1 Tpebyembrit monosiauTeabubiit HUP.
2.2 Tpebyemasi 1010 IHUTEIbHAST PA3pa00TKaA ITPOTPAMMHOI0 ODECIIeYeHMSI.
2.3 Tpebyemasi 10on0/IHATEIbHAST PA3PA00TKA SJIEKTPOHUKH.
2.4 CJI0:KHOCTD JIOTIOJTHATETBHOIO JTAIA MPOU3BO/ICTRA.
2.5 1lpocToTa peanu3anuu B paMKaX CYIIECTBYIONIUX TEXHOJIOTHIA.
B pamkax JaHHOTO MCCIeJ0BaHUS paccMaTpuBaercs JunHus crangapros MPEG [131, 192,
320, 571|. IIpu 3TOM OCHOBHASI IEMOYKA SBOJIOIMHI CJIEYIOIIASL:
JPEG = MPEG-1 = MPEG-2 = MPEG-4.
CrTpyKTypHBIE ONMCAHUS CTAHIAPTOB Mpu 00pabOTKe BHIe0 WHGMOPMAIMYE UMEIOT CJIeLyIo-
mue ux (Puc. 13.10):

I. O6mmaga gacrse:

1.1. Ilpukaadnoti yposens: (Bumeo resedonusi, Buaeo koudepennuu, digital broadcast, ka-
oenpHoe u ciiytHukoBoe TV, Bumeo oociyxkuBanue 1o cetu, DVD, DV camcorders, nepconasnb-
HbI#i CTDUMMUHT ¥ JIP.).

1.2. Peotcum Kavecmea no 8pemery u KapmuHKe

1.2.1. Bpemennoti pesrcum: 3anepxka: 0.15 cex misg “face-to-face”, 1.0 cex mis “interactive”.

1.2.2. Kavecmeo kapmurku: XOpolllee KaueCcTBO, HU3KOEe KadecTBO.

1.3. Qopmam

1.3.1. Pesoarovyuas.

1.3.2. Ileemosaa dexomnosuyus: (luminance, chrominance).

1.4. Basoswie onepayuu

1.4.1. Tpanchopmayuasa.

1.4.2. Bocnpoussedenue/ceoticmea:

1.4.3. Cmpummurz BUIEO, ayJAW0, CHHXPOHU3AIMS, CTPUMMUHT JIAHHBIX, TECTHPOBAaHUE,
yIIDABJIEHHE).
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I1. KogupoBauune/cxxatue
2.1. Basosvie KomnoHeHmol
2.1.1. Budeo xoduposanue (MeTonbl TpanchopMaruu B nudpoBoii Koxu).
2.1.2. Ouenka dsuorcenus (motion estimation) (BeKTOp ¥ T.IL.).
2.1.8. Kodupyrowas cmpyxkmypa (rpynna kapruaok (group of pictures GOP)).
2.2. IIpunyuns u cmpykmypa
2.2.1. IIpunyuno:
2.2.1.1. Baok dexomnoszuyuu
2.2.1.2. Cxanuposarue
2.2.2. Cmpyxmypa (6a30Bast cxema 00pabOTKH, paCHIMPEHHast cXxeMa 00pabOTKH, 'OTKPhITast
CTPYKTYpa’, BKJIIOUasi TPAHCKOAMPOBAHHUE).
2.3. Aneopummot.

AJIropuT™MBL B JAHHOM HCCJICIOBAHUU, B OCHOBHOM, HE PaCCMaTPHUBAIOTCS.

Konuposauue &
cKATHE

Ipuknasn

YDOBEHE Oneparun Asropur™mbr
Bpewmsi/ ®opmar Bazossie CTPyKTypa
Ka4eCTBO KOMITOHEHTHI
KapTUHKHA

Puc. 13.10. Obmast crpykTypa craHiapTa

Temnepb MoxkHO paccmoTperhb ctangapThl MPEG Ha ocHOBe mpuBeIeHHBIX CTPYKTYP:

Onucaame MPEG-1

I. O6maga yacTh:

1.1. IIpuxaadnot yposensv: (a) buroBas ckopocThb mepenadn naHubix (bit rate): 64 Kour /
cex ... 2 Mour / cex, (b) mudposas 3anomunaomast cpeia (digital media storage), (¢) kommbio-
TepHBbIE ¥ KOMMYHUKAIMOHHBIE CETH.

1.2. Peoscum kavecmea no epemenu u kapmunke: 1.2.1. Bpemennot pestcum: 3aaepiKKa.
1.2.2. Kavecmeo kapmunku: 06e3 OMUOKU, HU3KUl yPOBEHb Ka4YeCTBA.

1.3. @opmam: 1.3.1. Peszoatoyusa: wuuskas pesomorus (CIF, QCIF). 1.3.2. I[eemosas
dexomnosuyus (no obpasuyam): 4:2:0

1.4. Basoswie onepavyuu

1.4.1. Tpancgpopmayua: (a) aymuo undopmanus, (b) uadopmarus 0 JBUKYIIUXCS Kap-
tuHKax (moving picture information), (¢) komGunarust ayauo/Bujgeo nadopmanuu (CuCTeMHBI
YDOBEHB ).

1.4.2. Bocnpouseedenue/ceoticmea: (1) cayuaitupiit gocryn, (2) GbicTpbIfi HOMCK B 1Ipsi-
MoM /obpatroM Hampasienun (fast forward /reverse search), (3) peBepcuBHOE BocTpon3BeIeHE
(reverse playback), (4) aymno/Bumeo cunxpornzanus, (5) ycroitunBocTs K omubkam (good error
behavior), (6) 3axepxka, (7) penakruposanue, (8) dopmar, (9) perysnposanue ckopocru (rate
control).

1.4.3. Cmpummume: ayamo, BUIAEO, CHHXPOHU3AIMs, CUCTEMHBIl CTPUM, MPOTPAMMHBIH
CTPHM.

I1. KogupoBauue/cxxaTue

2.1. Basosvie Komnorenmol

2.1.1. Budeo xoduposarue: TPAHCKOAWPOBAHKE: KOAUPOBAHUE CTPYKTYPHI KOIMDDUIMEHTOB
CJIOBaMM NI€PEMEHHOM JIJINHBI.
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2.1.2. Ouenku dsuosicenus (motion estimation): or —1024 mo 1023 nonynukcesneit or —512
10 511.5 nukceJeii.

2.1.8. Kodupyrowasa cmpyxmypa: (a) BHyTpu Kazapa: 1 (3aKoJupOBAHO BHYTPH KapTHHKH
- intrapicture coded), (b) mexxay kagapamu: P (3akoampoBaHO ¢ HCHOTB30BAaHWEM MPOTHO3A
KOMIIeHcaluu aBuzkenus, (¢) B (3akomuposano ua ocHose I u P), (d) D (B uensix Hax0xKaeHuUst
npu GeicTpoM moucke). 2.2. IIpunyuns u cmpykmypa

2.2.1. Ipunyunw: (a) mocjes0BaTeIbHOCTE (3ar0TOBOK MHHIMATU3UPYET COCTOSIHHE Jie-
kozepa), (b) rpynna xkapruHOK (TOuKa ciyvaiiHoro mocryma), (¢) xkapruaka (oauH Kazp), (d)
KBaHT BpeMeHHU (pecuHXpoHm3amys), (e) Makpobsiok (16 X 16 KapTHHKA).

2.2.1.1. Baox dexomnosuyuu: 16 X 16 (Maxpo-6J10K), 8 X 8 (6J10K).
2.2.1.2. Ckanuposanue: NPOrPECCHBHOE CKAHMpOBaHue (zigzag).

2.2.2. Cmpyxmypa: upeaBapure/bHas 00pabOTKa, KOAMPOBAHUE, KOJAUPOBAHKE, MOCJIENLY0-
masi 00paboTka (post-processing) OTKPBITHL JJisl yJIy4lieHus (IPUOPUTET JJisl IEPEIavu BUIEO0
undopManmm).

2.3. AnzopummoL.

Onucanme MPEG-2

I. O6maga gacrs:

1.1. Ipurasadnoti yposenn: (a) GuToBas CKOPOCTh Nepenaun aanubix; 4 Mout / cek ...
80 M6wur / cex, (b) mudposoe TV, BbICOKOKaUECTBEHHAsT 3ATIOMUHAIOIIAS Cpeia, KabeabHoe U
cuyraukoBoe TV, Bueoobc/IyKuBaHue 10 CeTH.

1.2. Pesicum Kauecmea no epemeH u KapmuHke

1.2.1. Bpemennoti peostcum: peasibHOE Bpemsi, Hebosbias 3aaeprkka H00...700 mcek, 3a1epxk-
Ka MeXKJIy ayImo u Bujeo curHagamu ~ 300 mcex.

1.2.2. Kanecmeo kapmurKkuy: XOpOIlee KadeCTBO JJis 0a30BBIX PEXKUMOB: BBISIBJIEHUE OIIH-
OOK, peCMHXPOHU3AIMs, BOCCTAHOBJIEHUE JTAHHDIX.

1.3. @opmam: 1.3.1. Pesoaroyus: CIF, QCIF, nomusiit D1, nosy - D1, HDTV, Beicokas
pesosonust (NTSC, PAL). 1.8.2. Ileemosas dexomnosuyus (no obpasuyam):  4:2:0, 4:2:2,
4:4:4 (7151 BBICOKOTO MPOGuIs).

1.4. Basoswvie onepayuu

1.4.1. Tpancgopmayus: (i) Konuposanue: (a) aynuo uundopmanus, (b) nsuxkyrmuecs: kap-
tuaku (moving picture information), (c) komGunanus ayauo/Buseo uadoOpMayu (CHCTEMHbIH
YDOBEHB ).

(i) mudposoit Tonbu (Dolby Digital), DVD 16 x 9 (TV) & wmacmrabupyemocts: SNR
(kauecTBO), NPOCTPAHCTBEHHBIN, BPEMEHHOIA.

1.4.2. Bocnpouseedenue/ceoticmea: (1) cayuaitueiit goctyn, (2) GbITCPbI MOUCK B Tpsi-
MoM/obparHoM Hampasienuu, (3) obparHoe BocupoussejeHue, (4) ayauo/Bue0 CHHXPOHHU3A-
uws, (5) ycroiiunBocts Kk ommbkam, (6) 3axepxka, (7) pegakruposanue, (8) dopmar, (9) pery-
JupoBanue ckopocty, (10) MacmTabupyeMocTb.

JIomoJIHeHUsI: COBMECTUMOCTD, BKJIIOUasl 66epx/6Hu3 (TPAHCKOIMPOBAHWE Da3pelieHus ),
eneped/1a3ao.

1.4.3. Cmpummure: BHUAEO, ayAU0, CUCTEMbI, CHHXPOHU3AI}sI, TECTUPOBAHKE, yIIPABICHUE
nndpoBoil 3ammoMuHAOIIEl cpenoii, nHTepdeiic peaJbHON0 BPEMEHH W TPAHCIOPTHBIA ITOTOK.

Hononuurensuo: Mapkep pecuHxpoHu3anuu (B HaUaJe KayKI0rO Kajpa).

I1. KogupoBauue /cxxaTue

2.1. Basosvie KomMnoHeHmol

2.1.1. Budeo xoduposanue: Hosbie VLC-rabiuupt jyist DCT (uenmueitnniit). Komnencammyst
JIBUZKEeHWs KaJpa/o61acTy.

2.1.2. Ouenku deusicenus (motion estimation):

(a) or —2048 mo 2047.5 nomynukcesneii, or —1024 mo 1023 nukcenei.
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(b) BekTOp JBUKeHUs JIst Kajpa/obacTy.

2.1.8. Kodupyrowas cmpyxmypa: (a) BHyrpu Kajapa: | (3aKonupoBaHO BHYTPU KaPTUHKH),
(b) mMexkny kagpamu: P (3aK0AMPOBAHO € MCIOJB30BaHIEM POTHO3a KOMIIEHCAINH JIBUKEHNUS ),
(c) B (3akomupoBano Ha ocHoBe I u P), (d) D (B measx HaXoXKJAeHHs TPU OBICTPOM TIOUCKE).

2.2. IIpunyuns u cmpykmypa

2.2.1. Hpunyunwv:  2.2.1.1. Jlekomnosuyus 6aokos: 8 X 8. 2.2.1.2. Ckanuposarue: Tpo-
I'DECCUBHOE CKaHMpOBaHue (zigzag) / YepeccTpouHOe CKAaHWPOBAHUE.

2.2.2. Cmpykmypa: TpeaBapuTebHas 00paboTKa, KOAMPOBaHKE, KOAUPOBAHKE, MOC/IEILYI0-
masi 06paboTka (post-processing) OTKPBITHL JJisl yIy4ilieHus (IPUOPUTET JJisl IEPEIavu BUIEO0
nHopManyn).

2.3. AszopummoL.

Onucaane MPEG-4

I. O6mmaga gacrse:

1.1. Ipuknsadnoti yposensv: (a) GuroBasi CKOPOCTb Niepeaaun JaHubix: 24 Koum / cex ... 1024
Kb6um / cex, (b) DVD, nudporoii kabens,3amucsiBatonias sugeokamepa, WEB (nepconasbubiii
CTPUMMUHT), 3aIUTa TPUIOKEHUN, HHTePAKTHBHBINA PEZKUM.

1.2. Pesicum wavecmea no epemeny u kapmunke: 1.2.1. Bpemennot pesicum: 3ameprKKa
500...700 mcek. 1.2.2. Kawecmeo kapmunku: TepeMeHHOe (3aBUCHT OT MCIOJIb3XOBAHUS).

1.3. @opmam: 1.3.1. Pesosoyusa: ot cyo-QCIF k ’Studio’. 1.3.2. [[eemosas dexomnoszuyus
(no obpasuyam): 4:2:0, 4:2:2, 4:4:4.

1.4. Basosvie onepayuu

1.4.1. Tpancghopmayus

1.4.2. Bocnpouseedenue/ceoticmea: (1) cayuaiinbie mocryi, (2) GBICTPBIA IOUCK B Tpsi-
MOM/006paTHOM HampasjeHuu, (3) peBepcuBHOE BoONpousBejieHue, (4) ayamo/Buaeo CHHXPOHU-
sanus, (5) ycroitumBocrs kK ommbkam, (6) 3amepxkka, (7) pegakruposanume, (8) dopmar, (9)
peryiupoBanue ckopocry, (10) macmrabupyemocrs Ha 6a3e 00bEKTOB.

1.4.3. Cmpummune: (a) 1aHHBIE CTPUMMUHIA, MYJbTHILIEKCHDOBHUE U CHHXPOHU3AIUST JAH-
HBIX, CBI3aHHBIX ¢ MeIUHHBIME 00beKTaMH, (b) IOTOKH peabHOTO BpeMeHH, (C) MO3UIMsS Map-
Kepa PECHHXPOHU3XAINH - Ji00ast (3a1epKKa MeKIy ayano- U BugeocuraagoM ~ 300 mcek).

I1. KogupoBauue/cxxatue

2.1. Fasosvie KomnoHeHmol

2.1.1. Budeokoduposanue: (a) BO3MOXKHOCTH MCTOJB30BaTh VLC-TabJuIbl 1J1s1 HAXOXK JIe-
Hust omuboK, (b) BO3MOXKHOCTH KOJAMPOBAHUSI €CTECTBEHHBIX U CHHTE3WPOBAHHBIX JAHHBIX, (C)
BBICOKas I'MOKOCTH KOJAMPOBAHUS ayAMO- U BHIE000HEKTOB.

2.1.2. Ouenku dsusicenus (motion estimation):

2.1.8. Kodupyrowas cmpyxmypa:

2.2. Ilpunyunv u cmpykmypa

2.2.1. IIpunyunw: 2.2.1.1. Baounaa dexomnosuyua: Ha ocHOBe 06bekToB (VOB). 2.2.1.2.
Cranuposarue:

2.2.2. Cmpyxmypa: pPa3jeieHue JAHHBIX JBUMKEHUE U TeKCTa (nmpuopureT 00pabOTKM st
KaKJIOT0 KaJpa).

2.3. Anzopummoi: aJIrOPUTMBI MOTYT BKJIIOYATH CHEIMAJIbHBIE PEXKUMbI JJIs CJIeLyIOIIEero:
1. cueHsl, IPYIILL JOelH; 2. rpaduKa, TEKCT, PUCYHKH.

13.4.2 N3meHeHusd CTAaHIAPTOB

Tenepb MOXKHO yKa3aTh OCHOBHbBIE TE€HJIEHIIMM B PA3BUTHUU CTAHJIAPTOB 00pabOTKM MYT/IbTUME-
JjmitHol undopMmanuu:
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1. Pacmupenune npuioxkenuii: (a) 3anommHaiomasi cpega, (b) emanue, broadcast, (c)
WEB-npusioxenusi. B Toxke BpeMsi, : MOXKHO yKa3aTh 2-10 JIMHUIO Pa3BUTHS 110 BPEMEHHbBIM
pexkumam: pexkum off line, pexkum on-line (peanbHOE BpeMsi), HHTEPAKTUBHBIN PEKIM.

2. YMeHbIIIeHne 33/ I€PKKH.

3. Viyumenue KadecTBa:

3.1. YMenbIinenue ommbOK.
8.2, Yiydienue pe30Ionuii.
3.3, Yiydiienue KadeCcTBO CUHXPOHU3AIINH.

4. Obecnieyenne JOMOTHUTETBHBIX TPUIOKEHWI: NOUCK, GPTUBUPOBAHUE, UHICKCAUUA, MYAb-
mumedutinvie 6a3vl OGHHHT.

Tenepb MOXKHO yKa3aTh U3MEHEHUs] CTAHJIAPTOB:

Nzmenenuns: MPEG-1 — MPEG-2

I. O6mmaga gacrse:

1.1. IIpukaadhot yposens: mudposoe TV, BBICOKOKAUECTBEHHOE XPAHEHUE ayIH0- BUICONH-
dbopmanyu, kabeaproe /ciyrauKoBoe TV, BUIe0-cepBUC, BBICOKOKAYECTBEHHASI IEPEIava ayIuo-
undopmanuu, 6uToBasi CKOpocTh nepegaun ganubix (MP3, crepeo u ap.): 4 M6ur / cek ... 80
Méur / cex.

1.2. Pestcum Kauecmea no epemen u Kapmurke

1.2.1. Bpemennoti pescum:

(1) mm3kas 3azmepxkka (or 0.15 10 menee wem 0.15 st F2F),

(ii) 3aeprkKa B peasibHOM BpeMenu ot 1 cek 10 MeHee yem 0.4 J1J1s1 MHTEPAKTHBHOTO PEXKUMA.

1.2.2. Kauecmeo kapmunku: (a) Xopoinee KauecTBO KapTHHKH, (b) crenuasbHbie pexKUMBbI
CIIOCOOHOCTH CHCTEMBI IIPOTHBOCTOSATH OIHOKAM.

1.3. Qopmam:

1.3.1. Pezoaroyusa: D1, nony-D1, HDTV.

1.3.2. Ilsemosas dexomnosuyus (no obpasuam): 4 : 2 : 2 (st pa3jIuYHBIX YPOBHEH U
npoduieii KauecTsa).

1.4. Ba3soswie oneparyuu

1.4.1. Tpancopmayua: macmrabupyemocts (2/3 ypoBHs).

1.4.2. Bocnpoussedenue/ céolicmea: BBepX/BHU3 (TPAHCKOIMPOBAHUE DA3PEIICHHUS ).

1.4.8. Cmpummune: (1) recrupoBanue, (2) ynpasienue 1udpoBoii 3a0MUHAIONIEN CpeIoii,
(3) mmuranus nporpaMmmHoro obecnedenusi, (4) uarepdeiic peasbHOro BpemeHu, (5) TpaHCIOPT-
HBIH OTOK, (6) 10 6GuToBOE BUIEO (CTYAMITHOE KAYECTBO).

I1. KogupoBauue/cxxaTue

2.1. Basosvie KomMnoHeHmol

2.1.1 Budeo koduposarue: (a) Tabuuna HeauHeHOH KBaHTH(DUKAIME C HOBBIIEHHON TOY-
HOCTBIO JIJIsl MaJibiX 3Hauenuii, (b) anprenaruBHoe ckanupoBanue st koadduiuenra DCT, (c)
MV: —2048...2047.5 nonynukceneii, (d) noeie VLC-rabmuipst s koabdunuentos DCT, (e)
ckanupoBanue kajapa/oonactu g DCT u MV, (f) ne D-xaapsi.

2.1.2 Kodupyrowas cmpykmypa: ITBOWHAS KOMIEHCAIMs OCHOBHOIO JBH:KeHus (s P-
Ka/IPOB).

2.2. IIpunyuns u cmpykmypa

2.2.1 Ipuryunwi

2.2.1.1 Baownasa dexomnozuyus: B MacmrTade: 1 x 1,2 x 2, 4 x 4.

Namenenns: MPEG-2 — MPEG-4

1. O6maga yacTh:

1.1. Ilpukaadnot yposenv: DVD, samuceiBatomasi sugeokamepa, WEB (nepconasnbhbrit
crpummuHr), 24...1024 Kéur / cek (mo cxkaruro: 1000 pas ).
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1.2. Peostcum Kavecmea no 8pemeny u KapmuHnke

1.2.1. Bpemennoti pesrcum: (a) 3anepxkka 500...700 mcek, (b) 3amepkka MeXy ayauo- u
BuAeocurnagamu ~ 300 mcexk.

1.2.2. Kawecmeo kapmunku: ucnoabzoBanne VLC-rabaur s HaXoxKaeHus OMUO0K (BO3-
MOZKHO).

1.3. Qopmam:

1.3.1. Pesonoyus: dbopmar daitna or QCIF mo 'Studio’ (urcTpy™menTapuit st 3amoMuHa-
HUsl JaHHBIX B aiise).

1.3.2. lleemosasa dexomnosuyua: 4 :4: 4.

1.4. Ba3soswie oneparyuu

1.4.1. Tpancgpopmayus: macurrabupyemMocTsh Ha 06a3e 00bEKTOB.

1.4.2. Bocnpoussederue: naysa, medieHHo.

1.4.8. Cmpummune: (a) CTPUMMMHT JAHHBIX, MYJIbTUILIEKCHPOBAHUE U CHHXPOHU3AIUS
JIAHHBIX, CBI3aHHBIX C MEIUITHBIMU 00bEKTaMU, MePEIABAEMbIMHU C UCIIOJTb30BAHUEM TIPOTOKOJIA
IP; (b) rubkoCTH B yCTAHOBJIEHMHM MapKEPOB B JIDOOM MeCTe KaJpa.

I1. KogupoBauue/cxxatue

2.1. basosvie KomnoHenmol

2.1.1 Budeo xoduposanue:

2.1.2 Ouenka dsusicenus (motion estimation): TUOPUIHOE KOIUPOBAHWE €CTECTBEHHBIX
n300pazkenuii (T.e., Ha OCHOBE TIMKCe/IeH) U CUHTE3a CIEeH (CreHEePUPOBAHHBIX KOMIIBIOTEPOM ).

2.1.3 Kodupyrouwas cmpykmypa: BBICOKAsT THOKOCTD JIJIsT PEJICTABIEHNST O0bEKTOB BU,IE0-
U ay/uo JIAHHBIX.

2.2. Ilpunyunse u cmpykmypa: pasjieJieHue JIBUKEHUS M TEKCTYPHBIX (texture) maHHBIX
(mpuopuTeT mepesaun KarXKJI0ro 3aKOMPOBAHHOIO KaJIpa).

2.3. Aneopummuoi: ClIEHWYECKUIT MaTepHasa JOJKEeH ObITh MpUEMJIEMBIM JIJIs aJITOPUTMA,
KOTOPBI MOYXKeT BKJIIOYATh OCOOBbIe PEXKUMBI Jjisi CIIEH HepPeJHer0 W 33/IHer0 ILIAHOB, TPYIII
Jiojieit u rpaduKu, TEKCTa U PUCYHKOB.

Tenepb, MOKHO IOCTPOUTH MOJIEIM CTPYKTYPHBIX U3MeHeHWi (1ByX-CTajuiiHas BOJIIONUS)
J71sl HEKOTOPBIX 4acredi crangaproB MPEG: (a) 1.1 (Puc. 13.11a, Puc. 13.11b, Puc. 13.11c¢),
(b) 1.3.1 (Puc. 13.12), (c) 1.4.8 (Puc. 13.13a, Puc. 13.13b), (d) 2.1.1 (Puc. 13.14), (e)
2.1.8 (Puc. 13.15). Ha Puc. 13.15, D coorsercrByer GbicTpoMy moucky, D’ coorBercTByer
BO3MOYKHOMY HCIIOJIh30BAHUIO MOIMMUIIMPOBAHHOTO pexkuMa (D-kap).

Virydrenre KOMMYHUKAIMOHHON TEXHOJIOTHY SIBJISIETCS CYIECTBEHHOW YaCThI0 M3MEHEHUit
B Iepe/iade MyJbTUMEIUIHON nHMOPMAINH. YKaXKeM CJIeIyIOIe OCHOBHBIE TTPOOIEMBbI B KOM-
MYHUKAIMOHHBIX TexHosorusx [131, 530, 571]:

1. TlonHas wHTErpalys pa3JuuHbIX cereil (6eCIpOBOHBIE, CIyTHUKOBBIE, PAINOBEIIAHNS,
Unreprer).

2. KauecrBo cepsuca (quality of service QoS) (3aiep:kka, aApoxkaHue 3ajep:KKH, M0Tepsi
AKeTOB, WHTEHCHUBHOCTD IIOSIBJIEHUsI OIMTHOOYHBIX OWTOB, MHTEHCUBHOCTH TOSIBJIEHUS] T'PYIIIbI
omubOK, pa3Mep IPYIIbl OMUOOK).

3. CBR unu VBR.

4. CuUHXPOHU3ANMS BHUJIEO, ay/HO U JPYIUX JTAHHBIX.

5. KomMyTamus KaHAI0B MJIM KOMMYTAIUS IIAKETOB.

6. MynbruiieKcupoBaHue.

Taxum 06pa3oM, MOXKHO BBIJEJIUTH JBa BUIa aKIIHii (;Lel‘/iCTBI/HVI, onepauuﬁ) U3MEHEHUD:

I. Inobasvrvie usmererus: HOBBIE CETH, HOBOE KOMMYHUKAIIMOHHOE 000pyIoBaHue (HOBBIE
reHepanuy KOMMYHUKAIMOHHBIX CIIyTHUKOB,) KOMMYHHMKAIIMK HA OCHOBE JIA3€POB M JIP.).

I1. Jlokaavnoe usmenenus: (a) ucnonbzosanue ucnosnb3dosanne VBR st CBR cereit, (b)
sddexrusaas Oydddepusanus, (¢) criakupanue (HanpuMep, CTATUCTUYECKOE MYJIBTUILIEKCH-
pOBaHue).
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Od4eBUIHO, YTO JIOKAJIBHBIE YJIYUIIEHUSI MOTYT 3HAYUTE/IHHO YBEJIUIUTH 3(DHEKTUBHOCTD J1/1si
CYLIECTBYIONIMX ceTell (HAlpuMep, Ka4eCTBO CEPBHCA).

MPEG-1

—

Ilepenaua,
o
ceru

Baszosnie
omepauu

Puc. 13.11a. [Tpuknazanoii yposens (1.1)

MPEG-2
—
Aynno
Iepenaria BBICOKOTO
o Ka4eCTBa
cerun Crytau- Kabenn-
KOBOE  HOE Bugeo Basosbrit
Bazossrit Belanue TV TV CEpBIUC pexum
pexKmM l l l l
Pexum  Basoppe LlBaaoBmﬁ
BBICOKOI'O OIEPALNAU  PEKAM
Ka4eCTBA
Puc. 13.11b. Ilpukiaxuoit yposens (1.1)
MPEG-4
Aynno
Ilepenasa BBICOKOTO
YPOBHS
ceTn Cuyrau- Kabemns- N
KOBOE  HOE nneo Bg}?(%%,m
s BelaHue TV TV CepBHUC p
pexxuM l l l Cunxpo-
Pexxum Y HU3AIU S
| o BLICOKOrO BasoBble Bazosnbrit BBICOKOI'O
KagecTna ONEPAIMU  PEXRUM YPOBHS
| DVD l l
3annChIBAIOIAS
O BUJEOKaMepa HepCOHa,JII;— I/IHTepaK- SaHJ;I/ITa .
HBIN TUBHBIN OPUJIO2KEHNU
Basoskii CTPUMMUHT DEKUM
Puc. 13.11c. Ilpukaaanoit yposeus (1.1)
MPEG-1 MPEG-2 MPEG-4

] ) Or cy6-QCIF
CIF QCIF CIF QCIF Tox- Toay-HDTV ( “7 S 40
D1

Puc. 13.12. Pezostonust (1.3.1)
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MPEG-1 MPEG-2
—

Nurepdeiic
Koauposanue peasbHOro
BpEMeHU
Aynno Ayn Yupapienue
C C 3aIOMUHAFOLIEH
Bujeo “YHHXPO- Buneo HHXPO TecTupoBanue cpenoii
HUBAUS HUBAIWS

Puc. 13.13a. Tpaucnoprabiii morok (1.4.3)

MPEG-4

Nurepdeiic] Crpummunr

Tecruposanued| peanproro | mammerx
IpaBJICHNAE BpeMonHT

Ympaienne
3aIOMHUHAIOMIEH

Buneo Curxpo- Tectuposanue cpenoit
HU3AIUSA

Puc. 13.13b. Tpancuoprubiii 1oTok (1.4.3)

MPEG-1 MPEG-2 MPEG-4
/ A /I\HeCKoano
Kanp agp I'pynma anp I'pynma gg’ﬂg?(TOB
obsacreit obmacreit
Puc. 13.14. Buneo konuposanue (2.1.1)
MPEG-1 MPEG-2 MPEG-4

O06beKThI

Buzmeo
00'BEKTBI

— —
Bugeo Bugeo Bugeo
GOP Aymo  Gop Ayamo  Gop
Aymmo
| P B D 1 P B

I P B D 0OBEKTHI
Puc. 13.15. Konupytomas crpykrypa/rpynnsl Kapruaok GOP (2.1.3)

Temepb MOKHO chOpMUPOBATH 6A30BOE MHOXKECTBO OIEpaIlfil H3MEHEHUS:

I'pynna 1. Pacmmpenune TUnoB JaHHBIX:

1.1. Xpauenne jnaunbix (nHTEpdeiic ¢ npukaagabiMu cucremamn): daiias, DVD, 3anucs-
Batomas sugeokamepa (Oq).
1.2. Bemanue (komuposanue/nekoguposanue): mudposoe TV, kabenbaoe TV, ciyTHUKOBOE
TV, Buneo-koudepenruun O.
1.3. Cerb: BUJIEO CEPBUC 110 CETH, IEPCOHAJIBHBI CTPUMMUHT, 3aIUTa PUJIOKEHUH, HHTED-
akTuBHBIN pexxum Os.

I'pynna 2. I3menenue pe3osaonun:

2.1. llpoexTupoBaHue HOBOTO 000OpPYAOBaHUE NS YIyUIIeHUs KadecTBa KapTuHok: (4 mid
nporpaMMHOTO obecniedenus, Os I 3JTEKTPOHUKH.
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2.2. N3aMmenenue CyIiecTBYIOMEro o00pyI0BaHus I yaydlleHus KadecTBa KapTuHoK: (g
JUisi TporpaMmHoro obecniedenusi, (7 JJis 3JIEKTPOHUKH.

2.3. IameHeHne CymecTBYIONEel# KOMMYHUKAIMOHHON TEXHOJIOTHY JJIs YIYUIeHUs KaueCTBa
kapTuHOK: (g Ay mporpaMMHOTO obecniedenus, (g I 3JIEKTPOHUKH.

I'pynna 3. I3amMeHeHue BpEMEHHOTO peXKuMa:

3.1. Ymenbmenne 3aaepxkku  Oqg.

3.2. Peanuzanus pexkxuMa peajibHOTO BpeMeHH (KOoH(bepeHIuu, HHTepakTUBHOCTE) (1.

I'pynna 4.

4.1. YMmenbiienue morepb Oqs.

4.2. Yvenbrienne jgarentrHoctd  (Oq3.

I'pynna 5. Ilepenaua:

5.1. Pacimpenne cepsucuoit nadopmanuu (rectuposanue, ynpasienue u ap.) Oiy.

5.2. JIoNOIHATE IbHBIE PEKUMBI (peasibHOe BpeMsl, CTPUMHUHT JaHHBIX) Ois.

5.3. TlomepKKa pe:KUMOB OMCKa (Hampumep, npu nomomny D-kaapos) Ojg.

5.4. lomepKKa peXKUMOB [OMCKA € YBEJTMYEHHEM DY KAPTUHOK (¢ 2 KaPOB JI0 7 KAJIPOB)
017.

I'pynna 6. O6bekT & mMacmiTabupyeMocCThb:

6.1. Peanuzanus 00beKTHO-OPUEHTHPOBAHHOTO TIOJX0/IA, T.€., CEMAHTUYECKUl aHAJIN3 Tepe-
JmaBaeMoit mHdoOpMalmn (0T KaJpa K 00beKTy /clieHe, CHHXPOHU3AIUS MapKepOB JJist 00BbEKTOB,
BBIsIBJIeHHE TI00astbHOTO JABHKeHns) Os.

6.2. Peammzanust MHOrO-mKaJabHOCTH (O1g.

6.3. Tlepemennast 6;10kupoBKa (Og.

PaccmoTpuM Tpu TN GMHAPHBIX OTHOIICHWH HA ONEPAIUaX W3MEHEHHUsI

(1) sxeusasenmmuocmo RE;

(2) donoanumenvrocmov (coemecmumocmsv) RS (Tabaune 13.16);

(3) yeaosue caedosanus das onepayuti R/ : o — (B, manpumep: 1 — 6, 1 — 12
1 — 14 u xap.

B Tabaune 13.16 ucnosb30BaHbI CAeAYIONNE 0003HAUEHU: * - OTHOIIIEHNE Ha 0a3e 00beKTa,;
& - markoe-xkectkoe (soft-hard) orHomenue; A - OTHOIIEHHE IO PEXKUMY OOCTYKUBAHUS; € -
OTHOINIEHHE TI0 BpeMeHHOMY pexkumy. g skeusasenmuo RS paccMaTpuBalOTCs CJeLyIoInue
napst oneparuit: (Oy, Os), (Og,07), (Os,Og), (O1s,02). Hekoropbie crpyKkTypHbIE OmMuca-
HUSI COBMECTUMOCTH TpeacTaBiaenbl Ha Puc. 13.16 u Puc. 13.17. 91 oTHOIEHUsT MOTYT OBITH
UCIIOJIb30BaHbI /I8 CTPYKTYPHBIX orpanudenuii. Jlonosnurensuo, B Tabaune 13.17 npeacras-
JIEHBI OIEHKM 110 BPEMEHH /I KaxKJ0il onepanuu u3MeHeHud. [Ipu 3TOM IpeanosaraloTes Tpu
BPEMEHHBIE CTaIMu:

(a) cragus 1 (npomuioe) jjisi HHTEPHOJISIIMOHHBIX 33/1a4;

(b) cragust 2 (6imxkaiiee Oyyiiee) [Uisi KPATKOCPOYHOIO MPOrHO3a (HECKOJIBKO Jier: 2...4);

(c) cramus 3 (Oymymiee) ajist gorocpounoro nporuosa (5...10 jer);

O4eBUIHO, MOXKHO OIIUCATH BBEJICHHBIE OII€PAIMU U3MEHEHN Ha OCHOBE JBYX TUIIOB CBOMCTB:
1. sbdekTuBHOCTD (N0AE3HOCTB), 2. TpeOyeMblie pecypchl. B pe3ysibraTe, MOIy4aeM MHOTOKpPH-
TePHAIbHOE ONUCAHME M STH OIHUCAHUSA MOIYT ObITH MCIOJL30BAHBI B ONTHMHU3AIMOHHBIX 3a/1a-
vax (Wid 3a/a9aX OPUHATHS PelleHuii) Kak nejesble (byHKIMU (KPUTEPUH) WIH OTPAHUYCHUSI.
31ech PACCMOTPEH CHUCOK KPUTEPHEB:

I'pynnoa 1. ITone3nocTs: kadecTBo Bujmeo (C; kKadecTBo ayamo (Ch; KadyecTBO CHHXPO-
nu3amuu Cs; kadecrBo gaHabix (); kKadecrBo moucka (.

I'pynna 2. TexHoJiormueckasd cpefia: HOBBbIE TEXHOJOTHYECKHe BO3MOKHOCTH (.

I'pynnoa 3. ’Croumocts’: nponosaurenbubiit HUP C7; Tpebyemoe HOBOe mporpamMMHOe
obecnieuenue (Cg; Tpedyemoe HOBOe obopyraoBanue Cy; 00beM Tpedbyemoro mpousBojactBa (C'g;
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Beca Baxxnoctu kpurepueB ykazanbl B Tabsaune 13.18. Tabsuna 13.19 comepkut oueHKH
omepanuii W3MeHeHHs 10 KPUTEPUSM ¥ IPHOPUTETH (pe3yJabTaT MHOTOKPHUTEPHAIBLHOTO DaH-
KUPOBAHUS /I TPEeX BPEMEHHBIX CTaINii COOTBETCTBEHHO;

Ta6suma 13.16. Bunapaoe orHomenue cosmecmumocms R°

01 \02 \03 \04 \05 \06 \07 \Os \Og \om\ou\ou\013\014\015\016\017\018\019\020
01
Oq
O3 C I LI )
o) <> * * Kk x K * * % *x
o <> * * Kk x K * *
Os &
O~ &
Os &
Oy &
Ono [ IR [ ) [ )
On [ ) [ ) [ )
O1 * ok
O13 * ok
O o+ * A
O15 [ IR C I
O16 N+ * YA
O17
O1s * *
O1o *  *
Osp * *

OTHOIIEHUE OTHOIEHUE
BPEM#A-DEKUM (), o CEPBUC-PEKUM

Puc. 13.16. Cosmecmumocms ¢ 6a30BbIM Oz

O, Os
OTtHomenue
HA OCHOBE
00BEKTOB

VIV VYV VYVVYVYY

OlO 012 013 014 015 016 018 019 020

Puc. 13.17. Cosmecmumocms ¢ 6a3oeimu yaaavu Oy u Os
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Tabmuna 13.17. CoorBeTcTBHEe BPEMEHHOR CTa UK

1: ITpomnoe 2: Bauskoe 3: Byaymee
Oyayuiee
0, * * *
0, * * *
O3 * * *
Oy * * *
Os * * *
O * * *
07 * * *
Os * * *
Oy * — *
Ono * * -
Ou * * —
O12 * * *
O3 * * *
O14 - * *
O15 * x -
O - - *
O17 - * *
O1s - * *
O - * *
O - * *

13.4.3 YucaeHHble IPUMEPHI

Tabsuma 13.19 comep:KuT pe3yabTaTbl MHOTOKPUTEPHAJIBHOTO PAHXKUPOBAHUS OIlE€PAIUs H3Me-
HEHUd /I TpeX cTaauit B coorBeTcTBuu ¢ Tadsumeit 13.18:
Craanga 1. 3agava UHTEPHOISIUU. 37eCh CAeAYIONNE ONEePAIUN SABISIOTC JIy IITHMU:
1.1 Og (w3MeHeHHE CYNIECTBYIOMMX MPOTPAMM JJIsl YJIyUIIeHHs] KauecTBA KAPTHHOK).
1.2 Og (u3MeneHne mporpamMM Jisi CYIIECTBYIOIIEH TeJIeKOMMYHUKAIMOHHOM TeXHOJIOTHH ).
1.3 Oq5 (ymeHblleHHE TIOTEDPD).
Cranug 2. [lnanupoBanue Ha HECKOJIBKO JIET. 31€Ch CJIEIYIOIINe OTEPAINY SIBJISIOTCS JIy 4-
MMTAMU:
2.1 Og.
2.2 Oy (u3Menenue 00OPYHAOBAHUS JJIsI CYIIECTBYIONMX TEJIEKOMMYHHUKAIIMOHHBIX TEXHO-
Joruit).
Craaunga 3. [Tianuposanue Ha 5...10 Jet. 31ech Cieayoue onepanun siBASIOTC JIy YITUMUA:
3.1 O, (pacmupenue uHTepdeiica ¢ TPUKIATHBIME CHCTEMAMU (MAMSITBh)).
3.2 Ogs.
3.8 O.

Tabaumna 13.18. Beca kputepuen

Cranus 1| Cragus 2| Cragus 3
Gy 5 5 5
Cy 3 4 5
Cs 3 4 5
Cy 2 2 4
Cs 0 0 3
Cs 1 3 4
Cr -1 -2 —4
Cy -3 —4 —4
Cy —4 —4 —4
Cho -5 -5 -5
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Tabsuma 13.19. OneHku M0 KPUTEPUAM U TTIPHOPHUTETHI

Ch ‘02 ‘03 ‘04 ‘05 ‘Cﬁ ‘07 ‘CS ‘Cg ‘CIO IIpuoputrerst p;
O, 555 5 5 5 5 3 452 2 1
0o 55 55 —4 5 4 452 2 2
O3 - ——=-5555512|2 2 2
04 4 4 4 45555 23 2 2 2
Os 4 4 4 4 2 4 5 4 5 4] 2 2 2
Os 33320234011 2 2
07 33300232432 2 2
Os 55555555041 1 1
Oy 555 555 5 2552 1 1
O1o 33531454322 2 2
O — — — —3 54 45 5| 3 3 3
012,035 5 5 41 2 55 121 2 2
O14 33555555332 2 2
O15 - - —-—55555 133 3 2
Os6 - — — —5 55 4 — —| 3 3 3
O17 5 — — —3 435342 2 2
O1s 5 2 4 45555 232 2 2
O1g 333 4 —5 4 4 4 42 2 2
O2 5 — — 43345 2 412 2 2

B 1o ke Bpewms, 1e/iecO00Pa3HO HCCAEI0BATH CJEAYIOIINE OIePAll, KOTOPBIE SIBJISIOTCS
OIM3KMMHE 110 BasKHOCTH K JydmuM (“KBasu-yydnrue”):

Cramuga 1: Oy, Oy Oy.

CTa,I[I/Iﬂ 2: 01, 06; 012, 013.

Cramunga 3: 04, Oy4, Oig.

Puc. 13.18 comep:kuT ykKa3aHHbIE Olepalliyd U3MeHeHus. Ternepb MOXKHO chHOPMYJIUPOBATH
3a7a4y:

Hocmpoumb mpaexrmopuu u3 onepauuzi UBMEHEHUA C YHETOM UL COBMECTIUMOCTIIU.

Cramus 1 Cranus 2 Cramus 3

(06,087012,013) (C Os, Og ) ( O1, 03,09 )

Hi Hi Hi
(010,00 ) (0120505 ) (040,05 )
! A i

T

Puc. 13.18. Jlyumme u ’KBasu-jydiige’ omnepanuu U3MeHeHHsI

PaccMoOTpuM MHOTO-CTaUHYI0 9BPUCTHKY JIsi BBIGOpA M KOODIMHAIMK OIEPAIMil H3Me-
HEHUSI ¢ y4eroM rpymn (KJacTepoB) ONepaluii, KOTOpbe TMOJYYAOTCs Ha OCHOBE BBEIEHHBIX
6unapubix orHomenuit (Puc. 13.16 u Puc. 13.17).

®aza 1. MHOrokpurepuaabHOE PaHXXKMPOBAHWE ONepaIil M3MEHEHUsI W BHIOOD JIYUIIUX W
'KBa3U-JIydInux’ onepanuii s Kaxk o spemennoit craguu (Tabmuna 13.19, Puc. 13.18).

®Paza 2. Pacmupenre MHOXKECTBA, Ole€panuii Ha OCHOBE JIOTHYECKUX TPABUI (T.€., GHHAPHBIX
OTHOIIIEHHIA).

®aza 3. [enepanusi aabTepHATUBHBIX OlEpaIUii U3MEHEHUsI JIJIsi KaXK/I0W BPEMEHHO# cTa-
JIVIH.

®a3za 4. [locTpoenue Jgydlnei TpaeKTOPUHU ¢ YIETOM B3aUMOCBSI3H ONl€paIlnii Ha, Pa3JIMIHBIX
BPEMEHHBIX CTAIAAX.
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Paccmorpum cramguio 2. 31eck ucnosib3yores kjacrepsl oneparnuit u3 Puc. 13.16 u Puc.
13.17. pe3ynbrupyioiiee paciimpeHHOe MHOXKECTBO orepaluii nokasano Ha Puc. 13.19.

Cramgus 1 Cragus 2 Cramgus 3
(0670870127013) ( Os, Og ) ( O1,0s, Oy )
i b i
(01.04.00/05.05)  (012,013,016/04,05,05)  (04,014,015/05,012. 013, 0y

i i i

T

Puc. 13.19. Pacimmupenable MHOKECTBA, JIVIIIINX U KBA3W-JIYUIIAX Omeparnnii
y y 10,

Temnepb MOKHO T€HEPUPOBATH ONEPAIMH W3MEHEHHUs! (9TOT IPUMED UMeeT WJLTIOCTPATHBHbII
XapakKTep, B PeAJbHOI CHTyaIun HeoOX0MMO OPTraHH30BATh CIENUAJIBHYIO IPOIELYPY IKCIEePT-
HOT'O OICHUBAHUS):

Cmadus 1 (HEKOTODBIE JIBE MCXOIHbIE TOYKH):

Al = {0, Og, 019, 013,04, 05,03}; Al = {Og, Og, 01}

Cmaduasa 2:

A% = {Os, Oy, O12, 013, 04, 05, O, 03}; A% = {08709}-

Cmadus 3:

Ai{’ = {01, Os, Oy, O12, 013,04, Os, Oy, 018703}; A% = {01, 08709}5 Aé = {01}-

Puc. 13.20 uiaocTpupyer omepanuu U3MEHeHUs U HEKOTOpPbie CHCTeMHbIe (‘TeXHOJIormye-
ckue’) Tpaekropuu. 'TexXHOJIOTHYECKHe' TPAEKTOPHHU JIOJXKHBI OBITH TIOJYUYEHBl HA OCHOBE JIyU-
KX Ollepaluii Ha KaXKI0H BpEeMEHHO! CTaJluUA U OUYEHb XOPOIleil COBMECTUMOCTH MeXK/y Oollepa-
UMY, BRIOpAHHBIMHE JJIsi PA3JIMYHBIX cTaauii. dra 3a7a4da coorsercreyer UMMII. B npumepe
pPacCMaTPUBAIOTCSI TIOPSIIKOBbIE OIEHKH COBMECTHMOCTH, 110Jy4YeHHbie oT 3KcineproB (Tabuuna
13.20; 3 cooTBeTcTByeT Jiyureli coBMecTUMOCTH). TakuM 06pa3oM, TOJIyYeHbl TPACKTOPHH:

ap =< Al = A3 = A3 >, apy=< Al= Al= A3 >

Ha dwunanbnoit haze MOKHO MPOBOIUTH aHAIN3 MOJYyYeHHBIX TpaeKTopuii. Hampumep, Bce
TPAeKTOPHUH COJEPKAT Ha CTAIUU 2 OlepaIui U3MEHEeHHs, KOTOpble OPUEHTUPOBAHBI HA, yJIyd-
menue cymecTByomieii kommyHukanuonubix cereit (Og u Oy).

Tabsmma 13.9. CoBMecTUMOCTD
al (4D (4 ) 2] A3] 3] A3] A3
a2 (4 (4 A3 AT 313 2 0

T A 12 3

|
Cranus 1 Craaus 2 Cramgust 3 A2
Puc. 13.20. Tpaekropun n3amMmenenusi 2

b
— DN
[(GLRULE V]
(GVN NV \V]
wWwo

13.4.4 Ob6cyxaeHue

B namnOM paszmesie ommcaH MOJAXOM K KOMOWHATOPHOMY MOJEJMPBOAHUIO CTAHAPTOB TEpeIavdn
undopmanuu Ha npuMepe ctangapros tuna MPEG. Takoit moaxos mpeacTaBisgeTcs mepcrek-
TUBHBIM JjIsi TPUMEHEHUs K JPYTUM CTaHIapTaM Tepeaadn WHOOPMAIUn.

13.5 MoayabHOCTh B IPOTOKOJIAX U CTAHJAapTax

B Teuenne mocnemgneit qekaibl, ”THTEHCUBHO UCCJIEAYIOTCSA PA3JIMIHBIE BOITPOCH TPOTOKOJIOB IS
GeCTIPOBOJIHBIX ceTell W CTaHAAPTH 00pabOTKH MyabTuMenuitnoil nudopmanuu |77, 101, 119,
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131, 192, 252, 258, 277, 283, 310, 466, 517, 571|. B nocseanne HECKOIBKO JIeT, MOSIBUIUCH UC-
CJIeI0BaHNsI, HAIpABJIEHHbIE HA MHOTOKPUTEPUAJIbHBIN aHAJIM3 U BHIOOD HAMJLY YIIIero IPOTOKOJIA
u crangapra [281, 300, 487|. CrenyeT Takyke OTMETHTH HOBBIH TpPEHJ B 00JACTH KOMMYHHKA-
IIHOHHBIX MPOTOKOJIOB M CTAHIAPTOB HAa OCHOBE UX MPEJICTABIEHUS KaK KOMOMHAIIUN 3JIEMEHTOB
(nanpumep, npasu, aaropur™MoB u jp.) [209, 382, 385, 442|. Takoit noxxos, SBJISI€TCST OCHOBOR
JUIsl MePApXUYECKO KOMIO3UIuu (KOHMUIYpAIMU) MPOTOKOJIOB U3 3JIEMEHTOB. DTO HAIPAB-
JieHHe OJIM3KO K CJIEIYIONIMM COBPEMEHHBIM II0JX0/[aM Ha OCHOBE KOMIIO3WIIMH: aIaITHBHBIE
nporpammbl [416, 527, anropurmsr [258, 434], cepsucer [297, 521].

B janHOM pasjiesie ONuChIBAETCS MOLY/IbHOE IIPOEKTUPOBaHUE (KOMIIO3UIUST) KOMMYHUKAIIU-
OHHOTrO TpoToKoya u crangapra Tuna MPEG mis o6paborku mysibruMeauitHol nHGOPMAI.
[361, 382, 385]). Hekoropbie 6a30Bbie MOAXO/bI K MCIIOJB30BAHUIO U UCCIE0OBAHUIO KOMMYHUKA-
[IMOHHBIX TTPOTOKOJIOB U CTAHAAPTOB JIJIsi 00pabOTKH MyJIbTUMEAUITHON WHPOPMAIUK YKa3aHbI B
Taomumne 13.21. /IBa npeacTaBieHHBIX B JAHHOI CTAaThe JBa YUCIOBBIX IIPUMEPa SBJSIOTCS MO-
JubUKAIUSIME TIPUMEPOB 13 craTeil [361, 382]. DTu npuMepsl BKIIIOUAIOT: HEPAPXUIECKYIO (Ipe-
BOBUJIHYIO) CTPYKTYDPY CHCTEMbI, TIPOEKTHBIE ajibrepHaTuBbl (DAS) mjist yacreii/KOMIIOHEHTOB
CHCTEMBI, IIPOIECC pPellleHhs. DKCIEPTHbIE CY:K/IeHUs MCIOJIb30BaHbI i oneHuBaHus DAs.
OneHKH ¥ MPOIECC BBIYUC/IEHHS MMEIT WIIIOCTPATHBHBIA XapaKTep, HO MOIYT ObITh HCIIOJIb-
30BaHBbl KaK OCHOBA JIJIsI peaJbHBIX MPUJIOKEHUIA.

Tabsuna 13.21. TToaxoabl K TPOTOKOJIAM /CTaHAapTaM

OcHoBHBIE 330391 WcTounuk

1. IIpumenenre 6a30BOr0 IIPOTOKOJIA, JIJIsI [77, 101, 277, 283],
OEeIIPOBOIHOM CBSA3M

2. T'ubpuasbIii TPOTOKOJI JJjisi GEIPOBOAHOMN CBSI3U 119]

3. unamuyeckuii BBIOOP [IPOTOKOIA, OOHOBIIEHNE 300, 485, 487, 507]
(upgrade)

4. Pekoudurypupyemsblii CTEK IIPOTOKOJIOB 128, 209, 585]

5. CaMO-OpraHu3yeMblii CTEK TPOTOKOJIOB o4

6. JunaMudeckasi apXuTEKTypa MPOTOKOJIA, o4, 442]
o0mieit cxeMbl

7. KombunaropHbIit cuaTe3 IpoTOKOJIa, ZigBee [361]
J1s1 6ECTIPOBOIHBIX CEHCOPHBIX CeTell

8. Kombunaropnast asostonuii nporokona ZigBee [385]
115t 6eCIIPOBOIHBIX CEHCOPHBIX CeTEl

9. CTPyKTypHBIH TOIXOM K CTAHAAPTAM s 130, 131, 192 310],
MYJBTUMEINIHON nHpOpMAIIH 320 427, 571

10. MHOTOKpUTEpHAIbHBIN BHIOOD aJIrOPUTMOB 281
06paboTKY [JIsT MyJIbTUMEIUITHON HHMOPMAIY

11. KomOuHATOpHAST BOJIIONKS CTAHIAPTOB JIJIs
MYJIbTUMEIUHAHOM nHEGOPMAIUT [382]

TpaaunuonHas cxeMa 06pabOTKU BXOAHON uWHMOPMAIMHU (HATIPUMED, CUTHAJ, TOCIEI0Ba-
TeJIbHOCTh M300parKeHW, MPUKJIA(HAS CATYAlNs) UMEET BUJI:

Bxodnwie dannvie —> Memod obpabomxu —> Pesyivmamot

Ouesuano, amanramus memoda obpabomky (WU aaropurMa, Habopa mpaBua 00paGOTKH)
MOKeT OBITh OCHOBaHA Ha, CIIEIUAHLHOM IPEIBAPUTEILHOM aHAIN3E 61000, ITOOB MOTUMUITIPO-
BaTh Memod obpabomikuy JJisi COOTBETCTBUS UMeromeMycst exody. B pabore [362|, npeacraBienst
CJIeJLYIOIIMe TUIIOBbIE Caydan jiuist Mogudukanuu memoda obpabomku: (1) ucnosub3oBanue 6a3o-
BOro (T.e., HCXOIHOTO0) MeToAa, (2) MoAudUKAIMs UMEIOMIEroCsi METOJ JIJIsl Oy YeHHsT MeTO/A,
KOTODBIfl COOTBETCTBYET MMelIeMycs 6xody, (3) BHIOOp MeTona Jjis IpUMeHeHui n3 6ubnno-
TEKN METOJIOB C YYeTOM THIIA MUMEINerocst 6xoda, (4) MoayIbHOE TPOEKTHPOBAHNE METOIA HA
OCHOBE OMOJMOTEKN KOMIOHEHTOB METOJOB € YU4E€TOM THIIa UMEIOIIErocsa 6X00d.

219



Puc. 13.21 and Puc. 13.22 wunocrpupyior jaBa ykasanubix ciaydas (3) u (4). Ormernm,
MHOT'OKPUTEPHAIbHBIN aHAIN3 aJrOPUTMOB JIjisi 00PabOTKHU MTOCJIEI0BATETbHOCTH N300 parKeHmi
npencTaBieH B pabote [281]: (a) ompeaenenne HaGopa THIOBBIX MOC/IEI0BATEIBHOCTE N300pa-
skeHnit, (6) MHOTOKPUTEPHAJNBHBIH aHATN3 AJTOPHUTMOB JJisi 06pabOTKH TOCTIeI0BATEIHHOCTH
n300pazkeHuil i BbIJeeHns MHOXKeCcTBa [lapero-onTuMaibHBIX AJITOPUTMOB it KazKJI0I0
THUIIA II0CJIeI0BaTe/IbHOCTEH m300pakenuit. Takoit aHaiu3 gaBiagercd 0a30il [ IPUMEHEHUs
cxeMbl, coorBercTBytomeil Puc. 13.21, mig 06paboTKu mocjeoBaTeIbHOCTeH M300pazkeHuil B
peaJlbHOM BpEMeHH.

AHaJIOTMYHO, MOKHO PACCMOTPETh TAKO# MOIXOI JIjIsI KOMMYHHUKAIMOHHOTO TpoToKoJa. Ha-
npumep, umeercs crek (6a3a) MPOTOKOJIOB M B PEATbHOM BPEMEHH OCYIIECTBJISIETCsl BBIOOD Hau-
JIy9IIIero mpoTOKOJIA JIJIsi MMEIOIIelicsi KOHKPeTHO! BXoaHo# curyanuu [128, 209, 300, 485, 487,
585].

Bxod O6paborka, Pesyavmamot
(curaad, uHpOpMAIIH
HOCJIE0BA-
A Anamms exoda, t
TeADHOCTD i neHTUUKALMST
n300paKeHuit, at 1 Buibop
IapaMeTpPhI curyarmu (Tun J
IPUKJIAIHOM CHTHAJIA, THII MEMooa
CHUTyaIInHn) n300paKeHuii ) i
Bubnmnoreka
Memodos
Puc. 13.21. O6paboTKa Ha OCHOBE BBIOOPa METOA
Bxod O6paboTka Pesyavmamot
(curuad, urgopmanun
HOCJIEZI0BA~
o HELCTB Anammus exoda, i
“ NICHTUPUKATUA
Hapaverper CInyaI_[I(/Iiz/I (TPLIIH Moayaeroe
TIPUKJIATHOM CUTHAJIA, THTI HpoeKTHpaOBa‘HHe
CHUTYAIVN) N300parkeHnit) Mem‘T’ a
Bubanoreka
Memodos,
KOMIIOHEHTOB

Puc. 13.22. O6paboTka Ha OCHOBE MOAYJIHHOTO MPOEKTUPOBAHUS METOIA

B pa6ore [361], kommyHukanuonusiii nporokoa ZigBee dbopmupyercss Ha 0CHOBe 6a30BBIX
KOMIIOHEHTOB (HepapXudyecKoe MOJYJIbHOE MPOEKTUPOBAHUE), T.€., DEAJU3YETCsl CXeMa, COOTBET-
crBytomasa Puc. 13.22.

13.5.1 CuHTe3 KOMMYHUKAIIMOHHOTO TIPOTOKOJIA

JlaHHBIN pa3/es COAEPKUT ONMUCAHNE MOYJIbHOTO MPOEKTHPOBAHUS KOMMYHHUKAIMOHHOTO TTPO-
Tokosa ZigBee. Vcnonb3yercss yuporneHHas uepapxuueckas Mojesb mporokosa ZigBee (Puc.
13.23):

1. Pazpermenne unrepdepeniun A = X x J:

1.1. Hauasbuas npoueaypa Boigsienus kanana X: Xg (wer), X; (PAN KoopauHATOD BbI-
Gupaer Hawayummii gocrynnelii REF kanan / uaentudukanus ceTr B HAYAJbHBI MOMEHT).

1.2. Kenaemsiit kanan J: Jy (wer), J; (BoisBienne npoucxopsineil uarepdepeHiyun u
HCI0JIb30BaHue HOBOroO omepanuonHoro RF kanana u/wiu unenrudukaropa cern).
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2. ABromarnveckoe / pacupejesieHHoe ajpecHoe ynpasienue B: By (uer), B; (ABromaru-
YeCKOe Ha3HAYEHME aJ[peca yCTPOHCTBA Ha OCHOBE UCIO/Ib30BaHUs MEPAPXMUYECKOl, pacipeje-
JeHHO# cxeMbl), By (ABTOMaTHYeCcKOe Ha3HAYEHHE aJIpeca YCTPOWCTBA Ha OCHOBE HCIOJIb30Ba-
HUsI CTOXaCTUYIECKOI CXeMBbl).

3. I'pymnosast agpecamust [: Iy (wer), I; (ycrpoiictBa MOTYT Ha3HAYATHCS JJIsi TDYIIIHI,
1esas rpyIna MOXKeT ObITh aJipecoBaHa Ha OCHOBE OJHON CXeMbI).

=AxBxIxCxRxY
.Sl Al*Bl*]l*Cl*Rl*}/l
SQ Al*Bl*]l*Cl*RQ*}/l
SgIAl*Bl*[l*CQ*Rl*}/l
S4IA1*Bl*[1*CQ*R2*}/1
Al*Bl*]l*Cl*Rl*}/Z
Al*Bl*]l*Cl*RQ*}/Q
S7IA1*Bl*[1*CQ*R1*}/2
SgIAl*Bl*[l*CQ*RQ*}/Q

Y=FxLxW
}Yi:Fl*Ll*Wl

YQZFQ*Ll*Wl

Wy (3
Wil
Us(3)  To(3
U2)  Ti(l
Us
R=lpLe? , 3:2.1,0
C=GrHxQeV xP +1 2% Lo x 1E 3
G\ =G *ﬁ%l**V*PzEM,LOE Ry = Dy » By x Z1(23,0.0
G T A VP 230 1o e 1z
la Vs ] % j2 Do(3)  Ey(3 Zo(3
Go(3)  Ho(3) Qu(3) Vi(3) B3 Di(2)  Ei(3 7.1
Gi2)  H(1) Oyl W(2) P2 Dy(1)  Ey(2
2 P2 E31
B I
o =X Xl*Jl (3:1,1,0) 51 10%33
raummt gl% 12
Xo(3)  Jo(3 2
X,2) (1

Puc. 13.23. O6masga crpykrypa nportokosa ZigBee

4. llentpasuzoBannbliit coop gaHHbiXx C' = G*x H xQ x V % P:

4.1. Coop nanubix Ha ocHoBe 6LOWPAN koopmunaropa G: Gq (mer), Gi (nmosinas 1moj-
JIEPIKKA).

4.2 C60p NaHHBIX HA OCHOBE APYrux ycrpoicrs H: Hy (uer), Hy (¢ HOMOMIBIO CHEIUATBLHOTO
060pyI0BAHYS ).

4.3. Mapmpyrusamus “muOoro-omun” Q: Qg (uer), Q1 (Cerb BBIsSIBJISIET arperaTop 3a OJUH
mar).

4.4. Tonnepxka pexumoB multicast/broadcast ma ocmose 6LOWPAN V: V; (mer), V;
(flooding), V5 (nyts k PAN koopaunaropy).

4.5. Mapmpyrusaius ucrounuka P: Py (Her), P; (Arperatop oTBeYaeT BCeM OTIPABUTEIISIM
B 9KOHOMHOM DEXKHME).

5. Macmrabupyemocts, pa3Mepbl R = D x E x Z:
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5.1. Macmrabupyemocts ceru D:  Dqy (mer), D; (mKkajia ceru OrpaHudeHa ajpecyronuM
AJrOPUTMOM; OOBIYHO, CETH C JECATKAMU/COTHSIME yCTPOHCTB nojjepxxusatorcs), Do (aape-
CYIOIHUil aJTOPUTM YMEHBIIAeT pa3Mep CeTH, MOJAEPKUBAIOTCS CEeTH € COTHIMMU/THICIIaAMA
YCTPOHCTB).

5.2. Pasmep coobmenust E: Ey (wer), F; ( < 100 6ur; TouHBI pa3Mep 3aBUCHT OT UCIIOJIb-
3yeMOTr0 CepBHCa, KOTOPbIH MOIepKUBAETCs), [y (60JIbITION pasmep coobIeH s, 10 BO3MOYKHO-
ro pasmepoB 0y(depoB yCTpOWCTB MoJiydaTest U OTIPABUTENSI, KOTOPbIE TOIEPKUBAIOTCS Ha,
ocHOBe bparMeHTanuu u pe-cOopku), s (60sbInol pasmep cooOIIeHus], 10 BO3MOXKHOTO Pa3-
MepoB 0y(depoB yCTPORCTB MOJIydaTes s ¥ OTIIPABUTE I, HA OCHOBE HcroJib3oBanus 6LoWPAN
dbparmenTanyun u pe-c60pku).

5.3. CrangaprusupoBannasi Komuccusi Z: Zg (Her), Z1 NOJjIepKKa Ha OCHOBE CTaHIAPTHON
“crapT-aIr’ MpOIEAyPhl U MapaMeTpoB JJjisi UCIOJIb30BaHUsI KOMUCCHOHHBIX CPEJICTB B MYJIbTH-
MMOJIb30BATEJILCKOI CpeJie.

6. Ilogmepkka cetn Y = F'x LxW:

6.1. Pobacruas siuencrasi cerb F: 6.1.1. 6LOWPAN - nomxoxst U: Uj (mer), U; (“Hau-
mapupyt”), Us (“nop-sueiika”). 6.1.2. Tabmunst coceacrsa T T (uet), T (Ha KazxKI0M yCTPOii-
CcTBe).

6.2. moxepxkka 6ubsmorekn kaactepoB L: Ly (uet), L; (THIOBOE mOBeneHne MEXKIY PO~
dbunsamm).

6.3. Ilogmepxka Be6 cepsucos W: Wy (mer), W, (cxxarsie HTTP ¢ XML ganusivu).

[Mopsinkossie onenku st DAs (mkana [1,2,3]) npexacraiensr va Puc. 13.23 (B kpyribix
CKOOKAX, IKCIIEPTHBIE CyKJEeHWsl, WIIOCTPATUBHBIH xapakrep). Onenkn coBmectumoctu (mo-
psiikoBas mkanaa [0, 1,2, 3]) npeacranenst B Tabaune 13.22 u Tabaune 13.23 (sxcneprHbie
CYKJIeHVsl, UJLTIOCTPATUBHBI XapakTep).

[Mostyuatores ciierytonye npoMexyrounsie cocraBubie DAs st mogcucrem: (1) Ay = Xy*Jy,
N(A) = (3;1,1,0); (2) Cy = Gy * HyxQy % Vax Po, N(C1) = (234,1,0); (3) Cy = Gy Hy Q1 %
Vix P, N(Cs) = (3;2.3,0); (4) Ry = Dok Eyx Z1, N(Ry) = (3:2,1,0); (5) Ry = D1 % Ey% Z1,
N(Ry) = (2;3,0,0); (6) Fty = UsxTy, N(F\) = (3;1,1,0); (7) Fy = UsxTh, N(F) = (2;2,0,0);
(8) }/1 = Fl*Lg*Wl; (9) }/2 = FQ*Lg*Wl.

Puc. 13.24 nnmoctpupyer “npocrpancTso”’ KadecTra Jiist mogcucrembr C'.

Tabmuna 13.22. Ouenku copmectumoct [361]

Hol Hy| Qo Qi Vo | Vi | Va| Ro| P1| P,
Gol3 2 3 231301 1
Gil3 33333233 2 Eo| Er| By| B3| Zo| 2
H, 2 1 1 2111 1(lDyJ1 1110 1
H, 0313313 2||Dj]2 3331 3
Qo 2 0 1 1 1 1|[Dyl2 3 3 3 1 3
o 0 3 3 1 3 2|E, 1 1
Vo 2 1 1||F 1 2
Vi 1 3 2||E, 1 3
Vo 1 2 3| F; 1 2

Tabsmuna 13.23. Ouenku coBmectumocta [361]
Lo| LiW{Wy|| | By Bi|Bo| Iy | I

=17 D\ FTo 3 1 3[40 3 3 1 3
ol T To 1B |1 3 1 3B, 11
X,l0 2llU,|1 3L 0 1B 1 3
X2 3llu,l2 2L, 0 3| B, 1 3
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N neanbuas
TOYKa

N(Cy)|e N (O)

Hapixyz-
hsi w=3
O4Ka, w = 2

w=1
Puc. 13.24. Kauectso C

J1st cucTeMBl MOJTYyYaloTcs BOCEMb aJbTePHATHBHBIX pernennii: S1 = Ay x Byx[{ xCix Ry x Y7,
So=A1xB1*xI[1 xC1xRox Y], S3= A1 x By x[1 xCox Ry xY1, Sy = A1 x By x [1 x Cy % Ry x Y7,
Sy = A1 xBi*xI1 xC1 xRy xYs, Sg = Ay x By x [1 x C1 x RyxYs, S7 = A1 x By x I[1 xCo % Ry x Y5,
Sg = Ay % By x [{ * Cy % Ry x Y.

3aMeTnM, HCXOTHOEe MHOXKECTBO BO3MOXKHBIX pelleHuil BKaodaeT 1232272 koMOuHAIWiA.

13.5.2 Komno3umusa cTaHAapTa AJd MYJbTUMEANIHON mHMpopMaImmn

JlaHHBIN pa3ies CONepKUT ONMCAHNe MOLYJILHOTO TPOCKTHPOBAHUSA CTaHIAPTa I 00paboTKh
mysbruMenuniinoit nadopmanun (MPEG 1, MPEG 2, MPEG 4). Paccmarpusaercst ciieyo-
masi TexHosioruueckasi cxema: (1) exoduwie danmvie (ayamo, BUIEO, JAHHBIE CHHXPOHU3AIUH
TeKCTa, CUHTeTu4eckas uHpopmanus); (2) obpabomka (KomupoBaHue, Tepejada MO CeTH Je-
Ko/mpoBauue); (3) ewxodnvie dannvie (st deoBeKa, JJisi IPUKIATHON cucTeMbl). OueBuHO,
HCIOJIB3YIOTCs cyletytomue TpebGoanusi (kpurepun): (i) kadecrBo pesysibrara (T.e., Pe3yJbTH-
pytomieit nadopManuy - noce AeKoupoBanus), (ii) 3arparsl (cToMMOCTb, OMUOKK [0 BpEMEHH
u jp.). OBBIYHO, KAUeCTBO PE3Y/IBTUPYIONIMX W300parXKEHUH OIEHUBAETCS HA OCHOBE CJIELYIO-
mero: PSNR, 3a/iepKKu, ONMOKH, JIATEHTHOCTD, MOT€PH (HAIPUMEp, MOTepsl MaKeTa, MoTeps
KaJIpa).

O6o6mmennas uepapxudeckasi crpykrypa crangapra tuna MPEG umeer Bun (Puc. 13.25;
BKmodasg DAS 1 KOMIIOHEHTOB, oneHKHd aad DAS ykasaHbl B KPYIJIBIX CKOOKAX, HOPSIKOBAd
mkana [1,2,3]) [382]):

0. Cranmapt tuna MPEG S = A x B.

1. Obmast vactb A =CxBxDx E x F':

1.1. Ilpukaaguoit yposenb (Buueo-resedonus, Bugeo-koudepeniws, mudpoBoe BelaHue,
1upoBoe XpaHeHune BuIe0-uH(GOpMaIK, KAOeJIbHOe U CIIyTHUKOBOE TeJIEBUICHNE, BUI€0-CEPBUC
o cetu, DVD u np.) C: bit rate 64 kbit/s C;(2), bit rate 4 — 80 Mbit/s Cs(1).

1.2. Pexxum KadecTBa 10 BpeMeHM u u3o0Opaxkenunio D = X xY: 1.2.1. pexXuM 10 BpeMeHH
X: 3agepxkka Xi(3), peasibHoe Bpemsi, Masias 3ajepxkKa Xo(1); 1.2.2. kauecrBo n300parkeHust
Y': uuzkoe Y;(3), xopomee Y5(1).

1.3. ®opmar EF = U xV: 1.3.1. Pesomonus U: uuskas Ui(3), Beicokas Up; 1.8.2. nexom-
nosunus nseta V': 6azoBas V;(2), Beicoknit mpodmis Va(1).

1.4. Basossie oneparnuu F' =T x P x M: 1.4.1. TpaunchopmupoBanue 1': 6a30BbIi peKUM
T1(1), mudposoit Dolby T5(2); 1.4.2. Ocobennocrn P: 6azoswiit pexxum Pj(1), ¢ macmrabu-
pyemoctbio P5(2); 1.4.3. Tlepesaua moTokoB (BHIEO, ayanmoO, CHHXPOHHW3AIMsI, TECTHPOBAHUE,
yupasienne) M: 6a3osstit pexxum M (1), ncnons3osanne Menna 06bekToB Mo (2).

2. Komuposaunue/c:katue B = G x [ x J.
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2.1. Bazosbie komnonentsl G = Q x W x Z: 2.1.1. Bugeo kopupoBanue (METO/bI TPAHC-
dbopmanyu B nudposbie Kojpl) (Q: KOAMPOBAHUE CJIOBAME [EPEMEHHOI JInHbl K03(bbUIMEHTOB
crpykTypsl Q1(1), VLC tabmuner qns DCT (menuneitnsie) (Q2(2); 2.1.2. oneHKa JBUKEHU
(BekTop ® Ap.) Z: or —1024 mo 1023 mmkceneit (ans monosBuusl) Z1(3), or —2048 mo 2047
nukcesteit (st mostHoit) Zo(1).

2.2. ITpunnunsr u crpykrypa [ = K x L:

2.2.1. llpuanuner K = OxH: 2.2.1.1. Baokosas nekommnosuius O: 16 times16 (Makpo6JioK )
u 8 X 8 (6;10k) O;(1), Ha ocuoBe 00berToB (VOB) O4(2); 2.2.1.2. ckanmpoBanue H: mporpec-
cuBHOe ckaHmpoBauue (zigzag) Hi (1), anprepuarusaoe Hy(2).

2.2.2. Crpykrypa (6a3oBast cxema 06pabOTKH, pacipeHHasi cxeMa 06paboTKH, 'OTKPhITast
crpykTypa’' BKIIOYas TpaHckoauposanue) L: 6a3oBbiii pexxum Li(1), pasiesienue 1BUKeHUS U
JIAHHBIX TEKCTYPbl Lo(2).

2.3. Anropurmsl J: ynpomenusie J;(2) ciaoxubie Jo(1).

Cranmapr S=AxB

tuna MPEG Sl :Al*Bl (Cl*Dl*El *Fl)*(Gl*Il*Jl)

SQZAQ*Bl (CQ*Dl*El*Fl)*(Gl*Il*Jl)
A=CxD*xExF
Alicl*Dl*El*Fl B=GxIxJ
AQZCQ*Dl*El*Fl BlzGl*[l*Jl
C l G=Q~*Z
C1(2) LTy Ps M G1 = Q1% Z2(3;2,0,0)
Ca(1) F =T« P« M(32,2,0) | lr—fksr l{] o)
D=XxY I1 =K1 %L Jl(l)
2
Dy = X3 xY2(3;2,0,0) VT P M K =0+ H L
? Ti(1) Pi(1) M(1) Ky = 0y % Hy(3:2,0,0) Ly(1)
E=UxV | T2(2) P(2) M(2) ﬁ Ly(2)
X0V B = Uy Va(3;2,0,0) O H
Xi(3) Yi(3) 971 T 2T IHHAT Ou(1) Hi(1)
Xa(1) Ya(1) 02(2)  H»(2)
u |V Q Z
Ur(3) Vi(2) Q1(1) °Z:(3)
Us(1) Va(1) Q2(2)  Z2(1)

Puc. 13.25. O6mas crpykrypa craggapra tuna MPEG

Beimie 66111 ncnosib3oBansl cieayomue obozuadenus: Dolbi Digital (dbopmar Dolbi Digital),
VLC (Variable-Length Coding), DCT (Discrete Cosine Transform).

Ouenku coBmectumocTy npusesenbl B Tabuie 13.24 (SKcnepTHbIe CyKICHUS).

[MostyuatoTcs ciejyiomue poMe:KyTodnbie cocraBubie DAs mis nogcucrem: (1) Dy = X %
Y1, N(Dp) = (3;2,0,0); (2) By = Uy *Vi, N(Ey) = (3;2,0,0); (3) Fy =Ty~ P+ M, N(F)=
(3;3,0,0); (4) G1 = Q1% Z1, N(Gy) =(2;2,0,0); (5) K1 = O1+ Hy, N(K7)=(2;3,0,0).

Tabmuna 13.24. OneHKr COBMECTUMOCTH

Py| Py M M;

713 2 3 1
M| WMVl 3 1 3l 42| |[H[H
Xil2 3||/Ui|1 2|~ 3 21Q1|3 3|03 2
X2 3 3 U2 2 3 P2 1 3 QQ 2 3 02 2 3

Jlayee, KOMOMHAIUH /Tl CJEAYIOMUX O0Jiee BHICOKUX UepapXUUeCKUX YPOBHEH MOIE/IN MMe-
0T BU/: (a) A1 = Cl*Dl*El *Fl, (6) A2 = Cg*Dl*El*Fl, (B) Bl = Gl*fl*Jl.
OKOanTeJII)HO, IOJIYy49alOTCA JABa aJIbTEPHATUBHBIX DEIICHUA OJId CUCTEMBbI:
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Sy = A1 x By = (Cy % Dy x Ey % Fy) % (Gy % I1 x Jy);
SQ :AQ*Bl = (CQ*Dl*El*Fl)*(Gl*[l*J1>.

3aMeTuM, UCXOTHOe MHOYKECTBO BO3MOYKHBIX pelieHuii BKaodaeT 16384 komOuHaIm.

13.5.3 Ob6cyxaenune

B pasnmene mpenctaBieH MOIYJABHBIN MOAXOM K KOMMYHUKAIIMOHHOMY TPOTOKOJIY W CTaHAAPTY
a1 06paboTKu MyabTuMeauiiHOi mH(popMmanuu. [IpeacraBisgercs mepcneKTUBHBIM HCIOJIb30-
BaHWe TIPEJIOKEHHOTO TOAX0/Ia K APYTUM TPOTOKOJAM i 6eCpOBOIHON CBSA3U W TpUMeHe-
HUE MOJYJIbHOTO IIPOEKTUPOBAHUS KOMMYHUKAIMOHHBIX IIPOTOKOJIOB M CTaHAAPTOB 006paboTKu
MyJIBTUMeIUITHON MHGMOPMAIMY B B PeKUMe PeabHOI'O BpEMEHHU.

13.6 Ilpumepsl ysaydineHusi /paciiupeHns ceTei

13.6.1 VYaydileHue ceTu

3/ech mpeCTaB/IeH YIPOIIEHHBIH TPUMEpP y/aydlieHusi Teie(pOHHON CeTH MOCKOBCKOTO Peru-
ona [349|. Tabauna 13.25 comepKuT nepedeHb paccMaTpUBAEMbIX DermoHOB {Aj, .., A9} wu
UX OIEHKH 110 mapaMeTpaM (SKCIEpTHOe OleHWBaHUE, MopsijikoBas mkaja [1,10]): Hacenenune
P}, ypoBeHD CYIIECTBYIOIIEH KOMMYHUKAIMOHHON NHMPACTPYKTYphl Py, pa3mep peruoHa (m/1o-
maan) Ps.

[Tocse kyacrepu3anuu (HCIOIB30BAH ATVIOMEPATUBHBIN aJITOPUTM JJIsi HePAPXUIeCKasi KJia-
crepusanus [345]), noydaiorcs cieayomue rpynns! (Kaacrepsl) peruonos: Gt = {A;}, G* =
(A}, G3 = {Ay, Ag), G* = {A}), G° = {As5, Ay, A}, and G® = {Ag). Tabmma 13.26
COZIEPKUT SATh TUNOBBIX aKIWil (BAPUAHTA) PA3BUTHsI/y/IyUIeHNs] HA YPOBHE DErHOHA:

{D1, Dy, D3, Dy, D5} (D; - BapuaHT COOTBETCTBYET OTCYTCTBHIO JESITEIHHOCTH).

YKa3aHHBIE aKIMH OLEHUBAIOTCs 110 KpurepusiM (nopsigkosas mkasa [0,5], skcneprroe ore-
HuBaHue): obmas nosnesnocrs (Ch), caoxuoctbh (Chy), nepenekrusHasi nosesHocts  (Cs),
Tpebyembie 3arparsl (Cly).

Tabsuma 13.25. Pernonsl, oneHku

Peruon Hapamerpsr
P, ‘ P, ‘ P Tabsuma 13.26. Tunosbie aknuu yuiydiieHust

A, |lenTpanbubrit 10 10 9 AKums yaydimeHust Kpurepun
Ay | FOsxmprit 8 9 10 c.loTo-1C
As | FOro-3amna bt 6 7 4 L ‘ 2 ‘ 3 ‘ 4
A4 | TOro-Bocroumbrit 3 8 8 D; |Her 0O 0 0 O
As | Cepepnbiit 4 4 5 D> |Hosbie ymannn 5 5 5 5
AG Cesepo-Bocrounsrii | | 1 9 D3 PemonT jmanit 2 2 2 2
A7 |Cesepo-zamamuniii | 4 5§ 4 4 |Pactmpenme (roBEIC 3 3 3 3
Ag 3ama HbIii 5 6 4 JIMHUY ¥ YCTPOWCTBA)
Ay | Bocroumpiit 2 4 5 Ds |VYnanenwe craperx qmmmit| 1 1 1 1

JIByx srtamHasi cxema pemieHusi npejacrasieHa #a Puc. 13.26. @opMupoBaHue cOCTaBHOTO
IJIaHa yJydrienust (Pa3BUTHsI) OCHOBBIBAETCS Ha CJELYIONeH 3ajade GJIOYHOrO prok3aka (uc-
0JIb3YeTCsl TPOCTelInast yKaHas’ IBPUCTUKA):

6 5 6 5 6 5 6 5
1 : 2 3 : 4
max g g C;;Tij, mMin g g C;;Tij, Max E E C;;Tij, Min E E CiiTij
i=1j=1 i=1j=1 i=1j=1 i=1j=1

6 5 5

s.t. ZZaijxij S b, Zl‘ij =1Vi= 1,—6, Lij S {0, 1}

i=1j=1 j=1
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. _ 1,12, D3, D4, D54 N6
B pesyusbrare nosyuaercd cienymomee pemenue: Sy =< DyxDix D x Dy D% D7 >. B ciayqae
3aBUCUMOCTH PEIIeHUH JIJIsi COCEJHUX PErnOHOB, HEOOXOIMMO HMCIIOJIb30BAaTh KOMOWHATOPHBIN
cuHTe3 Ha ocHOBe MIMMII.

Perunonsr,
KJIACTEPU3AIAST
CocTaBHOIT IJIaH PA3BUTHS
Ipumep: S =
< D} x D} % D§ % D % D2 » D§ >
1 2 3 4 5 6
A5 As) |— &C LG lG LG LG LG
:> Dl

= D D2@D4 o D6
Gy (D) D DI (D) D D
Dl (D) D! Di D} DS

D! D D D! (DY DS

Puc. 13.26. Nuroctpanuit 2-x 3ranHoii cxembl

13.6.2 Pacmupenue ceTu

PaccmarpuBaeTcs cieayomuii mpuMep J1Jisi peruoHAJIbHON KOMMYHUKAImoHHOi cern [349]: (i)
cymieCcrsyeT KOMMYHHUKAIIMOHHAA CETH JJId HEKOTOPOTI'O peruoHa (MHO}KeCTBO KOHE€YHBIX ITOJIB30-
BaTeJiel, MHOYKECTBO TOYEK JOCTYIIA, JIUHUU TIOKJIIOYEHNs [0JIb30BaTeseli K TOYKaM J0CTyIa),
(ii) HEOOXOAMMO CIPOEKTHPOBATH JOMOJHUTENBLHYI0 KOMMYHHUKAIMOHHYIO CETh IJIsl COCEIHEro
pernoHa (Kak Jyisl JOMOJHHUTEJHHOTO PETHOHA, T.€., PACIIUPEHNe UCXOMHOH cucTembl). Moryr
OBITH TPUMEHEHBI JIBE CTPATETHH PACITHDEHHUS:

Cmpameaus I. TlpoexTupoBaHue OMOJTHUTETHHON KOMMYHHKAIMOHHONW CETH JIJisi HOBOT'O
peruoHa.

Cmpameeus I1. IlIpoekTupoBanue HOBOi “00ITeit” KOMMYHUKAIMOHHOM CETH JIJIsT HHTETPUPO-
BAHHOI'O PErMOHA, BKJIIOYAIOIIETO CYIIEeCTBOBABIINN PETHOH U JOMOJHUTEIbHBINA DETrHOH.

Cmpameeus II1. TIpoekTupoBaHne KOMMYHHUKAIMOHHONW CETH JIJIsi HOBOI'O PErMOHA, W MO/IH-
duKanus CymecTByOIEeil KOMMYHUKAIIMOHHONR CeTH JIJIsSI HCXOJQHOTO PErvoHa.

PaccMarpuBaioTcst JBa peruoHa (moJb30BaTe/ M, TOYKH JOCTYIIA):

(i) mcxomubiit pernon (17 mosw3oBaresieii, 3 rouku gocryna, Tabuna 13.27, Tabaumna 13.28,
Puc. 13.27);

(ii) momostauTenbHBIH peruoH (11 moap3oBaresneit, 3 Touku nocryna, Tabauna 13.27, Tabiuna
13.28, Puc. 13.28).

Ucnons3ytotes crpaternu: cmpamezusa I (He3aBHCHMOe TPOEKTHPOBAHUE JJisi PETHOHOB),
cmpamezus 11 (AHTErpHPOBAHHOE MTPOEKTHPOBAHUE).

JIJ1st MCXOMHOTO PErvoHa MCMOJIb3YIOTCS CJICAYIONNEe MapaMeTpPhbl: MHOXKECTBO IOJIb30BaTe-
neit ¥ ={1,...,4,....,n} (n = 17), muOo)kecTBO TOUeK nocryna O = {1,....4,...,m} (m = 3). dusa
KaKJIOTO TI0JIb30BATE]Isi MMEETCsl BEKTOD TapaMerpoB (T, Yi, Zi, [i, D), TJe CJeytomue KOMIO-
nenthl (Tabsuna 13.27): koopauuaTs (x;, y;, 2;, TpedyeMas MUPUHA TOJOCH 4acToT f; (mKaJa:
1 Mbit/s ... 10 Mbit/s), npuopurer p; (mopsimkoBas 1mkana [1,2,3], Bce TpebOBaHUS TOJIB30-
BaTeJisl YIOBJIETBOPSAIOTCS B cjiydae p; = 1), TpeGyemasi HaJEKHOCTh 7; (IOPSIKOBas TIKAJA
[1,10], 10 coorBercTBYeT MakcumabHO HadekHOCTH. [JapamMeTpsl Jjist TOUeK JOCTyna BBOJIST-
cs anasiorndHo (¢ nagexcom j, Tabnnna 13.27), Bkitodasi napamerp n; (MakCHMaJbHOE HHCIIO
06CTy ) KUBAEMBIX TTOJB30BATEN€H ).

Taxum o6pasoM, Kaxkaas mapa “mosb30BaTesb - To9Ka goctyna’ (re., (i,7),i € V,j € O)
onuceiBaeTcs Tak: (1) HagexKHOCTL 755 = min{r;, r;}, (2) paccroguue l;;, (3) npuopurer p;; =
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pi, and (4) TpeGyemasi mupHHA MOJIOCHL 4acToT f;; = f;. JomosHuTepHO, paccMaTpUBAETCS
napamerp ‘ca3nocru’: [3;; pasex 1 ecam [;; < | m 0 B nporuBHOM ciyuae (L coorBercrByer
OTPAHWYEHUIO MO PACCTOSHUIO. DTO IMapaMeTp OMpeeiseT s KaXKJI0ro noJjb3oBarens Vi € U
MOJIMHOXKECTBO BO3MOXKHBIX TOoUeK jocrymna O; C O. [logkaodyenne mob3oBaTesisd ¢ K TOUKE
JocTyta j onpeessiercss Bynesoit mepementoit x;; (x;; = 1 B cily4ae NOAK/IIOYEHNs/ HA3HATCHHS
i kK j ux;; =0 B nporuBHOM ciy4dae). Obmee pemenne nogkiaovenus (Haznadenns:) (V¥ =
©) onpenensiercst Bynesoit marpuneit X = ||z;;][, i =1,n, j =1,m.

Tabauna 13.27. Jlanuble 1JIsT MCXOJIHOIO PErHOHA
(a) mosb3oBaTe N (b) Toukm mocryna

REAN AR AR A AR RINEA A AL
11301165 5|10 2 | 5 ||150(157/10(30(4 |10
20581174 5 | 5| 1|9 ||2|72]102[10]42] 6 |10
3195|156 0| 6| 1|6 |[3/45]52(10(45|10]|10
4152|134 56|18
58134 3 16|17
6127109 718 | 3|5
7155108 2| 7] 2|10
819889 3 |10 1 |10
9125165271315
10/ 52| 81| 1 (10|18
11165125 71611219
12193/ 39| 1 [10| 1 |10
131172 26| 2 (10| 2 | 7

Tabsmma 13.28. launHble A1 AONOJHUTETHHOTO PETHOHA
(a) mosnb3oBaTEH (b) Touku mocryma

il @i\ |z | Ll o | 13T |y |z | S|y
141110169 5| 7| 2 | 5 [|4|150/165/10|30| 5 |15
1511453181 3 | 5| 2 | 4 ||5(140/1112[10]|32| 5 | &
161170161 5 | 7| 2 | 4 16(147147(10|30( 5 |15
171120140 6 | 4 | 2 | 6
181150136 3 | 6 |2 | 7
1911731253 1 | 8 | 3| 5
2011839114 (4| 3|5
21(133 59| 4 13| 3 | 4
221147 79| 5 | 7| 3 |16
231172 26| 2 |10 2 | 7
241165 50| 3 |7 | 3| 3
2511279 95| 5|7 | 2|5

DopMyIUPOBKA 3a/la9U UMeeT BUJIL:

n n n
maxz Z Tij iz, maxz Z fij'rij7 maXZ Z DijTij

i=1j€0; i=1j€0, i=1j€0;

s.t. Zfl-jxij S fj VJ € @, ZSL’U S n; VJ € @, Z Lij S 1Vi e \I/,

i=1 i=1 JEO;

Ucnosnb3yercsi ynpoueHuas aByx-sranHas sspucruka: (i) ajst Kaxkuoi napsl (i, j) BEeKTOpHast
oneHKa TpancdopMupyercst (MHOrOKpUuTepraibHoe paHkuposanue, sepcusi Meroga ELECTRE)
B TIOPSIIKOBYIO OIEHKY (ii) permenue morydeHHO 3aa49u O Ha3HAYEHUSX C OJHAM KPHTHEDEM
(>kamubiit anroput™). Puc. 13.27 comepKuT nosydeHHoe pernenuii (MOIK/II0YeHNe /Ha3HAUEHUE
MOJIb30BaTeell K TOYKaM JTOCTYIA).
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13|
11 12

Pwuc. 13.27. Ucxonusbrit pernon

Puc. 13.28 Br/rouaer jiBa peruoHa (MCXOAHBIN U JIONOJIHATE IbHBIN) ¥ COOTBETCTBYIOIIEE TI0/I-
KJIIOUEHHUE MO0JIhb30BaTe e, 3/eCh pelleHre MOoIyYeHO OTIAEIbHO sl Ka¥KJI0r0 PErHOHa (CTpaTe-
rus I): ayis ucxoauoro peruona (moaksouenue ¢ Puc. 13.27) u jist JONOJHUTEIBHOTO PETHOHA.

Puc. 13.29 comepkut pesysibrar HHTErPUPOBAHHOTO poeKTupoBanust cmpamezus I1). Cie-
JyIOIIe TI0JIb30BaTE U Tlepe-ToAKJIIoueHbl: 3, 13, 25.

Mo»kHO paccMOTpeTh U APYryIo OBILYI0 9BPUCTUYECKYIO CXeMYy perieHust (j1jist yMeHbIIeHus!
Pa3MepPHOCTH HCXOMHOM 3a/1a4n):

(a) moAKITIOUEHNE TMOIB30BATEN€Ell B HCXOAHOM DErroHe,

(6) mojKIIOYEHNE MOJIB30BATE€ell B IONOJHUTEIBHOM PETHOHE,

(B) BBIIEIEHNE “HOrPAHUYHON” 30HBI ¥ COOTBETCTBYIONIMX IMOJIb30BaTe€ell (B MCXOTHOM pe-
I'MOHE W B HOBOM DETHMOHE) M Iiepe-PelleHue 3a/a4 JJIsi STOro “rojiperuona’.

B npumepe (Puc. 13.28, Puc. 13.29) takoe “norpannvnoe” MHOXKECTBO MOJIb30BATEI€H BKJIIO-
qaer: {3,5,8,13,14,17,21,25}.

Fig. 13.28. /IBa permona: oT/ie/ibHOE MOAKIIOUEHNE
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Fig. 13.29. /IBa permona: COBMECTHOE TIOJIKIIOUEHIE

13.6.3 OobcyxaeHue

B nanHOM pa3jiesie IPUBEJEHBI [BE PEAJIMCTUYHBIE 3312491 Y1y YIIeHNs] / DACITUPEHUS] KOMMYHHU-
KaIMOHHBIX cereit. CiielyeT OTMETUTh, YKa3aHHBbIE 3a]a49l MOT'YT PACCMAaTPHUBATHCS KaK yIIPO-
mernbie. C 00mux MO3KIMii ciielyeT uccaeaoBaTh 0oJiee CAOKHbBIE 3a1a91 MOAU(MUKAINA KOM-
MYHUKAIMOHHBIX CeTeil M UCHOJIb30BATh W3BECTHBIE MO (HAIpPUMEp, 3ajadu MoauduKa-
UK TOIIOJIOTMH CeTell - augmentation problems), u HOBbIe OAXO/BI (HATIPEMED, MOAUMDUKAIS
MHOTO-YPOBHEBBIX CeTeil, BK/II0Yas Iepepacipe/ie/ieHne y3/10B CETH 110 YPOBHAM, MOIMMUKAIIUIO
TOIOJIOTHH CETH HA KAXKJIOM yPOBHe, MOAUMDUKAIMIO COeUHEHUH Y3/I0B PA3JUYHBIX YDPOBHEI).

13.7 BpIBoaBI K rJjiaBe

B nannoii riaBe npejicraBiieHbl TPUMepPbl TPUMEHEHNUST KOMOUHATOPHBIX WHYKEHEPHBIX CXEM JIJIsT
MOCTPOeHUsI, MOJU(UKAIUKE U KOMOMHATOPHOTO MO/IE/IMPOBAHUS IBOJIONUH PA3JIUIHBIX YacTei
KOMMYHUKAIMOHHBIX cuCTeM (00Mmast CTPYKTYpa, MPOTOKOJIBI, CTAHJAPTH Mepeaadn nHbOpMa-
UM, TIOJKJIIOUEHNUs TI0JIb30BaTe el K mpoBaiijepaM 1 TOYKaM J0cTyna). B manbHeiiimeM mnpe-
CTaBJISTCS BayKHBIM IIPOBECTH CJIEYIONINeE MCC/IeT0BAHUS:

1. MOJIe/TMPOBAHUE U TIOCTPOEHKE CTPYKTYPbl COBPEMEHHbBIX IIOKOJIEHUSI CUCTEM CBSI3H, BKJIIO-
4yasl aHAJIU3 IBOJIIOIUN CHCTEM;

2. IpUMEHEHUe MOJLYJIbHOTO T0JX0/Ia K PAa3JIMYHbIM COBPEMEHHBIM IPOTOKOJIaM OeCripoBO/I-
HOH CBA3W;

3. mceaemoBaHUe 33719 MOIYJIBHOTO TMTPOEKTUPOBAHUS KOMMYHHUKAIMOHHBIX MTPOTOKOJIOB U
CTaHaPTOB 00PAOOTKM MYJILTUMEIUHHON MHGMOPMAIIUK B PEXKUME PEaibHOTO BPEMEHH;

4. MOJIE/TUPOBAHUE U MTOCTPOEHNE aPXUTEKTYPhl COBPEMEHHBIX ceTell CBsI3M, BKJII0UYast BOTIPO-
chl MOJIupUKAIMY ceTeil;

5. mccieioBaHue 3aJ1a4 MOAK/II0OUEHHS [I0JIb30BaTe eil K TOYKaM JIOCTyIIa ¢ YUeTOM HeoIlIpe-
JIEJIEHHOCTH (HAIIPUMED, C UCTIOIH30BAHNEM HHTEPBAJBHBIX ONEHOK B BUJIE MYJIBTUMHOXKECTR);

6. ucciaegoBaHue 33724 MPOEKTUPOBAHUS M MOAUMUKAIUU MHOTO-YPOBHEBBIX KOMMYHUKA-
IIUOHHBIX CHUCTEM.
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I's1aBa 14

Ilpnaoxkennsa B CTPOUTEIBCTBE

B jnanHoii TiaBe ! NpuBeJeHO ONUCAHWE JBYX NPUMEPOB KOMIO3UIUHU: () MaKpOTEXHOJIOTHUS
GeroHa (KOMIIO3WIMSI, TIPOU3BOJCTBO, TpaHCIOpTHpOBaHue), (6) Mepapxuveckasi MOJEJb Ceii-
CMOCTOMKOTO 37aHus (TUIOBOI JBYXITaXKHbIH JIOM), OEHUBAHUE JIOMA U €r0 YKPEILICHHE.

14.1 Texwnojsorug 6eroHa

B sanHOM pasjesie npecTaBiieH IPUMeEpP HePapXUiecKoro IOCTPOeH sl TexHoiorun 6erona [374,
342|. Uepapxudeckas cxeMa Jjisi TEXHOJOTUH GEeTOHA BKJIIOUAET:

(a) KOMOMHATOPHOE MOJIETMPOBAHNE W aHAJIW3, BKJOYas jBe dacru: (i) 6eron (anbrepHa-
THBHBIE KOMIIOHEHTHI ¥ MX COBMECTHMOCTH) U (ii) TeXHOJIOrust IPOU3BOACTBA (AJIBTEPHATHBHI);

(6) ajanTanus TEXHOJIOTUY JJisl ONPEIETCHHON TPUKJIATHONR CUTYAIUH.

Hamre paccmorpenune 6JiM3KO K COBPEMEHHBIM IIOAX0aM B 00JIaCTH HHTEIPHPOBAHHOIO IIPO-
eKTHPOBAHMS MATEPUAJIOB ¥ IIPOM3BOJICTBEHHOIO IIPOIECCA. 371eCh PACCMATPUBACTCI KOHKPET-
Has TPUKJIAJIHAS CHTYAIUI:

Hatimu "nHoausyuwyio’ KoMOUHAUUIO KOMNOHEHMO8 DEMOHA U 8APUAHM NPOU3BOICMEE C YUe-
MOM Ueaeoz20 Kaacca bemona u mpebosanul (ozparurerud).

PaccmarpuBaercs cieayiomas uepapxudeckas crpykrypa (DAs ykazaubl B CKOOKax):

0. Texnonorus 6erona S =D x X xU x Z
1. Kommnonentsr D = A X B
1.1 Kpynusie 3anonnurenn A (Ag, Ay, Ag, Az, Ay, As).
1.2 Menxkue 3anonaurenu B (By, By, By, Bs, By, Bs).
2. Iement X (X1, Xs, X5, Xy, X5).
3. Tlpomssoacreo U (Ui, Us,Us, Uy).
4. Kuaccw 6erona (Bersb neneit) 2 (21, Zy, Zs, Zy, Zs).

DakTHUeCKU, NPUBEIEHHAs CTPYKTypa cojep:xkut cramuio HUP (D, X u np.). B npumepe
paccMarpuBaorcs cieayomue DAs: Ay (wer), Ay (mebenn), Ay (rpasuii), Az (mebensb u3 rpa-
Busi), Ay (nomenusiii muiak), A; (TOIVIMBHASI 30/1a OT TEIJIOBOH 3JIEKTPOCTAHINH) ¥ T.1.; B

I MaTepuaJs TIaBLI OCHOBAH HA, TTyOIUKAIMIX:
(i) Levin M.Sh., Nisnevich M.L. Combinatorial scheme for management of life cycle: Example for concrete
macrotechnology. J. of Intell. Manuf., Vol. 12, No. 4, 2001. pp. 393-401.
(ii) Levin M.Sh., Danieli M.A. Hierarchical decision making framework for evaluation and improvement of
composite systems (example for building). Informatica, Vol. 16, No. 2, 2005. pp. 213-240.
(iii) Levin M.Sh. Composite Systems Decisions, Springer, 2006, chapters 8, 9.
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(mecox), By (xpobsennbiit necok), Bz (npocesinubiii mebens), By (ananor Ay), By (anamor As)
u T.1.; X (nement ’300”), X5 (uement '400°), X3 (nemenr ’500’), X, (uement '600°), X5 (nemenr
'700%); Uy (m3rorosmenue Ha 3aBoje), Us (M3roTOBIEHHE Ha CTPOUTEJIBHO IIOMAIKE, UCIOTb-
30BaHHe HMelomeiicss cMecn 3amnosHuTesneii), Us (M3roToBIeHHe HA CTPOUTEIHHON ILIOMAKE,
cMerBanue 3anoaHuTeneit), Uy (M3roToBieHne B MyTH HA ABTOMAINHE BO BPEMsl JOCTABKH);
7y (6eron 200" wim B15), Zs (6eron '300" mwam B22.5), Z3 (6eron '400" noam B30), Z, (6eron
’500” wau B40), Z5 (6eron '600” win B45).

Hns Up mpousBoACTBO GeTOHA W ¥KeJie300eTOHHBIX u3/euii (naHeseil, KOHCTPYKIWii) ocy-
mecTB/IsgeTCa Ha 3aBoje. Kpurepun ykasausl B Tabauie 14.1 (Beca KpuTepueB COOTBETCTBYIOT
nesieBoMy 0eToHy Zs).

Tabmuna 14.1. Kpurepun (Beca ans 6erona '300)

Kpurepun KommonenTst
AlB|X|U

C7 Croumocts -1 -1 - -3

(5 Tlo3uTHBHOE BIMSIHUE HA SKOJOTHIO 2 2

(3 TpaHCHOPTHBIE 3aTPATHI -1 -1

(' Kauecrso 3 2 3

(s Bpems usrorossenus 6eToHA 2

CG Bpewms n3rororienust manennii 2

PaccMaTpuBaeTcst KOMIO3UIMS YIIPABILAIONIEH cTpaTeruu jjis nojydenus 6erona 300’ (Z5).
OTrmeruMm, 94T0 KOMIO3UIWS A5 uin By OpueHTHPOBaHa Ha MOJIyYeHue 'jaerkoro’ 6erona. OneHku
DAs u pesyabrupyionpe npuopurersl npejcrasiebl B Tabumne 14.2 u Tabaune 14.3 (mis
komnonentoB A, B, X, U). Beiuncjienne npuopuTeToB MOXkKeT OCHOBBIBATHCS Ha Pa3JIHYHBIX
MeTO/aX, B YacTHOCTH, ObLta mcmosb3oBana cucrema CIIIIP COMBI [26, 334, 362|. B roxe
BpeMsl, BO3MOYKHO UCIIOJIb30BAHUE MPOCTBIX METOI0B, HAIIPUMED, A TUTUBHON CBEPTKU:

v(a) = ilﬁma

IJie i - HOMep aJbTePHATUBA (, j - HOMep KpuTepwus, (J; - Bec (BaxKHOCTb) Kpurepus j, b;(a;) -
OIIEHKA AJIFTEPHATHUBBI (y; 10 KPUTEPHIO j, U((y;) - PAHKMPOBAHUE AJBLTEPHATUBBI (V.
Takum 06pa3oM, Beraucsiiorcst peiituaru (v) aus DAs (ms A):
v(Ag) = (=1)0+ (2)0+ (=1)0+ (3)0 =0,

v(A) =(=1)6+ (2)0+ (—1)1 4 (3)5 =8,
v(Ag) = (—1)4+ (2)1+ (1)1 +(3)4 =09,
v(A3) = (=1)5+ (2)1+ (1)1 + (3)5 = 11,
v(Ay) = (=1)3+(2)3+ (—1)1+ (3)3 =11,
v(As) = (—1)1+(2)3+ (-1)24(3)4 =15

YKazaHuble PeHTUHIY TPaHCGHOPMUPYIOTCS B MPUOPUTETHI. OIEHKH COBMECTHMOCTH /It
koMroHeHTOB [ mipejcrasiienbl B Tabaune 14.4. Pesynbprupytomue pertenust jgist D = A x B
cJeayonme:

D1 = A5*B5, D2

= Al*Bl, D3

D7 = A2 *Bg, Dg

= Ag*Bl, Dg

= Al*BQ, D4

= Al*Bg, D5

:AQ*Bl, D(;
:Ag*BQ, D10:A3*Bg, D11:A4*B4.

= AQ*BQ,

HpI/I 9TOM II0JIy4YalOTCd CJACAYIOIIHuEe BEKTOPLI Kave€CTBa:

N(Dy) = (5;1,1,0,0), N(Ds9) = (5;0,1,1,0), N(D3) = (5;0,1,0,1),
N(Dy4) = (5;0,1,0,1), N(Ds) = (5;0,1,1,0), N(Dg) = (5;0,1,0,1),
N(D7> :(5;0717071): ( ):( 0717170)a N<D9>:(5;0707171)7
N(Dlo):(; 717 71)7 ( ): 5;171707 )
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Tabauna 14.2. OueHkn KOMIIOHEHTOB

DAs Kpurepuu

C 1‘ CQ‘ 03‘ 04‘ TIpu-terst DAs Kpwurepun
Ao Joooo0 3 C1[Co] 5] Ci[ Tpu-rena
Ar |6 01 5 2 B 40 14 3
Ay |4 11 4 2 By |6 025 4
A3 |5 11 5 2 By |31 2 3 4
Ay 3313 2 ||Bil2113 1
As |13 24 1 ||Bs |21 24 2

Tabsmmma 14.3. OneHKr KOMIIOHEHTOB

DAs Kpurepun
Ch ‘ Cy ‘ IIpu-rers DAs Kpurepun
X, 1 1 D) 4 ‘ Cy ‘ Cs ‘HpI/I—TeTI)I
X5 2 2 1 Uy 6 3 0 5
X4 4 4 ) Us 1 1 3 3

OueBuano, cocraBubie DAs Dy u Dy asngorca [lapero-addexktuBabivu permennsvu. Tak-
ke OyIyT pacCMaTpPUBATHCS HEKOTOPbIe Jpyrue cocraBubie DAs s cieayiomei cragun (Ha
OCHOBE KCIEPTHBIX CyxkKieHui). [Ipemosaraercs, 4To MPUOPUTETHI MOJYIEHHBIX COCTABHBIX
pertennit paBabl 1. Onenku coBmectumoctu DAs npescrasienst B Tabaune 14.4, B Tabsmme
14.5.

Tabnuna 14.4. OueHKu COBMECTHUMOCTH

B,| By| B3| B4 B
o B XXX XX U U[Us] U [ 0[Us]Us
0
Als 5 5 3 0ll4 |5 4 3 2 1||[X1 |45 5 5 |41 |5 455
A5 5 5 3 0|42 |4 5 4 3 2||[X2 |45 5 5 |42 |5 455
Asl5 5 5 3 0114 |2 4 5 4 3 |[Xs |5 4 4 4 |[Z3 |5 4 5 5
Ajl3 3 3 5 01144 |0 2 4 5 4| Xy |5 4 4 4 ||Zs |4 455
Asl o0 0 00 5114 |00 2 4 5||Xs |5 4 4 4 ||Z5 |3 455
Tabsuma 14.5. CoBMecTHMOCTH
X Xo Xg X4 X 2| Zo| Zs| Zy| Zs Ui |Us|Us| Uy
D5 00 0 0o/|Di|]5 4 0 0 0/|Di]5 5 5 3
Dyl 5 5 5 5 5[|D2l5 5 5 5 5D 5 5 5 5
Ds\5 5 5 5 5(|Ds| 5 5 5 5 5(|Ds|5 5 5 5
Dyl 5 5 4 0 0/|Ds| 5 5 4 3 0/|Ds| 4 5 3 2
Ds\'5 5 5 0 0/|Ds| 5 5 4 0 0/|Ds| 5 5 5 5
Dsl 5 5 5 0 0[|Ds|5 5 4 0 0/|Ds|] 5 5 5 5
Dzl'5 4 3 0 0[|D7|5 5 4 3 0/|Dr] 4 3 3 2
Dsl5 5 5 5 5(|Ds| 5 5 4 0 0/|Ds|4 5 5 5
Dyl 5 5 5 5 5(|Do| 5 5 4 0 0/|Dol5 5 5 5
Diws 4 3 0 0//Dg5b5 4 3 2 0/|Dig4d 3 3 2
D5 5 0 0 0//Dy5 5 3 0 0/|Di1 3 3 3 3

Pesynsrupytomue cocraBubie DAs niis Kiacca 6etona Z, umeror Bu (ITapero-sdpdexTrpnbie

perenus):
Sl = ZQ*XQ*UQ*DQ; SQ = ZQ *XQ*UQ*Dg; Sg = ZQ*XQ*UQ*D4;
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S4 = ZQ*XQ*UQ*DE); 55 = ZQ *XQ*UQ*DQ.
BekTop kadecTBa sl yKa3aHHbIX cocTaBHbIX pemtennii N = (4;3,0,0).
MoxKHO paccMOTpeTh aKIM| YIydllleHusl JJis YKa3aHHBIX perenuit (S, ..., S5):

1. Ynyurienue NpUOPUTETOB s cymiecTByomux DAs:

Ay, 2=1; Ay, 2=1; A3, 2=1; B;,3=1;, By, 4=1; B3, 3= 1.
2. Ucnonb3oBanue HOBBIX DAS, HampumMep, HEKOTOPble KOMOMHAIUN:

A(; — Al&A5, BG — Bl&Bg, U5 — UQ&U4.

3. YiydieHue COBMECTHMOCTH it HeKOTOpbIX map: (Us, Zs), 4 = 5.

31ech K 6a30B0# POEKTHOH MOpdoIorun J00aABIAIOTCS YKa3aHHble KoMOnHUpoBaHHbIe DAS
C OleHKaMHM (BKJIIOYasi COBMECTHMOCTH ), KOTOPbIE DABHBI JIyUIIAM OIEHKAM COCTABJISIONMX UX
snemenToB: Ag = A& As, npuopurer pasen 1; Bg = B1& B3, npuopurer pasel 1; Us = Uy &Uy,
npuopurer paBeH 2. Temepb MOXKHO HCC/IEIOBATH CJeAyomue KOMOMHHpoBaHHBIE DAS s
D: Dy = Ag&Bg; D13 = Ag&Bs; Dy = A1&Bg. B pesynbrare MOKHO IIOJYyYHTDH CJIe-
JIYIOIIHe TocIe0BaTebHO-apaienbibie DAs (s yposus [Tapero-adbdexTuBabix penieruii )
(Puc. 14.1): Sg = Zy*x Xogx Us % D19; S7; = Zoy* Xo* Us x D13; Sg = Zg *x Xo % Us x D1y.

Uy A B

SG . _XQ_ [ { }
I 0 N Y B

—UQ— —Al—

57 . _XQ_ — —Bg

Uy B
Sg . J— XQ— — Al{ }
U B

Puc. 14.1. NamrocTpaiys mocJie1oBaTe/bHO-apaieabHeix DAS

14.2 OmnenmBaHue M yjaydHnieHNe 31aHUS

B nannom pasjesie paccMaTpuBaeTcsi MpuMep OIEHWUBAHUsI W YJIyUIIEHUs 3/I[aHUsI HA OCHOBE
NMMIT [342, 377]. Obmiasi cxema BKJIIOYAET CJIeyIONHe STAIbI:

I. ITocTpoenne nmepapxumdeckoit mogean 3aanusa: I1.1. IlocTpoenue apeBOBHIHOE MO-
gemu.  1.2. TlocTpoeHre MHOTOKPUTEPHANBHOTO (MHOrOMDAKTOPHOTO) OMUCAHUS JJis KAXKIOTO
y371a Mojieu (T.€., YaCTH ¥ KOMIIOHEHTHI 3/IaHWs ), BKIIOUasl TOPSIKOBbIE MIKAJIbL JIJIsl KAXKI0TO
KPHATEPHUS.

I1. OuenuBanme: 2.1. OuenuBanue yareit 3manus o kpurepusam. 2.2. [lomarosoii arpe-
rupoBaHue wHMOPMAIUHU Jjis TIOJyYeHUsT MHOTOKPUTEPUAJIbHBIX OIEHOK Jijisi 00Jjiee BhICOKOTO
HePapXUIeCKOro ypoBHs Mojesu (“cHu3y-BBepx”).

ITI. Ananu3 37aHUd W BBIABJIEHUE y3KHX MecCT: J.1. AHaju3 pe3yibTUPYIOel WH-
TEerpUPOBAHHON OIEHKU JIjIsi CUCTEMbI, aHAJIU3 OIEHOK JIjisl YacTeil 37aHusl U UX B3aMMOCBsI3eil.
3.2. BoisiBieHue y3KuxX MecT KaK HEKOTOPBIX “‘c1a0bIX’ dacTell 3/aHUi, ero KOMIIOHEHTOB HJIU
X B3aUMOCBA3EH.

IV. IlpoekTupoBauune akuuii yrydmenunsd ajd 3aaaus: 4.1. Tenepanus / BBIGOp MHO-
JKECTBA BO3BMOYKHBIX aKIUil yaydiienus. 4.2. Boi6op / KOMIO3UIMS HAMTYYIIero MOJAMHOKECTBA
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AKIWii yJIydIleHusl ¢ yYeTOM MPOEKTHBIX M TEeXHOJoTHYeckux tpeboBanuit. 4.3. Cocrasyienue
pacnucaHusl peajn3aiuy akIuii yiydiienust, Koropsie 6bliu 0ro6panbl (CHOPMUPOBAHBI) BBIIIIE.

31ech paccMaTpUBaeTCst KOHKPETHAS CUTYAIH IS y9eTa BO3MOXKHOTO 3eMyeTpsiceHnst (IKa-
na ceiicmuuaeckoit maTeHcuBHOCTH MCK-64). PaccmaTrpuBaeTcss nepapxudeckas MOIEJb CIey-
IOIEro BUA!

1. 3manme S ([2,3,4,5]).
1.1 Oyumament A ([3,4,5]).
1.2. Ocnosuas crpykrypa (kapkac) B ([2,3,4,5]).
1.2.1 Hecymmue xoncrpykmun D ([3,4,5]): 1.2.1.1. Kapkac E ([3,4,5]). 1.2.1.2.
Anpo xecrkocrn G ([4,5]). 1.2.1.3. Jlecramunsiit npoer H ([3,4, 5]).
1.2.2 He necymue koucrpykmuu F' ([2,3,4,5]): 1.2.2.1. Hecymue crenst [ ([2,3,4,5]).
1.1.2.2. Paznenurenbusie creusl J ([2,3,4,5]).
1.3. Ilepekpoitust C' ([2, 3,4, 5]).

Ucnonw3yerca emuHasi MOpsiIKOBasi IMIKAJIA JJI YacTeil U KOMIIOHEHTOB 37aHusd: 1. IJIo-
OanbHBIE pa3pylleHus; 2. JOKaJbHble PAa3pYIIeHHs; . TPEeIUHbI; 4. HeOOIbINe TPeIuHbI
(Tuma 'Bostoc’); 5. orcyTerBHe paspymieHuit. /s KaXK a0t 9acTy 3MaHUS MPUMEHSeTCS IKaja,
KOTOpasd SBJIFETCS YaCThIO YKA3aHHON BHITIIE.

MHuoxkecTBO akumit yaydrrenns (IepenpoeKTUPOBAHNUS) BKJIIOUAELT CJIEIYIOIIee:

A. BayTpeHHBIE aKIINN.

1. Ymenbriienne Beca: 1.1. n30JISIMUOHHBIE MATEPUAJIBI (HAIPUMED, TEIION30JISIIUST, 3BYKO-
u3ossiys); 1.2. Hecyiue creHbl (Kapkac); 1.5. He Hecyllue CTeHbl; 1.4. IePEeKPHITHSI.

2. Momudukamus craTudeckoit cxeMbl: 2.1. IPOEKTHUPOBAHHE siJIpa >KECTKOCTH, 2.2. yBe-
JIMYEHNE CTATUYECKON HEeONmpeIe/IeHHOCTH KOHCTPYKIuH, (2.2.1 NMPOeKTUPOBAHNE MIAPHUDPHBIX
y3JI0B, 2.2.2. TPOEKTUPOBAHUE JIONOJHUTEIbHBIX OIMOPHBIX 3JIEMEHTOB, 2.2.5. IPOEKTUPOBaHUE
JOTIOJTHUTEIbHBIX Y3J10B, 2.2.4. IPOEKTUPOBAHUE JOIOJHUTEIbHBIX COEJIUHEHUN.

3. YcuseHuwe CTPYKTYDHBIX JIEMEHTOB M CBsi3eil (IIDOEKTHPOBAHME JIONOJHUTEIBHBIX 3Jie-
MeHTOB): 3.1. 6anok; 3.2. KoJoHH; 3.3. CTeH; 8.4. IJINT MepeKPHITHi; 3.5. pa3IeJuTeTbHbIX
cren; 8.6. coenuuenuit; 3.7. mepeKphITHi (KyMOJABHBIX ¥ 1p.); &.8. dyHIameHTa.

4. JlomonHUTeIbHBIE CTPYKTYPHBbIE CUCTEMBI M 3JIEMEHTBI: 4.1. ruOKasg aHTHCeHCMUYeCcKas
00BsI3Ka; 4.2. XKecTKas aHTuceiicMuyeckas 06Bsi3Ka (MeTas1, 6eTOH); 4.8. METAJInIecKoe spo
2KE€CTKOCTH; 4.4. OETOHHOE $JIPO YKECTKOCTH; 4.d. CT€HBI KECTKOCTH.

B. Buemane pemieHus.

JlomoTHUTE THHO, BBOIUM TPH TUTIA OMHAPHBIX OTHONIEHW HA MHOXKECTBE aKIWii YTy YIIeHUS:
(1) skBuBasenTHOCTH akumii R°; (2) momosuutenbHocTh R (3) mpemmectBoBanume RP.

[Toaxo K OEHUBAHUIO M YJIYUIIEHUIO 3/IaHUs] UJLIIOCTPUPYETCS Ha TTPUMEPE JBYXITAXKHOTO
snanust (Puc. 14.2).

VMMII paccMmarpuBaercst Jijisi ONEHKH 3/aHusl (MM TPOEKTa 3/1aHus). IlycTh jjis KOMIo-
HEHTOB 3/IaHNs CreHepUPOBaHbl DAS (IpHOPUTETHI C TOYKHU 3pEHUsI CEHCMOCTORKOTO CTPOUTE Th-
CTBA yKa3aHbl B CKOOKaX):

Oyugament: Aj, nenrounsiii dbynaament (2),

Ay, dynnaventhas winta (1), As, dyHnament, cocrosimuii u3 H30JMPOBAHHBIX YacTeil (2).

Kapkac: Fj, mononmtHbiil kKapkac (1), Fs, cbopublii kKapkac (2).

Snpo xkecrkoctu: (G, MOHOJIMTHOE siipo ¥KecTKocTH (1), G, cbopHOE sapo KecTKocTH (2).

JlecTHu4HBIN TiposieT: Hi, MOHOJUTHBIN JlecTHUYHBIH 1poJer (1), Hy, cOOpHBII IeCTHUYHbIH
npoJer (2), Hsz, cOCTaBHOI JIECTHUYHBIA MPOJIET U3 MOHOJMTHBIX ¥ COOPHBIX 3J1€MEHTOB (3).

Crensbl ¢ 3anonauTenemM: [, Mesakue sjiementTsl (2), [o, HaBecHbIe CTeHOBBIE naHe u (2), I3,
cbopHble nanesbHble crenbl (1), Iy, kKapkacHbie neperopoaku (1).
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Pazaenurenbubie crens: Jy, c6opuble naxenbhbie crensl (1), Jy, Menakue sjaementst (3),
J3, KapkacHble 1eperopojaxu (2).
[Tepexpoitus: C}, mononutable wnTh (1), Cy, cocraBuble manTs (3), C3, CGOpHBIE IATHI

(3)-

Os [Tapamer

—07

Baakon

- ==

o, I o L

Puc. 14. 2. Cxema 31aHUsT ¥ OTIEPAIUY YLy YTIEHUST

OkoHYaTE/IbHO, TI0JIyYal0TCs CJepyommue cocraBubie DAs:

(a) N = (3;2,1,0): 51 = Ay x By x C, Sy = Ay x B3 x (4, S3 = Ay x By x
(pesyavmupyrousee kavecmeo paBHO 2);

(b) N =(2;2,1,0): Sy = Ay x Byz x Cy (pesyavmupyroujee kauecmeo paBHO 3).

[Monyuaercs, 9To pesysvmupyrousee Kauecmeo 1 ABISeTCS HEBO3MOXKHBIM.

Hasee ucciemyercs ciaepyomuil npuMep:

(a) S = Ay x (E1 X G x Hy) x (I3 x Jp) x C}, peaysvmupyrouwjee Kauecmeo PaBHO 2.

(b) Sb = A; x (Ey x Gy x Hy) x (I3 x Jy) x Cs3, pesyavmupyrousee Kauecmso paBHO 3.

(c) S¢= Ay x (Ey x Gy x Hy) x (I3 x J3) x Cs, pesyavmupyrowsee kawecmseo PaBHO 4.

[Tpeamonaraercs: caeyOmuii CIUCOK aKIWil yaydiienus (oneparmii):

Onepanmonnas rpynna I (kapkac):

1. YBenuyenne rabaputoB u aktupHoe ycusaenne .

2. YBenmyenne akTUBHOTO ycusenus Os.

Onepamyonnas rpynna II (y3umasr):

3. YBesmuenue ypoBHs KpelieHdst B 30He y3/710B Os.

4. YMeHbIIIEHHE Iara JIJisi ePeCeKaroIuXcs crepxKueil B 30He y3710B 0.

Omnepamuonnaga rpynna III (koHCOIb M KOHCONBHBINH GATKOH):

5. Ymenbinenue npoexiuu Kouconun Os.

6. Jomosaurenpras onopa mist kKoncoan Og.

Onepanunonnas rpynna IV (ppoHTOH m mapaneTrHasi CTE€HKA):

7. @ukcamus HukHEH yactu Or.

8. IIpoexTuporanue Tpexmepuoit kKoucTpykimu Og.

Onepanmonnasi rpynna V (CBsI3b MeXK/1y KapKAaCOM U CTE€HOBBIM 3aIIOJTHEHUEM )

9. IlpoekTupoBanue KOHCTpYKImil casura O.
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10. [IpoexkTupoBanue apmupoBanuoii pemerku (1.

11. Pazieienne CTEHOBBIX 3amoJHUTENEH BCoMoraTebHbIM KapkacoMm (1.

[TpuMeHeHMe HECKOJIBKUX Olepanuii uutoctpupyercs Ha Puc. 14.2. Beenennsie Bbie Ou-
HapHBIe OTHOIICHUSI JJIsi YKA3aHHBIX OTEPAlUii MMEIOT BUJI:

(1) sxsusanentnocrs R = {(1,2),(1,3),(1,4),(2,3),(2,4),(5,6),(7,8),(9,10),

(9,11),(10,11)}, ne-skpusasenrtnocrs R® = {(3,4)};

(2) mononmmurensuocts RC = {(1,2),(1,3),(1,4),(1,5)
(
(

2
(1,10), (1,11), (2,3)(2,4)(2,5), (2,
(3,5),(3,6),(3,7),(3,8),(3,9), (3,
(4,8),(4,9), (4,10), (4,11), (5,9), (5, 10), (
(6,11), (7,9), (7,10), (7,11), (8,9), (8, 10), (8, 11)}.

PaccMaTpuBaioTcst CJIeAyOue KPUTePUH (COOTBETCTBYIONIME TOPSIKOBbIE IIKAJbI U BECa
KPUTEPHUEB YKA3aHbl B CKOOKAX ):

ViydiieHue yCTORYNBOCTH K 3€MJIETPSICEHUAM:

1. Ymensbmmenne cobcrsennoii macest ([0, ...,4],3): Ky

2. Yeeauuenue jonyckaemoii Harpysku ([1,...,5],5): Ko;

3. Iossbrmenne nagexnocru ([1,...,5],5): Kj.

KagecTBO apXUTEKTYPHBIX U IJIAHOBBIX PEMICHWUIA:

4. @acan ([—1,0],3): Kj.

5. Ilnan ([—1,0],3): K.

6. CsoGoxnoe npocrpancrso ([—1,0],3): K.

DKCIUIyaTAI[MOHHBIE XapaKTEPUCTUKM:

7. Tennorexuuka ([—1,0],1): Ks.

8. Akycruka ([—1,0],1): K.

9. Puck noxapa ([—1,0],4):

3arparhr:

10. Marepunansr ([—1,0],3): K.

11. Croumocts [1..4],4: K.

12. Bpemennsie 3arparst [0...3],3: Kis.

DKCIEPTHBIE OLEHKU M0 YKA3AHHBIM KPUTEPUAM JIJIsi PACCMATPUBAEMBIX aKIUii yJIydIIeHHs]
(onepanuit) ciemyroue:

K.

O:1:-2,5,5,-1,-3,-2, 0,0, 0, 5, 5, 5;
05:0,4,4,0,0,0,0,0, -1, 3, 3, 3;
03:0,2,3,0,0,0,0,0,0, 1, 1, 1;
04 0,3,4,0,0,0,0,0,0, 2, 3, 3;
O5:2,2,4,-3,-4,-1,-1,-1, 1, -2, -2, -3;
Og: -1, 3, 5, -5,-1,-1, 0,0, 2, 5, 4, 5;
0::2,3,4,0,0,0,0,0,1, 1, 2, 2;
Og: 1,4,5,-2,-1,-1, 0,0, 1, 2, 3, 4;
0y:0,2,3,0,0,0,0,0,1, 1, 1, 1;
O10: 0,3,4,0,0,0,0,0, -1, 4, 3, 4;
011:0,2,4,0,0,0,-2,-1,0,5, 5,5
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OueBnano, 4r0 MOXKHO mpoBecTd anaju3 omepamuit (|377], [342]): (i) kinacrepusanuss; (ii)
orbop Ha OCHOBe 3aja4u O pIOK3ake; (iii) cocraBieHue pacuucaHusl BBHIIOJHEHHs olepanuii u
zp.

Temepb MOYKHO PAaCCMOTPETH TpoIece yiayurnenus 3aanus. CTpykTypa mporecca (MOJIeb)
OCHOBBIBaeTCsi Ha GuHApHOM OoTHOmeHnun RS (a) onepaunmu st frame (manpumep, Op, Os);
(b) omeparun st y3soB (manpumep, Oz, Oy); (¢) omepamun st napanera (manpumep, Os,
Og); (d) omeparun st 6ankona (manpumep, O, Og); (e) ¢BsI3b MeXKy KAPKACOM U CTEHOBBIM
sanoaerueM (e.g., Og, O1g, O11). [Ipu 9T0M TpeIIIecTBOBAHNE JI/Isl YKA3AHHBIX TPYII ONePaIus
caemnytomee: (a); (b); (c) u (d) mapasrensho; (e).

Bunapnoe ornomenune R siBisiercss 0a30BbIM, YTOOBI CT€HEPUPOBATH CJIEIYIOIUE arPerupo-
sannbie onepannn O1&0; u 03&0;.

Bunapnoe orHomenune R¢ npejacraBisger co0oi NPUYMHY /IS UCKJIIOUEHHs CJICLYIOIIUX ar-
perupoBaHHBIX onepaum‘/’l 05&06, 07&08; 09&010, 09&011, 010&011, 09&010&011.

CrpykTypa Ipolecca yJaydlleHHs W CreHepUPOBAHHbBIE OIl€palud IIpeJCTaBjieHbl Ha Puc.
14.3.

Cuemyer OTMETHTb, YTO BCE YKA3aHHBLIE ONEPAIMH Y/Iy4IleHHs SBJISIOTCH COBMECTHMBIME
(mo orHomenuo R.).

[Tporecc nepenpoekTupoBanusi P

?

O, O3 Os O+ Og

O, O, Os Og Ono
01&0, 05&0, Her Her On
Her Her Her

Puc. 14.3. CrpykTypa npouecca yiydiieHust

Takum O6p&30M, IIOJIYyYaeTCd CJAeAYIOIre WIIIOCTPATUBHBIE IIDMMEDHI IIPOIECCa YAy YlIeHU A
(nepenpoekrupoBanusi) P:

(a) Pl = (01&02) * (03&04) * (05&07) * 011;

(6) P2 = 02 * 03 * (06&07) * 010.

14.3 BniBoabl K rjiaBe

B nanuoit riase npeactapiaeHbl CXeMbl MOLYIHHOTO TIPOCKTUPOBAHUS /15 ABYX 3aa4 B 00J1aCTH
CTPOUTEJIbHBIX TEXHOJIOTHI: MOJYJIbHOE ITPOEKTUPOBAHNE MAaKpO-TEXHOJIOIMM OeTOHA W Mepap-
XHYIECKOe MOJICIMPOBAHUE U y/IydllieHre (YKpeIJieHue) THIOBOTO JBYX-3TaXKHOIO I0Ma, (¢ TOUKH
3penust ceiicmo-ycroitunBoctn). IIpuBeenublie 3a1a4u MOryT GbITh HCIOJIH30BAHBI KAk 6a30BbIE
AHAJIOTH JIJI1 UCCJIeI0BAHUs OJM3KUX 3a/a49 M CHCTEM, HAIPUMEP: MOJLY/JIbHOE MPOEKTUPOBAHUE
(KOMIIO3MIIMsI) HOBBIX MATEPHAJIOB BKJIIOYAs IPUJIOKEHUS] B KOMOMHATOPHON XUMUM, MCCIIEI0BA~
HY€ PA3JIMYHBIX THUIIOB 37aHuil. MOXKHO yKa3aTh CJIeAYIOIIue HAPABICHWUS JJIs UCCJIeI0BaHMM
B Oymymem:

1. mocTpoeHue TPaeKTOPUil CUCTEM (T.€., MHOIO-CTaIUHHOE TIPOEKTUPOBAHNE);

2. aHAJIN3 PACCMOTPEHHBIX 33/1a4 MPOEKTUPOBAHNS B PEXKUMe PeaibHOrO BpeMeHH (B 4act-
HOCTH, JIJIsl 3/IaHuii);

3. y4er HeOoNpeIeIEHHOCTH TapaMeTPOB.

237



I'maBa 15

IIpnaoxkenns B Omome tumnmHe

B sannoif riase ! npuBejieHo onucanue JBYX NPUMEPOB KOMIIO3UIME: (a) IJIaH JIeYeHUs aCTMBbI
y zgereit, (6) naH MPOBEIEHUsS] HMMYHOJOTHYIECKOTO AHAJN3A.

15.1 Ilan Jieuenuda

PaccmarpuBaercs npuMeHeHne nepapxuieckoro KOMOMHATOPHOTO MOP(OJIOTHYECKOTO TTOIX0/1a
K (bOpPMUPOBAHUIO T1JIAHA JIEYEHUS ACTMbI Yy JI€TeH.

15.1.1 CrpyKTypa mjiaHa, aJbTEPHATUBBI, OIIEHKU

Ucniosib3yercs caeayiomnasi CTpyKTypa IJIaHa, JTeYeHus:

0.Ilman S=XxY xZ.

1. Bazosoe sneyenne X = J* M.
1.1. ®usuorepanusd .J.

1.2. JlekapcrBennoe Jieuenue M.

2. Tlcuxosioruveckasi u 3xosiorudeckasi cpega Y = Px H x G.
2.1. Ilcuxonornueckuii kaumar climate P.
2.2. dkojoruvueckada cpega aoma H.

2.2. Obmasg sxoyorudeckad cpena G.

3. Pexxum, otnpix 2 = 0 x K.

3.1. Pexxum O.
3.2. Ornwix K.

Uccnenyrorcs cienyomue aabTepHATUBHI:

J : uer J,, maccax Jy, unrassnus Jo, cayna J3, pedsiekcorepanus .Jy, iazepHas Tepanus Js,
Maccax Jyisi ClienuaJbHbIX IeHTPOB/To4eK Jg, pediiekcorepanusi Jjisi ClenualbHbIX IIEHTPOB
J7, rasiokamepsl uiu “consubie maxrtel’ Jg, Jo = J1&Jo, Jig = J1&Js.

M : wer M,, suramunnl M7, sodium chromoglycate (oxun mecsiiy u jBa pasa B roj) Mo,
sodium chromoglycate (n1Ba mecana) M3, sodium chromoglycate (Tpu mecsna) M.

P . ner P,, KoHcyibTanus y mncuxosora Pi.

! MaTepuaJs TIaBEI OCHOBAH HA, TTyOIUKAIMIX:
(i) Levin M.Sh., Sokolova L.V. Hierarchical combinatorial planning of medical treatment. Comp. Meth. and
Progr. in Biomedicine, Vol. 73, No. 1, 2004. pp. 3-11.
(ii) Levin M.Sh., Firer M. Hierarchical morphological design of immunoassay technology. Computers in Biology
and Medicine, Vol. 35, No. 3, 2005. pp. 229-245.
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H : ner H,, Bnaxnasi ybopka H1, 04ucTKa 0T KHMXKHOM 11bLJIM Ho, 0TKA3 OT BATHBIX U311l
(omesina, nomymku, marpacel) Hs, yaanenne KoBpoB Hy, UCKJIIOUEHUE KOHTAKTOB C JIOMAITHUMH
JKUBOTHBIME Hs, ne3uHdekIysa goMa g ycTpaHeHus HaceKoMbIX Hg, yrasenue nusetos Hy.

G : mer G,, yayuienne MecTa (pacnosioxkenus) xkuteabcrsa Gi.

O : uer O,, nuesHo# con O, CHENUATbHBIE MEJAMIMHCKUE TIPOIELYPHI (JPEHANK, OTKAIINBA-
uue) Oy, criopr (Ger, Jibizku, TiaBanue) Oz, Ty /BanHa TPUSTHON TeMuepaTypsl Oy, XOJIOHbIH
qyui/Banna Oy, 3anper 3ectpoHHbix urp Og, O7 = 02&0,, Og = 03&0Os.

K : mer K,, oTnpIX B JecHO# cpene K1, OTIBIX 0KOJO MOps Ko, OTABIX B Topax K3, cuemnu-
aJIbHBIN Jarepb K, JedeHne B COJSIHBIX IMaxTax [(s.

Ucnonb3yores caeaytomue Kpurepun (Beca KPUTEPUEB YKA3aHbI B CKOOKAX):

Kpurepun ns J: sbdexrusrocrs Cjp (+5); crommocts Cjy (—4); BpeMeHHOIT mepuo Jre-
aebnoro kypca Cj3 (—3); HeobxoxmMocTh noBTOpenus tedebHoro kypea Cjy (—3); ZOCTymHOCTD
Cj5 (+5); nobounsie apdextsr (ocaoxkuenns) Cjs (—5).

Kpurepuu mius M: sdbdexrusaocts Cpyy (+5); croumocts Che (—4); BpeMeHHOH mepuos
nedebHoro kypca Cp,z (—3); HEeoOX0aUMOCTh TOBTOpeHus JieueOHoro Kypea Ch,y (—3); mocryn-
HOCTb Cy5 (+5); mobounsie adpdekrsr (ocaokuenus) Chg (—5).

Kpurepuu qys P: sabdexrusrnocts Cpy (+5); crommocts Cpy (—6); mocrymaocts Cpg (45).

Kpurepun g H: sdbdexrusaocts Chy (45); crommocts Che (—6); mocrymaocTs Chg
(+5).

Kpurepun qys G: adpdexrusnocts Cy (+5); crommocts Cyo (—6); mocrymaocts Cys (+5).

Kpurepun jyist O: sabdexrusnocts Cy1 (+5); mocrymuocts Coe (+5); nobounsie addexTs
(ocnoxuenust) C,3 (—3).

Kpurepun jyisi K: addexrusnocrs Cyy (+5); croumocts Co (—5); BpemenHoil mepros
nedebHoro xkypca Cis (—5); HeoOGxoauMoTch noBTOpeHus jeuebnHoro kypea Cry (—3); mocrym-
HoCTh Cys (+5); mobounsie abdextsr (ocmoxuenus) Cig (—3).

Tabauner 15.1, 15.2, 15.3, 15.4, 15.5, 15.6, 15.7 comepxkar ouenku jyisi DAs u pesyabrupy-
IOIIMEe IPUOPUTETHI.

Tabmuna 15.1. DAs u onenku s J
DAs| Ci ‘ s ‘ Cs ‘ Cy ‘ Cs ‘ Ce ‘Hpn—TeTm

Jo 0 0 0 0 0 0 2
Jp 2 4 1 1 4 1 2
Ja 1 1 1 1 5 2 2
J3 2 3 1 1 1 3 3
Jy 3 4 1 1 3 4 3
Js 3 4 1 1 2 3 3
Js 4 5 3 1 1 1 3
J7 4 5 3 1 1 3 4
Js 4 3 1 1 2 3 2
Jy 3 4 1 1 2 3 2

4 5 1 1 2 4 3

Tabsuma 15.2. DAs u onenku ansa M

DAs Cl ‘ CQ ‘ Cg ‘ C4 ‘ C5 ‘ C6 ‘HpI/I—TeTbI
M 0 0 0 0 0 0 2
M, 4 5 4 3 5 4 3
My | 3 3 3 3 4 3 2
M3 4 4 4 3 4 3 3
M, 5 5 5 3 4 3 4
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Tabsmma 15.3. DAs u onenku ais P Tabauma 15.4. DAs u onenkn qis G

DAs| Ch ‘ Cy ‘ Cs ‘HpI/I—TeTb DAs| C; ‘ Cy ‘ Cs ‘HpI/I—TeTB
Py 0 0 0 3 Go 0 0 0 4
P 4 5 2 2 Gy 5 0 1 1

Tabuuna 15.6. DAs u onenku g O

Tabsmma 15.5. DAs u onenku jqis H DAs| Ch ‘ o ‘ o ‘HpI/I—TeTI)I
DAs Cl ‘ CQ ‘ Cg ‘HpI/I—TeTbI OO 0 0 0 3
Hy 1 0 0 0 3 Oy 2 5 0 1
H,y 3 1 5 1 Os 3 4 0 1
H, 3 3 4 2 Os 5 3 3 1
Hs 4 2 4 1 Oy 4 3 1 1
Hy | 3 2 5 1 Os 5 3 4 2
Hs 5 4 3 2 Og 3 3 2 2
Hg 4 3 3 2 O~ 4 3 1 1
H; | 4 2 4 1 Og 5 3 4 2

Tabumma 15.7. DAs u onenku st K

DAs| Ci ‘ Cy ‘ Cs ‘ Cy ‘ Cs ‘ Cs ‘HpI/I—TeTI)I
K, 0 0 0 0 0 0 2
K, 4 3 3 3 4 2 2
Ky 4 5 3 3 4 2 3
Ks | 4 5 3 3 3 1 4
K,y 3 4 2 3 3 1 3
K 4 4 1 3 1 2 3

15.1.2 CoBMeCTHUMOCTb U COCTaBHBIE€ PEIICHUS

O1eHKr COBMECTUMOCTH JIjIst JIOKaJIbHbIX DAs npeacrasienst B Tadmune 15.8, B Tabaune 15.9.
Tenepb MOXKHO BBIYUCANTH HAWIYYIIHE TTPOMEXKYTOYHBIE COCTABHbBIE PEIIeHMI:

1. Tna X (N(X) = (5;0,2,0,0)): X; = J,xMs, Xy = J1xM,, X3 = JixMs, X4 = JoxM,,

X5 = JQ*MQ, XG = Jg*MO, X7 = Jg*MO, Xg = JQ*MQ.

2. Ina Y (N(Y)=(5;2,1,0,0)): Y1 = PxHxGy, Yo = PixH;xGy, Y3 = P xH;xGj.

3. Ina Z (N(Z) = (5;2,0,0,0)): Z3 = O1%K,, Zy = O1xKy, Z3 = Oy%K,, Zy = Oqx K7,

s =03xK,, Zg=03xKy, Z; =04xK,, Zg=0,xK;y, Zyg=07%K,.

Ha ocHOBe 3KCIIEPTHBIX OIEHOK BBIOMPAIOTCS CJIeyIoliue JoKaibHble coctaBubie DAs (npu-
OpUTEeTHI YKa3aHbl B CKOOKax): Xg = Jyx M,(1), Xg = Jo*x M(2), Y1 = Pix HixG1(1), Yo =
PixHyxG(1), Y5 = PixHixG1(1), Zo = O1%K;(2), Zg = O3xK1(1), Zsg = OyxK1(1), Zg =
O7 x K,(1). Onenkn comecrumocty jyisi Bei6panabix DAs npencrasienst B Tabiaune 15.9. B
pesy/brare, mojaydaiorcs jse rpynnbl [lapeTo-3¢hdeKkTuBHBIX COCTaBHBIX PelleHwuii:

1. N(S) = (5;2,1,0,0): S} = Xg*Yi xZg, So= Xg*xY)xZg, S3=Xg*Y]*Zy.

2. N(S)=(3;3,0,0,0): Sy =Xg*Y1%Zs, S5 = XgxY3xZs.

Tabmuna 15.8. OneHK COBMECTUMOCTH

K‘YQ‘Y},‘ZQ‘Z@“ZS‘ZE)
%%%@@%%%WMX65455312

Ph |05 055 45 45 5||Xs |5 4455 55
Py 55 45 5 45 4 5 5| 55 5 5
Gy 055 45 45 5| 4 4 4 4
Gy 4 55 4 5 4 5 5||Y; 5 5 5 5
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Tabsmma 15.9. OneHkr COBMECTUMOCTH

M(#M]‘M;*M;*MAL
Jo 0555 5
Jp 5 55 5 5 WW@@@%
Jo |5 55 5 5100 |05 5 5 5 5
J3 5 5 5 4 4101 |5 5 5 5 5 5
Ji |5 5 5 4 41|02 |5 5 5 5 4 5
J5 5 5 5 4 41103 |5 55 5 5 5
Js 5 5 5 5 5|04 | 5 4 4 4 4 4
J7 55 5 5 5105 |5 55 5 5 5
Js 5 4 4 4 41106 |5 5 5 5 5 5
Jy 5 5 5 5 5|07 |5 4 4 4 4 4
Jo |5 5 3 3 3||0s |5 35 3 5 4

Puc. 15.1 comepKuT mepapxXuyecKyr MOJeb ILTaHa JiedeHus, BKaoodas DAs, cocraBHBIE
DAs u npuopurers (B ckobkax). Puc. 15.2 wtocrpupyer IUCKpeTHOe IIPOCTPAHCTBO KAYECTBA
(perreTKy KadecTBa), UaealbHylo TOUKy u [lapero-sddexTuBnbe perenus.

Q@ S=X*xYxZ

Sl :Xg*yl*ZG, 52:X8*Y1*Z8
S3:X8*Y1*Z9, S4:X6*Y1*Z6
S5:X6*}/3*Zg

lX:J*M o) =PxHxG LZ:O*K

X1 = Jo* My Yi=PoxHyxGi(1)| Zy = 01 x K,
X2:J1 *Mo }/2 :PO*HE)*Gl(l) ZQ :Ol*K1(2)
X3:J1*M2 }/BZPl*Ho*Gl(l) Z3:OQ*KO

X4:J2*MO Z4:OQ*K1
X5:J2*M2 Z5203*K0
X6 = Jg *Mo(l) ZG = Og*Kl(l)
X7:J9*Mo Z7:O4*KO
Xg—Jg*MQ(Q) Z8:O4*K1(1)

L7 wml lp o el lo &l
Jo(2)  Mo(2) P(3)  Ho(3) Go(4) Oo(3)  Ko(2)
Ji1(2)  Mi(3) Pi(2)  Hi(1) Gi(1)  Oi(1)  Ki(2)
Jo(2 M>(2) H,(2) O2(1)  Ka(3)
J3(3)  M;s(3) Hj(1) O3(1)  Ks(4)
Ja(3)  My(3) Hy(1) O4(1)  Ka(3)
J5(3 Hs(2) 05(2)  K5(3)
Js(3 He(2) Os(2)

J7(4 H;(1) O7 = 02&04(1)
Jg(2 O = 03&05(2)

8
Jg - Jl&JQ(Q)
Jl() — J4&J5(3)

Puc. 15.1. lepapxudeckast MoJie/b ILJIaHA JIeYEHHS

N neanbuas

N(S4)7 N(S5)

w=4

w=3
Puc. 15.2. ITapero-acddekTuBHbIE TOUKT
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15.1.3 VYayumieHue, MHOTO-CTAIUNHBIN TIJIAaH

YirydimeHuss OCHOBBIBAETCS Ha CJIEYIONEM:
1. BeiGOp COCTABHBIX pelenuii (HEKOTOPHIX ILJIAHOB JIeYEeHUs ) JJIs YJIy IIIeHUs.
2. Yayuaienue JoKaabHBIX DAS.
3. YiydieHue COBMECTUMOCTH MeXK 1y JIOKaabHbiME DAS.
Tabnuna 15.10 uamocTpupyeT TPONECce YIydlleHus.

Tabauna 15.10. Y3kue mMecTa u yaydIieHus

Cocrasable DAs V3kue mecta, Axnym

w/r

DAs 1C

So = Xgx Y1 xZg | Xy 2=1
So=XgxY1xZs | Xy 2=1
S3=XgxY1xZy | Xy 2=1
Sy = Xe* Y1 % Zg X6,Z6) |3 =5
Sy = X * Y3 % Zg X6:Z6 |3=5

Paccmorpum mpaexmoproiti memod ayas popMHPOBAHUS MHOIO-CTaIHIAHOIO IIJIAHA, JIeYeHUs
(mpesBapuTenbHAs CTaAUS, CAEAYIOMAs CTAJUs U T.JI.). HCIOJIb3YIOTCs JBe (ha3bi:

1. opMmupoBaHue IJ1aHA JIeYeHUs /I KaK 0.

2. KoMmo3unus TpaeKTOPUU KaK II0CIeI0BATEIbHOCTH PeIIeHus /I CTaInM.

[Tpumep pesyabrupyomeit Tpaekropun umeet suf, (Puc. 15.3):

By =< 81,583,593 >, By =< 55,57, 52 >.

[Tpu sTOoM mcHob30BaHbl 0003HAYEHUS: S; - COCTaBHOE peINieHuid, rjae ¢ COOTBETCTBYET HO-
Mepy CTaJiuv, j COOTBETCTBYET HOMEPY PeNIeHnd Ha KarKJAO0H CTaiaui I.

| |
Cramus 1 Craaus 2 Cramus 3
Puc. 15.3. NnntocTparnus K MOHOTOCTAIUAHOMY TIJIAHY

15.2 TexHoJg0TUS UMMYHOJOTUYECKOTO aHAJINA3A,

15.2.1 CrpykTypa M aJJbT€ePHATUBHI

CTpyKTypa NpOEKTUPYEMOil CHCTEMBI UMEET BU/I;

Cucrema S=H*xBxIxDxM.

Cragus 1. H=P*(Q: 1.1. nokpwmue P, 1.2. npomwisra Q).
Cragus 2 (®PopmupoBanue 6j10KOB) B.

Cramua 3 [ =0*T: 3.1. unkybayusa npob O, 3.2. npomwvieka T
Cramua 4. D= Jx FE: J.1. pacnosnasanue npob J. 4.2. npomuexa E.
Cragus 5 (Iamepenne) M.

SRk whEO

[leneparnus anbTepHATUB TPOBOAUTCS HA OCHOBE MOpdoIoTHIecKuX Tabmi. /[ KoMmmoneH-
Ta coating P nanubie comepxkarca B Tabmume 15.11. B pesynbrare nate DAs BeiOupatoTcsa: P,
Py, Ps, P, Ps. Ilpuoputerst 31ux DAs npexactaBienst Ha Puc. 15.4 (3KcmepTHbIe CYyXKIeHNUS).
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Tabauna 15.12 cogepxut mpu DAs mist Q: (1, (2, Q3. IIpuopurersr 3rux DAs npejcras/ieHs
na Puc. 15.4 (3kcnieprHble CyXK/IeHWsI).

Tabsmmma 15.11. Mopdosornueckas: renepamust DAs aist P
CgoiicTBO Pl‘ P2‘ P3‘ P4‘ Ps

1. BuouJior.:
(a) Besox * * *

(b) Jlumuz *
(c) HK *

2. Buoxuwm. (I):
(a) Magio * * *
(b) MHoro * *

3. Buoxuwm. (II):
(a) T'mapomoHHBI *
(b) TuapodunbHbIi * * * *

)

4. Konnenrpampws ,ug/ml):
a
b) 1

) 2

d) 4 *

; 8

5. Tpu mnacruka:
(a) PVP
(b) PS * * * * *
6. IIpeas. UV o6pab. miacTuka:
(a) Her
(b) Huszk. * *
(c) Beic. * * *
7. PacrBopuTesn:
(a) Solire
(b) Bona
(¢) ®ocdar * *
(d)
(

c
e
f

Kapbounar *

e) Meranon * *
Tun cBsi3u ¢ TBEPOI da30ii:
a) KosanenTusrit * *
(b) He xoBanenTHbIit * * *
BpeMﬂ HHKyOanuu (h):

a) 0

b) 2

c) 8

d) 16

a) 4
b) t OKp cpeb * *
) 37

. CHeHHaﬂbeIﬁ IpOoHECC CMEIICHNU:
a) Her * * * * *

)
b) Porarnus
) BerpsixuBanue

Tabmmua 15.13 comepxkur uersipe DAs st B (opmuposanue 6aoxos): By, By, Bz, By.
Ucnonn3oBanbl asa kpurepus st onenusanust DAs: (1) K Bpemsi (MUHUMAaJIBHOE 3HAYEHUE
sBjisiercs JiydinmuM; dac), mkana: 0.5, 1.0, 2.0; (2) K, ypoBenb dhoHa Win KauecTBO (M-
HUMAaJIbHOE 3HAUeHue sBjsercs Jjyumum; %), mkana: 1%, 5%, 10%; OueHku u mpuoOpUTETHI
(BBIUKC/IEHNS] B BUJIE MHOTOKPHTEPUATHLHOTO DAHKUPOBaHUs) mpejcTasjieHb B Tabuuie 15.16.
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Tabsuna 15.12. Mopdosioru-
yeckas reHepamust DAs jist

Q (amajornuno s T/ F) Tabmuna 15.13. Mopdosornueckas

DA B
CBoficTBO Q1] Q7] Qs refiepania UAs A
1. Tun pacrBopa: Croticrso Bl‘ BQ‘ B?" B
(a) Bona * 1. PacrBop:
(b) PBS/Hereprent | * (a) PBS/Linuun *
(c) PBS * (b) PBS/Hereprent *
2. Hucsio uuKIoB: (c) PBS-1% BSA * *
(a) 1 2. Bpewmst uHKyOaImMn
(b) 2 * (uac):
(c) 3 Xk (a) 0.5 Tabmumna 15.14. Onenku
(d) 4 (b) 1 * * U PUOPUTETHI st B
3. Bpemsi Kask10ro (c) 2 * *
nukia (min): 3. Temmeparypa DAs Kl‘ Kz‘ Tpu-rerer
(a) 0.5 uHKyOauu CO): Bl 1 10 2
(b) 1 (a) 4 *1 By 10.51 1
()3 £ ok x| | ) toxp.cpen % * x| By |1 10 2
(d) 5 (0) 37 By |2 10 3

Tabmuna 15.15 comepxkut usth DAs mua O (unkybayus npobw): O1, Oy, O3, Oy, Os. [pu-
opurerhl 31X DAS (SKCIepTHBIE CyK/eHus1) mpejcTaBjienbl Ha Puc. 15.4.

Tabauna 15.15. Mopdooruyeckast
redepanus DAs s O

CsoiicTBa 01‘ 02‘ 03‘ 04‘ Os

1. O6bem mpobsr:
(a) 50 * *
(b) 100 * *

(c) 200 *

2. Bpems nukybOanuu &
TeMHepaTypa:

( ) *x ok
(b) t OKp cpens * ok ok
(c) 3

3. HI/I}KHI/II/I npeest
(koHLIEHTpAIMY ug/ m )

(a) 0.01 S T
(b) * ok
(c) 10

4. Bepx. ipenen
(KOHueHTpauI/IH g/ ml):

( ) * *
(c ) 1000

5. XapakTepucTuKu
pacreopa (Iponoprws):
(a) Yucrorit * *

(b) IIpocras cmech * *
(c¢) Cnoxuasi cMech *

6. Tum npoOsr:

(a) CeBOpoTKa * *
(b) Kyar. kugkocrsb *
(c) PBS nin mono6uoe * ok

7. XapakTepucTuku mpoodbL:
(a) PBS
(b) PBS/BSA/Tw * * ok %
(c) PBS/2Kus. cbBoporka,/ Tw| *
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Tabsmua 15.16 comepxkur usitb DAs jyist J (unkybayus npobw): Jy, Ja, Js, Jy. [Ipuopurerst
srux DAs (skcnepruble cyxkjenus ) npejacrasiensl Ha Puc. 15.4.

Tabauna 15.16. Mopdonoruveckas
renepanusg DAs nna J

CsoiicTBo Ji ‘ Ja ‘ J3 ‘ J4

1. Tun dusnueckoro curHama
(ncnionba. s aHAMM3a):
(a) Pagmo *

) ®ropecrieHT. *

) Buosor. * ok
2. BpeMH naKybampy (dac):
)

t OKp cpeaml * *

4. XapaKTepI/ICTHKa pacTBoOpa
(poropuyst):

(a) PBS

(b) PBS/BSA /Tw * ok kX

(c) PBS/2Kus. ceiBoporka/Tw

Tabmuna 15.17 comepxkur usrs DAs gy M (usmepenue): My, My, My, M,. Tpu kpurepus
UCIIOJIL30BaHbI JIjig olleHUBaHus DAs:

(1) Ky croumocTh (mopsiiKoBast MIKaJia: BHICOKasl, CPEJIHsIsl, HU3KAasl; BeC KPUTEPUsl PaBeH 3);

(2) K3 Bpems (4achl, MUHMMAJIbHOE 3HAYEHUE SIBJISIETCS JIYUIIMM; BEC KDUTEPUsl PaBEH 5);

(3) K3 easy to perform (nopsiikoBasi: CJI0XKHO, CPeJiHe, TIPOCTO; BeC KPUTEPHsI PABEH D).

O1eHKY ¥ pe3yIbTUPYIOIIKME ITPUOPUTETHI MpeacTapiensbl B Tabaume 15.18.

Tabmmma 15.17. Mopdosoruueckast
renepamusa DAs qua M

CroiicTBO M1‘M2‘M3‘M4

1. Tun creHepupoOBaH. CUTHAJIA:
(a) Pammarms *
(b) ®mopecir. *
(¢) Xum. mimoMuHACT. *
(d) Komomerp. *

2. Tun anajmT. annapaTypsr:
(a) Cuerauk-cupHTHIAATOD *
(b) ®aopomerep * Tabmumna 15.18. Onenku u
(c) Creroucmyckanmue * npuopuTeThl 1yt M
d) Cuekrpomerep *

3(B)peM5{ u3mepenust (dac): DAs| I ‘ is ‘ is ‘HpH_TeTH
(a) 0 koK My | Bpe. 1.0 2 3
(b) 0. 15 * | |[My | Cpen. 0.1 3 1
(c) 0 Ms | Cpen. 0.1 2 2
(d) 1 * My | Hus. 0.15 3 1

O1eHKN COBMECTUMOCTH JJ1st JIOKaIbHBIX DAS npencrasienst B Tabaume 15.19.
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Tabauna 15.19. OmeHKy COBMECTHUMOCTH
Pl‘PQ‘Pg‘P4‘P5 01‘02‘03‘04‘05 Jl‘JQ‘Jg‘J4
3 2 2 2 1|1 2 2 2 2 2||& 2 2 2 2
31 2 1 3|1z 2 21 2 1||& 2 2 2 2
1 1 1 10 2 21 2 1 2 2 2 2

15.2.2 CocTaBHbIe perieHnd AJisd CTa il

Teneps paccMmarpuBaloTca cocraBHble pemenus DAs jia craguu 1 H, craguun 3 I, craguu 4 D.
Jlna H nonygatorcs caenyionme DAs:

H1:P1*Q1, ( ) ( 200) H2:P1*Q2, (HQ):(g,l,l,O),
Hy = P xQ3, N(H3) = (1;1,0,1), Hy= PyxQq, N(Hy) = (2;1,1,0),
Hs = P, % Q, N(H;) = (1;0,2,0), H¢ = P> *xQ3, N(Hg) = (1;0,1,1),
H7 Pg*Ql, (H7) (2, 1, 17()), Hg Pg*QQ, (H ) = (2,0,2,0),
Hg Pg*Qg, ( ): (1 O,Q,O), Hlo—P4*Q1, (Hlo): (2,1,071>,
HH—P4*Q2, (H11)2(1,071,1> ng—P4*Q3, (H ):(1,070,2>,
Hi3 = PsxQq, N(Hi3) = (1;1,0,1), Hyy = PsxQa, N(Hy4) =(3;0,1,1),

Hy5 = Ps % Q3, N(H;5) = (0;0,0,2).

Bo-niepBrix, pemenue His; ucKa0O4YaeTcs Kak HenonycruMoe. Bo-BTOpbIX, BeIOMpalOTCs Cie-
JIYIOTIUE HAUJTYYIAe PEeIIeHus:

(a) uneanbHoe pemenue Hy, IpuopuTer paBeH 1;

(6) Hy m Hy, npuopurer paBeH 2;

(B) Ho, Hyo, Hi11, Hi3, npuopurer paseH 3.

st I monyyarores caemyomue DAs:

Il = 01 *Tl, N(Il) (2 2 0 O), ]2 = Ol*TQ, N(_[Q) = (2, 1, 1,0),
Ig = 01 *Tg, N(Ig) (2, 1,07 1) Iy = 02 *Tl, N(]4) = (2, 2,0,0),
I5 = OQ*TQ, N(I5) = (2, 1, 17()), OQ*Tg, N(]G) = (2, 1, 1,0),
17 = 03+ Ty, N(I;) = (2;2,0,0), Is= O3+ T, N(Is) = (1;1,1,0),

— Oy % Ty, N(Iy) = (1;1,0,1), Iip = O+ Th, N(Ip) = (2;2,0,0),
]11 = O4*T2, N(]l ) = (2, 1, 17()), ]12 = O4*T3, N(]l ) = (2, 1,07 1),
113—05*T1, N(Ilg) (2,2,07()), ]14205*T2, N(]14) (1,1,1,0),
]15 = O5*T3, N(]15) (1 1 0, 1)

I )

[lenecoo6pazno BHIGpaTh CleAyonme Hanaydime pemenus: (npuopurer pasen 1): Iy, Iy, I,
Lo, Iis.
g D nonydaiorcs clieayiolniue peleHus:

Dy = Ji % By, N(Dy) = (2;2,0,0), Dy =J, x Es, N(Ds) = (2;1,1,0),
Dy = Ji % Ey, N(Ds) = (2:1,0,1), Dy = Jox Ey, N(Ds) = (2;2,0,0),
Ds = Jo% s, N(Ds) = (2:1,1,0), Dg = Jo % E3, N(Dg) = (2;1,0, 1),
D7 = Jy% E1, N(Dy) = (2:2,0,0), Ds = Jsx Es, N(Ds) = (2;1,1,0),
Dy = Jy % Es, N(Dg) = (2:1,0,1), Dig = Jyx E1, N(Dip) = (2:2,0,0),
D11 = J4*E2, N(Dll) = (2, 1, 1, ), D12 = J4*E3, N(Dlg) = (2, 1,0 1)

Jaee BHIOUPAIOTCS CJIEIYIONME HaWIydIlnue perienus (npuopurer pasen 1): Dy, Dy, Dy,
Dio.

15.2.3 CTpykTypa CUCTEMBI 1 CUCTEMHBIE PEIICHUS

Ha Puc. 15.4 npeacraBiieHa CTPYKTypa CHCTEMBI U3 IATH cTaauii: DAS M uX NpHOPHUTETHI YKa-
3aHbl B cKOOKax. Kommnonentst (), T', E aBISIOTCS SKBUBAJIEHTHBIMHU.
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0. Cuctema: S = H*xBxIxDxM.
1. Craguga 1: H = P x (). CoctaBabie DAs:

Hy =P xQ1(1), Hy = P, xQ1(2),
H7 = Pg *Q1(2), HQ = P1 *QQ(g),
Hyg = PyxQ1(3), Hiz = P5 x Q2(3).
1.1. Ioxpomue: P. DAs:
Pl(l)a P2(2)7 P3(2)7 P4(3)7 P5(3)
1.2. IIpomwieka: Q. DAs:
Ql(l)a Q2(2)5 Q3(3)
2. Cragusi 2 (PopmupoBaHue 610k0B): B. DAs:
31(2)7 32(1)7 B3(2)7 B4(3)
3. Cragmsa 3: I = O xT. Cocrasubre DAs:
Il = 01 *Tl(l), 14 = 02 *Tl(l),
17 = 03 *Tl(l), 110 = 04 *Tl(l), 113 = 05 *Tl(l)
3.1. Unrybayusa npo6: O. DAs:
01(1)5 02(1)5 03(1)a 04(1)5 05(1)
3.2. IIpomwiexa: T. DAs:
T1(1)7 T2(2)7 T3(3)
4. Cragusa 4: D = J x E. Cocrasabie DAs:
D1 = Jl *El(l), D4 = JQ *El(l),
D7 = Jg *El(l), D10 = J4 *El(l)
4.1. Anaaus npob6: J. DAs:
J1(1)7 J2(1)7 J3(1)7 J4(1)'
4.2. IIpomwiera: . DAs:
El(l)a E2(2)5 E3(3)
5. Cragusi 5 (Usmepenue): M. DAs:
M1(3)7 M2(1)7 M3(2)7 M4(1)'

Puc. 15.4. Texnomorusg IMMYHOJIOTHYECKOTO QHAJINA3A

Omnenku copmecrumoctu aiasg H, B, I, D, M upexacrapiaenst B Tabsmie 15.20. Omenku cos-
MecTUMOCTH paBHbl 3 st Apyrux nap: (1) Bu I, D, M; (2) I w D, M; (3) D u M.

Tabsmma 15.20. OmeHku cOBMECTUMOCTH

By| By| Bs| Bi| I | I | I | i i Dy| D DAD1o My My| M| M,
H, 1 31 2 3 3 3 3 3 3 3 3 3 3 3 3 3
Hy 1P 000 223 332233 2 2 3 3
H; 1 312333 333333 3 3 3 3
H, 1 31 2 3 3 3 3 3 3 3 3 3 3 3 3 3
Ho|l1 31 2 3 3 3 333333 3 3 3 3
H>|0 0002 23332233 2 2 3 3

B pesynbrare nosyuarorcst 40 cocraBabix DAS j1j1si TEXHOJIOTUU HUMMYHOJIOTHYECKOTO aHA-
maza (N = (3;5,0,0)):
S1=HixByx Iy x Dy x My, Sy = Hix Byx1; xDy* Mo,
Ss = Hyx By xI1 x Dy x My, Sy = Hy* By I x Digx Mo,
Ss = Hyx By x Iy x D1 x My, S¢ = Hy* By xIy*xDy* M,
St =Hyx Byx Iy % D7 x My, Sgs = Hy* By xIy*xD1g* Mo,
So = Hy*x By x I; x Dy x My, Si9 = Hy* By x I7 x Dyx Mo,
S11 = Hyx By x I; x Dy x My, S5 = Hy* By x I7 x D1y x M,
Si13 = Hy x By x [1g x D1 x My, Si4 = Hy % By x I1g % Dy x Mo,
Sis = Hy x By x [1g x D7 % My, Sig = Hy * By x I1g x D1g x Mo,
Si17 = Hy x By x [13% D1 % My, Sig = Hy % By x I13 % Dy x Mo,
S19g = Hy x By x I13 % D7 x My, Soqg = Hy % By x I13 % D1gx Mo,
So1 = Hy x By x I1 x Dy x My, Soo = Hy* By x 11 x Dyx My,
Soz = Hy x By x I1 x D7 x My, Soq4 = Hy % By x I1 x D1y x My,

247



Sos = Hyx By x Iy D1y % My, Sog = Hq* By x Iy x Dy My,

Sor = Hy x By x Iy % D7 % My, Sog = Hq* By x Iy % Dig x My,
Sog = Hy x By x I7 % Dy x My, S3g= Hy* By x I; x Dyx My,

S31 = Hy x By x I7 x Dy x My, S35 = Hy* By x I7 x D1y x My,
S33 = Hy x By x [1g % D1 % My, S34 = Hy % By x I1g % Dy x My,
S35 = Hy x By x [1g x D7 % My, S3g = Hy* By x I1g x D1g x My,
Ss7 = Hy x By x [13% D1 % My, S3s = Hy* By x I3 % Dy * My,
S3g = Hi x By x I13% Dy x My, Sy = Hy* By x I13 % Digx Mjy.

15.3 BrIBoabI K rjiaBe

B ,ZLaHHOﬁ IJlaB€ OIIMCAHBI /IBC 3a/a4U1 KOM6I/IH8,TOpHOI‘O IIJIaHUPOBAHUA B 6I/IOMerZLI/IH,I/IHel IIJIaHNn-
pOBaHWe JIeUeHUS JeTCKOW aCTMbI, IJITAHUPOBAHUE MMMYHOJIOTHYECKOr0 aHaau3a. MoKHO yka-
3aTh CJIeIYIONTUEe HATIPABJIEHNS /ISl UCCJIeIOBAHUI B OyIyIeM:

1. uccnenoBanue JAPYyrux TUIOB O0J€3HEN;

2. IpuMeHeHWe NPU IJIAHWPOBAHUHU JieUeHUs JBYyX-yPOBHEBOTO IOIXO0/a, BKIIOYAIIETO yPO-
BEHb JIMATHOCTUKU W YPOBEHb JiedeHus (paszen 8.3.2);

§. aHaJM3 pacCMOTPEHHBIX 33J7la4 B PEXKUMe PeajIbHOTO BPEMEHWU;

/. IpUMeHeHHe TPEeIOKEHHOTO0 BapHaHTa KOMOMHATOPHOTO TJIAHWUPOBAHMUS B PAa3TUUHBIX
OMOTEXHOJIOTHYECKHUX TIPOIECCAX;

H. yder HeompeJleJIeHHOCTH TIapaMeTPOB.
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I'maBa 16

Ilpnaoxkennsa B TejaeMeTpun, CEHCOPHbBIX
cucremMax

B ILaHHOfI IJIaB€ 1 IpeacTaBJCHbI IBa IIPUKJIAJAHBIX IIPUMEDPA KOMIIO3UIIUHA MOJAYJbHBIX CHCTEM!:
TeJeMeTpuiIeCKad CUCTeEMa U PaJnu0 CEHCOP.

16.1 Tenemerpuyeckas cuCTeMa,

[ToceaHue NecATUICTAS BaXKHOCTh PA3JIMYHBIX TEJIEMETPUIECKAX CHCTEM CYIIECTBEHHO BO3-
pocia [76, 116|. Taiee paccMaTpuBaeTcst KOMOMHATOPHbBIE HWHIKEHEPHBIE CXEMBI JIJIS1 TeJIeMEeTPHU-
qeckoii cucrembl (Puc. 16.1) (ucnosb3yrorcest HHTEPBAJIbHBIE OIIEHKH B BHJIE MYJIbTHMHOYKECTB):
() MOJYJILHOTO TIPOEKTUPOBAHUSs CUCTeMBI, (6) yJIydilieHre Moy YeHHbIX perteHnii (Kondurypa-
nuit cucremsl), (B) arperupoBaHue MOJIyIeHHBIX perienuii (koudurypanuii). ba3oseiii BapuanT
aHAJIN3a U CUHTE3a TeJIEMETPUIEKON CUCTeMBI (C TOPSIKOBBIMU OIEHKAME aJIbTEPAHTHB) TIPe/I-
crasjieH B [379]. 3azaua cuHTE3a TEJEMETPUYECKON CHCTEMBI ¢ MCIIO/Ib30BAHUEM HHTEPBAJIbHBIX
OIEHOK B BUJI€ MYJBTUMHOXKeCTB ornucana B [359]. Ouenku npoekTHbix anbrepHatus DAs u ux
COBMECTHMOCTH OCHOBAHBI Ha SKCIEPTHOM OLEHMBAHWH.

Bectunorasrii anmapar,
anmnaparypa u3MepeHust
(cencopsr,

3JIEMEHT TIepeJIaYn )

KaHaJI Hazemuas Touka s

HAKOIIJICHUA JAHHBIX
" 00pabOTKM

Mpuen, Oneparop
HAKOILICHUE,
00paboTKa

Puc. 16.1. Testemerpudeckasi cucrema

'MaTepuas TIaBEI OCHOBAH HA, TyOIHKAIAIX:
(i) M.Sh. Levin, Composition of modular telemetry system with interval multiset estimates. Electronic preprint.
9 pp., July 25, 2012. http://arxiv.org/abs/1207.6051 [cs.SY]
(ii) Levin M.Sh., Khodakovskii I.A., Structural Composition of the Telemetry System. Automation and Remote
Control, 68(9), 2007, pp. 1654-1661.
(iii) Levin M.Sh., Fimin A.V., Configuration of alarm wireless sensor element. 2nd Int. Congress ICUMT-2010,
Moscow, 924-928, 2010.
(iv) Levin M.Sh. Aggregation of composite solutions: strategies, models, examples. Electronic preprint, 72 pp.,
Nov. 29, 2011. http://arxiv.org/abs/1111.6983 [cs.SE]
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Uepapxuveckasi crpykTypa resiemerpudeckoii cucrembl umeer suj (Puc. 16.2):

0. Tenmemerpuueckas cucrema S = A * R« L:
1. Boprosoe o6opynoBanue A = D x E x F:
1.1. sHepreTuyeckasi yCTaHOBKa [,

1.2. cencopHbie 3j1IeMeHTHl [,

1.8. obpaborka gaHHBIX F.

2. Paguo xanan R.

3. Hazemuwriit nynkr L = B * O:

3.1. nazemuoe obopyaopanune B = U x V:
3.1.1. snepreruyeckoe obopyaoanue U,
3.1.2. pabouee mecto (Mecra) oneparopa(os)) V,
3.2. oneparop(st) O.

Tenemerpuyeckas cucrema S = Ax Rx L

H Haszemusrit nyukr L = B x O H

Omneparop
Pamno e
KaHaJl
R Hazemuoe
obopynoBaHue
HBOpTOBOG obopymoBauue A = D x Ex F H B=UxV

| ‘ | | hkﬁ

dueprerudec- ||Cencopubie ||O6paboTka ||Pagoyee || DHEpreTHdec-
Kad YCTAHOBKA | (3eMeHTbI JAHHBIX MecTO ore- |Kasd yCTaHOBKa
D E F paropa V' (|17

Puc. 16.2. Crpykrypa Tesemerpudeckoit cucreMmbl

PaccMaTpuBaeTcst YMCI€HHBIN TpuMep Jijisi GOPTOBOI TeJIeMeTpUIeCcKOl ocucTeMbl u3 [379]
(Puc. 16.3):

1. Boprosas moacucrema A = D x E x F.

1.1. Duepreruyeckas ycrtanoBka D = X x Y % Z:

1.1.1. crabumuzarop X: X, (cranpaprusiii), Xo (Tpan3uctophsiii), X3 (BHICOKO-CTAOUIBHBII),

1.1.2. rnasusrit ucrounuk Y: Y (Li-ion), Y5 (Cd-Mn), Y; (Li);

1.1.3. snemenr emergency cell Z: Z; (Li-ion), Z5 (Cd-Mn), Z5 (Li).

1.2. Cencopubiit anemenTsl £ = I x Q) x G-

1.2.1. cencopst yckopenuns I: Iy (ADXL), I, (ADIS), I35 (MMA);

1.2.2. cencopsl nosunmonmpoBanus @: (1 (SS12), Q2 (SS16), Qs (SS19), Q4 (SS49), Qs
(SS59), Qs (SS94);

1.2.8. rnobanbHas cucrema nosunmonuposanus (GPS) G: Gy (EB), G2 (GT), G (LS), G4
(ZX).

1.3. cuctema obpaborku maHHbIX F'= H ~C x W:

1.3.1. ycrpoiicro namsitu H: H; (SRAM), H, (DRAM), H; (FRAM);

1.8.2. ycrpoiicrso obpaborku (CPU) C: C; (AVR), Cy (ARM), C3 (ADSP), C, (BM);

1.3.3. yerpoiicrso 3anucu ganusix W: Wi (Bcrpoennoe ADC), Wy (Brempee ADC 12C), Wy
(Baemuee ADC SPI), W, (Bremnee ADC 2W), W5 (Bremnee ADC UART(1)).
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VHTepBaJibHBIE OIIEHKH B BHI€ MYJIBTUMHOXKeCTB 111 DAs nmoka3ans! Ha Puc. 16.3 B Kpyribix
ckoOKax (dKcmeprHOe oneHuBaHue). [TopsiIKOBbIE OEHKHM COBMECTUMOCTH TIPOEKTHBIX AJIbTep-
HaTUB mpejcraienbl B Tabsmre 16.1 (sxcneprabie onenkn). Cieayer 0TMETUTh, YTO MCXOIHOE
KOMOMHATOPHOE MHOXKECTBO IPOEKTHBIX perieHuit BKao4daer 116640 BO3MOXKHBIX CHCTEMHBIX

@ A=DxExF

A1 :Dl*El*Fl
AQZDl*El*FQ
A3:D1*E2*F1
A4:D1*E2*FQ
A5:D2*E1*F1
AGZDQ*El*FQ
A7:D2*E2*F1
A8:D2*E2*FQ

F=HxCxW
F1 :Hg*cl*WQ 1;2717070
F2:H3*01*W2 3;1727070

Hi(0,1,1,1) C1(2,1,0,0) W1(0,0,2,
H2(2517070) 02(1517170) W2(251707
H3(0527170) 03(0527170) W3(052717
C4(0,1,1,1) Wy(0,1,1,

W5(151717

11(1727070) Q1(2717070) G1(271507
I,(0,1,1,1) Q2(1,2,0,0) Ga2(1,1,1,
15(3,0,0,0) Q@s(1,1,1,0) G5(0,1,1,
Q4(0717171) G4(271507
Q5(3707070)
Q6(072a170)
D=XxYx*xZ
}D12X2*YVQ*Z251;27170703
D2:X3*Y3*Z3 2;172,0,0
ix L Lz
X1(777)Y1(7 7)Z15 3)

Puc. 16.3. CtpykTypa O0pTOBOI MOJICHCTEMBI

koMmOuHanmii (Te., (3 x 3 x3) X (3x6x4)x(3x4x5)).

Tabsuma 16.1. Onenkr COBMECTUMOCTH

V|Ya|Y4| 7| 24 2

Xi11322111

211 11
X34 3 3 1 2
11
21
1 2

<
— =N =

01\ 02\ 03\ 04\ W]‘ WQ{ Wg

W,

QIQQ{RIQQGIGIGIG,
I |4 444443444
I,b|3333332331
I;!3333221113
1 3 2 3 4||H,
Q2 1131
Q3 2 2 3 4||Cy
Q4 2 2 2 4||C,
Qs 2 2 2 4||C
Qe 2 2 2 4||Cy

Hi|3 3 3 2 3

11 2
Hs| 4 3 3

— W W W w N

3
3
3
3
3
3
1

3
3
3
3
3
3
1

— W W W W Ww

wawwwwg

[Tonyuensr caemyromnue Ilapero-acdpdexkTuBable cocTaBHble DAS:

(1) qnst D: Dy = Xox Yo x Zy, N(Dy) = (1;2,1,0,0);
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Do = X3 % Ys % Zs, N(D2) = (2:1,2,0,0);

(2) pist E: By = I3x Qs x Gy, N(Ey) = (3;3,0,0,0);
E2 = Il *Ql *G4, N(EQ) = (4,2, 1,0, 0),
(3) A4 F: F1 = HQ*Cl*WQ, N(Fl) =
Fy = Hyx Cy % Wa, N(F) = (3;1,2,0,0).

Puc. 16.4 wantocTpupyer KadecTBO pelieHuil 1Jist KOMIIOHeHTa F'.

(1;2,1,0,0);

N neanbHast
TOYKa,

PI/IC 16.4. Pemerka kauecrsBa aig F'

B pesysbrare, nosyudatorcs (kak kombunaimu) Bocemb pemenuii (DAs) st uccsempyemoit
HO/ICUCTEMBI:

Al =Dy x By x Fy = (Xox Yo x Zy) % (I3 % Q5 x Gy) * (Hy * Cy % W),
Ay =Dy x By x Fy = (Xo % Yo * Zo) * (I3 % Q5 x Gy) x (H3 % Cy x Wa),
A3 = Dy x By x Fy = (Xo % Yo x Zo) * (I1 % Q1 x Gy) x (Hy % Cy x Wa),
Ay =Dy x By x Fy = (Xo % Yo x Zo) * (I1 % Q1 x Gy) x (H3 % Cy x Wa),
As = Dyx By x Fy = (X3 x Y3 x Z3) % (I3 % Q5 x Gy) *x (Hy % Cy % W),
Ag = Dyx By x Fy = (X3 x Y3 x Z3) % (I3 % Q5 x Gy) *x (Hz * Cy *x W),
A7 = Dyx By x Fy = (X3 x Y3 x Z3) % (I1 * Q1 x Gy) *x (Hy * Cy % W),
Ag = Do x By x Fy = (X3 % Y3 % Z3) % (I1 % Q1 x G4) x (H3 % C1 x Wh).

Tenepb MOXXHO pacCMOTPETH IPOCTEHIINE YIyqIlIeHsI B BU/JI€ PEKOH(MUTYPAIUA 10Ty YeHHBIX
perenuii (T.e., O OJHOMY 3JIEMEHTY WK napHoil coBmectumoctn). [Tomcucrema F = HxCx W
paccmarpuBaercst kak npumep (Tabauna 16.2).

Tabnumna 16.2. Y3kue MecTa, yIydIIeHus

Tenepb paccMaTpUBaeTCs THIOTETHIECKUIT TPOIece yaydimenus (mo sneMenTaMm) mis Fy co

Cocrasubie | Y3kue Vitydmenue
DAs MecTa w/e
DA/IC

31 Wy |(2,1,0,0) = (3,0,0,0
Fy C 2,1,0,0) = (3,0,0,0
Fy H, 2,1,0,0) = (3,0,0,0
F HQ,W2§ 1=3

1P 3, W 3=>4

Fy 1, Wa) 3=4

Fy Wy {(2,1,0,0) = (3,0,0,0
Iy C1 [(2,1,0,0) = (3,0,0,0
1y H; ((0,2,1,0) = (3,0,0,0

OMHAPHBIMU MepeMeHHBIME {y;; }:

(1) mBe Bepcum jyisi smementa Wa: y1 (mHer), y12 ((2, 1,
(2) nBe Bepcun juist snementa Cy: yo1 (HET), Yoo ((2, 1,

0,0) = (3,0,0,0));
0,0) = (3,0,0,0));
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(3) nsitb Bepewii aust sementa Hs: ys; (mer), yso ((0,2,1,0) = (0,3,0,0)), ys3 ((0,2,1,0) =
(17 2,0, 0))a Y34 (<O> 2,1, 0) = (27 1,0, O))a Y35 ((07 2,1, O) = (37 0,0, 0))

B Ta6smne 16.3 nmpecraBieHs! GUHAPHBIE IepeMeHHbIE (Y;;), YLy IleH s i UX OIEHKH (OIeH-
KI UMEIOT WUTIOCTPATHBHBIN XapakTep). 3a1ada yrydiienns (IIONCK PeNleHns] B BUIE MeTHaHbI
JUIsl 3371240 THIIA OJIOYHOIO PIOK3aKa) MMeeT BHL/I;

3 g qi
arg min Z |0(M, ei;)] st Zzaijyij <b, Zyij =1Vi=1,3, y;; € {0,1}.

MED (i jyeS={(i.)lyij=1} i=1j=1 j=1

Tabmuma 16.3. Vayumenus aas Fo

Axknuga Omnenka |CrTouMocTh

Viay4dnieHud €ij a”

Y11 EWQ, HET) 2.1,0,0

Y12 (W = Wy, 3,0,0,0 17
yiydrienye 1)

Y21 501, HeT 2.1,0,0 0

Y22 (C = C1, 3,0,0,0 15
yﬂqueHI/Ie 1)

Y31 EHg, HET) 0,2,1,0 0

ys2 (Hy = H, 0,3,0,0 1
yiyunienue 1)

ys3 (Hs = H3, (1,2,0,0) 7
yirydiienue 2)

ys4 (Hs = H3, (2,1,0,0) 13
yiydiienue 3)

Yss (Hs = Hj, (3,0,0,0) 22
yiydiienue 4)

MOXKHO IPUBECTH Psif, IPAMEPOB COCTABHBIX CHCTEMHBIX Y/IYUIICHWUI, ABIAIONIMUXCS peIe-
HUEM PaCCMOTPEHHOU ONTUMU3AIMOHHON MOJIEIN:

(1) b=1: y11 =1 (Wo, mer), yo = 1 (C1, Her), yzo = 1 (Hz, yayumenue 1);

Fy= F} = H} « Cy % W, e(F}) = (2,1,0,0);

(2) b =45y = 1 (Wy, ynyumenue 1), y = 1 (C, yayumenne 1), ys4 = 1 (24,
yaymenue 3), N

Fy = F? = H3 % Cl« Wi, e(F2) = (3,0,0,0).

Janee paccMarpuBaeTcsi yUpPOIIEHHAs CTPATETUSl arpernpoBaHust (pacmmpenue “sapa cu-

creMbl” HA OCHOBE 33J[au OJIOYHOTO PIOK3aKa) JJisi BOCHMHU MOJIYYE€HHBIX BBIIIE DENTeHUIA:
A1 (XQ*}/Q*ZQ) (Ig*Q5*G4) (HQ*Cl*WQ)

= (Xox Yo x Zy) x (I3 % Q5 x Gy) % (H3 % Cy % W),
= (Xo* Yo x Z5) x (I x Q1 x G4) x (Hy % Cy % W5),
= (Xo* Yo x Z5) x (I x Q1 x G4) x (Hz * Cy % Ws),
= (X3 % Y3x Z3) x (I3 x Q5 x G4) x (Hy % Cy % W5),
= (X3 x Y3 x Z3) x (I3 % Q5 x Gy) % (H3 % Cy x W),
= (X3 * Y3 x Z3) x (I} x Q1 x Gg) x (Hy % Cy % Wy),
A8 (X3 % Y3x Z3) x (I x Q1 x G4) x (Hz % C1 % Ws).

[Toapemenue u Hajperenue npejcrasienbl Ha Puc. 16.5 u Puc. 16.6.

XY Z I @@ G H C W XY Z I Q@ G H C W
Xo|[ Yo | Zao|[ L1 |[ Q1) Ga( Ha|[ C1|[ W5 Gy Ch|[Wy
X3 YEJ, Z3 ]3 QEB H3

Puc. 16.5. Hagpemienue Puc. 16.6. [Toapemenne
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[Tosiyuennoe 1ojperieHue COAEPXKUT TPU dJIeMEHTa U 3Ta KoMmMOuHalusi OyJeT paccMarpu-
BaThCsl Kak “sapo cucrembl system”). Takum o6pa3om, mpouecc arperupoBaHust HPeICTaBIIsIeT
co0oii HeKYyI0 3aaady 6J09HOrO proK3aka st Beibopa (n mobasmenusi) DAs misa momcucTeMmsr:
O©=X*Y*xZ*I+Q*H (Puc. 16.7) (6e3 yuera coBMecTHMOCTH). VcnOMB3yI0TCS ClIeayioniye
bunapusle nepementsie: {x;;}, 1 = 1,6, j = 1,2.

Ilomucrema: © = X xY x X xIxQx H

oW lz U lQ H
Xi(z11)Yi(z21) Zi(z31) Li(zar) Qi(zst) Ha(wer)
Xo(z12) Yo(222) Zo(232) Is(242) Qs(ws2) Hs(we2)
Puc. 16.7. Beibop DAs a1 moacucteMbl

Mogeab uMeeT BuU:

6 2 2
arg HllIl Z ‘5(M, el-j)|, s.t. ZZaijxij S b, ZSL’Z']’ =1V = m, Tij € {0, 1}
j=1

MED (5. jyes={(i.j)lwi;=1} i=1j=1
Ouenku npejcrasienbl B Tabauie 16.4 (MLIocTpaTuBHBI XapakTep).

Tabumma 16.4. OueHku /s arperanuu

Beibop Onenku CroumocTh
DA €ij (aij)
T11 XQ; 2717070 11
T12 X3 0727 170 4
Z21 }/23 27 17070 10
T22 Y:g 0, 1, 1, 1 2
Z31 ZQ; 27 17070 12
€32 Z3 0727 170 6
T4 Ilg 1727070 7
Ty2 [3 3707070 20
T51 Ql 2, 1,0,0 14
T52 Q5 3,0,0,0 21
Te1 H2 27 17070 13
T62 H3 0727 170 5

HeKOTOpre IIpuMepbI peIHeHHfI, COOTBETCTBYIOIIIHE yKaBaHHOﬁ MO/ieJin, UMET BU/IL:
1) b = 42 T19 = 1 (Xg), Too = 1 (YEJ,), T3 — 1 (Zg), Tyg1 = 1 (]1), Tr1 — 1 (Ql); T — 1
@1 :Xg*}/g*Zg*ll*Ql *Hg, 6(@1) = (072,1,0),

(

)a

(2) b= 53: 11 = 1 (XQ), To1 = 1 (}/2), T3 — 1 (Z , Lg1 = (]1), T51 — 1 (Ql); Tgo — 1
)

(

)

3)
y @2 = X2*}/2*Z3*[1*Q1 *Hg, €<@2) = (1,2,0,0),
3) b = &T: 11 = 1 (XQ), To1 = 1 (}/2), 31 = 1 (ZQ), T2 =
)

3IX2*}/2*Z2*[3*Q5*H2, €<@3) :(2,17070 .

1
1 (3), w52 = 1 (Q5), xe1 = 1

S
D

16.2 DbecnpoBoaHOII ceHCOop

B nocsiefaue rojipl 04Y€Hb MOBBICHJIACH BAXKHOCTh CEHCOPHBIX cereii u cucrem [45, 150, 486, 517,
580]. MoKHO paccMaTpuUBaTh YIPOMIEHHYIO 3-YPOBHEBYIO apXHUTEKTYDY CEHCOPHBIX CHCTEM a
sensor system (Puc. 16.8): (i) ceHCOPBI ¥ JIOKAJIbHbBIE CEHCOPHBIE CeTH (yPOBEHb CEHCOPHBIX IO/
cucrem), (il) KOMMYHUKAIMOHHAS CeTh (TPAHCIOPTHBIN ypoBeHb), (iii) noacucrema ynpasJienus
(ypoBenb yupasieHus: anagu3 uHbOpMAIUK, HHTerpays HHGOPMAIUY, TPUHATHE DElleHui 1
ynpasyenue) [486, 580|. 31ech paccmaTpuBaercsi nepapxudeckoe MOJYJIbHOe MPOEKTHPOBAHUE
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paJuo ceHcopa Ha ypoBHe 1 yka3aHHOW 3-ypOoBHEBO#l apXxuTeKTypbl. B KadecTBe NMpHUKJIaIHOTO
npuMepa PacCMOTPEH IPOTHBOMOXKAPHBINA CEHCOP.

B nanHOM paszenie ommcaHa cocTaBHas KOMOWHATOpDHAs WHYKEHEDHAs CXeMa MOIYJIbHOTO
npoektupoBanus (Puc. 16.9): Bei6op mpoekTHbix anbrepHatus (DAs) ans wacteit cucteMbr
(MHOTOKpUTEpHAIBLHOE PAHKUPOBAHUE ), KOMOMHATOPDIH cuHTe3 (KOMIO3uIus) KoHdUrypauii
cucrembl (IMMII), arperanust mosry4eHHbIX KOHMDUIYpanuii ¢ 1e1b10 (GOPMUPOBAHUS PE3YIIBTH-
PYIOIIEro pelleHust KAK arperupoBaHHON KOH(DUrYpaIuu cucTeMbl (II0CTpOeHHe “s/1pa CUCTeMbI”
W ero paclliupeHoe Ha OCHOBE PIOK3AYHON MOJIEJN ).

YpoBens 3: YmpanieHue
(MOHUTOPHHT TPOIECCOB, AHAJIU3
nHMOPMAIUY ¥ WHTErDAIINS,
HaKoJieHne MHQOPMAIK U XPAHEHWE,
reHepanus ynpapIsiiOUX Perennii)

74 R I BN

Yposens 2: TpancnopT (nepenada,
nHopMaIy 1 00paboTKa, MapIIPY TH3AIMS,
COCTaBJIEHNE PACIUCAHUM, IOKPBIBAIOIIHE CEeTH,
OpeBAPUTE/IbHAS ArPEranysi JAHHbIX )

N A A S A

VYposens 1: CeHcopsl (BKIIOUast
PEIBAPUTEIBHYI0 06pabOTKY JAHHBIX, TIEPEIAdy )

Puc. 16.8. Cencopnas cucrema (Tpu ypOBHS )

MuozxecTBO MuozxecTBo MuozkecTBo
DAs gna DAs nna DAs nna
qactu 1 9aCTH 1 9aCcTH M
Pamxupo- Panxupo- Pamxupo-
Baune DAs Baune DAs Banue DAs
Kowmmnosuimsi /cunTe3

!

CIpOeKTHPOBAHHBIE COCTABHBIE
perenus {S'}
l cee l

H TIporecc arperupoBamust H

(C Arperuposannoe penrenne S99 )

Puc. 16.9. Boibop, KOMIIO3UIMsI, arperausi

PaccmarpuBaercs cienyiomas uepapxudeckas CTpyKTypa paauo cercopa (Puc. 16.10):

0. Paguno cencop S = H xW.

1. Dnexktponuka H = M xU x Z.

1.1. MukposjaekTpoHHble KOMIOHEHTHI M = Rx P x D x ().

1.1.1. Pagno R:

Chipcon CC2420 Radio R;(3), Chipcon CC1000 Radio Ry(4), Semtech XE1205 Radio R3(2),
Infineon TDA5250 Radio Ry(1).

1.1.2. Mukpomnporeccop P:

Atmel ATmegal28 with 10-bit ADC P;(3), Atmel AVR AT90S2313 P,(1), Texas Instruments
MSP430F16 with 12-bit ADC/DAC P5(2).
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1.1.3. DAC/ADC D:

Atmel ATmegal28L embedded 10-bit ADC D, (2), Texas Instruments MSP430F16 embedded
12-bit ADC/DAC D,(1), Analog Devices 14-bit AD679 Ds(3).

1.1.4. lamars Q:

No external memory ()1(4), 4 Kb EEPROM (2(3), 128 Kb Flash Q5(2), 1 Mb Flash Q4(1).

1.2. Duepreruueckoe ycrpoiicrso U:

2800 mAh NiMh Battery U;(1), 1500 mAh Li-Ion Battery Us(2).

1.3. Cencop Z:

Edwards 284b-pl Heat Detector Z;(1), 123 Security Systems Photoelectric 2-Wire Smoke
Z5(2), Multisensing Fire Detector Z3(3).

2. Ilporpammer W =Y x O.

2.1. CencopHble TPOTPAMMBI Y :

Zigbee/802.15.4 & Application Y7(3), TinyOS BMAC & Application Y5(1), Ad-Hoc software
& Application Y3(2).

2.2. Onepammonnas cucrema O:

6e3 OS, npocras cpeaa 3amycka O;(1), TinyOS O5(2).

® S=HxW

Sl :Hl*Wl, SQZHQ*Wl,
S3=H3*W1, S4=H4*W1,
S5:H1*W2, S(;:HQ*WQ,
S7:H3*W2, SgZH4*W2

eH=MxUxZ

H1 :Ml*Ul*Zl
HQZMQ*Ul*Zl
H3:M1*U1*Z2
H4:M2*U1*Z2

(3) O1(1)
1) O»

Yi 1
Ya( (2)
Y3(2)

M=R«PxDxQ éU gz

[ ]

My :Rg*Pg*D2*Q4

M2 = R4*P3*D2*Q4 g;g;gg;gig
Lr Lp [p @ Z3(2)

(

3) P1(3) D1(2) Q1
(3) P,
1) Py
1)

Ry 3 Q1(3)
Ry (1) D2(1) Q2(3)
Rs( (2) Ds3(3) Q3(2)
Ry( Qa(1)

Puc. 16.10. CrpykTypa pajauo ceHcopa

[Tpu ounenuBanun DAS MCHONB3YIOTCS ClIeAyIOIe KpUTepuu (Beca BayKHOCTH KPUTEPHEB
YKa3aHbI B CKOOKaxX, '—’ COOTBETCTBYIOT CJIy4al0, KOTJa MUHUMAJIHHOE 3HAUYEHUE SBJISeTCS HAW-
ayumum): croumoctb Cp (-100), pamuyc Cy (1), sueprernueckue tpebosanusi C3 (-80), cko-
pocrs/4acrora Cy (1), nocroseprocts Cs (10), oobem namsitn Cg (0.5), qymuressbHOCTS DyHKIH-
onmposanust C; (1000). Ouenku DAs no kpurepusim nipescrasiensl B Tabiuie 16.5 (3xcnepraoe
OIlCHUBAHUE).
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Tabauna 16.5. Onenkun DAs o xpurepusm

Cl CQ Cg 04 05 CG 07 [Tpwo-
puTeThI
Ry |13 80 25 250 3
Ry | 11 160 29 76 3
Rs | 6 600 25 76 1
Ry | 8 200 17 64 1
P |8 8 16 3
Py, 125 5 10 1
Py |11 2 12 2
Dy | o 2 150 10 2
Dy | 0 1 200 12 1
Ds | 4 4 250 14 3
Q1] 0 0 0 0 3
Q2 | 1 2 3 1024 3
Qs | 3 3 2 131072 2
Qs | 3 3 2 1048576 1
Uy | 3 2800 1
Us | 10 1500 2
Z1 110 2 1
Zy |25 5 1
Zs | 50 16 3
Y1 100 15000 5 3
Yy |50 6000 6 1
Ys 100 4000 11 2
O1 |0 2000 4 1
Oy | 0 4500 0 2

Pesynbrupytomme npuopurerst DAs npesncrasiens Ha Puc. 16.10 (B Kpyribix ckoOKax) u B
Tabsmme 16.5. lanHble MPUOPHUTETHI MOJYyYEHBI B PE3yIbTATE MPUMEHEHUsS MHOTOKPUTEPHAIb-
HOTO paHxkupoBanus (Mogudukanust meroaa noporos Hecpapuumoctn ELECTRE).

Tabauna 16.6 comepKuT OIeHKH coBMecTHMOocTH MexXay DAs. Vcmonb3yemble OIEHKH, B
OCHOBHOM, HMEIOT WJLTIOCTPATUBHBIN XapakTep. /lis kommonenToB M, U u S paccMaTpuBaioTcs

O/IMHAaKOBbIE OIIEHKHW COBMECTUMOCTU MEXK/Yy JIOKaJIbHBIMUA DAs.

Tabmuna 16.6. OueHKu COBMECTUMOCTH

PR D DID]Q[Q Q[

Ri13 3 3

&
wWww
wWww
wWww

SO WWWWW
WO ODWWWWw

—— =W W W W
WWWWWWWWwww

WWWWWWwWwwww

WWWWWWWWwwWww

WWWWWWWwWwww

04 O,
Yi|1 2
Yol0 3
Y313 2

KoMOuHaTOpHBI! CHHTE3 I MOJCUCTEM CEHCOPa MPUBOIUT K CJAEAYIONUM pPe3yJIbTATaM.

[Tonyuatorcs Ilapero-acdpdexktuubie cocraBabie DAs myis mogcucrem:

(a) Wi =Y3x 01, N(W;p) =(3;1,1,0);
(6) W2 = YQ*OQ, N(WQ) = (3, 1, 1,0),

(B) M1:R3*P3*D2*Q4, N(Ml):(3,3,1,0)
(I‘) M2:R4*P3*D2*Q4, N(Ml):(3,3,1,0)
Pemenusa M, nu M, nnmocrpupyores va Puc. 16.11 n ma Puc. 16.12.
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N peanbuasa
TOYKA

P ®
N(Mi), N\NUy)

(R} DT

Q4
w=3
y,IfIL{IaH w = 2
TOYKa
@ w=1

Puc. 16.11. Konuenrpuyeckoe mnpeacrasienue  Puc. 16.12. Pemerka xauecrBa

st mopcucrembl H perieHusi UMEIOT BHL

Hy =M, xU; xZ1 = (R3 % Py x Dy % Q) % (Uy % Z7);
Hy = My x Uy % Zy = (R3 % Py x Dy % Q) % (Uy % Z5);
Hs =M, xU; xZ1 = (Ry % Py x Dy % Q) % (Uy % Z7);
Hy= My xUy % Zy = (Ry* P3x Dy x Qq) x (U x Z3).

OKOH"I&TGJII)HO, II0JIy49al0TCA BOCEMb CUCTEMHBIX pellIeHI/IfIS

S1=Hi«Wy = (MyxUp % Z7) x (Y3%O1) = ((R3 % Py *x Dy x Q4) % (Uy x Z1)) * (Y3 x Oy);
So=Hox Wy = (My* Uy % Z1) % (Y3xO1) = (Ry % Py x Do % Q) % (Uy % Z7)) * (Y3 % O1);
Sy =H3* Wy = (MyxUy % Zy) x (Yz3%O1) = ((R3 % Py *x Dyx Qq) % (Uy x Z1)) * (Y3 x O1);
Sy=Hyx Wy = (Myx Uy Zo) % (Y3xO1) = (Ry % Py % Dy % Qy) % (Uy % Z7)) * (Y3 % O1);
Sy = Hy Wy = (Myx Uy % Z7) x (Yo * Og) = ((R3 % Py *x Dy x Q4) % (Uy x Z1)) * (Yo x O3);
Se = Hox Wy = (Myx Uy % Z7) x (Yo% Og) = ((Rg * Py *x Dy x Q4) % (Uy x Z1)) * (Yo x O3);
St =Hs* Wy = (Myx Uy % Zy) x (Yo * Og) = ((R3 * Py *x Dy x Q4) % (Uy x Z3)) * (Yo x O2);
Sg = Hy* Wy = (Myx Uy % Zy) x (Yo * Og) = ((Rg * Py *x Dy x Qq) % (Uy x Z3)) * (Yo x O2).

Cremyer orMeTuTh, 9TO MCXOJHOE KOMOMHATOPHOE MHOXKECTBO pelleHwii BKJO4Yaer 5184
(4x3%x3x4x2x3x3 X 2) BO3MOXKHBIX COCTABHBIX DEIICHHI.

B paccmarpuBaemoMm npuMmepe, uMeercs BoceMb penienwmii: Sy, S, Sz, Si, Ss, S, S7, Ss-
[TogcTpykTypa THX pelleHuit mpeactaBieHa Ha Puc. 16.13. 9Ta moacTPyKTypa UCHOJIb3yeTCa
Kak “a71po” 1y mocyeayomero pacmupenus. HajacTpykrypa npeacrtasiena na Puc. 16.14.

R P D R P D u Z Y O
0.0.@OOO ﬁﬁﬂﬂﬂﬁﬁﬂ
Puc. 16.13. [loacTpykrypa (“ampo”) Puc. 16.14. HaacTtpykTypa pernrenwit

IIponemypa arperanuu peain30BaHa B BHE CTPATETHA PACIIHPEHUS HA OCHOBE 33,1a9H 6I104-
HOTO prok3aka. Tabsmua 4 coepKuT anbrepHaTuBsl (1y1s crparernn paciumupenus) (DAs) u ux
OleHKH (IOpSIIKOBasl MIKAJa, SKCIEePTHOe oneHuBaHue). Paccmorpennsie DAS coOTBETCTBYIOT
uapemennio (Puc. 16.14).
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Tabsmmma 16.7. [IpoekTHBIE aJIBTEPHATUBBI

k| DAs |bBunapras |Crommocts|ITosnb3a
IepeMeHHasd [ Cij
1| Rs T11 2 3
2| Ru T12 3 4
3| 44 T91 4 3
41 Zy T92 6 3
5| Y, T31 7 3
6| Y3 T32 8 2
71 Oy T4 1 3
8| Oy T4 1 2

Hpe,ZLHOJIaI‘aeTCH, YTO aJIbTEPHATUBBI IJId PAaCIIUPEHUA ABJIAIOTCA COBMECTUMBIMU. HOJ’Iy‘I&—
OlagacCd 3aJa4da 0J109HOTO PIOK3aKa UMeET BU:

max CiiTii 8.t a;ixi; < b, zi; =1 Vi=1,4, z;; €{0,1
ZZ i%is ZZ iTij Z J ; €{0,1}.

i=1j5=1 i=175=1

OueBunHO, @1 = 2, @ = 2, @3 = 2, @4 = 2. Jlna pemeHns ucnoab3yeTcs NPOCTEHITHH Kal-
HBIl AJITOPUTM Ha OCHOBE YIIOPS0UEHUsT AJBTEPHATHB 10 ¢;/a;). MOXKHO TpuBeCcTH cJieyioIue
IPUMEPHI IIOJy4aeMbIX PeIIeHuit:
(1) bl = 14: ('rll = 1, To1 — 1, T3] — 1, Ty — 1), Sagg = R3*P3*D2*Q4*U1 *Zl *Y'Q*Ol,
(2) b2 = 15: (2712 = 1, To1 — 1, T3] — 1, Ty — 1), Sagg R4*P3*D2*Q4*U1 *Zl *Y'Q*Ol

16.3 BrIiBoabl K riaBe

B nannoit ryiaBe OblyIu 1peiCTaBIEHBI JIBA TIPpUMEPA KOMOMHATOPHBIX cXeM B 00JIACTH TeJIeMeT-
PUM U CEHCOPHBIX CHCTEM: MPOEKTHPOBAHUE U YJIYUIIEHUE TeJIeMETPUUECKON CUCTEMBI W PaIuo
cercopa. Cie/lyeT OTMETUTD CJIEAYIONUE BO3MOXKHBIE TEPCIEKTUBHBIE HAIIPABJIEHUS HCCJIEI0-
BaHUI:

1. ucciaenoBanue 33129 JUHAMUYIECKOTO IPOEKTUPOBAHKS U Y/IyYIIeHHsI CUCTEM B TeJeMeT-
pHH’

2. uccjieloBaHue KOMOMHATOPHOM BOJIIOIUU TEJIEMETPUUECKUX CUCTEM M MX KOMIIOHEHTOB,

3. aHaAJM3 W NMPOEKTHPOBAHWE TEJIeMEeTPUYECKON CHCTEMBI, KOTOpas BKJIOYAET HECKOJBHKO
OOPTOBBIX ANNAPATOB U /WM HECKOJHKO HA3EMHBIX MYHKTOB,

/. WiCCJIEIOBAHME W DeIlleHre 33Ja4 ITPOEKTUPOBAHNS HA YPOBHE TPAHCIOPTHPOBAHWS CEH-
COpHBIX cucTeM (Hampumep, GOPMUPOBAHUE PACIHUCAHWIA),

J. MCIIOJIb30BAHUE CXEM BBISIBJIEHHSI Y3KUX MECT B MOJYJIbLHBIX CHCTEMaX Ha YpOBHe cOopa u
00paboTKK MH(POPMAIUU CEHCOPHBIX CHCTEM.
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I'maBa 17

HpI/I.TIO}KeHI/IH B MEHC/I2KMCHTEC

B nanHoit riase | mpuBeieRb ONMCAHNS HECKOIBKIX KOMOMHATOPHEIX CXeM B 00JIaCTH OPraHu3a-
[IMOHHOTO YIIPAaBJIEHNS, MAPKETUHTA, TIJIAHUPOBAHUA MCCIENOBAHNN, SKOHOMUKH, JIEKTPOHHOMN
TOPTOBJIU.

17.1 IlnanupoBaHHe HUCCJI€JOBAHUS B I'e€0JIOTUN

B nannoM pa3sjese onuchiBaeTCsi KOMOMHATOPHOE TIJIAHMPOBAHKE TTPOIECCA Te0JIOTUYECKOTO U3y-
YeHHsI ¥ IIPOMBIIIIJIEHHOTO OCBOEHNSI MEeCTOPOXK IeHnit HedTH, ra3a u KoHueHcaTa [28| Ha npumepe
HECKOJIbKUX MeCTOPOXK IeHuii moyocrposa Amas [32| [Tpu onennBanuy napaMeTpoB UCIIOJIb3Y-
IOTCS TIOPSI/TKOBBIE TITKAJIBI, & TaK:Ke WHTEePBAJIbHBIE OINEHKN B BUJIE MYJIHbTUMHOXKECTB.

17.1.1 MHccaemoBaHue MeCTOPOKIEHU

O6mwmit mwian uccreoBanuii BKIo4Yaer narh dacreii (Puc. 17.1):
S = Al % A% % A3 % A % A°,

rae Al cooTBercTByeT mIaHy /18 MeCTOpOXKIeHns Xapocoseit, A% - s mecTopoxaennss Apk-
THUYECKOE, A3 - JIJIsi MecTOpoxK ieHusi HelitnHuckoe, A* - JIJ1s1 MecTOpOxKieHusi Kpy3eHmrepHckoe,
AS - JIJIsi MECTOPOXK IeHusi boBaHeHKOBCKOE.

Cxema pellieHusl BKJIIOYAET JBa, dTATA!

1. Uepapxuueckoe KoMOMHATOpHOE (DOpPMUPOBaHUE MJIAHA, UCCIEIOBAHUI TSI MECTOPOXK-
JeHu’ (C IIeJIbI0 COKPAIeHWsT 00beMa, 37eCh NMPUBEIEHbI JaHHbIE 110 JIBYM MECTOPOXKIECHUSIM:
Apkruueckoe u Kpysenmrepuckoe).

2. KoMmnosumus o01ero miaHa UCCIeI0BaHUs /I PErHOHA.

PaccmarpuBaercs maHupoBaHue JelicTBUH (MeponpusTuil, aknuii, onepanuii) Mo reoJ0ru-
YECKOMY M3YUYEHUIO W MPOMBIILIEHHOMY OCBOEHWIO MECTOpOXKaeHuii HedpTu u raza. [Ipemamosna-
raercss 4-ypoBHEBasi MepapXus reoJIOTHYeCKUX OOBEKTOB: (a) MPOJAYKTUBHBIH IJIACT, 3a/I€XKb

'Marepuas riaBbl OCHOBAH Ha TyOIMKATIHAX:
(i) JTepur M.III., KomGuauposanHas cxemMa GOPMUPOBAHNUS CTPATErAN MaPKETHHTa. Busnec nHDOpMATHKA, BBIIL.
2, 2009, C. 42-51.
(ii) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Springer, 1998, chapter 11.
(iii) Levin M.Sh., Towards electronic shopping of composite product. Electronic preprint. 10 pp., March 3, 2012.
http://arxiv.org/abs/1203.0648 [cs.SE]
(iv) Levin M.Sh., Morphological approach to electronic shopping. IEEE Region 8 Int. Conf. “Sibircon-2008”,
Novosibirsk, pp. 280-285, 2008.
(v) Jlesun MLIII., ®umun A.B. Kombunarophas cxema /il aHAJIN3a, NOJUTUIECKUX KAHIUIATOB U UX CTPATE-
ruii. DueKkTpoHHbIH Hay4dH. xk. “Uudopmanuonnbie npoueccsr’, 9(2), 2009. C. 83-92.
(vi) JIesur ML.III., Tlopockyn B.U. KomGunaroproe mianupoBanue ucciaenosanuii nedpru u rasa. B: “Teosnoru-
JeCcKMe UCCaenoBanust u npuMenenvs’, 1997, som. 4, M.: Uncruryr munepanbabix pecypcos PAH, C. 49-55.
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(nvkHuit yposenn); (b) rpynna npoJyKTHBHBIX IJIACTOB, 3ajexeil; (¢) MecropoxeHue Hed-
T /Ta3a; (d) HedrerazoHocHbIH paitoH (Ipyia MecToOpoXK IeHuil ).

e Ve N

XapocoBeii

Apkruyeckoe Heiitunckoe

MeCTopOHQIeHI/I(? MeCTOpO}K,ILeHI/Ie>

Mecrtopox nenune > MecTtopox nerue

K BoBaHeHKOBCKOE Kpysenureprckoe )j

Puc. 17.1. Mecropoxienusi Ha nosyocrpose fImasie (peruo)

XapakTepuCTUKHU JIJIsi ONEHUBAHUS YKA3AHHOTO Ie0JIOTHIECKOT0 OObeKTa, CJIe/LyoIue:

1. npusHak Hasuuus 3anexku ('3’ COOTBETCTBYET HAJIMYUIO 3aJIeKH, "2’ COOTBETCTBYET mep-
CIIEKTHBHOMY I'OPH30HTY B IIpEJeJiaX MeCTOPOXKIeHus, 1’ COOTBETCTBYeT MepCIeKTUBHOMY T'O-
PU30HTY B IpeJieiaX JIOBYIIKH);

2. TIyOWHA, 3aJIeTaHus, M;

3. tun dmona (kaaccudukamuonusiii dbakrop: (i) ras, (ii) ras u kongencar, (iii) vedrs);

4. BeJIM4YuMHA 3amacoB (ra3 - MIH. Ky6. M, HedTb - THIC. T.);

5. cpenHuit 1ebut paborarommx cKBaxKuH (Kyb. M B CYyTKH);

6. CJIOXKHOCTh TOPHO-I€0JIOTNYeCKUX yeaoBuil (1 - mpocTeie, 2 - CI0XKHbBIE, 3 - OYeHb CJIO0XK-
HbIE);

7. HaIeXKHOCTH (PUCK) ToJydeHus oxkugaemoro pesyabrara ([0...100]);

8. mocroBepHoCTh onenku 3anacos (pecypcon) ( Cy - 20%, Cs - 50%, C3 - 80%, u T.1.);

9. yIaJIeHHOCTD OT TE€XHOJIOIMYeCKOi 06a3bl (razo-uedrenpososa) (Km).

JlJ1st KarXKJ10r0 reoIoru4eckoro 00bekTa pacCMaTPUBAETCS BOCEMb aJIbTE€PHATUBHBIX UCCJIE-
JIOBATEIbCKUX (MIPOEKTHHIX) JeiicTBuil (BapuanToB - DAs), npeacrasiennbix B Tabmume 17.1.

Tabaumna 17.1. Tunsl IpOEKTHBIX BAPHAHTOB I'€0JIOIHYECKOI0 MCCJIe0BAHUS

0603Ha- CopneprkaHne re0JIOrnIecKOro UCCIeI0BAHIS
yeHue

X, |Kouceppamusa pabor

X5 | HopasBenka 3ajexu (IOMOJHATEIBHOE UCCIEI0BAHUE )

X3 |HesaBucumast sKcIuryaTanus reoJorundeckoro obbekra (ras)

X, |HesaBucumas sxCrryaranus reonornaeckoro oooexra (nedrn)
5 | HesaBucumas sxcruryaTalust reoJorndeckoro oobekra (Hedrh, ras)
6 | CoBmecTHas sKCILIyaTamst reoI0rmIeckoro oobekra (ra3)

X7 |CoBmecrHas 9KCILTyaTaIdsi TEOIOMTYECKOro 00bekTa (HedTh)

Xg | CoBMecTHAST 9KCIITyaTANs T€OJIOTNIECKOro 00bekTa (HedTh, ra3)

Jasee it KarKJI0TO re0JIOTMYecKoro 00beKTa BhIOMPAeTcss HEKOTOPOE TMOJAMHOXKECTBO aJlb-
TePHATUBHBIX JEHCTBUH U3 yKA3aHHOTO CIUCKA (C COOTBETCTBYIONIMM WHJEKCOM) Ha OCHOBE
9KCIIEPTHOTO OIEHMBAHUS. DTO HMPEIBAPUTEIbHBIN BHIOOD aJbTepHATUB UCCACI0BAHUS HA HUK-
HeMm ypoBHe. OToOpaHHBIe JIOKaabHBIe DAS aBstioTcs 6a30ii 111 KOMOMHUPOBAHUS COCTABHBIX
akuuit uccienoanust (cocraBubix DAs) jist rpynn reosiorudeckux O0bEKTOB W, jajiee, st
MECTOPOXK/JIEHUA.

Kaxk 1p1it KOMIOHEHT cTpaTernu (reoJ0rnveckoii 06beKT, TpyIna 00beKTOB, CTpaTerus) 060~
3Havaercs OyKBoil (ypoBeHb 3(hDEKTHBHOCTH WM TPHOPUTET ( YKa3aH JJIs KayKI0r0 KOM-
noHeHTa B CKOOKax). Ilpomecc pemenust mis KaxKaoi 3a7ady KOMIO3UIMK OCHOBBIBAETCS HA
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0COOEHHOCTSIX CUTYAIMH HPUHSTHs PelleHnii, BKiovas cieiyomee: (a) sxcrnepr(bl), 3HAHUS 1
onbIT 3Kcnepra(oB), Haau4dre obopyaoBanust; (6) Hajmuume u 00beM ucxouHoit nudopmanuu 06
06beKTe; (B) pecypesl sl pelennst 3a/1a4 (HalpuMep, BpeMsl, KOMIIBIOTEPhI, KOMMYHUKAIINH ).
[Ipeamonaraercs, 9T0 9KCIEPT TOTOB K IKCIHEPTHHIM CYKACHASM CJIeAyomuX Tunos: (1) Beibop
DA st KaxKJ10ro reosiorudeckoro oobekTa, (2) panxkuposanue DAS juist KaxKI0ro reoiornyie-
ckoro o0bexTa, (3) onenuBanue copMecTUMOCTH MexK 1y DAS (10 HEeKO# HOpsiIKOBOl mIKaJe).

UccnemoBarenbckas cTparerus Jjis MECTOPOXK 1eHusT HeTH U ra3a ApKTHYeCKOe IIPeJICTaB-
sena Ha Puc. 17.2. Tabmuna 17.2 comepKuT (haKTOPBI A 33JaHUS COBMECTHMOCTH MEYKITY
s/ieMeHTamMu crpareruu (3aech u jganee C5+B - comepKanue B rase yriiesonoponos Ch u BbI-
me). Ouenku coBmecrumoctu Mexkay DAs (skcneprHoe oneHnBaHue) npeacraBjienbl B Tabuuie
17.3 u Tabumue 17.4. CocraBusie DAs jyist rpynu o6bexros TI124-HII3 (D), TIT14-TTI13 (W)
npuBeierbl B Tadsume 17.5.

[Tonyuennubie 6 BapHaHTOB HCCJIEIOBATETHCKOM CTPATErUH JJisi MECTOPOXKIeHUST ApKTHYe-
CKO€ UMEIOT BUJI;:

A2 =W, x Dy x B3(1), A3 = Wy x Dy % Bs(1), A3 = Wy x Dy x B3(1),

A2 = Wy Dyx B3(1), A2 = W3 % Dy % Bs(1), A2 = W3 x Dy x B3(1).

Tabnuna 17.6 comepKuT MpuMephbl Y3KUX MeCT W BO3MOXKHBIE akiuu yaydirenud. Puc. 17.3
UJLTIOCTPUPYET KAadeCTBO COCTABHBIX peIlleHus s KoMmoneHTa W.

@ Crparerus A> =W x D * B
A§:W1*D1*Bs
A%:WQ*Dl*Bg
A%:W1*D2*Bg
AgIWQ*DQ*Bg
A§:W3*D1*Bg
AGZWg*DQ*Bg

TIT14-TIT18 TI124-HIT3 IK1-2
W =ExFsGxJxl D=PxQ (B

— = =

W1:E6*F6*G6*J6*[61 D1:P3*Q51 822
W2:E3*F6*G3*J6*[31 D2:P3*Q21 B31
WgZEﬁ*Fﬁ*Gg*JG*Igl

TIT14 | TII14A TI5 | TIIL7 | TS | TI24 | HII3

1) ja e 7 T P

By(2) T(2) Ca(2) T(2) 53 P(2)  Ou(1
1) Os(2

Es(1)  Fg(1) Gs(1)  Js(1 I5(1
6(2 Ge(2 6
Puc. 17.2. Crparerusi jajisi MecTopoxieHusi ApKTudecKoe

Tabsiuma 17.2. PakTOpbl COBMECTUMOCTH

DAs DakTOpPHI

1.TII14 E & TII14A F |3amacer, 6mmsocts, C5+8
9.TI14 E & TII15 G |3anacer, 6iam3ocrs, C5+8
3TII4 E & TII17 J |3amacel, 6au3ocTsb
4.TII14 E & TII18 1 3amacel, 6IU30CTH
5.TII14A F & TII15 G | 3amacet, 6au3ocTsb
6.TII14A F & TII17 J |3amacer, 6au3ocTs

7. TTI14A F & TII18 I | Bumsocts

8.TII15 G & TII17 J |3amacer, 6iusocts, C5+8
9.TII15 G & TII18 I 3amacer, biuzocth, C5+B
10.TII17 J & TII18 I |3amacsr, 6umsocts, C5+B
11.TT124 P & HII3 Q |Bausocrs, C5+8
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Tabmuna 17.3. CoBMeCTUMOCTH MEXKITY
DAs ansa rpynn TTI14-TTI18

FQ‘FG‘G2‘G3‘G6‘J2‘J6‘[2‘[3‘[6
Ey 123234102 33
Es 13 42 4 41 2 3 2 2
Es |3 4 3 4 41 4 3 3 4
5 23 4 2 3 2 3 2 Tabauna 17.4. CoBMecTUMOCTD
Fy 1 3433231 mexay DAs s
Go 23 2 1 3 rpynn TTI124-HIT3
G 2 4 2 3 1
G 2 4 2 31 @] @5
JQ 2 1 1 P2 2 3
Js 1 3 4 Py 13 4
Tabsiuma 17.6. Y3kue mMecTta u aKIUK yJIydIIeHUs
Cocrasuble DAs V3kue mecra | AKIHA
Tabmuna 17.5. Cocrasubie DAs DAs| IC w/r
Cocrasuble DAs N Dy = P+ Qs 0- 51
Dy = P3x Qs 4;1,1,0| | Dy = P3x Q) (P3,Q2)] 3 = 4
DQZPg*QQ 3;2,0,0 Wi = Egx FgxGg* Jg % Ig| Eg 2=1
leEG*FG*GG*JG*]G 4,2,3,0 W1:E6*F6*G6*J6*]6 G(; 2=1
WQIEg*FG*Gg*JG*[g 2,5,0,0 W1:E6*F6*G6*J6*[6 [6 2=1
WgIEﬁ*Fﬁ*Gg*Jﬁ*[g, 3,4,1,0 W3:E6*F6*G3*J6*[3 E6 2=1
N neanpuas
TOYKa
N(W)

Haunxynmas w =2
TOYKa w=1

Puc. 17.3. Tuckpernoe “npocrpanctso’ kadectsa N (W)

UccnemoBarenbckas crpaTerus jjisi MecTOpoxKjaeHust KpyseHiTepHcKoe IIpejicTaBeHa Ha
Puc. 17.4. Tabnuna 17.7 conepkut haKTOPHI /I 3a/[aHUsi COBMECTUMOCTHU MEXKTy dJIeMEeHTaMU
crpareruu. OUEHKH COBMECTUMOCTH Mexkay DAS (SKCIepTHOe OlNEHWBAHUE) MPEJICTABJIEHBI B
Tabmumnax 17.8, 17.9. Cocrapusie DAs nyist B u H npencrasyenst B Tabune 17.10. [Tonydyennsie
2 BapuaHTa UCCJIEI0BATETLCKO CTPATErNH I MECTOPOXKAeHNsT Kpy3eHITepHCKOe UMEIOT BU/T:
Al = By x Hy, A = By x Hy. Puc. 17.5 wuIocTpupyeT KadecTBO COCTABHBIX DPeIeHus s
KomIiionenTa H.

Taxum 06pa30M, IOy YeHbBI CJIAYIONNE CTPATErHH UCCIe0BaHUs JIJist MeCTOpOoxK iennii (Puc.
17.6):

0. O6mas cocrapHas crparerns: S = Al x A% % A3 x A x A®

1. Crparerus jjisi MecTopozKienusi Xapocoseit: Al.

2. Crpareruu jyist Mmectopoxjenuss Apkruueckoe: A3, A3, A3 A% A2, A2
3. Crparerusi 1y1a Mectopoxkaenus Heiirunckoe: A3,

4. Crparernu n1a Mectopoxkaenns Kpysenmreprckoe: Af, Aj.

5. CTpaTernu /19 MecTOpoxkaeHusa Bopanenkosckoe: A3, A3.
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@ Crpareruss A* = Bx H

Ai:Bl*Hl
A2 :Bl*HQ
ITK1-ITK11 [MK12-TII11
e B=ExFxGxJ H=KxLxVxOxP

Bleg*Fg*Gg*JG H1:K6*L6*‘/5*O3*P6
H2:K6*L6*‘/5*O3*P2

K12 |Tm-2 [Ts5A T |t
K L % 5 P
K(3) Lo(2) Va(2) O4(2) Pl
K1) Le(l) Vi(1) Os(1) Pu(2

TIK1-4 JTIK9  |TIK10 LK1l

i) e 7

Fo(2 J(2 J2§2;
Tol1

K
5 (2
E3(1)  F3(1) Gs(1
2 Gg(2
Puc. 17.4. Ctparerus s MecTopoxKaeHuss KpyseHmrepHcKoe

6 6

Tabaumna 17.7. DakTOpPBl COBMECTUMOCTHU

DAs DakTops

1.IIK1-4 E & TIK9 F 3amacel, 6JIM30CTH
2.11K1-4 E & TIK10 G 3amacel, 61M30CTh
3.IIK1-4 E& IIK11 J 3anacer, 6J1M30CThH
4TIK9 F & TIK10 G 3amacel, 6JIM30CTb
5IIK9 F & TIK11 J 3amnacel, 6JIA30CTh
6.IIK10 G & TIK11 J 3anacel, 6JIM30CTD

7.IIK12 K & TII1-2 L 3amacer, 61130CTH
8.TTK12 K & TTI5-5A V | 3anacer, Gmusocrs
9.ITK12 K & TII10 O 3amacel, 6JIM30CTH
10.IIK12 K & TII11 P Bmmszocts, C5+8
11.TTI1-2 L & TII5-5A V | 3anacsr, 6imzocrs, C5+8
12.TTI1-2 L & TII10 O 3anacel, 6iiuzoctb, C5+B
13.TII1-2 L & TII11 P Bamnacet, 6au3octs, C5+8
14.TTI5-5A V & TII10 O |3anacsr, 6im3ocrs, C5+8B
15.TTI5-5A V & TII11 P |3anacsr, 6im3ocrs, C5+B
16.TTI10 O & TII11 P 3amacser, bu3octs, C5+B

Tabsuma 17.8. CoBMecTHMOCTD Tabomna 17.9. CosmectumocTsh
Mex(ﬂyHDAs mig rpynn [TK1-1TK11 mexay DAs g rpynn IIK12-TTI11
FQ‘Fg‘GQ‘Gg‘G6‘J2‘J3‘J6 LQ\LG\%\%\OQ\Os\Pz\P6
Ey, 121212 21 2 Ky |4 3 2 431 4 3
FEs |4 3 43 1 4 3 1 Ke |1 4 3 4 3 4 3 4
Es |1 41 4 2 1 3 4 Ly 2 3 4 2 3 4
F, 34 2 3 4 2 Lg 2 4 4 4 3 4
Fy 3 4 4 3 4 4 Vs 4 4 2 3
G 3 4 4 Vs 3 4 3 4
G 4 4 4 O, 4 4
G 3 4 4 Os 3 4

Tabsmma 17.10. Cocrasubie DAS
Cocrasubie DAs N

81:E3*F3*G3*J3 3,4,0,0
H1:K6*L6*‘/5*03*P6 4,4,1,0
Hy = Kgx Lgx V5 xO3%x P[3;5,0,0
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WNneanpuas
N( HQ) TOYKa,
w=4
w =3
Hauxymamast w =2
TOYKA,
w=1

Puc. 17.5. Juckpernoe “npocrpanctso’ kadectsa N(H )

S =A% A% x A3 x A* & AP
{églaé;27é;37é;4aé;57é;675;77é;87é;97é;107
51175127513751475157516 5177 5187

19, K20, K21, D22, D23, K24

lar e [ Ja |w
A A A3 Al A
A3 A3 A3
A3
A
A?
Ag

Puc. 17.6. CoctaBHas cTpaTerus ajis peruoHa

B pesysibrare, nosyuaercst 24 cocTaBHBIX CTpPaTeruil MCCjie0BaHUs JJIsi PACCMATPUBAEMOTO

pernona (6e3 aHAIN3a COBMECTUMOCTH ):
S = Al x A3 x A3 x Al x A3, Sy = A x A2 x A3 % A x A3,
Sy = Al x A3 x A3 x Al x A3, Sy = Al x A2 x A3 % A x A3,
1 *x Ay x Ay x Ay x Ay 1% Ay x Ay x Ay x Ay
S5 = Al x A2 x A3 % A} % A3, Sg = Al x A3 x A3 x A) x A3,
Sy = Al x A2 x A3 % A} % A3, Sg = Al x A3 x A3 x A) x A3,
Sg = A} x A2 x A3 % A} x A3, Sip = A} x A2 x A3 % AJ x A3,
S = A} x A2 x A3 % A % A3, S1o = Al x A2 x A3 x A x A3,
Sz = A} x A2 x A3 % A % A3, S1y = A} x A3 x A3 x A x A3,
S5 = Al x AT x A3 % Al % A3, S1g = Al x A2 x A3 x Aj x A3,
Siz = A} % A2 x A3 x Al x A}, S1g = A x A2 x A3 x Aj x A3,
Sig = Af % A2 x A3 x Al x A3, S = A x A2 x A3 x A3 x A3,
Sop = A} x A2 x A3 % A} % A3, Sop = Al x A2 x A3 x A x A3,
Soz = Al x A2 x A3 % A} % A3, Soy = A} x A2 x A3 % AJ x A3,

Tenepb MO2KHO IIpOBECTH ILOHOJIHI/ITGJIbeIfI aHaJIN3 ITOJIy4YE€HHbIX CTpaTeI‘I/Iﬁ AJid OKOH4Ya-
TEJILHOTO BBIOOpa HaumJiydIneil crpareruu (HaHpHMep, MHOTOKPUTEPUAJIbHOE PAaH>KUPOBaHUE,
skcrepTHoe onenuBanue). C Apyroif CropoHbl, BOBMOXKHO arpernpoBaHUe IMOJIYYEHHBIX perlre-
HUM 19 POPMUPOBaHMS Pe3yJIbTUPYIONIEH arperupoBaHHHON pEernOHAJIBLHON CTpaTeruu.

17.1.2 ArperupoBanue penieHuii

B paccmaTpuBaemMoM mpuMepe uMmeeTcs 24 peleHHs W3 MPEABIAYIIETO pa3jena: Si, . . .
[TogcTpyKTypa 3THUX pelleHni npeacrapieHa Ha Puc 17.7. DTa cTpyKTypa mdajiee UCHOIb3yeTCs
KakK “gaapo”’ nasa gaabHeiinero pacimupenus. Ha Puc. 17.8 npencraBieHa HaaCTPYKTypa.
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Al A% A3 A AP

(AR (A3 (A3 AR (A
Ag A3|| A5
A3
AL A A A4 AP Aj
AQ
5
BHO@EO0 r
NN /AN AN
Puc. 17.7. [Topcrpykrypa (“s1po”) Pwuc. 17.8. HagctpykTypa

Tabsinma 17.11 cosiep:KUT TPOEKTHBIE BAPUAHTHI JIjIsl PACITUPEHUs “sapa’, BKJIIOYas UX OleH-
KM (MCIIOJIh30BAHBI TIOPSIIIKOBBIE MIKAJIbI, SKCIEPTHHIE OIEHKH).

Tabauna 17.11. BapuanTsl pacmupenus

x| Bapuantsi | Iponunas |[lena| [Tosin3a
IepeMeHHAsA| a;; Cij

1| A} T11 4 4
2 A% T2 6 6
3 A§ 13 3 2
4 A? T14 3 3
5 A% T15 4 3
6 A% T16 5 3
7 A‘f T21 3 4
8 A3 T2 3 3
9 A3 T31 3 3
100 A3 T30 4 4

HpezmonaraeTCH, YTO IPOEKTHLIEC BapHUaHThI ABJIAIOTCA COBMECTUMbBIMHU. BaAaqa arperupo-
BaHUsl (CTpaTerusi PaCIIMpPEeHNs) OCHOBAHA HA MOJIETH OJIOUHOTO PIOK3aKa:

3 4
maXZZcijxij s.t. ZZa,ij<b Z:pw—l‘w—l 3, z;; €4{0,1}.

i=1j=1 i=1j=1

B monenu ¢ = 6, ¢ = 2, g3 = 2. Ilpu UCHOIB30BAHUU TIPOCTEHIIETO KAIHOTO ajiropuTMa, (Ha
OCHOBE YIIODSIIOUEHUsl SJIEMEHTOB MO ¢;/a;) TOJYYalOTCs CJIeAYIONue perenus (PaccMOTPEeHbI
4eThipe BapHAHTA OrPAHUYEHMS ):

()b =9: (x4 =10, 291 = 1, 23, = 1),

Syt = Al % AT % A3 x AT x A} = Ry Py * Dy % Qu % Uy x Zy % Yo % O

( ) b2 = 10: (ZL‘14 = 1, To1 = 1, T3 = 1),

Sagg1 Al % A2x A3 % Al x A5 = Ry3x Py x Dy x Qux Uy x Z1 x Yo x O

(22) 0> =10 (v =1, 291 =1, w3, = 1),

5“992 Al x A2 % A3 % AT % A3 = R3x P3x Doy x Qux Uy x Zy % Yo % Oy

(3) b3 =11: (l‘n = 1, To1 = 1, T39 = 1),

Spfd = Al % A2 % A3 x Al x A5 = Ry % Py * Dy % Qu % Uy x Zy % Yo % Ox;

(4) b4 =11: (1312 = 1, Tog = 1, T3] = 1),

Sptd = Al % A3 % A3 x A3 x A} = Ry * Py * Dy % Qu % Uy x Z1 % Yo % O1.

17.1.3 MHNcnosb30BaHNE MHTEPBAJIBHBIX OIEHOK

[ITkasia MHTEPBATHHBIX ONEHOK (B BHUJIE YACTUIHO YHOPSTOYEHHOTO MHOXKECTBA) JJIsT HCTIOIb3ye-
Moii 3a1a4n onermBanna P34 mpencrasiena Ha Puc. 17.9. YacTh MecTOpoXK IeHUS A pKTHYIecKoe
(Puc. 17.10) ucmoap3yeTcs st IpUMepa UCHOIb30BAHNsT HHTEPBAJIBHBIX OIEHOK.
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(4,0,0) e

|
(3,1,0) (&

|
(2,2,0)

|
(173>O> e47

(&) @211
(0,4,0)

(0737 1) € &

/
(0.2,2)
|
(0,1,3) ey

|

(07 07 4) 61’2

Puc. 17.9. Onenku a4 3ajaun onennBanusg P34

TII14-TTI18

W=FExFxGxJx*xI

lew:EG*FG*Gﬁ*Jﬁ*]G 4,1,3,0

WQJMZEG*FG*Gg*Jﬁ*Ig 3,3,1,0
T

T4 [Tmiaa s M7 |Tms

00,31 Eéo,z@; G101 igo,z,zg 10.1.3
FE5(3,1,0) Fs(3,1,0) G3(2,2,0) Js(3,1,0) I3(3,1,0
6\ 1Ly GG PSS) 6\1) <
Puc. 17.10. Mecropoxaerne ApkTiueckoe (HHT€PBAJIbHBIE OIEHKHN)

NurepBasibhble OneHKY Jisi JoKaiabHbix DAs npusesenst va Puc. 17.10 (B ckobkax). Uc-
IOJIB3YIOTC OneHKH coBMecTuMocTH DAs n3 Tabmumpsr 17.3. [ycTh nMeoTcs ABa pelleHus:

WM = Egx FsgxGgx Jo x I5, N(WM) = (w(WM);e(WM)) = (4;1,3,0);

WM = Egx Fsgx Gz x Jox I3, N(WM) = (w(WM);e(WM)) = (3;3,1,0).

Onenku e(WM) = (1,3,0), e(WM) = (3,1,0) aBagiorcs MeguaHaMy 110 OIEHKAM COOTBET-
CTBYIOIIUX KOMIIOHEHTOB.

17.2 Crparerun moJuTMIECKOr0O MapKeTHHTA,

17.2.1 IlpenBapuresbHble CBeJCHUI

Mero/ipl MapKeTHHTa CTAJIN TPUMEHSITh B 001acTH nonTKy gasHo [304, 414, 505|. B nocsieanmne
npumepHo 15 et chopMUpOBAIOCh HanpaB/ieHne: MapkeTuHr B moautuke (political marketing)
[67, 248, 322, 441, 455, 495, 496], ryie MMPOKO UCHOJIB3YIOTCS METObl MAPKETHHTA, JIJIs AHAU3a,
MOJTUTUYECKUX “00beKTOB” ¥ CUTYaIluil ¥ IOCTPOEHUSI CTPATErHil IPOBEIeHUS TOJTUTUIECKUX aK-
uit ¥ Kamnanuit. O4eBUIHO, YTO TIPU STOM IPUMEHHAIOTCS TPAIUIIMOHHbBIE TIOIXO0IbI U3 00/1aCTH
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MapKeTHHTa, HAIPUMED: 33/[a9i CEerMEHTAIMU PHIHKOB, MOCTPOEHWe CTpaTeruii. 371ech Ipej-
Jlara€Trcd COCTaBHAA MHOFO—CTaAHﬁHaH KOM6I/IHaTOpHaH CXeMa MHOI'OKPpUTEPUAJIbHOI'O aHaJIu3a
MOJTUTUYECKUX KAHJIUJIATOB U IOCTPOEHUs] CTPATErwil MPOBEIeHUs WX TMOJUTHYECKUX AKITHAM.
Yerblpe KOMOWHATOPHBIE 3aa9i HCIOJIB3YIOTCS KaK BCIoMoraresbHble (6a30Bble “Momyan’):
(a) MHOrOKpuTEpHAIbHOE paHKupoBanue, (6) Kiacrepuszanusi (rpymnnupoBka), (B) 3agada o
Ha3Havenuw, (r) OaouHas 3a7ada o pok3ake. Cxema BK/O4aeT ciaenyiomue cramuu: (1) kia-
crepusanuio (T.e. IOCTPOEHHE THUIOBBIX I'PYII O0bEKTOB, HAIPHMED, CEIMEHTOB 3JIEKTOPATA,
IPYII TUIOBBIX KaHAMIATOB); (2) ompejeseHre COOTBETCTBHs KAHJUIATOB TIPyNIaM u30upa-
Tesieli (Ha OCHOBE 33Jaui O HA3HAYEHWH), B pe3yjbraTe JJisi KayKJ0ro KaHauaara (hOpMUDY-
ercss HaOOP COOTBETCTBYIOIUX €My IpyI u30uparesieil, KpOMe TOr0 HA ITON CTaIuU MOXKET
OBITH BBISIBJIEHO OTCYTCTBUE COOTBETCTBYIONIUX TPYIII u30upareseil jijisg HEKOTOPHIX KaHIu-
JaroB; (3) pemenue 3a1aun 6JI0YHONO prOK3aka jis (OPMHUPOBAHUS KOMILJIEKCHOW CTpaTernu
JIUIS KaXKJI0TO KaH/IUIATa C YYETOM €T0 PECYPCHBIX OTDAHWYEHHU; 3/1eCh IPE/INOIaraeTcs UCXO-
HbIli HAGOp W3 YeThipex “dJIeMeHTApHBIX” JIEHCTBUH MOJMTHYECKOrO KaHuaaTa (OpraHu3amnus
BCTpeY ¢ m30MpaTe/isiMu, OJATOTOBKA PEKJIAMHBIX DOJIMKOB 1Sl TeJIEBUICHUS, OPTaHU3AIU 00-
MIECTBEHHBIX JMCIYTOB, KOPPEKTUPOBKA MOJTUTUICCKON IPOrPAMMBI) U Jjisi KA2KJI0TO CEIMEHTa
3JIEKTOPATa BHIOMPAETCs IMOJMHOXKECTBO HCXOHOTO HAbOpa JeificTBHil ¢ yueToM O0IIero pecypc-
HOTO OTPaHWYEHUs. 3a/a9a MHOTOKPUTEDPUAJIHHOTO PAHXKUPOBAHWS HOCUT BCIIOMOTATETHHBI
XapaKTep U MOXKeT OBITh WCIOJIb30BaHA B PAMKaX NMPUMEHEeHHWs MHOTOKDPHUTEpHUAJIbHOI Bepcuu
3a/Ia9M 0 HA3HAUYEHUU, MHOTOKPUTEPUAJBHONR BEPCUU 337a4u OJIOUHOTO PIOK3aKa, a TaKXKe JJId
ONpeJiesIeHus IPEIIOYTeHUH rpyn u3buparesieii (Ipu UCIOIH30BAHNN PAHKUPOBOK ¥ /MM Ya-
CTUYHBIX MOPsiAKOB). JlaHHAsi cocTaBHasi CxeMa sIBJIsIeTCsl TUIIOBOH B paMKax 4-X ypOBHEBOI
APXUTEKTYDHI JIsl 3374 KOMOWHATOPHO! onTuMu3anuu, npeniokennoit B [353]. Yucnennsiit
npuMep peaju3yeT OJUH M3 BO3MOXKHBIX BAPUAHTOB PACYeTa U WJLIIOCTPUPYET MPEIOKEH-
HbI m01x0/1. Pacuersl npoBoausuch Ha ocHoe mporpamm B cpege MATLAB (MatWorks, Inc..
http://www.matworks.com).

17.2.2 CocrTaBHasg cxeMa penieHus

B nmaunmnoii pabore paccMarpuBaloTcs aBa 06a30BBIX HCXOTHBIX MHOXKecTBa: (1) asemenmor (T.e.
IOJINTUYECKHE KAHAUAATHL) U (2) nosuyuy (T.e. rpymns! THIOBBIX u3bupareseit). Mcnonbsyercs
KOMOMHATOpHAs cXeMa, BKJovamomas derbipe cragun (Puc. 17.11):

DJIeMEeHTHhI: ITozunu:
KaHIU AT TpyTNbI u30upaTeeit

CIRE)

ll

HeiicTrus =

Puc. 17.11. KombunaTopHast cxema,

1. kylacTepu3anUs MHOKECTBA A4eMenmoe6 ([Jisi yMEHbIIEHHsI PA3MEPHOCTH 3341 );

2. KJacTepu3anys MHOKECTBA 1no3uyud (1isi yMEHbIIeHUsT PA3MEPHOCTH 3a/1a4H );

3. Ha3Ha4YeHUe KJIACTEPAM IAeMEeHMO6 KJIACTePOB no3uyull, T.e., MOJyUYeHHe Tap KAacmep
INEMEHMOB - KAGCTED NO3UYU;
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4. BBIOOD JJIsT KAaK0W TOJIyYEeHHOU Taphl MOAMHOXKECTBA ONepaluii U3 HEKOTOPOIo 33 IaH-
HOT'O MHOXKECTBa onepaiyii (neficrBuit) (3adava 6.404H020 PHOK3aKa WA MHOZOKPUMEPUAADHAH
3adaya 6.A04HO20 POK3AKA).

17.2.3 Ilpumep

B pamKax 4mCJIEHHOrO IpUMepa IIpejjlaraeTcs WIIOCTPATUBHBIN pacdeT Ha OCHOBE YCJOBHBIX
MOJINTUYECKUX KAHIUAATOB, BKioudas craauu (Puc. 17.12): (1) rpynmupoBKa MOJUTHYECKUX
KAHIUJATOB JIJI TIOJYYeHUs THIOBBIX NOJMTHUYECKUX KAHIUIATOB (337248 KJIACTEePU3AIUN);
(2) onpesesienre COOTBETCTBAS TUIIOBBIX KAHAUJATOB IpynIiaM u3bupareseil (3a1a4a o Ha3HA-
qennn); (3) bopmMupoBaHUe KOMILIEKCHOH CTPATEruu JJig TUIIOBOTO IIOJUTHYECKOTO KAH/U/IATA,
KOMILICKCHAs CTpaTerus BK/IIOYaeT HabOp AeHCTBUMIl JTaHHOTO KaHIMIATA JJId KazKJIOTO COOT-
BETCTBYIOIIEr0 JaHHOMY KAHIUJATY CErMEHTa 3JIEKTOpPATa ¢ Y4eTOM OOIIEero OrpaHudeHHIo 110
pecypcy (Ijist JaHHOTO KaHauaara) (3aga4a o 6J0YHOM pioK3ake). JlaHHBIE SABJISIOTCS WJLIIO-
CTpATUBHBIMA.

I'pynnuposka Onpenenenne ®opmMupOBaAHKE
NOJIATUYIECKIX COOTBETCTBUS KOMILIEKCHOM
KaHIUIaTOB TUTOBBIX CTpaTeruu Jjist
JUIST TIOTTY et KaH/[1/IaTOB THIIOBOTO
THUIIOBBIX rpynram KaHAuJaTa
KaHIUIaTOB n3buparesieit (3amaua o
(samaqa (samaga o 65109HOM
KJIACTEPU3aLyn ) HA3HAYEHNUN ) PIOK3aKe)

Puc. 17.12. Baok-cxema pacuera

PaccmaTpuBaemblit mpuMep OCHOBAH Ha JIAHHBIX MPE3UJIeHTCKUX BHIOOpOB B Poccum B 1996
rofay, T.e., paccmarpuBatorca 10 kammumaros: B.A. Bpeanasnos, FO.I1. Baacos, M.C. T'opba-
yeB, b.H. Eabmun B.B. Kupwunosckuit, I'A. 3ioranos, A.N. Jlebenn, C.H. ®enopos, M.JI.
[MMakkywm, ' A. fABaunckuit. B pacuerax yka3zaHHbe BbIIIE TMOJATHYECKAE KAHIUIATH PACCMAT-
PUBAIOTCS B 3aKOJAUPOBAHHOM BHUJIE U UCIOJIB3YIOTCS CJeayiomue obo3HaueHus: (TOPSAIOK M3~
menen): A = {Ay, ..., A, ..., A1o}. B KadecrBe XapaKTepUCTUK KAHAUIATOB PACCMATPUBAIOT-
Cs TOJIBKO JIMYHOCTHBIE Xapakrepuctuku: (1) xapmsma (C), (2) mosuruueckuii OmbIT
(Cy), (3) pamukansuocrs (C3), (4) obpazosanne (Cy) u (5) penyramus (Cs). Tabiauna
17.12 copepKuT OIEHKH HMCCJIE/yeMbIX AJbTEPHATUB (T.e. IPUMEPOB IIOJUTHYECKUX KAH/IUIA-
TOB) 110 JINYHOCTHBIM XaPAaKTEPUCTUKAM (HA OCHOBE SKCIIEDTHBIX OLEHOK B IOPSAKOBOI IIKaJe
[1,2,3,4,5]). Takum obpazom, mj1st KazKI0To Kanauata A; iMeeTcss BEKTOP ONEHOK 0 KPUTEPH-

M {01,02, Cs, Cy, 05}1 Y = (yilayi279i3ayi4ayz‘5)-

Tabauna 17.12. Ouenku ajabTepHATHB

Gl Glalaldc

Ail 4 4 3 3 4

A1 3 5 4 5 2

As 5 2 5 2 4 Tabsmma 17.13. OueHku rpymm moJuTHKOB
Ay | 3 4 3 4 2

As |5 4 5 4 3 Cr| G| G5 il G

As | 3 2 2 5 5 Gi| 2 3 2 3 1

A1 3 5 3 3 1 Go| 45 2 35 3 25

As| 2 3 2 3 1 Gs3 13.125 4.5 3.25 3.75 2

Ay | 3 1 1 3 1 Gy| 3 15 15 4 3

Aw| 4 2 2 4 1 G5 [3.8754.1253.625 3.75 3
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Jlajiee 1poBOJMTCS pacyeT HA OCHOBE 33/la4M KJIACTEPU3AIUU C BO3MOXKHBIM II€pecedeHueM
10JIy4aeMbIX KJIACTEPOB. B pe3ysibrare nosy4atorcst 5 rpyI MOJUTHKOB (THIOBBIX MOJIUTUKOB)

(p=1,5):
I'pynna (kmacrep) 1: G = {As} (coabblit moauTHK).
Ppynna (kaacrep) 2: Gy = {As, Ajp} (Xapu3amaTudyHble HEOUBITHBIE TIOJUTHKH).
Ppynna (kaacrep) 3: Gs = {A;, Ag, Ay, A7} (onbiTHBIE 06pa30BaHHbBIE TIOJUTHKHT).
Ppynna (kaacrep) 4: Gy = {Ag, A9} (HeonbITHBIE KAHAUIATHI).

Ipynna (kaacrep) 5: G5 = {A;, As, Ay, A5} (Xapu3MaTuYHbIE ONBITHBIE MOJTUTHKH ).

3aMeTnM, KaxKJas TPYIIa COOTBETCTBYeT “TunoBomy’ moauTuky. B Tabmume 17.13 mpuse-
JA€Hbl CpeJHue OLIEHKH II0 XapaKTepUCTUKaM JIJid Ka)Kll‘Oﬁ I'pPynnbl IIOJIUTUKOB, T.€. UMEIOTCHA

Cremyer 3amMeTuTh, 9TO JAHHBIN MPUMED KJIACTEPU3ANMHA HOCHT WUJLIIOCTPATUBHBIN Xapak-
Tep. B peanbHBIX MPHUKJIAIHBIX CATYAIUAX CJILYIOT TPOBOIUTH KJIACTEPU3AIMIO TPYNI H30H-
parejieil Jjis TOJIy9IEeHUIO YKPYMHEHHBIX CETMEHTOB 3JIeKTopaTa. B mpumepe mpe/mosararor-
Csl 3aJIAaHHBIMU CJIEJYIONMe TPYINbl u30upareseil (CErMEHThI 3JIEKTOPATa, aHAJIOr CerMEHTOB
poiaka) (¢ = 1,5): (1) nenarpucrckuii Fy, (2) koMmMmyHucTHYeCKH-arpapHbii Fsy, (3) nanuonas-
narpuorudeckuii Fs, (4) noauruyecku anaTuvHbii iekropar (Mosaoaexs u ap.) Fyu (5) 6yp-
)Kyasublit F5. B Tabnune 17.14 npejacTtaBieHbl MPeANOYTeHNsT YKa3aHHBIX T'PYI H30UpaTesiei
(9KCIepTHBIE OLEHKH [0 TOMY ¥Ke Habopy XapaKTepHCTHK), T.e., s KayKJ0ro Kauauaara F,
nMeeTcs: BeKTOp oreHok 1o kpurepusam {C1, Cy, Cs, Cy, Cs '} Z5 = (241, 242, 243, Zq4, 245) -

Tabsmmma 17.14. Ilpeanourenus u3buparesiei Tabmuna 17.15. CoorBercrBue G, — E,
alalolaldc E| B | B | B | E
Ei| 4 5 1 4 4 Gy | 41 34 46 34 43
Ex|'3 2 4 3 5 G2 | 53.5 53 69.5 56 54
Es| 5 4 5 3 5 Gs | 61.25 52.625 71.125 51.625 63.875
E,| 5 1 2 4 5 Gys| 49 45 55.5 50.5 53
Es| 3 5 1 5 5 Gs | 66.75 60.625 80.25 60.75 69.625

Tenepb MOXKHO TOCTPOUTH MATPUILY COOTBETCTBUSI, T.€. YUCJIEHHOE BbIPAYKEHUE COOTBETCTBUS
JUIsl KaXKI0H mapsl “rpynna KanauaaTos - rpynusl usbupareneii” G, — E, (p=1,5, ¢ =1,5):
Cpq- SHAUEHME YKA3aHHOI'O COOTBETCTBUS JJIsl KaXKJOif Iapbl BBIYHCIAETCS KAaK CyMMa IIPOM3-
BEJIeHUI 3HAYEHNUs] XapAKTEPUCTUKY KaHAWJATa (CpefHee 3HAYEHHE JJIsi TPYNIBI KAHHIATOB
u3 Tabmuupt 17.13) Ha 3HaUeHHe TpeIOYTeHUs IPynbl nu3dupareseit (13 Tabauner 17.14) (Te.
BEJMYMHA THUIA CKAJISPHOIO NPOW3BEJEHUsI BEKTOPOB): Cp, = 22:1 Ype Zq¢ - B pesynbrare
nosiygdaercss Tabmuma 17.15. 3amernm, 9T0 pacder 3TUX KOMILJIEKCHBIX XapaKTEPUCTHK MOXKET
IPOBOJMTHCS ¥ JPYTUMHU CriocobaMu (HAITPUMep, HA OCHOBE PAHKUPOBOK, OMHAPHBIX OTHOIIIE-
HUil IPeJIIOYTEeHNsI, HA OCHOBE SKCIIEPTHBIX OIEHOK ). Ha ocHOBe peleHus 3a1a49u 0 Ha3HAYEHUH
IIOJIy4aloTCst 6a30Bble COOTBETCTBHUA MeXKIy “THIOBHIME moiuTHKamu (G,) ¥ THIOBBIMHA IDYII-
namu n3bupareseit (E,). IIpu 5T0M B MOse/IM IPe/IIIOIAraloTCs CJIe/yIOINie OrPaHNIeH s

(1) KaxKIOMy THIIOBOMY KaHIMJATY COOTBETCTBYIOT He OoJiee 3-x rpyin uzbuparelei,

(2) kax0it rpymie uzbupareseit COOTBETCTBYIOT He GoJiee 2-X TUIIOBBIX KaHJUIATOB.

Takum 06pa3oM, UCTIOIb3yeMas BEPCUs 33/1a90 O Ha3HAYEHUN MMeeT BUI:

5 5 5 5
max » > Cpq Tpg St D T, <2Vg=1,5 > x,,<3Vp=1,5 uz,,€{0,1} Vp, Vq.
q=1

p=1g¢=1 p=1

Pesysbrar perienust 3aiaun o Ha3HavyeHuu npejcrasier B Tabuuue 17.16: (1) pys kaugupara
(G1 MHOXKeCTBO BO3MOXKHBIX CETMEHTOB 3jeKTopara mycto |V(G)| = 0, (2) ana xanmumara
(G MHOXKECTBO BO3MOYKHBIX cerMeHTOB 3yektopata V(Gsa) = {Es, Ei}, (3) maa xanmunara
(G3 MHOXKECTBO BO3MOXKHBIX cerMeHTOB 3ekTopata V(G3) = {Ey, Es, E5}, (4) nna xaugunara
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(G4 MHOXKeCTBO BO3MOXKHBIX cerMeHToB 3jiekropara V(Gy) = {Esy, B4}, (5) mias xaugunara Gy
MHOXKECTBO BO3MOXKHBIX CerMeHTOB 3j1ekropara V(Gs) = {Ey, B3, Es}.

Tabmuna 17.16. Pesynsrupymee coorsercreue G, —

E. | B | B | By | E
G, 0 0 0 0 0
Go 0 1 0 1 0
G 1 0 1 0 1
Gy 0 1 0 1 0
Gs 1 0 1 0 1

Temepb MOXKHO PacCMOTPETH 33734y (POPMUPOBAHUSA KOMILICKCHON CTpPATeruyu IJid KaxKI0-
ro TUIa KaHJIUIATOB. PacCMOTpMM THIOBOrO KaHIMIATA “ONBITHBIA OOpa30BAHHBIN MOJTUTHK’
('3, JIsi KOTOPOTO MMeeTcsi CJieyonuii Habop rpymnn u3bupareseir (T.e. CErMEHTOB JIEKTODa-
ta): {E, B3, E5}. B kadecTBe 371eMeHTapHBIX cTpaTeruil (IeifcrBuil) NCHoIb3yercs ciejytolee
MHOKeCTBO (001ee Jijist BCeX THIOB KaHauaaroB): (1) opranusamus BCTped ¢ u3OUpaTessiMu
O1, (2) moaroroBKa peKJIAMHBIX POJIMKOB W MOKa3 uX 1o tejeBujennio O, (3) opranusamus
obmmecTBenHbIX aucayToB O, (4) KOPPEKTUPOBKA MOJUTHYECKON MPOrPaMMBbI 110/ KOHKPETHY IO
rpymiy uzbupareseir Oy. Puc. 17.13 wutocrpupyer pacCMOTPEHHYIO CUTYAIMiO (BEepXHU WH-
JIEKC B 0BO3HAYEHUU JIEHCTBUsI COOTBETCTBYET CEIMEHTY 3JjekTopara). B kadecTBe xapakrepu-
cruk ykazanubix geiicrsuii ({O,,v = 1,4}) ucnonssytorca caemyomme: (i) TpeGyemblit pecype
Tv3, (i1) MOIE3HOCTH TAHHOTO NEfiCTBUS v KAHIUIATA P IO OTHOIIEHUIO K IPyIIe u3bupareseii
¢ €ypgq , T-., OTA XaPAKTEPUCTUKA WHIUBULYaJIbHA I/ Kaxaoi napsl (G, E,).

{O%7 O%, 031)7 Oi} IenTpucrckunit

cerment Fi

OmnbITHBIHM
00pa30BAHHbIH

{O%a OS’, Og’, Oi’} Harmonau-

NaTPUOTUYECKUIL
cerment [3

nommruk (7 3

Byp>xya3usbrit

{O?a 03, Og, Oi} cerment F5

Puc. 17.13. CoorBercrBue: KaHAUIAT - CEIMEHTHI

B Tabuuie 17.17 npuBejieHbl 3HaYeHUs XapaKTEPUCTUK JeHCTBU JIjisi TUTIOBOTO KaH/IUIATa,
(i3 (Ha OCHOBE KCIIEPTHOrO OIEHMBAHWS C UCIOJIb30BAHMEM MOPSIKOBBIX IMKaJ: ImKasa [1,10]
JUIsl pecypca ¥ mKkaja [1, 5] 1is moJIe3HOCTH; JIjIst KaxXKIOr0 CEIMEHTa JIEKTOPATA OIEHKH $IBJIsI-
I0TCSl MHIMBUIya bHbIME). Takum 00pa3oM, MOKHO chOPMyYIUpOBaTh 3aja4y (GopMUpoBaHUSs
KOMILJIEKCHOM CTpaTeruu st THIOBOro KauauaaTta (G3 HA OCHOBE MOjeu OJIOYHOrO PIOK3aKa
(cyuait omHO# 1eneBoil byHKIUM):

Tabauna 17.17. [eiicrBus u xapaktepuctuku st G

Tv,3 ‘ €v,3,1 ‘ €v,3,3 ‘ €v,3,5
O 5 3 5 1
O, 10 4 5 3
Os 2 3 2 5
Oy 3 4 3 5
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4
max Z Z €v,3,9g LTu,g

v=1vYge{1,3,5}

4 4
St D> Yt Ty <bs, 1< x4 <4, Vge{1,3,5}, z,4 € {0,1}.
v=1vge{1,3,5) v=1

B maHHOII MOmeIM IpeIosaraercs, 4To JJid KaxKJoil TpyIIbl u3bupaTesieil BHIOMPACTCa XOTS
OBl OZHO JelicTBHe, 3HaYeHHE b3 COOTBETCTBYeT 00IeMy OTPaHMYEHHIO 10 PECYPCy /IS pacCMaT-
puBaemoro Kanaunara G's. Ilpumepnl penieHuii IMEIOT BU;

(i) npu orpanuuennn 1o pecypey by < 18: {0 Of, 032,03, 03},

(ii) mpu orpammdenun mo pecypey by < 28: {07, 01,01, 0%, 03, 0%, 03, O3}.

O4eBnIHO, IPUBEIECHHYIO 331249y MOXKHO pellaTh JJI8 KayKJI0T0 KaHIh1aTa.

Tabauna 17.18 comepKuUT psiji TEPCIEKTUBHBIX 3a]ad/Mojesieil JJisi COBEPIIEeHCTBOBAHUSI
IPeIJI0KeHHOTO TI0XO0/IA.

Ta6suna 17.18. [TepcneKTUBBI UCTIOIB30BAHUS 3aa4 /MojIeielt

Cramus Mcnonbsopannas | [IEPCIEKTUBHbIE 331241/ MOIEIIH
3a/1a4a,/ MOJIEb
1.Knacrepuzamus | Mepapxudeckas 1.Jpyrue mMeronst knacrepusanun [266, 422]
KJIACTEPU3AIHS 2. Momudukalus aJropuT™Ma uepapXudecKo
(armomepaTBHBIN | KIacTepu3anuu [345]
aJITOPUTM )
2.0upepenenne 3agaga o 1.0606mennas 3a0a4a 0 Ha3HadeHU [289]
COOTBETCTBUST HA3HAYEHUN 2.MHOrokpurepraibHas 3a1a4a O
KAH/ITATOB HazHadeHun [497]
rpymnmnam 3.Keazparmanas 3a1a49a 0 Ha3HAYeHUN [118]
n3buparesieit 4. Pacmupensasi 3aa49a Pa3MeIeHust

3.@opmupoBanue

3ama4a 6J109HOrO

(c maBopom npasma u xp.) [334, 347]
5.Monenu Teopun Urp ¥ MHOTOAT€HTHBIX
cucrem [452, 509]

6.Junamudeckue Monesu (3a1a49u
pekordurypanun u ap.) [342, 347]
1.MuorokpureprasibHas 331a4a 6J109HOrO

KOMIIJIEKCHO# PrOK3akKa prox3axa [29)]
cTpareruu 2.3ama4n KOMOMHATOPHOIO CHHTE3a HA
KaHIUJATA ocHOBe Mopdosornueckoi Knuku [342, 347]

3. [ImnavMuaeckune momesn (3a1a9m
pekoHdurypanun u ap.) [342, 347]

17.3 IIpoekTupoBaHme OpuUraabl

Pacemorpum npumep npoekTupoBanust 6pura bl ucogHnTesed (yipasienus nepconaiom) [334].
Crpykrypa 6puragsl u DAs npejcrasienst Ha Puc. 17.14 (upuopurerst DAs ykasausl B cK06-
kax). Kpurepun n ux Beca mpezactaBiensl B Tabuume 17.19 (ucmosb3yercss mOpsiaKoBast MIKa-
aa [1,10]). Tabmuna 17.20 comepxut onenkn DAs mo kpurtepusim u Tabauma 17.21 comepxkut
onenku copmectumoctu Mmexay DAs. B pesyabrare nosyuatorcs aea [lapero-sddexkTuBHBIX
perenusi:

Sl = AQ*Bl *02, N(Sl) = (372, 1,0), SQ = Ag*Bl *Cg, N(SQ) = (3,2, 1,0)
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Bpuraga @ S = Ax Bx*x(C
S; = Ay By % Cs(1 Tabauna 17.19. Kpurepun
SQ :A4*Bﬁ*03 1

Kpurepun Beca
[a B l ¢ Al B[ C
PyKOBO,HI/ITe.Hb I/IH)KeHep I/ICCJ’IG,ILOB&TGJH) 1 H o
A (3 B.(1 (3 JIpodeccronanbHusbiit onbiT 3 3 3
1 1 1 2.0mnbIT paboThl HA 3anae
ﬁQ 1 By (2 Ca(2 3.Tpebyemas 3apmiaaTa —1-3-3
3(2 Bs(2 Cs(1 4. TBopyeckue CrocOOHOCTH 4
By(2 Ca(2 5.3HaHVe PBHIHKA 4

Puc. 17.14. CtpykTypa 6puraist

Tabaumna 17.20. DAs u onenku

DAs Kpurepun

1[2]3]4]5

A |5 10 3

Ay |15 20 5 Tabsmma 17.21. CoBMeCTUMOCTD

Az 110 15 4

By (15 5 7 81\32\33\34\01\02\03\04

By |6 6 3 Al 1233120 0 3

By 110 0 9 A 130 01 0 3 0 0

By |3 0 3 A3 13 01 110 3 0

Ci |15 10 3 By 0330

Cy |5 75 By 1 10 3

Cs |4 47 Bj 0020

Cy |6 6 4 By 000 3

17.4 Komno3uliusd NpoayKTa HPpu 3JIEKTPOHHOI TOPTOBJIE

B nannoM pazjese onucan npuMep MPOEKTUPOBAHUS MOJH30BATE/IEM TTOKYIIAEMOTO TTPOLYKTA.
MHuorue ToBapbl UMEIOT CJI0XKHYIO KOH(MUTYPAIMIO U MOKYIATeb MOXKET TOJIYUYUTh JJIEKTPOH-
HYIO YCJIYTY [0 CAMOCTOSITE/IbHON TeHepanuy ToOBapa Ha OCHOBE €ro/ee moTpeOHOCTel U IPeIno-
yTeHuil. B KauecTBe MPUMEPOB COCTABHBIX TOBAPOB MOXKHO IPUBECTU KOMIBIOTED, aBTOMOOWIID,
yacTHbIit moM. Ha Puc. 17.15 npejcraBiena yrnpoIiieHHass CTPYKTypa aBTOMOOUJIS:

1. xopmyc A: ceman Ay, yauBepcas As, mxun As, mukan Ay, KOPIyc CHOPTHBHOTO aBTOMO-
ownsa As;

2. neuraresib B: ausenb Bi, 0eH3uHOBBII By, anekTpuueckuil B3, BOMOPOAHbINH By;

3. obopynoBanue C': ©6a3oBasg Bepcus (|, KOMIIBIOTEPHBIH KOHTPOJIb (5, KOMIBIOTEPHBIH
KOHTpOJTb & GPS-cBa3p (.

S=AxB*xC

Sl :Al*Bg*CQ
A B C
O O
® A1 ® B 4
® Ay ® B> Cy
A3 B3 Cg
oAy ® By
® As

Puc. 17.15. CrpykTypa aBTOMOOUIS

Temeps paccMOTPUM COCTaBHYIO aKIWIO B pPaMKaX 3J€KTPOHHON TOPTOBJHU. Y IPOITEeHHAS
CTPYKTYpa (nokynka aémomobuas) npencrabiena Ha Puc. 17.16:
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1. Mecro npoussozcrBa A (oredecrBennblit Ay, nHOCTpaHHbI Aj).

2. Koudurypanusi aBromobuiss B (MunuMaiabnas By, cpeasisi By, MakcuMasibHas Bs).
3. Cmocob ommatel C' (kpeaut Cy, Hamuunse Cy, 6e3nanunyanbie C3, B paccpouky Cy).
4. Mecto nokynku D (aBromarasuu D, nuiep D, mpsiMo oT mpou3Boxutens Ds).

5. Crenenb amoprusanuu F (HOBbIH Ep, cO BTOPHIX PYK Fs).

@ S=AxBxCxDxFE

Sl :AQ*Bl*CQ*Dl*El
SQZAl*BQ*CQ*Dl*El
SgZAQ*BQ*CQ*Dl*El
S4:A2*B1*03*D1*E1

C D E

o Ca(1 Ds(3 E5(2
032 D33
043

A B

S Ci(4 D1§2§ E124§

1
2
3

A1 2 Bl
A2 1 BQ
Bs

Puc. 17.16. CtpykTypa cocTaBHOM aKIuu

Ucnosnb3yiores cieayonme Kpurepuu (' COOTBETCTBYET IIOJIOKUTEIHbHOM OPUEHTAIMH [0

psiIKOBO# mKasb [1, 5], -’ COOTBETCTBYET OTPUIATETHHON OPUEHTAIUY IIKAJIBI):

(a) nena K,i, —, npecrux 6panga Ko, +, useful life K3, +, ypoBenb norpebHOCTH B TeX-
obcayxuBanuu K .4, —, HaAEXKHOCTb K 5, +;

(b) croumocts Kj, —, npectuxk Openma K, +, ymobcrBo obHoBienusi (upgrade-ability)
K3, +;

(c) puck kpemura K., —, croumocth sKcryaraimun Ko, 4, gocrynuocrs K g, +;

(d) manexxuocrb Kgp, —, croumocts Kgo,+, KauecTBO cepBUCHOTO obciyxkuBanust Kgz, +,

rapantusi Ky, —;

(e) croumocts K1, —, ypOBEHb MOTPEOHOCTH B TeXOOCayKuBaHUU Koo, +, rapantus K3, +.

Tabmuna 17.22 comep:kut mopsakoBbie Jjisi DAs 1m0 yKa3aHHBIM KpUTEpHUSM (IKCIEPTHbIE
orneHuBanue). Pe3yabrupyronye npuopuTeTsl Ajist DAS MmoJy4eHbl Ha OCHOBE MHOTOKPHUTEDH-
AJIbHOTO PAHXKMPOBAHUST JIJIsl KaxK/[0# dacru cucrems! (mkasa [1,4]). IIpuopurers: ykasaust B
ckobkax Ha Puc. 16.4. Tabuuna 17.23 comepkut onenku coBmectumoctu Mexiay DAs (mkasa
[0,5]). B pe3ysibraTe mosyuens cocraBHbie DAS :

1. Uneanbuoe pemenusi: S, = Ay x By x Co x Dy % By, N(S1) = (5;5,0,0,0). 910 perenune
ABJIgeTCs OAHOBpeMeHHO [Tapero-3¢hdeKTUBHBIM.

2. Crepyommii ypoBeHb KauecTBa PereHuil (noumu-onmumaivhsie BKIIOYAELT CJIeLyOIIHe
pemenusi: So = A x By x Cy x Dy * Fy, N(S3) = (5;4,1,0,0) S3 = Ay x By x Cy x Dy x Ej,
N(Ss) = (5:4,1,0,0).

3. JlomoJHUTEIBLHO, 1eaeco00pa3Ho paccMOTpeTh pemenue: Sy = Ay x By x U3 x Dy x Ej,
N(Sy) =(4;4,1,0,0).

Ouesngno, aro N(Sy) = N(S2)(N(S;)) = N(Sy4). Puc. 17.17 upezacrasisier pemerky xkade-
CTBa JJId PE3yJAbTUPYIOIIUX PEIICHUN.
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Tabaunpr 17.22. OueHky ajbTepaHTUB

DAs |Kp-pun
DAs Kp-pun 11213 DAs | Kp-pun
DAs | Kpurepun 11213 ‘ ‘ 1121312 DAs |Kp-pun
EENE H Ci |5514 H‘ 1213
HH By 1235||Cy [143||D1 4445 H

A 123332[|B2 |3431|Cs [142]||D2 |2322||E2 (425

Ay 14555 4|Bs [452||Cs |5341(|Ds [3312/|E1 |241
Tabmumna 17.23. CoBMecTHMOCTD

Bl‘ B# 3401‘02‘03‘0 4‘ D]‘ D;{ D% El‘ E| WneanbHas Touka

A5 55254354005 4
A5 5555555435 4 N
B, 555554354
B, 555553153
Bs 5215 2
Ch 41041
Cy 55255
Cs 4145 2
Cy 30040
D, 5 1 w=4
32 3 4 w=23
3 14 Puc. 17.17. Pemerka kauvecTBa

17.5 Kombunaropuoe bopMupoBaHne MHBECTUIINII

Jist dopmupoBanusi mopTdesisi UHBECTUIUMH YaCTO MCIOJIB3YIOTCS MOJIEIU PIOK3a4HOIO THIIA,
MHOTOKDPUTEPHUAJILHOE MPUHATHE DENIeHUil M BEPOSITHOCTHBIH aHajn3 (BKJIOYas OlEHMBAHUE
PUCKOB). 371eCh IPUBOAUTCS YIPOIIEHHBIH WJTIOCTPATUBHBIN mpuMep u3 [334] 1m0 KoMGuHATOD-
HOMY ITOCTpOeHUIO nopTdessa naBecturuit Ha ocaoBe UIMMIIL. Puc. 17.18 comepKuT CTpyKTypy
W aJbTePHATHBBI COCTABHOrO mnoprdess uuBectuimii (npuopurerst DAs ykasaHbl B CKOOKaX).
Tabsmma 17.24 conepxxur kpurepuu. DAs u ux oneHku mnpeacrapiaedsl B Tabumne 16.2.

Cocrasnoit moprdebg S = Ax Bx
Isl = A4 * B4 * Cg§1§

| 52:A4*B6*Q31

| A | B | C
Kparkocpounsie Cpemnecpounbie  Jlonrocpodnbie
VHBECTALY WHBECTUIW VHBECTUIN
Aq(3 B4 (3 C1(3

Ay(3 B;(4 Cs(3

As(3 B;(2 C5(2

Ay(2 B4(3 Cy(1

1
5

Puc. 17.18. CTtpykTypa cOCTaBHOTO MOPTdes MHBECTUTIHH

B Tabmume 17.26 npeacraB/ieHbl OIeHKH coOBMecTuMocTH. Tabsmia 17.27 conepxkut Ilapero-
saddexTuBnbie cocraBHble DAs. Tabyuna 17.28 comep:KuT y3KuHe MecTa W aKIHUH YJIydIIeHus.
Ha Puc. 17.19 npowtiocTpupoBaibl TOYKH, COOTBETCTBYIOIIUE PE3YIbTUPYIOMIMM COCTABHBIM

DAs.

275



Tabsiuma 17.24. Kpurtepuun

Kpurepun Beca

Al B| C
1.Ipubsuis (0,...,100) 5 7 6
2.Puck (-; 0,...,100) 4 5 4
3.IIpecrmxk (0,1,2) 4 3 3
4.Bozm-1b mpomoskenus (0,...,5) 3
5.Bo3m-Th ocHOBaTh HOB. kOMnanuio (0,1,2) 4 4
6.ITosyuenue nosoro ombrra (0,...,7) 2 9
7.0pr-uust HoBOro peiHKa (0,...,7) 4 4
8.Bo3m-1b monyunrs UM (0,...,7) 2 9 9
9.Css13b ¢ npeg. pearensrocTsio (0,...,7) 3 2 3

Tabsmma 17.25. DAs u onenku

DAs Kpurepun
1[2]3]4]5]6]7]8]9
A Toc. obauranun 10 0 2 2 0 1
AsBank. menosur 12 0 2 2 2 0
A3 Criexymsamnus Ha Gupxke 30040 3 1 2 0
A Hedr. akmun 2025 3 1 2 0
BjToc. obmurammn 15 0 2 0 0 0 0 1
BsBank. nemosur 18 0 2 0O 0 0 0 1
BsHeppuxumocTs 20 10 4 1 21 6 3
B, Mparonennoctn 30 30 4 0O 1 1 2 2
B Axupn 6uorex. koM. 28 20 4 2 6 5 6 7
(', Toc. obsmranuu 20 0 2 0O 0 0 0 1
C5Bask. menosur 24 0 2 0O 0 0 0 1
('3 AnTukBapuar 30 20 4 1 1 1 5 2
C'y AkImnn 23p0o-KOCM. KOMII. 26 12 4 1 3 2 4 4

Tabauna 17.26. CoBMecTUMOCTh

31‘32‘33‘34‘35‘01‘02‘03‘04
A |4 3 335 4355
Ay |5 4 4 3 5 5 4 5 4
As |5 5 4 3 2 5 5 4 3| Tabumma 17.27. CocraBasie DASs
Ay |5 5 5 4 2 5 5 4 3
B, 41 3 5 5|[DAs N
By 4 4 5 5||S1=As*BsxC; [50,2,1,0
Bs 5 5 4 4] [S2=AyxBsxC; [5;1,0,2,0
By 5 5 3 3|[S3=AyxB3xCy 4;1,1,1,0
Bs 5 5 4 3| [Si=AyxB;%xCy |3;2,1,0,0
W neanpuas Touka,
N(S N(S
N(S4. N(Sg. (2. o (Sh)
w=2>5
w=4
w=3

Puc. 17.19. [Tapero-acdpdekTuBHbIE TOYKI
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Tabsinma 17.28. Y3kue mecta u akiuu yJiydiieHus

Cocrasubie DAs Axrm Vitydienust
DAs| IC w/r Tun
S1 = Ay *x By x (4 Ay 2=1 2
S1 = Ay * By x (4 Bs 2=1 2
Slz 4*B3*Cl Cl 3:>2 2
Sy = Ay x By x C A, 3=2 2
Sy = Ag * By ¥ (4 o 3=2 2
Sy = Ay x By x Cy4 Ay 3=2 2
Sz = Ag * By x Cy Bs 2=1 2
Sz = Ag * By x Cy (A2, B3) 4 = 5| 2
Sy = Ag * Bs x C4 Ay 3=2 2
Sy = Ag * Bs x C4 (B5,C'4 3=4| 2

17.6 BpIBoabI K rjiaBe

B nannoii ryiaBe mpejcTaBjieHbl IPUMEPHI IPUMEHEHUsI COCTABHBIX KOMOMHATOPHBIX 'TEXHOJIO-
I'UYECKUX CXE€M B HECKOJIbKHUX THUIIOBBIX NPUJIOKEHUSIX B 00J1aCTU MEHE/[2KEMEeHTa: KOMOMHATOP-
HOe (OPMUPOBAHUE IIJIAHA WHBECTUIUN, KOMIIO3UIUS MPOIYKTa MPHU JIEKTPOHHOI TOPTOBJIE,
IPOEKTUPOBAHUE OpPUTa bl MCIIOJTHUTE e, CXeMa, OJTUTHIeCKOr0 MapKeTUHIa, KOMOMHATOPHOE
IIJIJAHUPOBAaHUE I'e0JOTHYECKUX UCCJIeJOBAHUMN.

OdeBUAHO, YTO YKa3aHHBbIE IPUKJIATHbIE 33a9¥ MOTYT OBITH HCIOJIH30BAHBI KaK 0a30BbIE
AHAJIOTHU /I PA3IUYHBIX IPUJIOKEHNI B MEeHePKeMeHTe U 3KoHoMuKe. MOoXKHO yKa3aTh ciemy-
IOITYe HATIPABJIEHUS JJId UCCIeI0BAHUN B OyLyIeM:

1. uccaenoBaHue JPyrux MPUJIOKEHUI;

2. pacCMOTpEeHHBIE 33/1a4 B peKUMe PeabHOI'0 BpeMeHU;

&. ydeT HeomnpeJ/ieIeHHOCTH TTapaMeTPOB.
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I'maBa 18

Ilpnaoxkennsa B npernojaBaHUAN

B nammHoit rase ! paccMaTpMBaIOTCS HEKOTOPLIE BOIPOCH MPHMEHEHHS THIIOBBIX KOMOMHATOPD-
HBIX CXeM TOJJIEP>KKHA MOJIYJILHBIX CUCTEM B IIPEINOIaBAHUH.

18.1 IIpeaBapurejibHbIE CBEJIeHUH

VckopeHue Hay4dHO-TEXHUUECKOrO Iporpecca, Hab/roaeMoe B II0CJAeHAe TO/bl, CBA3aHO C Pd-
JIOM OCOGEHHOCTEH, KOTOPble BKJIIOYAIOT Ceaytomue TeHgenunu: (1) yBesnuenue n0m KOM-
IJIEKCHBIX TeXHOJIOTHii, KOI/Ia HOBOBBEJEHHMS OCHOBBIBAIOTCS HA JOCTHXKEHHAX B HECKOJbKHUX
obiacTax 3HaHWil (HAIpUMeEp: OMOJIOTHUSI, XUMMUsl, UHXKEHEPHbIE HAYKH, KOMIbIOTEPHBIE HAYKH,
MaTeMaTuka); (2) yCKOpeHuWe MpOIECCOB BHEJIPEHWsl HOBOBBeIEHW; (3) yMeHbIIeHHe CPOKOB
'MAKPO-TEXHOJIOTUYECKUX IUKJIOB, T.€. KAXK/ble HECKOJIbKO JIeT (MM JazKe Jale) IpaKThde-
CKH BO BCEX OTPacJidX IIPOUCXOJUT CMeHa IOKoJeHuil Texnosoruii. Kpome Toro, moaroroska u
IPUHATHE PElleHnil IIOBCEMECTHO CTAHOBUTCA JaCThIO pabOTHl KazKJ0r0 pabOTHHKA. B pe3yb-
TaTe, HabJII01a€TCA IOBIIIEHNe 0/ NHTE/ICKTYaJIbHBIX OIlepaluil nepepaboTku nHMOPMAIK
Ha BCEX STallaX KU3HEHHOTO IMKJIA IPOAYKIMA U 5TO MOKHO PACCMATPUBATL KaK “TPEThIO I'pa-
morHOCTE” [19)].

'Marepua riasbl OCHOBAaH HA IyOIMKAIMAX ABTODPA:
(i) JIeema M.III. O tperneii rpamoraoctr// Hayuano-rexanaeckas nadopmanust, cep. 2. 1995. N. 6. C. 20-30.
(ii) JIepur M.III. O npenonaBannu nudopmarmonsbix rexuosornii// Hay4yHno-rexundeckas nundopmalmsi, cep.
1. 1996. N. 5. C. 14-23.
(iii) Jleun M.III. O mpenogaBaxuu NPOEKTUPOBAHUS CUCTEM. HHEOPMALUOHHDIE METHOA02UY U BLIHNUCAUMEN,-
note cucmemst, Boim. 2, 2007, C. 89-94.
(iv) Levin M.Sh. Course “Design of systems: structural approach”, DETC2006-99547. In: ASME Int. Design
Engineering Technical Conferences and Computers and Information in Engineering Conference (IDETC/CIE
2006), vol. 4a: 18th Int. Conf. on Design Theory and Methodology DTM, Pennsylvania, USA, Sept. 2006, pp.
475-484.
(v) Levin M.Sh., Course on system design (structural approach). Electronic preprint, 22 pp., March 20, 2011.
http://arxiv.org/abs/1103.3845 [cs.SE]
(vi) Levin M.Sh., Student research projects in system design. In: Int. Conf. on Computer Supported Education
CSEDU-2009, Lisbon, Portugal, vol. 2, pp. 67-72, 2009.
(vii) JIesur MLIII. O npenonasanuu TPOEKTUPOBAHUS CUCTEM. HHGOPMAYUUOHHDIE METHOAOLUY U BLINUCAUMEN-
Hote cucmemst, Boim. 2, 2007, C. 89-94.
(viii) Levin M.Sh. Towards systems engineering education. In: 15th Eur. Meeting on Cybern. and Syst. Res.
Vol. 1, Vienna, 2000, pp. 257-262.
(ix) Levin M.Sh. Combinatorial Engineering of Decomposable Systems. Springer, 1998, chapter 10.
(x) Levin M.Sh. Composite Systems Decisions, Springer, 2006, chapters 16, 17, 18.
(xi) Levin M.Sh., Towards design of hierarchy (research survey). Electronic preprint, 36 pp., Dec. 8, 2012.
Http:/ /arxiv.org/abs/1212.1735 [math.OC].
(x) JleBun M.III. Mepapxueckuii KOMOMHATOPHBINH MOXOM K IMJIAHUPOBAHWIO Kapbepbl// HayuHo-rexHmueckas
undopmarms, cep. 2. 1996. N. 12. C. 22-27.
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Ypouu u3o6peraresbckux 3a1a4 no I'. Ansrmysuiepy (B pamkax cucremst TPU3) [50] mox-
HO WCIIOJIb30BATH KAK HEKYI0 MOPSIKOBYIO IKAJIy TPH OINEHKE YPOBHS WHTEJIEKTYAJTbHOCTH
NPUMEHUTETHHO K PA3TUIHBIM TTPUJIOKEHUSIM:

Yposenw 1. VcmonmpzoBanue roToBoro oobekta (MPOAYKTa, TEXHOJOTHH, YIPABICHIECKOTO
perenusi, crpareruu, nHGOPMAIUK, HOBOBBEJIECHHUSI U JIP.).

Yposenw 2. ITouck u BeIOOpP 00'beKTA.

Yposennv 8. Ananus u MomuduKaIusg HEKOrO UCXOAHOTO 00bEKTa.

Ypoeenv 4. Coznanue (IpOEKTUPOBaHUE) HOBOTO O0HEKTA.

Yposenn 5. Coznanue (IpOEKTUPOBaHUE) CUCTEMbI OG'bEKTOB.

JleficTBUTE/IbHO MHTE/IJIEKTYAJIbHBIME 33J[a4aMy SBJISIOTCH 33Ja4u 4-10 ¥ H-T0 ypPOBHEN,
3aj1a4a 3-r0 YPOBHsI SIBJISIETCS [TPOMEXKYTOUYHOM. 3ajada MOMCKa W BbIGOpa (paHKMpOBaHMUSI
0O'bEKTOB) 3a4acCTyIO siBJIsieTCss 6a30BOil B poIeccax MOAIOTOBKU U NPUHSTUS perenuii. lasee
OyseM cuuTaTh 33Ja4M YPOBHEH 2 M 3 KBa3W-UHTEJIEKTYAJbHBIMH WM KBAa3U-TBOPYECKVMU.
Pazymuas opranumzanus rpynmnoBoii paboThl MOXKET TO3BOJIUTH YCIEITHO PemaTh 33aa4u 4-ro
U H-ro ypOBHEl Ha OCHOBE PEIleHUs] HEKOTOPOTO HaOOPa JIOKAJbHBIX KBA3U-UHTEIJIEKTYaTbHBIX
3a/1a4.

B mesom, MOXKHO yKa3aTbh /1Ba OCHOBHBIX NYTH pa3pelleHUs YKA3aHHOW BBINIE CUTYAIVH,
CBA3aHHOI ¢ TIOBBINIEHUEM JOJIM MHTEJIEKTYAJIbHBIX ONepalyii mepepadoTKu WH(MOPMAIUN:

1. ITouck TBOPYECKUX JIMYHOCTEH W TMOATOTOBKA CHEIUAJJIUCTOB, CIOCOOHBIX PElaTh WHTEJ-
JeKTyaJbHBIE 337a490 (IIONCK, BOCIUTaHUE, 0OydeHue). DTOT MyTh UMEET OIpeeeHHbIe Orpa-
HUYEHWSI, CBSI3aHHBIE C MPEIPACIOIOKEHHOCTHIO JIIO/IeHl M BO3MOYKHOCTSIME TIPOIECCOB 0TOODA,
MOJITOTOBKY W O0YyYeHHsI.

2. Tlonyuenue r106aIbHBIX TBOPYECKUX CUCTEMHBIX PENeHu# Ha OCHOBE KOMOWHUDOBAHWS
JIOKQJTbHBIX KBa3U-TBOPYECKHUX 33/1a4.

[Tocnennee aBiseTcd HeKuM aHagoroM noaxoa lllenHoHA K TOCTPOEHUIO HAJIEXKHBIX CHCTEM
13 HEHAJIEXKHBIX 3JIEMEHTOB, TOJILKO B JIAHHOM CJIydYae MPOMCXOJAUT OPUEHTAIUsI Ha TIOCTPOECHUE
MHTEJJIEKTYaJIbHBIX perienuii (Tuna 4 u/uiam 5 ypoBHeii) Ha OCHOBE KOMIIO3UIMY PEIIeHUH J1Jist
JIOKAJIbHBIX KBA3U-WHTEJUIEKTYAIbHbBIX 3314 (2-3 ypoBHeil).

18.2 VYuebOHas cpeja U MPOEKTHBIE 33aJIA4UN

MoKHO paccMaTpuBaTh CJIEIYIONYI0 CIPYKTYPy COBPEMEHHO! ’cpejibl’ 110 HEKOMY y4eOHOMY
Kypcy (Hampumep, B 00J1aCTH MHGOPMAIMOHHBIX TEXHOJIOTHIA ):

1. JIeKIMOHHBIE MATEPHUAJIBI.

2. YupaxkHenus (3aJaHus, TPOEKTHI).

3. Bazosbie nporpamMHoe obGecrieuenune (IIPOrpaMMbl Jisl HOJJIEPKKKM y4eGHOTO IPOIecca,
POTI'PAMMBbI-IIPOTOTHUIIBI, HA OCHOBE KOTOPBIX CTYIEHTHI Pa3padarTbhiBAIOT BEPCHHM CBOUX IPO-
rpamm).

4. NonosuuTebHble MaTepuasbl: (4.1) yuebuuku, (4.2) 6a30Bble Hay4HBbIE cTAThH, (4.3) IpH-
MepBI BBITNIOJHEHHBIX JUIIOMOB U juccepranuii, ()4.4) CIUCKH JIUTEPATYPHBIX UCTOYHUKOB W
ccoLIoK Ha caiitel B MHTepHere, (4.5) crenuaibHble IpUKIaiHble TpuMepsl (case studies).

Puc. 18.1 nocTpupyer B3auMOCBA3b MEXK/Ly MaTepHaJaMd 0 Kypcy M 0a30BBIMH 334~
9aMU IPOEKTHPOBAHUS (/IS JIEKTOpA U Jist CTyAeHTa(0B)). DTa CXeMa COOTBETCTBYET METOLY
VNMMII u kypcy aBropa “IIpoekTupoBanme cucTeM: CTPYKTYpHBIH moaxox’ |22, 342, 343, 348,
351).
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3aa49a IPOEKT-HHUSI: 3a1a49n IPOEK-HUS:

CTPYKTypa Kypca 4( JlexTop )7 yuebHas ‘cpema’

(curriculum) o Kypcy

Bazosbie marepuasibr
(yuebuas “cpena’)

|
( Coyaens(e) )

Tlepconaut. 3amaqn: Ipuknaausie 3ama9n: NuauBunyanbHOe

(1) wran Kapbepsbl (1) mporpamwma, obyuenne:

(2) mnan Gusneca (2) urdopwm. cuc-ma, uHAUBUI. yaebHas
(3) ap. ‘cpena’

Puc. 18.1. Kypc u 3aa4u IpoeKTHPOBAHUS

18.3 IIpoexTupoBaHme y4ebHOro Kypca

B nmanHOM pasjesie pacCMaTpUBAETCs MPUMEDP MOJYJIHLHOIO MPOEKTHPOBAHUS HEKOTO y4eOGHOTO
Kypca Ha ocHoBe MarepuasioB mo IMMII [334]. launas 3amaqa sipasiercst Tunosoii (curriculum
design) u Moxker GbITH UCHOJIB30BaHA KaK IperojasarejeM Npu hOPMUPOBAHUU HOBOTO y4eh-
HOTO KypCa, TaK U CTYJEHTOM IPH MPOEKTUPOBAHUM WHIUBUIYAJHLHOTO IJIaHA O0yYEHUs.

JIyist KaxK/10r0 KOMIIOHEHTa, YKA3aHHOIO KypCa OIMpeJesisieTcsl OOUIUil CIUCOK BO3MOXKHBIX
BapUAHTOB peasnu3anuu (T.e., agprepuarus DAs): 6e3 ucmosnb3oBamus B Kypce (Opg); KpaTkoe
paccmotrpenue (O, ); u3ydenue Ha HeKOTOpOoM 'cpeauem’ yposHe (O,); Tmarensnoe (riybokoe)
uzyuenue (Op3); IIybOKoe u3ydeHune BK/IIOUAs CIENUAIbHYI0 JONOHUTENbHYIO pabory (Hampu-
Mep, MCCJIeOBaHue MPHUKJIAIHBIX 3a/a4, pa3paboTKa aJrOPUTMOB W MPOrPAMMBI, MOATOTOBKA,
KypcoBoit paboTsl u/umu c1atbu) (Opy).

Vcniomb3ytoTest ciieayionye KpUTepun JJisi OlleHUBAHUsS YKA3aHHBIX MPOEKTHHIX ajibTepHa-
i (DAs): (1) 6a3oBast npodeccnonasibHasi OPUEHTAIMSI CTYAEHTa/CTyIeHIecKoi rpymmb; (2)
CBsI3b ¢ Oymymieil TPyJ0BOii JesaTebHOCTEIO; (3) MMeromasicsi MoAroToBKa CTyaeHToB; (4) BO3-
MOKHOCTH BBITIOJTHEHHUSI JJOTIOJIHUTEILHBIX paboT. B paccmaTpuBaeMoM nipuMepe omeHKy (BKJIIO-
Yasi MPUOPHUTETHI) OCHOBAHBI HA IKCIEPTHBIX CYykKIeHUsAX. CTPYKTYpa MCXOTHOTO yueOHOro Ma-
repuajia u DAs (B ckoOKax yKazaHbl mpuoputers s DAs):

0. Kypc no UMMII S = H* Rx Bx X:
1. Omucanne UMMIT H = D x F'x P % M * C % A:
1.1. Cxemsr npoektuposanust D: Di(1), Dy(3), D4(2).
1.2. Ocnossr UIMMII F: Fy(1), F5(2).
1.3. Kommonentst UMMIL P: P,(2), P3(1).
1.4. Baymaua komnosunuu (cunresa) M: My (2), M3(1), My(3).
1.5. Bagaua muHorokpurepuasibuoro Beibopa C: C1(1), C3(2), Cy(2).
1.6. Anamu3 u ynyumenune permennit A: Ay(3), As(1), Ag(1).
2. Ceazannbie obnactu R = F*x N x Q) * L:
2.1. Umxenepuas nndopmarma E: Ey(1), E1(3), Ey(2).
2.2. Kondmkrase curyamun N: Ni(2), Ny(1).
2.3. Anasms kaugecrsa Q: Q1(1), Q4(2).
2.4. O6pa3zoBanue u gacTHas Ku3Hb L: L1(2), La(3), L4(2).
3. KomOunaropuas ontumuszaiusg B = K xT x W x U:
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3.1. Bazgaua o poksake K: K5(2), K3(2), K4(1).
3.2. Bazaua kommusosikepa 1 T1(2), Ty(1).
3.3. Bagaua o pasmemenun W: Wi(1), Wy(3).
3.4. Bagaua mapmpytusamuu U: Uy(2), Ui(1), Uy(3).
4. TTpumepsr npukaagabix 33129 X = O [ x JxV x G+ Y x Z:
4.1. Unrerpamust nporpamm O: Oy(3), O1(1), O4(2).
4.2. TIpoekrupoBanue yes.-maml. uarepdeiica I: In(2), 11(1), 14(3).
4.3. IlpoekTuposanue nudopmannonuoro neurpa J: Jo(12), J1(2), J4(2).
4.4. Ilpoexktuposanue kouseitepa V: Vy(3), Vi(1), Vi(2).
4.5. [Inanuposanue uccsenoBanust nedru u raza G: Go(2), G1(2), Ga(1).
4.6. [Tnanuposanue kapweps! Y: Y5(3), Ya(1), Yi(2).
4.7. ®opmuposanue noprdens uusectunuit Z: Zy(2), Z1(2), Z3(1), Z4(3).

Ouenku coBmecTuMocTu Mexk 1y DAs npencrasienst B Ta0Onumax 18.1, 18.2, 18.3, 18.4, 18.5.
Tabunma 18.6 comepxkut cocraBubie DAS.

Tabsmma 18.1. CoBMeCTUMOCTD

FQ‘F?,‘PQ‘P?,‘ Mi M# M4Cl‘ 03‘ 04‘ Az‘ Ag‘ Ay
Dij1 212 23212 2515H5
Dy |4 4 4 4 4 4 5 4 4 45 5 5
Dy|1 5 2 5 15 4 3 4 455 5
F 4 5 4 4 5 2 4 4 4 3 3
Fy 55 45 5 355 455
P, 4 4 55 4 4 5 3 3
Py 4 55 45 5 45 5
M, 5 4 4 5 3 3
M 354355
M, 354355
4 5 5 5
Cs 5 5 5
Cy 5 5 5

Tabnauna 18.2. CoBMecTHMOCTD

Rl\ RQ\ Rz\ R4\ R5\ Rﬁ\ Bl\ Bz\ Bs\ X 1\ Xo
H |45 2 31142 2 3 2
Hy|5 5 3 4115 4 45 3
Hy 14 5 3 4114 2 2 3 2
Hy |5 53 4115 4 45 3
Hs 145 2 3114 2 2 3 2
Hs |14 5 2 3 1 15 4 4 5 3
H; 12 31 2114 2 2 3 2
Hg 12 312115 4 45 3
Ry 5 2 2 4 2
Ry 5 4 2 5 3
Rs 32 2 2 2
Ry 3 4 2 4 2
Rs 32 2 21
R 32 2 4 2
B, 5 3
By 4 3
By 3 5
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Tabsmma 18.3. CoBMECTUMOCTD

Tabsmma 18.4. CoBMeCTIMOCTD

Fz‘F3‘P2‘P3‘M4M#M4 Tl‘T4‘W]\W4UO‘U1‘U4
Ey |11 225 11 Ky |3 43 4355
Ey |4 4 2 3 3 5 4 Ks 14 5 4 4 3 55
Ey |4 535 4 55 Ky 14 5 45 3 55
Ny 4 5 5 4 4 Ty 5 5 2 4 3
Ny 5 4 4 5 5 Ty 55 2 35
”l 55 5 Wy 55 5
Q4 555 W,y 55 5
Tabsmma 18.5. CoBMecTuMOCTh
Lo [ Iy [ Ly [ Jo| Ja[ Vo | VA Va| Go Go Yo Yo | Ya| Zo] 21 Z4| 24
Qo |5 2 25 4555555 5055 55 5
O, 14 45455555055 505555 5
Oy |2 55 4555455555055 5 5
Iy 5 1 5 5 5 5 5 5 5 5 5 5 9 O
I 5 3 5 5 5 5 5 5 5 5 H H H H
Iy 3 55 5 5 5 5 5 5 H H H H H
Jo 555555 55 5 4 3 3
Jy 555555 55 2 355
Vo 5 55 5 5 5 5 5 5
Vi 5 5 5 5 5 5 5 5 b
Vy 5 5 5 5 5 5 5 5 5
Go 5555 3 3 2
Gy 5 5 5 4 4 5 5
Yo 4 4 3 3
Yy 4 4 5 5
Yy 4 4 5 5
Ta6smna 18.6. CocraBubie DAs
DAs N
H1:D4*F3*P3*M3*C3*A3 4,3,3,0
H2:D4*F3*P3*M3*03*A4 473,3,0
H3:D4*F3*P3*M3*C4*A3 473,3,0
H4:D4*F3*P3*M3*C4*A4 4,3,3,0
H5:D4*F3*P3*M3*01*A3 3,4,2,0
H6:D4*F3*P3*M3*01*A4 374,2,0
H7:D1*F2*P3*M3*01*A3 176,0,0
HgZDl*FQ*Pg*Mg*Cl*A4 1,6,0,0
X1:%*01*14*J4*Z3*Y2*G2 5,5,1,1
Xo=VixO1x 11 x Jygx Zgx Yo x GGy 4,7,0,0
R1:N4*Q4*L1*E4 471,3,0
R2:N4*Q4*L4*E4 4,1,3,0
R3:N4*Q1*L1*E4 3,2,2,0
Ry=NyxQ1 % Lyx Ey 3;2,2,0
R5:N4*Q1*L1*EQ 173,1,0
R6:N4*Q1*L4*EQ 1,3,1,0
BlzK4*T4*W4*U4 5,2,0,2
BQZK4*T4*W1*U4 473,0,1
BgZK4*T4*W1*U1 374,0,0
SlIHQ*RQ*Bl*Xl 5,4,0,0

[TonyuatoTcs ciemayroliue pe3yIbTUPYIONas KOMIO3unusa Kypca: S; = Ho*x Ry x By x X1 =
(Dyx F3x P3x M3*C3% Ay )k (NyxQax Lyx Eg) x (KyxTyxWyxUy)x (Vi kO x Iyx Jyx Z3 % Yox G3).
Tabmuna 18.7 comepkuT y3Kue MecTa W aKkIUK YJIydIleHus .
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Tabnuna 18.7. Y3Kue MecTa U aKIUU YTy qII€HUS

Cocrasubie DAS

V3k. mecTa,

Axnym

(w/r)

DA IC
H1:D4*F3*P3*M3*03*A3 Dy 2=1
H1:D4*F3*P3*M3*03*A3 F3 2=1
H{ = Dy* F3x Py x MsxCsx A Cs 2=1
H2:D4*F3*P3*M3*03*A4 D, 2=1
H2:D4*F3*P3*M3*03*A4 Fy 2=1
Hy = Dy* F3x Pyx M3 xCsx Ay Cs 2=1
H32D4*F3*P3*M3*C4*A3 D, 2=1
H3:D4*F3*P3*M3*C4*A3 Fy 2=1
H3:D4*F3*P3*M3*C4*A3 04 2=1
H4ID4*F3*P3*M3*C4*A4 D4 2=1
H4ID4*F3*P3*M3*C4*A4 F3 2=1
H4:D4*F3*P3*M3*C4*A4 04 2=1
H5:D4*F3*P3*M3*01*A3 Dy 2=1
H5:D4*F3*P3*M3*01*A3 F3 2=1
H6:D4*F3*P3*M3*01*A4 D4 2=1
H6:D4*F3*P3*M3*01*A4 F3 2=1
Ry = NyxQux Ly x Ey Q4 2=1
Ry = NyxQyx Ly x E4 Ly 2=1
R1:N4*Q4*L1*E4 E, 2=1
R2:N4*Q4*L4*E4 Ly 2=1
Ry = Nyx Qux Ly* Ey Ly 2=1
Ry = Nyx Qux Ly % Ey Ly 2=1
Ry = Nyx Qux Lyx By (Ny, Qu) 4=35
Ry = Nyx Q1% Ly E4 Ly 2=1
R3:N4*Q1*L1*E4 E, 2=1
Ry = Nyx Qy* Ly * Ey Q1 E4) | 324
Ry = Ny Qi xLyx E, Ly 2=1
R4:N4*Q1*L4*E4 E, 2=1
Ry = Nyx Q% Ly* Ey (@, E4) | 3=4
Rs = Nyx Q1% Ly x Ej Ly 2=1
R5:N4*Q1*L1*EO <N4,E0) 1=2
Rg = Ny*x Q1 x Ly x Ey Ly 2=1
B =K, xT;,xWyxU, Wy 3=2
B =K,xT;,xWyxU, U, 3=2
BQZK4*T4*W1*U4 U4 3=2
By = KyxTyx Wy xUy Ky,Wi)l 4= 5
BgZK4*T4*W1*U1 T47U1) 3=14
X1:%*01*14*J4*Z3*}/2*G2 Ju 2=1
X1:%*01*14*J4*Z3*}/2*G2 [4 3=2
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18.4 ArpermpoBaHHBII KypC MO TTPOEKTUPOBAHUIO

B nanHOM pa3sfenie paccMaTpHBaeTCs TNPHMED arperanud TpeX KYPCOB (TpeX COOTBETCTBYIO-
mux Mopdostornueckux ¢TpykKTyp): (1) Kypc mo cucremuoMy nHKeHHUpHHTY (cTpykTypa Al)
[334, 335] (Puc. 18.2); (2) kypc mo wHOOPMAIMOHHBIM TeXHOJOTHAM course on information
engineering (crpykrypa A?) [20, 330, 334] (Puc. 18.3); (3) Kypc no uepapxu4eckoMmy MpOeKTH-
posanuio (crpykrypa A®) [334, 342, 343, 22, 348| (Puc. 18.4). [Insa kaxk a0l BUCSYell BePIIUHBI
B MEPAPXUYECKUX MOJIEJISIX KyPCOB MCIIOJIB3YIOTCs cenytommue obmme Tunbl DAs (T.e., coorBer-
CTByIOIUE TUIIOBBIE O6pa3oBaresbubie Moyaun) (Puc. 18.2, Puc. 18.3, Puc. 18.4): “orcyrcrue”
06pa30BaTeIbHOr0 MOJYJIst X(, COKpAIEeHHbIN (CXKATBI) BapHaHT 00PA30BATEIHLHOTO MOYJIsS
X, cpenHuii ypoBeHb (110 coJiepzKaHuio) 00pa3oBaTeJbHOTO MOy/Ist Xo, r1y0OKuil ypoBeHsb (110
cojiepxkaHuIo) 06pa3oBaTeIbHOrO MOy st X3, IIybOKuit ypoBeHb (IO COLEPKAHMI0) 06pa3oBa-
TEJILHOIO MO/IyJIsl C CIEIMAIBHON cTymendeckoii paboroii (npoektom) X4. OneHkn coBmecTH-



moctu DAs jyist ucciieyeMbix MOPGhOJIOrHYeCKUX CTPYKTYD MPeJCTaBIeHbl B TabauIax (IKC-
ueprubie cyxjenus): (i) crpykrypa A': Tabauna 18.8; (ii) crpykrypa A% Tabauna 18.9; (iii)
crpykrypa A3: Tabaumna 18.10.

[Tocae ucnonwszoBanusg UMMII, nonyuatorcs caemytomue coctaBHble DAS:

I. Tna crpykrypsl A' (Puc. 18.2):

Dy = Lyx Gy xCyx My, N(Dq) = (2;3,0,1),

Dy = Lyx Gy * Cy x My, N(D3) = (1;2,2,0);

Q1 = Ay % By, N(Q1) = (3:2,0,0), Qs = Ay % By, N(Q2) = (3;2,0,0);

Sl Dl*Ql (Lg*GQ*Cg*MQ)*(Ag*Bg),
S —Dl*QQ (Lg*GQ*CQ*MQ)*(A4*B4),
Sl D2*Q1 (L4*G2*Cl*M2)*(A3*Bg),
Si—DQ*QQ (L4*G2*Cl*M2)*(A4*B4).
@5 =D~
'Sé:Dl* 1= Lg*GQ*CQ*MQ * Ag*Bg
S%:Dl*QQI Lg*GQ*CQ*MQ * A4*B4
S:i:DQ*Ql: L4*G2*Cl*MQ * A3*Bg
54:D2*Q2: L4*G2*01*M2 * A4*B4
MeTtononorus Ipuksagable IPUMEDHI/ IPOEKTHI CTYAEHTOB
D=LxGxCxM Q=A%xB
‘Dlng*GQ*CQ*MQ Q1:A3*Bg
D2:L4*G2*01*M2 Q2:A4*B4
L Gl o lum B

3 TpaekTopusi JKuzneHubrit

cu Ape éI;IKJQ'I CUCTEMBI
Ag Bg 1
1

4 By(1

I_iI/IK.TI aHAJI3, nemeHwui,
9(2
Ls(1
L4(2

MIPOEK-HUE BBIOOD
G2§1§ 4 2% M3

Kuzn. Cucr. 1lpuHaTue Z\%H T
Eg

G32 023
C

3
Puc. 18.2. Kypc 1o cucremuomy unkenupunry (crpykrypa Al)

I1. Jina crpykrypsr A? (Puc. 18.3):

Iy = Ly x Gy x Cyx By, N(I1) = (3;2,1,0);

O1 = H3x Wy x My, N(O1) = (2;3,0,0), Oy = Hy*x Wy x My, N(O2) = (3;2,1,0);

Q1=Vs* JJ3xYo*x Rs, N(Q1) = (3;4,0,0);

S2 =1 %0, %Q1 = (Gyx Cyx Ey) x (Hy % Wy x My) x (Vax Js x Ya x Rs),

S2 =11 %0y % Q1 = (Gy*x Cyx Ey) x (Hy*x Wox My) x (Vax Js Yo x Rs).

I11. Tna crpykrypst A% (Puc. 18.4):

I, = Gox Cy, N(I1) = (3;2,0,0);

O1 = Hyx Wy x My Uy, N(O7) = (3;3,1,0),

Oy = H3 * Wy x My x Uy, N(Oz) = (2;4,0,0);

Q1= FyxJi xYo*x Z3, N(Q1) = (3;3,1,0);

S3 =1 %01 % Q1 = (Gox Co) * (Hy x Wy x My x Up) * (Fy % Jy % Yo * Z3),

S3 =1 %Oy % Q1 = (Go * Co) * (Hz x Wy x My x Up) % (Fyx Jy % Yo x Z3).

OueBuHO, YTO MOXKHO arperupoBaTh noJrydeHnbie cocrasuble pemennst (Puc. 18.5). C npy-
rOif CTOPOHBI, MOXKHO PACCMOTPETh PACITUPEHHYIO CTPATETHIO arperupoBanus: cmpameaus 1V.
O6mas crpykrypa (A) Brimogaer cienyomue dactu: (i) xpeBoBuanyio Momesas cucrembl T, (ii)
MHOKecTBO Bucstunx BepmuH P, (iii) MHOXKecTBa MpOeKTHHIX aabrepHAaTuB DAS 17151 KaxK 0
Bucsiyeit Bepruabl D, (iv) paH:KupoBaHWe TMPOEKTHHIX ajbrepHaTuB DAS (T.e., TOpsIIKOBbIE
npuopurersl) R, (v) onenku coBmectumoctu mexay DAs I. Moo paccmarpuBaTh ClieLyio-

Uil BeKTOp 6IM30CTH MeXKIy AByMs cTpyKTypamu A%, AP:
P (A%, A7) = (p (T, T7), p(P*,P7), p'(D*, D7), p'(R*,R7), p!(I°17)).
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B pesyabrare, A% Oyner uckarbes kak [lapero-adpexkTuBHoe permrenune 1mo BeKTOpam
_ agg A . .
5 (A9, AY) Vi € {i},
IJIe UHJIEKC 7 COOTBETCTBYET UCXOIHOMY peleHuio. PaccMoTpuM yIpoIieHHYI0 CXeMy DPellleHus:

®aza 1. Arperamys 60a30BBIX UCXOTHBIX JAHHBIX JJIS UCXOIHBIX CTPYKTYP:
1.1. arperanust MOPGOJIOTUIECKUX CTPYKTYP, BKJIOYAs CAeIYIOIIee:
(1.1.1.) arperanusi MHOYKECTB BUCSIYMX BEPIIHH,

(1.1.2.) arperauust MmuOX)ecTB DAS jiist KasK 10 BUCSTU€li BEPINUHBI,

(1.1.3.) arperauust parkupoBanuit DAs,

(1.1.4.) arperanus OIEHOK COBMECTHMOCTH st MHOXKeCTB DAS;

1.2. arperanusi ApeBOBUJIHBIX CTPYKTYP.-

®a3a 2. HoBoe uepapxuueckoe MpoeKTUPOBAHUE.

@5 =1x0xQ
512:[1*01*@1 = (GQ*CQ*EQ)*(Hg*WQ*MQ)*(%*Jg*YQ*Rg)
522211*02*@1 = (GQ*CQ*EQ)*(HQ*WQ*MQ)*(%*Jg*YQ*Rg)

Merogonorust
I=G+xCxFE
I 1= G2 * C 2 * E2
lc lc lE
Cucr. [IpunsaTue  Pe-unxe-

AHAIN3, peIIeHuil, HUPHUHT
Ipo-BaHue BHIOOD

GL(3 Cy(1 CHCTG%};I 9
Go(1 C5(1 E5(2
Gs(2 Cy(2 E5(3
Kom6unaropHas onTuMu3anus  1IPUKIIaIHbIE IPUMEDPHI/IPOEKTHI CTYJEHTOB
O=H~WxM Q=V*xJxY xR
‘Oleg*WQ*MQ le%*Jg*Yg*Rg

OQ = H2 * W2 * M2 Vorvarmenme
WHO. TIEHTPA

1 lw Wi v 1y vy |
221/15{ KoMmmosunys Apgymz WHO. nestp KapbepaRQEQg

FER MR (xmca) (2 Rs(1
2 1 KJIIKQ, 2 (¢ eHTall3
(1) Wall) M) VR L) Yio)
Hi(2)  Wa3)  My(1 Va(l)  Ja(2)  Yall

Puc. 18.3. Kypc 1o uncdopmanuonnbiM cucremam (crpykrypa A?)

na arperupyembix ctpyktyp (A, A%, A%) paccmarpusatotes ciemyiomue craun:

Cmadus 1. Arperanusi MHOXKECTB BHCSTYUX BEPIMTUH HCXOAHBIX cTpyKTYp (Puc. 18.6);

Cmadus 2. Arperamus MOpGOIOTHIECKUX CTPYKTYP:

2.1. arperarusi MHOKeCTB DAs 11 Kaxk10#t Bucsiyeil Bepmmubl (Puc. 18.7, Puc. 18.8, Puc.
18.9, Puc. 18.10, Puc. 18.11, Puc. 18.12, Puc. 18.13, Puc. 18.14, Puc. 18.15, Puc. 18.16, Puc.
18.17, Puc. 18.18, Puc. 18.19, Puc. 18.20, Puc. 18.21, Puc. 18.22);

2.2. arperaiysi B3auMocBsi3eit (oneHok coBmectumocth) Juisi MHOkecTB DAs (Tabumna 18.11,
Taomuna 18.12, Tabsmna 18.13; ucnoab3lyercss npapusio: “BbiOOp HaAMOOIBIIETrO 3HAYEHUST WU
9KCIEPTHOE CYKJICHUE);

Cmadus 3. TlocTpoeHue arperupoBaHHON 1peBoBUIHON cTpyKTYphl (Puc. 18.23);

285



Cmadus 4. Vlepapxuueckoe IPOEKTUPOBAHHME MHTEIPUPOBAHHOIO Kypca (arpermpoBaHHOE
pemenne) (Puc. 18.23).

Bnech, arpernpoBaiHas cynepcTpykrypa (Haactpykrypa) A (Puc. 18.23) nomyuena Ha ocHo-
Be 3KCIIEPTHBIX CYXKJEHUM.

.53:I*O*Q
S%ZIl*Ol*Ql:(GQ*CQ)*(HQ*WQ*MQ*Ul)*(F4*J1*Y2*Z3)
ngll*Ol*QQZ(GQ*CQ)*(Hg*WQ*MQ*Ul)*(F4*J1*Y2*Z3)

IIpukIaaHbIE TPIMEDBI/ IPOEKTHI CTYAEHTOB ® Meronomnorus
Q=FxJxYxZ I=GxC
Q1:F4*J1*Y2*Z3 -[1:G2*02
¥ ¥ ly lz G lc
IIporpamer Wud. Kapwepa Musectunun Cucr. [Ipunsitue
0 LeH CTy,ZLeHTa 0(2 QHAJIN3,  peIleHni,
Fi(3 Jp YO Z1(2 apo- HI/Ie BBLIOOD
F4 1 Jl Y2 1 Z3 1 Gl CQ 1
J4 3 YZ; 2 Z4 3 GQ Cg 1
KombunaropHasi onruMu3anusi Gis(2 Cu(2

0O =H+xWxMxU
01 HQ*WQ*MQ*Ul
02 Hg*WQ*MQ*Ul

H lw la o
H Kowmmozunust Mapuipyr-iius

%(2) 5 " aﬁ/al 2 " (xmMKa) UI; 2

H3 1 W2 1 M1 2 Ul 1

H4 2 W3 3 M2 1 U4 3

Puc. 18.4. Kypc 1o mepapxudecKoMy NMpOeKTHpoBaHuIo (cTpyKTypa A3)

Pemenne 511 -
Pemrernne S3 Pemenue S?

2
Pemenue S3 Perrenne S5

Pemrernne S}

o Permenue S}
OIIECC arperamnyun
pom l peram Permmenne SS

@PpePI/IpOBaHHOG pelnenue Sa9§>

Puc. 18.5. Arperanus pemrenunit

Tabsmma 18.8. OneHkr COBMECTUMOCTHU

GQ‘ G3‘ 01‘ 02‘ 03‘ M* M4 M]
Lyl2 03 2 0 3 2 0
Lzy12 3 0 2 2 1 3 2
é413033023

2 1 3 21 3 2
G 02 30 2 3 32\33\34
4 3 1 0|43 2 1
Cy 1 3 11]|43]2 3 2
Cs 0 2 3|41 2 3
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Tabsmma 18.9. OneHkn COBMECTUMOCTH

OB | [ T g L o Yo R B
2\3\4\1\2\3 44442%3223333
Gil2 1 0 31 01/H23 3 2 3 3|WV|l2 33333 3
Gol3 01 1 3 21|H3l1 2 3 1 3|/ 3 2 3 2
Gs|l0 3 3 0 2 31(|Hs0 2 3 0 3|3 3 3 2 3
Cy 3 3 0 [|W 3 2 || 3 3 2 3
Cs 3 3 3 ||W, 3 3 ||Yo 2 2
Cy 0 2 3 ||Ws 3 3 ||Y2 2 3
Tabsmma 18.10. OmeHKu COBMECTUMOCTH
Jo\Jl\J4\%\16\H\Zo\21\23\24 T
Fol3 113103220 ]\44]\4%\%\@
Frio 3303313 3 3||H/3323323123S$3
Filo 3303302 3 3||H|1 2313333
50 3103220%02303333
1 0 3313 3 3[|W 3 23 2 2
Jy 0 3 30 2 3 3[|W 33230 02\03\04
Yy 32 2 0||Ws 332 2 3(lGi]2 1 0
Y, 1 3 3 3||M 1 3 3/|G2[3 0 1
Yy 0 2 3 3||M 1 3 3||G3|0 3 3
@c@@w@gjy>
(.05 QLD E
<LGC GIWM@CVF ZA@
@ ® ® ®
Puc. 18.6. Arperaiust MHOXKECTB BHCSYNX BEPIIUH
L2 L3 Gl GQ G3
G1(3 G1(3
Go(1 G (1 Go(1
G5(2 G5(2 G5(2
} e N\ } e
299 G99
To(2 G1(3
Ls(1 G (1
Ly(2 G5(2
Puc. 18.7. Arperanus nis L Puc. 18.8. Arperamusa nua G

[Tocsie ucnosnzoBanuss UMMII nonyuatorcest cienytomnue cocraBabie DAS juist pesysabTupy-
fommedt arperuposannoit crpyktypst (A) (Puc. 18.23):

X1 =V3* Fy* J3* R3x Yo x Z3x A3 x By, N(X7) = (3;8,0,0),

O1 = H3z*Wyx Myx Uy, N(O1) = (2;4,0,0);

Il = L3 *GQ *CQ *EQ, N(Ol) = (2,4,0,0),

_[2 = L3 *GQ *Cg*EQ, N(Ol) = (2,4,0,0),
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[3:

Puc. 18.11. Arperamus nas H

Puc. 18.13. Arperamusa naa M

Vl V2 V3

Puc. 18.15. Arperauust gis V'

L4*G3*03*E2, N(Ol) = (3,2,2,0),
gl = [1*01*)(1 = (Lg*GQ*CQ*EQ
gg = IQ*Ol*Xl
gg = ]3*01*X1 = (Lg*Gg*Cg*EQ

Cl CQ C3
C1(2 Cs(1 Cs(1
C2 3 C3 1 03 1
Cs(3 Cy(2 Cy(2

N S
1(2
Cs(3
Cs5(2
Cy(2
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)*(Hg*WQ*MQ*Ul)*(%*F4*J3*R3*}/'2*23*A3*Bg),
= (Lg*GQ*C3*E2)*(Hg*WQ*MQ*Ul)*(‘/3*F4*J3*R3*}/2*Z3*A3*Bg)’
)*(Hg*WQ*MQ*Ul)*(‘@*F4*J3*R3*}/2*Z3*A3*Bg).

£y

E,

L3
N

Puc. 18.10. Arperanusa gia F

W2
{
q

agg

P

Q

Puc. 18.12. Arperanusa nnsa W

Q¢

U3

(s
&S

{299

Puc. 18.14. Arperanus misa U

F3

Fy(3

Fi(3

Fy(1

N | e
Fagg
Fo(3
Fi(3
Fy(1

Puc. 18.16. Arperanust pyist F'



J! J? J?
Ja(2 To(1
Js(1 Ji(1
Ja(1 (2
N e

S~
Q

Puc. 18.17. Arperanust aist J

<
S

O
et

Y ag99

Puc. 18.19. Arperanust st Y

Al

e

v

-

R! R? R3
Ry (2
Rs(1
N | <
R299
Ry(3
Ry (2
Rs(1
Puc. 18.18. Arperanust myist R
Zl
\
Puc. 18.20.
Bl
By (2
Bs(1
B,(1
N

Puc. 18.22. Arperanua mua B

Tabmuna 18.11. OneHkr COBMECTUMOCTH

NDWONNDNDWWW

WI‘W;*W;*M]‘M;%ME‘UO‘Ul‘Uzl
Hy3 3 2 3 3 3 3
Hsl1 2 31 3 3 3
4|0 2 3 0 3 3 3
Wi 3 2 2 3
Wy 3 3 3 2
Ws 3 3 3 2
M, 1
M, 0
Ms, 0

WWN W N WWW

Fo| [ Fa Jo| | 2] Js | Ja

3 1 1
2 3 3
2 2 3

R~ WHRFRFW
WWH DN
WWHR DN W
WWH WO
WWHWN O
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Tabmumna 18.12. O1eHKH COBMECTUMOCTH

G1‘G2‘G3‘C1‘Cz‘03‘04‘E1‘E2‘E3
Ly12 2 032103 21
Lsl1 2 3 02 2 21 3 3
LyfO 1 3 0 3 3 3 1 3 3
Gy 0210310
Gs 1 32312 2
Gs 0 2330 3 3
Cy 310
Cy 3 30
Cs 3 3 3
Cy 0 2 3
S=Ix0xX
.§1:[1*01*X1
§2:]2*01*X1
53:]3*01*)(1
Merononorus
I=LxG+xCxFE
Ilng*GQ*CQ*EQ
IQZLg*GQ*Cg*EQ
[3:L4*G3*C3*E2
L la lc B
YKuzH. Cucr. IIpunsarue Cucr. pe-
ITAKJI AHAJIN3, pelleHnii, NH>KEHUPUHT
Lo(2 npoex-ume  BBIOOD Ei(2
Ls(1 G1(3 (2 FEs(2
L4(2 Go(1 5 (1 FEs(3
G3(2 C5(1
Cy(2

ITpukianaEble TpUMEPHI/ TPOEKTHI CTYAEHTOBR

X=VxFxJxRxY xZ
Xl :%*F4*J3*R3*Y72*Z3*A3*Bg

Y IR v 1z

Anamms Hporpammer Mud. nenrp yiayumenne Kapbepa Wupec-

Fy(3 Jo(1 vH@. UEHTPA CTYJEHTA TULHNA
KOM‘I}S)%\Q&?TOB Fi(3 Tl To (3 Yo(2) Zo(2

0
Vo (2 Fy(1 Jo(2 Ry(2 Yo(l) Z1(2
3 Js3(1 R3(1 Yi(2) Zs(1
Ju(1 Z4(3
Kombunaropuas onruMu3aiiust
CO=H+xWrMxU h
OlZHg*WQ*MQ*Ul T A TB
paekTopusi 2Ku3H. UKJI
CUCTEMBI CHUCTEMbI
H lW Kolncj)\:imﬂMlU Ao(3) Bop(2
Hy(L) Wl iy Gill A1) Byl
Hy(2 Ws5(2 Mi 3 Uy(2 4 4

Puc. 18.23. HajgcrpykTypa Jjisi arperupoBaHHOTO Kypca (CTPYKTypa K)
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Tabsmma 18.13. OmeHK: COBMECTUMOCTH

Ro\ RQ\ Rz\ Yo \ Y, \ Y, \ Zo\ Zl\ Zs\ 24\ Ao\ Aa\ Ag\ A4\ Bo\ Ba\ Bg\ B,
Wwlo 1.1.01 1001 101100T1T1F0
Vo1 333331233032 20322
Vsl1 33333 123301330133
o0 01 31032 2001100T1T1°F0
Frifo 2 2 0331333012201 22
F,i1 33 0330233113311 33
Jo|l0 1 00103 22001T100T1T1T0
Jilo002 2112133303210 321
2103 23331233032 10321
J3!0 2 3333123312321 2 32
Jil002 3 3330233112311 23
Ry 211001 1011001T1F0
R, 2 3312330233602 33
Rs 2 3312330133013 3
Yy 322001100110
Y, 1 33312321232
Y3 023301230123
Zy 01100110
Zy 03210321
Z3 1 23 21 2 3 2
Zy 01230123
Ay 01 1 0
Ay 0 3 2 1
As 1 2 3 2
Ay 01 2 3

18.5 Ilnan ctyaeHTa

B nannoM pazzesie IpUBOAUTCA IOCTPOEHHE HEKOTOPOTO 6A30BOT0 COCTABHOTO IIJIAHA CTYJIEHTA
(B 06J1aCTH TEXHUKM, TPUKJIATHON MAaTeMAaTHKU, BBIYUCIUTEIbHON Texuuku) (21, 334|. Banaua
HOCTPOEHHUsI TOMO0HOT0 UHAMBUIYAJBHOIO ILIAHA HCIIOJH30BAjIach B KadecTBe J1aDOPATOPHOM
pabotsl B drakysnbreTckoM Kypce '[IpoekTupoBanue cucrem: cTpykTypHbiilt noaxon 8 MOTU
(OPTK, 2004-2008) [22, 343, 348, 351].

Ha Puc. 18.24 npexncrasiena obmasi 6a30Basi CTPYKTYpa PacCMaTPHBAEMOTO ITaHA. (CTPYK-
Typa, MpOeKTHbIE ajibrepHaTuBbl DAS, nproputersl DAs yKa3aHbl B KPYIJIBIX B CKOOKaX). 3/1€Ch
He PacCMaTPUBAIOTCS JIONOJIHUTEIbHbIE OrpaHnveHust (Hanmpumep, (pUHAHCOBBIE, BDEMEHHbIE).
3ajaua BKIIOYAET CJeAyIoNee:

(1) nepapxuueckoe MOCTPOEHNE IIJIAHA;

(2) BoisiBiienue y3kux mect 1m0 DAs/IC;

(3) dbopmupoBaHue akImil yiydIieHusl.

Kpurepuu i1 Bucssuux BepiivH paccMarpuBaemMoit Mmojiesiu npejcrasienbl B Tadune 18.14.
Tabsmma 18.15a, Tabumma 18.15b, Tabsmma 18.15¢ comepxkar onenku DAs. Tabaunsr 18.16,
18.17, 18.18, 18.19, 18.20 comepxKkaT OIEHKH COBMECTUMOCTH. [Ipu 3TOM, OBLIN yUTEHBI CJeLy-
fo1re (PaKTOPBI COBMECTUMOCTH:

(a) obmrre TeopeTHUuecKue pasesbl (HAIpUMep, Y KyPCOB);

(6) oTHOIIEHNE TPUYNHHOCTH WJIM CJIE/IOBAHMS;
(B) BO3BMOXKHBIE 00IIME TIPHUIIOKEHNS;
(r)

T') BOBMOXKHOCTH TOT'O, YTO KOMIIOHEHTHI COCTaBAT HEKYIO IEJIOCTHOCTHYIO CYIIHOCTb.
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®parment S=AxBxCxDxFE
Kapbepbl S1=A1xB1 xC3x D1 x E1(1)
SQ = Al *B1*03*D2*E1(1)
53 = A1 *31*03*D1 *Eg(l)
54 = A1 *31*03*D2*E2(1)
(1)
(1)

Bazosnre Jononn. | Sy = A1 x By xC3x D1 x E3 Bpew.
KyPCBI KypPChI S¢ = A1 x By xC3 *x Dy x E3 pabora
A BL,CI/ICKBO LDCnopT lE
A1105*T5*M6(1) Cl—IQ*Jg*KQ( ) D1:L3*P2*Q4(1)
CQ—Ig*Jg*KQ( ) D2:L5*P2*Q4(1)
C3 = I3 * J2 *K5(1)
D u3noi0-
prn. TUYECKUe
UTPHI
1{ J K L PI Q],
Ont-Beru.  Yupas- | Taans: Myssika TeaTp Ipectmx (Q1(4)
uuss HAyKu  gemme | 11(3) J1(4) Ki(4) Li(4) Pi(4)  Q2(4)
01(4) T1(4) M1(4) I>(1) J2(2) Ko (1) L2(2) Py (1) Qs3(2)
Oa(1) Ta(3) Ma(2) | I3(1) J3(2) K3(2) La(1) Ps(2)  Qa(1)
O3(2) T5(2) M3(2) Ju(3) Ka(3) La(3) Pa(3)  Qs(3)
O4(3) Tu(2) My(2) Ks(1) Ls(1) P5(2)  Qe(1)
Os5(1) T5(1) Ms(3)
06(2) M6(1) E1 = X4 * Y:rg * Z7(1)
07(2) E2 = X3 k }/2 k Z4(1)
B1 = G7 % Hg U * Va(1) Es = X3+ Ya*x Z7(1)
Texnuka Ilcuxomorusa 3biku Ucropusi Bauk |Vaus-rer Kommanwus
A al vl ovloxl vi ozl
Gr(4) H4) U4 WE) X4 Vi) Z(4)
Ga(1) Hy(2)  Ux(1)  Va(l)  X»(3) Ya(l)  Zx(3)
Gs(1) Hs(1)  Us(l)  V3(2)  Xs(1) Y3(2) Z3(3)
G4(3) Hy(3)  Ua(2)  Va(2)  X4(2) Y4(3) Z4(1)
G5 (2) ) UG B X0 wE) 20
Go(2) Us(2)  V6(2)  Xe(3) Z6(2)
G7(1) Uz(3) X7(2) Z7(1)
Us(2) Zs(3)
Puc. 18.24. CrpykTypa m1aHa Kapbepbl
Tabauna 18.14. Kpurepun nna DAs
Kpurepun Beca

MWWW\MM%MM@M

1.Cr-te(-)/3apmmata |1 112222222222222222

2.Bo3Mm. BCTpeun 333444 4 4
HOJIE3HOTO JIULA

3.Bo3m. BeTpeun 222333333333322222222
Apy3eii

4.Bosm. BeTpeun 2223333444 3 11122222
JIpyra/noapyra

5.CooTBercrBHEe 222222222244433333333
CKJIOHHOCTSM

6.Ilonw3a nna 3334444222 22444444414
Kapbephbl

7.ITonb3a myst 222444 33333
3710POBbS

8.Ilonp3a mns 111133333344422222

YaCTHOI KU3HU
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Tabsuma 18.15a. Ouenku gasa DAs

DAs

Kpurepun

1]2]3]4]5]6]7]8

O1Her
(5BeposITHOCTD U CTATHCTHKA

O3 Anays pernenmit
O s MImuranuonHOe MOZEIUPOBAHIE
OsMHuorokpurep-uHoe IPUHATHE PelleHui
OgMaremarideckoe IPOrpaMMUPOBAHUE
O7Cern n KOM6. OIITUMU3ALIIST
T Her
15 A3bxu nporpamvuposanus u OC
15 Teopusi BEIYUCTICHUI
Ty VIcKyCcCTBeHHbIH HHTEJICKT
T5 Yen.-mam. uarepdeiic
MHer
MoYupasiienue IpOU3BOACTBOM
M3Ynpapnenne KagecTBOM
M Ausectunmm
M=Mapxerunr
MeYnpasnenne mpoekTamMu
G1Her
2XuMHUYECKNE TEXHOJIOTUU
3Buorexnoorust

4Mexanuka
5 DJIEKTPOTEXHUKA,

G ¢Crpourenscrso

(7 TIporpamMupoBanue
HiHer

H3Bpronomuxa,
HsKoraurusanie HayKn
H,Teopus axTusnOCTH
HsBxcnepumenTer

PR R RO RRFR R R R P ORRRFRREREORRFRERERFRORRERFRFERFREEAEO
)PP ORRRR R R RRPRRPFORR PR RRORRRRRFRFORRFRRRERFRERFREEEO
WNWHR ORI R RO R R FROFRRFRERFRRFRORRFRERFRERFRREREO
NN ORNDWHRREFEFORNDNWWORNDNNOEREWWHEN RO
NN WOWNONNUERE O WHERWWORRTIWOWN RN RO

WNH—RHFOFWNNFEWDO
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Tabsmma 18.15b. Ouenku mas DAs

DAs

Kpurepun

1]2]3]4]5]6]7]8

Ui Her
U, ®panmysckmit
Us Hemerxwmit
Ui Menamcxuit
5 [opryraasckuit
6 Anonckuii
7 Kuraiickuit
Us pesuue
V1 Her
V5 CoBpemennas ucropus
V3 Anruanas wcropust
V1 Xpucruancrso
Vs Nynansm
Vs Ucnan
I} Her
15 Banbubie Tans!
I3 Ancam6n
1 Her
J2 Knacemaeckas
J3 Txaz
J4 Tenue

1Her
KsAxkrep

K 3Pexuccep

K Texn. paborauk
KsAsTop

Ly Her

L2 Backet6o

L3 ®yr60n

LyBer

L5 BoneiiGon

RFNORROOREARNONFR,NORNORRRPR, R RO NNR DR RO

R, OR PR RO RO R R RO RRFRRRRPRERPRERPRO

0

FENWORINDFRFOWNOODONFE NN NN DN W
NN RROWNWRORRFRFWORNORFRWNNNWOWR R RFNDWNDO

WO NDNOFRINOFFEFERFENOWNERNDND R WO

WNONDNOWNWHOFFFENDONDNDO

NN NOWHRWIOTONDNDNONINOFF NN WONF NN O
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Tabsmma 18.15¢c. Onenku mis DAs

DAs Kpurepun

1]2]3]4]5]6]7]8

P\ Her
2 Tennuc
P; Tonsd
P, Asponnan
P5 Topubre TbIKT
Q 1Her
o2Kapare
Q3BOKC
4Ber
5JIbKT
6'mMmHacTuKa

X1Her
X50mnepanuonnas pabora

X3UupecTunmm

X 4CrpaxoBanme

XsBa3b! faHHBIX
X¢Kovmmyrukarmm

X7Mar. MomenmupoBaHTe

Y| Her

Y5 Mogenuposanue

Y3 TIporpamvuposanue

Y, ®usnyeckue sxcnepuMenTHI
Y5 Tlenxonornaeckue nccnemoBanus
Z1 Her

75 IIpou3BoacTso

Z 3 Ceppuc

Z4 HUP

/5 YupaBJieHIe ONepanusMu
Zg IpronomMuxa

Z7 MapkeTunr

Zg Texn. obcityKuBanue

N~ NO

RFRPR R RPN ORNDNRONNNRRRRONNNRFRNNNOWERWRO

RFWHRWWHRRRORRRRFRNORFRRFRRFRWERWO
R NN R OR R R FEFONFR R R R RORRFRNFRRONRFR R —=O

NN OWH RO FENDNDDNDO

RPN WERARRRPRONRNDWOWNRRFRINNRORWWHRERONDRFR RO
HFWRNWWHRNONFNWORRFRFWEREWONRFNNDNDOFR WO

NDWWHRWONRFRWNO

NWWHRFRRPRPRPRONRRFRRRPROORRFRWEARNONRINWWONRFRWWO

Tabauna 18.16. OneHkr COBMECTUMOCTH

T, ‘TQ‘Tg‘T4‘T5‘M]‘M4M4M4M%M
O 12 2222 2 2 2 2 2 2
O, 12 3 4 43 2355 5 4
Os |2 33 4 4 2 3 45 4 4
Os 12 5 335 2 5 3 4 3 4
Os 12 3 35 4 2 4 4 4 4 4
Os |2 3 433 25 35 3 4
O |1 2 5 43 2 5 3 4 4 4
Ty 2 2 2 2 2 2
T, 2 4 3 3 3 3
T 2 4 3 4 3 3
T, 2 5 4 4 5 5
Ts 2 4 3 4 4 4
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Tabsmma 18.17. OneHKr COBMECTUMOCTHI

V1| V2| V3| Ya| V5| 21| 25| Zs| 24| Z5] 2| 27| Zs

AN MO MM A MILO <H

AN<FHFOWO<FHFNFH OO

ANFNFOMNMNANFHNDMNIO

NN FTHFFNODLOM M

ANNFHOMOMNFNLOFOMN

ANMOHFFFHFFNLOMN <H

ANNFFHFIFIFANLONHMN

ANANANANANANANANANANANXN

ANLO MO D MM

AMMMM MM

AN N MLOILO ™

A MIOLO D DM

AN AN AN ANAN AN

e bt B B B T

Tabauna 18.18. OueHKU COBMECTUMOCTHU

Pl‘PQ‘P3‘P4‘P5‘Q1‘Q2‘Q3‘Q4‘Q5‘Q6

ANANMMMNNOAN<HM D <H

ANANFOANANMMTOM

ANNFHMNNOANHMD D <H

ANFONFTANNNOMN

ANFONITANFTNOMN

ANANANANANANANANANAN

[\ RapNanNaniSy

AMMT™

QMMM

AMMmT™

ANANNAN AN

I I I e oo aN

Tabsmma 18.19. OmeHku COBMECTUMOCTH
Y B B B B U U] U] U] U5 U U R Vi [Va[Va [ Va[ Vi Ve

NN FOANMNFMOMNMAANANAN AN — 10

NN FANFFMOANANANANANAN —10

ANFMOMOMNFOANMN < H<FANLOLOLO LD v 1O

NN TN FOANNFMOMNOANMNM M — 10

AN <H 1O <H 1O FH 1O AN LD <H <H 1O AN O 1O 1O <P 1O <H AN

AANAANANANAANANANANANANANANANANANANAN

NN FFHFAMO MMM

ANFHFMOMOMNMMANMNFHFMNM

ANLOLOLO O <H <H AN <H < <

NN FMNAMNMND™

o\ EapNanisplapiananial Raplanianiap)

ANLOIOLO M M <H A <H 1O D <f

NN FFANMO M <A

ANAANANANANANANANANANNANAN

ANMMmHMOHM|M™

AN AN AN AN <H

AN AN AN AN <H

A< <H<HMNLOLO

ANANANANANANNAN

OSSR SSSSSSSS
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Tabsumna 18.20. OmeHKu COBMECTHMOCTHI

B4\ Cs\ Cg\ 04\ D4\ D4\ E5\ E5\ Es
A |2 3333 2 3 3 3
B, 3 35 445 45
4 4 4 5 4 5
Cy 5 5 5 4 5
Cs 55 5 5 5
D, 5 5 5
D, 5 5 5

(i) reneparus umeasbHOro pemenus (1);
(ii) ynyumenue ITapero-a¢dpdexkTuBnoro pemenus (2);
(iii) pacmupenne muoxecrBa Ilapero-sdbdexTuBubix pemienuit (3).

Tabsmmma 18.21. CocraBable DAS

Cocrasubsie DAs npencraniaenst B Tadsmmne 18.21, a y3kue MecTa U aKIuy Yy qIIeHUs IIPe/I-
crasienbl B Tabsune 18.22. Vcnoib30BaHbl ciieyionue 0003HaYeHus 110 THILY i aKIui yiyd-

DAs

=

A1:O5*T5*M6

Bl :G7*H3*U2*‘/2
Cl :]Q*Jg*KQ
02:]3*J3*K2
nglg*JQ*K5

Dy = Lz * Py x Q4
D2:L5*P2*Q
E1 :X4*YB*Z7
E2:X3*Y2*Z4
3:X3*Y2*Z7
Al*Bl*Cg*Dl*El
Al*Bl*Cg*DQ*El
S3ZA1*31*03*D1*E2
S4ZA1*31*03*D2*E2
S5:A1*Bl*03*D1*E3
SGZAl*Bl*Cg*DQ*Eg

s s s s s s s OT 00 QO s s s s
GTOTUTTTUTOT L0 QO = Q0 Lo N DO N =~ Q9
SO ONO O OO

OO0
SO ODODODODOD OO OO OO

Tabsinma 18.22. Y3kue mecta u akiuu yJiydiieHust

Cocrasubie DAS V3k. mecTa Axnun
DA 1C (w/r) Tun
82*%5*%6 - (15,092) |3 =4 3
gKx gk 4 2 1 1
G % Hs e Us % Vi EH;,,,GQ; 5= 455; 3
GQ*Hg*Ug*VYQ 3,G2 2:>45 3
Cy = Iy J3x Ky J3 2=1 2
Cy = I3 % J3x Ky J3 2=1 2
Cs = I3 % Jox K; Ks 2=1 2
IQ*JQ*KQ EJQ,KQ; 3=175 3
DQZLg*Pg*Q4 L37P2 3=4 2
Xy*xY5%x 2y Xy 2=1 3
Xyx Y5 x 24 Ys 2=1 3
Ey = X3x Yy % Zy X3, 24 4=15 1
B3 = X3xYyx Zy Xo, Z7 4=5 1
Xsx Yo% Zs X3,25) | 3= 4 3
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18.6 BrnIBoabI K rj1aBe

B nannoii r71aBe paccMOTpEHbI HEKOTOPBIE COBPEMEHHbBIE aKTYaJIbHbIe BOITPOCHI MIPETIOIABAHUS C
y9eTOM TOBBINIEHUS TPeOOBAHMII K MHTEIJIEKTYaJJbHOMY YPOBHIO TIOATOTOBKHU PEIIEHUH U CJI0XK-
HOCTHY ¥ MHOT'OJIUCIUILINHAPHOCTHA COBPEMEHHBIX 33/1a4. B KayecTBe OTBETOB HA yKa3aHHbIE “BbI-
30BbI” IIPUBEJIEHO OIMCAHUE KOMILJIEKCHOM yueOHOI cpe/ibl C YIIOPOM Ha 33/1a4¥ IIPOEKTUPOBAHUS
U g TpernojiaBaresieit, u Ay cTyaeHToB. KpomMe Toro mogpobHO OMUCAHBI TPU KOMILIEKCHBIE
3aja4n u3 obactu npenogaBanus: (1) MOAYIbHOE POEKTHPOBaHKEe yueGHOTO Kypea, (2) arpe-
THPOBAHUE TPEX MOIYJIbHBIX YIeOHBIX KYPCOB, (3) MOAYIBHOE MPOEKTHPOBAHKE IIIAHA CTYIEHTA.
YkazaHHBIE KOMILJIEKCHBIE 33/1a91 1 KOMOWHATOPHBIE CXEMbl UX PEIEHUN MOTYT OBITh MCII0JIb30-
BaHBI KaK HEKue 0a30BbIe aHAJIOTH. B 1ejioMm, mpeacTaBsieTcst BaXKHBIM CO3/IaHUE CIIeUAIbHBIX
KOMIIBIOTEDHBIX CP€Jl, B PAMKaX KOTOPBIX U NPeNoJaBaTe/ I, U CTyJAeHThl, U TPYIIbI CTYIEHTOB
CMOTYT MOJIETUPOBATH, AHAJTU3UPOBATH U MPOEKTUPOBATH YUeOHbIE KYPCHI U yueOHbIE TIIaHBI.
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I'maBa 19

SaKJII0OUYeH!e

Pesysbrarsl aucceprannoHHOil paboThl BKIIOUYAIOT CJIELYOIIee:

1. B paMKax ycoBepIIeHCTBOBAHUS METOIOB AHAIU3a, MOJIETUPOBAHUS U ONTUMU3AIMH CII0K-
HBIX CHCTEM BBIJEJEH KJIACC CJIOYKHBIX MOJYJIBHBIX CHCTEM Ha OCHOBE WCIIOJIb30BAHUSI CIIEIH-
aJIbHOM MOpdOIOTHUeCcKOl Moiesu (C nepapXuveckoil CTpyKTypOil, aTbTe€PHATUBHBIMU BAPHAH-
TaMM 4acreil /KOMIIOHEHTOB, a TaKyKe UX OIEHKH U B3auMOCBsi3ell Mexk iy Humu). Paspaboran
CHIEIMAJILHBI YPOBEHD TOJEPKKHU PEIICHUi JIJisi STAINOB YKU3HEHHOTO IUKJIA MOJYJIbHBIX CH-
creM, coCTosimuil W3 THUIOBBIX KOMOMHATOpHBIX cxeM (frameworks) mim “cucremusix 3ana4”
(KOMIIO3UIMU M3BECTHBIX MOCTAHOBOK W3 00JIACTH NMPUHSITHUSI DelleHuil, HalpuMep, MHOTOKpPH-
TepUaAJbHOE PAHKUPOBaHUE U Bhiesenne [lapero-addexTuBHBIX pemnenuii, a TakKe W3BECTHBIX
U HOBBIX 33/1a4 KOMOWHATODHOI ONTHMU3AIMK, TAKUX KAaK 337a49a MOPMOJIOTUIECKON KIIUKH,
3aja4a GJOYHOrO pIOK3aka): (i) IMOoCTpoeHHe HepapxXudecKoil MOJeTu MOLYJIbHON cucTeMbl, (ii)
KOMOUHATOPHBIH (CTPYKTYpHBIi) cunTe3 (“cHu3y-BBepX”’) MOJYJIBbHOM cucremsl, (iii) oreHuBanue
MOJLYJIbHBIX cHCTeM (KAK MHTErpainus ONEeHOK KOMIOHEHTOB CUCTEMbI U OIEHOK COBMECTHMOCTH
KOMIIOHEHTOB CHCTeMbl), (iV) BbIIBIEHHe y3KHX MECT B MOJAYJIbHBIX CACTEMaX (B KauecTBe CH-
CTEMHBIX Y3KUX MECT MCCJIEAYIOTCS KOMIIOHEHTHI CHCTEMBI M WX B3aUMOCBSI3H, TDYIIIBI CBSI3aH-
HBIX KOMIIOHEHTOB CHCTeMBI ), (V) yJydllenue/paciimpeHne MOLYJIbHBIX CHCTeM (B TOM YHCJIE T10
KOMIIOHEHTaM ¥ /MJIM UX COBMECTUMOCTH, 110 CTPYKTYpe cucremsi), (vi) MHOrOCTaANitHOE TTPOEK-
TUPOBAaHNE MOJLYJIbHBIX CUCTEM (B BUJE MOCTPOEHUS] TPAEKTOPHil cucrem), (vil) KOMOHHATOPHOE
MOJIEJTUPOBAHIE SBOJIIOIUU MOJIYIBHBIX CHCTEM U MOCTPOEHHE MPOTHO3HOTO BAPUAHTA CUCTEMEI.
B kavecTBe CHCTEMBI PACCMATPUBAIOTCS: (DU3UIECKHE MHOTOKOMIIOHEHTHBIE CUCTEMbI (BKJIIOYast
CHUCTEMbI YIPABJICHNUSI), CUCTEMBI MOJJIEPKKYU MPUHSATUS PENICHUi, CTPATErMU DEIIeHUsT TUIIO-
BBIX 33/1a4 HPUHATHUs penteHuii (MHONOKPHTEPHATHHOE DAHXKMPOBAHUE), alllaparypa, [JIaHbl,
CTAHJAPTHI U IIPOTOKOJIBI.

2. IlpenyiokeHbl MOAXOABI K aHAMN3Y (ONEHUBAHUIO) COCTABHBIX MOMAYJIBHBIX CHCTEM (CO-
CTaBHBIX AJIbTEPHATHB): (a) ONEHUBAHWE CHCTEMHBIX KOMIIOHEHTOB C MCIOJH30BAHHEM MHOTO-
KPUTEPUATHHBIX OIEHOK, MOPSAKOBBIX ONEHOK WM HOBOTO TUIA WHTEPBAILHBIX OIEHOK B BHJE
MYJIbTUMHOXKECTB, (6) MHTErpupOBaHUE OLEHOK (MOPSIAKOBBIX, HHTEPBAJILHBIX B BHJE MYJIBTH-
MHOKECTB) JIJIsl CHCTEMHBIX KOMIIOHEHTOB M MX COBMECTHMOCTH, Ha OCHOBe “penteTok” 0606IeH-
HOTO KauecTBa/3hdEKTUBHOCTH cucTeM U BbieseHus [1apero-3dhdekTuBHBIX perenuii.

3. TIpe/yiozKeH HOBBIN TOJXOM K CTPYKTYPHOMY CHHTE3Y COCTABHBIX DEIIeHUil (MOIYIbHBIX
CHCTEM, aJIbTePHATHB) Ha OCHOBE PACITMPEHHOTO BapUAHTa MOPMOJIOrHUECKOr0 aHAJIN3a C yUe-
TOM TIOPSIIKOBBIX CBsi3€il M€Ky BRIOMDAEMBbIMYU BADUAHTAMY KOMIIOHEHTOB CHCTEMBI (MepapXu-
4yeckoe Mopdosiornueckoe MHOTOKpuTeprasibHoe npoektupoBanne IMMII), npu sroM ncnosb-
3yeTcsi HOBbIE 3aja4i KOMOMHATOPHON onTuMuzamuu: (a) Mopdosornyeckas Kiauka, (6) mMop-
dbostornueckast KJIuKa ¢ MHTEPBAJIbHBIMU OIEHKAMY B BUJIE MYJIBTUMHOXKECTB U (B) GJIOYHBIIH
PIOK3aK C HHTEPBAJbHBIMU OIEHKAMH B BHUJE MYJIBTHMHOXKECTB. TaKoii mMoaX0m m03BOJISET yIn-
THIBATH CHCTEMHBIE CBSI3U (COBMECTUMOCTD) MEXKJIy YaCTsME/KOMIIOHEHTAMHU CHCTEM Ha OCHOBE
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NMOPAJAKOBBIX IIKa.JI (B HEKOTOPBLIX IIPUJIO2KEHUAX HCIHOJIb3YIOTCA IIpeABapUuTe/IbHbIE BEKTOPHbIE
OIICHKHN COBMeCTI/IMOCTI/I). B CJIy4da€ MCHOJIb30BaHUdA MHTE€PBAJIbHBIX OIIEHOK B BU/1I€ MYJIbTUMHO-
KecTB cooTBeTcTBytonmuii BapuanT VIMMII ocHOBaH Ha ONTHMMHU3AIMOHHBIX MOJEIIX B BHJIE
MOUCKa, PEIIeHnil THIa MeIuaH.

4. [IpenjoxkeHbl MOCTAHOBKA U (DOpMAJIM3alUA 33/1a9¥ arperupOBaHKUs MHOXKECTBA HCXO/I-
HBIX MO/IyJIbHBIX PEIIeHUil U CTPATEIuU €€ PEIleHUs.

5. IlpeyioxkeH HOBBII PACIIMPEHHBIH BapUAHT 33/a4d MUEPAPXUIECKOI0 OJIOYHOTO PIOK3aKa,
CO CIIeNMAJbHBIMUA JIOTHYECKUMHU OIPAHUYEHUSIMA ¥ HOBBIN MPUOJIMKEHHBIN TOJTUHOMHUATBHBIN
AJITOPUTM €€ PeIeHus: (C OTHOCUTENBbHON MOrPENIHOCTHIO 110 1eJI€BON (DYHKIUYU ¥ OTHOCHTE b=
HO¥i TIOIPEITHOCTHIO 110 orpannyenuio). Takas 3a/aua, B 9aCTHOCTH, MO3BOJISIET MOJEIMPOBATH
nporecc (hOpMUPOBAHUS OBEPJIEHHON CTPYKTYPbI CJAOXKHBIX MOJIYJbHBIX HPOTPAMMHBIX KOM-
I1JIEKCOB.

6. IIpemiokena HOBast MOpoIOTHYECKaAs CXeMa PelIeHUs] PACIIMPEeHHOH 3a/1a4u pa3Mele-
Hug Ha ocHoBe VIMMII, mo3Bossgonas yauTeBaTh JOTOJHUTETbHBIE JJOTUIECKHAE TPABUIIA.

7. Pazpaboran mojxo/ k uarerpamnuu (fusion) uadopmaruu Hag norokamu rpachoB Ha OCHOBE
KJIMKH, 9TO MO3BOJISIET JTUHAMHUYECKOE BBISBJIEHHE COCTABHBIX CUCTEMHBIX Y3KHX MECT.

8. [Tpe yi02KeHbl HOBbIE BEKTOPHBIE BJIM30CTH JIJIsl CTPYKTYPHBIX OObEKTOB (MOJYIbHBIX Pe-
mennit, KOHbUTypaIuii MOAYJIbHBIX CHCTeM) (HApUMep, PaHKHPOBOK, MOPMOIOTHIECKIX MO~
Jesieit), mosBouistiornue 6osee yno6Ho hOpMYyIHpOBATh U AHAJIM3UPOBATH CXOACTBO U PA3IUUUS
UCCTEyEMBIX MOJYJIbHBIX O0ObEKTOB.

9. IIpeajioxkeH HOBas TOIX0/I, TOCTAHOBKA M (pOpMaJIM3aliysi PECTPYKTYPHU3AIUN 330349 KOM-
GuHATOPHOM onTuMu3anuK (Ha IPUMepe psifia 3a/a4: 3a/1a4a O PIOK3akKe, 33/1a4a 6JI09HOrO PIOK-
3aKa, 3a/a4a MOKPHIBAIOIIEro JepeBa, 3aja4a jepesa [llTeiinepa), m03BossIONAST yINTHIBAT
CTOMMOCTD IIPOIECCa U3MEHEHHUsI CUCTEMBI U OJIM30CTHU TI0JIy4aeMOTO PelleHus K ONMTUMAJIbHOMY
PEIeHNIO Ha CJEeIYIONEeM BPEMEHHOM WHTEpBaJIe.

10. IIpesioxken HOBBIH 1101X0/ K KOMOMHATOPHOMY MOJIEJIMPOBAHUIO IBOJIONUNA MOJLYIbHBIX
MepAPXUYeCKUX cHCTeM (Ha OCHOBE aHAJIM3a W3MEHEHUHl KOMIIOHEHTOB U CTPYKTYDbI CHCTEMbI)
U CUHTE3Yy IIPOI'HO3HbLIX BAPUAHTOB TaKHUX CUCTEM Ha OCHOBE€ MHOI'OKPDUTEPHUAJIbHBIX OIITHUMU3A-
IMOHHBIX Mojiesteii (3aada o prok3ake, 3ajada GJOYHOTO pIOK3aKa U Jp.).

11. Ilpenmoxkennas MOpdOIOTHIECKAsS CTPYKTYPa, JJI MOAYJbHBIX CHCTEM SBJSIETCS YI00-
HOl OCHOBOII /IS TIOJTyYeHUsI, aHaJIn3a ¥ 00pabOTKY IKCIEePTHONH nHMOpPMaIUn.

12. B pabore npe/icTaBieHbl IPUMEDPHI IPUMEHEHHUST TPEJIOKEHHBIX HOBBIX TIOX0I0B (OKOJIO
30) B pa3nnuHbIX 061aCTAX (KOMIIBIOTEPHBIE CHCTEMbI, CHCTEMBI CBSI3H, CTAHJIAPTHI U TPOTOKO-
JIBI TIepeiadu MHMOPMAIMH, CHCTeMa YIPaBJIeHus YMHbIM qoMoM, 3aauue, CITIIP u ap.). Dtu
HIPUMEPHI TIPEJICTABAAIOT CO00H “OMOIMOTEKY” 3aa49-IIPOTOTUIIOB, MO3BOJISIONHE (DOPMYJIAPO-
BATh U PElIaTh 334K B PA3JMYHBIX 00JIACTIX (BK/IKOYAs MCIOJb30BAHUE B MIPEIIOJABAHNN).

13. IIpegnoxennsrit meron UMMII npumenen K mocTpoeHUIO 0C/Ie/10BATE/IbHO-TIAPAJIIETIbHBIX
crpaTeruii perieHust 33124 MPUHSTUS PerieHnit (MHOrOKPUTePHAJIbHOE PAHKUPOBAHUE HA [PHU-
mepe CIITIP KOMBU), uTo mo3BoJisieT OpraHu30BbIBATH IIPOIECC MOATOTOBKY W MPUHSITUS PEe-
MIeHU# KaK WHTEPAKTUBHYIO IPOIEAYPY C CHHTE30M COCTaBHBIX CTPATErHil pelreHus 3a,1a4.

14. Ilpennoxennniit meton VMIMMII nmpuMeneH K MOCTPOEHHWIO YeJO0BEKO-MAITMHHOTO WH-
repdeiica (na npumepe CIIIIP KOMBU), 410 mo3Bosisier OCyIIECTBISTH CUHTE3 BAPUAHTOB
4e/I0BEKO-MAITUHHOTO uHTepdeiica jij1sd KOHKPETHBIX MOJIb30BaTe e,

15. IIpeyioxkeHHbI# 110/1X0T K KOMOMHATOPHOMY MO/IE/TUPOBAHUIO IBOJIIOIUN MOy IbHBIX CH-
CTE€M W TIOCTPOEHUIO WX MPOTHO3HBIX BAPHAHTOB MO3BOJISIET OCYIIECTBJIATh aHAJIU3 PA3BUTHS U
COBEPIIIECTBOBAHUS CYIIECTBYIOMUX CUCTEM (T.e., aHAJIU3 MOKOJEHUH CHCTeM) W MX MPOTHO3HU-
pOBaHMe Ha OCHOBE MOJejeil KOMOMHATOPHOW ONTUMU3AIINH.

Takum 06pa3om, MpeI0yKeHHbIe THIIOBhIe KOMOMHATOPHBIE CXeMbI TIOJIIEPXKKH PelleHuit 3Ta-
IIOB 2KU3HEHHOT'O IIUKJIa MOJ/IYJIbHBIX CUCTEM IIPEACTABJIAIOTCA IIOJIE3HBIM MHCTPYMEHTAapUEM IIpU
aHaJIM3e, MOJIECJTUPOBAHUU ¥ ONTHMUBAINU MOIYIbHBIX CJIOXKHBIX CHCTEM.
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