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PREFACE

In recent years, the significance of modularity and modular systems has been increased in
various domains (engineering, information technology, organizational systems, social-economical
systems). Modularity is useful basis for many life cycle stages of modular systems, for example:
design to obtain a set of system decision alternatives, reusing of system modules, maintenance,
efficient improvement and/or reconfiguration of systems.

In this material, decision support technology as a set of typical combinatorial frameworks is
suggested for life cycle of modular systems with special hierarchical morphological structure: 1.
building of hierarchical system model, 2. hierarchical modular design, &. evaluation of modular
system, 4. detection of system bottlenecks, 5. system improvement, 6. multistage design (i.e.,
design of system trajectory), 7. combinatorial modeling of system evolution and forecasting. In
addition, combinatorial frameworks for aggregation of modular decisions are described.

The suggested system model “hierarchical morphological structure” consists of the following:
(i) hierarchical (tree-like) structure of the examined system, (ii) sets of design alternatives (DAs)
for each leaf node of the system model (system component), (iii) ordinal estimates of DAs or
interval estimates based on multisets, (iv) ordinal estimates of compatibility between DAs for
different system components (the ordinal compatibility estimates are used instead of binary
estimates in morphological analysis).

The above-mentioned combinatorial frameworks are based on combinatorial optimization
problems (knapsack problem, multiple choice problem, assignment /allocation problems, clique
problem, spanning tree problems, multicriteria ranking/sorting, graph coloring, etc.) and involve
computing algorithms and man-machine (interactive) procedures.

The following objects can be considered: (1) physical system (e.g., building, electronic
device), (2) organizational system (e.g., team structure), (3) software, (4) information system
or service, (5) plans (in management, in economics, in medicine, etc.), (6) modular educational
courses, (7) standards and protocols (e.g., in communication), (8) requirements.

The first part of the material (chapters 2, 3, 4, 5, 6, 7, 8, 9) contains descriptions of
combinatorial frameworks above. Many illustrative numerical examples are described as well.
The second part of the material (chapters 10, 11, 12, 13, 14, 15, 16, 17, 18) is targeted
to descriptions of applications, for example: modular design of packaged software, design of
communication systems, design of communication protocols, planning in biomedicine, evolution
of standards for multimedia information transmission, design of telemetry system, modular
design of management system for smart homes, design of concrete technology, modeling and
improvement of building, design of modular educational courses, combinatorial planning of
geological exploration. The described applied examples can be used in future research projects,
as typical prototype problems, in education.

The material is based on many author’s publications (since 1981, including papers and
fragments from two books) and was integrated during the author’s work in recent nine years
in Inst. for Information Transmission Problems of Russian Academy of Sciences. This text
corresponds to the author’s course “System Design” [22, 343, 348, 351], which was realized
(2004...2008) in Faculty of Radio Engineering and Cybernetics at Moscow Inst. of Physics and
Technology (State Univ.). It may be used as a textbook.

Moscow, November 2013
Mark Sh. Levin (Inst. for Inform. Transmission Problems)
http://www.mslevin.iitp.ru/



IIpeauciaoBue

B nocieiaue rojibl B pa3invHbX 061acTaX (MHGOPMAIMOHHBIE TeXHOJIOIMH, TEXHUKA, OPTa-
HU3ANUOHHBIE CUCTEMbI, CONUAIbHO-YKOHOMUYECKUE CUCTEMbI) 3HAUYUTETHHO BO3PACTAET 3HAUU-
MOCTh MOJLYJIbHOCTH M MOAYJbHBIX cucreM. C TOYKM 3peHHsl KU3HEHHOIO IMKJIA JIJIS MOJLYJIb-
HBIX CHCTEM MOYKHO PaCcCMaTPHBATh AHAJOIMYHBbIE CUCTEMHBIC STallbl, BKIKOUYad PaHHHE CTa-
JIUM TIPOCKTHPOBAHUSA, NPOCKTUPOBAHUE, TECTHPOBAHWE, TPAHCIOPTHPOBAHUE, 3KCILIYATAIMIO,
TEeXHUIECKOe OOC/Iy:KMBaHUE yTUIM3ANUIO, yayurienne/ Moaudukanus. MogyIbHOCTh sIBJIsieT-
¢ yn06HOM OCHOBOM IPAKTUYECKHU /I BCEX ITAINOB YKU3HEHHOIO IUKJIA MOJLYJIbHBIX CHCTEM,
U B IIEPBYIO OY€PEeIb JJId CJEAYIONMX: MPOEKTUPOBAHME C MOJyYeHHeM OOJIBIIOTO YHCJ/Ia Ba-
PHAHTOB CHCTEMHBIX PEIICHHIi, IIOBTOPHOE HCIIOIL30BAHUS CUCTEMHBIX Moy e, sadpdexTuBroe
YIIydIIeHHe U/ Wi PEKOHMDUIYPAIIUST CUCTEM.

B nannoM maTepuajie IpeJaraloTCd TeXHOJOTHs MOJJEP:KKM PelIeHUH B BHUJE THIIOBBIX
koMOuHAaTOpHBIX cxeM (frameworks) st MOIEPKKH >KU3HEHHOTO IUKJIA MOJLYJIbHBIX CHCTEM
¢ mepapxudeckoit Mopdo0JI0rndecKkoit CTpyKTypoOii: (1) IIOCTPOEHUE MEPAPXUUIECKON MOJIeIN CU-
crembl, (2) nepapxudeckoe MOJLYJIbHOE MPOEKTUPOBaHUE, (3) OIEHUBAHME MOJLY/THLHON CHCTEMBI,
(4) BBIsIBJIEHHE CHCTEMHBIX Y3KHX Mect, (5) yiaydinenue cucremsl, (6) MHOrOCTAMHOE MPOEK-
TUpOBaHUe (T.€., MPOEKTUPOBAHNE TPAEKTOPHUU CUCTeMBI), (7) KOMOMHATOPHOE MOJIEJIUPOBAHUE
SBOJIIOIMA CHCTEMbl M IIPOrHO3MpOBaHKe. JIONOJHATENLHO OIMCAHBLI BCIOMOTaTeIbHBIE KOMOH-
HATOPHBIE CXEMbl APeraldi MOAYJIbHBIX PEHICHHIA.

[Ipenjio:keHHAsT aBTOPOM MOJIEIb CUCTEMBI “Hepapxudeckas MOpdOJOrudecKas CTPYKTypa’
(pacmupenue cucTeMHON MOze I 13 MOPMOJIOrHIeCKOr0 aHAIN3a) TIPEJICTABIsIeT CO00H Ciery-
fomee: (1) mepapxudeckasi (ApeBoBHHAs) CTPYKTypa HccjenyeMoil cucrembl, (i) MHOXKecTBa
npoekTHbX ajbrepuarus (DAS) st Kaxoif Bucsueil BepImmMHbl CHCTEMHOM Mozen (Kommo-
HeHTa), (iii) OIEHKM MPOEKTHHIX AJbTEPHATHB HA OCHOBE MODPSIKOBBIX INKAJ WK HA OCHOBE
ClIeNUA/IbHBIX WHTEPBAJbHBIX KA B BUJE MYJBTUMHOXKECTB, (V) MOPSIKOBBIE COBMECTUMO-
CTU MEXKJIy TIPOEKTHBIMH AJBTEPHATUBAMHE JIJIsl PA3JIUIHBIX CHCTEMHBIX KOMIOHEHTOB (BMECTO
GUHADHON COBMECTHMOCTH, KOTOPAasi UCIOIb3yeTcss B MOP(OJIOrHIECKOM AHAH3E).

Yka3aHHbIE KOMOMHATOPHIE CXEMbl OCHOBAHBI Ha KOMOWHANUSAX 3a]a4/Mojeell KoMOuHA-
TOPHOU onTuMu3aIyu (3aja49a O PIOK3ake, 3ajada OJOYHOrO PIOK3aKa, 3a/a49a O HA3HAUEHUU
U 3aJa4a pa3MeIleHus], 3aa4u O KJIMKe, 33/1a9M MOKPHIBAIOIUX JIePEBbeB, MHOTOKPUTEPUAIb-
HOE PaHKMUPOBaHME, PACKPACKa rpadoB M ApP.) U BKJIIOYAIOT BHIYUC/IUTEIbHBIE AJTOPUTMbI U
4eJI0BEKO-MAIIUHHBIE MPOIE/YPHI JJis PelleHrs KOMOMHATOPHBIX 33124,

B kavecrBe 06beKTa MCCJIEN0BAHUS MOTYT pacCMaTpuBaThCs cienykomme: (1) dusnueckas
cucrema (Hampumep, 3/aHue, JeKTPOHHAs anmnaparypa), (2) opranu3anuonHas cucreMa (Ha-
npuMep, CTPYKTypa Gpurajpl ucnoaHuTesei), (3) kommwiekcsl nporpamm, (4) madopmarmon-
Hasi cucreMa wian cepBuc(bl), (5) mWwianbl (B ympaBjeHUd, B SKOHOMUKe, B MeIUIUHE U Jap.), (6)
MOJLyJIbHBIE 00pa3oBaTebHbIil Kypc(bl), (7) CcTaHAAPTHI U MPOTOKOJIBI (HAPUMED, TPOTOKOJIBI
CBsI3M, CTAHJAPTH Hepejaun nudopmanuu), (8) cucrembl TpebOBAHUSI.

[TepBas marepuana (rmass 2, 3, 4, 5, 6, 7, 8, 9) cofep:KUT ONUCAHUST KOMOMHATOPHBIX CXEM
(T.e., HOCTPOEHUE HEPAPXUIECKUX MOJIEJI€l, OIeHMBAHNE CHCTEM, KOMOMHATOPHBII CHHTE3, BBISIB-
JIeHUe Y3KUX MEeCT, VIydlleHne CUCTeM, arpernpoBaHuie MOLYIbLHBIX pelleHuii, MHOTO-CTaIuiiHoe
IPOEKTHPOBAHKA C LEIbIO IOCTPOCHUS TPACKTOPUU CHCTEMbI, MOJEJIHPOBAHNE KOMOMHATOPHON
9BOJIIOIUY CHCTEM U IIPOIHO3UPOBAHUE). 3/1€Ch UMEIOTCS PEATUCTHYHbIE HTIOCTPATUBHBIE YHC-
JIOBBIE TIPUMEPHI, 06JIervaomnue IoHuMaHue.

CymecrBennast yacrb Mmarepuasa (riasst 10, 11, 12, 13, 14, 15, 16, 17, 18) nocssimena onuca-
HUIO IPUMEHEeHHUsl TIPEeJJIO?KeHHBIX KOMOMHATOPHBIX CXeM sl PEIIeHNs PeaJbHbIX IIPUKJIAIHBIX
3aJ1a4, B 9YaCTHOCTH: MOJYJIbHOE TPOEKTUPOBAHUE KOMIIBIOTEPHBIX CHCTEM; MPOEKTUPOBAHUE U
OOHOBJIEHHE CHCTEM U CeTell CBA3M; MOAEJIMPOBAaHUE U IMPOEKTHPOBAHUE MPOTOKOJIOB Hepeladn
nadOpMaIyK; IJIaHAPOBaHue B OMOMEIUIMHE; TOCTPOEHUe U MOJEJNPOBAHNE 3BOJIOINUH CTaH-



JIAPTOB Nepeavn MyJIbTUMEIUHHON nH(MOPMAIMK; TPOEKTUPOBAHUE B TEJEMETPUU; MOJLYIbHOE
POEKTHPOBAHME CUCTEM YIIPABJICHUS B YMHOM J0ME; MOJEJIMPOBAHNE, AHAIU3 U IJIAHUPOBAHUE
TeXHOJIOTUH OeTOHA; MOJY/IbHOE MOJIEJUPOBAHUE W YIyUIIeHHe 3JaHUil; TPOEKTUPOBAHUE MO-
JIyTBHBIX Y9eOHBIX KYPCOB; KOMOMHATOPHOE (DOPMUPOBaHHUE TJIAHOB B T€OJIOTHU M 3KOHOMUKE.

PaccMorpennble mpuKIIaHble TPUMEDPBI MOTYT HCIIOJIL30BATHCS sl CJeytomero: (a) s
uccsieoBanuii (Hanpumep, B MOAUMDUIMPOBAHHBIX U /W PACIIUPEHHBIX Bepcusx), (6) Kak Tu-
HOBBIE 33/[AYU-IPOTOTUIIB, (B) B yU4eOHBIX KypCax.

Marepuaj 6a3upyercss Ha MHOTOYHMCJIEHHBIX MyOJUKaIMsiX aBropa (HaunHas ¢ 80-X rojos)
1 ObLI MHTEIPUPOBAH B TOCJEIHUE TOIBI BO BpeMs paborhl aBropa (¢ 2004 r.) B UucturyTe
npobiiem nepenadn uHdopmamun um. A.A. Xapkesnua Poccuiickoit akagemun nayk (WUITTIN
PAH, http://www.iitp.ru/).

Tekcr coorBercTBYIOT bakynbrerckomy Kypcy asropa “IIpoekruposanue cucrem” |22, 343,
348, 351] (http://www.mslevin.iitp.ru/SYSD.HTM), npouurannomy Ha Qaxy/brere pajiuoTex-
HUKY ¥ KubepHeTHKH MOCKOBCKOTO (DU3MKO-TEXHUIECKOIO MHCTUTYTA (TOCYJAPCTBEHHOIO YHU-
Bepcurera) B 2004-2008 TT.., ¥ MOXKET OBITh UCIOJIH30BAH, [0 MHEHHMIO aBTOPA, KaK y4eOHOe
mmocooue.

Mocksa, Hog6ps 2013 .
Mapxk HImywnosuu Jlesun (MTITIN PAH)
http://www.mslevin.iitp.ru/
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I's1aBa 1

BBenenue

B nannoii riase ' comepKuTCs cJleLylomee: KpaTKuil 0630p COBpeMEeHHBIX TOIXO0/0B K CHCTEMHO-
MY TIPOEKTHPOBAHUIO, KPATKUE CBeJAeHUsT 00 aKTYaJTbHOCTU MOIYIbHBIX HEPAPXUUECKUX CUCTEM,
KpaTKOe ONMKMCAHWE CeMH THUIOBBIX KOMOMHATOPHBIX WH>KEHEPHBIX CXEM JIJIsi MOJLYJIbHBIX CUCTEM,
MIPEJIJIOYKEHHBIX aBTOPOM, CIIMCOK OCHOBHBIX NMPUJIOXKEHWIA.

1.1 O cucreMHOM ITPOEKTHUPOBAHUN

Cpenu OCHOBHBIX IIOXO/JIOB K CUCTEMHOMY IIPOEKTUPOBAHHUIO MOXKHO YKa3aTh CJeYIOIIue:

I. O6mue moaxoabI:

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

1.2 moxynbHOe npoekTupoBanue [70, 110, 257, 453];

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

1.4 npoekTHpOBaHKe HA OCHOBE MHOTOKPUTEPHAJILHOIO NpHHsTHs pemenuii |63, 110, 162,
311, 312, 426, 502|;

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

1.6 06beKTHO-OPHEHTHPOBAHHOE TIpOeKTUpOBanue [94];

1.7 mpoekTHpOBaHKe Ha OCHOBEe KOMIIOHEHTOB [246, 321, 445, 453|.

II.®opmanibHBIE TOAXOABI K CHCTEMHOMY HPOEKTHUPOBAHUIO:

2.1 akcmoMaTuveckoe npoekTuposanue [529);

2.2 dopmasbHble MeTo/bl IpoeKTHpOoBanust [102]:

III. Oorumu3anus:

3.1 MHOrOAMCIUILTMHAPHAS onTUMu3aIus [47];

3.2 MeTo/ipl CMEIIAHHOTO [EJOYUCIEHHOIO HeJIMHeRHOro nporpammupoBanus [189, 222];

3.3 pasiuuHble MeTO/Ibl [I06anbHON ontuMu3amuu (190, 191];

3.4 HenwHeliHAas MHOTOIENeBas onTuMmu3anus [418, 525;

3.5 MHOTOIE/IEBas IBOTIONUOHHAS ONTHUMU3AINS, BKJIIOYAONAad TeHeTHIeCKNe aJTOPUTMBI
[136, 438].

IV. Iloaxoapl HA OCHOBE METOJOB MCKYCCTBEHHOTO MHTEJLJIEKTA:

4.1 cnenuajbHbIE SKCIIEPTHBIE CHCTEMBI W CHCTEMbI Ha OCHOBe 6a3 3Hanwmit 229, 415, 532|;

lMaTepI/IaJI TJIaBbI 9aCTUYHO OCHOBAH Ha Hy6.HI/IKaI_H/IHXZ
(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) M.Sh. Levin, Note on combinatorial engineering frameworks for hierarchical modular systems. Electronic
preprint. 11 pp., Mar. 29, 2013. http://arxiv.org/abs/1304.0030 [math.OC]

11
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4.2 IPOEKTUPOBAaHUE HA OCHOBE I'PAMMATHYECKMX OINUCAHMH CUCTEM, BKJIOYAS MOIAXOABI K
HIPOEKTUPOBAHUIO COCTaBHBIX cucreM (composable systems) [206, 506];

4.3 MeTo/ipl MPOEKTUPOBAHKS HA OCHOBE MHOTOAIeHTHBIX MOAX0I0B [114];

4.4 MeTo/Ibl TPOEKTHPOBAHUSI HA OCHOBE 33/1a4 BBITIOJHUMOCTH (constraint satisfaction problems)
489, 524]).

B Poccuy HakoIIeH YHUKAJbHBIH ONBIT 110 MPOEKTHPOBAHUIO CJIOXKHBIX CHCTeM. MOXKHO
IPUBECTH IIPUMEPBI HAYYHBIX HAIPABJIEHUN B 00/IACTH CHCTEMHOIO MPOEKTUPOBAHUS:

(1) IeKOMIO3UIMOHHOE MPOEKTHPOBaHue CJoKHBIX cucreM (akaja. PAH I1.C. Kpacuomekos
u jp.; BIT PAH) [14];

(2) Teopust pernenus uzobperareabckux 3am1a4 . Anprmymsaepa (TPU3) [50];

(3) Mopdoiornveckoe TPOEKTUPOBAHUE CUCTEM (YTOJBHBIX MIAXT, XAMUIECKUX TEXHOJIOTHIH)
C WCIOJIb30BAaHUEM MHOTOKpuTepraibHoro Beibopa (akan. PAH C.B. Emenbsuos, a.1.H. O.A.
Ceprees, u ap.; UITY PAH, UICA PAH u UMAIII PAH) [6, 10];

(4) mpoekTHpOBaHHE CHCTEM Ha OCHOBE MOPGOJOTHIECKOTO ¥ MHOTOKPUTEPHAIBHOTO aHA-
7m3a, GIM30CTH PeNieHuit K UeaJbHbIM KoMIo3unusaM (K.T.H., 1.1.H. B.H. fxumen u ap.; ICA
PAH) [9];

(5) ammpOKCHMAIMOHHO-KOMOWHATOPHBIN MeTOJ, K MPOEKTHPOBAHWUIO DAa3BUBAIOIIUXCI CH-
crem (x.1.u. B.P. Xagarypos, BII PAH) [39];

(6) pacipeesieHHBIE CHCTEMBI TOIEPKKH TPOIECCOB MPOEKTUPOBAHNS W TIPUHSITHS Pelle-
uuit (1.1.H. D.A. Tpaxrenrepn, NITY PAH) [38];

(7) uHTEepaKTUBHBIE TPOEKTHBIE MOAXOJAbI K CHHTE3Y CTPYKTYp (a.T.H. E.M. ApramoHOB U
1p., UTTY PAH) [3];

(8) cucremuas cpega CATIP s npoektuposanuss CBUC (akan. PAH A.JI. CreMnkoBCKuii,
Nucruryr CAIIP PAH) [37];

(9) Merox uccnenoBanus mpocTpaHcTBa napaMerpoB (a.d.-m.u. .M. Coboas, NIIM PAH
u a.1.H. P.B. Crarnukos, UMAII PAH & Naval Postgraduate School - USA) [36];

(10) mEKOMIO3UIHOHHBIE TIOJXOBI U HepapxudecKas ontumusanus (1.¢b.-m.H. B.U. Ilypkos,
BI[ PAH) [40);

(11) momenuposanue uepapxuueckux cucrem (wien.-kopp. PAH FO.C. TTonkos, ICA PAH)
[35];

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

(13) merompl KOH(MUIYpaUU U PEKOHMUIYPAILUN CHCTEM Ha OCHOBE MCKYCCTBEHHOIO WH-
TeJisiekTa (B YacTHOCTH, constraint satisfaction problem, fuzzy sets, concurrent engineering,
onrosiornyeckue noxxozapl) (a.r.H. A.B. Cmupnos, CIITMU PAH) [513, 514, 515];

(14) KOMIO3UIMOHHBIE METOIBI TPOEKTHPOBAHUS NHMOOPMAIMOHHBIX cucTeM (1.¢b.-M.H. JILA.
Kanmuungenko u np., ITTN PAH) |11, 313];

(15) MeToABI IOUCKOBOTO KOHCTpyHUpoBaHus [12];

(16) meronpr cuHTe3a nepapxuveckux cucrem ynpasienus (a.1.H. B.H. Ipiruuko u ap.; UCA
PAH) [41];

(17) onTMMU3AIMOHHBIE METOIbI TPOEKTHPOBAHUSI CTPYKTYD opranu3anuii (dien-kopp. PAH,
n.r.H. J.A. HoBukos, a.¢.-m.uH. A.A Boponun, k.¢.-m.1H. C.II. Mumus, k.1.H. M.B. I'yoko; UITY
PAH u Bosrorpasckuii roc. yuusepcurer) [5, 225, 425, 560|;

(18) MeToZbI ABTOMATH3MPOBAHHOTO TPOEKTUPOBAHUS CUCTEM, BK/IIOUYAs MeHETHYECKHUE Me-
roabl (1.1m.H. V.IT. Hoperkos, MI'TY um. H.9. Baymana) [33].

OTMeTHM HEKOTOPBIE COBPEMEHHBbIE KJII0UeBbIe MPOOIEMbl TIOCTPOEHHUS! MPOIECCOB TPOEKTH-
poBanus |22, 23, 334, 337, 339, 342|:

1. O6mas opranu3aiys Iporecca TPOeKTHPOBAHUS, BKIIOYAs HapaJlIen3aluio (pacnapas-
JIeITMBaHUe) TPOIecca, BO3MOKHOCTH BKJIIOUEHUST B IPOIECCH TTPOEKTHPOBAHUS JKCIEPTOB W3
MPUKJIAIHBIX 001acTell 3HAHUH, KOOPAMHAINIO PA3IUIHBIX TPOMECCHOHATBHBIX IPYIIIL.
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2. KombunaropHas CJIOXKHOCTH “TIPOCTPAHCTB” MPOEKTHBIX PEIIeHUi.

3. AsiropuTMuYecKast ¥ BEIYUCIUTETbHAS CJIO2KHOCTD MPOIECCOB PEIeHUs] BOSHUKAIOIINX 3a-
Jad, a Takxke, “3¢dpGeKTUBHOCTD U yA00CTBO” BKJIIOUEHHUS B TEXHOJOTHIO PENIeHNUs CIIeINaJTNCTOB
U 9KCIIEePTOB.

4. OpraHu3zanus KOHTPOJbHBIX TOYEK B IPOIECCe IIPOEKTHPOBAHUS JIJisi OICHUBAHUS IIPE/I-
BAPUTEJIbHBIX PEIIEHWH, JIJIsl IePelPOeKTHPOBAHYS /Y1y dIIeHUil.

5. Opranusanusi npoekTHON uHbOpMaImu (“IPOCTPAHCTB” IIPOEKTHBIX PEIIeHNi ).

6. Peanuzamnusa mOmOTHUTETLHBIX TPOEKTHBIX 33/1a9: TIOUCK Y3KUX MECT, OIleHUBaHUe, Iepe-
IIPOEKTUPOBaHUE/ YIIyUIleHNe U JIP.

1.2 MoayabHOCTh U MepapXudecKmue MOAean

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

Moy ibHOCTh CHCTEM SIBIIsIeTCsl 0a30i JJisi YCKOPEHHO# pa3pabOTKH CHCTEM, IOJLyYeHUs
0OJIBIIIOr0 YUCJIAa BAPUAHTOB CHCTEMHBIX PeIleHHi, TOBTOPHOTO UCIOJIb30BAHUS CUCTEMHBIX MO-
qyneit, spdekTuBHOro yayurienus u/uiau pekoudurypamuu cucrem [207, 224, 235, 257, 334,
342, 549, 550, 553, 554]. C npyroii cTOpOHBI, HEPAPXUYECKHE TI0XO/Ibl ABJISIOTCS 04eHb 3 dek-
TUBHBIM CPEJICTBOM /JIJIsT MOJIEJIMPOBAHNSI, AHAIN3a U MPOEKTUPOBAHUS PA3JTMIHBIX CHCTEM.

B naunoi#t paboTe mpeioXKeHbl THIIOBbIE KOMOMHATOPHbBIE HHZKEHEPHbIE CXeMbI (KaK KOMIIO-
UMMM B3aUMOCBSI3aHHBIX KOMOMHATOPBIX 3314 ¥ COOTBETCTBYIONIAX UM AJTOPUTMOB U IIPOIIE-
JIyp PeIlleHust) JJisi MOAYJIBHBIX CHCTEM C HePAPXUUIECKON MOJEbio (MOPGOIOTHIECKOTO THIIA)

(Puc. 1.1).

Bazgsbie
N KOMOWHATOPHbIE
PHUKJIaAHAA cxems! (frameworks):
cucTeMa
HALIPEM6D: 1.IIocTpoenue
(a) dusnueckas MOZEJIN CUCTEMbI
cucrema, 2. IIpoexkTupoBanue
(6) opramuzauon- Uepapxu- 30
Hasl CUCTEMa, | qecKast < | o. VnenuBanue
B) HPOIPAMMA, = | <—> [ MONEJb |\ <—> |4. Brijenenue
r) aaropurm(bl), ../ MOZIyIBHOM s V3KHX MeCT
cepsuc(pt), CHCTEMBI 5.V
e) 1iaH(bI), . Yiydmenue
) oOpasoBaTeb- 6. MuorocTaauitnoe
HbIA Kypc(bl), OPOEKTUPOBAHUE
53)) cTaugapT(bl), (TpaekTopus
1) TpevoBanns 7. KombunaropHas
SBOJIIOIUS
U IIPOTHO3UPOBAHUE

Puc. 1.1. Cucrema - nepapxudeckas MOJe/ib - KOMOMHATOPHAs CXeMa

Cueryer oT™MeTHTH 0COOYIO pOJb mepapxuii. Vepapxudeckne MOIeM UIPAOT MEHTPATBHYIO
POJIb B CUCTEMHBIX HAyKaX, TEXHUKe, MHMOPMAIMOHHBIX TexHostorusx [205, 237, 244, 292, 301,
431]. MoxkHO yKa3aTh HEKOTOPbIe OCHOBHbIe THIbl nepapxuii [205, 237, 301, 363]: (1) pasnuy-
uble Tunbl gepesbeB (Puc. 1.2, Puc. 1.3, Puc. 1.4) [198, 205, 301]; (2) opraunveckasi nepapxusi
(T.e., ¢ cBA3IME Mex Ty BeprmHamu-gerbmu, Puc. 1.5) [138]; (3) nepapxus (kak mepeBo ¢ j0-
nosiHuTEIbHBIME pebpamu, Puc. 1.6) [326]; (4) “mopdomnoruveckast mepapxust” (nepapxmdecasi
mopdosiorudekast Moziesib) [334, 342, 355, 356] (Puc. 1.7); (5) muoroyposuesast crpykrypa (Puc.
1.8) [42, 82, 410, 435, 450, 537, 538|; (6) cuenuasnbHas ABYX-yPOBHEBasl MOJIE/Ib: CETh BEPXHErO
yPOBHsI - MOpdOoJIOrnYecKue CTPYKTYpbl st Kaxk1oil Bepriuubl cetn (Puc. 1.9).

MokHO Tak:Ke yKa3aTh PsiJ CIENUATbHBIX MPUIOKeHNH nepapxuii: (1) mepapxudeckue cxe-
MBI maHHbIX U 3HaHWit [100, 301, 324, 326, 476|; (2) undbopMarmoHHbIe KOHIENTYAJbHBIE PO~
crparctBa [125]; (3) opranmsammonnsie mepapxun |71, 225, 425, 560|); (4) MHOTOypOBHEBBHIE
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caoxuble cucremst [417]; (5) sBosmormonnsie jepesbs [52, 424]; (6) onrosnorun [144, 254, 446,
555]; (7) cnenmanbHble wepapxudeckue CTpyKTypbl nporpamm (statecharts) [244]; (8) mepesbst
pemenuii |44, 210, 216, 217]); (9) uepapxunm KpuTepueB B MPUHSTHH DEIIEHUii, HAIPUMeEp, B
MeTO/le aHAJUTHIecKUX nepapxuit [488|; (10) uepapxuueckue cetu poctyma [214).

byt 7 /@/@Q

Bucsune eprmmmbt Kowmmnonenr 1 Kommonent 2 Kowmmonent 3

Puc. 1.2. /Iepeo Puc. 1.3. Jlec

Kopens

AN

Puc. 1.4. Ilomu-nepeBo

Kopens

Nt

Opranuyeckue CBsi3u JlonoHuTeIbHBIE pedpa

Puc. 1.5. Opranuueckass nepapxusi Puc. 1.6. Uepapxusa

MCTEMHAST MePAPXUST
(ZpeBoBUIHASI CTPYKTYDA)

ncsaane AﬂbTepHaTI/IBH I CoBMECTUMOCTD
BEPIIMHBI  BRCAYUX BEPIIUH aJIbTEPHATUB

C/f 7N Bepuut
* . . ® 41N Cpenanit
J 050000 Dbl =

Hm mﬂ m:ﬂ ( . e e . e o )Hmwxauit
YPOBEHb

Puc. 1.7. Cucremuass MOpdo0JIOrus Pwuc. 1.8. MHOrOypOoBHEBasg CTPYKTypa

Cers Bepxnero yposust G = (H, V) (y3met: H = {ug, i1, vy fin }, oyrm: V)
@SJJ\ &N
: e

0
I Cern Mopcbo—
A o b A AT

Puc. 1.9. /IByx-ypoBHeBasi MOIEb: CeTh C MOPQOJIOTUAMHI
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B nannoit pabore ucciieoBaHne OCHOBBIBAETCS HA WMCIOJIH30BAHUU, B KAYECTBE CHCTEMHOM
MOJIeJIH, CllenuaibHoil Mopdosornyeckoii crpykrypsl (Puc. 1.7), npejyoxkennoit aBropoMm B
konre 80-x - nagase 90-x romos |16, 17, 327, 328, 330, 334, 342, 363|. JonoMHUTEIHHO HCTIOTH-
3YIOTCS JPEBOBUIHBIE CTPYKTYPhI, MHOTOYPOBHEBBIE CTPYKTYPHI U CIIeNUATbHAS HOBAS JIBYX-
yPOBHeBasi CTPYKTypa, npejicraBiennas Ha Puc. 1.9 (riasa 8).

1.3 TwunoBble KOMOMHATOPHBIE CXEMBI

PaccmaTpuBaemble THIOBBIE KOMOWHATOpHBIE cxeMbl (frameworks) mpeacraBisiior co6oii KoM-
buHauMu 33124/ MozesIell JIsl OJIePXKKU PA3/IMYHbIX CTaJUi JKU3HEHHOI'O IMKJIA MOJLYJIbHBIX
cucrem (Puc. 1.10).

2KMN3HEHHBIE
OUKJIbI CUCTEMBI

‘ Konn. npoekruposanmne ‘

| Tpoekruposanme | KOMBUHATOPHBIE
I CXEMBI
o IOAOEPKKU
| P0H3BfﬂCTB° | (FRAMEWORKS):
Hukn ‘ TectupoBanue ‘
!
Cxnamuposanue, ng%(iffp?fgcﬂfoﬁ
TPAHCIOPTUPOBAHNE MOJTeTH
!
DKCIUTyaTanys ;C OnenuBanue )
(n TexobciyKuBaHue)
I :‘;CﬂpoeKTHpOBaHHe)
‘ Yrunusaust ‘

l Broioenenue
. . Y3KUX MECT

‘ Komnrr. npoekrupoBanue ‘ ;( Viyumerne )
‘ [IpoexTuposanue ‘ Muorocraauitnoe
l I oeKTHpOBaH)He
TPAEKTOPUSA
‘ IIpoussoncTBO ‘ P P
' Kowmbunaropuast
Mukn ‘ TectupoBanue ‘ IBOJIIOIHS,
2 I [IPOTHO3UPOBAHUE
CkiiaupoBanue,
TPAHCIOPTUPOBAHUE
DKCIUTyaTanys

(n TexobciyKuBaHue)

!

‘ Yruauzanust ‘

!

Puc. 1.10. Tunobie KOMOMHATOPHBIE CXEMBI MOJIEPAKKI

Crucok KOMOMHATOPHBIX CXeM BKJIHOYaer cieayiomiee (342, 344]:
1. ITocrpoenne nepapxuueckoit Mmogesnu cucrembr (77).
2. Uepapxuueckoe Moy abHoe nipoekTupoBanne (715).
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3. OnenuBanue Moy ibHO# cucrembr (73).

4. BoisiByienue cucreMubix y3kux mect (7}).

5. Yayumenue cucremst (715).

6. MHuorocraaunitnoe npoekTupoBanue (T.e., IpoeKTHpoBanue Tpaektopun cucremb) (7).

7. KoMGuHATOPHOE MOIEIMPOBAHNE SBOJIIOIMA CUCTEMBI U TporHo3upoBanue (717).

J1oTOTHUTETHHO CIeIyeT TaK¥Ke YKA3aTh BaXKHYI0 BCIIOMOTATEIbHYI0 KOMOMHATOPHYIO CXEMY
arperamnyuu MOLYJIbHBIX PENIeHuii.

PaccmarpuBaeMblie KOMOMHATOPBIE CXEMbI MOT'YT OBITH IIPUMEHEHBI K CJEAYIOIUM CUCTEM-
HBIX OO'bEKTAM: CHCTEMBI, IJIaHbl, TpeboBaHus K cucreMam, crangaprsl (e.g., [334, 342, 355]).
Oo6mas cxeMa uccaemxyeMoit obsactu npejacrasiena Ha Puc. 1.11.

KOMBHUHATOP- KOMBUHATOPHOUI

HbI€ TTPOTOKOJIBI

‘BHOMGMIHHH& m HBIE CXEMBI OIITUMU3AIIN:
(frameworks): ‘

‘ Teomorust ‘ Prokzak ‘

IIporpammubie ‘ ‘ Biiounnrit prok3ax ‘

CHACTEMBI CUCTEMBL ‘ Kimka ‘

KomMMyHUKAIMOH- M ‘PaH}KI/IPOBaHI/Ie ‘

Yupasienve B

‘ Knacrepuzamus
IIpoekTupo-

sarme ) ||
Hepapxu- Hazuauenus

YMHOM JIOMe
qecKast Boineserne ITokpsiBarorye
CTpouTessLCTBO MOZyTbHAs Y3KUX MecT ‘ AepeBbA
CHCTEMA, . .

W 7 7 7 7 77

Crpareruu pe-
MIeHus 33,034

Vitydinenue ‘ Wepapxuyeckast
Mopddosornyeckast

MOJeJIb CUCTEMBI

HOT'O-CTa/ (A
HOE MPOEKTH-
DOBaHME

MonynbHbIE
y4eOHbIe KyPChl

Cranpaprot Az Kombunar. . . : o

MYJbTUMEINA 3BOJTIONN, o : Z
TIIPOTHO3UPO- ‘

Tenemerpust BaHUE \ T /

P AnbrepHaTHBEBL

NN N X

N

Puc. 1.11. Obmasg cxema mccieyeMoro HalpaB/IeHUAs

‘ Paawno cencopsnr

Kombunaropubie cxeMmbl 6a3UpyIOTCd Ha 3aJa4aX KOMOMHATOPHON ONTHMMH3AIMH M MOMKHO
pPacCMaTpPUBATh CJIEAYIONLYI0 YeThIPEXYPOBHEBYIO apXuTeKTypy [353]:

1. Ba3zoBble 3aja4u KOMOMHATOPHOI onTMuzamuu (3aJa4a O PIOK3ake, 3a7ad4a GJOYHOIO
PIOK3aKa, KJIacTepu3aliisi, PAHKUPOBAHUE, 33/1a4a O HA3HAYAHWUHU / PA3MEIIEHUH, TOKPbIBAIOIINE
JIepeBbsi, PACKPACKa rpadoB, 3a1a4u MAPIIPYTU3AIUY, KJIUKA U JIp.).

2. CocraBHbIe KOMOMHATOPHBIE 331441, BKJIIOUAIOIINE HECKOJbLKO 6A30BBIX 33184, B YaCTHO-
CTH, MHOTOKPUTEPHAILHBIC BEPCUM YKA3AHHBIX 0A30BbIX 3a/1a4.

3. Tunosble nHKeHepHBIe KOMOMHATOPHBIE cxeMbl (frameworks), ykazaunbie Bbitie (T.e., 1po-
eKTUPOBAHHE CUCTEMbI - KOMOMHATOPHBIA CHHTE3, IOCTPOCHUE MOIEJIH, OIeHUBAHUE, Y/IydIIe-
HUeE, BBISIBJIEHUE Y3KUX MECT, MOJIeTMPOBAHNE KOMOUHATOPHOI SBOJIIOIINH).

4. CucTeMHbIe IPUJIOKCHUS.

Cueyer 3aMeTUTh, 4TO B IPUJIOXKEHUAX THIIOBbIE KOMOMHATOPHBIC CXEMbI YACTO HUCIIOJIb3Y-
IOTCS COBMECTHO B PaMKaxX OOINel MPHUKJIAIHON MPOEKTHON CXeMbl, HAIpUMe]:
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IHpoexmuposarue uepapruveckoti mModesu NPukAGOHOT CUCEMbL, NPOEKMUPOBAHUE CUCTE-
Mbl, OUCHUBAHUE CUCMEMHLT PEWEHUT, BLIABAEHUE Y3KUL MECM 8 NOAYYEHHLLT CUCTEMHBLET
PEUWEHUAT, YAYHYUWEHUE CUCTNEMHBLT PeUuLeHU.

1.4 OcHOBHBIE CUCTEMHBIE TTPUJIOXKEHNS

Tabsuia 1.1 coepKUT CIIMCOK OCHOBHBIX OMyOJIMKOBAHHBIX CUCTEMHBIX TTPUJIOYKEHUI, IPU 3TOM
YKa3aHbI KOMOMHAIIUN TTPUMEHEHHBIX KOMOWMHATOPHBIX CXEM.

Tabsuma 1.1. Ilpunokenus 1 KOMOMHATOPHBIE CXEMBI

Ipunoxenne IIpumenenHbIE CXEMBI CchIIKY HA
T ‘ T ‘ T ‘ T, ‘ T ‘ T ‘ T nybJiuKaIy aBTopa

1.97eKTpOHHAS TOPTOBJIS * * * % * K 346, 357]
2.BeG-cucrema * Kk ok Kk Kk * 352, 355, 383]
3.Crparerus MHOTOKPUTEPHAILHOTO N 334, 362

PAHKUPOBAHUS
4.CIITIP KOMBU * * 1327, 334
5.MogynbHEIA IPOTPAMMHEBIN KOMIIEKC | 4 % % % * 341. 342
6.Hoytbyk *  * * 355
7.PervonanbHast ceTb CBSI3U * * 392
8.GSM cerb cBsi3u * K 356, 380
9.TeslemeTpuraeckasi CUCTEMA, * % % x K 359, 379
10.Cucrema 6e30nacHoCTH * x X x x 355, 384
11.Pamuo cercop * % % x % 355, 386, 394]
12.TectupoBanue *  x 3781
13.IIporokou cBsi3u * x Kk x K x *[|368, 385]
14.YemoBexo-MaImuHEHEI nHTEpdEIic N 328, 334, 339
15.3nanue * * K % 342, 377
16.Yupasienne B yMHOM JIOM€ * % % % * 367, 390
17 NuBecTunumn *  x 334, 355
18.I1nan mapkeTunra, * 23, 30]
19.BuGpanuonubLi KOHBeiiep *  x 334, 373]
20.Teosornyeckoe MIaHUPOBAHNE S— 28, 334|
21.Texnonorus 6eToHa, * K 342, 374
22.I11aHUpOBAHKE JICICHH * % 342, 375
23.YueOHBIE KypPChI * *x K K * x * 334, 342, 355 364]
24.CranapThl JJisd MyJbTUMEIUA * * * * * * K 366, 368 382]
25. MIMMyHOIOTHYEeCKU# aHAII3 * % 342, 3761

1.5 BrsIiBoabl K IJ1aBe

B nanHo#t BBO/IHO# I1aBe IpUBEIEHO KPATKOE OIMUCAHNE ¥ 0OOCHOBAHUE CXEMbl MCCJIEIOBAHUSI:
Ipunroocenue <= Mopgonoeuneckan modeav <= Komburamopuwvie cremot

B kauectBe nepapxudeckoit MOpGOJOrTIECKON MOJIEIU CHCTEMBI HCIIOIb3YeTCsI, B OCHOBHOM,
IPeJIJIOKEHHAs] aBTOPOM PaCIIMPEHHAs] MOJIEb 3 MOPGOIOrnIeckoro anajmsa: (i) nepapxude-
ckast (apeBoBH/HAs) CTPYKTypa cucreMbl, (ii) MHOXKECTBA NPOEKTHBIX AJIbTEPHATUB JJisl KazK-
JI0if BUCsUeil BepIIMHBI cHUCTeMHON Mojeu, (iii) 1OpsiKOBbIe OIEHKU IIPOEKTHBIX AJIbTEDATHB
DAs (nnu omeHKHM Ha OCHOBE CIEIMATbHBIX WHTEPBATIBHBIX KA B BHJIE MYJbTHMHOMKECTB),
(iv) TOpsIIKOBBIE COBMECTHMOCTH MEXK/y TMPOEKTHBIMH aJIbTePHATHBAMH [JIs1 PA3JUYHBIX CH-
CTEMHBIX KOMIIOHEHTOB.
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[IpesiozkenHble KOMOMHATOPBIE CXEMbl OCHOBAHBI Ha KOMOMHAIMSIX 33/a4/Mojieseil KoM-
OuHaTOPHOI onTMMu3anuu (3a1a4a O PIOK3ake, 33ja4a GJOYHOrO PIOK3aKa, 3a/a4a O Ha3Ha-
YeHUN /Pa3MeIeHnt, 3aJaui O KJIMKe, 33]a4l MOKPBIBAIOIINX JEPEBbEB, MHOTOKPHTEPUAJIb-
HOe DaHKHUPOBaHWE, PACKpacKa rpadoB W Jp.) W BKJIIOYAIOT BBHIYACIUTETbHBIE AJTOPUTMbI
4eJI0BEKO-MAIINHHBIE IIPOIE/yPHI /I PelIeHrs KOMOMHATOPHBIX 33/1a4.

B kavecTBe IPUKIAIHOrO 0OHEKTA UCCIEN0BAHMUS MOIYT paccMaTpuBaThes caepyiomnme: (1)
dbusznueckas cucrema (HampuMmep, 37aHUe, SJEKTPOHHAS ammaparypa), (2) opraHu3alMOHHAs
cucrema (Hampumep, CTPYKTypa Gpuraisl ucnojHuTeNei), (3) KoMIiekcsl nporpamM, (4) wH-
dopmanmonnas cucrema uau cepsuc(si), (5) mianbl (B ynpaBieHUu, B SKOHOMUKE, B MEIUIMHE
u ap.), (6) MoxynbHbIe 0OpazoBaTesbHbIil Kypc(br), (7) craHAapThl U MPOTOKOJIBI (IIPOTOKOJIBI
CBsI3M, CTaHAAPTH Nepegadn uudopmanuu), (8) cucrembl TpebOBAHUSI.

B nocseayromux riasax npeacTaBieHbl ONMCAHUA CEMH THIOBBIX KOMOMHATODHBIX CXeM M
JIOTIOJIHUTEIbHON KOMOMHATOPHON cXeMbl (arperanusi MOJLYJIbHBIX DEIIeHUi), a, TakKe, MpH-
MepBl IPUMEHEHUsI YKA3AHHBIX CXeM B Pa3JIMYHBIX IPHUJIOKEHUAX (KOMIBIOTEPHBIE CHCTEMBI,
CHCTEMBI CBSI3U, T€JIEMETPHUs, OPTaHU3AIMOHHBIE CUCTEMBI, CTPOUTEIbCTBO, OHOMEIUIINHA, KO-
HOMUKA, T€0JIOrUs, 00pa30BaHue U JIp.).
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CxeMbI IOCTPOEHNUs MepapxmiecKnux
MoJieJien

B ,HaHHOﬁ IJIaB€ 1 COOEPZKHUTCA OIMNCaHne OCHOBHBIX IOJAXOJ0B K IMOCTPOCHHUIO HEPAPXUYECKUX

Mojiesieii cucteM (T.e., JepeBbsi, HePapXUH, YPOBHEBBIE CTPYKTYDHI).

2.1 TlpenBapurenbHBbIE CBEJECHUS

3aaun OCTPOEHUsT HePAPXUUECKUX MOJIeIeil SBJISIOTCS BaXKHBIME BO MHOTHX 00JacTsx (MH-
dbopmMarmonHble CHCTEMBI, MOJEJUPOBAHNE 3HAHUA W Ap.). s mocTpoeHns: 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 naunoii riaBe onucaHo CJeryo-
mee:

I. Tloaxompl K TOCTPOEHUIO MepapxXuii Kak Mojeseil cucreM (BKJIOYas SKCIEPTHBIE MPOIEe-
JIyDBI, Hepapxuveckasl KJaCTepu3alus U MOKPBIBAIOIINE JIEPEBbs ).

II. Cxembl TpaHcdhoOpMaluu HepapXuii, HaIpuMep: mpeoOpa30BaHWE HCXOIHOTO JE€pPeBa B
gaepeso Illreitnepa, pecTpyKTypu3saluss KOMOMHATOPHBIX 3a/1a4, JI00aB/IeHNEe B HepApPXUYeCKHe
crpykTypbl “ropsiumnx cssizeit” (hotlink assignment).

Ha Puc. 2.1 npeacrasiena cxema 6a30BOTO MPOEKTHOTO TIPOIECCA JJIs TOCTPOEHUS Uepap-
XUYeCKOU CTPYKTYPHI.

OKCIepTHI

XX

b \ ITpomecc
MOCTPOEHUST:
Hcxonunas AJICOPATMBI,
uHdOpPMAIIs IKCHEePTHHIE DuuaabHAST
(GazoBbIE Cy>KJeHus, Aepapxus
CTPYKTYPHI, UHTEpaK- (nepeso,
AHAJIOTUY THUBHBIE MHOI'O-
onucamust) HPOIELyPHI, yPOBHEBast
rubpuIHbIe CTPYKTYypa
CXEeMBI u 1p.)

Puc. 2.1. Cxema mnocTpoenusi nepapxuu
MoKHO BBIIEIUTH CJIEIYIONINE OCHOBHBIE TUIHI 337]a4 TIOCTPOEHUST UEPAPXUil CUCTEM:

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

'Ha ocnose ny6amkanun: M.Sh. Levin, Towards design of hierarchy (research survey). Electronic preprint,
36 pp., Dec. 8, 2012. Http://arxiv.org/abs/1212.1735 [math.OC].

19
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Bzxoo: onucanwe cucrembi.

Buwixod: wmepapxust Kak pe3ysabraT pa30MeHHs] CHCTEMbl Ha 4acTu (JIepeBo, Mepapxusi, ypOB-
HeBasi CTPYKTYpA).

3amaua 2.2. bazoBoe npoeKTHpOBaHUE:

Bxod: MHOXKeCTBO 3/IEMEHTOB CHCTEMBI, TAPAMETPHI JIEMEHTOB ¥ UX B3aUMOCBSI3eil.

Bvixod: MHOXKeCTBO KJIaCTEPOB WJIM TOKPBIBAIOIAsI CTPYKTYPa HAJ, MHOYKECTBOM UCXOHBIX
9JIEMEHTOB CHCTEMBI (JIepeBO, MepapXusi, yPOBHEBAs CTPYKTYPA).

3amaua 2.3. [TokpwiTue:

Bzoo: ucxonmblii rpad/cerh Kak MOJEIb CUCTEMBI (T.€., MHOKECTBO 3JIEMEHTOB CUCTEMbI U
pebpa).

Buizod: mokphiBaroline nepapxuveckue CTpyKTYpbl (JepeBo, uepapxusi, ypoBHeBasi CTPYK-
Typa).

Bagaua 2.4. IlepenpoexrupoBanne (Mogudukanys, Tpancdopmalys, yiydiieHne):

Bxo0: ucxonnas mepapxuveckasi CTPyKTypa (JIepeBo, uepapxusi, ypOBHEBask CTPYKTYPA).

Buwizod: HOBasi mepapxuveckasi CTPyKTypa ¢ HEKOTOPbIME TpebyeMbiMu cBOficTBaMu (1epeBo,
nepapxus, ypoBHEBasl CTPYKTYPA).

Bagaua 2.5. Pecrpykrypusanus (crenuayabHbiii ciydail Mogudukanmm):

Bzoo: (i) ucxomuasi nepapxmveckasi CTpyKTypa (JIepeBo, nepapxusi, ypoOBHEBasi CTPYKTYpa).
(ii) meneBasi nepapxuveckasi CTpyKTypa (JIepeBo, uepapxusi, ypoBHEBasi CTPYKTypa).

Buwzod: wHoBasi mepapxuveckasi CTpyKTypa (JepeBo, mepapxusi, ypOBHeBasi CTPYKTypa) ¢
yderoMm cieayiomero: (a) “memeBas’” Tpancdopmanust uCXoaHoi crpykTypsl, (6) “Masenbkas’”
0/1M30CTH MEXKJIy HOBO#M CTPYKTYPO# U 1eJIeBOit CTPYKTYPOii.

B 0CHOBHOM, yKa3aHHbIE 33J@9l KPATKO OMNUCAHBI C MOMOIILI0 TUIOBOH KOMOHHATODPHOMN
CXEMBI PEIIEHHUS:

(i) nHKEHEpHOE ONUCAHYE,

(ii) dopmyampoBka 331240,

(iii) HeKOTOpBIE BO3MOYKHbIE BEPCHH 33/1a4H,

(iv) 6a3oBas cxema peleHus,

(V) mepcrneKTHBHBIE BEPCHM 3aJa4u (HAIPUMEDP, MHOTOKPUTEDHAJbHAS MOCTAHOBKA, yder
HEOIIPE/IEJICHHOCTH).

2.2 JxcmepTHas mpoleaypa 'cBepXy-BHH3’

B ocHOBHOM, 3KCIIEpTHBIE TIPOIEAYPHI TIOCTPOEHUST UEPAPXUil cUCTEeM 0A3UPYIOTCS HA 3HAHUSX
CHEIMAINCTOB B KOHKPETHBIX obsacTsx (domain experts) u TUIOBBIX “TEXHOJIOIHYECKUX CXe-
Max (HanpUMep, KU3HEHHbIH IUKJI TPOJLYKIMK: IIPOEKTUPOBAHNE, IPOU3BOJICTBO, TECTHPOBAHHUE,
TEXHUIECKOe 00C/IYKUBAHNE, UCIIOJIHb30BAHNE, YTUIN3aIs ). TaKkue IpOIeayphl BKIUYAIOT CJie-
nytomue dhas3bl:

1. pa3bueHUe CUCTEMBI HA MOJCUCTEMBI;

2. pa3buenue Kak10# MOJACUCTEMBI HA €e YaCTH;

3. pa3dueHue KaXKJ0# 4aCTH HA €6 KOMIOHEHTHI; U T.I.

[Hesmecoobpa3no ykasaTh 6a30Bble aJITOPUTMUYECKHE TIPABUIIA, /1 PA30MEeHns CUCTEeM Ha, 4a-
cru: (a) pasbuenue o GU3NIECKUM YACTHIM CUCTeMBI, (0) pa3bueHue o cucTeMHbIM (DY HKIUAM,
(B) pasbuenue no crajusm 06paborku uHbOpMaryu. /[Ba NIPUKIAIHBIX IPHMEPA UILTIOCTPUDY-
10T YKA3aHHBIA TUII SKCIIEPTHBIX IIPOIELY]P:

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

(2) mByx-sTaxknoe 3nanue (Puc. 2.3) [342, 377|.
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?HJI&H gedenusa S = X xY « 7

X=JxM Y=PxH*xG
Baszosoe DKOJIOrnIeCKas
JICYeHHIE cpesa

M lP H lG
Ousmo- Jlewerme Pusmono- Jovammss  Obmas Pexxum OTaprx

Tepanud JIEKapCcT- T'MYeCKasi IKOJIOIMIeC-3KOJIOTmIeC-
pamu OOcTaHOBKa Kas Cpela Kasd cpena

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

?SﬂaHI/Ie S=AxBxC

1 B=D+F o
DynmamenT 8%;,0}?%,3*’{& IepexpoiTus
(kapkac
D=ExGxH F=1xJ
Hecymme He necymue
KOHCTPYKIIUH KOHCTDYKIIUK

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

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

2.3 UepapxmuyecKas KJacTepu3alius
Vmeercsi MHOXKECTBO 1 371€MEHTOB (HAIPUMED, aJIbTePHATHB, SJIEMEHTOB CUCTEMBI):
A={Ay, ., A . Ay

¥ COOTBETCTBYIOINAsl BEKTOPHAs oneHka 1o m napamerpam (11, ..., 7}, ..., T),) ans kaxKao0ro sJe-
MeHTa A;t 2 = (Zi1, ey Zijs -es Zim). DA3OBBIN AIIOMEPATHBHBIN AJITOPUTM (IOJHHOMUAJIBHEII)
nMeer BUJ (IPOIECC MHTErpaNUK Tap JeMeHTOB 'cHu3y-BBepx’) [219, 516]:

Cmadus 1. Beraucjenne MaTpuibl paccrostuuii 1uist map saementoB V(A(iq), A(iz)), A(iy) €
A, A(iz) € A, iy # iy (B npocTeiinem ciaydae: IBKIMIOBO PACCTOSHUE):

m

= D (205 — 2iaj)%

J=1

d

1112

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

Cmadusa 3. OKoHYaHME TPOIECCA, WIN TTePe-BHIYUCTEHIEe MATPUILI PACCTOSIHUI TIAp JIEMEH-
TOB U TIepexol, K cmaduu 2.

B pesysbrare paGoThl JAHHOIO aJrOPUTMa MOJIYyYaeTCsl [PEBOBUIHAS CTPYKTYpa (Ha KaxK-
JIOM TIare MPOBOJMTCS WHTErpalus OXHON mapbl 3jeMenToB). Hekuii 6a30BbIil MOIXOM K HPO-
eIy pe UHTErPAIMH JIEMEHTOB ([OJIyUYeHne CPeJIHUX 3HAYEHWH MapaMeTpOB JJisi HOBOIO WHTE-
IPHPOBAHHOTO 3jeMeHTa) umeer BUI: (J;, ;, = A; &A;,): V) 2 Tipigd = W OueBuHO,
9TO IPOIECC WHTEIPUPOBAHUS JIEMEHTOB (pacyer HOBBIX 3HAYEHUSI IIAPDAMETPOB) MOXKHO OCHO-
BBbIBATh Ha JApyrux (pyHKnmsx, HanpuMep: max, min . Ciaeayer 3aMeTuTh, 4TO MHTErPAIUs
HECKOJIBKUX 3JIEMEHTOB MOKET MPOBOIUTHCS aHAJOTUYHO. [IpuMep mepapXudeckoit KaacTepu-
sanuu npuseneH B Tabmure 2.1 un na Puc. 2.4. PaccmarpuBatores 8 seMeHTOB (BOCEMB UeI0BEK

AHAJIM3UPYIOTCS HA OCHOBE MX OCOOEHHOCTEI: MHTEPECHl M CKIOHHOCTH).
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Tabauna 2.1. Kpurepuu, onenkn

Yenosek 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 31355
Ag 3 13| 4| 4

Vcnop30BaHHbIe KDHTEPUH COOTBETCTBYIOT CJIEIYIOMMM IapaMeTpaM (IOpsSAKOBas IIKAJIA
[0,5]): (i) ckJIOHHOCTH K MaTeMaTH4ecKoMy u Jormveckomy Mmbinuienuto (Ki), (ii) uarepec x
mysbike (K>), (iii) marepec k cmopry (K3), (iv) marepec k myremecrBusiv ([K,). Pesynbrar
IpEMeHeHns1 6a30BOr0 AJrOPATMa HEPAPXUIECKOil KIacTepu3anuy npuseer Ha Puc. 2.4.

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

Iar 4 6]
ITTar 3 ﬂ
ITar 2 ﬂ

IITar 0

Puc. 2.4. [Ipumep nepapxudeckoil KjaacTepu3aluu

B mnocsieiaue rosgpl peiyioXKeHbl pa3iundHble MOINMUKAIMY arJIOMEPATHBHOTO AJITOPUTMa
(nanpumep, [184, 534]). MoxkHO paccMOTpeTh HEKOTOpble MOAMMbUKAIMHA Ha OCHOBE DPaGOTHI
[345].

Bo-1niepBBIX, MOYKHO HCIIOIBL30BATH MOPSIKOBYIO IMKAJIY NPH OINEHUBAHUYN OJIM30CTH MEXKIy
3/1IeMEeHTaMH.

Bo-BTOpBIX, MOYKHO HCIOJB30BATH BEKTOPHYIO OIEHKY OJIM30CTH 91€MEHTOB (B YaCTHOCTH,
Ha ocHose [Tapero-nogxona [462]).

B-Tperbux, nponecc KyacTepu3anuy MOXKeT ObITh OPraHM30BAaH KaK IMOCJIe0BATETbHOE BBI-
nenenne Kk [205].

JlomoTHUTETHHO, BO3MOYKHO TpPEJACTaBJIEHNE TPOIecca KJIACTePHU3AIMN B BUJE ONTUMU3A-
IUOHHOM 3a/a4M (BKJ/IOYasi MHOTOKPUTEPHUAJIbHbIE MOCTAHOBKM). [Ipu 5TOM, B KavecTBe Iese-
BBHIX (DYHKIUIT MOXKET UCHOJIb30BAThCs cieayiomee: (1) paccrosHue MeXK Ly 5/IeMEHTAMU BHYTDH
KJacTepa, (2) paccTosiHue MeXKJly SJIEeMEHTAMH Pa3/JUYHbIX KJIACTepOB. VIHOTIA UCHOIb3YIOTCS
Jipyrue nejesble (OyHKIMN: YUCJI0 KJIACTEPOB MK OJIM30CTH K 33JaHHOMY MHTEPBAJy YHCJIa KJla-
CTEPOB B IIOJIy4aeMOM DeIlleHUH, YUCJIO JIEMEHTOB B Kiacrepax. /Ipyrue BapuaHTHI IIeJ1eBBIX
dbyHKIHi, NCTIOIB3yeMbIX TIPH KJIACTEPU3AINH, MPUBeIeHbl B [256, 278|. Crenyer oTMeTHTD, UTO
MEePCIEKTABHBIM SIBJISETCS 00beTUHEHNE aJTOPUTMOB UEePAPXUUECKON KIACTEPU3AINU ¥ HHTEP-
aKTUBHBIX JKCHEPTHBIX MPOIEIYP.
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2.4 (OO0 MCIoJIb30BaAHUU OHTOJIOTMNU

[Tocnennue necaTmyieTHsl MIMPOKO MCIOJIb3yeTCs IOAXOJ B IIPEACTaBIECHUI0 WHMOpMaNuu Ha
OCHOBE OHTOJIOTHUI B Pa3JIMUHBIX MIPUKJIATHBIX obaacTax [144, 204, 223, 254, 401, 436, 446, 555]:
CUCTEMBI Ha OCHOBE 3HAHU, CHCTEMHOE TPOEKTUPOBaHUE, OUOTMOTEUHbIE CUCTEMBI, XUMUST, OO~
MeIuIUHCKasg WH(OpMaIus, KOHIENTyaIbHOe MOJEeTNPOBaHue, ceMaHTHdeckue BeO-cucreMsbl.
OwnroJioruu npeacTaBJsior coboit aprudakTs are artifacts B Bujge crpykryp (Jlorudeckux, JUHT-
BUCTHYECKHX, TAKCOHOMUYECKUX ) JIJisi OMcanusi obsiacreii wim “npocrpancrs” 3ana4 [446, 555).
DaKTUYECKH, TIPH ITOM UCIOJIB3YIOTCs Hepapxuveckue (MHOIOYPOBHEBBIE) CTPYKTYDHI.

B pamkax mccienoBaHuit B 00JIACTH OHTOJIOTHIl BBIIEJSIOT Psifi OCHOBHBIX Tpobiem [144,
254, 446, 447, 448, 555|: (a) npoekrupoBanue, (6) cpaBHeHue, (B) HHTErpaIys WK ciausHue, (1)
BoipaBHuBaHue (alignment).

Obmras cxeMa Mpu OCTPOEHUH OHTOJIOT M ObliIa peiozkena B [446]. B pabore [202] nponecce
BBISIBJICHUS] OHTOJIOTHI TIPEJCTABJIAETCS KAK CJIIYIONIas MOCIeI0BATETbHOCTD TeHCTBU:

Cmadus 1. BeimosHeHue mpeaBapuTebHON pabOThl HAa OCHOBE JOCTYIHBIX JOKYMEHTOB.

Cmadus 2. Coznanue 11€pBoii Bepcuu OHTOJIOIMU (KAK CTPYKTYDHI).

Cmadus 3. Tenepanus KOHIENTOB M OTHOIIEHMT (HAIpHMep, HA OCHOBE TEKCTOBBIX JIOKY-
MEHTOB).

Cmadus 4. NapMoHUM3aIust MOJyYE€HHON OHTOJIOTUH ITOCPEACTBOM AHAJIM3a, APYTUX OHTOJIO-
IUi ¥ KOHIENTYaJbHbIX OINUCAHUMN.

Cmadus 5. YaydiieHue u MOATBEPXKIEHUe IIPABUIbHOCTH / KOPPEKTHOCTH.

B kauecTBe OCHOBHBIX MCTOYHUKOB IIPH IMOCTPOEHHH OHTOJIOTHl OOBIYHO YKA3BIBAIOTCS CJIe-
JLYIOIIUE: KOHIENTYAIbHbIe cXeMbl (KaaccuduKayu, Te3aypychl, CIIMCKY HOMEHKJIATYD), NCTOY-
HUKHK U3 VIHTepHeTra, JOKYMEHTHI Ha €CTEeCTBEHHBIX fA3BbIKAaX, CIPABOYHHMKHU, A3BIKH MOJIETIHPO-
Banus (Hanpumep, UML, ceru Ilerpn).

2.5 llokpsiBarolue JiepeBbs

3asaun 0 MOKPBIBAIONINX JIEPEBbX MOTYT MCIOJb30BATHCI B KAUECTBE MOCTPOEHUS HepapXude-
CKHX MOJeJIeil, KOrjia UMeeTCs NpeJBapUTeJbHad CeTh HaJl CHCTEMHBIMH dJ1eMeHTaMu. MHorue
roJibl 3314l O HOKPBIBAIOIIUX JEPEBbAX HMCIOJB3YIOTCS B NPUIOKEHUAX (HAIPUMED, MPOeK-
THPOBaHUE CeTell, IPOEKTUPOBAHNE KOMMYHUKAIMOHHBIX MPOTOKOJIOB, IIPOEKTUPOBAHUE CBEPX-
OOJIBIITMX WHTErPAJIbHBIX CXeM) U WHTEHCHBHO WCCIEAYIOTCS B KOMOMHATOPHON ONTHUMU3AIAU
[8, 145, 171, 205, 215, 259, 301, 575, 576]. 3aech npejacTaBieHa Kparkas WHGOPMAIHUSI O TPEX
3a/1a9aX 0 HOKPBIBAIOIIMX JIEPEBbsX: (a) MUHUMAJIbHOE TIOKPhIBAOIIEE JepeBo, (6) MUHUMAJb-
Hoe Jepeso [llreitnepa, (B) 3aja4a 0 MOKPHITHU JEPEBOM € MAKCHMAJBHBIM YHCJIOM BHCSYUX
Bepmun. Tabauna 2.2 Couep:KUT CHUMCOK OCHOBHBIX THIOB 3aJa4 NMOKPHITHS JIEPEBOM M COOT-
BETCTBYIOIIHME JINTEPATYPHbIE MCTOYHUKH. PuC. 2.5 WLIIOCTPUPYeT JiBe 3aJa4d O MOKPBITHU
JIEPEBOM.

3a/jaua MUHMMAJIBHOIO IOKPHIBAIOIIErO JiepeBa (MId MUHMMAIBHOIO B3BEIIEHHOTO IIOKPbI-
BAIOIIEro JiepeBa) sBJiseTcs 6a30Boii [145, 169, 200, 205, 468]. [Tycts G = (A, E) 6yneT CBA3HbBIM
rpadom (A - MHOXKeCTBO BepiiuH, F - MHOXKeCTBO peGep//yr) ¢ HEOTPUIATEIbHBIMI BECAMU
pebep/ayr.

[TokpeiBatomee gepesa jgaunoro rpaba 1T = (A, E') (E' C FE) upeacrasisier coboit 1101
rpad, KOTOPHIA SBJISETCS IEPEBOM M CBSI3BIBAET BCE BEPIIMHBI MCXOMHOTO rpada. OOmmii Bec
(cTomMocTh) moKpeiBatomero aepesa ¢(1) sBasgeTcs cyMMoil BecoB Beex pebep/ayr (re., E').
MuHnMaIbHOE TIOKPHIBAIOIIEE 1epeBO (MM MUHUMAJIbHOE B3BENIEHHOE MOKPHIBAOIIEE JIEPEBO)
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T* npejcrasiisier co00¥ TOKPHIBAOIIEE JIEPEBO € OOIUM BECOM MEHBIIE MJIA PABHBIM BECY JIO-
6oro jpyroro nokpsisapomero jgepesa ¢(1™) = mingpy (7). Jus nannoit 3aja4m MMeIOTCs
HOJIMHOMHUAJIbHBIE aqropuTMbl [145, 200, 205, 468|. Cpean 0CHOBHBIX TAaKUX AJTOPATMOB MOXK-
HO yKazaTb cienyiomue [145, 205|: (a) amropurm Ilpmma (Prim’s algorithm), (6) anropurm
Kpackana (Kruskal’s algorithm), (8) aaropurm Bopysku (Boruvka’s algorithm).

Tabsma 2.2. Ciucok OCHOBHBIX THUIIOB 3314 B 00JIACTH MOKPBHIBAIOIINX JIEPEBbEB

3a7a9M 0 TOKPBHITUY Wcrounuku
1.IlokpwIBatoliee AepPeEBO
1.1.MuHuMAaIbHOE TOKPHIBAOIIEE JEPEBO 145, 200, 205, 468]
1.2.ITokpbIBaroIee 1epeBo ¢ MUHUMAJBHBIM IHAMETPOM 212
1.3.MuHMMaJIbHBIM TOKPHIBAOIIHUI JI€C 205, 469]
1.4.MuHnuMasbHOE IOKPBIBAIOIIEE MYJIBTU-IEPEBO 211, 264, 541]
1.5.MHOrokpurTepruaibHOe IOKPbIBAIOIIEE JEePEBO 59, 126, 160, 240]
2. Jlepeno IllTeitnepa
2.1.Iepeso lreitnepa ¢ e MHUIHBIMU BECAMHU 439]
2.2.-lepeso IllTeitnepa Ha y3Kue MecTa 66, 170, 171]
2.3.Iepeso IllTeitHepa ¢ MUHAMATLHLIM 123, 170, 171, 397]
qncsiom BeprmH [lreitnepa
2.4. TepuuHasbHas 3ama4a gepesa [llTeiinepa 166, 194, 398|
2.5.JTIepesa IllTeitHepa, ¢ BecaMu BEpIIUH 227, 298, 499, 589
2.6."Prize-collecting’ nepeso IllTeiinepa 233, 259, 400, 551
2.7 “Kusyuqas” cers [llTeiinepa 171
2.8.Jlepeso IllreitHepa, ¢ pacKpackoit 171
2.9.3amaua pacnucanus ¢ gepesom [lreitnepa, 171
2.10.Jepeso IITeitnepa ¢ orpaHudeHTAMH 147, 482
2.11.[Iepero IITeiinepa ¢ OrpaHUYEHUSIME JIJIST TTYHKTOB PETPAHCIISIINT 147, 562
2.12.Tepeso Illreiinepa ¢ mOIE3HOCTHIO 146]
2.13.0606menHas 3a1a4a gepesa IlTeitrepa 43, 61, 168, 169, 572]
2.14.06001menHas 3ana4a gepesa [lreiitnepa miist 3Be31pb1 29
2.15.Croxacruueckas 3anagda nepesa Illreiinepa 230 231]
2.16.Iuramudaeckoe aepeso LllTeitnepa 260
2.17. Jlepeso Ilreiinepa B pexkume on-line 48, 61, 572]
2.18.T'pymmosas 3ama4e aepesa Illteitnepa 122, 172]
2.19.JTec IlIreiinepa 183
2.20.MuorokputepuambHoe nepeso IITeitrepa 391, 393, 565|
2.21.Muorokpurepuaasuaoe aepeso [lreiinepa 3931
¢ croumoctbio BepmuH [ITeiinepa

Wcxonusbrit rpad ITokpsiBaroriee Hepeso Ilreitnepa
€pEBO (4 Bepumnbr Teitnepa)

B Tk %

Puc. 2.5. /IBe 3a1a4u 0 MOKPHITHA JIePEBOM: WTOCTpanus [353]

B 6ostee CJI0XKHBIX CIydasix UCHOJIB3YeTcs: “OKPBIBAOIIHii jiec”: HeKoTophiil rpad (He 0bsi-
3aTeJIbHO CBSI3HBII) MMeeT “MUHMMAJIbHBINA MOKpPHIBAKOIIUIL jiec”’, KOTOPHIil 0ObeInHsIeT MUHU-
MaJIbHBIE OKPBIBAIOIINE JIEPEBbsl JIJIs CBSI3HBIX KOMIIOHEHTOB rpada [205, 469).

B mocnennue roabl uccsenyoTes 3aJadd MHOTOKPUTEPUAIBHBIX TTOKPBIBAIOIINX JE€PEBbEB
[59, 126, 160, 240]. B sTom caydae kaxaomy peOpy (mim Kaxkzaoii myre) rpada coOTBETCTBYET
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BEKTODHBIH Bec M HejeBasg (PYHKIUS ONTHMU3ALUMOHHON 3aJa4u PacCMATPUBAETCd KaK CyMMa
COOTBETCTBYIOIIMX KOMIIOHEHTOB BeKTOPHbIX BecoB: ¢(7T). Ilpu 3TOM OCymIecTB/sieTcst moucK
[Tapero-scpdbekrusnbix (mo ¢(77)) pemenuii. I1a 3a1a4a sBasercas NP-Tpyanoit (qaxe B 1ByX-
KpUTepHajgbHOM caydae) [59, 126]). s maHHON 3a7a9U HCTIOIB3YIOTCS CIEAYIONINE AJITOPUT-
mbl [59, 126]: (i) MHOrOKpuTepuasbubiii anroput™ [Ipuma, (i) MEHOrOKpUTEPHATBHBIH AJIOPUTM
Kpackaua, (iii) renerudyeckue aaropur™msl, (iv) aJaropuTMbl MHOOKPUTEPUATBHON SBOJIOIMOH-
noit onrumuzamyu (EMO), (v) sBpucruku, (vi) MeTOabl HA OCHOBE 3HAHMIL.

B zanaue gepesa Illreitnepa [43, 61, 168, 169, 171, 205, 215, 259, 298, 499, 572, 575],
IIOKPBIBAIOIIEE J€PEBO MOYKET BKJIIOYATh JONOJHUTEIbHBIE Bepriutbl (Bepiiuubl [IlTeiinepa).
31ech ontumanbHoe perenue Ty npejcrasisier coboii aepeso (aepeso Illreitnepa). O6muit Bec
nepesa IllTeiinepa MoKeT ObITH MEHBIIE, YeM B CIydae 33Ja9i MUHMMAJIbLHOIO IIOKPbIBAIOMIEr0
JiepeBa. IT1a 3aja4a sBJigerca NP-TpynHoii.

Onucanusi MHOTMX THIOB Mojeseil 3amaun nepesa Illteitnepa comepxkurca B [215]. Cpe-
JId OCHOBHBIX IIOJXOJI0OB K PEIIeHHIO 3aja4 jepesa lllTeiiHepa MOXKHO yKa3aTh CJIeLyOIIHe:
(1) Tounble asropurmbl (mepebOpHBIE AJTOPUTMBI THIIA MeToja BerBeii-u-rpanun) [132; 400]
¥ aJIFOPUTMbI Ha OCHOBE JMHAMMYECKOro Iporpammuposanus [195]; (2) pasnuunbie sBpucTu-
ku [147, 561, 563|, Bruouas ciemyiomue: (i) 6sicrpsie (xkagubie) anropurmer [122, 147]; (ii)
ANTPOKCUMUDYIOIIHe aropuT™el 43, 171, 227, 231, 233, 298, 589|; (iii) renerudeckne aaroput-
Mbl [285]; (iv) MeTOxBl Ha OCHOBE MCKYCCTBEHHOTO MHTENIEKTa [279]; (V) MeTOABI JIOKAIBHOTO
noucka [115].

B muorokpurepuanbubix 3agadax jgepesa [lreiinepa [391, 393, 565]) paccmarpuBaercsi Bek-
TOPHBI BeC i KaxK10r0 pebpa (ayru) u nenesas MyHKIUS MOXKET UMETh BHJ| BEKTOPA CyMM
0 KayKJIOMy KOMIIOHEHTBI BECOB-BEKTODOB Jiiss pebep (myr): ¢(Ty). B pesynbrare, nmpousso-
quThest mouck Ilapero-scddexrusnbix permennii (o ¢(7%)) [391, 393]. 3mech MOXKHO yKas3aTh
cJielytonue noaxop: (i) m3BecTHbIe SBPUCTHYECKUE TOAX0Ab! [565]; (ii) cnenuanbHbie MHOTO-
YPOBHEBbIe MAKPO-9BPUCTHKHY: (2) 9BPUCTUKA HA OCHOBe pa3buenusi-cunresa [334], (6) sspucru-
KJ Ha OCHOBe MOKPBIBAOmuX jepesbes [391], (B) cocraBras muorocrauitnas cxema [393].

3aja4a MOCTPOEHUs MOKPHIBAIOIIETO JEPEBa ¢ MAKCHUMAJbHBIM YHCJIOM BUCAYUX BEPIIHH
paccmorpena B [49, 205, 299] (Puc. 2.6). IlokpsiBatonuii rpad COMEPKUT CJELYIOININE THIIBI
BepiuH: (a) KopeHb, (6) BHyTPEHHHE BEPIIMHbBI, TAKHE BEPIIMHBI MOI'YT PACCMATPUBATHCS KAK
BupryaiabHas “nmua” (“bus”) B cern, (B) Bucsiume Bepumabl. Takum 06pa3om, 3a/1a4a COCTOUT B
MaKCUMHM3AIMU YUCJIa BUCAYUX BEPIIMH WM WM B MUHAMHU3AIUK YMCJIa BHYTPEHHUX BEPIINH.
Ora 3amava sBaserca NP-tpynuoii [205].

ITokpsiBaromiee
JlepeBo

Ucxonusrit rpad

Puc. 2.6. Makcumuzanust 4ucjia BUCIYAX BEpPIIUH

Sra 33/a49a UCIO/Ib3yeTCs B IPOEKTHPOBAHUY ¥ TECTHPOBAHUK CeTell (JepeBbst PajuoBeIna-
HUsl C MUHUMU3AIMell SHEPreTHYeCKuX 3aTpar B pauo cersx) [396, 544|, 3apaun pasmernienus
B ajieKTpruecKux cerax [528|. IIpu sTom mpumensiorcs cieayiomue ajaroputmsi: (1) Toumbie
aJropuT™Mbl (MeTO[ BeTBeil-u-rpanun) [185, 197, (2) noxaspnas ontumuzanus [402], (3) xan-
Hble anroputMsel [403|, (4) anmnpokcumanuonuble aaroputMsl [518|, (5) pas/nuHble HOBbIE THIIBL
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sppucruk (nanpumep, Bee Colony algorithm) [167, 512|. MoxkHo yka3arh HEKOTOpBIE MEPCIEeK-
TUBHbIE 00001IeHNsI pacCMaTPUBaeMoOil 3a/1a4u, HanpuMep: (2) MHOIOKPHUTEPUAIbHOE OLMCAHUE
BUCSIYMX BepIInH, (6) y4eT Heolpee/eHHOCTH MapaMeTpoB, (B) y4eT TuHAMUKHU (T.e., pesKuMa
PeabHOTO BPEMEHH).

C TOYKM 3peHust TOYHOTO PEIleHNs, YKa3aHHas 3a/ia9a SKBUBAJEHTHA 3aJa4e CBI3HOIO JI0-
MUHHUDYIOIIEr0 MHOXKECTBA (T.€., HOCTPOEHNE MOKPBIBAIOIIEro MoArpada ¢ MUHAMAJIbHBIM YHC-
JoM BHyTpenHux Bepinus) (“connected dominating set”) [91, 117, 129, 205]. O630p 3ama4 310rO0
tuna cojep:kurcd B [91]. 3amaua ¢BA3HOrO JOMUHUPYIOIIET0 MHOXKECTBA UTPAET MEHTPAILHYIO
POJIb B CEHCOPHBIX PaJuo ceTsix, MoOmIbHbIX cersix Tuna (MANET), B rectupoBanum cereii
[91, 156, 396, 544|. DTa 3amada UCTOTB3yeTCsT B KOMMYHHKAIMOHHBIX mpoToKosax [91]: (i) ko-
OpJMHAIMS JOCTyIa Ha cpeaneM yposHe (media access) (ii) mapmpyrtusamus Tuma unicast,
multicast, broadcast, (iii) mapmpyTusamnusi Ha ocHOBe 3aja4u pa3Menienus, (iv) KOHCepBalusi
SHepruu, (v) ymnpasieHue Tonosorueit, (vi) BoisiBiaenue pecypcos B cersix tuna MANET. s
TOM 33744l MPUMEHSIIOTCSI CJIe/YIONMe TUIBI AJITOPUTMOB: (a) anmpokcuMaronubie [129, 226],
(6) sBpuctuku [113, 493]. AHamOruvHO, MPEACTABIAIOTCS MEPCIEKTUBHBIMU CJIEyIoIe 0000-
MIEHUs JAHHON 3aja4u: () MHOrOKpUTEPUAIbHOE OMMCAHUE BePIIWH, (6) yuer HeolpeIeIeHHO-
cru mapamerpos, (B) yuer JuHAMUKY (T.€., DeKMMa PEaJIbHOI0 BPEMEHH ).

2.6 OnTtuMajbHbIEe OPTAHU3AIIMOHHBIE UEePaAPXUN

OpranuszanoHHble HEpapXuu MCCiaeayorcs MHorue rogsl |1, 2, 71, 159, 225, 409, 425, 539,
560, 567|). O6bIYHO paccMATPUBAIOTCS CJIEAYIONAE TUIBI OPTAHU3ANMOHHBIX CTPYKTYD B TOCY-
JAPCTBEHHBIX OPraHU3anusax u B pupMax (IPOM3BOICTBO, MPOJAYKH U JIP.): OIOPOKPATHYECKHE
CTPYKTYPbI, (DYHKIMOHAIbHbBIE CTPYKTYPbI, CTPYKTYPhI B PAMKAX IIPOM3BOICTBA OLPEIEJIEHHOIO
upojykra/uzneaus Ha dupme (product structure), marpudnbie CTpyKTypbl (MHTErpaus OyHK-
[UOHAJIBHBIX CTPYKTYP M CTPYKTYD 1O mPOAyKTaM). B OCHOBHOM, MCIIOJIB3YIOTCS CJIelytoliue
nepapxuvecKue YpoBHU opranu3anuii: (a) orpanusamus, (6) dunuans, (B) otaessl, (1) pabouune
rpymusl, (1) uaausuayansl. Ha Puc. 2.7 npejcrasjien npuMep UepapXudecKoil CTPYKTYPHBI JIJist
YHUBEPCHUTETA.

(C Yuusepcurer ))
/ \
‘(I)a.Ky.HBTeT/H_IKO.Ha ‘ ‘ Uccnen. nentp/UHCT-TyT ‘
YpoBeHsb: / \
daxkymnbrer,
LIKOJIA, Tounbie| [Uuxen.| | Conmam Hentp npukiiaz.
nccIet. HAayKW | HAYKW ||HAyKHU MHPOPMATUKI
mcTHryr ..\ I\
. ' 1 I
POBEHb:

Mexas. | [Quexr- | [[Iponss| (Hudop.
Kadeapa TexHOJI. | [POHUKA | \TeXHOJI. | |TEXHOJI.
YpoBeHb: \‘\A

Jab-pust
I/ICC.HI:e),IL. ’ JIa6. o ama-
JIU3y TAHHBIX

rpynmna

Puc. 2.7. Yupomennslii mpuMep CTPYKTYpPbl YHUBEPCHUTETA,

B mocrennme rombl MHTEpEC K MOCTPOEHWIO OPTaHU3AMMOHHBIX MePApPXHil MOBBICHICT (Ha-
upumep, [225, 425, 560|). 3mech MOXKHO paccMaTpUBAThH MOAXOB HA OCHOBE MOKDPHIBAIOIINAX
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CTPYKTYp ujiu “npsmoe’ npoektupoBanue. /[Ba 6a30BbIX THNA 33/1a4 “TIPIMOr0” IPOEKTUPOBA-
HUsI MOTYT paccMarpuBarThcs Tak [326, 347):

1. IOCTPOUTH MEPAPXUIO, 00JIAIAIONLY 0 HAUIY YIIUM 3HAUeHuEeM (3HAYEHUSIME ) UX CBOHCTB(a);

2. TIOCTPOUTH MEPAPXUIO, ABJSIONIYIOCSI HamboJsee “OM3KO0i” K HEKO# “uaeabHOW’ CTPYK-
Type (WM MHOXKECTBY “UJI€ATbHBIX” CTPYKTYD).

Ilycte {H; = (A;, E;),i = 1,n} Gyaer MHOXKECTBOM HCXOJHBIX CTPYKTYp (mepapxmii).
[ycrs H9(Ay, E;) (HY € {G;}) o3nagaer Hekyio meieByio (“mueaybHyio”) CTPYKTYpPY, HyCTh
p(H;,, H;,) o3ua4aer 6Ju30CTh (MM PACCTOSIHUE) MEXKY JIBYMsI CTPYKTypamu (MepapXusivMiu)
H; n H;, (VH;,,G;, € {H;}). JononnuresbHo, 11€7€C000PA3HO PACCMOTPETH CBOMCTBA CTPYK-
Typhl (HApUMep, CTeIeHb BEPIIMHbBI, CBA3HOCTHL Bepmuubl) H;, € {H,;}:

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

Baecw umercst uepapxust H* € {H;}. Takum 06pa3om, 33a4a MepBOro yKa3aHHOrO TUNA (MakK-
CUMU3ANUA CBOI‘/’ICTBa) umeer BUJL:

Hgé?l}%} Y (H*) Vp=1m.

OTa 33/1a49a MOX0Ka Ha U3BECTHYIO 33/1a4a “graph augmentation”, T.e., MomuduKanus HCXOIHOTO
rpada st mostyvenust rpada ¢ 3amanabiMu cBoiicrBaMu [180, 294].
Bo BTOpOM yKa3zaHHOM THIle 33Ja4d IejeBad GYHKINT UMeeT BUA: Ming-c(m,y p(H*, HY).
O4eBUIHO, YTO MOTYT OBITh PACCMOTPEHBI MHOTOKPHTEPHAIbHBIE (POPMYIUPOBKHU 33TA9H.
JIomOTHUTEILHO, MOXKHO PACCMOTPETh MHTETPHPOBAHHYIO BEPCHIO 33,1a4M, HAIIPUMEp:

i * HY . V> dh Vo=
HHG%%Z} p(H*, HY) st. Y, (H")>d" ¥V pu=1m,

rne (dY,...,d",...,d™) - BeKTOpHOE OrpaHWYEHHE JJIs CBOICTB. YKa3aHHBIE ONTHMHU3AIMOHHBIE
MOJIEJI OOBIYHO SIBJISIIOTCS CJIOKHBIMU TI€JIOUNCCHHBIMU 3a1a9aMu (MU 331a9aMU CMEITaHHO-
IO IEJIOUUCIEHHOTO TIOTPAMMUPOBanus). [IJis UX pelreHus UCIOIb3YIOTCs PA3JNYHBIE METO/IbI
permienusi (mepebOpHBbIE AJTOPUTMbI, IBDHCTHKH, METO/bI UCKYCCTBEHHOTO MHTEJIIEKTA).

Kpome Toro, nmeer ciemayomuii ONTUMHU3AIMOHHBI TOIX0, K TPOEKTUPOBAHUIO “ONTUMAJIb-
HBIX” OpraHU3aNMOHHBIX uepapxuit [225, 425, 560|. lanubiii 101x0/] OCHOBaH HA UCIIOJIb30BAHUY
Hekoro ¢yHkumonasa P or nepapxudeckoit crpykrypbl G € 2 (€ - MHOXKECTBO HEPAXUIECKUX
CTPYKTYD B BHUJIe HAIIPABJIEHHBIX AIMKJINYECKUX “ypoBHeBbIX” rpados; P : Q — [0,400))
U 3aava uMeeT BuA:  argmingeq P(G). B ocHoBHOM crpykTypa (G mpemnosaraercs jaepe-
BOM, a dbyHkumoHan P - BeIIyKJIsM (225, 425, 560|. IIpunokennst TaHHOTO TOIX01a BKIIOYAIOT
TEXHOJIOrHYecKue (IIPON3BOJCTBEHHBIE) MPOIECCHI, JIOTHCTHYECKHE CHCTEMBI.

2.7 MHoro-ypoBHeBbIE CTPYKTYPHI

2.7.1 MHoOro-ypoBHeBOIi TOIX0/T

MHOTO-yPOBHEBbI#T OIX0J1, IBJIsIETCS GA30BBIM JIJIs1 MOJIEJTUPOBAHUS CJIOXKHBIX cucteM [353, 406,
407, 417, 537, 538|. PakTHUUECKH, JAHHBIH MO/XO0J] HANPABJIEH HA YMEHBIIEHUE CJIOKHOCTH CHU-
creMm, T.e., cucTeMa pa3buBaercs Ha 4acTd (yPOBHH) M COOTBETCTBEHHO Pa3bMBAIOTCS HA YACTH
cucremuble 3a1a4u. Cieyer yka3aTh OCHOBHBIE METOI0JIOTUYECKHE Iaru. Bo-1epBbiX, B MHO-
FOYPOBHEBBIX CHCTEMaX BBLIEIAIOT IVIaBHBIE cBoicTBa: (i) ycroitumBocThb (cTabuibHOCT), (ii)
ympaBisieMocTb, (iii) azantusaocTs, (iv) camoopranusanus. [417|. Bo-BropsIx, 11 KoMIboTep-
HBIX CHCTEM TIpeJJIOKEHO OICaHne Ha OCHOBe ceMu ypoBHeil [538|: (1) ypoBeHb 3/1€KTPOHUKH,
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(2) ypoBeHb MUKDPOIPOIDAMMHUPOBaHUs, (3) yPOBEHb OlEPALMOHHOIT cucTeMbl, (4) ypOBeHb s13bI-
ka Assembler, (5) ypoBeHb ajJropuTMHYECKUX sI3bIKOB, (6) ypOBEHb HPUKJIAIHBIX cucreM (Ha-
upumep, DBMS, DSS), (7) ypoBens npuioxkenuit. B-rperbux, 11 KOMMYHUKAIMOHHBIX CHCTEM
IpeJJIOXKEeHBl ceMb ypoBHedi nepegaun ganubix (OSI model) [537, 586]:

(1) dusnvecknit ypoBeHb (CHUrHAJBI M JABOMYHAS [epeada JAHHBIX, Meana-uHbOopManus),

(2) yposens cBsizu mauubix (data link), dusnyueckas agpecarus,

(3) cereBoit ypoBenb (ompe/iesienune myTeii, JOruUeCcKas aJIpecanusi),

(4) TpaHCTIOPTHBIH ypOBEeHb (CBSI3U MOJIb30BATEJb-TI0IH30BATEIb, HAJEKHOCTH M yIIPaBJIe-
HUsI IOTOKAMH)

(5) ypoBeHnb ceccuil (Bsi3b MeXKJLy TOJIOBHBIME y3/1aMHu - hosts, yIpaBJieHue CeCCUsIMU MeK Ly
HPUJIOKEHUSIMHU ),

(6) ypoBenb npejcraBiienus (IpejcTaBieHne TaHHbIX, mudpoBanue u gemudpoBaHue, mpe-
o6pa30BaHie MAIIMHHO-3aBUCAMBIX JIAHHBIX B MAITMHHO-HE3aBUCUMbIE JAHHBIE),

(7) ypoBeHb TIPUITOKEHUIA.

MHOro-ypoBHEBBIi OIX0/ MOXKET ObITh IPUMEHEH K MHOTUM HPUKJIAAHBIM CHCTEMaM /061aCcTsIM.
Hanpumep, uersipex-ypoBHEBasi CTPYKTYpa Obljla MPEJJIOXKEHa Jijisi MOJETUPOBaHUs 00JIaCTH
“KOMOMHATOPHBIE ONTUMU3AMOHHLIE 3a1a4n” [353):

(1) ypoBeHb 6a30BBIX 33729 KOMOMHATOPHON ONTHMHU3AINH,

(ii) ypoBeHb MHOrOKpHUTEPUAIBHBIX KOMOMHATODHBIX 33124,

(iii) ypoBEeHBb THUIIOBBIX COCTABHBIX KOMOMHATOPHBIX CXEM,

(iv) ypOBEeHDb THIIOBBIX IIPHJIOKEHUIA.

MHOro-ypoBHEBbIE CUCTEMHbBIE HEPAPXUM MEPAPXUU BKJIIOYAIOT CJIELYIOIIee:

(a) mepapxudeckue ypOBHH;

(6) MHOXKECTBO 3JIEMEHTOB KayKJOTO MEPAPXUYECKOTO YDOBHS, ONUCAHUE ITUX JIEMEHTOB
(T.e., mapamerpsi);

(B) B3aMMOCBSI3M HA MHOYKECTBE 3JIEMEHTOB KaKJIOTO HePAPXUIECKOTO YDOBHS;

(r) cBsI3W MeXKJIy 3JIEMEHTAMU COCEJIHUX HePaPXUIECKUX YPOBHEI.

Taxum 06pa3oM, MOXKHO PACCMOTPETD CJIEAYIONLYI0 CXeMy IIPOEKTHPOBAHUS MHOTO-Y POBHEBOI
HepaAPXUHU:

1. Tenepanusi MHOTO-ypOBHEBO! CTPYKTYpHI, HampuMep: (i) pasbuenue mcxomnoro Habopa
9JIEMEHTOB/y3JI0B Ha YaCTH, COOTBETCTBYIONIME YpOBHsM, (ii) onmcanue 31€MEHTOB ypOBHEil
(y3noB, ayr) (manpumep, Tpaduk), (iii) mocrpoenue cTpyKTYphI Jyisi Kaxk10i yactu (ypoBHsi),
HANPUMeD: 1yTh, HECKOJIBKO IIyTeil, 1epeBo, KOJIbIO, HOIHBI rpad (KJnKa) wim ux KOMOMHA-
M.

2. Onpenenenne (TOUCK) CBs3ell MEXKIY T€MEHTAMH COCETHUX YDPOBHEH.

2.7.2 TumnoBble mepapxmiyeckue YpPOBHU B CUCTEMAX CBA3U

Bo-nepBbix, IpeicTaBiisieTcsi BaxKHBIM [PEICTABUTh THIIOBYIO Mepapxuio ceru cBsizu 151, 208,
315, 435|. TpaguuuonHas uepapxusi cereil BKJIOYAET CJIEAYIOIINe YPOBHHU:

(a) MexkayHapoaHBIE ceTH (MeXKIy cTpaHaMu, MexXy KonTuHeHTamu) GAN;

(6) obmeroposckue cern (metropolitan network MN);

(B) mupoko-macmrrabuas cerb (wide area network WAN);

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

IBM Red Book comepuT mojie3noe paszouenue ceteit o yncay y3moB [435]: (i) cern cBssu
6osbioro pasmepa (> 500 yamos); (ii) cern csizu cpennero pazmepa (< 500 nodes); (iii) cern
cBsizu Masioro pas3mepa (< 80 nodes). C wHKeHEPHO# TOYKHM 3PEHUsI MOKHO PACCMATPHUBATH
CJIe/yIOIINe MePAPXUIECKHEe YPOBHU:

1. Basosas cets (backbone network).
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2. ['obasbHast ceTh KAK MHOXKECTBO B3aMMOCBSI3aHHBIX CETMEHTOB CeTeil, BKJIIOYas CJIeLy-
omiee: (a) JONOJHATEbHBIE HEHTPHI, (0) mepekpecTHble CBs3H, (B) “MOCTBI .

3. Cerb socryna/cerb cerMeHToB (KJacTepoB): (Hampumep, JBYX-CBsi3HAsI TOMOJIOIHS ).

4. PacnpenennrenbHasi ceTh, 0U9€Hb POCTasl TONOJIOIUsI (HAIIPUMED, TITHHA, 3BE3/1a, JePeBo,
KOJIBIIO).

YupoleHHasi uepapapxus CeTH MOxKeT ObITh mpejicTaBjieHa Kak cieayiomas (Puc. 2.8):

1. Bepznuti yposennv: Y3JbI U CBSI3M JJIsl CBSI3M KJacTepoB: 1.1. 6a30Bble y3JIbl KJjacTe-
poB (cermeHTBI ceTu), 1.2. NEHTPbl KOMMYHUMKAIUM, 1.5. MEPEKPECTHbIE CBsA3U (CBSI3b MEXKIY
neHTpamu), 1.4. CBI3U MeXKJy COCEIHUMH KJIACTEPAMH.

2. Cpednudi yposern: 06a30BbIe KJIACTEPHI (CEIMEHTHI CBS3M/CETH JOCTYMA, JBYX-CBI3HBIE
TOIOJIOTUYECKHE MO/IY/IH).

3. Huorcnuti yposens: pacupeeNuTesbHble ceTH (HAIPHMeED, ITHHA, JePeBO, KOJIbIIO).

ﬁ .ee Nudopmanmonnbie

LIEHTPHI

I'nobanbabIe
HEHTPHI CBA3U

CrenuajabHbIe
°ee BBIYUCJ/INTEJIbHBIE
pecypcol

Cerb
JIOCTyTIa,

Toukn ...
JOCTyIIA

ITosib30BaTenn

Puc. 2.8. NnmrocTpanyusa MHOTO-YPOBHEBOM CETU CBSA3U

2.7.3 VYposHeBasg k-cBa3Hada ceThb

CuenpasibHast Bepcust 2-CBsI3HON cern Oblia npejyiokena B [82]. O6obienas k-cBsiznasi ceTb
takoro Tuna omucana B [353]. Ilycte G = (A, E) 6yzaer ucxomuas cets (rpad), rme A -
MHOKECTBO BepIiuH (y3710B), £ - MHOKecTBO pebep u |A| > k x (k+1) + k.

PaccmarpuBaembiii Tun k-cBsi3HOi cetn umeer Buja: (a) k “eHTpOB”, T1e KaxKbli “lieHTp”
npejcrasiasier coboit (k + 1)-Bepmuunyio Kauky (“IeHTpB” He UMEIOT mepecevenuii), (6) MHO-
xkectBO y310B M C A ( |M| > k ) BKIIOYaeT BCe y3JIbl, KOTOPbIE HE OTHOCSTCS K “IieHTpam’;
nMeercs CBsi3b (pe6po) mexay Vo € M u kaxiapim “nentp”’; T.e., k pebep (omuo pebpo st
cBs3u “niearpom”). B pesyibrare nosygaercs tpex-yposaeBas cerb (Puc. 2.9): (i) ypoBenb ko-
HEYHBIX TI0JIb30BaTe e, (1i) ypOBeHb CHeNUAIbHBIX “IIeHTPOB” y3JI0B CBsI3U: BHIOPAHHBIE U /M/TH
CcrienuaibHbIe JOMOTHATEbHbIE Y3/IbI (9TH Y3JIbI TIOJK3HBI s PA3MEIIeHUs KJI0YeBOro 060py-
JoBaHus cBsi3n); (iii) “reHTpbl” cBsi3u (Takue “NeHTPH” MOTYT COOTBETCTBOBATH KOMMYHUKAIIU-
OHHBIM TIPOBafilepaM WM KOMMYHUKAIMOHHBIM OllepATOpaM WJIK UX (bUInaiam).

Ha Puc. 2.10 npejcrajied TpuMep YeThIPeX-CBA3HOU CTPYKTYDHI.
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JlokazareibecTBO k-CBSI3HOCTH JIjisl TIPEJJIOKEHHOTO THIIA, CeTH OCHOBAHO HA PACCMOTDEHUU
4-x crenmaJibHBIX caydaeB. [lycrs umerorcs aBa y3i1a a,b € A. YKazaHHbIE CJlydad UMEIOT BHIL;

Cayuati 1:  a u b otHOCsTCS K ofHOMY “nenTpy” (T.e., (k + 1)-kauke). Y3isl a u b umeroT
csizu: (1) npsimast ¢Bs13b (a,b), (ii) (k — 1) aByx-pebepHasi CBsi3b HOCPEICTBOM JPYTOro y3Ja
sroro “nenrpa’. Takum o6pazom, y3ibl a u b umeror k csieii (6e3 nepecedenust).

Cayuati 2:  a orHocutcs K “nentpy” A u b orHocutes K “nentpy” B (T.€., K APyromy). ¥Y3/Isl
a ¥ b MMEIOT CJIeJIYIONHe CBSI3U: JIByX-peGepHast CBsI3b MOCPEICTBOM JIPYyroro y3ia « € M (re.,
k-cBsizeit aroro tuna). Takum o6pasoM, y3ibl a u b umeror k cBsizeit (6e3 nepeceyenmuit).

Cayuati 3: a OTHOCUTCS K HeKoMy “leHTpy” m b € B. ¥Y3Jbl a U b UMEIOT cleayolme
cesa3u: (i) npsimas casb (a,b), (ii) (k — 1) Tpex-peGepHBIX CBsi3eli: MOCPEICTBOM HEKOTOPOTO
y3J1a KazKJ0ro Apyroro “uenrpa”’ u nocpeacrsom apyroro y3iaa u3d M ((k—1) pasznudsbix myTH).
Takum o6paszom, y3ibl a u b umeror k cssizeit (6e3 nepecedyenmii).

Cayuati 4: a,b € M. Y31bl a u b uMerOT k pa3juYHBIX CBs3eil: y3en1 a, HeKuit “meHTp”,
y3en b.

Yposensb 3: “rieHTpHI’ CBSA3U

I N N B T

( YpoBeHs 2: crernuaibHble TOYKHU JTOCTYIIA )

N N N N S Y T N

VYposenb 1: 6a30B0€ MHOXKECTBO KOHEYHBIX I[10JIb30BATEICH

Puc. 2.9. Tpex-ypoBHeBas Mojie/Ib CeTH

“I_[eHTp” 1 “]:LeHTp” 2 “]:I;eHTp” 3 “HeHTp” 4

Koneunsrit mois30BaTess
Puc. 2.10. IIpumep 4-x cBsi3HO# ceTu

Takum o6pazom, cxema nocTpoerus (“cHusy-BBepx’) k-CBS3HON CTPYKTYDBI MMEET BU/I:

Cmadus 1. Beibop k x (k+1) Bepumn jyisi k “uentpos” (Ipu 9TOM HCIOJIB3YeTCS MHOIO-
KPUTEPHAJIbHOE PAHKUPOBAHME).

Cmadus 2. Knacrepusanust BBIODAHHBIX JIJIsl IOJIyYeHUsl &k KJIACTEPOB KaK “IeHTPOB” (KakK-
Jbiit kyiactep Brao4yaer (k -+ 1) BepHIMH, 9T KJIacTePhl He UMEIOT MepecedyeHmuii).

Cmadus 8. Onupenenenne CBsA3eil ¢ KOHEUHBIMU MOJIb30BATE/ISIMU: CBSA3b KayKJI0#W BEPITWHBI
(KoTOpast He OTHOCUTCS K “IEHTPY”) ¢ KaxKIbIM “IleHTPOM” (T.€., C TOJIBKO OJ[HUM Y3JIOM KaZKJIO0T0
“mentpa”). 31eCh MOXKET OBITH UCIOJIb30BaHA 33/1a49a OJIOYHOTO PIOK3aKa WU €€ MOIAMMpUKAIMN.

[IpuBenem maTIOCTpaTUBHBINA TTpUMep NBYX-cBsaA3HOU ceTn. Ha Puc. 2.11 nmpeacraBiens! uc-
XO/IHBbIE Y3JIBI.
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Puc. 2.11. Ucxoanble y37b ceTn

Huist “nentpoB” BeIOMpatoTcs caeayomue y3ias: {3,5,9,10,12, 14}, JIpyrue y37s1 cooTBeT-
CTBYIOT IMOJIb30BATEJISIM.

Bepcus pesyabrupyiomnieit 1ByX-cBsi3HO# cetn (gepcus 1) mpeacrasiena Ha Puc. 2.12:
Bepcus 1. “lleHTpB” SIBASIOTCS JIOKAJTBHO PAa3MeNeHHBIMA (T.€., perHOHAIbHbIE “TEHTPHI”):
“mentp” 1: y3anl 3, 10, u 12; “uentp” 2: y31b1 5, 9, u 14.

C apyroit CTOPOHBI, 11eJIeCO00PA3HO PACCMOTPETD JAPYTYIO CUTYAIIUIO ¢ “YIIPOIIeHHeM CBsi3eil
JIJIsl KOHEYHBIX TI0JIb30BaTe el (HanpuMep, MUHUMU3AIMs PACCTOsSHU cBsA3m). B aroMm ciyuae,
HEOOXOIMMO HCIIOJB30BATh CJIEAYIOINee aJrOPUTMUYECKOe IIPABUIO HA cmaduu 2 yKa3aHHOR
CX€MbI pEIICHUg:

Yaav, kaorcdozo “uenmpa” dosstcno, ‘nokpuieams’ 6cro cemv (m.e., 0as KaxHCA020 KOHEUWHO20
NoAL306aMENT D0AHCEH BAUSKO HaTodumbCA TomA 6ve 00un ysea “uyenmpa”)

Bropas cxema perienust 11 MOCTPOeHUs k-CBA3HON CTPYKTYDPHI UMEET BHI:

Cmadus 1. Knacrepusanyst KCXOAHBIX Y3JIOB JIJIsI OJIyYeHUs k KJIaCTEPOB.

Cmadus 2. Iloctpoenune k “meHTPOB”: BHIOOP BEPIIUHBI B KaKJIOM IOJYYEeHHOM KJacTepe
KaK 3JIeMEHTa KayK10ro (HeKWil mpeacTaBuTeNb “IeHTpa”), CBSA3b BEPIINH B KaXKJIOM “TleHTpe”.

Cmadus 3. llocrpoenune cBsi3eit jiJist KaxK10I0 KOHEYHOTO TI0JIH30BATE/IsI: CBI3b KAXKJI0i Bep-
MAHBI (KOTOPHIl HE OTHOCUTCS K “TIEHTPY”) ¢ KaXKABIM “IeHTPOM” (T.€., C TOJBKO OIHUM y3JI0M
B KaXKJOM “TieHTpe”).

“HeHTp” 1 “HeHTp” 2
|

ot D

WL kﬂ

Puc. 2.12. /IByX-cBsI3HasI CeTh: JIOKAJIbHO Pa3MeIeHHbIe “TIeHTPHI”

[Ipumep Takoro Tumna pe3yJIbTUPYIONIEil IBYX-CBA3HOU ceTH TpejcTaBieH Ha Puc. 2.13:

Bepcua 2. “llentpsl” pacupeiesieHbl 1o ceTu: “mentp” 1: y3asl 3, 9, u 12; “nentp” 2: y3anl
5, 10, u 14.
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((HeHTp” 1 “HeHTp” 2
|

Puc. 2.13. JIByx-cBsi3Has1 ceTh: “IIEHTPHI ~ PACIIPe/Ie/IeHbl 110 CEeTH

2.7.4 O 3agadye MPOEKTUPOBAHUSA MEPAPXUIECKON CeTn

BasoBas 3aa4a MpOeKTUPOBAHKUS MePAPXUYIECKOI JIBYX-YPOBHEBOW CETH 3aKJIIOYALTCS B HAXO-
JKJIEHUH MOKPBIBAOIIEH ceTH MUHUMAJBLHOM CTOMMOCTH, BKJIIOYAroIeil 1Be yacTu: (1) OCHOBHAasI
yTh (MM HECKOJBKO TmyTeil, mepesBo, KoJblo), (i) Bropuunsie jgepesbs [151, 449, 450, 471].
Takum obpa3om, ucxomHas ceTh pa3buBaeTcs Ha IBe YaCTH:

1. HacTb BepxHEro ypoBHs (IIepBUYHBIE Y3JIbI, OCHOBHO MyTh): HEKUil MyTh (MM HECKOJIBKO
nyTeil, 1epeBo, KOJIbIO), BKJIKYAOIIEe EPBUYHbIE JIyTH, KOTOPble CBS3aHHBIE C HEKOTODPBIMU
y3/1aMu ceTd (T.K., TIEPBUYHBIMHA Y3JIaMH ).

2. YacTh HUXKHEr0 YpPOBHSI (BTOPUYHBIE Y3/IbI, BTOPUYHBIE JIEPEBbs): 9Ta YACTh BKJIIOYA-
er onHO wiu GoJiee JEPEBbEB, YbU JAyrd (BTOPUYHbIE) SIBJISIOTCS MEHEe “IOPOrMMHU”, YeM JIyr'u
HePBUYHBIX JIyT.

3mech Kaxkjaas Iyra uMeeT crouMocTb (d;;, Vi,j € A, A - MHOXKecTBO y3710B). Obmas
CTOMMOCTD BBIODAHHBIX JYT B IOKPBIBAIOIICH CTPYKTYpEe MCHOJIL3YeTCS KaK MUHUMHU3UPyeMasd
neneBasi byHkius. 3agava GOpMyIUpyeTcss Kak MOJe b KOMOMHATOPHOW onTumusarmu [151],
sra 3anaua siejsiercss NP-rpynnoit [69]. st pemenus 3aiaun npeiarajinch pasjndHble MOJI-
XOJIbl, HATpUMeD: (&) TOUHBbIE epeGopHbIe MeTO/Ibl (METO BeTBeil U IPAHUIl, METOIbl Ha OCHO-
Be JIMHAMUYECKOTO MPOrpaMMupoBanus), (6) sBpucTuku (BKI0OYast JlarpaHKeBy PeJIAKCAIMIO),
(B) 9BOJIIOIMOHHBIE AJTOPUTMbI. JacTO Ha TpeIBAPUTENLHOM 3Talle CTPOUTCST MUHUMAJBHOM
NOKPBIBAIONIEE JIE€PEBO, B KOTOPOM BUCSYME y3JIbl HCIIOJIB3YIOTCS Kak BTopu4Hbe. lajee npes-
CTaBJIEHBI /1B WLIIOCTPATHBHBIX NPUMEpa:

(i) BepxHsisl 4ACTh IpeACTaBJsIeT cOOO JepeBO HAJl MEPBUYHBIME Y3JIaMU

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

(ii) BepxHsisi yacTh TpeACTaBAseT COO0H KOJIBIO (IMKJI) HAJ| HEPBHYHBIME Y3JIaMU

{1,2,3,4,5,6,7} (mByxcBsi3ubiii cay4ail) (Puc. 2.146).

(a) BepxHMii ypOBEHD: JEPEBO (6) BepxHMIT YPOBEHD: KOJIBIO
Puc. 2.14. IIpumep AByX-ypOBHEBOiI ceTH

[Ipunoxkenus: pacCMOTPEHHO# 33]a9M BKIIOYAIOT CJAEYIONINE: CUCTEMBI CBS3H, KOMITBIOTED-
HbIe CeTH, TPAHCIIOPTHBIE CETH, PAacIpeieJIeHHbIe SHepreTudeckue cucteMbl. Creayer OTMETUTD,
YTO TaKyKe PACCMATPUBAELTCS 33/aua TTOCTPOEHUsI MHOTO-YPOBHEBHIX ceteii |69, 133].
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2.8 Mopdoaorngeckas nepapxms

Mopdoornueckas nepapxusi 06001aeT MOJIETb CHCTEMbI 13 MOPGhOI0THYECKOro aHan3a [590)
caeytorumM obpazom [334, 342, 355, 356, 358]: (i) uepapxuueckast (IpeBOBHUIHAS) CTPYKTYPa HC-
cJieyeMoii cucreMsl, (ii) mpOeKTHBIE ATTBTEPHATUBBI JIJIsl KAZKI0# BUCSYell BEPIIUHBI CUCTEMHON
mozesn (KommonenTa), (iii) oneHKH TPOEKTHBIX ajbreparuB DAs HA OCHOBE MOPSIIKOBBIX IIKAJI
[334, 342, 347| win crenuaNbHBIX HHTEPBAJIBHBIX MIKAJ B BUJE MYJIBTHMHOXKeCTB [358]; (iv) 1mo-
PSJIKOBBIE COBMECTUMOCTH MEXK/[y TPOEKTHBIMH AJBTEPHATHBAMHU JIJIsT PA3IUYHBIX CHCTEMHBIX
KOMIIOHEHTOB (BMECTO OMHADHON COBMECTHMOCTH, KOTOPAsi UCIOJIB3YeTCsl B MOPQOTIOrHIeCKOM
aHaJm3e).
Jst moctpoennst MOp(OJIOrHYeCcKOil HepapXuu MOXKHO HCIOJIB30BATH CXEMY:

Cmadus 1. Tloctpoenne nepapxuu (HanpruMep, Ha OCHOBE OJHOTO WX ONMCAHHBIX BbIIIE Me-
TOJIOB).

Cmadus 2. lenepamus DAs 111 Kaxk 10it BUCsT9eil BePITUHBI CHCTEMHON MOJIEJIH (SKCHepTHbIe
nporue/ypsl u/unu nadopManuoHabe 6a3bl).

Cmadus 3. renepanus mkaJ s onenuBanus DAs u onenuBanne DAs (06biuHO HA mpe/iBa-
PUTEJILHOM 3Talle MCIIOJb3YeTCsl MHOTOKPUTEPHAJIBLHOE OIIUCAHUE).

Cmadusa 4. I'eHepalius mopsI0JBOR MKAJBI JIJIsT OIEHUBAHUS COBMECTUMOCTH Mexkay DAs u
OIIEHWBAHUE ITON COBMECTHUMOCTH.

2.9 Cxema /1jii MHOTO-YPOBHEBOIT CTPYKTYPbI

Ob6mast cxeMa, IPOEKTHPOBAHUS MHOI'O-yPOBHEBOH TOIOJIOTHHA WMEET BHI;

Cmadus 1. Pa3bunue MCXOTHOTO MHOYKECTBA Y3JI0B Ha TMOJMHOXKECTBA, COOTBETCTBYIONIHE
YPOBHSIM.

Cmadusa 2. IlocTpoeHne TOMOJIOTHY JIIsI KarXKJI0TO YPOBHSI.

Cmadus 3. llpoekTupoBanue cBsizeil MKy y3J/IaMU COCEIHUX YPOBHEH.

Ha Puc. 2.15 uwninocrpupyercs cxema TPOEKTHPOBaHUS: 1. pa30MeHne MUCXOTHOTO MHOYKe-
CTBa Y3JIOB Ha JIBa MHOXKECTBA, COOTBETCTBYIOIIUE JBYM YPOBHSIM; 2. MOCTPOEHWE TOIOJIOTMH
JUTsl KazKJ0T0 ypoBHst: (2.1) mocTpoenne Tonosoruu (31ech: 1epeBo) s “HeHTPAJIbHONE YacTu
(BepxHuii ypoBeHb), (2.2) Kiacrepusalys y3/J0B HA HUXKHEM ypoBHe, (2.3) BbIOOpD/Ha3HAUEHME
“rnaBubix” y3y08 (head) B kax oM kjacrepe, (2.4) nocrpoenue Tonosioruu (HampuMmep, JIepeso,
3Be3/1a, UK/, KJIMKA) JJIst KaxKJI0T0 KJIacTepa Ha HUXKHEM YPOBHe; J. MOCTPOEHNe CBsI3eil MekK Iy
y3J1aMi HUXKHEM YDOBHe (T.€., “IJIaBHBIX” Y3JI0B KJIACTEPOB) U y3JIaMU Ha BEPXHEM YPOBHE.

“IlenrpasibHas’ “IlenrpasibHas’
4aCTh 4aCTh
Hcxonnoe
MHOXKECTBO
y3JI0B

/

N

Puc. 2.15. IIpoekTHO# cxema Jj1d ABYX-YPOBHEBOU CeTH

B pesynbraTe momydaioTcsa Tpu ypOBHS:
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ypOBeHb 1: y3Jibl “HeHTPaIbHOI” 4acTh ¢ COOTBETCTBYIONIEH TONOIOrneil (31eCh: 1epeBo),

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

YPOBEHb 3: IPyTHE y3Jbl KJIACTEPOB U COOTBETCBYIOIIHE TOTOJOTHH /I KaXKJ0TO KJIacTepa
(Ha HHXKHEM YDOBHE).

2.10 BrpiBOABI K TJIaBe

B rnase onucan 0000meHHbII B3IJISAL aBTOPA HA MPOEKTUPOBAHUE CUCTEMHBIX nepapxwuii. Takue
3a/1a4d MPEJCTABJIAIOTCA 4aCTO KJIIOUYEBBIMHA B CUCTEMHOM aHAJN3€, B CHCTEMHOM IIPOEKTHUPO-
BaHUM. B 1pejio:KeHHOM MaTtepuaJie MHOTHE ITPO0JIeMbl IIPEJICTaBIEHbl HA KOHIIENTYaJ bHOM
YPOBHE B BHJIe YIPOIIEHHBIX CxeM (MHKeHEepHbIe ONMCAHWsI, IIOCTAHOBKY 3a/a4, 6a30BbIE CXe-
MBI DEIlleHHUs], TIePCIeKTUBHbIE Bepcuu 3aja4). O4YeBUIAHO, YTO MHOTHE YIOMSIHYThI€ BOIPOCHI
TpeOYIOT JAOMOJTHUTETHHBIX UCCIIETOBAHUIA.



I'maBa 3

CxeMBI Ooll€eHNUBaAaHNA CUCTEM

B nannoit ryiaBe ! mpHBeIeHO KPATKOE ONMCAHME MOAXOJ0B K ONEHMBAHUIO MEPAPXHYECKUX MO-
AYJIbHBIX CUCTEM.

3.1 IlpeaBapureiibHblE CBeeHUS

Marepua/ JaHHO¥ IJIaBbl MOCBSIIEH OCHOBHBIM TI0/IX0/aM K OIEHUBAHUIO MEPAPXUYECKUX MO-
JIyJIBHBIX CHCTEM, BKJIIOYAsT CJIEIYIONINHEe BOMPOCH:

(i) OCHOBHBIE HIKAJIBI, MCIIOJb3YEMbIE JIJIsi ONEHUBAHUSI KOMIIOHEHTBI MOJIY/JIbHBIX CHCTEM U
CHCTEM B 1eJI0M (KOJIMYECTBEHHBIE MOPSIKOBbIE MIKAJIbl, MHOTOKPUTEPHAIbHBIE OMUCAHUS HJTH
BEKTODbBIE OIEHKH, JIBA THUIA IIKAJ TUIA YACTHYHOTO MOPSIKA)

(ii) 6azoBBIe 3aaun TpaHCHOPMAIUK TTKAT B BUIe 0TOOpaykeHus 1:

UCTOOHAA WKAAG = PE3YADTNUPYIOUAA UKAAD,

(iii) 6azoBBIe THIIBI METOMOB /ISl MHTEIDALMK IIKAJI B BHJE OTOOparXKeHus! 2:

UCTOOHBLE WKAADL = PE3YALMUPYIOULAA UHMELPUPOBAHHAA WKAAA.

[Tpeamonaraercs, 9YT0 yKa3aHHbIE 0TOOPAYKEHUS SBJISIFOTCS MOHOTOHHBIMU (MM AHTH- MOHO-
rouHbIME ). Clieyer OTMeTUTh, 9T0 MeTo data envelopment analysis 31eCh He PACCMATPUBAETCS
[545]. OuenuBanue cOCTABHBIX (MOIY/JIBHBIX) CHCTEM OCHOBBIBAETCS Ha OIEHMBAHUM CHCTEMHBIX
KOMIIOHEHTOB (BKJIIOYasi UX COBMECTHMOCTb) M WHTErDAIUY IOJIyYaeMbIX JIOKAJbHBIX OIIEHOK
B 00miyo oneHky cucrembl [334, 336, 342, 358]. B kauecTBe OCHOBHOW 3a/a4M OLEHUBAHUSI
HCTIO/Ib3YeTCsl 3a/a49a WHTerpanus OIEeHOK CHCTEMHBIX KOMIOHEHTOB (OIEHKH COBMECTHMOCTH
CHCTEMHBIX KOMIIOHEHTOB MOTYT PacCMaTPUBATHCS KaK JOTOJHUTEJbHBIE OINEHKH CHCTEMHBIX
KOMIIOHEHTOB). B mesoM, onuchiBaeTcst MOAXO0 K OIEHUBAHUIO HA OCHOBE KOMOWHAIMI yKa3aH-
HBIX JBYX 3aJa4 MpeoOpa3oBaHus MKaJ: TpaHc(OopMalys MKaJbl ¥ HHTerpamus mkaJ. lasee
YKarXKeM CJIeyoliee:

(a) cocraBras (MomysbHas cucTema) (AByX-ypoBHeBasi) S = Sp*..*S;x.. xS, (rme Si,

. S;, ... S, 0b6o3HAUAIOT cucTeMuble KoMmoHeHTH /uactu) (Puc. 3.1) [334, 342, 355, 356, 358],

(6) sokasbHBIEe O6GJacTH (MIKaJbl, MHOYKECTBA OIEHOK) JJIsi OIlEHWBAHWs KadecTmBa (T.e.,
3bHEKTUBHOCTD, COBEPINEHCTBO, “NIOJIE3HOCTh’) CHCTEMHBIX KOMIOHEHTOB {Si,...,S;, ..., Sn}
(n/nmm wx npoextHbix ambrepaatuB DAs: {X; 1, ..., X; | ¢ = 1,m}) n o6mas obaacrs (mkana,
MHOKECTBO OIIEHOK) JIjisi OlleHuBaHus 1esoi cucremsl S (Puc. 3.2) [334, 336, 342, 356, 358].

! MaTepuas TIaBLI OCHOBAH HA, TTyOIUKAIMIX:
(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 MOmynbHOU CHUCTEMBI
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(mKana) mst
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CHUCTEMbI

t
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OIICHUBAHUS

ee Dj&s

Puc. 3.2. OnenuBanue AByX-ypPOBHEBOI CUCTEMBI

Bo-nepBbix, MOXKHO yKa3arh cieiykonme 6a30Bble METOIbl OLEHUBAHUS /U3MEPEHUs], KOTO-
pble MOryT OBITh MCHOJIb30BaHbI Kak 6a3oBbie “0jioku” B cxemax w3mepenusi cucrem: (1) skc-
HePTHBIE CYyKJIeHUsl (Ha OCHOBE CIENUAJNCTOB B MPOOJIEeMHOI 061acTH );

(2) mponeypsl u3Mepenus:: (a) TeXHUUYECKHEe M3Mepenusi/ucnbiranus, (b) o6paboTka HAKOII-
JIEHHBIX CTATUCTUYECKUX JIAHHBIX, (C) 9KkcneprHoe onenuBanue, (d) obpaborka JaHHBIX u3 6a3
JAHHBIX, (€) TMOPUHBIE MTPOLELYPHI;

(3) UMHUTAIOHHOE MOJIEJIMPOBAHUE;

Bo-Brophix, 1Be 6a30Bble CUTYAIMU CHCTEMHOIO OIIEHUBAHWs MOTYT paccMarpuBarThest: [334,
336, 342|:

Curyamusi 1. OueHuBanue 1eJI0H CUCTEMBI Jjisl TOJydYeHus: OOImel ONeHKHu cucTeMbl (Ha-
IPUMED, SKCIEPTHBIE IPOIEILYPbl, TECTUPOBAHUE CUCTEMbBI, 00PAbOTKA CTATHCTUYECKHUX JAHHBIX,
HaKOILJIeHHe U 00pabOTKa JIAHHBIX WX 0a3 JAHHBIX, CIEIHAIbHbIE TEXHUYECKHE NPOIE/yPhl U3-
MepeH¥si, TUOPHIHbIE TIPOLE/YDbI).

Curyamua 2. /IByx-craguiiHas cxema:

2.1. OuenuBaHue KOMIIOHEHTOB CHCTEMHBI.

2.2. VnTerpamusa OIneHOK KOMIOHEHTOB CHCTE€MBI JJI HOJydeHus OOInell ONeHKH CHCTEeMbI
(3Ta cTajus MOXKeT BBINOJHATHCS UTEPATUBHO HECKOJIBKO Pa3 Jjisi MHOIOYPOBHEBOI CHCTEMBbI).

[Tpumep Tpex-ypoBHeBo#t cucrembl npeacrasied Ha Puc. 3.3. 31ech ciepyroniye npome Ly pol
OIIEHUBAHUS PACCMATPUBAIOTCS:

(1) onenuBanue DAS i1 BUCSYUX BEPIIMH CUCTEMHON Mojesu (T.e., KOMIIOHEHTOB CHCTe-
MbI.) (HAIpHMep, KOJIMYECTBEHHAs IIKAJA, MOPSIKOBas MIKAJIA, MHOTOKPHUTEPUATHLHOE OMUCA~
HUe, IIKAJA B BHJIE YACTUYHO-YIIOPSIOUEHHOIO MHOYKECTBA);

(2) maTerpanUs MOAYYEHHBIX OIEHOK DAS /i moydeHus] HHTErPUPOBAHHBIX OIEHOK IS
COCTABHBIX CHCTEMHBIX YacTeil (T.e., CHCTEeMHBIE JacTh Ha 60J1ee BBICOKOM HEPAPXUIECKOM YPOBHE);

(3) mHTErpanys MOJyYeHHBIX OIEHOK JIJIs 9aCTell CUCTeMBbI JIJIsl Oy YeHus] HHTerPUPOBAH-
HO#i O6IIell OleHKY cucTeMbl (UJid ee Bepcuii).

Vepapxuueckas cxeMa OlleHMBaHWS NpuBeaeHa Ha Puc. 3.4.



3.2. PACCMATPUBAEMBIE TUIIBI IIIKAJI

S2=A2x B2 x(C?

S=AxBxC
TSl =A'%x B2 % (C?

H WNurerparnust H H

Murerpanmst H H

IITkaja
IJIsI OIie-
HUBAHUA |..

IMTkama
I OLe-
HUBAaHUA
Ma )

ee DAs

IITkaja
IJIs OLe-
HUBAQHUA |..

17 17
ee DAs ee DAs

IITkaaa
IS OLe-

HUBAHUA

mp

ee DAs

IMTkama
I OLe-
HUBAHUA
mey

ee DAs

ITkama
IJIs OLie-

HUBAaHUA |..

1,
ee DAs

Puc. 3.4. Cxema oreHUBaHNS TPEX-YPOBHEBOI CHCTEMBI

3.2 PaccmarpuBaemble TUIBI MIKAJ

37

B Ta6uune 3.1 npeacraBiieH nepeveHb THIIOB MCIOJIb3YEeMbIX IMKAJIBI ONeHUBaHUs (J1J1s1 JacTei
CUCTEMBbI, JJid CUCTE€Mbl B L[e.HOM)I KOJIM4YeCTBEHHad IIKaJla, IIOPpAAKOBasd IIKaJla, MHOIOKPHUTEe-
pUAILHOE OMMCAHUE, MIKAJIbI Ha OCHOBE YaCTHYIHOrO mopsaka [188, 288, 334, 336, 342, 358, 421,

484, 525, 587].

Tabauna 3.1. Tunsl UCTIOIB3yEeMBIX TIKAJ OIEHUBAHUS CUCTEM

Tunb! mkas

Ncrounukn

1.KoauyecTBeHHAS IIKAJIA,
2.ITopsiakoBast mKaJia

3.MuorokpurepuaibHoe onucanue (BEKTOp-

Has OIEHKA Ha OCHOBE KOJMYIECTBEHHBIX
U /WM TIOPSIZIKOBBIX OLIEHOK )

4.IMTkaja 9acTUIHOrO MOPSIIKA Ha OCHOBE
IIOPAKOBBIX OII€EHOK

5.I1Ikana 9aCTUIHOrO MOPSIKA HA OCHOBE
OIIEHOK B BUJE MYJIbTUMHOXKECTB

[188, 288, 525]

[104, 319, 334, 421, 484, 587]
[288, 421, 462, 484, 525]
[334, 336, 342, 356],

[358]




38 I'ZIABA 3. CXEMBI OILIEHUBAHUSA CUCTEM

3.2.1 bBaszosBble HIKaJbI

[TpuBeseM WITIOCTPAIMA /I YKa3aHHBIX 0a30BbIX THIIOB MCIOJIb3yeMbIX IIKAL.

Bo-nepsbix, Ha Puc. 3.5 npejcraBiieHbl WJIIOCTPAIMHU JIjIs KOJUYECTBEHHONW ITKAJIbI, TOPSsI-
KOBOJ{ IIIKA/Ibl 1 MHOIOKPUTEPUAJIBHOIO ONUCAHUs (T.€., IPOCTPAHCTBO BEKTOPHBIX OLEHOK):

(a) KoJIMUECTBEHHAS MIKAJIA, HApUMED, uHTepBaJ (3, a), (v COOTBETCTBYET HAUJIyYIIIel TOU-
ke, (3 coorBercTByer Hauxyameit Touke (Puc. 3.5a);

(6) kauecrBenHast (nopsigkoBasi) mkadga: [1,2, ..., k], 1 coorBercTBYer HawIydIei TouKe, T.€.,
To4Ka ¢ jomuHupyer To4ky i + 1 (Puc. 3.56);

(B) MHOrOKpHTepHAJIbHbIE omucanus (T.e., BeKTopbie onenku) (Puc. 3.58).

Cuiesiyer OTMETHUTH, 9TO OMHAPHOE OTHOIICHHWE JOMHUHUPOBAHUSA JJI TOUEK IIKAJ B COYdasX
(a) u (6) sBasieTca oueBMaHBIM. B ciyvae (B), OTHOUIEHWE JOMUHUPDOBHAMS WJLTIOCTPUPYETCS
Ha Puc. 3.5: as = [, as = P3, as > (4. Ilpu ucnosp3oBanuu moMuHHpOBaHus 1o Ilapero
[421, 462|, npuBeseHHBIE OTHOLIEHUS JOMUHUPOBAHUS PACIIUPSAIOTCS CJIEYIOIMM: (Vo ~F 3.
3/1ech MOXKHO pacCMaTPUBATH CJIEYIONIME YIOPsIOYeHHbIE YDOBHH KauecTBa (KAK HEKYIO CIie-
IUAJIBHYIO TIOPSIKOBYIO TKaly D, WuTocTpalys npuBeiena Ha Puc. 3.58):

(i) uneanbHas Touka (Hamayumas TouKa) o,

(ii) yposenb Ilapero-sdbdexrusubix Touek (touku: {aq, s, as,as}),

(iii) Touku, kKoropsie 6;1u3kH K [Tapero-adbdexkTuBHbIM TOYKaM (HAIIPUMED, HX MOYKHO IPeod-
paszoBarh B [lapero-sdbdexTuBHble TOYKHT 33 c4eT HeGOBIIOro yayurienus): {51, fa, O3, B4, O5},

(iv) caemyromuii ypoBeHb KauecTBa (HApUMeEp, MeKIy TOYKAMHU MPEIBIIAYIEro YPOBHS U
Hamxyaiei roukoit): {v1,72}),

(V) Hamxy/nast TOYKa.

H Hawnpyumas Kpurepnit 1 WNneansuasn
an Touka@ 1
JYHIIAs § o (? o T04K3
TOYKA 2 _—— e — — — O

! =

$3 1 |
Hawu- /'y 52 ©O[3
L. = |
TOYKA g Hau- l Hauxynmias ﬁ. s ? Oy

Xymmasy. . Touka 72 4 °
(0) TOYKa (0,0) Kpurepunit 2
(a) KonuvecTBeH- (6) mopsinkoBast (B) MHOTOKpHUTEPUATIBLHOE
Had IIKaJIa IIKaJIa onucaHue

Puc. 3.5. [lIkasbl: KojindecTBeHHAs, TIOPsIIKOBast, BEKTOPbI

3.2.2 CucremMHasd NMIKaJia Ha OCHOBE MOPAJKOBBIX OI[€EHOK KOMIIOHEH-
TOB

Omnucanus IKaJ Ha OCHOBE YAaCTHYHO-YIOPSITOYEHHBIX MHOYKECTB JIJIs OIEHKW Ka4eCcTBa CO-
craBHBIX (MOJYJIbHBIX) cucTeM ObLIO TIpejiozkeHo B pamkax Mmeroga VIMMII ([328, 330, 334,
336, 342, 356|, raasa 4). B 6a30Boii Bepcuu 9TOro MeTO/A OLEHKH 0A3UPYIOTCs HA HOPSIIKOBBIX
oneHkax DAS M UX COBMECTUMOCTH. 3/1€Ch MOXKHO PACCMOTPETh JBa, CIydas:

(1) mKkasma Jjisi KA4eCTBa CUCTEMbl HA OCHOBE TIOPSIKOBBIX OIIEHOK CUCTEMHBIX KOMIOHEHTOB
(oTleHKa CHCTEMHOTO KOMIIOHEHTA IO TIKaJIe: L = 1,[; 1 COOTBETCTBYeT HaMIyuIIeMy 3HAYCHHIO);

(2) mKana gas KavecTBa CHCTEMbI C MOPSIKOBBIX ONEHOK CHCTEMHBIX KOMIIOHEHTOB U T10-
PSIIKOBBIX OIEHOK COBMECTHMOCTH MEKJLy CHCTEMHBIMU KOMIIOHEHTAMH (OIIEHKA COBMECTUMOCTH
CHUCTEMHBIX KOMIOHEHTOB TIO TIKAJIe: W = 1, V; I/ COOTBETCTBYET HAUIYYIIeMy YPOBHIO).

Jns cucremsl, cocrodmieil u3 m dacTeil/KOMIOHEHTOB, AMCKpeTHas ob6aacth (“mpocTpaH-
CTBO”, YaCTHYHBIX TOPSIOK, “pemieTka’) ocHoBaHa Ha BekTOope: N(S) = (w(S);n(S)), tme
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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 st Tpex-komrnonenTHoit cucrembl S = X Y x Z (Puc. 3.1) caexyroumii numeer
BuJI. VICHO/IBb3YIOTCS MOPSIIKOBBIE IMIKAJbL: (&) MOPSIKOBasl MIKAJIA JIJIS JIEMEHTOB ([IPUOPHUTE-
Thi): [1,2,3], (6) nopsiakoBas mkaaa aias copmectumoctu: [0, 1,2, 3,4]. [Iiasg nanHOrO npuMepa
Puc. 3.6a mpexcraBisier mKajay KadecTBa JijIsi CUCTEMHBIX KOMIOHeHTOB u Puc. 3.60 mpe-
CTaB/IsleT MHTErPUPOBAHHYIO IIKAJLY C YyY4€TOM OLEHOK COBMECTHMOCTH (KazKIblil “TpeyroibHuK”
coorBercrByer mKaJse Ha Puc. 3.6a).

Kak 6p1J10 yKa3aHO BBITIIE, MOXKHO UCIIOJIH30BATh HEKKWE 0000OIIEeHHbIE YPOBHU KAaveCTBa CH-
crembl (mkana D na Puc. 3.56):

1. Uneambraa Touxa N (ST) (ST - uneanbnoe pemenus mjis cucTeMsl).

2. Yposennb ITapero-sddexrusubix pemenuit: {S7, S5, SY}; cocraBubie oneHKH UMEOT BUI:
N(S?)=1(2;3,0,0), N(SY) = (3;1,1,1), N(S%Y) = (4;0,2,1).

3. Crenyromuii ypoBeHb KadecTBa (T.e., 00J1aCTh, KOTOpas SIBJISETCS “cocefHeil” K ypoB-
uio [lapero-sddextusubix pemennit): {S7, 55, Si}; cocraBubie onenku umeror Bum: N(S]) =
(1;3,0,0), N(S%) = (2;1,1,1), N(S3) = (3;0,2,1).

4. Cnenyromuit ypoBens kauectBa: S”; cocraBHas onenka umeet sux: N(S”) = (1;0,3,0).

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

OTMeTnm, 9TO OIEHKA COBMECTUMOCTH MexKay DAS Takyke MOXKeT ObITh MCIOJIb30BaHA HA
OCHOBE IIKAJIbl B BUJE YaCTHIHO-yNODPsIOY€HHOro MHOXkecTBa (kak n(S)) [336, 342]. B srom
crydae ofImast MKaJIa JJIst ONEHKU Ka4eCTBa CUCTEMBbI Oy/IeT HMeeT aHAJIOTUYHBIN Bujie (HEMHOTO
CJIOJKHEE).

WU neanpuas
<3,0,0> TOUKA,
n(S%)
N neanbuast

< 2,‘1, 0 > TOYKA, N(S])
<2,0,1> <1,2,0> N(S7)

R W V(S1)
<1,1,1> <0,3,0> \

‘ \—’ ° , @N(SQ)

N(SQ) @N Sg)

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

‘ T w=4
<0,1,2> n(S?) w=3

| Hauxymuas (So) w =2
<070a3>TO‘{Ka ‘w=1

(a) mkasa HA OCHOBE OIEHOK (6) mkasa Ha OCHOBE OIEHOK IJIEMEHTOB
seMeHToB n(S) u oneHok coBmecrumocTu N (S)

Puc. 3.6. lllkana njig cucTeMbl Ha OCHOBE IOPSIKOBBIX OIIEHOK

3.2.3 Cl'IeI_II/Ia.T[I:Ha,ﬂ IIMTKaJIa AJId CNCTEMHBIX KOMIIOHEHTOB

Hekoropbie BapuanThl 06001mieHnst 3a4a9u MOPMOIOrHYECKON KJIMKU (Cydau IIKaJ OLIEHKH
DAs B BH/le HEKOTOPBIX NPOCTHIX YACTUYHBIX HOPSIJIKOB) M COOTBETCTBYIOIINE 06OOIIEHHBIE Ba~
PHAHTHI JUCKPETHBIX “IPOCTPAHCTB” KadecTBa (PeEIeTOK KadecTBa) JJIs COCTABHBIX DeNTeHui
paccMoTtpens! B [336, 342|. Puc. 3.7 nitoctpupyer paccMoTpenuble mKasbl. [Ipumep perrerkn
KadecTBa TpuBejeH Ha Puc. 3.8.
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Caynati 1: 6a3oBas
MOPSTKOBAS IIKAJIA,

1
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Caywatl 2: HECKOJIBKO
TIPOMEXKYTOYIHBIX TOYEK

1

Caynaii 4:
ciydau 2u 3

Cayuati 3: HECKOIBKO
MIEATBHBIX TOYEK
1’ 177 17 177
2 27 277
3 3

Puc. 3.7. BapuauTtsl npoctbix mkan [336, 342]

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

1I,1/I72 1Il,1/172

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

Puc. 3.8. Pacimpennas permerka kadecrsa: cayuall 3 [336, 342]

3.2.4 HutepBaJibHbIE OIIEHKU B BUJI€ MYJbBTUMHOXKECTB

[ITkasa OneHUBAHUS CUCTEMBI B (YaCTHYHO-YIIOPSII0OUEHHOE MHOXKECTBO) HA OCHOBE MHTEDPBAJIb-
HBIX OIEHOK B BHJE MYJBTUMHOXKECTB Jijisi KOMIIOHEHTOB CHCTe€MbI ObLIa HpejjioxkeHa B [358].
3/mech TakKe MOKHO paCCMOTPETh JIBa CJIydasi:

(i) mcmosp30BaHME TONBKO OIEHOK CUCTEMHBIX KOMIIOHEHTOB,

(ii) ucmoL30BaHME OIEHOK CHCTEMHBIX KOMIOHEHTOB U OIIEHOK COBMECTUMOCTH MEXKLY KOM-
MHOHEHTAMHU.

Puc. 3.9 niumroctpupyer Takyio mKaJjy Jisi HHTePBaJIbHBIX OIEHOK B BHJIE MYJIHTHMHOYKECTB,
COOTBETCTBYIOIIUX 3ajiade OleHHBAHUA CHCTeMHBIX KommonenTos P! (onenmpanue mo mops-
KOBO#i mikaJje [1,3]| ¢ ucmosp30BanueM yeThipex 3aeMeHToB; ouenku (2,0,2), (3,0,1), (1,0,3) -
He UCIoJIb3yIoTest) [358]. OueBnaHO, YTO 3/1€Ch TaK¥Ke MOKHO IPHUMEHUTH 0000IIEHHYIO CHCTEM-
HYIO IKaJly Tuna [D.

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

[Ipeanonaraercst, 9To M OoleHUBaHUS DAS MCHOMB3YIOTCSI WHTEPBAJbHBIE OIEHKHU B BHU-
Je MyJIbTUMHOXKecTB (mKasna ua Puc. 3.9). [lng onenumBaHus CHCTEMBl M3 4YeTHIpeX dacTeil
HeOOXOIMMO yUecTh COBMECTHMOCTh MeXAy DAs (s COBMECTHMOCTH HCHOIb3YeTcs NIKAJA:



3.2. PACCMATPUBAEMBIE TUIIBI IIIKAJI

41

[0,1,2,3]). [Toay4aercst maTerpupoBaHHasi IIKaJla Jjisi CUCTeMbl, u3obpazkennas Ha Puc. 3.11

(IpejmosIaraeTcst HHTErpaJIbHAst OLEHKA JJIst CHUCTEMBI TUIIA MeauaHsl [358]).

[ —[11]]
\]
w

(&7 {1,111} or (4,0,0)

L ST ){1,1,1,2} or (3,1.0
3y CEDa e

3I ( ei’% )

{1,2,2,2} or (1,'3/, 0)

EE‘—( {1,1,2,2} or (2,2, O€)(T3), e(Ty)

12
123 (& {1,1,2,3  or (2,1,1)
e(1z)

e {2,2,2,2} or (0,4,0)

123

o {1,2,2,3} or (1,2,1)

123 =

L d {2,2,2,3} or (0,3,1)

7723

= {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|

1 elé

{3,3,3,3} or (0,0,4)

3
Puc. 3.9. IIlkasa a5 cucreMbl Ha OCHOBe 3ajadu 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

Niutiocrpanust 06001eHHON MOPSIAKOBO# mKaJibl st cucreMbl Tuna D nmeer Buj (st Puc.

3.11):
1. Uneanbuoe pemenue S’ cocrasnas onenka: e(S!) = (3;4,0,0).

2. Yposennb [Tapero-sdbdexrusubix pemenuit: {S7, S5, S¥}; cocraBuble oneHKH UMEOT BUI:

e(ST) = (1;3,1,0), e(S5) = (2;2,2,0), e(Sh) = (3;0,2,2).

3. Crepyromuit ypoBeHb KauecTBa cucreMsbl (To4ku, coceanue ¢ [lapero-sddexruBabivn):

{51, S4}; cocraBubie onenku umeror BUI: €(S]) = (151, 3,0), e(S5) = (2;0, 1, 3).
4. Cnenyomuit ypoBeHb KavecTBa S”; cocTaBHas oneHKa umeer Bu: e(S”)

5. Hauxymimee pemenne Sp; coctaBHast onenkn umeet Bus: e(Sy) = (1;0,0, 3).

(1;0,1,3).
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COBMECTUMOCTh W = 1 COBMECTUMOCTh W = 2 COBMECTUMOCTh W = 3
(€ (1;4,0,0) (€7 (2:4,0,0) (€1 (3;4,0,0) (S7)
(1;3,170) (S (2;3,1,0) (3;3,1,0)
(1;2,2,0) (2 2,2,0) (S5) (3;2,2,0)
(1;1,3,0) (S}) 2;1,3,0) (1;1,3,0)

. (

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

(1;0,4,0) (2™ \ [(2;0,4,0) (1;0,4,0)

(1;1,2,1) (2 1,2,1) (3;1,2,1)

/ /

e (1;0,3,1) @ (2;0,3,1) (gD (1;0,3,1)

1112 (2;1,1,2) (3;1,1,2)
/ /

/
@9(1:0,22) @H20,22) (@7(3:0.2.2) ()

(3 (1;0,1,3) (") (e89(2:0,1,3) (S5) (37 (3;0,1,3)
(1707074) (SO) (2a07074) (3a07074)

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

3.3 Tpancdhopmanusd mKaJa

B Taoaune 3.2 npexacrapiaenbl 3amgaun TpaHcoOpManny 1Jjis 6A30BBIX THUIIOB TTKAJ OIEHUBa-
HUsl (B OCHOBHOM, PE€3yJIbTUPYIOIIAs MOPSAKOBas MIKAJjia COOTBETCTBYET OKOHYATEJHHOMY pPe-
meHnio). PaccMaTpuBalOTCs CJELYIONHe 3a1a9i TPAHCHOPMAIMHA TIKAI:

1. Koauvecmeennas wrana = Kosuvecmeennas ukaia.

2. Koauvecmeennaa wrasa = llopadkosaa wrana.

3. llopadkosasn wranra = Ilopadkosas wrana.

4. Mnozoxpumepuasvroe onucarue = Ilopadkosas wraira. JTa 3a1a4a COOTBETCTBYET OCHOB-
HOli 3aj1a4ue B obsiacTu npuHsaTus pemrenuii (ordinal decision making, sorting problem) 334, 26,
421, 484, 587|.

5. llkana 6 eude wacmuywnozo nopadka = Ilopadkosas wrana [334, 342, 358|.

6. Mnozokpumepuasvroe onucarnue = Koauvecmseennaa wrara. dTa 3a/1a9a COOTBETCTBYET
OCHOBHOI1 3aj1a4e B 00/JIaCTU TPUHSATHS DEINIeHuil, Koraa cTpouTcs (pyHKIms 1ose3Hocta [188,
288, 525|.

7. Mnozokpumepuasvroe onucanue (nopadkoswvie wrav) = Illkara 6 6ude uacmuunozo
nopAadka Ha ocHose NoPAIKOSHLET 0UeHOk. 3JIeCh YACTO TPEINOIAraeTCs UCTIOIb30BAHNE OIUHAKO-
BBIX TIOPSIIKOBBIX IIKAJI JIJISl BCEX CUCTEMHBIX YacTell /KOMIIOHEHTOB (UJIM KPUTEPUEB/ TapaMeTpoB).
Ora 3ama4a onucana B [334, 342, 347, 356].

8. Mnozoxpumepuasvroe onucanue (nopadkosvie wraav) = Illxara 6 6ude wacmuunozo no-
PAOKG HA OCHOBE UHMEPBANDHBT 0UEHOK 8 6UOE MYALMUMHONMCECME. 3AeCh YaCTO TPEIIo Iara-
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€TCd UCIIOJIb30BaHUE O/IMHAKOBBIX ITOPAJAKOBBIX ITKaJI JIJIA BCEX CUCTEMHBIX LIaCTeI.;'I/KOMHOHGHTOB
(nnm kpurepues/napamerpos). Dra 3aja4a onucana B [358].

9. Illkanra 6 6ude wacmuuH020 NOPAIKA HA OCHOBE UHMEPBANLHULE OUEHOK 6 6UE MYAIMU-
muooicecms = Illkana 6 6ude wacmuwHo20 NOPAOKE HA OCHOBE UHMEPEAALHVULEL OUEHOK 6 6UdE
MYALTNUMHONCECE. DTa 331348 onucana B [358].

10. Muozoxpumepuaavhoe onucarue = Mrozokpumepuasvroe onucarue. (HEKOTOPbIE 0TOO-
pazKeHusl IPOCTPAHCTB, HAIIPHMED, MHOIOKpUTEpUaJIbHOe TKajaupoBanue [96]).

OTMeTHM, YTO yKa3aHHBIC THIIH 331349 4, 6, 7, 8 IpeJCTaBAIOT cO00N HHTErpaIMIO MIKAI.

Tabsmma 3.2. PaccMaTpuBaemble 3a1a4u TpaHCHOPMAIUH TITKAJT

Ucxonuas Pezynsrupyromas mkasa

IIKAJIa
Komm- |llopan- | Muoro- Hlkana kax | IIxana kak
4ecT- KOBast Kpure- YACTUYHBIA | 9QCTUYHBII
BEHHAas MIKAJIQ puajgabHOE TIOPAIOK TTIOPAIOK
ITKaJIa ommcanme | (IOPsAIKO- (nHTEpBATBHDIE

BbI€E OIIEHKN) | OIeHKM

1.KonuyecTBeHHAST * * — — —
IIKAJIa

2.ITopsimkoBast — * — — —
TIKAJIa

3.MHorokpurepuainb-
HOE OMUCaHUE 188

(Ha ocHOBe 288| |]421, 484]
IIOPAIKOBBIX 525 [587]

1/Uu KOJIu-

* * * *
26, 334] | [96] 334, 342 [358]
347, 356

YEeCTBEHHBIX
OLICHOK )

4. I1lkana xak -
YaCTUYIHBIN
TIOPSIIIOK
(ma ocrose )
[IOPSAIKOBBIX
OIIEHOK)

[334; 342]

5.10Tkasna kak -
JaCTUIHBIN
TIOPSIIOK
(na ocHoBe
MHTEPBAJIBHBIX
OIIEHOK B BUJIE
MYJIGTUMHOKECTB)

358 358]

[Tepseiit T 3agaun TpaHchOpMALUK KA (KOAUMECMEEHHAA WKAAL = KOAUNECTNEEHHAA
wkasa) (Puc. 3.12) MoxkeT OCHOBBIBATHCS (B IpoCTeiiineM ciydae) Ha JuHeiiHoi byukuun (y =
ar +b).

4) Hawunyumas
Hawn- TOYKA
JIyYqmas J
[0
TOYKA
«
Hau-
Xy aImnast
TOYKA Hawnxymmas
6] S >~__ , lrouka
(0) ) °
KOJINYECTBEHHASI KOJINYECTBEHHAS
mkaJia (a) mkasa (6)

Puc. 3.12. Tpancdopmaliyst KOJTUIECTBEHHON TTKAJIBI
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Bropoit Tun 3aga4qu rpancdopmaryu (Koauvecmeentas WKaAa = nopadkosas Uka.a) TPO-
wiiocrpupoBat Ha Puc. 3.13. 3ech kosmuecTBeHHast KA (MM PACCMATPUBAEMbIH HHTEPBAJI
sHavenuii (3, a)) pazbuBaeTcs Ha MHOXKECTBO MHTEPBAJIOB, KayK/IbIii U3 KOTOPHIX COOTBETCTBY-
eT YPOBHIO Pe3yJIbTUPYIONIeil MOpsIKOBO# mKaJbl. IIporenypa pasbuenus (T.e., onpenenenne
IPAHUI-IOPOTOB) MOXKeT ObITh OCHOBAHA HA PA3IMYHBIX MOAXOAAX (HAPUMED, BHIYUCIUTE b=

HbI€ CXEMbI, IKCIIEPTHBIE IIPOIEAYyDPbl, UCIIOJIb30BaHUE ClI€eIUaJIbHO 3aJaHHBIX OIIODHBIX TO"IeK)
[26, 46, 319, 503].

Hawnmyq- (l)
masi TOYKa, Haunnyqmas
a - @1 TOYKA
2

I'pa- 4 -
HUITHI i ik t 3

Hanxymmas|_ i K Hamxynmast
Touka ¢ ToKa
70
(a) Kommuect- (6) HopsiaxoBast
BEHHAsI KA mKasa

Puc. 3.13. KonudecTBenHnas mKaJja = TOPSIKOBasd TTKAJIa

JIBa TUIIOBBIX C/IyYasi /IS TPEThEro TUIA 3324 TPAHC(hOPMAIUH KA (T.€., 0TOOparKeHue )
nopAdKO8aAA WKAAA = NOPAJK0BAA WKAAG TPEACTaBIeHbl Ha Puc. 3.14. 9ToT TN 0TOOpaKEeHNS
MOXKeT ObITh OCHOBAH HA HKCIEPTHBIX CYKJIEHUSAX (T.€., HA 3HAHUSAX HKCIEPTOB K KOHKPETHOI
IPUKJIAIHON obsacTu - domain experts).

3

gl

o :

Iil

!
H/” .l‘
:
(

=

:
!
/Ii

K "

K

(a) orobpazkenue 1 6) orobpaxkenue 2

Puc. 3.14. IlopaakoBas IIKaJia = IOPSIIKOBAS

Jnst gerBeproro Tuna 3ajaun npeoObpa3OBaHUs MIKAJ (MHO20KPUMEPUALLHOE ONUCTHUE =>
nopAOK0GaA WKAAG), UCTIONB3YIOTCS CJIeAYIOIue ToAX0oAs: (1) ABYX-CTa uiHbI METOMI: BEK-
TOpHBIE ONEHKM = 3HavYeHWs (PYHKIUHU TOJE3HOCTH => Pe3yJIbTHDYIONasl OINEHKH Ha OCHOBE
HOPSIKOBOM mKaJjbl; (2) mocjenoBaresibHOe BhieaeHui ypoBHel [lapero-addekTHBHBIX pe-
mennit; (3) mocseoBaTebHOE BhIIEJIEHNE “MaKCUMAJIBHBIX TOuYek; (4) mcrmojp30BaHue pas-
OMeHMsl MCXOAHOTO MPOCTPAHCTBA BEKTOPHBIX OIEHOK C NMOMOIILI0 KPUBHIX PABHOTO KAveCTBa
(nnu moz-o6s1acTell PABHOrO KA4eCTBa); 3/16Ch MOTYT UCIOJIb30BATHCS SKCIEPTHBIE MPOEILy Db
W JIoTHaecKue MeToasl (Hampumep, [26]) (Puc. 3.15); (5) cxembl perenusi Ha OCHOBE OMOPHBIX
perienuii (T.e., HeKuX 06pa3uoB permennii); (6) meroas oporos HecpasuumocTu (ELECTRE,
PROMETHEE wu ap.) (maupumep, [104, 484]); (7) cuenpaibHble HHT€PAKTUBHbIE IIPOIELY DB
HA OCHOBE JIOTMYecKux MeroJoB |26, 46, 503]; (8) ucnosb3oBaHue HOPsAKOBOM mIKasbl T D
(manpumep, Puc. 3.58, Puc. 3.66): (i) nneanbnoe permenne; (ii) [Tapero-addextunnsie pemenns;
(iii) Touku, 6m3kue kK [lapero-sddexTuBabiM permennsM; (iv) pereHusi, KOTOpble HAXOMATCS
“MexKTy” TOYKAMH TPeIBIAYINEr0 YPOBHS U HAWXY/IIINM DelleHneM; (V) HauxyJliee pelreHue.
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Kpussie paBHoro Ka4eCTBa
KpI/ITepI/II/I 1 W neanbuas
TOYKA,

- @ al
Hawnxymmas
TOYKa

Kpurepmnit 2
PI/IC. 3.15. Kpusbsie paBHOrO Kadyectpa Puc. 3.16. IIpumep ypoBHeit KauecTBa

B usitom Tune 3asaunm npeobpazoBaHus KA (WKAAG HO OCHOBE YACTNUYHO20 NOPAOKQ
= NopAdK0BaA WKAAG), UCTIOIB3YIOTCS METOJIbl, aHAJOTHYHBIE METOJaM JIJIs 3aJa4d TUINa 2,
HaIpUMep: TI0CIeI0BaTeIbHOe Bhlaesaenne ypoBHeil [Tapero-spdheKTUBHBIX perleHnii u T.1I.

g mectoro Tumna 3amadu mpeobpa3oBaHud mKaJ, Ha Puc. 3.16 mpeacTaBieHbl ypOBHU Ka-
vecrBa (mopsikoBag mkaaa Tuna D kak Ha Puc. 3.66): (i) mgeannbnoe pemenne e(ST), (ii)
[Tapero-sddexrupubie pemenus (r.e., rouxu: {e(S7),e(S5),e(S%),e(Sh)}, (iil) Toukn cuenyro-
mero yposast KadectBa: {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 3a1auu tuna 9, obIas MOpsIKOBas MIKaJja KA4eCTBA CHCTEMbI MPEICTAB-
JIEHa B BHUJE YaCTUYHO-YIIOPAJOYEHHOI'O MHO2KECTBa Ha OCHOBE MHTEPBAJIbHBIX OI€EHOK B BUJ/IE
mysbTuMHOXKecTB Ha Puc. 3.11: (i) nueanbuoe pemenwue; (ii) ITapero-sdbdexruBubie penenns;
(iii) ToukmM ciemyromero yposHsi kadectsa; (iv) ToUKa CJIELYIOIEro ypOBHs KadecTBa; (V) Hau-
Xy/IIas TOYKa.

3.4 UVHTerpamnugd IMKaJ U Ka4eCTBO CUCTEM

Mo2KHO TIePeYuCIuTh CJIELYIONIME METOAbl HHTETDAIUK OLEHOK KAYECTBA KOMIIOHEHTOB CHCTEM
¥ COBMECTUMOCTH KOMIIOHEHTOB CUCTEM JIJIsl TIOJIyYeHUsI OLEHKH OBIIEro KauecTBa CUCTeMbI (T.€.,
oneHnBanue Moay/IbHOl cucremsr) (Tabmuna 3.3):

1. Koauuecmeennvie oueHky = UMMEZPUPOBANHAA Koauvecmeennaa ouyenka: (1.1) mox-
xoz Ha ocHoBe (dyHKImu mosesnoctu (utility function) [188, 288], (1.2) merox aHasuTHUYECKHX
uepapxuit (AHP) u ero momuduxanun [488], (1.3) meroxs tuna TOPSIS (onenuBanue katue-
CTBa Ha OCHOBE OJIM30CTH K HjeaibHOMY pemnenuio) [317, 508|, (1.4) cxembl Ha OCHOBe aHAIA3A
¥l MCIIOJIb30BAHUS ONMOPHBIX pemtenuii, (1.5) rubpuanbie MeTOIBI.

2. Koauuecmeennvie 0uerKky U nopadKkose 0UEeHKU = UHMEZPUPOSIHHAA NOPAIKOBAA OUEH-
ka (sorting problems) [334, 342, 587]: (2.1) ucnosb3oBaHue NOPsAKOBOH mKaabl D [334, 342],
(2.2) mocnmemoBarenbHoe Boigenenue Ilapero-sdbdexTuBHbix pemtenuit (T.e., yposuei Ilapero)
[421, 462], (2.3) nocaemoBaTebHOE BBIIAEIEHHE 'MAKCUMAIBHBIX TOYeK, (2.4) MeTOIbl IOPOroB
HecpaHumoctu [104, 484], (2.5) cxembl Ha OCHOBe aHAJIN3a W MCIOJH30BAHUS OMOPHBIX PeIlre-
Huii, (2.6) rubpuansie meToasl [26, 362

3. Ilopadkosvie ouerky = UHMEZPUPOBAHHAA NoPpAdKosas ouenka (sorting problems) [334,
342, 587]: (3.1) merox wHTErpupOBaHHBIX TAaOJHIL |7, 342|, (3.2) YesOBEKO-MAIINHHbBIE TPOIE-
aypsl (expert judgment) Jyisi IOCTpOeHMs IpaHUI] K1accoB (0bsacTeil OJMHAKOBOIO Ka4decTBa
cucrembl) B 001l 06/1aCTH XaPAKTEPUCTHK CUCTEMbI (T.€., HOPSIKOBAsI IKAJIA KAYeCTBA CUCTe-
mel) (Puc. 3.17) [26, 319, (3.3) des0BeKO-MAIIUHEBIE HIPOIEAYPHI, PEATU3YIONIHE SKCIEPTHDIE
¥V/WJIM JIOTHYECKHe MEeTOJBI, JUisl TIOCTPOEHHsI TPAHUI] KJaccoB (06JacTeil 0IMHAKOBOTO Kave-
CTBa CHCTEMBI) B OOIIell 06J1aCTH XapaKTePUCTUK CUCTEMBI (T.e., MOPSIKOBas TIKATa KaIeCTBa
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cucremsl) (Puc. 3.17) |26, 46, 503, (3.4) cxembl Ha OCHOBe aHAJIN3A W UCIOJIH30BAHKS OIMOPHBIX
perennii, (3.5) rubpuabie MeTomst |26, 362).

4. Hopadkosvie 0ueHKy = UHMEZPUPOBAHHAA OUEHKA HG OCHOBE WIKAAL 68 6UJE YACTNUYHOZ0
nopadka 334, 342, 356): (4.1) BbIYMCIIEHNE HHTEIPUPOBAHHON OLEHKM HA OCHOBE IIKAJIbI B BUJIE
YACTUYHOrO NMOPsAAKa, (4.2) uCrnosb30BaHUe IKCIEPTHBIX CYKIEHWH JIJIs IOCTPOEHHs HHTErPU-
POBAHHOI OIEHKH Ha OCHOBE MIKAJIbI B BUJE YACTHYHOTO MOPSIKA.

5. Ouenku Ha ocHose wkaab 6 sude uacmuunozo nopsadka Poset-like estimates = unmeepu-
POBAHHAA OUEHKA HA OCHOBE WKAAVL 8 sude wacmuunozo nopadka [358|: (5.1) uHrerpupoBanHast
oneHka, (5.2) oneHka MeuaHHOrO Tuna, (5.3) UCHOIB30BAHME SKCIEPTHBIX CYyXKIEHUI.

6. Bexmophole oueHKu = UHMEPUPOBAHHAA GeKmMopHas ouenka: (6.1) obbeauHeHne uc-
XOJIHBIX MHOIOKpHTepHasbHbIX obsacreil (‘mpocrpancrs’), (6.2) mpocrasi MHTErpamust UCXOJ-
HBIX MHOIOKPHTEPUAJIbHBIX 0bJ1acreii (HApUMep, CyMMHUPOBAHKE 110 KOMIOHEHTAM BEKTODHBIX
OIEHOK), (6.3) crerpajbHble 0TOGPaXKEHWsI.

Tabauna 3.3. I[logxoapl K MHTErpanuu OIMEHOK KOMIIOHEHTOB

Mertoapt Ixasnbr miist IMkama gjs Tun uaTErparn UcTounuku
CHUCTEMHBIX Ka4ecTBa
KOMIIOHEHTOB CUCTEMBI
1.Ananus Kommuecrenusie |Kommdect- DyHKIMST 183, 288, 317]
NOJIE3HOCTH BEHHAA HOJIC3HOCTH, 488, 508]
TOPSIS, AHP TOPSIS, AHP
2.WuTerpupyio- IMopankosas [MopsakoBas Hepapxudeckue [7, 342]
ye TabInuIbI MHTErPUPYIOIIHe
TaOJIAIIBI
3.ITapero-momxoxr, Kommuecrrenusre, | [lopsikosast Brouiesienne [421, 462]
TIOPSTKOBBIE yposus [Tapero
4.Merox noporos Komuyect- ITopsaxoBas Bruinemenue [104, 484]
HECPABHUMOCTH BEHHBIE, JIOMUHUPY FOIIIX
(ELECTRE, TTopsimkoBBIE TOYeK
PROMETHEE)
5.¥YpoBeHb Koymaect- ITopsinkoBast Broinenenne 'mMak-
7Ma,KCI/IMa,.HbH])IX7 BEHHEBIE, CI/IMaJH)HbIX’ I/I/I/I.HI/I
'MUHUMAJIBHBIX') | HOPSIIKOBBIE "MUHUMAJIbHBIX )
9JIEMEHTOB 9JIEMEHTOB
6.ntepakTurHaa |IlopsakoBbre ITopsaakoBas I'parnnpr k1accos [319]
TIPOLIETY P sl pa30ueHust
(9KcmepTHBbIE BEKTOPHO
CyKJeHust) obsractu
7 .NurepaktuBnas | IlopsakoBbie IopsakoBas Pazgensitomme
oponeaypa TpaHUILI KJIaCcCOB [46, 26, 503]
(3kcnepTHBIE U JI0- JIST BEKTOPHBIX
IUYECKHEe METOIbI) obacreii
8.06beaunenme BexTopubre BexTopras UnTerpuposaue [334, 342, 358]
obuiacreit OLIEHKH OIleHKa obJracreit
u3MepeHust (Menuana,
KOHCEHCYC)
9.IMMII ¢ TlopsinkoBbIe Yacruunbrii opsi- | Bergenenue 334, 342, 347]
MOPSTKOBBIMU OIIEHKH JIOK Ha, OCHOBE TI0- | YPOBHS 356
OIIEHKaMHU psinkoBbix oneHok | [Tapero
10.IMMII ¢ Nureppanbubie | YacTuunsiii nops- | (a) Omenka unTe- [358|
UHTEPBAJIbHBIMA OIIEHKU B JIOK H3, OCHOBE rpupOBaHHaAsA
OLICHKAMU B BHUIE MYJlb- WHTEPBAJIBHBIX WA MEIUAHHAS
BUJIE MyJTb- TUMHO>KECTB OLEHOK B BU/IE (6) Yposenn
TUMHOKECTB MyabTUMHOXKeCTB | ITapero
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Haunyammas
TOYKA,

(1,1,...,1)

Kanacc permennii 1

I'panuma .
DAt Kuacc perienwmii 2

I'pannna
JlokaJIbHBIC TKAJIbI:

[17 27 EES) kl]
[17 27 EES) kQ]
(1,2, k]

I'panwuiga

(r—1)

Kanacc pemennii r
Hauxymmas

TOYKA (klkaa"'akl)
Puc. 3.17. I'panuns! kiaaccos (MOPsIKOBOE KaueCcTBO)

C TOouYKM 3peHusl CIENUAINCTa B MPUKJIQIHO obsactu (domain expert), MoxKeT GbITh 1€~
c000pa3HO MPOUJLTIOCTPUPOBATE JIBA, METOJIA:

(a) unarerpuposannbie Tabunel (Puc. 3.18, Puc. 3.19; unc/ieHHble IPUMEPDI JJIsi CHCTEMBI:
MHTErPUPOBAHHBIE TAG/IUIBI U MEPAPXUYECKUI MPOIECC OIEHUBAHUS CHCTEMBI),

(6) merox TOPSIS (Puc. 3.20; wurocTpanust s “pacuimpeHHOro” MeTOJa B CIydYae 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]) (mxana [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]) (mxana [1,2])

Puc. 3.18. IIpumep cuctembl, mKaJI Jjii KOMIOHEHTOB

Mkana nnsa B

Ikana gaa S B E HG
1] 2[2]1 111
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 31 [3 |2
112 |1 |1
IMIkana gust A N2 11 12
1{1]2]3|1 212 12 |1
212(3)3]|2Y 321212
313|4/4]|3 42 13 11
1 2 3 4 412 13 |2
/ X . _— T T
IIxana 1 1 | Ixamna 1 | Mxamna
st X 5 MIkama ILHH E IIkana ,ZI,JIH G
= aa Y (% ot H |9

B 6a30Boit Bepcuu meroma TOPSIS Tpanchopmarus ucxoqHo#t BEKTOPHOI OIEHKY aJIbTep-
HATUB B (PUHATHHYIO MIKAJIY KaueCcTBa OCHOBBIBAETCS Ha YIPOIIEHUH 33a4d 33 CUYET UCTOJIb-
30BaHUs 61M30cTH (OOBIYHO - PACCTOSIHUS) OT OINEHKH aJbTePHATHBBI 10 WAeaJbHON TouKu. B
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ob1eM ciiyvae, MOXKHO yIOPsI0UMBATH aJIbTEPHATUBbLI HA OCHOBE BekTopa p = (p~, pt), rue p*
COOTBETCTBYET OJIM30CTH K HawJIydineil Touke (MJIM TOYKAM) M p~ COOTBETCTBYET BJIM30CTH K
HAWXY/(Iel Touke (MM TOYKaM).

Kpurepuii 1 () Hawnnyummme
p (o) TOYKH
— e — —
p_(B)

—p(az) P02

Hauxynmme Kpurepwnit 2
TOYKH

Puc. 3.20. Unmoctpamusa aias meroma tumna TOPSIS

3.5 YwucaoBble IpuUMepbI

31ech mpejcTaBaeH npuMep JiJis YeThIPeX-KOMIIOHEHTHOMH crymneHdeckoit 6purajabt (Puc. 3.21)
(OIEHKH COBMECTUMOCTH KOMIIOHEHTOB He paccmarpuBaiorcs). B Tabiune 3.4 npuseeHs uc-
XOJIHBIE OIEHKHU MPOEKTHBIX ajnbrepHaTuB (DAS) /71 KOMIOHEHTOB PACCMATPUBAEMOl CHCTEMBI
HA OCHOBE 4eTHIPEeX THUIIOB IIKAJI:

(i) konmuectBennbie onenku (mkasa (1,3), 1 COOTBETCTBYET HAMJIYYIIEMY YPOBHIO);

(ii) BekTOpHBIE (ABYX-3JIEMEHTHBIE) MOPsIIKOBBIE OleHKN (1mKkajia (z,y), (1, 1) coorBercrByer
HAMJIY4IIeMy YDPOBHIO, HAIIPUMED, T - 9TO OLEHKA “MareMaruke”’, y - 310 oneHka “busnke”);

(iii) mopsigkoBbie onenku (mKaja [1,2, 3], 1 coOTBETCTBYET HAWIYUIIEMY YDPOBHIO);

(iv) uHTEpBaJIbHBIE OLEHKU B BUJE MYJIBTUMHOXKECTB (MCHOJIb3YeTcsi 3aja4da OLEHKU THUIIA

P34, Puc. 3.9).

T=LxQxGxH
T1:L1*Q1*G1*H1, TQZLQ*Ql*GQ*HQ
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. IIpumep 4eTbIpex-KOMIIOHEHTHON OpHUIa bl

Table 3.4. Ucxomubie maHHbIE

DA |Kojnuuectsennbie | BekTopubie |IlopsakoBbie WuTepBanbHBIE OIEHKA
OIIeHKH OIIeHKH OIeHKU B BUJIE MYJTHTUMHOXKECTB
(mxana (1,3)) (z,y) (mxana [1,2,3]) |(zamaua P34)

L 15 2,1 1 3,1,0

Lo 1.8 2,2 9 0,4,0

Ql 1.1 17 1 1 47 07 0

Q> 2.7 2,3 3 0,3,1

Gy 1.2 1,1 1 3,1,0

G 2.4 3,2 2 1,2,1

H,y 1.4 1,2 1 2,2,0

H, 3.1 3,3 3 0,2,2

Cueayiomue MLIIOCTPATUBHBIE IPUMEDHI [PEICTaBJICHbI:
IIpumep 3.1. KosnuecrBenusie oneHku DAS MHTErpupyroTcss Ha OCHOBE TMPOCTEHTIIEH a-
mutuBHOM dynkuun (dyukmus nosesnoctn) (Puc. 3.22): f(17) =15+ 1.1+12+14 =52
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(nawmsyumee perrenne), f(Ty) = 1.8 +1.1+24+3.1 =84, f(T3) =1.5+1.1+24+3.1 =281,
f(Ty) = 1.5+ 2.7+ 1.2+ 3.1 = 8.5; cCOOTBETCTBYIOIIEE OTHOIIECHUE MPEINIOYTEHNs] UMEET BHL:
T, =153 =Ty = Ty.

Han- e(Tr) =

JIydIIas Hanxy,umaﬁ
rouka €(T1) =5.2 8.1 i e(T: 9 TOYKa

|—@a > . *—oo EEST

Puc. 3.22. PesyapTupyiomnias KoJm4ecTBeHHAs TTKAJIA,

IIpumep 3.2. JlokajbHbIE TOPSAIKOBBIE OIeHKH DAS HHTErPUPYIOTCS B PE3YIBTHPYIOILY O
OIEHKY JIJIsl MOJIYJILHOTO pereHust (MCII0/Ib3yeTcsi MeTo, MHTerpupyomux Tabsui, Puc. 3.23):

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

OuHATLHAS

KA,

s T T L QGH
111111 |~—e(Th)
211113
111]1(2(1
3(1(1]2|3|<«—e(T3)
211 (3|11
31313 |~—e(Ty)
3111321
41113213
112|1]1(1
3121113
2121121
4(2(1]2|3 |<«—e(Tn)
3121311
41213113
4121321
51213123

1 Lﬂﬁ'/ \ i IMTkana

ans H
Ikana| ! |Ikana| 3
mns Q| 2| o G

Puc. 3.23. Vlnrerpupyioniue Tabmibt (mpumep 3.2)

ITpumep 3.3. BekropHbie (IBYyX-KOMIIOHEHTHBIE) OIEHKM WHTETPUPYIOTCS B PE3YJIBTUPYIO-
IILYO TIOPSIIKOBYIO oneHky: (1) cymmupoBanue (10 KazKJI0My KOMIOHEHTY BEKTOPHBIX OIEHOK )
(re., must T1,75,73,T), (2) Boigenenne [apero-scdbdekruBunix pemennii (Puc. 3.24):

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

(6) momunuposanue (npegnourenus): Ty = Ty, Ty = T3, Ty = Ty, T3 = T, Ty > Ts.

(B) pesysbrupyomas nopsakoBas mkasia Tuna D: Ilapero-addexkrusnoe pemenue (ypo-
Benb 1): {T1}; caemyromuii yposenb kauectBa (yposenn 2): {T3,74}; cremyromuii ypoBeHb
kauecTBa (yposenb 3): {Th}.

Taxum o6pazom noiywatorcst npuopurerst: 7(71) =1, r(Ty) = 3, r(13) = 2, r(Ty) = 2.

ITpumep 3.4. [lopsaakosbie onenku DAs TpaHchOpMUPYIOTCS B OIIEHKY Ha, OCHOBE YaCTHY-
noro nopsizika (Puc. 3.25), Boiuesnenne [lapero-acdekTBUHBIX perienuii:

(a) omenkm Ha ocHOBe wactmunoro mopsaka: n(711) = (4,0,0), n(Ty) = (1,2,1), n(Ts) =
(2,1,1), n(Ty) = (2,1,1);
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(6) momunuposanue (npemmourenusi): 1Ty = Ty, Ty = T3, Ty = Ty, T3 = Ts, Ty > To;

(B) pesysbrupyomas nopsikosas mkasia tuna D: Ilapero-addexrusnoe pemenue (ypo-
Benb 1): {711}, crenyromuii ypoBens KadectBa (yposens 2): {73,74}, crenyromuii ypoBeHb
kadecTBa (yposens 3): {75}

Takum obpazom nosyuatorcs npuopurerst: r(711) =1, r(Ty) = 3, r(13) = 2, r(Ty) = 2.

IIpumep 3.5. VnrepBasibHble OIEHKH B BHJE MYJIBTHMHOXKeCTB s DAs (ucnosib3yercs
MIKAJIA YaCTHYHOrO mopsiaka ¢ Puc. 3.9) Tpancdopmupyorcs (Ha OCHOBE MOMCKA MeJMaH) B
PE3YJIBTUPYIONLYI0 WHTEPBAILHYIO OEHKY B BUJIE MYJIBTUMHOMXKECTBA (UCIOJIb3YETCs KA Ya-
cruvHOro nopsizika ¢ Puc. 3.9), Beigesenne [Tapero-5¢bdeKTUBHBIX peleHuii:

(a) mrrepBasnbHble OneHku B BuAe Myabrumuoxkecrs: n(7) = (3,1,0), n(Tz) = (0,4,0),
n(T3) = (1,3,0), n(Ty) = (1, 3,0);

(6) momunupoBanue (npemmourenusi): Ty = Ty, Ty = T3, Ty = Ty, T3 = Ts, Ty > To;

(B) pesysbrupyIONas mopsiaKoBas mkaja tuna D: Ilapero-addexkrusnoe pemenue (ypo-
Benb 1): {711}, ciaeayomuii ypoBenb KauectBa (ypoeub 2): {T3,7y}, ciaeiywomuii ypoBeHb
kauecTBa (yposenb 3): {75}

Takum obpazom nosnyuatorcs npuopurerst: r(711) =1, r(Ty) = 3, r(T3) = 2, r(Ty) = 2.

‘ \

3,015 220>
‘ A//}/n(Tg),n(Tél)
21,15 1,30

Kpurepnii 1 Hanxynmas << 2,0,2 >) << 1,2,1 >) << 0,4,0 >)
(“maremaTuka”) (Tl(%tnfg) ‘ / ‘ >(R(T2)
3 — — — — . €1,1,2> 0,315

Ts® @15 ‘ \ ‘

|

| 1,035 €o0,22>
4+ Haw- @ T | |_—

|

JIydIIast
Toura
| | |
| | |
(0,0) Kpurepuit 2 Hauxynmas
4 8 (“puszuka’) TOYKa
Puc. 3.24. Bekropnas ’obaacts’ Puc. 3.25. lopspok n(T') = (n1,m2,13)

3.6 BrIBoJIHI K IJIaBe

JlanHas ryiaBa ObLIa TOCBAIIEHA OMMMCAHIIO OCHOBHBIX METO/IOB OIIEHUBAHUS MOIYIbHBIX CHCTEM.
MokHO yKa3aTh HECKOJIBKO aKTYaJbHBIX B OYIyIIeM HAIPaBJICHUS WCCJIETOBAaHUN B PACCMOT-
peHHoit obsiacTu:

1. uccjeoBaHe MHOTO-CTaIMIHBIX MPOLEAYP TpaHCHOPMAIUK KA,

2. paccMOTpeHUe Pa3uYHbIX IMPUKJIAIHBIX 3a/a4;

3. UCTIOJIb30BaHUE ONMOPHBIX pelleHwuil;

4. y4eT HeOolpeJeeHHOCTH;

H. aHa/ M3 CcBs3eil MeXK Iy 3aj[auaMu OIeHUBaHUsI U 0A30BBIMU 33/la9aM¥ T€OPUU TPUHSTHUS
permennii.
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MeToabl KOMOMHATOPHOIO CUHTE3a

B manHO# riaBe | mpuBeIEHO ONUCAHME 331249 KOMOMHATOPHOTO CHHTE3a MOIY/IBHON CHCTEMBI
(kax BHIOOP BAPMAHTOB JIJIsl YACTeil CUCTEMBI) M KPATKOE OIMCAHNE OCHOBHBIX METOI0B KOMOMHA-
TOpHOTO cuHTe3a: (a) Mopdoornveckuii anaus; (6) METOIBI HA OCHOBE MHOTOKPUTEPHAIBLHOTO
aHasm3a (MeroJ| 61M30CTH K HeadbHON TO4Ke, MeToJ Bbijejaenus [lapero-addexkTuBHbIX pe-
mrenuii); (B) 3a1a4a 6J109HOTO PIOK3aKa, BKIOUYAs BEPCUIO HA OCHOBE HHTEPBAJIBHBIX OIIEHKOK B
BHJIe MYJIbTUMHOXKECTB (pa3paboran aBTopoM); (I') 3a1a4a O Ha3HAYEHUSX; (1) MePAPXUIECKOe
Mopdosiornveckue MpoeKTupoBanue (pa3paboTaH aBTOPOM) Ha OCHOBE MOPSIIKOBBIX OINEHOK M
Ha OCHOBE MHTEPBAJLHBLIX OICHKOK B BHJE MYJIbTHMHOMKECTB.

4.1 IlpenBapurejbHbIE CBEJ/ICHUS

Mopdomnoruuecknit anamu3 (MA) 6b11 npemioxken ®@. Ipuku (F. Zwicky) B 1943 roay mis
IIPOEKTUPOBAHUS] KOCMUYECKHUX ycrpoiicTB [590]. Dror MeTon mpoekTupoBaHUs HPEJCTABISIET
co00ii M3BECTHOE MOIIHOE CPEJCTBO JJIs CHUHTE3a MOJY/IbHBIX CHCTEM B PA3JIUYHBIX 00/1aCTAX
[62, 276, 334, 342, 478, 479, 590]. MA ocHoBan Ha npueme “pasnensii u Bnacteyit” (divide and
conquer). MeToj, OCHOBaH Ha MEPAPXUYECKON CTPYKTYpe MPOEKTUPYeMoil cucrembl. Pasiesenue
CHCTEMBbI Ha YACTH OCYIIECTBJISIETCS] HA OCHOBE CJIEYIONUX MOAXO0I0B: (&) M0 CHCTEMHBIM KOMIIO-
HeHTaM /4actsaM, (6) mo cucTeMHbIM (DYHKIMIM. 3/€Ch CUCTEMHAsl MepapXusl HA OCHOBE KOMIIO-
HEHTOB ([OJICHCTEM, YacTeil) UCIOJIb3yeTcs Kak 6a30Bast. Takoil mogxo/ COOTBETCTBYET MO Ib-
HBIM CHCTEMaM B Pa3IUIHBIX 00/1acTaX (TeXHUKa, HHMOPMAIHOHHBIE TEXHOJIOTHH, YIPABJIEHHUE)
|70, 257, 314, 334, 342, 459, 553|. Muorue roapl npuMenenne MA B IPOEKTHPOBAHUU CHCTEM
OBLIIO CYIIECTBEHHO OTPAHUYEHO BCJIEICTBHE HEOOXOIMMOCTH HCCJIEIOBAHMSA OTPOMHOTO KOMOM-
HATOPHOTO IIPOEKTHBIX MHOXKeCcTBa KoMOuHaumii. C apyroit CTrOPOHbI, COBPEMEHHBIE KOMIIbIO-
TEPHBIE CHUCTEMbI II03BOJISIOT PEIlaTh CJI0XKHbIE KOMOMHATOPHBIE 33149l U UEePAPXUIECKUE MO-
JIeJIA CUCTeM TI03BOJISIOT UCIOJIb30BATh CXEMbI DEIIeHUs Ha OCHOBE pPa3bueHws /IeKOMIIO3UIUY
CUCTeM. DTO NPUBOIUT K PACIIMPEHUIO 00JIACTH HCIIOJb30BAHMS METOI0B IPOCKTHPOBAHUS Ha,
ocaoBe MA. CoBpeMeHHBIE€ TPEHIBI B 00J1aCTH HCII0/Ib30BaHus 1 Moaudukanun MA MoryT ObITh

lMaTepHaﬂ IJIaBbl OCHOBAH Ha HyGHHKaHHHX:
(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.

ol
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OCHOBaHbI Ha cJjeymomeM: (1) mepapxuveckoe MojeupoBanue cucreM, (2) onrumusanus, (3)
MHOTOKPUTEPHAJILHOE TIPUHSTHE Perienuii, (4) yder Heonpe e eHHOCTH.

B kauecTBe OCHOBHO# IPOEKTHOHN 3a7a4u (T.e., TOCTPOCHUs KOHMUTYDAIMA MOIYJIBHON CH-
CTEMBI) pacCcMaTpUBaeTcs BBIOOp ajbrepHaTHB mus dacreil cucremsl (Puc. 4.1). [Tpeamonara-
ercsi, 4TO cocTaBHas (MOJyJIbHAsI) CHCTEMA COCTOUT U3 1M CUCTEMHBIX Jacreii:

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

Hnst kaxoit wacru (r.e., Vi, i = 1,m) wumerorcs agbrepHaruBbl (IpoeKTHbIE BapuaHThl DAs)
{X7, X3, "'7Xé¢}’ e ¢; - 9UCJIO aJbTepHATHB Jijisd 4acTu i. Moje/ib POEKTUPOBAHUSI UMeeT
BUJI;

Buibpams asvmepramuey 0asa kancdoth 4acmu cucmemsvl ¢ YYemom AOKAALHHL U 2400040~
Hox yeael/npednoumenut u o2panuveru.

Yacru cucremer: { P(1),..., P(i),...,P(m) }
[Tpumep xoHGbUIypAITN CHCTEMBIL:
S1=Xgx .ok Xix .. x X"

o P(1) oP()  Pme
X} xj (x7)
Xl e e . Xz' e e . Xm

1 [ m
Xq 1 X‘h‘ qu

Puc. 4.1. Koudurypanus cucrembr (BIOOD)

Hekoropsie apyrue 3ajaun KoHGUIypaIlMd MOJYJILHBIX CUCTEM ONucaHbl B [347).

Cnmcok paccMaTpUBaeMbIX TMPOEKTHBIX TOIXOM0B K KOMOMHATOPDHOMY CHHTE3Y BKJIIOYAET
cleyIonee:

(1) 6a3oBasi Bepcusi Mmopdosorunueckoro ananmza (no @. Ipuku) (MA) (r.e., mouck Bcex
JIOMYCTAMBIX TI0 COBMECTHMOCTH KOMOWHAIIWI 3/IEMEHTOB: OJWH 3JIEMEHT I KaXKJIO0# YacTw
cucremsl, [81, 95, 276, 478, 590];

(2) momudukanust MOpdOJOrMIECKOro aHaIu3a B BUJE MOUCKA JOIMYCTUMBIX (IO COBMECTH-
MOCTH) KOMOWHAIMIT 9JIeMEeHTOB ¥ BbIGOpa KOMOWHAIuMu, Koropas Haunbosee “6im3ka” K KOM-
OUHAIMK W3 JIyYIIAX SJEMEHTOB Jjisl KaxKIoi yactu cucremd (r.e., “nueanbHOil” KOMOUHAIINY)
9, 62];

(3) momudukamust MOpGOJOrHIECKOro aHAIN3a TTOCPEJICTBOM DELYKIUMH K 3a/1a4€e JINHEHHOrO
nporpammupoBanus (MA&uneitnoe nporpammuposanue) [13];

(4) monudukanus MOpdOIOrnIeCcKOro aHaIU3a TMOCPEJACTBOM PEAYKIUH K 3a/1a49e GJOTHOrO
prok3aka (MCP) [349, 389, 522];

(5) Momudukanus MOpGOJOruIeCcKOro aHaIU3a TOCPEJACTBOM PEIAYKIMH K 3aJaue KBaIpa-
truaHOro nporpammuposanusi (QAP) [118, 334, 347];

(6) muOrokpurepuaabHas MoaubuUKays MOPQOIOrHIECKOT0 aHAJIN3a € UCIHOJIH30BAHHEM
BBIJIEJICHUS JIYUIINX Pe3yJIbTUPYIOMUX KoMOuHAIMi 371eMeHnToB Kak llapero-acddexkTuBubix pe-
mennit (MA&IIapero meron): (a) mMOMCK BCeX JOMYCTUMBIX (IO COBMECTHMOCTH 3JIEMEHTOB)
KOMOUHAIW (OIMH IIPEeJCTaBUTEb JJIsi KaxKI0# yacTu cucrembl), (6) OleHUBAHWE TOJIYYeH-
HbIX KOMOMHAIUH 3/ieMeHTOB 110 HaOOpy Kpurepues u BbiOOp llapero-adpdexTuBHbix perrenuii
[6, 10];

(7) nepapxudaeckoe MOpGOJOruIecKoe MHOTOKpHTepuabaoe mpoekTuposanue (MIMMIT) [334,
342, 356];
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(8) Bepcusi UMMII ¢ wucnosib30BaHnEM HHTEPBAJBHBIX OLEHOK B BHUJE MYJbTHMHOMKECTB
[358].

XapaKTepUCTUKH OCHOBHBIX METOJIOB IIpejcTaBieHbl B Tabumuie 4.1.

Tabmuna 4.1. Kparkue XxapakTepUCTHKH METO/I0B

Meron Tkana IMTkasa KauecTBo Ucrounuku
s DAs nna IC perreHust
1.MA Her {0,1} JomycTumocTs [276, 478, 590]
2.Bim3ocTh x Her {0,1} Bamzocrs k [9, 62]
UIeajJbHOI TOYKE UIeaJbHON TOYKe
3.MA& nuneiinoe Komuuectsernnas |{0,1} AnnurusHas [13]
IPOrpPaMMUPOBAHAE dbyaKIUSA
4.3a1a9a 6J109HOrO Komuuectrennas | Her AnnuruBHas [389, 522]
PIOK3aKa byHKIWS
5.QAP Konuuecrsennas: | Kommaecr- | AZuTuBHAS [1 18, 347]
BEHHAaA bynxuus
6.MA&Tlapero nogxon, |Her {0,1} Mruorokpurepuanshast | [6, 10]
7. IMMII IlopsinkoBast [Topsinkosasi | Muorokpurepuanbuas | (334, 342]
8 VIMMII ¢ untepsass- |Mureppabuas | [lopsinkosasi| Muorokpurepuasbhast | [358|
HBEIMH OIICHKAMU B B BHJIE MYJIbTH-
BHJIe MYyJIbTAMHOKECTB | MHOYKECTB

4.2 Onmcanue OCHOBHBIX HOJIXO0/0B

4.2.1 Mopdosorudeckuii aHaJIN3

Meton MA BKIIOYaeT CaeAymue CTaIuu:

Cmaduas 1. TlocTpoenne CTPYKTYPHI CHCTEMBI KAK MHOXKECTBO KOMITIOHEHTOB (JacTeil) cucre-
MHI.

Cmadus 2. Tenepanust npoeKTHBIX agbrepHaruB DAs (BapuaHTOB) sl KaXK/0f 4acTu Cu-
crembl (MHOXkKecTBO DAS Jiyisi 9acTé cucTeMbl (KOMIIOHEHTA) HA3bIBAETCS MOPQMOIOrHIeCKUM
KJIACCOM ).

Cmadusa 3. OneHnBaHue COBMECTUMOCTH B BUJe ByJsieBBIX OIEHOK JJisT Kakaoit mapbl DAS
(omHa anbTEepHATHBA JTIST OTHOTO MOPGOIOTHIECKOTO KJIACCA, IPYTast AJIbTePHATHBA JJIst IPYTO-
ro Mopdoornueckoro kiacca). OueHka COBMECTHMOCTH 1 COOTBETCTBYET COBMECTHMOCTH TIPO-
€KTHbIX aJIbTEPHATUB, OIIEHKH 0 COOTBETCTBYET HECOBMECTUMOCTHU aJILTEPHATUB.

Cmadus 4. Tenepanus Bcex JOIMyCcTUMBIX KoMo3umuii (komGuHaimii) (T.e., 0/[Ha ajbTepHa-
TUBA, JJIsl KAYKJ0T0 KOMIIOHEHTA CHCTEMBI) ¢ YUY€TOM COBMECTUMOCTH BCEX Tap aJbTePHATHB.

Dror Mero], siBjsieTcs nepebopubiM. Puc. 4.2 wutioctpupyer MA (1BondYHBIE ONEHKH COB-
MecTuMOCTH cojiepkarcs B Tabuuie 4.2).

B npumepe ykazanbl cienyoiue MopdoJornieckue Kjaaccol (a) mopdosornuecknii kiaace 1:
{X], X1, X3, X}, X2}, (6) mopdonornueckuit knace i: { X7, Xo X Xi Xi}, (B) mopdosornue-
ckmit kiaacc m: { X", XJ*, X'}, IlpuBoauTcst yupomeHHbIH Caydaii 1JIs TpeX dacTeil CHCTeMBI.
Pesynabprupyiomee perenne (I0omycTuMOoe) B BUIe KOMIO3UIUH TPOEKTHBIX aJbTePHATHB NMeeT
B S1 = X * ... x Xix ... X
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Tabmuna 4.2. OueHKn COBMECTUMOCTH

x| xi] x| xd g Xy x

. 5 = i m 10000000 O

‘ Opumep: S1 = Xa % ... % X ... x X] ‘ §;1 0010010 0
pP(1) - P(m) X0 00010 0 O
Xi xm X0 000 O0O0 0 O
X} Xi xm xi/1 00000 0 0
] : ’ X3 0 0 0
X1 Xi X! 1 0 1
X3 X3 X} 0 0 0
Puc. 4.2. Nunocrpanus ajua MA X3 1 0 0

4.2.2 Metoa 6M30CTH K NAEAJBHON TOYKE

Meroy, 6/1u30CcTH K MJeaJibHOM TOYKE OCHOBAH HA aHa/mM3e “OJiM30CTH’ TOJIYyYaIONUXCs JIOIY-
CTUMBIX DeIIeHUH K HEKOMY WJeaJbHOMY peineHuio (ujpeajbHoit Touke) [62, 9]. Ha Puc. 4.3
HPEICTaBIeH WUTIOCTPUPYIOIIH TPUMep [JIsl JAHHOTO MeToAa (IBOWYHBIE OIEHKH COBMECTH-
MocTH cofepxKarcs B Tabiune 4.3).

Tabsmma 4.3. OLeHKr COBMECTUMOCTH

X X8| X5 X5 XE X™ X X

Ipumepsr: S = Xg * ... % Xi*...x X" - 17273 4] 5] 7L ‘ 2 ‘ 3
Sp = X2 wox Xixox X X000 0O0O0 0 O

x40 010 01 0 O

— e r(1) T —e P(m) X0 00010 0 0
o X1 ' xpr X0 00000 0 0
LX) Xg/ xp §%1010088(1)

o X1 X Xm 1

i ; i X3 0 0 0

—o X Xi X4 1 0 1
—~ X5 Xi X: 0 0 0
Puc. 4.3. Mero, 6;1u30cTH K UI€aJIbHOI TOYKe X3 10 0

B pamkax maHHOrO MeTONA B KayKJI0M MOP(MOIOTHYECKOM KJIACCe ONpPEesseTcs JIydiast
IPOEKTHAs AJbTePHATHBA (HANPUMED, HA OCHOBE BBIYKMCJICHWH, HA OCHOBE KCIEPTHBIX CYXK-
JIeHWi) ¥ UX KOMOMHAIMs CYNTAETCS MJEaJbHBIM peleHreM (ujeaabHOi TOuKoil). B nmpumepe
(Puc. 4.3) B kayecTBe JIydIIuX ajJbTepHATHB B MOP(MOJIOIrHYECKUX KJIACCAX MCIOJb3YIOTCS Clie-
nytormue: X{, Xi and X3'. Uneanbnoe pemenne umeeT BUm: S, = X ... % X&* ... x X' Ho
9TO pelleHne SIBJSIeTCS HeTOMYCTUMBIM 110 COBMeCTHMOCTH MOXKHO pacCMOTDETh JOMYCTHMbIE
pemenus: S; = Xgx .. x Xix ... x X" m  Sy=X}x. % Xix. % XJ

[Iycts  p(S’,S”) - 6au3ocThb (MO S/1€MeHTaM) JJisi JBYX COCTABHBIX IPOEKTHBIX DEIleHui
S’ 8" € {S}. Torma nemecoobpasno uckarh caenyioiee pemenne S* € {S*} C {S} ({S*} -
MHOZKECTBO JOIyCTHMBIX pemenuii): S* = Arg minge(gey p(5,S,). B mnmmocrparusaom npu-
Mepe pemenne Sy = X3 x ... % Xix...x X" asngercd Gosee GIU3KUM K UJICATHHOMY DEIICHHIO
So (€., p(S2,S,) = p(51,S,)). B obmem ciayuae MOKHO HCCIEIOBATH DA3JIMYHbIE BEPCHU
6m3octu |9, 62].

4.2.3 Mopdosorudeckuii meToj1 ¢ BbibopoMm 1o Ilapeto

VHTerpupoBaHHbIi MOAXO0] HA OCHOBE MA M MHOTOKPHUTEPHAJLHOTO IPUHATHA PEIleHUH OBbLI
HpeJJIoXKeH B BuJe caeayromeii cxemsr [10, 6]:
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Cmadus 1. Vicnosw3oBanue MA jjist 10OCTPOEHHUS IOIMYCTUMbBIX KOMIIO3UIM 371eMeHTOB (J10-
IIyCTUMBIX 110 COBMECTHMOCTH 3JIEMEHTOB DElIeHHi ).

Cmadusa 2. enepanus KpuTepueB s ONEHUBAHUS MOJTYUYEHHBIX JOMYCTUMBIX PeIleHui.

Cmadusa 3. OneHuBaHue MOJYYEHHBIX pellleHns o KputepusaM u Beioop [lapeto-ahdekTuBHbIX
perennii.

JlaHublii M0X0/ WUTIOCTPUPOBAH Ha OCHOBe mpuMepa Ha Puc. 4.4 (1BoudHbIE OLEHKYH COBMe-
crumoctu cozepxkarcsa B Tabmune 4.4). Cremyromnue JONyCTUMbIE PEIIEHUs] TOCTPOEHBI: S =
Xdx o x Xixo kX", Sy =X2w  x Xix.. % X, S3=X}%...x Xix...x XJ". dru pemenus
OIIEHWBAIOTCS 10 KpuTepusiM Jijisi BoijeseHus [lapero-addekTuBHbIX perienuii.

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 X1 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 JHHERHOTO TPOrpaMMUpOBaHus ¢ ByseBbivu
nepeMeHHbIMHA. [loydaemMble OTpaHUYEHUST UMEIOT B, HEPABEHCTB ¢ ByseBbiMu IepeMeHHbIMI
u neseBas (PYHKIMS WMeeT B aJJAWTHBHONW (dyHkimu. ajsee MCrnoab3yercss 3BPUCTUYECKAS
cxeMa perenus (B B 1epebOPHOro ajJropuTMa).

4.2.5 3amada 0JIOYHOIO PIOK3aKa

Bazosas Bepcus 3a1aun o prok3ake umeer Buj [205, 289, 411]:

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

rie r; = 1 npu BeIGOPE JIEMeHTa i, ¢; - “IIOJIE3HOCTD”) SJIEMEHTa i, a; - BeC dJIeMeHTa i (Tpedy-
eMblit pecypc). OBBIYHO MCIIOJIB3YIOTCS HeOTpUIATE bHbIe KO3bduImenTo. 3a1a4a OTHOCHTCS
K ksaccy NP-tpynnbix [205, 411] u jnyist ee perenusi mpuMeHSIIOTCsE 11epeGOPHbBIE AJTOPUTMBbI
(HanpuMep, MeTOJ BeTBeil U IPAHMIl, [UHAMHYECKOE NPOrPAMMUPOBAHNUE), IPUOJIMIKEHHbIE AJl-
TOPUTMBI € OTpaHUYeHHON oTHOCHTeNbHOI norpermHocThio (FPTAS) (289, 411]. B cayuae 3ama4un
609HOTO pIoK3aKa [289, 411], nexoaHOE MHOYKECTBO 3JIEMEHTOB pa30MBaeTCs HA IPYNIBI U PO~
U3BOJIUTCI BHIOOD 3JIEMEHTOB M3 KaXKJIOi TPYIIBI ¢ yYETOM OOIIEro OTpaHUYeHUs IO Pecypcy.
Kaxpiit ssileMenT umeer aBa wHiekca: (i,j), TJe i - HOMep TPYNIbl, j - HOMEP JEeMeHTa B
rpymme. 3aa49a 0JI0YHOTO PIOK3aKa MMeeT BUJL:

m g m g

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

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

[Tpu MHOTOKPUTEPHATBLHOM OMHCAHUN KaXKIOTO 371eMeHTa (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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BUJ;

m  q; m g

g
maXZZcfjxij, VE=1,r s.t. ZZ&U:EU < b, ini =1Vi=1,m, z; € {0,1}.
—1

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

OueBuHO, YTO JIJIs ITOH 3a7a9u 1esiecoobpas3no uckarh [lapero-apdexkTuBnnie pemenus. Ta-
KOM TOJIX0JI MCIOJIb30BAJICS JIJIsi TPOEKTUPOBAHUS U YJIYYIIEHUS Psijla TMPUKJIAIHBIX CUCTEM
(mporpaMMHbBIE KOMILTEKCHI, 3JEKTPOHUKA, KoMMyHukanuu) [349, 352, 389, 392, 522|. Mox-
HO YKa3aTh CJEIYION[{e CXeMbl DelleHusl JiJis MpUBeIeHHoi 3aa4u: (i) mepebopHble ajiroput-
MBI (HAIpUMeEp, METOJ| BeTBeil U IpaHuIl, JUHAMHYECKOe IporpammupoBanue), (ii) sBpucruka
HA, OCHOBE IIPEeJBAPUTEJBHOIO PAHKUPOBAHUS JEMEHTOB JJId IIOJIyYeHUs UX IPUOPUTETOB U
HONIATOBON YIIAKOBKM 3JIEMEHTOB B PIOK3aK (¥KaJHblil aaroputm), (iii) MHOTOKpUTEpHAIbLHOE
PaH2KUPDOBaHUE IJIEMEHTOB JJId IMOJIYYEHUdA HOPAJKOBBIX ITPUOPUTETOB U UCIIOJIbINOBaHUE IIDU-
OJIM>KEHHON CXeMbl DellleHusi Ha OCHOBE JIMCKDPETHON obsiacTh KadecTBa perieHust (Kak Oyjer
onpeeneno ganee aas TMMIT).

CuieiyeT OTMETHTD, 9TO B JaHHOM TIOJXOJ€ COBMECTUMOCTD 3JIEMEHTOB He pacCMaTPUBAETCH.

4.2.6 3agaum Ha3HAYEHUd/pa3MeleHus

Bajaun Ha3HAYEHWs /PA3MEIIeHUs] IMUPOKO WCIOJb3YIOTCI B MHOTUX MPUKJIATHBIX 00JIACTIX
[118, 205, 461]. [Tpocreitmasi 3aga4a 0 HA3HAYEHHUSIX BKJIOYAET HEOTPUIATEIHHYID MATPHUILY
coorsercreuit Y = ||¢;;|| (i =1,n, j =1,n), rae ¢;; - 'N0J€3HOCTD’ HA3HAYEHUS] HJIEMEHTA |
Ha nosunuio j. 3anada umeer Bug [205):

Hatdimu naswavenue m = (w(1),..7(i),...,m(n)) asemenmos i (i = 1,n) na nosuyuu (i),
Komopoe coomsemcemeyem obobuiennoti sppexmusnocmu: 31 € x(;) — Max.

Basmaua KBaapaTuyHOro HasHauenus (QAP) H0mOJHUTEIEHO YIUTHIBAET B3AMMOCBS3U MEK-
JIy SJeMEHTaMH DPA3JIMYHBIX IPYNN (KaxKJas TPYNIA 3JEMEHTOB COOBTECTBYET OIIpEJIeJIeHHOl
nosunuu) [118, 461]. ITycrs Heorpunarensuoe 3uauenue d(i, ji, k, jo) o603HaYaeT “M0JI€3HOCTD”
COBMECTUMOCTH MEXKJIy JIEMEHTOM j; B TIpymme .J; u 3JIEeMEHTOM jo B rpymie Ji. YKa3aHHBIT
THII COBMECTUMOCTH J100aBJIsieTcs K 1eseBoit pyuknuu. 3agada QAP moxker paccMaTpuBaThest
Kak Bepcus MA:

m g q1 9k

maxZZcmxi,j —+ Z Z Z d(l,jl, kf,jQ) L1j1 Tk, jo > = 1,m, k= l,m,

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

m g qi

s.t. ZZ Q5 Ty j S b, in,j S 1Vi= 1,—m, T S {0, 1}
i=1j=1 j=1
Bamaga QAP ornocurcst k kiaccy NP-rpyaubix. OOBIYHO MCIOJIB3YIOTCS CIELYIONINE METOIbI
perienus: nepeGoOpHbIe MeTO/bI (HAIpUMep, METOJ BeTBeH W IPAHUIL) WJIM IBPUCTUKHU (HAMPU-
Mep, YKaJHbIe aJITOPUTMBbI, FeHETHUECKHEe AJTOPUTMBI). B cjlyuae MHOTOKPUTEPUAJILHON 3a1a4u
O Ha3HAUEHWHU IiejieBast (DYHKIUs TPaHCHOPMUPYETCsi B BEKTOPHYIO IIeJieBYI0 (DYHKIIHIO, T.€.,

Cij = Cj= (cil,j, . cgj, -+, Ci j), ¥ PE3yJbTHDYIOIas 1e/eBas GYHKIUA MOKET UMETh BUJL:

m n m n m n
1 3 r
( Z Z Cijligs e Z Z CijLigs +ees Z Z CiiTij )-
i=17=1 i=17=1 i=1j5=1

OueBuHO, YTO 37€Ch Iesecoobpa3Ho uckath llapero-adpdexkTuBHbie pemenus. AHAJIOTHYHO,
zamada QAP Moxer ObITH TpanchoOpMUPOBaHA B MHOTOKPUTEPHAJIBbHYIO 3adady QAP.



4.3. NEPAPXNYECKOE MOP®OJIOI N"YECKOE IIPOEKTUPOBAHUE o7

4.3 WNepapxuyeckoe Mopgosiornieckoe ImpoeKTUPOBaAHNE

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

(a) xpeBOBU/HASI MOJIEJIb CUCTEMBI;

(6) cocraBHasi OLEHKM KAa4eCTBA CUCTEMbI, KOTOPAsi HHTErPUPYET KAYECTBO KOMIIOHEHTOB U
KauecTBO CBsi3eil Mex 1y KommnoHeHTamu 1C (cOBMECTHMOCTS );

(B) MOHOTOHHBIE KPUTEPUH JJIsI CHCTEMbI U €€ KOMIIOHEHTOB;

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

Ucnonp3yoTes ciepyoniyue 0603HAYCHUS:

(1) mpoektnbie anbrepHaTuBbl (DAS) mys BHCsSYuX (TEPMUHAJIBHBIX) BEPIIMH CHCTEMHOM
MOJIEJIN;

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

(3) mopsiaKOBas COBMECTHMOCTD it Kaxk ot mapsl DAs (w = 1,v; v coorsercrByer Ham-
JIydIlleMy YPOBHIO).

NMMII Bkstouaer ciejyiomnue ¢a3bi:

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

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

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

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

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

/

Kowmnozurus n
OIIEHKA, COCTaBHBIX

perrenuit
N TpeboBauusi
s KPHUTEpUn
/ éﬂl; S p )zi S=AxB

Kowmnosuius n
OIIEHKA COCTABHBIX

perenmni TpeboBaumus

TpeboBanms
. (kpurepun) B

/ \ A 24 « (xpurepun)
Ynopsnouennd Ynopsnouennd a = < s B
AJIbTEPHATUB AJIbTEPHATUB

T SRR T TpeboBanus TpeGopammst
Teneparust Tenepanus (xpurepmn) « (xpurepnmu)
AJIbTEPHATUB AJIbTEePHATUB A N C D <= AJd
Puc. 4.5. Cxema ’cHu3y-BBEpPX’ Puc. 4.6. Uepapxus TpeboBaHmii

amee monpobHee paccMaTpuBaercs 3aaada Mopdosormdeckoit Kiauku. Ilyers cucrema S
cocrout u3 m vacreit (komnonentoB): {P(1),...,P(i),...,P(m)}  (Puc. 4.1). s kaxmoii
CUCTEMHON YaCTU MeHEPUPYETCsST MHOXKECTBO IMPOEKTHHIX ajbrepHaruB DAs. 3axaua umeer Bu:

Hatmu cocmashyio npoexkmuyio aavmepramuey S = S(1)*...xS(i)x...xS(m) us DAs
(0dun npedcmasumenv S(i) daa kascdozo cucmemmozo Komnowewma P(i), i = 1,m) c
HEHYAEB0T OUEHKOT COBMECTNUMOCTNY MEHCOY BLIOPAHHBLMU NPOEKTNHBMU AALMEPHAMUBAMU.
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B IMMII ucnosnb3yercs: auckperHas 061acthb (“IpocTpancTBo”) KaK IKAJIa KAYECTBA CUCTe-
MBI Ha ocHOBe Ha BekTopa: N(S) = (w(S);e(S)), rme w(S) - MUHUMYM TApHON COBMECTHMOCTH
Mexk 1y DAs, KoTopast COOTBETCTBYET Pa3/IMIHBIM CHCTEMHBIM KOMIOHeHTaM (T.e., V Pj, u Pj,,
1 <j1#j2o<m)sS, eS) =, ,.m), taen, - uucao DAs (-ro xkauecrBa B S
(X', m, = m). Puc. 4.7 wiamocrpupyer mKajy (YaCTHUHBIA TOPSIOK, PEIeTKY) KauecTsa s

COCTABHOTO pernenust S 1o temenTaM €(.S) (3 4acTu cucreMsl U 3 yPOBHS KA4eCTBa SJ€MEHTOB

DAs [1,3)).

Cymma

Cso0- mpropmeron:

< 2,|1,0 > 4 (2|11)
<2,0,1> <1.2,0> 5 <3‘1ﬂ21)
<1, |1, 1> < O,L,O > §) (?JWQBZ)
<1,0,2> <0.2,1> 7 (?]‘3W|22)
<0,1,2> 8 (33T
<0,0,3> 9 (333)

(a) (6)

Puc. 4.7. /IBa npencraBieHust pemeTku KadecTsa e(S)

Ha Puc. 4.8 upejcrasiena pelerka KadecTBa CHCTEMHOIO DelleHusi S ¢ y4eTOM COBMeCTH-
moctu 1o BekTopy N (S) (amasornuso: 3 wacTu cucTeMbl, 3 YPOBHS KauecTBa d1eMeHToB DAs
1, 3]; mkana musa coBmectumocru (1, 3]).

Pemerka: w = 2 Pemerka: w = 3

<3,0,0 >

Pemerka: w =1

<3,0,0 > < 3,0,0 > Aneanbnas

| N(S1)

<2,1,0 >

|—

<2,1,0 >

|

N(S2)

| TO4YKa

<2,1,0>

—

<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)

| Haunxymmast |
< 0,0,3 >1ouka <0,0,3 > <0,0,3 >
Puc. 4.8. [IIkana kavecTBa KaK 4YaCTHYHBIN MOPSI0K

[Ipu 3TOM HPOM3BOAUTCS MOMCK COCTABHBIX PEIIEHUH, KOTOPble HEJOMUHHUDPYIOTCS 110 BEK-
topy N(S) (re., [Tapero-ascdpdexruBubie perennst). Takum o6pazom, 6a3oBasi Bepcusi 3a1a49u
Mopdosioruueckoit kyinku B 6a30B0it Bepcun VIMMII coorBercTByer cieayoiieil onTuMu3anm-
OHHO# Mofesn (/Be meseBble (BDYHKINH, OJHO OTPAHUYEHHE):

max e(S), max w(S), st w(S)>1.
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“Makcumuzaius” e(S) 0oCHOBaHA Ha MCIIOJH30BAHUM COOTBETCTBYIOIIETO YACTHYHOTO TOPS/IKA.
Dra 3aJaua OTHOCUTCS K Kjaccy NP-Tpymubix (mOCKOJIBKY ee 6Gojiee TpocTasi Mo3a1aua
siesisiercst NP-tpyanoii [302]).
OueBnaHa cxeMa peIleHus i YKa3aHHOU 3aJa4d BKJIIOYAET JBa dTana (nepeGopHbIi aJ-
TOPHUTM ):

HIAT 1. TlocTponTh AOMyCTHMbIE KOMITO3UIAH.
HIAT 2. Orobpars Iapero-sddextuBabie cocraubie DAs (o N(9)).

MoxkHO paccMaTpuBaTh IBPHCTHYECKHE NMPUOJIMKeHHbIe cxeMbl pernenus [334]. Hanpumep,
cXeMa peleHrus MOXKEeT ObITh HAIllpaBJ/IeHa HA UCC/IEI0BAHUE JIOIYCTUMBIX PellleHuil, HauuHas C
WJIeaJIbHOM TOUKM ¥ GIM3KUX K Heil pereHuii (C 0TCeBOM HEJOIYCTUMbIX DeleHni, KOTopbie Ha
SABJISIIOTCS MOpdoIornyeckuMu Kiaukamu ). Kpome Toro, aBTopoM ObLI IPOrPAMMHO peaJin30-
BAH aJICOPUTM Ha OCHOBE JMHAMHYECKOrO IporpaMmmupoBanust [336]. JomoHuTe/IbHOE CIIeayeT
OTMETHUTh, YTO IKCIEPT MOXKET YyIACTBOBATH HA BCEX CTAAMAX IIPOIECCA PelleHus.

JLg MOTyCTUMBIX peleHnii MOYKHO BBECTH HEKYIO0 00O0OIEHHYIO MOPSIKOBYIO IKAJIY B BHJIE
ypoBHeil kadectBa cuctembl [334]: (i) mmeanbnas Touka; (ii) ITapero-sdbdexTuBHbie TOUKY;
(iii) cocemnsisi obacth 1o oraoneHnio [lapero-sdbdexkTuBHbIM TOUKaM (COCTABHBIE DEIIeHUs 13
9TO# 06J1aCTU-MHOXKECTBA MOTYT ObITh TpaHcdopMupoBanbl B [Tapero-addekTuBayo TouKy Ha
OCHOBE HEKHX IIPOCTHIX YJIyUINAOIIMX AKIHUI).

Merox UMMII uwnnoctpupyercss va Puc. 4.9 u Puc. 4.10 Ha ocHOBe 4KMCJIEHHOTO TIPUMeEpa,
Jutsi cucreMbl ux Tpex 4dacreit S = X %Y x Z. Ilpuopurersr DAs npeacrasiens: va Puc. 4.9
B KPyIJIbIX CKOOKax u ykazaubl Ha Puc. 4.10. Tabauna 4.5 comepKuUT OIEHKU COBMECTUMOCTHU
(31u onenku ykazausl Ha Puc. 2.7). B npumepe, nonyvarorcs cocraBubie [lapero-adbdekTuBHbie
pemenus (Puc. 4.8, Puc. 4.9, Puc. 4.10, Puc. 4.11):

Sl :XQ*YQ*ZQ, (Sl) (1 2 1 0)

SQ :Xl*YQ*ZQ, (52) = (2,1,2,0),

Sz = X1 x Y1 xZ3, N(S3) =(3;0,2,1).

S=X*xY*xZ
Sl X2 * ng * ZQ :
= X, %Yo x Zo 4 X
Xl * Y1 *x /3 3 2 TQ 2 3
1 X3| 3
m m Z1(1) 1
(X2 D oG [4]z)a] (%]
@5(2)) = T3
Pnc 4 9 [Tpumep KOMHOSI/II_[I/II/I Puc. 4.10. Konuearpuyeckoe mpeiacTaBieHne
W neanbuast
TOYKa
N(S2)
Ta6muna 4.5. CoBMecTHMOCTD N(S3)
Yl\YQ\Zl\ZQ\Zg
X3 20 2 3
X900 3010 Hapfxynmast w=3
X340 0 0 0 1 TEKa w=2
}3;1 0 0 3 w=1
2 020 Puc. 4.11. IIIkana KadecTBa CUCTEMBI
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4.4 KomMOmMHATOPHBIN CUHTE3 C MHTEPBAJbHBIMI OIEHKAMU

MynbTUMHOXKECTBA UCCIIEAYIOTCS B psijie pabor, Hanpumep: |34, 577|. VHTepBasbubie OLEHKH
B BUJIe MYJbTHMHOXKECTB ObLIM TPeIoKeHbl aBTopoM B [358]. JaHubli HOIX0M 3aKJI0YAeTCs
B Ha3Ha4yeHWH 3j1eMeHTOB (1,2,3,...) HA ypOBHUW HOPSAKOBON mKaabl [1,2,...,1]. B pesynbra-
T€ T0JIy4aeTCs ONEHKM B BHJE MYJIBTHMHOXKECTBA, e 0a30BO€ MHOXKECTBO BKJ/IIOYAET YDPOBHU
nopsiakoBoii mkasbt: ) = {1,2, ...} (ypoBHH MIKAJbI SBJISIOTCS JIUHEHHO YIIOPSIOYEHHBIMHU:
1> 2> 3> ..)u3ana4a oneHuBanus (JJisi KaXkK/J0ro 0ObEKTa, aJlbTEePHATHBbI) 3aKII0YAETCS
B BBIOOPE MYJIbTUMHOXKECTBA HaJ MHOKECBOM {) C y4ETOM JBYX yCJIOBUIA:

1. MOIIHOCTH TOJYYEHHOTO MYJIbTUMHOMKECTBA DABHA 3aJaHHOMY YHCJIE 3JIEMEHTOB 1) =
1,2,3, ... (paccMaTpuBalOTCs MYJBTHMHOXKECTBA MOIIHOCTH 1));

2. “xoucurypanus”’ MyJbTUMHOXKECTBA MMeeT BUJ: OTOOpPAHHBIE IJIEMEHTHI () MOKPHIBAIOT
uHTepBas Ha mKase [1,[] (T.e.,. “UHTepBANbHAS OIEHKA B BHJE MYJIBTHMHOMKECTBA).

Takum 06pazom, onenka e s aabrepaaTuBbl A umeer sug;: e(A) = (01, ..., 1, ..., M), TAE 1,
- 9HCJI0 9J1eMeHTOB Ha ypoBHe ¢ (¢ = 1,1), wmm e(A) = {1,...,1,2,...2,3,...,3, ..., ..., [}. Yucyo
MYJIBTHMHOYKECTB MOIITHOCTH 7) € 3JIeMEHTAMHU U3 UCXOJIHOIO KOHEUHOIO MHOXKECTBA MOIIHOCTH [,
HazbIBaeTcs “kosduuuent mysisrumuoxecrsa’ [301, 577):  pb = l(l“)(lﬁn)!”'(lmfl). D10 4ncsI0
COOTBETCTBYET YKCJIe BO3BMOXKHBIX OLEHOK (6e3 ycsoBust 2). B ciyuyae BbimosiHeHHsT yCIoBusT 2
YHCJI0 OIICHOK HECKOJILKO MeHbIne. OG03HAUMM 33/1a4y OICHUBAHMS HAa OCHOBE BBEJICHHBIX WH-
TepBaJLHLIX OIEHOK B BHJe MyabTuMHOKecTs: P!, I1Ikana B Buie 9aCTHYHO-YIOPSI0UEHHOTO

MHOKECTBA JJI 33]a4u oneHuBanug P> npencrasiena na Puc. 4.12.

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

53 2,11
0.4,0)

123

= (1,2,1)
123 _—

ey G (0.3.1)
123

—=H (1,1,2)
123 P

FH ) 0.2

123

] 2 0,1,3

I 1| 2_3 6 ( )

I]_I _3 61’2 (07074)

2
Puc. 4.12. IIxansl, onenku (P3?1) [358]
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JlonotHUTe IbHO, C/IEJYIONHe ONePAIM HaJ BBEJAEHHBIMU OIEHKAMH B BHJE MYJIBTHMHO-
JKeCTB MOryT ObITh paccMorpenbl [358|: murerpanumst, 6m30cTh (B BHIE BEKTOPA), arperaus,
BbIpaBHUBaHMe. B mannoit pabore OyAyT MCHOIH30BAHBI OMEPAIMHA WHTETPAIUU, aTPETAIUN U
6JIM30CTH.

VHTerpanust OIeHOK OCHOBAaHA HA CyMMHPOBaHHs 110 KoMmmoueHTaMm IlycTs mmeercs: n ore-
nok: omenka el = (ni, ... onl ... nt), ... onenkae® = (nf, .. nf ), et = (0, nT ).
Torna uarerpupoBannas onenka umeer sux: el = (nf. ... onl .. nl), tnen! =30 nF Ve =1,1.
DakTHUeCcKH, UCHoab3yeTcs omeparus : el = el ... lye ... 1 em.

Teneps paccMorpum 6JIM30CTH OIEHOK JIJISI ABYX aabTepHATUuB Aq, Ay ¢ COOTBETCTBYIONIUMHU
ouenkamu e( A ), e(As). Bamsocts onpenensiercst tak: d(e(A;), e(Asz)) = (07 (A1, Aa), 6T (A, Ag)),
e KOMIIOHEHTBI BEKTOPa UMEIOT BUJ (i) 0~ - YHCIO OJHOMIATOBBIX U3MEHEHUH 3/1eMenTa ¢ + 1
B ssemeHT ¢ (¢ = 1,1 — 1) (310 coorBercrByer “yiayurmenuto”); (ii) Jt - umca0 OmHOMArOBBHIX
u3MeHeHui ssiemenTa ¢ B eMeHtT L+ 1 (¢ = 1,1 — 1) (310 coorBercrByer “yxymmenuto”). [Tpe-
nosaraercs caenywomee: |d(e(Aq), e(As))| =107 (Aq, A2)| + [0 (A1, Ag).

Ternepb MOXKHO PACCMOTPETh MOCTPOEHWE OIEHKU-MeauaHbl (onepanus arperamuu). IlycTsb
MMEETCsT UCXOHOEe MHOXKECTBO OMEHOK F = {ey, ..., €4, ..., e, }, mycThb D - MHOXKECTBO BCEX BO3-
MOKHBIX oneHOK (F C D). Torma oneHka-Meauana umeer Buj (aBa ciydast: “0000IIeHHAsS Me-
quana” M9 u “mennana muoxecrsa’ M*):

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

[Tpu mopdosiornyeckom npoekruposanun (meroq, IMMII) ¢ uHTepBasbHBIME OlEHKAMU
B BHJI€ MYJBTUMHOXKECTB WHTEPBAJIbHBIE ONEHKH MCHOJIB3YIOTCs Jijisi ONEHWBAHUS TPOEKTHBIX
asprepaaTus DAs. Takoit »ke BU OIEHKYM MCHOJIB3YeTCs Jjisi Pe3yIbTUPYIoleil cucreMbl S =
S(1)*...xS(i)*...xS(m): arpernupoBanHas oreHKa (“0600IIeHHAsT MeIaHa”) Ha OCHOBE COOTBET-
CTBYIOIIUX OIEHOK KOMIIOHEHTOB, BXOJAMHNX B pemenue. Takum o6pazom, N(S) = (w(S5);e(5)),
rae e(S) - “obobmennas MenuaHa’ Ha OCHOBE ONEHOK KOMIOHEHTOB pemienus. Momaudunupo-
BaHHasl 3a/1a4a (Ha OCHOBE WCIOJIb30BaHUsl OIEHOK B BUJIE MYJIBTUMHOXKECTB) UMeEeT BHI:

— g — 1 .
max e(S) = M9 = arg min 2 |0(M,e(S;))|, max w(S),
st. w(S) > 1.

Kpome TOro, MOXKHO MCIIOJIH30BATH WHTEPBAJIBHBIE OEHKH W B 33Jaue GJOYHOTO PIOK3aKa.
BaszoBast 3a1a4a 6;109HOTO prok3aka umeer Bu (pazmen 4.2.5):

m i m g qi

max ciixii St a;iTii < b; zi; <li=1m, x; €{0,1}.
DD i > i > ;€{0,1}

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

[Ipu ucnosb30BaHUU OIEHOK B BHUJE MYJbTUMHOXKECTB JJIs OIEHMBAHUs “MOJIE3HOCTH 3JIe-
MeHTOB €;,1 € {1, ....4,...,m} (BMecTo ¢;), Cjeyroas arpernpoBaHHasi ONEHKA B BUJIE MYJIbTHU-
MHOKECTBA MOYKET PACCMATPUBALTCS B BHJE TesieBoil dbyukmun (“makcuMuszaius’”): (a) arperu-
poBaHHasl OIEHKA B BHJIE MYJbTHMHOXKECTBa Kak “0000mennas mMeauana’, (6) arperupoBanHast
OIEHKA B BUJIE MYJBTUMHOXKECTBA KaK “Mej[MaHa MHOXkKecTBa”, (B) MHTErPUPOBAHHAS OIEHKA B
BH/JI€ MYJIbTHMHOKECTBA.

Paccmotpum cieaytonuii BapuaHT OJI0YHOM 331a49U O PIOK3aKe:

(1) ouenkn B B/ MyJIBTHMHOXKECTB JJISI “IIOJIE3HOCTH 3I€MeHTOB €; j, © € {1,...,1,...,m},j =
1, ¢; (BmecTo ¢;5),

(2) arperupoBaHHasi OIEHKA Kak “0600mmeHHast Menuana’ (Wiu “MenuaHa MHOXKECTBA”) HC-
M0JIb3yeTcsl Kak 1esieBas byHkius (“Makcumusanus’).

[TycTh mMeeTcss MCXOIHOE MHOYKECTBO JIEMEHTOB:

{(1,1),(1,2), ... (L, q1), ey (4, 1), (4, 2), ey (4, Gi) s -, (M, 1), (M, 2), ey (M2, @) }-
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Bysnesa nepemennast x;; coorsercrByer Bbibopy ssementa (i, j). Pemenue npencrasiser
co00i MOIMHOKECTBO HCXOZHOTO MHOXKecTBa dtementos: S = {(i,j)|z;; = 1}. Sanaua umeer
BH/I;:

max e(S) =max M = arg]\r;lli% > |0(M, e )],
T pes={wi=1}
m g ai
s.t. ZZazjxm S b, Zl‘ij = 1, Tij S {O, 1}
i=1 j=1 j=1

OueBnHO, 3Ta 331898 MOX0XKA HA PACCMOTPEHHYIO BBIIIE MOCTAHOBKY, HO 0€3 y4eTa COBMECTH-
MOCTH OTOOPAHHBIX 3JI€MEHTOB.

4.5 BrnIBoABI K IJ1aBe

B nauHOii riiaBe IpUBEIEHB KPATKUE ONUCAHNSI OCHOBHBIX MOIXO0A0B K KOMOMHATOPHOMY CHHTE-
3y. 3HAUNTEJbHOE BHUMaHHE YIEJIeHO METOJaM Ha OCHOBE MODP(OJIOTHIeCKOr0 aHAIN3a, BKJIIO-
Jasi pa3pabOTAHHOE aBTOPOM HepapXudeckoe MOPQOIOrHIecKoe MHOTOKPHTEPHATBHOE IIPOEK-
tupoBanue (6a30Basi BEPCUsl U BEPCHsl C HHTEPBAJbHBIME OLEHKAMH B BH/IE MYJIBTHMHOXKECTB).
Tabsuna 4.6 coep:KuT CpaBHEHNE YIPOIIEHHBIX KAYeCTBEHHBIX XaPAKTEPUCTHK /sl YKA3AHHBIX
OCHOBHBIX METOJIOB (Ha OCHOBE MHEHHsI aBTOPA).

Tabsuma 4.6. KauecTBeHHOE CpaBHEHUE METO/IOB

Meton Broruncianrensuas| Yuer Ynoberso mis YnobcrBo
CJIOHOCTh coBMecTHMOCTH | BPIOOpa pernennii| s
KOMIIOHEHTOB 9KCIIEPTOB
1.MA Buicokast Ha, 6unapuas | Tpyano Tpyano
2.MA & BawmsocTtb Kk Bricokas Ha, bunapuas | [Ipocro Xoporo
MJI€AJIbHOM TOYKEe
3.MA & BwIOOp 1O Bricokast Ila, bunapaas | Cpenne, anamu3 | Xoporio
TTIapero TTapero-adpdex-
TUBBIX DelIeHui
4.3ama4a 6JI09HOrO Huskast/cpennss | Her IIpocro Cpenne
PIOK3aKa
5.QAP Bhicokast Ia IIpocro Cpenne
6. IMMII Hwuskas/cpennsia | Ha, mopsakosas | [Ipocto Xoporo
7.IMMII ¢ unrepBaib- | Cpentsist Ia, nopsaakosas | Cpenne Xoporrio
HbIMU OLI€HKAaMU B
BUIE MyJ'II)TI/IMHO}KeCTB




I'1aBa 5

CxeMbI BBIIBJIEHUS CUCTEMHBIX Y3KHUX
MeCT

B ,ZLaHHOfI IJIaB€ 1 IpUBEIECHO OIMMCaHNe IMOAXOA0B K BBIJACJICHUIO Y3KUX MECT B HEPAPXUICCKUX
MOAYJIbHBIX CHCTEM.

5.1 IlpeaBapurenbHbIE CBEJECHUS

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

1. Uccnieryemasi MOJIy/IbHASI CHCTEMA UMEET MOJENb B BHIE MOPGhOJOTHIECKON CTPYKTYPhI
[334, 342, 356, 363] unu cern.

2. B kauectBe y3kux Mect cucreMbl (system bottlenecks) paccmarpusatorcs ciepytomue cu-
creMHbIe 3j1eMeHTH: (1) KoMIoHeHTH! cucreMbl (uu system component fault), (i) B3aumocss3u
MEXK/[y CHCTeMHBIMH KOMIIOHEHTaMHU (COBMECTHMOCTH), (iii) Ipymma CHCTEMHBIX KOMIIOHEHTOB
(unm group of system faults), (iv) rpymnma B3auMOCBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (WK
composite system faults). Takum 06pa3oM, CHCTEMHBIE Y3KHE MECTa PACCMATPUBAIOTCS Kak
caemytonee: (a) CHCTEMHbI KOMIIOHEHT WM YaCTh CHCTEMbI HU3KOro Kadecrtsa, (6) cboii cu-
CTeMHOIO KOMIIOHEHTa/4acTu cucreMbl (system component fault), (B) kommosuiusi yka3aHHbIX
00BEKTOB.

Wepapxugeckast
cucrema,

I'pynma
B3aMMOCBSI3aHHBIX

I'pymma CUCTEMHBIX
CUCTEMHBIX KOMIIOHEHTOB

Cucrevmsii  KOMIOHEHTOB
KOMIIOHEHT o ©°
® ® e

Puc. 5.1. Cucrema u cucTeMHBIE€ Y3KH€ MECTa

PaccmarpuBaemMbie TOAXOAbI K BBIIEJIEHUIO CHCTEMHBIX Y3KHX MeCT IpuBeaeHbl B Tabuuie
5.1:

! MaTepuas TIaBLI OCHOBAH Ha, TyOIMKAITMIX:
(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. BazoBbie moxxonbl K ymnpasienuio Kadectsom: (1.1.) ITapero-mmarpamma [263], (1.2.)
MHOTOKPUTEPUAJbHbII aHaIu3 B BUje Bbijeaenns [lapero a¢bdeKTUBHBIX TOYEK U /Ujid MHOTO-
KpUTepHaJbHOe paHKupoBanue [18, 342].

I1. Beiesienue cuCTeMHBIX dacTeil HU3KOro KadecTsa: (2.1.) BbIIesIeHHe KPUTHUECKUX KOM-
HOHEHTOB/MoyJIell, (2.2.) BblesleHne KPUTHYIECKOH B3aNMOCBSI3H MEeXK/Iy KOMIOHEHTaMHU (COB-
MECTHMOCTb MeXK/Iy KOMIOHeHTaMH), (2.3.) aHaJu3 CTPYKTYPbl CUCTEMbI U BbISIBJIEHHE CHTYa-
MM, KOIJA CTPYKTYPA CUCTEMBbI JOJIZKHA OBITH yJydIlIeHa.

ITI. BeiGop rpynimbl CBI3aHHBIX CUCTEMHBIX KOMIOHEHTOB KaK COCTABHOTO CHCTEMHOTO COOsT
(nanpumep, nocpeacrsom TMMIT 334, 342, 356, 358|, nocpeacrBom uHTErpanun nHbOpMAIU
Ha ocHoBe KjmKH [360, 378]).

IV. Beijenenne Kputnueckux o0beKTOB B cersx: (4.1) BbImeseHHe KPUTHIECKUX KOMIIO-
HEHTOB B cersiX, (4.2) BbIsIBJIEHHE CBSI3W MEXKJy y3JIaMU HHU3KOro Kavecrna, (4.3) BblsBiieHHE
CeTeBOli TOIOJIOTMK HU3KOIO KavyecTBa, Hanpumep: (a) omnpejeieHre 6a30BbIX BHYTPEHHUX y3-
JIOB CETH Ha OCHOBE 33/1a4M NMOKPHIBAIOIIEr0 AePeBa ¢ MAKCUMAJIbHBIM YUCJIOM BUCSAYNAX BEPITUH
[49, 117, 205], (6) onpesesenue 6a30BbIX BHYTPEHHUX Y3JI0B CETU Ha OCHOBE 33auu “connected
dominating sets problem” [91, 117, 205]|, (4.4) oupenesieHue KpUTHYECKUX OOBEKTOB B CETH HA
ocuose 3ajaauu “hierarchical network design problem” [69, 151, 471].

V. IlpenckasarenbHOe BBISIBJIEHWE CHCTEMHBIX y3KUX MecT: (5.1.) mpeacka3aTenbHOE BbISIB-
JIeHWe CHCTEMHBIX KOMIIOHEHTOB Ha, OCHOBE MPOTHO3a WX MapaMeTpoB, (5.2.) mpeacka3aTenbHOe
BBISIBJIEHHE KPUTHYECKAX KOMIIOHEHTOB CeTH (y3JIbl HU3KOTO KauecTBA, CBS3M Y3JI0B HU3KOTO
Ka4yecTBa, TONOJIOTUSl CeTH HU3KOrO KadecTBa), (5.3.) IpeJcKa3aTeibHOE BbISIBJIEHHE T'PYIIIbI

CBA3aHHBIX CHCTEMHBIX KOMIIOHEHTOB: MHTETDAIUS JAHHBIX HA OCHOBE KJIMKHU HAJ IOTOKAME
rpacdos [360].

Ta6suma 5.1. [Togxoapl K BbIJIEIEHHIO CUCTEMHBIX Y3KUX MECT

PaccmarpuBaembre Bazossle MeTo/161/ MOZIEH TIpenckasarenbHOE BBIAEICHNE

0OBEKThI

BBIICJICHUA

(mporHo3/auHAMUKA)

1.CucremHbIi
KOMIIOHEHT,

601 CUCTEeMHOrO
KOMIIOHEHTQ

2.B3aumocsasu
CUCTEMHBIX
KOMITIOHEHTOB

3.I'pymnmna cucreMmHbIxX
KOMIIOHEHTOB WJIN
cocTaBHO# cHoik

4 Kpurnaeckue
y3JbI B CETSX

5.I'pynna cBsi3aHHBIX

CHUCTEMHBIX
KOMIIOHEHTOB

(a) Iapero-guarpamMmma
[263]

(6) MHOTOKpPUTEPHATLHBIH
aHaJIN3/ paHKUPOBAHNUE
(sorting) [18, 342]

(a) IMapero-guarpamma
[263]

(6) MHOrOKpUTEPUAILHbIH
aHAU3/ PAHXKUPOBAHUE
(sorting)
MHOrOKpUTEPUABHBIH
anasm3 (sorting)

[18, 362, 484, 587]

(a) mokpeIBaomEe AEPEBO

C MaKCHUMAJIBHBIM YHUCJIOM
TepMuHaAIOB [49, 117, 205]
(6) connected dominating
set [91, 117, 205]

(B) Mepapxudueckoe mpoeKTu-

poBanue ceru [69, 151, 471]
(r) cBSA3b y3JI0B HU3KOTO
Ka4eCTBa

(a) IMMII

334, 342, 356, 358

(6) wHTErpaIMsT TAHHBIX
Ha OoCHOBe KJku [360, 37§]

(a) Iapero-muarpamma, (IPOrHO3
apaMeTPOB CUCTEMHBIX KOMIOHEHTOB)
(6) MHOrOKpPUTEPHATBHBIA aHANA3/
pamxkupoBanue (sorting) ua ocHOBe
NPOTHO33 IAPAMETPOB

(a) IMapero-nuarpamma Ha OCHOBE IIPOTHO3a,
HapaMeTpOB CUCTEMHBIX KOMIIOHEHTOB

(6) MHOrOKpPUTEPUAIBHBIIH
ananm3/pamkupoBanue (sorting)

Ha, OCHOBE [IPOTHO3a [IapaMeTpPOB
MHorokpurepuaibHblii aHaams3 (sorting)

Ha, OCHOBE TIPOTHO3a TTapaMeTPOB

cern [18, 362, 484, 587]

(a) mokpeIBaKOIEe AEPEBO C MAKCUMYMOM
TEPMUHAJIOB H& OCHOBE IIPOrHO3a

(6) connected dominating set

(Ha OCHOBe TIPOTHO3a)

(B) uepapxmyeckoe NPOEKTUPOBAHUE CETH
(Ha OCHOBE TIPOrHO3a)
(
(

I) CBSI3b y3JI0B HU3KOIO Ka4ecTBa

HA, OCHOBE MPOTHO33 CETH)

(a) UMMII Ha OCHOBE MPOTHO3a CUCTEMBI
[334, 342, 356, 358

(6) unTerpanus JAHHBIX HA OCHOBE KJIMKU
JIst OTOKOB rpados [360]
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5.2 TpaauiimoHHbIE METOAbI YIIPABJIEHUSA KadeCTBOM

MozkHO yKa3aTh JBa TPaAMIUOHHBIX METO/1a BHIABJIEHUs Y3KUX MECT B PAMKAX YIPaBJICHUs Ka-
gecrBoM: (i) meroy ITapero mmarpammsl, (ii) MHOrokpuTepuasbHblil aHau3 (PaHKMUPOBAHKE).
[TepBblit MeTOJ, ABISETCA OCHOBHBIM B PaMKaX ANOHCKOW CHCTEMbI yIpaBJeHHeM KadecTBa U
3aK/II0YAETCS B aHAJIN3€ HAEKHOCTH KOMIIOHEHTOB HCCJIEyeMO# CHCTeMbl (MJIH 9acTOThI ¢6o-
eB/0TKa30B) [263]:

Iaz 1. Onpeesienue WCXOTHOTO MHOYKECTBA CHCTEMHBIX KOMIIOHEHTOB /4acTeil i aHAIu3a.

Ilaz 2. OuennBanue HAJIEXKHOCTH CUCTEMHBIX KOMIIOHEHTOB (/M Y4acTOTHI CO0eB/0TKA30B).

Illaz 3. Bbibop HeHAIEKHBIX CHCTEMHBIX KOMOITHEHTOB B Ka4eCTBE Y3KHX MECT Ha OCHOBE
noporoB B [lapero auarpamwme.

CxemMa MHOTOKPHUTEPHAJILHOIO AHAJU3a OCHOBAHA HA AHAJIM3E BEKTOPA APAMETPOB CUCTEM-
HBIX KOMIIOHEeHTOB |18, 342:

Ilaz 1. OnpeesieHne UCXOTHOTO MHOYKECTBA CUCTEMHBIX KOMIIOHEHTOB /4acTeli /i aHAIu3a.

Ilaz 2. OueHrBaHue CUCTEMHBIX KOMIIOHEHTOB Ol KDUTEPHSIM.

Illaz 3. MHOrOKpuTEpHAIBLHOE DAHXKUPOBAHUE CHCTEMHBIX KOMIOHEHTOB (HALPUMED, BbI-
nesenne [Tapero-spdHeKTUBHBIX 3JIEMEHTOB, UCIIOIL30BAHKE METO/I0B II0POTOB HECPDABHUMOCTH,
aHaJIN3 Ha OCHOBE MeTO/bl (DYHKIMH TOJe3HOCTH) /IS BBIOOpa Hanbosiee BasKHBIX KOMIIOHEHTOB
C TOYKH 3peHus o0Imeil HaJeXKHOCTH CHCTEMBI.

DT aBa MeTOJa WILIIOCTPUPYIOTCS Ha TPUMEpPE HATHeTaTeJs JJIs Ta30-TePeKavrBaIOIUX
arperatos [18|. IpeBoBuanasi crpykrypa jJaHHoro ycrpoiicrsa umeer suj (Puc. 5.2):

@ Cucrema

I S T T Y S S
T4. T5. 76, 7.7. 78 7.9. 7.10.7.

71.72. 73. 74. 75 76. 7.7. 78 79. 7.10.7.11.
;6.

b

6.1.6.2. 63. 64. 65 6.6. 6.7. 6.8 6.9.

1. i2. i3. i4. 5.

1.1. 1.2, 1.3. 1.4. 5.1. 5.2, 5.3.
Puc. 5.2. CrpykTypa ucciemyeMoro ycrpoiicraa

1. /letanu: 1.1. BHemHWit Kopmyc, 1.2. KpBIIKa Kopiyca, 1.3. BHYTpeHHHI KOpPIyC C 3a-
KJIQJHBIMH dJIeMeHTaMHu, 1.4. YIJIOTHEHUS KOPIyca.

2. lloguepxkuBatoriue OJIOKH.

3. Y1ioTHeHUs IeJIeBble MaCJ/siHbIE.

4. Porop.

5. V3iibl coejluHEeHUsI HATrHeTaTes el ¢ npuBogomM: J.1. nojgymydra, 5.2. 3ydbuaras oboitma,
H.8. TOPIMOHHBIN BaJI.

6. cucrema cMmasku, 6.1. Macaobak, 6.2. MacagHble (DUIBTPHI, 6.3. OCHOBHOI MacJ0-HACOC,
6.4. myckoBO# MacJio-Hacoc, 6.5. apmarypa, 6.6. KjamnaHbl, 6.7. peryJsaTop TeMrmepaTypsl, 6.8.
MacJ0-0XJIauTeNn, 6.9. BEHTHIATOPHI JIJIT MaCI0-0XJIaIuTeed.
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7. Cucrema Mac/jsiHbIX yiuioTHuTeeit: 7.1. macio-6ak, 7.2. macio-puabrp, 7.5. riaaBHbIH
Hacoc¢, 7.4. MyCKOBOM Hacoc, 7.5 peryasdrop paBjieHusd, 7.6. ruipo-akKKymyasaTop, 7.7. pera3arop,
7.8. macno-oTBOTUUK, 7.9. TpybonpoBond, 7.10. knanaubl, 7.11. YIIOTHUTE/JbHbIE PE3WHOBBIE
KOJIBII,

8. Ynopuble noAmuIHUKU: 8. 1. pa3MepHbIi 0JI0K /i YIIOPHOTO MOJIIUITHUKA, 8.2. wrapper
rings, 8.3. orpaHUYHATETbHbIE KOJbIA, 8.4. TUCTAHIIMOHHBIE KOJIBIIA.

JINist OlleHMBaHUsSI CUCTEMHBIX KOMIIOHEHTOB HCIIOJIB3YIOTCsI IECTh KPUTepuer (JI0KaJbHBIE,
cucremubie): 1. Cp, yacrora 0Tka30B (B mporenTax); 2. Cy, BpeMsl DEMOHTa B CJIydae OT-
kKa3a KomroneHTa; 3. ('3, CTOMMOCTH PEMOHTa KOMIIOHEHTa; 4. (4, YPOBEHb BJIMSIHWS OTKA3a
KOMIIOHEHTa Ha JIPYI'He CUCTeMHbIe KOMIOHeHThI, mkaja [0, 1, 2] (ver Bausaus: 0, BiusiHue Cy-
mecTByer: 1, cuabHoe BiusHue: 2); 5. Cy, MacuTad uCIoIb30BaHUsl KOMIIOHEHTa, KaJa [0, 1, 2]
(KOMIIOHEHT PUMEHSIETCS] TOJIbKO B JAHHOM ycTpoiicTBe: (), KOMIIOHEHT MPUMEHSIETCSI TaK¥XKe B
JIPYTUX YCTPOHCTBAaX: 1, KOMIOHEHT IMMPOKO IPHMEHSIETCsl B PA3JIMUHBIX yCTpoiicTBax: 2); 6.
Cs, yPOBEHb BIMsIHUsI OTKa3a KOMIIOHEHTa Ha 00MIyI0 6e30macHoCTh cucreMbl, mkasa [0, 1] (Her
Biausaus: 0, BJUsHUE CymiecTByeT: 1).

Tabsuna 5.2 comepKUT MHOTOKPUTEPHATBHOE OMICAHNE UCCTEAYEMOi CUCTEMBI (T.€., OTeHKH
KOMIIOHEHTOB 110 YKa3aHHBIM IIECTH KPUTEPHIM ), MPEIOIATAETCS UCTOTH30BAHIE CTATHCTHYIE-
CKUX JIAHHBIX, 06paboTKu nHbOPMAIMK, SKCIEPTHHIX cyXKaeHuii [18].

Tabauna 5.2. OneHKr CUCTEMHBIX KOMIIOHEHTOB

Yacrs OueHKM M0 KPUTEPUSIM
cucreMst/
komrowent | C7 | Cy |C5 | Cy | C5 | Cy
1.1 0.25 112.8]18.0
2 0.00 [12.8]18.0
3 0.87 |12
4 0.25 |12
1.53 | 6.
0.30 | 9.
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Bri6pannbie Ha ocuoBe Ilapero pauarpammbl y3kue mMecra (CHCTEMHbIE KOMIIOHEHTHI) T1Pe/I-
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.

MHorokpurepnasibHoe paH:kupoBaHue (sorting problem) HanpaB/eHO Ha BblJeJIEHUE Y3KUX
MECT KaK Hambojiee BAXKHBIX CHUCTEMHBIX KOMIIOHEHTOB IIPH HUCIIOJIb30BAHUHU BCEX KPHUTEPHUER
[18, 26, 362, 484, 587|. 3mech mist paHKkupoBanusi npuMenena sepcusi Meroia tuna ELECTRE
[26, 362, 484]. IIpu 3TOM mcnonb3oBanbl Beca Kpurepues: 1.0 (C1), 0.3 (Cy), 0.4 (C3), 0.5 (Cy),
0.2 (C5), 3.0 (Cs). Pe3yabraThl paH:KUpPOBaHUs MpejcTaBjieHbl Ha Puc. 7.4:

Yposenv 1 (cucremubie y3kue mecra): 2, 4, 6.3, 6.8, 7.11.
Yposenwv 2: 1.3, 5.3, 6.4, 7.5, 7.8.
Yposennv 3 1.1, 1.4, 3, 5.1, 5.2, 6.5, 6.6, 6.9, 7.4, 7.7, 8.1, 8.

Ypoeens 4: Ipyrue KOMIIOHEHTHI.

ITopor 2 ITopor 1

B L0 o

CTIFsS I eIt I

Y

|
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= 0 00 ~T O Ui Lo Y 20 00 ~T O Ut ks Lo B = Lo o =
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Puc. 5.3. Cxema na ocnose [lapero-guarpamMmmbl
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Yposens 1 (

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

Vposers 2 ( 13,53,64,7578 )

Vposens 3 (1.1, 1.4, 3, 5.1, 5.2, 6.5, 6.6, 6.9, 7.4, 7.7, 8, 8.1)
| | I

Yposens 4 C Jpyrue cucTeMHbIe KOMITOHEHTHI )

Puc. 5.4. Pegyjibrarhl MHOTOKPUTEPUAJILHOTO PAHXKUPOBAHUS

5.3 ¥Y3kme mecTta Ipu MOP@OJIOTTIECKOM NPOEKTUPOBAHNN

B merone UMMII pesysibrupyioniee cocraBaoe perierue (popMupyercst U3 MPOEKTHBIX aJbTep-
HatuB (DAS) jyist cuCTeMHBIX KOMIIOHEHTOB ¢ yueroM KadectBa ux cosmecrumoctu (IC). B 6a-
30B0ii Bepcun IMMII ucnosb3ytorest ciieyonme nopsiakoBbie mkasbl: (1) nopsiakoBas mkaJa
/1 Ka9ecTBa CHCTeMHBIX KOMOTHEeHTOB (mpuoputers) (¢ = 1,[; 1 COOTBETCTBYeT HaILTydIIeMy
YPOBHIO KauecTBa); (2) mIKaja KadecTBa CUCTEMBI C yU€TOM IOPSIKOBBIX OIEHOK KOMIIOHEHTOB
¥ TIOPSIIKOBBIX OIEHOK COBMECTHMMOCTH KOMIOHEHTOB (w = 0, V; I/ COOTBETCTBYET HAMJIYYIIIEMY
YPOBHIO).

Junst cucrembl U3 m dacreil JUCKpeTHOE “HpoCTpaHcTBO” (YaCTUYHBIN HOPSIIOK, PEIeTKa)
KadecTBa cucTeMbl Ha ocHOBe BekTopa: N(S) = (w(S);n(Y)), rme w w(S) - MuauMyM map-
HOW coBMecTHMOCTH Mexkay DAS, cOOTBETCTBYIOIMMHU DPAa3JIMYHBIM CHCTEMHBIM KOMIIOHEHTAM,
n(S) = (N1, ..., Wy -y Mi), THE 1) - umcao DAs yposus kauwectsa r B S (X, n, = m).
OnruMu3anuonHas 3aa49a IIPOEKTUPOBAHNS UMeeT BU/I:

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

JIist paccMaTpruBaeMoro MpoOeKTHOrO MeTo/a YucaeHHbii mpumep (Puc. 5.5) wmocTpupyer Bbi-
JleJIeHUe CUCTEeMHBIX y3KuX MecT. VImeercs derbipex-koMmoHeHTHast cucrema S = X xY x Z x H.
[IpoekTHBIE ajIbTEPHATHBBI /ISl CHCTEMHBIX KOMIIOHEHTOB IpejcraBienbl Ha Puc. 5.5 (mopsii-
KOBBIE OIleHKHU KadecTBa DAS B Buie IPHOPUTETOB YKa3aHbI B KPYIVIBIX CKOOKaX, MCIIOJIb30BaHA
mkasa [1,3], 1 coorBercTByeT HamsmydnieMy KadecTBYy). Tabauna 5.3 COmEPKHUT MOPSIKOBBIE
onenku coBmectumoctu (IC) mexkny DAs (mkana [0,3], 3 coorBeTcTByeT Hamaydiieii coBMe-
CTHMOCTH).

Ha Puc. 5.6a npejcran/iena 1mkaJia KauecTBa CUCTEMBI TI0O KOMIIOHeHTaM, Ha Puc. 5.60 mpe-
CTaBJIEHa MHTErpupoOBaHHas IMIKaJla Ha OCHOBE YaCTUYHOTO IMOPdAKa C Yy4€TOM COBMECTUMOCTU
CUCTEMHBIX KOMIIOHEHTOB (KaXKJblil “TpeyroJibHUK’ cOOTBETCTBYeT mKaje Ha Puc. 5.6a). Pac-
cMarpuBaiorcs jaBa Ilapero-sddexkruubix cucremubix pemenus: (i) S = Xy + Yo x Zy x Hy,
N(S1) =(1;2,1,1); (i) Se = Xo*Yox Zy *x Hy. N(S2) = (2;0,1,3).

Tabsmma 5.3. CoBMeCTUMOCTD
S=XxY*xZxH
S1 X1 *Ys* Zox Hi(1;2,1,1)
XQ*YQ*ZQ*HQQO,L?) X113 2 2 2

13

X210 3 231 2

Yy 221 2

Yi(1) Yo 232 3
Y2(2) Zl ]_ 2
3 3

PI/IC. 5.5. CI/ICTeMa u3 quHpex KOMIIOHEHTOB %

B kadecTBe cHCTEeMHBIX Y3KUX MECT paCCMaTpPUBAIOTCA CUCTEMHBIE KOMIIOHEHTBI (DA) nJjain
COBMECTUMOCTH MEXKIY Hapoﬁ DAs. MoXHO HCIOJB30BATHL TaKHEe CXEMBI BBIJICJICHUA Y3KHUX
MECT:
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Czrema 1. MHOTOKpHTEpHATBHOE PAHKUPOBAHUE CHCTEMHBIX KOMIOHEHTOB (DAs).

Cxema 2. MHOrOKpUTEpHAIBLHOE PAHKUPOBAHUE CBSI3€H MEXK/Ly KOMIIOHEHTAMM.

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

Czema 4. BoisiBjieHWe CBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (T.€., KAK COCTABHbIE CHCTEMHbIE
OTKa3bl): HHTEIPHPOBAHNE JAHHBIX HA OCHOBE KJIMKH.

W neanpuas
TOYKA

€3,0,1>&220>) s

P
€2,1,15&1,3,0>)

‘ \ ‘ \ W neanbuas
€2,0,25&1,2,1>04,0>) TOUKA
€1,1,2>(0,3,1>)

=] @
a0z S

|

(5 |
| N(52)
022 TOYKQ,
w=1
(a) mKama 9ACTHIHOTO TOPSAKA, (6) mKama 9ACTUIHOrO TOPSIKA MO
no ssementam n(S) snemenTam u o copmecrumoctu N (S)

Puc. 5.6. llIkasa kagecTBa CHCTEMBI S: YaCTUUYHBIN TTOPSIIOK

Ha Puc. 5.7 npejcrasieHo cucreMHoe pemenne S; = X; x Ya * Zo % Hy (BKIIOYasi ONEHKH
DAS ¥ OIeHKH UX COBMECTHMOCTH).

Puc. 5.7. Konnenrpuueckoe mpeacraBieHne Sp

B Tabsiune 5.4 mpecTaBieHbl IECTh Y3KAX MeCT (110 KOMIOHEHTaM, 110 COBMECTHMOCTH
KOMIOHEHTOB). OUYeBUIHO, KaxKI0€ Y3KOe MECTO MOXKET ObITh OIIEHEHO 110 KDUTEPUSIM B CJIydae
aHaJIN3a WX yJIydlieHusi (HAlpUMep, BO3MOXKHAsl HOJIE3HOCTh JIJIsi KadeCTBAa CHUCTEMbI, CTOU-
MOCTBH OHepaILI/II/I yﬂy‘{IHeHI/IH). )_—Laﬂee BO3MOZXKHO HCIIOJIB30BaHUE MHOI‘OKpI/ITepI/Ia.HI)HOI‘O paH—
JKUPOBaHMsl Y3KUX MecT (TOYHee ONepaIyii WX yJIydIleHWs) Ha OCHOBE OIEHOK 10 KPUTEPUIM
J71s1 BBIOOpa HanboJtee MePCIeKTHBHOTO (¢ TOUKY 3PEHHUs] YIIyUIeHnsI) Y3KOTO MecTa (MJIH Y3KUX
MecT).
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Tabnuna 5.4. Y3kue mecta, yaydineHus: s Sy

Cocrasusie DAs V3Kkue mecTa }?ﬂl;et?ﬁalléggﬂ
DA I1C w/t
]-'Sl:Xl*}/Q*ZQ*Hl Yl 2=1
2.51:X1*}/2*ZQ*H1 Z2 2=1
3. 851 =X1xYoxZox Hy (X1,Y3) 93
4-51:X1*}/2*Z2*H1 (Xl,ZQ) 2:>3
5. 81 =X1 %Yo xZyx Hy (XlaHl) 1=3
6.51:X1*}/2*ZQ*H1 (}/27[-[1) 2=3

BbIILeJIeHHe CUCTEMHBIX Y3KUX MECT KaK I'DYIIIIbl B3aUMOCBA3aHHbIX Y3KUX MECT MO2KHO pacC-
CMaTPHUBATh KAaK BBHISBJIEHHE MHOYKECTBA CHCTEMHBIX KOMIIOHEHTOB HU3KOTO KadeCTBa, KOTOPBIE
CBS3aHBI MeXKJy €000l Ha BBICOKOM YPOBHE COBMeCTHMOCTH. Takas CHTyaIlisl COOTBETCTBYET
HOBOMY THIIy COCTABHBIX OTKa30B, KOTOpHIe OblI mpeioxken B [360, 378|. 3mech HekoTOpHIE
“crabpie” (T.e., HE OYEHb ONACHBIE) CHCTEMHbIE OTKA3bl SBJISIIOTCH “OY€Hb CHJIbHO” CBSI3AHHBI-
MU U 9TO MOXKeT IPHBECTU K 04eHb CePbe3HBIM COCTABHBIM CHCTEeMHBIM OTKa3aM. IIpusenennoe
OIIICAaHMEe MOXKeT OBITh IPEeJCTABIEHO KaK JBYX-KPUTEpHAJbHASA ONTHMHU3AINNOHHAS 33394

min n(B), max w(B); B - 910 noaperiexue sk CACTEMHOTO pemieHust S.

Ha Puc. 5.8 mpencraBieno cocraBuoe pemenne S = Xy + Yo x Zy x Hy, N(S3) = (2;0,1,3)
(13 mpumepa Ha Puc. 5.5). Jljig 5TOT0 4€THIPEX-KOMIIOHEHTHOTO DEIIeHUs] MOXKHO MOXKHO pac-
CMOTPETh TPH TPEX-KOMIIOHEHTHBIX MOACHCTEMBI (II0PeIeHusl):

By = Xox Yy x Zs, N(By) = (2;0,1,2);
B = Xox Zox Hy, N(Bs) = (2;0,0,3);
By = Xox Yy x Hy, N(B3) = (2;0,2,1);
By = Yo+ Zyx Ha, N(By) = (3:0,2,1).

Puc. 5.8. Konnenrpuueckoe mpeacTaBieHne Sy

,ZLBG HapeTO—S(b(i)eKTI/IBHI)IX IIOCUCTEMBI (KaK COCTaBHBIX Y3KUX MeCT) HNMEIOT BHU] (PI/IC
59) BQ u B4.
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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
ALY 9Iast

<0,1,2 > 4—71(32) (B2) TOYKA

| g, w=3

w =
<0,0,3 > <—n(By) 1
(a) mKana 9aCTUYHOrO IOPSIAKA (6) mKana 9aCTUIHOrO NOPSIAKA IO

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

Fig. 5.9. [llkana 9acTUYHOTO MOPSIKA JIJIs MOJACUCTEMbI B

5.4 Kpurudeckme 3jieMeHTbl B MHOTOYPOBHEBBIX CTPYKTY-
pax

C obmeit TOYKM 3pEeHMs, NPEJCTABISETCS BA’KHBIM HMCCIEIOBAHWE MHOTOYDOBHEBBIX CTDYK-
typ/cereii (Puc. 5.10) [363].

CyBJH)I yposust Ly = {1, ..., mQD Bepxnnit
), d -

. [ 2B YPOBEHb
2% /AN
BA3M I y3JI0B
COCeJIHUX VPOBHEM

Vanwt yposus L) = {1, ..., m@ HpOMeZKy—
2 ... TOYHBII

ZAANAN A7 yeone

CyB.HbI yposust Ly = {1,..., mgB Huoxamit

YPOBEHB

Puc. 5.10. MHOrOypOBHEBBIE CTPYKTYPHI

B paMKaX JaHHOI'O HallpaBJIEHWd MOXKHO BbIJEJIUTH CJIeAYIOIIUEe THIIbl 3a/Jda4 BbIJIEJI€HUuEe
CUCTEMHBIX Y3KUX MECT:

Tun I: pist ypoBHsI CTPYKTYDBI/CeTH:

(i) BbIIE/IEHHE KPUTHYIECKUX Y3JI0B B CeTsX (HANPUMED, 337a4a MOKPHIBAIOIIETO JEPEBa, C
MaKCHMU3alued Yuc/ia BUCSYUX BepIuH, 3a1a4a connected dominating sets),

(ii) BBIEJIEHTE TPYIIIBI KPUTHYECKUX Y3JI0B CETH,

(iil) BBIJEJIEHUE TPYIIBI B3AUMOCBSI3aHHBIX KDUTUIECKUX Y3JI0B CETH,

(iv) BbIsIBJIEHHE TOIOJIOTHE CETH HU3KOIO KAueCTBa.

Tun II: njs coceTHUX YPOBHEIt: BBIJIEIEHNE KPUTHIECKUX CBA3EH MEKY y3JaMU COCETHUX
YPOBHEI.

Tun III: st MHOTMX YPOBHEli: BbIJIeJIEHUe HEMPABUIBLHOTO (MJIM HU3KOTO KAuecTBa) pac-
IPEJIEJICHUsT Y3JI0B 110 YPOBHIM CTPYKTYDbI/CeTH.
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Paccmorpum HekoTOpbie yKazaHHbIE 3a/1a4¥ JIjisd YPOBHS CTPYKTYPHI.

Bo-nepBbix, BbIIEI€HNE KDUTHIECKUX Y3JI0B (M y3J/1a) HA YPOBHE CTPYKTYDBI/CETH MOXKeT
OBITH OCHOBAHO HA METOJAX, KOTOPBIE OBLIU IIPEJCTABIEHBI B IPEJBLILYIIUX CEKIUAX (HAIPH-
mep, meron [TapeTo-auarpaMMbl, MHOTOKPUTEPUAIBHBIN apHAIU3/PAHKUPOBAHNE, BbIIETCHHE
CBSI3aHHBIX Y3JIOB B BUJI€ MHTEIPAIMH JAHHBIX HA OCHOBE KJIUKH). BO-BTOPBIX, MOI'yT GBITH HC-
HOJIb30BaHbl TPHU M3BECTHBIE 3aJa49M KOMOMHATOPHON onTuMusanuu. Puc. 5.11 wumocTpupyer
9TH 33Ja49n: (a) 3a0a4a NOKPHIMUA € MAKCUMUIAUUET YUCAO BUCANUT eepwut , (6) 3adana no-
KPOIMUAL ¢ MUHUMUAYUET YUCAQ BHYMPEHHUT 6epuiut , (B) 3adaua nocmpoerus ueapruieckot
(dsyx-yposnesoti) cemu . [Ipu 5T0M 3/1€MEHTHI MHOYKECTBA BHYTPEHHUX Y3JI0B CTPYKTYDHI/ceTn
MOXKET PacCMaTPUBATHCS KAaK KPUTUYECKUE y3Jbl (HANpPUMED, Jisi YIydIleHus], JJjisi TeCTHPO-
BaHWsl) UM KaK y3KHe MECTa.

- TepMuHaIbHbBIE
Ucxonuast Y (BuCsTUHME)
ceThb NENIST

e

Puc. 5.11. Max Bucauux y3a0B (nnu Min BHYTPEHHUX Y3JI0B)

Bagaua “maximum leaf spanning tree” dbopmynupyercs tak [49, 117, 205|):

Hatimu noxpusatowee depeso 0as ucxodrnozo 2pada, 6 KOMOPOM HUCAO BUCANUTL GEPUIUH
depesa ABAAECMCA MAKCUMGNADHBIM

B o6imeM ciiydyae MOKPBIBAIONIEE JIEPEBO COMEPKUT CJIELYION[Me THIBI BepIInH: (a) KOPEHb;
(6) BHYyTpEHHUE y3JIbl, BHYTPEHHUE Y3JIbI MOI'YT PACCMATPUBATHLCS KaK BUPTyaJjibHas muHa “bus”
B CETEBBIX TEXHOJIOIHsX; (B) BHCsune (TepMUHAJBHBIE) y3/bl. TakuM 06pa3oM 3ajada 3aKJ/IIO-
4aeTCs B MAKCUMM3AIMU YUC/IA BUCSYUX Y3JI0B UJIM MAKMMU3AIUU YUCJIA BHYTPEHHBIX Y3JI0B.
Ora 3amava sasercs NP-tpyauoii [205].

C ToYKM 3peHus IOCTPOEHUST TOYHBIX AJTOPUTMOB, JIAHHAS 3329 sIBJISIeTCS SKBUBAJIEHTHON
3a/ja4de nocTpoenus: Tognoro “‘connected dominating set” (NP-tpynmas) [91, 117, 205]:

Hatimu munumanvroe muoscecmeo eepuwur D C A das ucrodnozo epaga G = (A, E)
mak, wmobwv, coomeememeyowuti D nodzpagp G' = (D,E') (E' C E) AGAAACA CEAZGHHBIM
OOMUHUPYIOULUM MHOHCECTNEOM U D ABAANCA QOMUHUPYIOWUM MHoKHCECMEom Ois .

BazoBasi 3ajiaua IpOEKTUPOBAHUSI MEPAPXUIECKOTO JBYX-YPBOHEBOIl cern mmeer Buj [69,
151, 471]:

Hadimu 06yx-yposHesyio nokpueaowyio cems MUHUMAALHOT CTNOUMOCTNU, COCMOAUYIO U3
deyx wacmet: (i) ocnoenotli (enympennutd) nymos (uau weckoavko nymet, depeso, Koavuyo), (ii)
6MoputHbIE JEPEBLA.

Takum 06pa3oM, UCXOAHASI CeTh PA30UBAETCS HA JIBE YaCTH:

(a) ocHOBHAsI YaCTh (T.€., YaCTh BEPXHErO HEPAPXUIECKOTO YPOBHS ): HEKUil Iy Th (UM HECKOJIb-
KO IIyTeil, IepeBO, KOJIbII0), COCTABIEHHOE U3 EPBUYHBIX JIyT CETH, KOTOPbIE CBSI3aHBI ¢ HAGOPOM
y3J10B ceTH (T.e., NIEPBUYHBIME Y3JIAMHU CETH);

(6) BropuvHas 4acTh (T.e., BTODHYHbIE Y3JIbl, BTODHYHBIE JEPEBbsI): 9Ta YaCTh BKJIIOYAET
OJIHO WJIM HECKOJIbKO JI€PEBbeB, UbU JyTH (BTOPUYHBIE JYTH) SIBISIOTCS MeHee JTOPOTUMHU JIJIst
UCIIOJIb30BAHKS, 9eM IIePBUYHEIE TyTH.
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IIpu srom kaxkgas ayru umeer croumocts (d;;, Vi,j € A, A - maOkecTBO y3710B). Obmas
CTOMMOCTh BBIOPAHHBIX JYyI' B HOKPBIBAOIIEH CTPYKTypPe UCHOJIB3YeTCs KAaK MUHUMHU3UDyeMasi
neneBas GyHKIud. ITa 3amada HOpMyaupyeTcd KakK 3a7ada KOMOWHATOPHOW ONTUMU3AIUU
[151]) n aBasiercs NP-tpynmoit [69).

OueBuHO, YTO OMOOHBIE 33,191 MOTYT UCIIOJIb30BATHCS JIJIsl BBIIEICHAN KDUTUIECKUX YT
B CeTsX.

B ynomsinyThiX Bbimie 3ajadax muna Il u muna I1I, pemrenue 3ak/aiodaercs B Ha3HAYEHUH
9JIeMeHTOB Ha “nosunuu”’ (T.e., 33724l O HA3HAYAHUM WU pa3Mernenun). [Ipu 3T0M, MOTyT mo-
TpeOOBATHCS HOBBIE BADUAHTHI IIOCTAHOBKY KOMOWHATOPHBIX 33124 /IS BHISIBJICHUS HA3HAUECHUS
HU3KOT'0 KAYeCTBA B CYIIECTBYIOIUX CETEBHIX pemeHusx. OTMeTnM, 94TO UCIOIb30BAHNE METO/IA,
NMMII st “pacimpennoit” 3aja4u 0 Ha3HAYEHUSIX ObLIO Ipe/IoxKeHo B [334, 347 (riasa 11).

Cremyer OorMeTuTb, YTO BBIJIEJIEHHE CETEBOM TOMOJOIMU HU3KOrO0 KavdecTBa Tpedyer crie-
IUATBHBIX JIONOJTHATETLHBIX UCCIenoBanuii. M3BecTHas 3ama4a “augmentation problem” [180]
MOXKET PACCMATPUBATHLCI KaK BAPUAHT TAKOTO HMCCJIETOBAHUS.

5.5 llIpejackazaTejbHOE BbLJIEJIEHUE CUCTEMHbBIX Y3KIUX MECT

[Ipesncka3arebHOE BBIJIEIEHUE CHCTEMHBIX Y3KMX MECT MOXKET ObITh paccmorpeno Tak: (Puc.
5.12):

Ilaz 1. ViccieioBanye CyMeCTBYIOMUX U3MEHEHHUH 1 /ujin Oy Iy IuX W3MEeHEeHUH CUCTeMHBIX
[IAPAMETPOB U /UJIH CTPYKTYPbl CUCTEMBI.

a2z 2. Ananus 5BOMIONUE CUCTEMBI (T.e., COOTBETCTBYIOIIEH CUCTEMHON TPAEKTOPUH, TPa-
eKTOPUil CHCTEMHBIX MAPAMETPOB).

Illaz 3. IlporHo3upoBaHue CUCTEMHBIX MMAPAMETPOB JIJIsT TOCTPOEHUs] TPOTHO3a CUCTEMBI.

Illaz 4. Beinenenue CUCTEMHBIX Y3KHX MECT Ha OCHOBE IIPOTHO3HBIX 3HAYEHMI CHCTEMHBIX
mapaMeTpoB (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. IIpecka3aresibHOE BbIJEIEHUE Y3KHUX 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 CIA0XKHBIMU.

5.5.1 IlIpencka3aTebHOE BbIJAEJEHNE KOMIIOHEHTOB

st mpejicka3aTe/ibHOrO BbIJIEJIEHUS] CUCTEMHBIX Y3KHX MECT KaK CHCTE€MHBIX KOMIIOHEHTOB
MOXKHO HCIIOJIb30BaTh aHaJoruvnbie mMeroapl (r.e., Ilapero-gumapammy, MHOrOKpUTEPHAILHOE
pankupoBauue). [Ipu 5TOM MPOTHO3BI CHCTEMHBIX MapPAMETPOB SIBJISIIOTCH MCXOIHBIMA JTAHHBI-
mu. B pacemarpuBaemom mpumepe (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

[TpeackasarenbHOE BbIJEICHUE Y3KUX MECT NIPU HEPAPXUYECKOM MOPGOJIOTUIECKOM POEKTUPO-
BaHUU MOYKET PACCMATPUBATHCS KAK U B IPEJBLIYIIeH cCeKun (T.e., aHAJIN3 IBOJIIOIUH CUCTEMBI,
BBIUKCJIEHNE [POTHO3a CHCTEMBbI, BBIJEJEHHE Y3KUX MECT MOCDPEJICTBOM YKA3aHHBIX METOJIOB).
YIpPOIEHHbIH TPUMED UJLIIOCTPUPYET BbIJIEIEHHE COCTABHBIX Y3KUX MECT (KaK MOJICUCTEM) JIJIst
YeThIPeX-KOMIIOHEHTHOM cucreMmbl S = X xY xZ+ H ¢ Puc. 5.5. Ha Puc. 5.13 npeacrasiien 4duc-
JIEHHBIH TIPUMED JIJisl SBOJIOIMHA U IIPOTHO3a perenust Sy = XoxYoxZoxHy (N(S3) = 2;0,1,3).
Vcnonb3yercs clienyiomas BpeMeHHast 0Ch: 6a30Basi BpeMeHHasl TOUKa, t = Tg, CJIeLyIoMast Bpe-
MeHHAsl TOUKa (9BOJIIONUS) ¢ = T, IPOTHO3HAS BPeMeHHAsl TOUKa t = Ty (T.e., t = 7y).

IIporuoszu- .
poBaHue Sy

(a) t=1o ) t=m (B) t = 77 (uporuos)
Puc. 5.13. DBostonus pemiennst Sy ¥ MPOrHO3

OrmernM, jyist 6a30BO¥ BpeMeHHO# TOUKM (Tp), MOy YeHbI JBe MOACUCTEMbI (KaK COCTABHbIE
y3kue mecra) (Puc. 5.9): By = X5 % Zy x Hy, N(Bsy) = (2;0,0,3); By = Yy x Zy x Ho,
N(By) = (3;0,2,1). Jnga caexymomeii BpeMeHHO# TOYKH, MOJCHCTEMBl M UX OIEHKH HMEIOT
Bug: (i) t = 70 N(B') = (3;0,1,2), N(B3') = (2;0,1,2), N(B3') = (2;0,2,1), N(B}*) =
(2,0,2,1); (i) t = 7¢(m): N(BP) = (3;0,0,3), N(BP) = (3;1,1,1), N(BP) = (2;1,0,2),
N(By?) = (2;1,1,1). B pesyabrare, cieayomue HOICUCTEMbI MIOJYYeHbl KAK COCTABHbIE y3KUe
MecTa;

(a) t =7 (Fig. 5.14a): B[' = Xox Yy x Zy, N(B[') = (3;0,1,2);

(6) t = 7¢(m) (Fig. 5.146): BJ* = Xy + Ya x Zo, N(BJ?) = (3;0,0,3).

Takum 06pa3oM, IIPOrHO3HOE y3K0oe MecTo uMmeer Buja: B2 = X5 x Yy x Z5. Ha Puc. 5.15
IPEeJICTABIEHA TPAEKTOPHUS COCTABHOIO y3KOTO MECTa.

N(BTY) N(BT?)
Hawnyqmas Hawny4rmas
TOUYKA, TOYKA
(a)t=m (6) t = 7¢(m2) (mporuo3)

Puc. 5.14. IlIkaja 9aCTUYHOTO TOPSAIKA /I TOJACUCTEMBI B

Bs
By
} } ¢

|
t= T0 t= T1 t= T2
Puc. 5.15. Tpaekropust y3Koro mecra

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

5.6.1 IIpenBapuTte/ibHOE OMMUCAHUE

CHavaJjia pacCMOTPHUM YIIPOIIEHHBIH IIPUMED MOIYJIbHON CHCTEMBI, COCTOSIIEH W3 CJIEAYIOMUX
KOMIIOHEHTOB: 0a30Boe 00Opy/IOBaHHE Si, IOJICACTEMa YIPABJEHUS So, MOJACHCTEMa Oe3omac-
HOCTHU S3, IEPCOHAJ Jjis O00CIyKMBaHUs 00ODYI0BAHUS IIPU IPOM3BOJACTBEHHOM IIPOIECCE Sy,
HepCOHAJ JIJIsi TEXHUYECKOrO O0CJIYyKUBAHUS ¥ TECTHPOBAHUS S5, MEPOCHAJ JJIs YAAJEHHOTO
yrnpasienus sg. Viccaeayiores tpu dbyukmuu cucrems! (Puc. 5.16): mpousBoncTBennas byHKIus
f1:{s1, 82, S3, 84}, DYHKIMST TEXHUIECKOTO OOC/TYyKUBAHUS U TECTUPOBaHUS fo : {S1, S, S3, S5},
dbyukus ynanennoro ynpasienusi f3 : {si,S2,8¢}. B ciydae 1mioxoit KOOpIMHAIMK MKy
yKa3aHHBIMH (DYHKIMSIMU CUCTEMBI (T.e., UX peajn3alyeii) MOKeT BOSHUKHYTh CJIE/yOIasi CH-
ryarust: (i) 6a30Boe 06OpyIOBaHKUEe S; BHINLIO U3 CTpos (He paboraer) (mepcoHas 00CITYKUBA-
HUsl 0OOPY/NOBaHUS S4, T.€., TOCpencTBoM dbyHukmuu fi); (ii) momcucrema 6e30MaCHOCTH S3 HE
paboraer (jeiicTBHS NEPCOHAA [0 TEXHUIECKOMY OOC/IyKUBAHUIO U TECTUPOBAHUIO S5, T.€., MO~
cpeacrBoM dyHKImU fo); (iii) mogcucremMa yrpasienust so HAXOAUTCS B HEMCIIPABHOM COCTOSTHUH
(HempaBUJIbHbIE JEHCTBYS IEPCOHAJIA ISl YAAJIEHHOIO YIPABJIEHUS Sg, T.€., HOCPEICTBOM (DYHK-
uun f3). Ha Puc. 5.16 u3obpazkena ykazaHHasi curyainus (IOPsiIKOBbIE OLEHKH BepIinH rpada
IpPeICTaB/IeHa B KPYKKaX; IPH 9TOM HCHOIB3YIOTCS CIEAYIONHe OIEeHKHU JJisi BEPIIHH /y3/I0B:
1 - cocTostHme HemcIpaBHOCTH, 2 - cocrosHue dacTudHoil ucnpasHoctu ('OK’), 3 - cocrosnue
nosinoit ucnpasuocru ('OK’)).

OyHKIUS
[IPOU3BO/I-
crBa fi

S3 OyHKIUS

'. Tex00CIyKUBaHUS fo
S5

OyHuKIHs
Y/IaJIEHHOTO
yupasJyieHust f3

Puc. 5.16. Yupouieunubiit mpumep

B pesysibrare KOMOMHAIUSI CBSI3aHHBIX CHCTEMHBIX KOMIIOHEHTOB (Kak KJMKa) {1, So, S3}
MO2KET IMMPUBECTHU K KOM6I/IHI/IpOBaHHOMy CUCTEMHOMY OTKa3y.
OmnuceiBaemblii nojxoz, 6a3upyercsi Ha yposHeBoii cxeme (Puc. 5.17, [378]).

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

! ! !

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

! ! !

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

! ! !

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

Puc. 5.17. YpoBHEBOe TeCTUpPOBaHUE CUCTEMBI

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

Cmadus 2. Ananus cucremMubix (pyHKIWiT, UX B3aUMOCBsi3eil, MOCTPOEHNE KJ1acTepoB (yHK-
it (T.e., GYHKIMH, KOTOPBIE BHIMOJHSIIOTCS COBMECTHO, OMHOBpeMeHHO) [378].

Cmadus 3. TlocTpoeHne MHTErpUpPOBaHHOTO I'pada HaJ CUHCTEMHBIMM KOMIOHEHTAMH s
KaxKJI0ro Kjacrepa GpyHKIHI.

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

YpoleHHas cxeMa MpOoIecca TeCTUPOBaHUs NpuBeeHa Ha Puc. 5.18 (uHTErpMpOBaHHbIH
rpad coorBercrByer kiacrepy byukmuit ' = {fi, ..., fe, ..., f}). Bamada BbIABIEHUS KINKH
B MHTEIrDUPOBAHHOM rpade PacCMaTpUBaeTCs Kak 3aJada MHTerpupoBanus paHubix (fusion)
WJIN BBISIBJIEHHsI CTPYKTYDHI (structure mining) [135, 261|. Takum o6pa3zom, cxema OCHOBaHa Ha
BbIsiBJIeHUN MexKrpadoBeix Kiuk (cross-graphs cliques) wiaum kBasu-kiauk [205, 270, 378, 454,
464].

HCTEMHA,
i, (Coad &
Cucremnass - - - - - - Cucremnas
by fi bynkims [
Nurerpu-

I'padb 1 ) = | pomammmit | <—(I'pad A

Brinenennas
KJmKa, ()

Puc. 5.18. Broigasienue kKiauku

Paccmorpum crepyromme 6a3obie MHOXKecTBa [378]. Tlycre Q = {s1,...,8;, ..., Sp} Oyaer
MHOYKECTBO TIOACUCTEM WJIM OCHOBHBIX CHCTEMHBIX KOMIIOHEHTOB. IlyCcTh mMeercss MHOXKECTBO
cucremubix bynkuuit f = {fi,..., fe,..., /A}. JQna kaxmpoit cucremuoit dynkiuu fe nMmeercs
caexymomee: (i) IOAMHOXKECTBO CHCTEMHBIX KOMIOHEHTOB, $)(f¢) C (), KOTOpbBIe HCIOJIB3Y-
I0TCsI JAHHON cucTeMHON (dbynkimeir fe; (ii) Hekmii rpad )oOBIYHO IOHBIH HAJ SI€MEHTAME
mnoxecrsa Q(fe): G(fe) = (Qfe), E(fe))-

Tax>Ke MMeeTCss MHOXKECTBO KjacTepoB cucremubix dyukunit [ = {Fy, ..., F,, ... F,}, tne
F, C f; xnacrep kaxoii cucremuoit dbynknun F,. (r = 1,p) mupexacrasnsier coboii noaMuo-
JKeCTBO MHOXKECTBA CHCTEMHBIX (DYHKIMHA F ¥ JJisd KaXKJI0ro KJacTepa CUCTEeMHBIX (DYHKIHiA
ero 3JIeMeHThl (M COOTBETCTBYIOIUE (DYHKIMU) BBIIOJIHSIOTCS B OJUH M TOT K€ MOMEHT Bpe-
MeHH. Iy KaxK/10ro KJacrepa CUCTeMHBIX (DYHKIuUil F, MOXKHO IOCTPOMTH COOTBETCTBY IO
unrerpuposannsiii rpad: G(F.) = G(QU(F,), E(F,.)) = Uy,er G(f;), toe QF,) = Uy, er Q(f;)
u E(F.) = Uper E(f;)-

JInst KasK70# MOJCUCTEMBI S; TPUMEHSIETCS TPOIEyPa TeCTUPOBaHUs (TeCTUPOBAHUE KOM-
TIOHEHTA) ¥ TaKas MPOLE/LyPa MO3BOJISET MOJYIUTh TOPSAIKOBBIN pe3yibrar (OIEHKY), B 4aCTHO-
cru, o mkaje: [1,2,3,4] (1 - KOMIOHEHT HE UCIPABEH, 2 - CYIECTBEHHbINH 0TKA3 KOMIIOHEHTA,
3 - HEe3HAYMTEJbHBI 0TKA3 KOMIIOHEHTa, 4 - 10JiHas paboTOCIOCOGHOCTh KOMIIOHEHTA). Y Ka-
3aHHAas OPSIIKOBAs OIEHKA COOTBETCTBYET COCTOSIHUIO KOMIIOHEHTA (MOYKHO MCIIOJIb30BATh JIJIsI
oGozHavenus 1Ber). B pesyabrare mosyvaercs rpad ¢ HOpsIKOBBIME OIEHKAMHU (BeCaMu) Bep-
muH (WM PACKPAIIEHHBIMEU BepImuHaMu). Takum o0pa3oM, Jyisi KaxKJI0ro kiaacrepa dbyHKuuii
F, MOXKHO HWCCTIe/JOBaTh COOTBETCTBYIOTIHE HHTErpHPOBAHHBIN TPad (C MOPAIKOBBHIME BecaMu
sepinn): G(F,) = G(S(F,), E(F,)).

Pesyabrarhl TECTUPOBAHUS KOMIIOHEHTA MOI'YT OBITh PA3JMYHbI JJIs PA3JIMYHBIX CUCTEMHbBIX
dyukmuii. B 3T0M cydae B KauecTBe HTOTOBOI ONEHKM KOMIIOHEHTa Ha3HAYAETCS HAWXy/IIIasl.

[Tycts @, Gyaer kiuka Haja BepumHaMmu h (HampuMep, (4, 37€Ch ONEHKA KarK10il BEPITHHBI
<1, | =1,23,4), “annpokcuManus’’ 10 YHCJY BEPIINH WIH 1O ONEHKAM OIEHKAM BEpPIIHUH
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oboznavaercst nocpegacrsom “widetilde” (npumep: @4). Takum 06pa3oMm, B MHTEIPUPOBAHHOM
rpade ¢ nOpsiAKOBBIMYU BECAMM BEDINUH (MJIM [BETAMHU ) (A}’(Fr) UCCJIEJLYETCsl TOJACTPYKTY bl
(moxrpadwr) (mocpencTBOM mpaBHJIa: B CTPYKTYpe KaxKaslil “mer” mmeer Bug: “ = 17, “ <
2" u mn.). Ha Puc. 5.19 npencrasiiena uamocTparyst 4-BepUIMHHON CTPYKTYPHI (TOPSIIKOBBIE
OIEHKHU BepiiuH rpada yKa3aHbl B KPYZKKaX):

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

2. KBasu-kimka 110 pebpam/B3auMocBsi3sM (T.e., pe6po - orcyrcreyer) (Puc. 5.19b): @, .

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

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

5. IToa-k/MKa niin 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

Puc. 5.19. lIpumepsl KUK U KBa3U-KJIUKA

[TpencrapasieTcss Ba)KHBIM yKa3aTh CJieAyIOIIee:

I. Curyanusi, Korja OleHKa CHCTEMHOIO KOMIIOHEHTa paBHa 1 (T.e., KOMIIOHEHT He UCIPABEH),
SABJITETCS KPUTUYIECKON M MOXKET IPUBECTH K CHCTEMHOMY OTKA3Yy.

I1. Curyanusi, KOrja HECKOJIbKO CBSI3AHHBIX MKy co0oif (Mo BpeMeHu u/uau mo pabore
CHCTEMbI) CHCTEMHBIX KOMIIOHEHTa MMEIOT OIEHKU Ha ‘cpepHeM ypoBHe” (T.e., CyIIeCTBEHHBIH
OTKa3 KOMIIOHEHTA WJIM HEe3HAYMTEJbHBI OTKA3 KOMIIOHEHTA), MOXKET NPUBECTH K CHCTEMHO-
My OTKa3y B CjI0KHO# cucreme [137]. B manHOM pasjesie OCHOBHOe BHUMAHWE Y/EJE€HO TAKOMH
cucremuoit curyamuu (Puc. 5.20, onenku Bepmmn: < 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 NUCIIOJIb30BaThHCA
Kak 0a30BbIe.

5.6.2 OcHoBHag 3aja4a

3aech paccmarpuBaeTcss 6azoBas 3amada (3adawa ). CrpykTypHas uHTerparms (structural
fusion) omeHok KadecTBa JJisi CHCTEMHBIX KOMIIOHEHTOB TIO TIOPSITKOBOM IKAJe WIIIIOCTPUDPY-
erca Ha Puc. 5.21, Puc. 5.22, Puc. 5.23. OnueHku A7 CHCTEMHBIX KOMIIOHEHTOB TPEJICTABICHbBI
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Puc. 5.21 (KOMIIOHEHTBI S3, S5, S: 1; KOMIIOHEHT Sq: 2; KOMIOHEHT S7: 3; JAPYI'Me KOMIIOHEHTHI:
4). Bazosast 3aa4a (3adavwa 1) umeer BU:

Hatimu 0as MH020-PyHKuuonasonol cumyauuy (6 unmezpuposannotl epage dasn kaacmepa
Pynruut F,.) xauky Qpn (uucao sepwun pasro wucay dynruut 6 kaacmepe F, uau 6oaee
¢ yposnem ouenor <1 (I=1,2,..).

Takum obpa3om 1oydaeTcss u3BeCTHAs 3a0a9M KJIAUKH:

Hatimu nauboavwyro kauky (noanwd nodzpag) Q 6 menanpasaenmom epage

e

DODDODOD

S1

Puc. 5.21. CTpykTypa CUCTeMBI U OIIEHKH KOMIIOHEHTOB

Puc. 5.22. Knacrep cucreMHbIX (DyHKITHH

[TostyueHHOE MHOXKECTBO CHCTEMHBIX KOMIIOHEHTOB (BEPIINH) MOYKHO MCC/IE0BATH KaK “MOJI-
MHOKECTBO KPDUTHYECKUX CHCTEMHBIX KOMIIOHEHTOB” WM “cucreMHbIii cunapom” (aHasor “cuH-
apoma” B menunuue). Ha Puc. 5.21 w na Puc. 5.22, F. = {f1, f2, fs}. Janee, na Puc. 5.23
BEPIIMHBI KJIUKH CJIEAYIONHe {S3, S5, S¢}. [IpH 9TOM OIEHKHN yKa3aHHBIX BEDIIUH PABHBI 1.

fcHo, uyro KauKa (Jy MOXKET OTCYTCTBOBAaTh. B 3TOM cilydae BaXKHO OCYIIECTBJISTH ITOUCK
KBa3W-KJUKKH ()) WU KJIUK, KOTOPBIE€ COAEPKAT MEHbIIIee YHUCJIO BEPIIHUH.

Takum 06pa3oMm, Ipyras 3a/1a4a CTPyKTYPHOI HHTerpaiuu Janubx (structural fusion) umeer
Buj (3adava 1a):

Hatimu xsasu-kauky Qy 048 MHO20-BYHKUUOHAALHOT CUMYAUUL, M.e., 63 HEKOMOPYT
ceaseti/pebep u/uru ¢ yposnem oyenor: <[, (1 <1< 3).

B kauecTBe NPUMEpOB KBa3W-KJIMK (MHOXKECTBA BEPIIMH) MOXKHO HPUBECTH CJIELYIOIIHEe
(Puc. 5.23): (a) {s1, S3, 55,56}, onenkn: < 2: (b) {s1, $3, S5, S¢, S7}, omenkn < 3. Caexyer
OTMETUTH, YTO YACTO SIBJISIETCSI BO3MOXKHBIM (WMJIH I1eCO00PA3HBIM) BBIAETEHNE HECKOTHKUX
KUK (MM KBa3U-KJIUK).
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Oyukiust f1 s9 @yukuus fo

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

Puc. 5.23. nrerpupoBannsiit rpad mis Kiaacrtepa HyHKIH

5.6.3 3amaum HaJ MOoTOKaMu rpadoB

Ha Puc. 5.24. npejcraBieHa WLIIOCTPAIUs JJis CAydas IOTOKOB rpadoB.

Ty

Oyukims fi Dynxrmg f

(morox 1) (moTok A)

@) (o)

Ocb Bpemenun ( )@ Boinesennbre

——t—t+—t == TAKH

0 T T2 T3 LIOTOK
Bo oy

Puc. 5.24. Tlorok kjuk Haj moTokamu rpadoB

31ech paccMaTpUBaeTCsl BpeMeHHAsT OCh:
= {7-07 T1,7T2,73, T4, T5, }
Takum 00pa3oM, UCCIEIYETCS CIIEAYIONIee:
(1) mocsIe10BATEILHOCT COCTOSTHUIT CHCTEMHBIX KOMIOHEHTOB (j = 1, k):
( ) - {5_7 ) ;—17 ;278;378;478;57 }a
rne s;(r,) € {0,1} (n =0,1,2,3,4,5,...), sj(7,) = 1 ecim dynkims j ucnoab3yercs B
MOMOEHT BpeMeHH T, # S;(7,) = 0 - B IPOTUBHOM CIydae;
(ii) HOCJIG,HOBaTe.HbHOCTb cucremubix byukuuii (£ =1, ):
Felt) = 12 12 12 12 S I
e Sj(Tn) E {0, 1}, S](Tn) = 1 ecqm byHKIUA j UCIOAB3yeTCd B MOMEHT BPEMEHH T, U
5;(7,) = 0 - B IPOTUBHOM CIIydae;
(iii) mocnenoBaresbHOCTh TpadoB st GyHKIMi cucremsr (& =1, )\ ):
G (t) ={G},G}. G}, G}, G}, G, ..}
(eciu sj =0, COOTBeTCTByIOHmﬁ rpad G;Z SIBJISIETCSI IIYCTBIM);

(iv) HOCﬂe,zLOBaTeJIbHOCTb rpacoB st Kaacrepa cucreMHbX dyHkuuit (r = 1, p):

Cr, (1) = {C}. GR. OR . GR.GR. OF...)

(ecu sj = 0, COOTBeTCTByIOH_II/Iﬁ rpad G}”T SIBJISIETCSl IIYCTBIM ).

OrmernM, 4TO IElb KJIacTepoB cHCTeMHBIX dyHkimil (Hanpumep, L =< F' F" F"
paccMarpuBaercst Kak creHapuii (B o0uiem ciydae, CueHApHH MOXKET UMETh 60J1ee CJIOZKHBI
BUJI, HATIPUMED, JEPEBO, CETh).

MHO0KeCTBO JIOMOJHUTEIbHBIX 33129 BKJIIOYAET CJIEIYIOIINe:

3adaua 2. Beijesenne KJIWKHW, KOTJA YUCJIO BEDIIHH MEHbINE, YeM YUCJI0 (DYHKIWHA B KJa-
crepe dyHKuuii (T.e., MOA-KIUKH).

>)
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3adaua 3. Tunamuueckue 3a1aun (“npera” BepHInH siBASIOTCH (DYHKIUSMU BpeMeHn): 3.1.
CyIIECTBOBAHME BPEMEHHOTO MHTEPBAJIA, KOIJA KJWKA CyHIecTByeT; J.2. CylleCTBOBAHUE Bpe-
MEHHOTO WHTepBaJa, KOTIa KBa3Hu-KJINKa, CYIIECTBYeT;

3adaua 4. AHanu3 BpeMeHHBIX MHTEPBAJIOB, KOT/a KJIUKa (UM KBa3U-KJIMKA) CYIIECTBYET U
MOHUTODHHI KJIUKU (KBA3U-KIMKH) KaK HEKOIl “KpUTH4ecKoi” cTpyKTypsl (I0ACTPYKTYphI). B
pe3yJbTaTe MOXKeT ObITh MOJIyYeHa HeKasl TPACCA CHelUAJbHON CTPYKTYPHI (HAIpUMEp, KJIHKA
Q): TQ.

3adaua 5. TIpoekTupoBaHue NeHCTBUI KakK COCTABHOTO ILJIaHA M0 PA3pPYIIeHUI0 KPUTHYIECKOI
MOJ-CTPYKTYPHI (MM TOA-CTPYKTYP) (T.€., KIUKU WM KWK, KBa3U-KJIUKH W KBA3U-KJIWK).

5.6.4 IlIpumep

B nammoem pa3zjese mpeacTaBieH YUCIEHHBIH WJLTIOCTPATUBHBIN npumep. B Tabmune 5.5. u
Tabmumne 5.6 comep:KuUTCSA OMUCAHUE UCCIETYEeMOT0 MHOYXKeCTBa (bYHKIHMI CHCTEMBI U KJIaCTEPOB

byukmmit: {f1, fa, f3, f1, fs} m {F1, Fo, Fs}.

Tabsuma 5.5. OyHKIUMU CUCTEMBI

gly;}e{ﬁff CucremHbIE KOMIIOHEHTHI Tabmuna 5.6. Knacteps! dbyHnximit
o1 ‘ > ‘ °3 ‘84 ‘85 ‘86 ‘87 ‘88 gﬂaCTep}ﬂ QyHKIUN CUCTEMBI
HKIITUU

N * x * * crcremr f ‘f ‘f ‘f4‘f

f * *x * * 1|J2(J3 5

f3 * Kk x I3 * Kk x

fa * * F, * *  *

f5 * ok * Fy * *

PaccMaTpuBaroTcs cjelyionye BpeMeHHbIe OCH:
{7'0,71,72,7'377'4775}
(i.e., 7, n =0,5). Llenouka knacrepos dbyHKImil (HEKUil CleHAPUii) UMeeT CJie/lyomuii BUL:
L/ =< FQ’TO’ 1T1’ 52’F1’7'3’ 174’ 2Ts >

e eeprHuti o3HaUYaeT MoMeHT Bpemenu. Ha Puc. 5.23 u3obpazkeH MHTerpHpOBaHHBINA Trpad
G(F)), Ha Puc. 5.25 upexcrasienst japa unrerpupoBanubix rpaba G(F) u G(F3).

S5 56

>

87 58

(a) unrerpuposanusrii rpad G(F) (b) unrerpuposanusi rpad G(Fs)
Puc. 5.25. UnterpupoBannbie rpadbl /s KJIacTepoOB MYyHKIU

Jajiee paccmarpuBaloTcs cjejyoniue 6a30Bble 3aa4u: 3aja4a 3, 3aja4a 4, 3ajga4da 5. Ha
Puc. 5.26 npezcraBien noToku cocrosinuii (state streams) jisi CHCTEMHBIX KOMIIOHEHTOB (Bep-
IIUH) S1, S2, S3, S4, S5, S5, S6, S7, Sg C YIETOM YKa3aHHOM BBIIIE BpeMeHHOiT ocH. JloTOJHATETBHO,
Puc. 5.26. comepxut caeayiomee: (i) uHTErprpOBaHHbBIE TpadbI {CA?}, (ii) BBIESIEHHBIE CTPYK-
Typhl (37ech: (Y3), (iii) mosydeHHbBle TpeKH (Tpacchl) U3 BBIAETEHHBIX CTPYKTYD (371ech: Tp,).
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T: T. T
To, To, Tg,

Qs Qs
G( G(F*) G(F[*) G(F3?)

51 ..
Sg: -
53 '
Sa:
55
56
58 :

Ocb Bpemenu

%} IT1 IT2 Iﬁ IT4 IT5 t

Puc. 5.26. [Ipumepst noTrokoB rpadon

Tenepsh MOXKHO yKa3aTh CJIEIYIOIINE DEIICHHUS:

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

3adana 4. JIns BpeMEHHOro WHTEpBaja |[T1,T;] CyIECTBYeT CTPYKTypa € BEpPIIMHAMU:
{53, S5, S¢}. C y4eToM M3BECTHOTO WHYKEHEPHOTO TPABU/IA “IPABU/IO 3aXBaTa TPACCh: 2 u3 37
(T.€., IUIsT BPEMEHHOTO WHTEpBaJa JJIMHBI 3), KJIWKA BbIIEIsSETCS 2 pa3a. B pesyabrare mpej-
CTaBJISIETCSl 1e71eCO00PA3HBIM “MHUIMAIN3UPOBATE” (T.€., ONPEJEINTh) B MOMEHT BPEMEHH T3
KUKy Q3 : {S3, 55,56} (omenku BepmmH pasubl 1). Ciiegyer oTMeTuTh, YTO yKa3aHHOE TIpa-
BUJIO UCIIOJIB3YETCsl TAKXKe KaK “NPABUJIO MOJJIEPXKKH/conpoBox aenust Tpaccel”. Ilocse sroro
BO3MOKHO TMOJJIEPKUBATH BBIJIEJEHHYIO CTPYKTYPY KaK HeKoe coObiTue (T.e., MpPOBEpPSATH ITO
NPABUJIO B KAXKJIbIil JUCKPETHBIHi MOMEHT BPEMEHH, HAPUMED: T4, Ts ).

3adana 5. OdeBusHO, UTO /1A “paspymieHns’ yKa3aHHOTo Bbime cobbitua (T.e., 105, 1o,
Téi,) HEOOXOIUMO “pas3pymuTh”’ KJIUKY (J3 B MOMEHT BPEMEHHU T3 32 CUET YJIYUIIeHUs COCTOSHUS
st S5 (wim sg) (r.e., ynydmenue onesku: 1 — 2 wim 1 — 3 wm 1 — 4).

5.6.5 O06cyxaeHne

Cueyer oTMeTuTh BarXKHOCTH CHCTEM OOpabOTKM Ha OCHOBE MOTOKOB JaHHbIX (data stream
systems) [64, 135, 510, 530|. Takue cucrembl UCIOJIB3YIOTCS BO MHOTMX [TPUJIOKEHUSIX, HAIPHU-
Mep: UHTerpalus JaHHBIX U 3HAHUH B HHGOPMAIMOHHBIX CHCTEMAaX, HHTerpanus WHHOPMAIUT
B CEHCOPHBIX CHCTEMaX, AHAJN3 U MOHUTOPWHT HAJIEYKHOCTH MPOMBIIIIEHHBIX CHCTEM.

Cpeu K/II0UEBBIX MAPaMETPOB TAKUX CHCTEM MOXKHO yKasarh cieiytomme: (1) umcio mo-
TOKOB (0/iMH, MHOT0); (2) TUIa JAHHBIX, HAPUMED: 3HAYEHUsI (JIBOMYHbIE, OPSIKOBBIE U JIP.),
cTpyKTYphI (rpadsl, oTHONIIEHNS TpeanoYTeHuii); (3) pasmep BpeMEHHOTO OKHA (T.e., YUCJIO MO~
CJIE/IOBATEJIbHBIX BPEMEHHBIX MOMEHTOB, KOTOPbIE AHAJIM3UPYIOTCS COBMECTHO). YNPOIIEHHASs
THUIIOJIOTHsI TAKAX CHCTEM MOXKeT BBIIIsAeTh Tak [221, 395, 510, 530):

(a) crarnueckuit ciyqait ajist m noToKoB (streams): (i) uaTerpanust 3HadeHuit, MeTo1bl 06pa-
BOTKH: rECTOrpaMMBbl, IPABUJIO “k u3 m”, Meropl Juarnoctuky; (i) arperanust crpykryp (riasa
7), MeTonbl 06pabOTKM (IPUHSTHE DeNleHnil, TeXHOJOTHsl 3HaHWH, 06paboTKa M300pakeHmil):
MOCTPOEHNE MaKCHMAJIBHBIX MOJACTPYKTYD (KOHCEHCYC, MeIMaHa), MOCTPOeHne MHHUMAIBHBIX

HaIACTPYKTYD;
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(6) muHamuyeckuit ciaydaii (OJMH IIOTOK, OKHO JIJIsi 12 BDEMEHHBIX MOMEHTOB); METO/bl 00pa-
O60TKu: paBuJIo “k U3 m”, UHTErpalus MOC/Ie0BaTe/IbHOCTEH n300parkeHuil, BbljieJieHIE CTPYK-
TYpP B BPEMEHHBIX IOcJenoBaTebHOCTSX rpados |73, 135, 510);

(B) KOMOMHMPOBAHHBIH TUHAMAYECKHI CIy9aii (17 TOTOKOB U OKHO JJIsI 1 BDEMEHHBIX MOMEH-
TOB); COCTABHbIE METOJbI 0OPAOOTKH (HAPUMED, JMHAMUYECKOE IIPUHSITHE DEIIeHuii Ha OCHOBE
nporeccoB MapkoBa, JuHaMuYeCKue ceTn npuHsaTHs pemtenuit) [73, 89, 106, 107, 153).

B citydae (B) BO3MOXKHBI TPH CTPATErHU:

cmpameeus 1: (1) MHTErpanus JAHHBIX JJIs KaXKJIOTO MOTOKA B PAMKaX BPEMEHHOIO OKHA
(cyuait 6), (ii) “cymmupoBanue” pe3yIbTaToOB JJIs M MOTOKOB (CJydail a);

cmpamezus 2: (1) “cymvmupoBanue” JaHHBIX M IIOTOKOB ISl KazKJOI0 MOMEHTa BPEMeHH
(catyuait a), (ii) nHTerpanus pe3yJabraToB B pAMKaX BPeMEHHOro OkHa (cJydvaii 6);

cmpamezus 3: KOMOMHUDOBAHHASI CXEMa.

Paccmorpennas cxema peanusyer cmpamezuto 2: (1) uarerpanus rpadoB B KaxKIblil MOMEHT
BPEMEHU C BBIJEJIeHHEeM KJIUKA (MU KBa3u-KJaukH), (i) ucmosnb3oBanue mpasuia “k u3z m”.

5.7 BhBIBOOBI K TJIaBe

OrnucaHHbBIE B IVIaBe IOIXOBI K BBIIEJEHUIO CHCTEMHBIX Y3KUX MECT MOYKHO PAcCMaTpUBATh KaK
IPeIBAPUTEIHHYIO CTAANIO AHATIN3A U HOBOTO TPOEKTHPOBAHUS ([IEPEPOEKTHPOBAHNS ) PA3JIINY-
HBIX MOJY/IbHBIX cucteM. C Apyroil CTOPOHBI, PACCMOTDEHHBIE TOAXOIbI K BBIIEJIEHUIO Y3KUX
MeCT 04eHb OJIM3KHU K TPOIE/ypaM TeCTHPOBaHUsl cucreM (Hampumep, MHOrO-byHKIIMOHAIBHOE
rectupoBanue cucrem [360, 378]). IlpencraBiisiercst BayKHBIM yKa3aTh BO3MOXKHbIE HAITPABJICHUST
uccaeIoBaHuil B Oy IymieM:

1. muccnenoBaHNe MHOTO-CTAIMHHBIX U KOMIIJIEKCHBIX CXEM BBIJIEJIEHHS] CHCTEMHBIX Y3KHX
MeCT;

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

3. NONOJTHUTEIbHBIE MCCJIEJJOBAHNS BbIJIEJIEHUST Y3KUX METC B CETEBBIX CHCTEMAX;

4. y4eT HeollpeJleJIeHHOCTH.



I'maBa 6

CxeMbl yJaydlieHusl CUCTeM

B nannoii rnase ! npuBeeno onmcanue MOAXOA0B K YJIydNICHUIO / PACIIUPEHHUIO NePAPXAYECKHUX
MOJYJIbHBIX cucTeM. CTparerny yJrydileHus /paciiipeHnst CUCTEM PACCMATPUBAIOTCS KaK JIeif-
crBust (aKIWu, Olepanuu) JABYX TUHOB: (a) yJydllleHHe CUCTEMHBIX KOMIIOHEHTOB ¥ /WM UX
B3anMocBsizeii, (6) MoauduKaIysi CTPyKTYpPbl CHCTEMBI.

6.1 IIpeaBapureiibHbIE CBeJeHUS

B nocieane necsatusieTisi akTyaabHOCTh epenpoeKTHpoBanust (yiydrienusi, OOHOBJIEHUsI) CH-
crem [332, 334, 342, 349, 365, 377, 444].

TparZLHL[HOHHbIe IoAX0oAdbl K I‘eHepa]_LI/II/I HOBBIX HpoeKTHbIX pemeHI/II'/’I OCHOBBIBAXTCA HA MO-
JubuKaIK / yIyqIieHud CyIecTByomeil cucremsl (mpoaykra) [149]. Hacto B kauecTBe 6a30-

BOT'O DeIlleHusl Jjisi MOAUMDUKAINY UCTIOIB3YETCs OJIHA CYIIECTBYIONMAs cucreMa (MU IMPOIYKT)
[334, 342, 344, 349, 350, 389, 392] (Puc. 6.1):

Hexodnan cucmema(v) = Ilpouece yaywwenus = Yaywwennas cucmema(n) .

IIporecc Hogas
MonuduKanuu —»( yIIy dIIeHHAS
(ymygimenus) cucTeMa

Puc. 6.1. Mogudukanust /yrydiienne CUuCTeMbI

Cymecr-
BYIOIIAS
cucTeMa

CucremMHbIe TOAXOABI K YIYYIIEHAIO MOI'YT PACCMATPUBATBCSA KaK CJIeLyOIIHe:

(a) yayuienue CHCTEMHBIX KOMIOHEHTOB ¥ /MJIM WX B3aUMOCBSI3€ii,

(6) yuryuinenue/pacimupesne CTPyKTYpPbl CHCTEMBI,

(B) paciupenue cUCTEMbI B BHJE TPOEKTHPOBAHUS JIONOJHUTEIHHON 4acTH,

(r) KOMOUHUPOBAHHOE yJydllleHne / DACIINPEHUE CHCTEMBI.

Ha Puc. 6.2 npejacrasiiena uiiocTpalust 0OIIEro MOAX0[4a K PACIIUPEHUI0 CUCTEMBI.

! MaTepuaJs TIaBLI OCHOBAH Ha, TyOIMKAITMIX:
(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: ,HOHOJIHI/ITGJ'H)H&H YaCTh CUCTEMBI:
CprKTypa, KOMHOHeHTI)I, CprKTypa, KOMHOHeHTbI,
CBA3U KOMIIOHEHTOB CBA3W KOMIIOHEHTOB

Puc. 6.2. Cucrema u J0mOTHUTE/IbHAS 9aCTh [349)

Ha Puc. 6.3 mpecrasyienst o0imue JAeficTBUs MO YJIy9IIEHUIO/ DA3BATUIO CUCTEMBI:

(i) ynyumenue 6a30BOil CHCTEMBI,

(ii) pacimmpenne Ha OCHOBE ITPOEKTHPOBAHMUSI JOTIOJHUTEIBHON YaCTH CHCTEMBI,

(iii) koopauHAIMS yy4dmenus 6a30B0ii CHCTEMbI U IIPOEKTHPOBAHUS JOMOJHATEBHON 4aCTH
CHCTEMBI.

(ynqueHHe /PACIIPEHNEe CUCTEMbL )

Hyﬂqueﬂne cucremMbr: 6a30Bast CI/ICTeMa”

CucreMHbIe Bszaumo-| |CTpykTypa
KOMIIOHEHTB] |CBA3H CHCTEMBI

Vnyuaieq |Ho- | |Yaydmed [Ho- | | Yoy dmed
HUE BBI | |HUE BBIN | |HUE

HPaCHII/IpeHI/Ie CUCTEMBI: JOIIOJIHUTEJIbHAA 9aCTh CI/ICTBMBIH

CTpykTy-| |Komnonenrsi| | Bzaumo-| | Koopaunamus ¢
pa CBSI3U 0a30B0Ii CUCTEMOI

Puc. 6.3. [elicTBust 0 yjy4iieHuio cucrems [349]

MHOKEeCTBO OCHOBHBIX J€HCTBUl 1O YJIyYIIEHUIO/ DACITUPEHNIO CUCTEMBI BKJIIOUAET CJIEJTY-
IOIIe OIepaIin:

(a) y/ydieHre CUCTEMHBIX KOMIIOHEHTOB (HAIPUMED, YJIYYIIeHHe CHCTEMHOTO KOMIIOHEHTA,
3aMeHa CHCTeMHOTO KOMIIOHEHTA);

(6) yayuienue cBs3ell MeXK/y CHCTEMHBIMH KOMIIOHEHTaMU (COBMECTHMOCT);

(B) COBMECTHOE YJIy4YIlleHnEe CUCTEMHBIX KOMIIOHEHTOB U MX CBH3eﬁ;

(r) yrydmenue cTPyKTYPBI CHCTEMBI (3aMEHA YACTU CHCTEMBbI, J100ABIEHHE YACTH CHCTEMBI,
yaJeHne 9aCTH CUCTEMbI, MOIUMUKAIUSA CTPYKTYPbI CHCTEMBI).

Crparerun ysydrienus /paciimpeHusi CHCTEMbl OCHOBBIBAIOTCSI Ha BHIOOPE ¥ /MM KOMIIO3U-
[UU YJIyYIHAONUX JIeHCTBU, yKA3aHHBIX BBINIE. DTH CTPATETnd OAZMPYIOTCS HA MOJIEJISIX KOM-
OUHATOPHO} onTuMM3amuu (B YaCTHOCTH, MHOTOKDUTEPHAJBHBIN BHIOOD, 3a7ada O PIOK3akKe,
3a/a4a OJOYHOTO PIOK3aKa, KOMOMHATOPHBINA CHHTE3 Ha OCHOBe MOPQOJOTHIECKON KIUKH, 3a-
Jlava HA3HAYEHUs WM pa3MeIleHHMsl, mepekpacka rpada, 3a1a4m o TMOKPHITHH, 33/a49a BhIOOPA
HOBBIX “ropsiumx” cBsi3eil - hotlink assignment) [74, 86, 205, 288, 305, 306, 347, 484].

6.2 TunoBble cUTyaluy yJIy4lll€eHUs CUCTEMbI

6.2.1 DBa3oBble cuTyanum yJaydIlIeHUs CUCTEM

OcHoBHag CUTyallud yJay4dlIieHnud CUCTeM IIpeCTaBJIEHa Ha Puc. 6.4 (O,ZLHa HCXOJHad CUCTEeMa U
OJHa Pe3YyJIbTUPYIOI[ad-y/JIYYIIeHHaA CI/ICTeMa). HpI/I 9TOM MO2KHO BbIAEJUTH CJCAYIOIIHUE CIIe-
OUuaJIbHbIE CJIy4Yau:
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Cneyuarvholi cayvat 1. Yiydimenue KoMIoHeHTOB cucrembl: (1.1) ysydrienne cucrem-
HBIX KOMIOHEHTOB, (1.2) ysydienue B3anMOCBst3eit CHCTEMHBIX KOMOIIHEHTOB (COBMECTHMOCTH ),
(1.3) coBMecTHOE yIIydIlleHHe CHCTEMHBIX JIEMEHTOB W UX COBMECTHMOCTH.

Cneyuarvholi caywat 2. Yiaydnienue B Buje MoOAudUKAIUM CTPYKTYpbl cucTeMmbl: (2.1)
pacCIIUpeHue CTPYKTYpPbl cUCTeMbl (T.e., J00aBI€HHE YACTH CTPYKTYpPbI cucTeMbi), (2.2) Mmo-
JquUKAIsT CTPYKTYPhl CHCTEMBl B BUJIE YAAJEHUs] YaCTH CTPYKTYPbI cucreMbl, (2.3) Momu-
dbukanusa cTpykTypsl cucreMsl (Tpancdopmanus, 100aBIeHEe,VIATEHAE SJEMEHTOB, J00aBie-
HUe/yageHne cBsi3eil 371eMeHToB), (2.4) coBMecTHBIH cirydail (T.e., yaaJenne 4acTd CTPYKTYPBI
CHCTeMBI U JI0OABIEHHE YaCTH CTPYKTYPBI CHCTEMbI, MOAUMDHUKAINS CTPYKTYPHI CHCTEMBI).

Cneyuasvhviti cayvatd 3. Pacimupenue cucTeMbl B BHJE IPOEKTUPOBAHUS JIOMOJTHUTEIHHOM
9ACTH CUCTEMBI (T.€., IONOJIHATEIbHAS YACTh CUCTEMBI U JOTIOJTHUTE/IbHBIE SJIEMEHThI CHCTEMBI ).

Cneyuasvhvit caywat 4. KomOuHANUS yKa3aHHBIX BBIIIE CIyYAEB.

ynyé{meHI/Ie Pesynprupyiomast
Ucxonpasa }— (KOl\f MHATOP- YTy dIeHHAas
cucrema HbIil CHHTE3) cucrema

! f

Buigenenne Yay4amarorue
y3KuUX |— Olepanuu
MeCT

Puc. 6.4. OcHoBHOe cucremHoe yiayurienue [334, 342, 349|

C obieit TOYKM 3peHusi, MPOLUECCHl YJIydieHusi /MOIu(MUKAIMA CUCTEM OCHOBBIBAIOTCS HA
Tpex Tunax jgeiicteuit [334, 342, 349:
(i) ynyumenue (Momudukanusi, 0GHOBJIEHNE, JOMOTHEHIE) KOMIIOHEHTA CHCTEMBI,
(ii) ysydrreHne COBMECTUMOCTH KOMIIOHEHTOB CHCTEMBI,
(iii) 3MeHeHNe CTPYKTYPhl CUCTEMBI.
MoKHO TIPHBECTH HEKOTOPBIE MPUMEPHI YJIYUIIeHUsT MOIYIbHBIX CHCTEM:
(a) 3manmwe [342, 377],
) nadopmManuonHas cucreMa 334,
B) 4eJIOBeKO-MallnHHas cucrema [342, 339),
) IPOTOKOJIbI CBS3M UM CTAHIAPTHI nepeaadn undopmanuu [368, 382,
J1) cucTeMa yIpaBJieHus yMHBIME goMamu [367, 390),
(e) ceru cBsizu [349, 389).
Broiesienue y3kux MecT B CHCTEME MOXKET PacCMaTpUBATHCS KaK IpejBapuTe/ibHas ¢asza.
Ha Puc. 6.5 npejcraBiieH WITIOCTPATHBHBIHA MPUMEp /IS POIECCa YIIy YIleHne CHCTEMbI Ha
OCHOBE KOMIIOHEHTOB cucTeMbl: S = S° (X = Xy, 7, = Z3).

MopdoJorus Hcxonnas cucrema ViydinenHasi Cucrema
CUCTEMBbI S :Xl*Yl*Zl Sb:XQ*Yl*Zg
Y 7
Z1 Yl
A Xo
Z1 Z3

Puc. 6.5. Yayumenust cucremsl (10 KOMIIOHEHTAM )

PaCHII/IpeHI/Ie CUCTEMBI 3aKJ/JI0Ya€TCA B IMIPOECKTUPDOBaAHUN ,ZLOHOJIHI/ITQ.HI)HOfI JaCTH CHUCTEMBI.
B,ZLGCI) MOTyT OBITD INPpUMEHEHBI TPU OCHOBHBIE CTPATETrUU:
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I. Hesasucumoe (pazdesvroe) npoexmuposanue. IIpoekTupoBanue JONOJHUTEIBHON YacTH
CUCTEMBI. B pe3yJjibTrare, HOBad CUCTEMa BKJIIOYa€T JBE€ 4YaCTU (T.e., UCxXoJHad 4aCTb U JOIIOJI-
HUTEeJbHAs 9acTh).

I1. Obobuennviti Hosoe npoekmuposanue. IIpoekTupoBanue HOBO “0000MEHHON CHCTEMBI,
KOTOpAasl BKJIIOYAET UCXOAHYIO YaCTh U JOINOJHUTEJbHYIO YacTh (MHTErPUPOBAHHOE MPOEKTHPO-
BaHHUE).

II1. Pasdeavroe npoexmuposarnue ¢ koopdurayuet. IIpoekTupoBaHue JI0NOTHUTEJIHHON Ya-
CTH CHCTEMBbI, MOAMMDUKAIIAS MCXOAHON YaCTU W KOODJMHAIMSI MCXOAHOW W JIOMOJIHUTEJIHbHON
YaCTu CUCTEMBI.

6.2.2 OcHOBHBIE CUTyaIlUN YJYUIIeHUd 1 KOMOMHATOPHBIE 331291

Tabuna 6.1 comepXKUT CIUCOK OCHOBHBIX MOIXOJ0B ¥ COOTBETCTBYIONTUX 33784 KOMOMHATOPHOR
ONTUMU3AIMHA JIJIT PACMATPUBAEMBIX cuTyanuil yayumenus cucrem (Puc. 6.4).

Tabsmma 6.1. Curyanuu yaydineHusi CHCTEM, 3aJa91 ¥ MOJIEIN

Tuner yaydmenus IToaxonbr Banaau/Monenm Hcrounuku
crucTeM

Cayuait 1 (ynyumenue
KOMIIOHEHTOB CHUCTEMBI):

(1.1) ymyamrenue 3amena, mepe- 3a1a4u PIOK3aIHOTO 332, 334, 339
3JIEMEHTOB CUCTEeMBbI TPOEKTUPOBaHUE TUIIA, MMMH, 342, 347 356
nasuauenue/pasmentenne, |[367, 3891
nepekpacka rpada
(1.2) ymyumenue coBmec- Bawmena, nepe- 3a1aum PIOK3a9HOTO [334, 342]
THMOCTH 3JIEMEHTOB NPOEKTUPOBAHNE tuna, UMMII,
Ha3HauYeHNe /pa3MelneHne
(1.3) coBmecrroe yayumenue | Komburuposarasie | CocTaBHBIE CXeMBI, 334, 342, 347]
3JIEMEHTOB CUCTEMBbI II0AXO00bL nepeKpackKa rpa(ba, 3561
W UX COBMECTUMOCTH NMMII

Coy4ait 2 (momudukarms
CTPYKTYDbI CUCTEMbI):

(2.1) mobasnenue sacreit Jobasienue Bajadu prok3adHoro ruma, | |363, 389)]
CTPYKTYPbI CUCTEMBI NMMII, no6asnenue
rOpAYNX CBA3ei
(2.2) ynanenne acreit Ynanenue Bagaun prox3aanoro tuma, | 363
CTPYKTYPbI CUCTEMBI NUMMIIL
(2.3) momudukanus Jobasnenne, 3a1a91 NOKPHITHS, 15, 334, 350]
CTPYKTYPBbI CHCTEMBI y/IaJIeHne, 3aza4n prox3aunoro tuma, ||363, 391, 393|
arperanusi/ IMMII,
WHTerpaius, augmentation problem,

PECTPYKTYypHU3alus | PEONTUMU3ALUA

(2.4) coBmecTHBII coydait KombGuruposan- CocTaBHbBIE [363]
HbI€ II0XO0Abl CXeMBbI
Cayqait 3 (nobasieHue TpoexTuposanue | Cxembr npoektuposarus, | |349, 363]
9aCTH CHCTEMBI) 331241 PIOK3a4HOIO THIIA,
NMMII
Cayuait 4 (koMOuHAIMS Kombunuposan- Cxemsl u3 33134 [349, 363]
NpPEeIbITYIIUX CIyYaeR ) HBIE TI0/IXO0/IbI

6.2.3 /lomosHUTEJbHbIE CUTYAIUU YJIYUYIIEHUS CUCTEM

[IpencraBrsiercst BayKHBIM yKa3aTh JONMOJHATEIbHbIE THIOBBIE CHTYAIUH YIYUIIEeHUS CHCTEM:
(a) arperanms: MOCTpOEHUe YIYIIIEHHONH CHCTEMBI KaK arperHpOBAaHUe HECKOJIHKAX MUCXOTHBIX
cucrem (Puc. 6.6, rmaBa 7), (6) mpoeKTHpOBaHMe MHOXKeCTBa yIydmeHHbX cucteM (Puc. 6.7),
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(B) coBMeCTHOE arpernpoBaHue U IPOEKTUPOBAHNE MHOXKeCTBA y/y4dinieHHbix cucreMm (Puc. 6.8).
B ciayuyae MHOroKpuTepuasbHBIX II0AX0A0B K IPOCKTUPOBAHUIO TIOCTPOEHUE MHOXKECTBA YJIy4d-
IIIEHHBIX CHCTEM MOYKEeT OBITh OCHOBAHO Ha MoJiyueHun IlapeTo-3¢pdeKTUBHBIX peleHnii, KOTo-
pble MOTYT PACCMaTPUBATHCS KaK MHOXKECTBO cucteM [334, 342, 347, 355].

Hcxonnas
cucrema 1

A Pesynbrupyromas
rperamus YIIy dIIeHHAST
cucTeMma,

Puc. 6.6. Yayumenne cucTeMbl KaK arperanus

/\\
Pesynbrupyromas
yiay4duienHada
cucrema 1
ITpoekTuposa-
Ucxonnas HUE MHOKECTBA, s
cucreMa YIIy4II€HHbIX /\\
CUCTEM PeByﬂbTprmmaH
yaydmeHHasa
cucrema m

Puc. 6.7. [IpoekTupoBanme MHOKECTBa CUCTEM

Pesynbprupyromast
YILy dIIeHHAS
cucrema 1

Pesynbrupyromas
YITy dIIeHHAST
cucrema m

Wcxonnas
cucrema 1

Arperanus u
[IPOEKTUPOBAHUE
YIAYy4IIeHHO’

CHUCTEMBbI

Puc. 6.8. Arperaiysi/IpoeKTHpOBaHNE MHOYXKECTBA CUCTEM

6.3 Iloaxoabl K OIleHKE U YJIyYIlIeHUI0 CUCTEM

6.3.1 KadecTBO CHCTEMBI U YJIyYIIIEHUE

[Tpomecc yyurienns COCTABHON (MOJLY/IbHOMN )CUCTEMBI 3aKJII0UAETCS B BBHIOOPE YTy UIIAIOIINX
JeficTBuit (onmepanumit) ¢ 1eabIo MOJIyueHus ToBbIenue obiei addexkTuBHOCTH (KavecTBa, CO-
BEPINEHCTBA) CHCTEMBI C YYE€TOM OOIMX OrPAHUYEHMIT HA CTOMMOCTD YJIydIIAIOIUX JAefCTBHIA.
Takum 0bOpa3om, peCcTaBasIeTCs BaXKHBIM PACCMATPUBATH CJIELYIOIIHE BOIIPOCHI:

(i) ouennBanne 3bGEKTUBHOCTH CUCTEMBI (B KA4eCTBe TTKAJbBI JIJIs OIEHUBAHUSI MOXKHO WC-
N0JIb30BaTh, HAPUMEpP, HEKOe “MpOCTPaHCTBO” KaK MIKaJa, MHOTOpa3MEpPHOe MPOCTPAHCTBO,
YACTUYHBIN OPSIIOK /PeIeTKa, )

(ii) BBIZEIEHUME Y3KUX MECT B CHCT€Me U TEeHEPAlldsl COOTBETCTBYIOMIUX YJIYUIIAIONUX JIeli-
CTBUI,

(iil) oneHMBaHMe Iy UNIAIOIMX JeHCTBHUIH (T.€. ©X CTOMMOCTD, TIOJIE3HOCTD), : (i.e., their costs
and “profit”),
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(iv) KoMOMHATOPHBIE 33/@4u yJIy4lieHus (HampuMep, MHOTOKPUTEPHAJbHBIH BHIGOD yiiyd-
MAONUX JIefCTBUi, 33/[a49¥ PIOK3a4HOTO THIIA, KOMOMHATOPHBINW CHHTE3 B BUJE BHIOOPA M KOM-
MO3UIHN YJIY YIIAIOIUX ;Lel‘/’ICTBI/II‘/’I).

OueBHIHO, YTO CHEIWAJIbHBIE MHOTOIIATOBBIE YIYUIIAONINE MPOIEAYPH MOTYT TaK¥Ke OBITh
HCIIOJIb30BaHBI.

MoKHO yIOMsIHYTh OCHOBHBIE MOJXO/IBI K OleHMBAHUIO 00Ieii sdbdexTuBHOCTH (KauecTsa,
coBepIIeHcTBa) cucTeM (raasa 3):

1. @yukuus nosesnocru [188, 288, 525].

2. Muorokpurepuajbaoe onucanue [288, 462, 484, 525].

3. llkasbl B Bujie yacruvanoro nopsiaka [334, 342, 356].

(3.1) nOpsiIKOBBIE IIKAJIBI Jjisi KOMIIOHEHTOB CHCTEM JIJIsl JJisi COBMECTHMOCTH KOMIIOHEHTOB;

(3.2) mopsiAKOBBIE TIKAJIBI JIJIsi KOMIIOHEHTOB CHCTEMBbI, MIKAJIa B BUJE YACTUIHOIO HOPsIIKA
JIJIsT COBMECTUMOCTH KOMIIOHEHTOB.

4. llkaapl B BUJEe YaCTUYHOTO TOPSIKA HA OCHOBE MHTEDPBAJbHBIX OIIEHOK B BHJE MYJIHTHU-
MHOXKeCTB [358].

(4.1) oneHKu B BUJE MYJbTHUMHOMKECTB JIJIi KOMIIOHEHTOB CHCTEMbI ¥ MOPSJIKOBBIE OIEHKH
JIJIsI COBMECTUMOCTU KOMIIOHEHTOB;

(4.2) oneHKY B BUJE MYJIBTUMHOMKECTB JJIs KOMIOHEHTOB CHCTEMbBI OIEHKH B BHJE MY/JIbTH-
MHOXKECTB JIJI COBMECTUMOCTH KOMIIOHEHTOB;

MoxkHO mpuBecTH WJLTIOCTPAIUU /I YKA3aHHBIX METO/OB U UX WCIOJIb30BAHUS IS YTy d-
IIIEHUST CUCTEM:

Merton 1: mkasa mis onenuBanue nosesnoctu (Puc. 6.9), ucxonnas cucrema S* rpancdop-
Mupyertcst B yirydmennyio cuctemy S°, sddextusrocTsh cucrembr oboznauena N (S) (N(S?)).

Metos 2: MHOrOKpHTepHaIbHBI cayuail (Ba KpuTepus), uieaabHas Touka ST, uerwipe
[Mapero-sddexrusubix pemenus (ST, S5, S5, ST) (Puc. 6.10), Tpu yaydimarommx npomnecca:

(i) ucxonuas cucrema S’ rpancdopmupyercs B [lapero-acdbdexruBHoe penrenne S5,

(ii) ucxomunast cucrema S’ Tpancdopmupyercs B ujeaibHoe perienue S,

(iii) [Tapero-acbdexrusnoe pemenue S; Tpancdopmupyercs B ujeaibHoe pemenue ST.

ITosre3noCcTH ITosre3nocTn .
CHCTOMBI CHOTOMBI Kpurepuit 1 Vayumenus W neanbnas
N(s?) / TouKa
N(S° — ®
— 5 . N(s1)
_— NAVAS N(SE) |
— meHue y |
N(S") N(S% P
N(S“) N(S“) ( 3) TN(S4)
(0) (0) (0,0) Kpurepwnit 2
Puc. 6.9. I1Ikaaa TOIe3HOCTH Pwuc. 6.10. MuorokputepunaabHOe ONHUCAHUE

MeTtoa 3: mKajbl KauecTBa B BUJE YACTUYHOTO MOPsijiKa (MM DENIeTOK) JJIs OIEHKU
kadecTBa cucreM (ciayuait 3.1) [334, 336, 342, 356]. 3mecy ucnoansyercas MMMII.

B npumepe paccmarpuBaercst Tpex-KoMIOHeHTHast cucrema S = X x Y + Z. Ucnoab3yoores
mkass: (1) mopsiakosasi mkasa Jyist seMenToB (npuopurerst) (1,2, 3], (ii) nopskoBast mkasa
Jist coBmectumoctu [1,2,3]. nst mannoro caydas Ha Puc. 6.11 mpejcrasieHa mkaja B BH-
Jle PeIleTKN KadeCTBa M ONEeHKU KavecTBa I KOMIOHEHTOB M Ha Puc. 6.12 mpencrasiieHa
WHTETrPUPOBAHHAS IKAJIA B BUJE YACTHYHOTO MOPSIKA C YIeTOM COBMECTUMOCTH KOMIIOHEHTOB
(KaxkapIit “TpeyroibHUK” COOTBETCTBYET 4acTHYHOMY HOpsiaky ¢ Puc. 6.11). D10 cayuat 3.1.

Puc. 6.11 u Puc. 6.12 njuiiocTpupyior yJ/iy4niaioiiue npoiecch:

Yaywwenue A: 1MKaga 9aCTHIHOTO MOPSIIKA 71T KadecTBa 31eMeHToB cucreMbl (Puc. 6.11),
ucxonHas cucreMa S (n(S?) = (0,2, 1)) TpancdopMupyeTcss B yIyUIIeHHYIO CUCTEMY (10 KOM-
nonentam) S° (n(S%) = (2,0, 1)).
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Vaywwenue B: wHTerpupoBaHHad INKaJja B BUJAE YaCTUYHOIO HOPSAIKA, JJIs 3JIEMEHTOB CH-
CTEMBI U UX COBMECTHMOCTH (IOPSIKOBAs IKAJIA UCIOJIb3YETCs [Ijisl OLEHOK COBMECTHMOCTH),
uneanbuasa Touka S’ Tpu Iapero-scdbdextusnbx pemenus (ST, S5, SY) (Puc. 6.12), Tpu npo-
necca yrIyqiieHus:

(a) ncxomuas cucrema S’ rpancdopmupyercs B [Tapero-adpdexrusnoe pemenne ST,
(6) ucxoanas cucrema S’ TpancdopMupyeTcs B HjeaabHoe pemenue ST,
(B) ITapero-3dpdexTusHoe pemenue S Tpancopmupyercs B ujgeasibHoe permenue S’

Vcmosb3yerca claeayomas IKaaa I KauecTBa CHCTeMBbI:

(i) mmeaspHast TOUKA;

(ii) [Tapero-3¢pdekTuBHBIE TOUKY;

(iii) Toukm, KoTOpHIE siByIsitOTCs coceauumu ¢ [Tapero-addexkruBabimu DAs (Hanpumep, co-
CTaBHOE PeIlleHre 3TOr0 MHOXKEeCTBO MOXKeT OBbITh TpaHcdopmupoBano B [lapero-adpdekTuBHy0
TOYKY Ha OCHOBE IIPOCTHIX Y/IYYINAIOIIUX ONepaIyii B BuIe MOAUMDUKAIMYE TOJLKO OIHOTO 3JIe-
MEHTa).

Creryer OTMETHTDb, YTO COBMECTHMOCTb KOMIOHEHTOB BekTopa N (S) Moxker paccmarpu-
BATHhCs TAK)Ke HA OCHOBE IIKAJbI 4aCTUYHOro mopsiaka (pemerku) (kak n(S)) [336, 342]. B
JIAHHOM CJIy4ae JUCKPETHOE MPOCTPAHCTBO KAYECTBA CHCTEMbl MMEET aHAJOTMYHBINA BUJ (pe-
IIeTKA).

N neanbuas
<3,0,0 > TOUKA

| TL(Sb)

<2,1,0 >
N neann-
‘ Hast N(S

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

] G

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

| (st

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

I— \ N(5")

<0,1,2> n(5%)
| Hawnxymmas w=2
< 0,0,3 > pouxa w=1
Puc. 6.11. Kauecrso no n(S) Puc. 6.12. Kauecrso no N(5)

Metopn 4: Anasnorndnast 061aCTh Ha OCHOBE YACTHYHOTO TIOPSIIKA JIJIsT ONEHWBAHUS (MHTEP-
BaJIbHbIE OIEHKH B BHJE MYJbTUMHOXKeCTB) DAS ¥/miam MX COBMECTHMOCTH OBLIA MPEJIOKEHA
B [358| (rnaBa 4).

Takoit ciydail ONEHUBAHWSI CHUCTEMBI MOXKET OBITh HCIOJIB30BAH B IIPEIBIAYINEM METOE 3.
C apyroit CTOPOHBI, STOT MOAXOJ, K OIEHUBAHWIO CHCTEMbI SIBJISI€TCSl KpailHe MOJIE3HBIM JIJIsI
YJIydIlIeHHsl 110 KOMIIOHEHTAM ¥ JJIsl paciiuperust cucreMbl. [Ipu 5T0M, 001I1asi ONEHKA CHCTEMBI
pPacCMaTPUBAETCsI HA OCHOBE CJIEYIONIUX IIOXO/0B K arperaliii HHTePBAJbHBIX OIEHKO KOMIIO-
HEHTOB cucTeMbl [358]: (a) HHTEprupoBaHHAs MHTEDPBAJbHAS OLNEHKA B BUJIE MYJIbTUMHOMKECTB,
(6) MenuaHHAsI HHTEPBAJIbHAS OIEHKA B BHUJE MY/JIbTUMHOKECTB.

Ha Puc. 6.13 npe/cras/ied npuMep TaKOro THIA TpaHCHOPMAIMu cUcTeMbl (peKoHdUrypa-
nuu): (a) 3amena kommnonenra: X; => X, (0) yaasenue xommonenra: Z;, (B) mobasieHue
aByx-komionenTHo# yactu UxV'. Ha Puc. 6.13 unTepBajibHbIe OIIEHKHU B BU/I€ MYJIbTUMHOXKECTB
JIUIST KOMIIOHEHTOB CHCTEMBI W IS KAUeCTBa CHCTEMbI W300parkKeHbl B KPYIJIBIX CKOOKax. Me-
JINaHHAsT WHTEPBAJIbHAST ONEHKA B BUJE MYJbTMMHOYKECTB HCIOJb3YeTCs NI ONEHUBAHUS JIJIsi
Ka4eCTBA CHCTEMBI.
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Sa Xl*Yl*Zl(lll) Sb

LI

:XQ*Yi*Ul*Vl(l 2 0)

S

Y1(1,1,1) U1(1,2,0) V41(3,0,0)
X>(1,2,0)

Puc. 6.13. Yiyumenusi cucrembl (10 KOMIIOHEHTAM, 110 PACTITMPEHUIO)

X1(0,2,1) Yi(1,1,1) Z1(1,2,0

6.3.2 O peonTuMm3aIAN

[TocsiegHIE HECKOBKO JIeT “peONTUMHU3AINST’ CTaIa HCCAeI0BATHLCI KaK CIeNNaJbHbIM KIacc 3a-
Jlad KOMOMHATOPHON ONTUMU3AIMH Jjisl Psiia u3BeCTHHIX 33134 (Tabuauna 6.2). DopMyaupoBka
3a/1a4YU PEONITUMU3AINNA UMeeT CJeLYyIOIHil BUI;

Jlano: (i) mpumep KOMOMHATODHOI 3a1aun Ha rpade ¥ COOTBETCTBYIONIEE ONTUMAJIBLHOE
pemenne, (ii) Hekne “masbie” wamenenus (perturbations) some “small” perturbations (r.e., mo-
mudukanum) 9Toro npumepa (HampuMep, 100aBJIeHNe BEPIIUHBI, YAAJEHHE BEPIITHHBI).

Bonpoc: B03MO0XKHO BBIYHCIATH HOBOE XOpOIIee (ONTHMAJbHOE WM MOYTH-ONTHMAIbHOE)
peltieHne ¢ orpaHndYeHueM Ha “pasmep”’ MoauduKaud !

Tabmuna 6.2. VccmemoBaHus peonTUMA3AIAN

3ama4a KOMOMHATOPHON OLTUMU3AIUI VcTounuku

1.3ama9a MUHUMAJIBHOTO TIOKPBIBAIOIIETO EPEBA, 97]

2.3a1291 KOMMUBOSIZKEPA 57 60]
3.3aaum MuHIManbHOTO nepesa [lTeitnepa 86, 179
4.33713491 0 TOKPBITHI 87
5.3a1a49a IOCTPOEHMsT KpaTJaiiiieil oomei 88

HaIIOCJIEIOBATETLHOCTH

O630p BONPOCOB CJOXKHOCTH JJisl 33/7a4 PeonTUMu3aiuu cogepkurcst B [92]. B ocHOBHOM,
9T 3aJ]a4u OTHOCATCS K Kjaccy NP-TpyaHbIX 3aja4d u Jjisi HUX [PEeJJIaraloTcs Pas/ImvyHbIe
MPUOJTMKEHHBIE AJITOPUTMBI.

Jpyroit monxon k Momudukanuu B 00J1aCTH 33739 KOMOMHATOPHON ONTUMU3AIUU B BUJE
“pecrpykrypusanun” O6bu1 npemioked B [350]. JaHubIA 1104X01 COOTBETCTBYET MHOIMM IPH-
KJIAJHBIM 33J/[a4aM IIePelPOeKTUPOBAHUS B CYIIECTBYIONUX MOJY/bHBIX cucremax. IIpormecc
pecTpykTypu3anuu uiuocrpupyercs va Puc. 6.14 [350].

TpeboBanus H
(B MOMeHT T )

!

3amaga
ONTHMU3AIAH
(B MOMeHT T )

Pectpykrypusa-
ms: St = S*
C y4erom:
(i) S* 6aum3o0k
K S2,
(ii) namenenwve
Sls S*
- “nemeno”

TpeboBanms
(B MOMEHT T3)

!

3amaga
ONTHMU3AIAH
(B MOMEHT T3)

I0 I7_1

TIQ t

Puc. 6.14. IIponecc pecrpykrypusanuu [350]

31ech MoaudUKaIMsT OCHOBBIBALTCS Ha CIEAYIONEM: BKIIOUeHNE/ yIaJeHIe 9IeMeHTOB (31e-
MEHTOB, y3JI0B/BEDIIHH, IyT) U U3MEHeHHsl CTPYKTYphl. PaccMaTpuBaioTcs 1Be XapaKTepUCTH-
KH IPOIECCA PECTPYKTYpU3anuu: (1) CTOMMOCTD PECTPYKTYPU3AIUH PelleHus] HCXOMHO 3a1a9u
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(T.e., croumocTb 0T06paHHbIX MoauduKanumii), (i) 6JM30CTh MOTYIEHHOIO PECTPYKTYPU30BAH-
HOT'O PEIIEHM K LEJIEBOMY PEHICHHUIO.

PaccmarpuBaemblit THI 337149 COOTBETCTBYET 3ajadaM MePeNpOeKTHPOBaHUs (yIydIIeHus,
OOHOBJIEHHST) MOAY/JIBHBIX CHCTEM ¥ TaKas CUTYAIWsl MOXKeT ObITh BCTpeYeHa B KOMILIEKCHBIM
IPOIPAMMHBIX CUCTEMaX, aJITOPUTMUYECKUX CUCTEMAX, CETIX CBA3U, KOMIILIOTEPHBIX CeTIX, MH-
dbopmanyonHbIX cucTEMaX, IPOU3BOJICTBEHHBIX CHCTEMAaX, CTPOMTEIbHBIX KOHCTPYKIuUAX [349,
350).

CoOTBETCTBYIOIASA ONTUMU3AIMOHHAA 33/1a9a PEIIaeTcd JJIsd JIBYX MOMEHTOB BPEMEHU: T U
Ty 115 noaydenns pemenuit S u S?. ccaenyemas 3a/aua peCTPYKTypU3aIiK 3aKII049aeTcd B
“nemesoit” Tpancdopmarmn pemenus S’ B pemenue to S*, KOTOpoe SBJISETCS OYEHb OIN3KIM K
S2. B paGote [350], naunblii 10/1X0/ K PECTPYKTYPU3ALMU ONUCAH U UJIIOCTPUPOBAH Jils CJle-
JIYIOIIKX 33,129 KOMOMHATOPHON ONTUMU3AIMK: 3312498 0 PIOK3aKe, 3a/a4a 0JI09HOr0 PIOK3aKa,
33/1a4a O HA3HAYEHUH, 33/1a4l IOKPBIBAIOIIUX JIePEBbEB.

Ha Puc. 6.15 npejcrasiena 3aga4a pectpykrypusanuu [350].

“KauecTBo”

ITosyuennoe
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 ONTHMHU3AIME C PEIIeHHe B BHIE CTPYKTYphl S (T.e.,
IIOJIMHOKECTBO, rpad), €2 - HCXoHbIe JaHHbIE (3JIEMEHTHI, TaApAMeTpPhl 3J1eMeHTOB 1 1p.), f(P)
- mesieBast pyukuus(un). Takum obpasom, S(€2) - pemmenue 1yis ucxomubix naHubx €2, f(S(Q))
- coorBeTcTByOIas 1esaeBas dynkius. OGO3HAYMM UCXOJHBIE JAHHBIE HA MCXOAHOH CTAIuu
QL F(S(92Y)) - coorBercrBylomas nenesas dynknus, ()? - HCXO/HbIE JAaHHbIE HA CJeLyromeil
craguu, f(S(Q?)) - cooTBeTCTBYIOAs TeTeBas MYHKIHUS.

Cnenyromue pemenust MOryT OmITh pacemorpensr: (a) ST = S(QY) ¢ f(S(Q') u  (6)
5?2 = S(02) ¢ f(S(9?)). MoKHO TaK:Ke WCCIe0BaTh IeHy TpaHCchOPMAIUi OJHOTO pPeIleHus B
apyroe: H(S® — SP). Tlycrs p(S®, SP) - 6mmsocts (moxoxects) mexry pemennsvu S u SP)
nanpumep: p(S®, S%) = |f(S%) — f(SP)|. Crenyer ormeruts, uro byukuus f(S) sapnsercs Bek-
TopHoii dynkmeil. B pesyasrare nosyuaercs ciepyomas 3a1a4a pectpykrypusanun (6a3osast
BepCHsi):

Hatimu pewenue S* ¢ yuemom caedyrowe2o :
(i) H(S' — S*) — min, (ii) p(5*, S?) — min (uau oeparnuuenue ).

Taxum 06pa3oM, 6a30Bas ONTUMHAZAIUOHHAS MOJIETb MOXKET PACCMATPUBATLCS TaK:
min p(S*,5%) s.t. H(S' — S*) < h,

rjie h OrpaHMYeHHe Jisl LeHbl N3MEHEHUs! PelIeHNsl.

@yukius 6uzoctu  p(S*, S?) Moxker GbITh paccMOTpeHa Kak BeKTOpHas (byHKIus (aHa-
JIOTUYHO, JJIST IIeHbl W3MEeHEHUsl PeIleHns1). DTa 3a7ada MOMXKeET ObITh pacIIMpeHa Ha CJIydail
MHOTOKDPHUTEPHUAIBHON MOCTAHOBKY 33249l PECTPYKTYPU3ANUH (B STOM CJIydae MPOBOTUTCS MO~
nck [lapero-3¢dbekTuBHBIX perenmii).
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6.4 VYaydmieHue 1mo CUCTEMHBIM KOMIOHEHTaM

6.4.1 DBas3oBag cxema

y.HyLIHleHI/Ie CHUCTEM Ha OCHOBE€ KOMIIOHEHTOB OCHOBAHO Ha YJIYYIII€CHUN I/I/I/I.TII/I 3aMEH€ CUCTEMHDBIX
KOMIIOHeHTOB. ba3zoBasg cxema AJId YKa3aHHOT'O TUIla YJAYUYIIECHUA UMEeEeT BUJL:

Cmadus 1. Beijesienue MHOYKECTBA CUCTEMHBIX Y3KUX MECT.

Cmadus 2. Tenepanust yaydmaomux jgeiicteuii (T.e., ynyumenune DA, yiaydinenue cBs3eit
Mexkay DAS) u ux oneHuBaHue.

Cmadus 3. DopMmyIupoBKa 3aJadd yIydIleHdusl CUCTEMbI KaK 3a/a49¥ KOMOMHATOPHOM OII-
TUMU3AIUNA B BUJIE Bb16opa/ KOMOMHAIIMK YJIYYIIAONUX AefcTBUM (OHepaHHﬁ) (MO,ZLG.HI)Z 3312494
60uHOTO prok3aka uiam Merox IMMII s yuera cBsizeit MexKay yiIydIIaiOAME OEPAIUSIMA).

Cmadusa 4. Perenue 3amauu yIydIneHnus] CUCTEMBI.

[Tpumep KOMOMHATOPHOTO CUHTE3a JIJIsi COCTABHON HSITU-KOMIIOHEHTHOW CHCTEMbI TTPEJICTaB-
sien Ha Puc. 6.16. 3nech ucnoan3yerca UMMIIL. I[lopsakosoe kadectBo DAs mpeacraBieHo Ha
Puc. 6.16 B kpyruibix ckobkax (mkasna [1,2,3,4]). Tabauna 6.3 cOmepKUT MOPSIIKOBbIE ONEHKH
coBmectumoctu (mkama [0, 3]).

S=XxYxZxUxV
SlzXQ*Yi*ZQ*Ul*‘/Q
SQZXQ*Yl*Zg*UQ*‘/Q

L N P G
Xi(3) vi(1)  Zi(4)  Ui(l) V(4
Xa2(2)  Ya(3)  Zx(1)  Ux(2)  Va(2)
Z5(3)  Us(4)  V3(3)
Puc. 6.16. ITpumep cucremsbr

Umerorest 1Ba pesysbrupyomux cocraBubix [lapero-addexruubix 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 % Z3x Uy x Vo, N(S53) = (3;2,2,1,0).

Tabnuna 6.4 comep:KuUT y3KHe MecTa W yjaydinatoiue neiicrsusi. /lajee MOXKHO paccMoOT-

peTh KOMOWMHATOPHBIM CHHTE3 /I MPOEKTHPOBAHUS ILJIAHA CUCTEMHOTO YJIVUIIEeHUs Ha OCHOBE
YKa3aHHBIX y/IydIaiomux geiicteuii (3a1aua 6109HOr0 prok3aka uiu VIMMIT).

PaccmarpuBaercst mporeaypa yirydiieHus Ha OCHOBE 331291 OJI09HOTO PIOK3aKa, st Sa. JTO
MPeIIoIaraeT COBMECTHMbIe yJrydriatoriue aeiicrBusi. Tabsmia 6.5 comep:KuT yiydIiaionme
,ZLeﬁCTBI/Iﬂ 1 X WJIJIIOCTPpATUBHBIE TTOPAAKOBbBIE OIIEHKU.

CooTBeTcTByIOIMasa 3aa4a 0JJOYHOTO PIOK3aKa UMEET BUI:

maXZZcZ]xU s.t. ZZamxm<b me_l Vi=1,4, z;; €{0,1}.

i=1j5=1 i=175=1

OueBugHO, ¢1 = 2, o = 3, g3 = 2, q4 = 2.
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N neann-
HasA
Tabsmmma 6.3. CoBMecTUMOCTD roTKa
Yi[Ya| 21| 22| 25|00 |U:|Us |2 V2 [V
X1133232330332 P
X2133333332331
Y 333332331
Y, 333321322
A 310311
Zy 302331
Z3 230331
Ur 310 w =2
U2 2 3 1 w=1
Ys 132 Puc. 6.17. I1Ikana kauecTBa

Tabsuia 6.4. Y3kue mecra, yaydiaonme JefcTBUs

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. Yaydimamoiiyue aabTrepHaTUBBI

DA | Ynyumaromue | Bunapuass | Croumocts |Ilosb3a
JeicTBusa IepeMeHHadA 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 YHIAIONUX PeHICHH, 101y YeHHBIX Ha OCHOBE IPOCTOI0 »Kal-
HOTO ajropuT™a (yHopsiJioueHre JIEMEHTOB 110 HEBO3PACTAHUIO C;/a;), UMEIOT BUJI:

()bt =1: (v =1, 290 =1, w3y = 1, 24y = 1), 3HaueHHue neneBoit GyHkmun ' = 2,
N(S5') = (3:2,3,0,0);

2P =2 (zpn=1, 200 =1, 23 =1, 240 =1), & =4, N(S ) = (3;

BYV¥ =7 (zyu=1, 293 =1, 251 =1, 240 = 1), =8 N(S3)=(3;

(A)b* =14 (ra=1, 23 =1, 230 =1, 240 = 1), " =16, N(S5) =

6.4.2 3agada mepeKpacku BepHinH rpada

VIpolneHHast HITIOCTPATHBHAS BEPCHUS Y/IyUIIeHUs] CACTEMbI IT0 KOMIIOHEHTAM MPEeICTABJISETCS
Kak 3aja4a 1nepekpacku Bepiiut rpada [347]. Tociaenune rogpl 3apa4m nepeKkpack BepIIHH
rpada uHTEeHCUBHO uccaeayorces (65, 74, 234, 429, 430]. Bazosas hopmympoBKa 3a1a4m uMeer
caexytomuii Bu. Vmeercs creaytomee: rpad G = (A, E) (|A| = n), Habop (MHOXKeCTBO) I[BETOB
X ={zy,...,x}, ucxonnas kongpueypayus yeemos mjs 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) - HeoTpunaTeibHast MaTPHUIA CTONMOCTH TIEPEKPAC-
KM JIJIsl KQXKJI0# BEPIIMHBI (T.€., MATPHUIA WHAMBHJYATHHONR CTOMMOCTH llepekpacku Va; € A).
Hns rpada G, nenesas xongueypayua ueemos C9(G) nam MHOKECTBO TETEBHIX KOHPu2ypayul
uysemos {C9(G)} Takxke ucnombsyores. s Kaxasx qByx xombunayut yeemos (C'(G) m
C?*(G)) MOXKHO PaccMOTpeTh MHTEIPUPOBAHHYIO CTOMMOCThL (CTOMMOCTH II€PEKPACKH), HAIlpH-
Mep, KaK aJJUTHBHYIO (DYHKIHIO

n

D(CH(G), C*(G)) = 3_ do,(C" (), C*(az).

i=1
JlonoHuTe IhHO, HEOOXOIMMO PACCMOTPETh OJIM30CTh JIBYX KOHPU2YPayul 4e6emos :
p(C7(G), C*(@)).
B pesysbrate MOXKHO HCCJIEOBATDH CIEAYIONMYIO IEMOYKY TpaHCHOpMAIHN:
C(G=(AE)=C"(G=(AFE)=CY G =(AF)),

e C*(G = (A, E)) - pe3yabTupyomas KoH@uaypayus 4eemos .

B obmiem ciyuae, 1esecoobpa3Ho paccMarpuBarh JBe nesiesbie dyHKimn: (i) crommMocThb
rpancopmamun  C°(G) = C*(G), (ii) xauecrBo 6amzoctn mexay C*(G) u C9(G) (wmm
{CY9(G)}). OnenuBanne yka3aHHBIX CTOMMOCTH U OJIM30CTH MOYKET OCHOBBIBATHCS Ha PA3JINY-
HBIX MOAX0/aX (HAIPUMED, 3 IUTHBHbIE (DYHKIMH, MUHUMU3AIMs, DYHKIUY B BUEe ‘min/max’,
BeKTOpHasi (DYHKIHS).

Tenepb MOXKHO OMUCATH 6A30BYIO 33/1a4y MEPEKPACKH:

Hatimu wosyro konpueypayuro ysemos C*(G) mng maunoro rpada G = (A, E) umobw
MUHUMUBUPOBAMb bAU0CMY pe3yabmupyrouwet kondpuaypayuu yeemos epaga C*(G(A, E))
yeaesoli Kondueypayuu yeemos 2paga CI(G(A, E)) ¢ yuemom ozpanusernoli cmoumocmu

nepexpacky (< D):
(o, PLE(G), CU(@))
sit. D(C°(G),C*(G)) < D, C*(a;) # C*(a;) Y(as, ;) € E, i # j.

Puc. 6.18 uimoctpupyer 3aaauy nepekpacku rpada (ero BepiuH):

CGQ) = (Pox Qs xUsx Vo x Wp) = C*(G) = (PyxQax Uy % Vi % Wi3) .

3
q Q2 q Q2
= Qs
=
p w v p w v
Dy Vi Wi
W Py Wy Va
Ps W3 u 0 V3 P u V3
n 1 P 1
pacxpacea pacxpacn
U3 U3

Puc. 6.18. [Tpumep nepekpacku Bepinun [347]
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6.5 Moandukarusa CTPYKTypPbl CUCTEMBI

Moudukalus CTPyKTYP CUCTEM SIBJISETCS KPUTHYECKOW KOMILJIEKCHOW KOMOMHATOPHOM 3a/a-
yeii:

HUczodnaa cmpyxmypa cucmemov, —> Moodugpurayuas —> DQunasrvHad cmpykmypa cucme-
Ml

Tabsuma 6.6 comepKUT CIUCOK 0A30BBIX 33189 MOIUMUKAIMKA CTPYKTYP.

Tabsuma 6.6. Mogudukaius CTpyKTyp

3anaga Ucxonnas QuHAIBHAA CTPYKTYPA | CcTOYHIK
CTPYKTYypa

1.Moaudukanusi 1peBOBUI-

HBIX CTPYKTYP:

1.1.3ama4a 'ropsiamx’ IpeBoBuauas | [lpeBoBuIHAS CTPYKTYPa 99, 164, 196]
cesizeit (hotlink CTPYKTypa C JIOTIOJTHUTEIbHON 265, 305, 363]
assignment, problem) CBSI3bI0 M3 KOPHSI

1.2.Momudukanus aepeBa: | Bapemennoe | B3BEIIEHHOE I€PEBO C |15, 16, 334, 363|
‘CcKJICUBaHUe’ JIepeBoO arperupoBaHHLIMI
B3BCIICHHBIX BEPINUH BepIIMHAMA

1.3.Tpancdopmanus TepeBo JHepeso Hlreitnepa [363, 391, 393
JlepeBa B IEPEBO
Ireiinepa

2.Tpanchopmarus Mopdonorn- | Mopdomormaeckas [334, 342, 363
MOPdOIOrnIecKoi JecKast CTPYKTYpa € Tpebyembl-
CTPYKTYDPBI CTPYKTYDPa MU CBOUCTBaMU

3.Tpaucdopmanus YposHeBas YpoBHEBasi CTPYKTYPA, C

YPOBHEBBIX CTPYKTYD CIPYKTYypPa TpebyeMbIMU CBOHCTBAMHU

4.3a/1a4a HOLOIHeHN s CBS3HbIH Casi3ublit rpad ¢ [180, 294]
rpada (graph rpad TpebyeMbIMU CBORCTBAMM
augmentation problem) (re., ¢ ynydrneHHo

CBSI3HOCTBIO)

6.5.1 Momaudukamnua gepeBa MOCPEACTBOM CKJIENBAHUS BEPITNH

JlaHHbIi pa3gen ? cojepKuT KpaTkoe onucanue TpancdopManuu jepesa (¢ BecaMu BEpPIIUH U
Becamu pebep/Iyr) MOCpPeICTBOM WHTerpauu (KOHIEHCAIMH) HEKOTOPHIX COCEJIHUX BEPIIUH CY
Yy4YEeTOM OrpaHMYeHui Ha 00Ul BeC MAKCUMAJIBHOTO XBOCTA JepeBa (T.€., IJIMHA OT KOPHS Jepe-
Ba J10 Bucsiveil Bepinunbl). Jannas 3aada 6bu1a Buepsbie chOPMyJIMPOBaHA KaK TPOEKTHPOBA-
HUE OBEPJIEITHOI CTPYKTYDHI Jyisi MOYJIbHOI nporpamMHoii cucremsr |15, 16]. arerpuposanue
(ckJlenBaHWe) MPOrpAMMHBIX MOJYyJieil Tpebyer JONOJHUTEIHHON IaMsTH, HO 3TO II03BOJISET
YMEHBIIUTh BpeMsi (T.e., 4acTOTy) 3arpy3Kd HEKOTOPBIX COOTBETCTBYIOIUX Mojyseil. Takxke
MOI'YT PACCMaTPUBATHCS JIPYTHE TPUJIOKEHUST ITOI MOEU, HAIIPUMED: IOCTPOEHNE HepapXude-
CKOIi CTPYKTYDBI JAHHBIX, HepapXuveckas CTPyKTypa caiita B VlHTepHere, 3aj1a4a Bbi30Ba (call
problem). Ha Puc. 6.19 u Puc. 6.20 comepKurcst wumocTpanys Ha IPUMEPe IPOEKTUPOBAHUS
OBEpPJIEHON CTPYKTYpbl HA OCHOBE MHTEI'DAIMH MOJLyJiel, KOTJa pa3udHble IPOrPAMMbl HJIH
MOJLYJIN JIAHHBIX MOTYT WCIOJIb30BaTh ofHu u Te ke yactu O3Y (RAM). Jlng naunoit kom6u-
HATOPHOI ONTUMU3AIMOHHON 330aun (0000IeHre 3a1a491 6JI0UYHOr0 PIOK3aKa Ha JIPEBOBHIHOM

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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CTPYKTYDe W IpPH CHEeNUaJbHBIX OIDAHMYEHUsIK) ObLI 1PEJJIOKEeH HOBBI TUI MPUO/IMKEHHO-
IO NOJMHOMHAJBLHOIO AJIOPUTMA € OrpaHMYeHHOW orTHOocuTesnbHOM morpemtaocThio (FPTAS)
[15, 16].

K 0 ‘ [0
1 2 1
woy |° P e T
3 4|5
[ [S]9110 1
17
+ T10
1613 g

Puc. 6.20. Ucnonn3oBanune namsru (O3Y) [15, 16, 334]

[Tycrs G = (A, T) - opueHTHpOBaHHOE J€PEBO, Tae A - MHOXKeCTBO BepITHH (MOJYJIM MPO-
rpamM win naHebix) (JA| = n). Iyers T - muorosnaunoe orobpaxkenne A B A. lyru B G
OPHEHTHPOBAHBI OT KODHS a, € A K BucsaunM BepumuaM. Kaxknast BepimmHa a € A nmeer 1o-
JIOXKUTEJILHBIX Bec (TpeGyeMblii o0bem oneparusroii mamsatu O3Y - RAM) ((a) > 0. Kaxnas
ayra (a',a") (a',a" € Awud’ € YTa') mmeer Bec (T.e., HCXOMHYIO YACTOTY 3arpy3Ku B OIepa-
tuBHYI0 naMsTh) w(a ,a’) > 0. DTOT Bec JYTM COOTBETCTBYET YaCTOTe BhI30Ba/obpamienus (1
3arpy3Ku) u3 MO,ILyJIH a K MOJLYJTIO @ .

[lycrs w(at, d') =< a,...,d%, ...,a' > 6yzner nyrs (e’ € Ta’,j = 1,...,1—1). Jlna kaxKa0ro

IyTH BBOAUTCS BeC \(7 (a al) !_, Ma"). Becom rpaca G 6ymer 3nauenme

MG) = mazx ”eAO{)‘( (o, @ ))},

rie A° ={a € A| Ya = O} - muoxkectBo Bucsiunx BepmmH. Ilycrs G, = (A,, T) obo3nauaer
IO/IEPEBO € KOpHeM a € A, m A, COIEpXKHUT BEPIIMHY @ ¥ BCe APYTHe BEPIIMHBI, KOTODHIE
MOryT Jocturarbes u3 a. I'pad (A, \ a, T) Oyaer Ha3bIBATLCS T60CM BEPIIMHBI 0, U 3HAYCHHE
A" (a) = MG,) — A(a) Gyaer HazbIBATHCS BECOM T60¢ma BepuuHbL a. OYeBUIHO, YTO

Aa) = maz s v {ANG )}

a €Ya

1"

Hanee ucmonpsyorest Bec w(a) u 6unapHas mepemennas x(a) Ya € A\ a, (1 coorBercBTY-
eT CHTyalluy, KOTJa Jyra, HApaBJIeHHAs K a, KOHIACHCHDPYETCS - cmnMaeTcs{) Tenepb MOXKHO
onpeenTh TpancdopMamio rpaba G Ha 0CHOBe HHTETDAIMH BePIIHH a U a :
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(a) Bepmuna o u3Mensiercs Ha J(a ,a’) ¢ CJAEAYIOUMMHU CBOCTBAMME:

MJ(d',a")) = Ad )+ Ad") YJ(a,a")=(Yd UYad")\a";

(6) BepmmmHa @ W AYIH, KOTOPBIE WAYT U3 3TOH BEPIIMHDI, YAAITIOTCH.

s rpada G paccmarpuBaercst GUHAPHBIN BEKTOP k(a), KOTOPHI BKIo4YaeT Bee x(a) Ya €
A\ a,. Takum 06pazoM, uCCIeIyIOTCS BeCca 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 3aa4Uu COOTBETCTBYeT npumepy Ha Puc. 6.19 u Puc. 6.20.

JIONOTHATEIbHO, PACCMATPUBACTCS aHAJIOIMYHAS 3aja4a (TUIl 2) ¢ APYTUMHU OIPAHUYEHWSI-
MU:

Mag, k) < b, A (ag, k) <0, b~ +b" =b.

Craexyer OTMETUTH, WIIIOCTPAIMHU I JTAHHOTO KJIACCa PACCMATPUBAEMBIX KOMOWHATOPHBIX
Moziesieli ipejicraBiensl Ha Puc. 6.21 (6a3oBbie 3a1a4a 0 pIOK3aKe U 3aja4a 6JI0YHOTO PIOK3aKa)
u Ha Puc. 6.22, coorBercrBre 3a/[a4u U WILIIOCTPAIUU 1pejacrasieHo B Tabsmuie 6.7.

/l\ ///\\\

(i) 3amaga o prok3ake ( (ii) 3amaua 6109HOrO prok3aka (

Puc. 6.21. 3agauu o prok3ake u 6J09HOrO prok3aka [15, 16, 334]

Ternepb MOXKHO PACCMOTPETh HEKOTOPbIe MPOCThie caydau 3agaduu (tun 1 u tun 2). Iycrs
= {a1, ..., a;,...,an} (1 u;) coorBercTBYET HEKOTOPOH ayre (a,,a;) (w(u;) = w;). Torma
COOTBETCTBYOIIAs 3a7a4a (3a7a4a 1, SKBUBAJEHT 3aja4u O pIoK3ake, Puc. 6.211) umeer Bu:

m m
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),
SIBJISIETCsI AHAJIOTUYHON; J1ajiee TOJIBKO OTPDAHUYEHUsT OY/LyT YKa3bIBATHCS s ITUX 3a/1a4.
Bamauda 1.1 (Puc. 6.22a) BkiIoYaeT caeyomiee orpaHndeHue:

AMao) + le a;) + max ((1 — ;)M (a;)) < b.

=1

OTa 3a/a4a COOTBETCTBYET (POPMUPOBAHUIO 3aTPY30YHOTO “MPOrPAMMHOIO $/pa’ BO MHOTHX
IPOTPAMMHBIX TTaKeTaxX.
Bamaga 1.2 (Puc. 6.22b) Tuna 2 nmeer Bu:

Ma,) + Zm:xl-)\(ai) <b, max ((1—z;\a;) <bT.

1<i<m

Bazmaua 1.3 (Puc. 6.22c) umeer Buz:

Aa, + Z ziA~(a;) + max ((1 — A (a;) + AT (a;)) < 0.
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(a) Tun 1 (11) (e) TI/IH“].. (2.1)

(c) Tun 1 (1.3)

—= ,

(d) Tun 2 (1.4) tun 2 (2.4)
Puc. 6.22. TIpocreiimas u BcriomorareabHbIe Sa,ZLaHI/I [15, 16, 334]

Tabmuna 6.7. 3amaun prOK3a4HOTO THIA - WIIIOCTPAIUN

Samada Nnnocrpanun
1.Ba3zoBas 3amaua o pook3ake (3adaua 1) |Puc. 6.21i
2.3adaua 1.1 Puc. 6.22a
3.3adana 1.2 Puc. 6.22b
4.3adava 1.3 Puc. 6.22¢
5.8adava 1.4 Puc. 6.22d
6.3amaua 6109HOTO prok3aka (3adaua 2) |Puc. 6.21ii
7.83adava 2.1 Puc. 6.22¢
8.3adaua 2.2 Puc. 6.22f
9.3adaua 2.3 Puc. 6.22g
10.3adava 2.4 Puc. 6.22h

[IpencraBaseTcss BaXXKHBIM YKa3aTh CJAEIYIONINE CBONCTBA ITOM 3aa4u:

(a) a; (Va; € Ta,) nmeer Bec A~ (a;);

(6) a; (Va; € Ta,) nMeer TOIBLKO OAHOTO ChiHA ¢ BeCOM AT (a;), M 3HAYEHHE COOTBETCTBYET
BECY L60CMA;

(B) ToNIbKO KOHjeHCAlusl (CxKaTue) CJCAYIONUX YT SIBJISETCS JOMYCTUMBIM (a,,a;) (i =
1,m).

B pesysibrare, mocsiesoBaTeibHOCTh HPOCTHIX 33/@4 HA OCHOBE 3aJla4i O PIOK3aKe MOXKer
6biTh paccmorpena (Tabauna 6.7): 1 (6asoBasi 3amaua o proksake, Puc. 6.21i), 1.1 (anasuor
3aJauu 0 plok3ake, Puc. 6.22a), 1.2 (Puc. 6.22b), 1.3 (Puc. 6.22¢), 1.4 (Puc. 6.22d).

AHaTOrH9HO, MOXKHO yKa3aTh IOCIEI0BATETFHOCTD BCIOMOTATEIBHBIX 334 Ha OCHOBE 3a-
nadn 610uHOrO prok3aka (Tabmuma 6.7): 2 (6azoBast 3amava GiouHOrO proksaka, Puc. 6.21ii),
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2.1 (anasnor 3aauu 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 win 3amada 2 (Puc. 6.21ii) numeer 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 BcmmomorarenbHBIX 3aJa9aX HCIIOJIB3YIOTCA CJIeayloliee MHOXKECTBO By.HeBI)IX BEKTOPOB:
— 2 5= R
X = {H ( 237 )‘xzw i € {071}7 J = 17Qi7 L= 17m}

JlomoIHUTEIbHO, CJIe/IyIoliee OrpaHudYeHne JOJKHO OBITh YUTEHO JIJIs BCEX BCIIOMOIaTe/bHbBIX
3a/1a4:

q;
Z:c =1, Vi q: <zl Vi, j.

’l_]’

Taxk>ke ucnob3yeTcs cieayoinas MoaudunupoBanHas 1ejeBas pyHKIus:

m g

W(X) =3 (wiw (ay) + zw(ay)).

i=1j=1

Tenepb MOXKHO PaCcCMOTPETH BCIIOMOTATEJBHYIO 3a/ady, HAIpUMep 33Jady 2.4, KoTopas CoOT-
sercrByer 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 moce1oBaTeIbHOCTH IIPOCTHIX 3324, MOXKHO UCIOJIb30BaTh MPUOJINKEHHbIE aJITOPUTMBI,
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
nono6Ha ONeHKe JId 3aadd O piok3ake (289, 411] u pasma O(™- %) [15, 16, 334]. Dru anro-
PUTMBI UCIOJIB3YIOT YIOPSIJOUEHUE IJIEMEHTOB U3 MHOXKeCTBa Y a [0 HeBO3pACTAHUIO \(a;) WIu
(A (ar) + A (a).

[Tomxom K peleHnio BCIIOMOTraTeTbHBIX 33/1a9 OCHOBAH Ha IMOJ0OHOM ITPHOIMAKEHHOM I0/TXO0-
Jle K 33/1a49e 6JIOYHOTO PIOK3aKa C CJAeAYIONMME OIEeHKAMH YUCJIa BBIYUCIUTETbHBIX OIepaliuii
1 TpebyeMbiM 00'bEMOM ONEPATUBHON maMsiTu cooTBercTBeHHO [289, 411]:

m m2
O(= ‘ =
(= ;qz), — ax {g:}).
K coxasienuio, ajropuT™ ¢ aHAJIOTMYHOM ONEHKO CI0XKHOCTH JjId 33124 2.3 He OblI HOCTPO-
en (Puc. 6.22g). Ilostomy (€, §)-puGIMKEHHBIH AJTOPUTM C CJIEAYIOIMME OIEHKAMH (YHCII0
onepanuii, Tpebyembiit 00beM mamsTH) 6bLT HpeioxeH [15, 16, 334]:

2

053 a). 0" max (a))

e 1<i<m

r7e 0 - OTHOCUTEIbHAS TOTPEITHOCTh TI0 OTPAHUIEHHUIO.
B cnyuae, korma G - k-ypoBHeBoe JiepeBo, aJrOPUTM OCHOBaH Ha KackaaHoit cxeme 'CHUI3Y-
BBEPX’ (Puc. 6.23) 15, 16, 334]:
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Hlaz 1. 3agaga 1.2.
Hlaz j (j =2,k —2). 3agauga 2.4.

Hlaz (k —1). Bapaua 2.3.

3agaga 2.3
(Puc. 6.22g)

N

3anaga 2.4
(Puc. 6.22h)

s

N

3anaga 2.4
(Puc. 6.22h)

RN

RN

Samaga 1.2
(Puc. 6.22b)

3agaqa 1.2

| (Puc. 6.22b)

3amaga 1.2
(Puc. 6.22b)

3amaga 1.2

| (Puc. 6.22b)

Puc 6.23. Cxema 'CHU3Y-BBEPX’ naa apeBougnoro rpada [15, 16, 334|

OneHKH CJI0KHOCTH AJTOPUTMOB UMEIOT BH/J (T.e., YHCJIO Oepaluii, 00beM Tpebyemoil ma-
MSITH )

721 (aq m2p!
O €t €t )
n(a) =| A\ {d' € A, | Ya' =0} |.

rae m(a) =
2 4( )
B ciyuae 3-ypoBHEBOro Jepesa, OneHKH uMeioT BuI:  O(" Lz ).
[TepcriekTuBHBIE 0000IIEHNST PACCMOTPEHHON 33/1a4¥ MOTYT BKJIIOYATH CJIELYIOIIee:

(a) MHOrOKpUTEpHAJIbHOE OIUCAHUE HJIEMEHTOB,

), o

T (a)l, m = maxee s m(a),

(6) 6ostee cioxkHasi CTPYKTypa (HApUMeED, HapaJlIeIbHO-TIOC/IeA0BaTeIbHbIH Tpad),
(B) HEOIpeIEJIEHHOCTD,

') AZMHaMHKa.

6.5.2 3ajgada Ha3HAUEHUH 'TOPAYUX CBA3EH

B mocienaue roapl Obl1a MpeioKeHa KOHIENIUs 'TOPSIUX CBsI3ei /I YMEeHbIIeHUs CJI0XKHO-
cru jocryna B MHGOPMAIMOHHBIX CTPYKTYpax (HanpuMep, B web-IupeKTopusix) MoCpeICTBOM
UCIOJIb30BaHMsI O'PAHMYEHHOIO YHUC/Ia JOIOJHUTEbHBIX CBsizeli (‘ropsiunx’ cBsi3eil) B CTPyK-
rTypax JaHHbix [99, 163, 467|. B obuem ciayuae, 3aja4a Ha3HAYEHUsI 'TOPSYUX CBsi3eil MOXKer
paccMaTpuBaTbCs KaK 3a7ada obHosienus (upgrade) ceru [196]:

Hatmu donoanumenvnyio dyey(u) das ucrodnozo epaga kax xopomrul nymv k JGHHHM C
ULADIO YMEHDULEHUSA CPEOHE20 004CUIAEMO20 NYMA.

O6BIuHO, MaHHAS 3a/a4a paccMaTpuBaercs st aepeBbeB. [lycts T = (A, F) obo3nauaer
HANPABJIEHHOE JIEPEBO C MAKCHMAJIBHOW CTeneHbio d, KopHeM 1y € A (HampmMmep, 37eMeHTHI
A coorBerctByior Web caiitam, snemenTsl £ cooTBeTcTBYIOT cBsizsaiM - hyperlinks). Bec y3zia
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paBeH yacrore (BeposiTHOCTH) O6painenusi (gocryna, moucka) K Hemy. st yupoiuesust npe-
nosiaraercst, 4To Tpebyemasi nHGOPMAIWs COAEPXKUTC B BUCsuuX BepmmHax (y3nax). Jumna
MIOWCKa, JIJIg y3J1a v € A paBHa YHCIY JyT B IIYTH U3 KOPHS T( B V.

[Tycrs T, = (Ay, E,) 6yner nogumepeso T (A, C A, E, C E), KOpeHb PaCIOJIOXKEH B y3Jie
u € A (31ech, u He SABIAETCS CHIHOM 7). Takum 0Opa30oM, JONOJIHUTEIbHAS TPsSMas CBI3b
(“hotlink”) umeer Bug: (g, u). [Ipu 9TOM myTH KO BCeM BucsuuM y3iaMm B T, OyayT MeHbreii
JUTAHBIL.

Puc. 6.24, Puc. 6.25, Puc. 6.26, u Puc. 6.27 nIocTpupyioT yIpOIIEeHHbIe BEepCUU 331491
ropsiuux cBs3eit. Ha Puc. 6.27 npeicraBiieHO UCIOJIb30BaHNE BHYTPEHHBIX Y3JI0B KAK JOMOJIHH-
TeJIbHBIX KOpHEit (11).

BasoBas 3a7a4a HazHAUEHWUS TOPIYUX CBSA3EH 3aK/II0YAETCSI B HA3HAYEHUU K JTOTOJHUTE b
HBIX CBsi3eil (M3 KODHS) € IEJIbI0 MHUHHUMHU3AIUK OOINET0 YHMC/Ia IIAroB JJIS HOCEIeHHs Tpe-
Oyembix nHGMOPMAIMOHHBIX y3710B. C Apyroit CTOPOHBI, HEOOXOAMMO HAWTH MHOXKECTBO k y3-
aoB (U = {u}) B mepese T. B mocnennue rogbl Takue 3ajJa4y ropsiuuX CBsi3efl MHTEHCHB-
HO HCCJIeAYIOTCst (HAmpuMep, MOCTPOEHUE AJTOPUTMOB, BOIPOCHI CJIOKHOCTH, HTPUO/IHKEHUS)
[99, 152, 164, 163, 196, 265, 306, 316, 413, 467|. HekoTopbie BepcHH JAHHOTO THIIA 33Ja4 YKa-
3anbl B Tabsuie 6.8. B ocHOBHOM, 3TH 331a4n OTHOCATCS K Kjaaccy NP-Tpyaubix 3a1a4 [265].
Jnst Takux 3aja4a npejuioxKenbl npubinkenubie ajaropurmbl (Braoudas FPTAS) 306, 413].

AN

Puc. 6.24. 3azaua ropsiveii cBsi3u (0HA CBSI3b)

7o
“2§Tu2 T w
—

Puc. 6.25. 3azaua ropsiveil cBsi3u (IBe CBSA3b)

o

Puc. 6.26. 3agaua ropsiveii cBsizu (Tpu CBsI3M)

u1 uz

To

7
M

Puc. 6.27. 3agaua ropsiueil cBsi3u (TP CBsi3U, BHYTPEHHUIT KOPEHB )

U2
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[Tpu MHOrOKpUTEPHAJILHOM OIMCAHUY TOPSIYMX CBsi3ell U/Wjin BBIOPAHHBIX Y3JI0B/ T10//1epe-
BbeB (T.e., Y3JI0B KaK 1), MHOTOKPUTEPHAJIbHbIE 33/1a491 O PIOK3aKe M MHOTOKPUTEPHAJIbHbBIE
06001IIeHHbIe 33249 Ha3HAUEHUST MOTYT MCHOJIb30BaThes [387, 389, 404, 463]. Boamoxkuo pac-
CMaTpHUBATh HEKOTOPbIe 00OOIMEHNs 3aa4H TOPSINX CBsA3eil, HampuMep: (i) y4eToM Heompee-
nennocty, (ii) 3amaua Briaoyenus jepesa (“hot-tree assignment” problem).

Tabmumna 6.8. 3amaun ropguux cBsI3eit

3anaua Ucrounuku
1.BazoBas 3aa4a ropsieii CBsA3u 99, 467]
2.3a1a48 C OQHOI CBA3BIO 163
3.Topsuas CBSI3b TOJIBKO JJIS BUCAYNX Y3JI0B 265
4.3a1842 ¢ TOPIYNME MHOTHMH CBA3SIMI 163, 196]
5.JIuHaMIYeCKasd 331398 TOPSINX CBA3eH 164

C obmeil TOYKK 3peHus 3a,1a9a TOPsSTYeil CBI3U MOXKET PACCMATPUBATHCSA KAaK CIIEIHAIbHBIH
caydaii 3ama4n nonosHenus rpada (“graph augmentation problem”) [180, 294].

6.5.3 Tpancdopmamnusa gepeBa B AepeBo IllTeiinepa

Baecw Tpancdopmanus gepesa T = (A, E) B nepeso lreitnepa S = (A’, E') paccmarpusaercs
Kak JonosiHenue touek IlITeiiHepa B UCXOHOE JepeBO (WM MPEIBAPUTETHHO TIOCTPOEHHOE MO~
KPBIBAIOIEE JIEPEBO) C YUETOM CJIAYIOIIEro: “CTOMMOCTE” (TpebyeMblie pecypehl) Jjist KaxKIoi
touku [lTeitnepa, “mose3nocts” Kaxkaoit Touku Illteitnepa, obiiee orpaHuYeHue MO PECypPCy
(T.e., obmast “cronmocts” BeiOpanubix Touek [lreiinepa) [363, 393|. PaccmarpuBaercst npocreii-
it caydait, korga Touku [llTeitHepa MCIOIB3YIOTCS TOMBKO JJIs “TPeyroJbHUKOB . O4eBuIHO,
YTO MOJENH C BEKTOPHBIMH “CTOMMOCTBIO” M “TIOJIE3HOCTHI0” MOT'YT OBITH TaK:Ke PACCMOTPEHBI.
Cxema peleHuss UMeeT BH/I:

Cmadus 1. Oupezenenne (IKCIEPTHOE OLEHMBAHME, KJIACTEPU3ANNS) 17 PETMOHOB (KJacTe-
PBI, IPYIIIBI COCETHUX Y3JI0B) B MCXOIHOM jepeBe T' Jijisi BO3MOXKHBIX JIONOJHATEIbHBIX TOUEK
ITeitnepa.

Cmadus 2. Tenepanus BO3MOKHBIX Touek [IITeiiHepa (KaHIUIATOB) U WX MAPAMETPOB (T.e.,
CTOUMOCTH J00ABJICHNS TOYEK, “II0JIE3HOCTD”).

Cmadus 3. @opmynmuposanue 3a1a49u OJOYHOrO PIOK3aKa JJisi BBIOOPA HAWIYYIIUX JIOTOJI-
HUTEJbHBIX To4eK [[ITeiiHepa ¢ yIeTOM OrpaHUYEHHil TI0 pecypeaM:

m g m g

i
max ZZ Cij Tsj s.t. ZZazjxij S b, Tij = 1, T4 S {O, 1},
=1

1=11i=1 i=1j=1

rae i - uHgekc peruoHa (i = 1,m), ¢; - 4ucao Bepcuit gnus nobasiaenus todek llTeiinepa B
peruone ¢ = 1,m, j - unjeKkc Bepcuu aias qobasienus touek lteiinepa B pernone (j = 1,¢;),
x;; - bunapHasi nepeMeHHasd, paBHas 1, ecu BhIOMpaeTcss Bepcud j B peruoHe i, b - obmee
orpaHuyenue 1o TpedyeMbIM pecypcam (T.e., obimast “ctouMocTs”).

Cmadus 4. Pemmenune 3aga4uu 6JI09HOTO PIOK3aKa JIJid MOJTyYeHUS PE3YJIbTUPYIOIIErO JepeBa
[Mreitnepa S.

HucsieHHBI IPUMED WILTIOCTPUDPYeT JanHyo cxemy. exonnoe nepeso umeer su (Puc. 6.28):
T=(AFE), A={1,23,4,5,6,7,8,9,10,11}. Oupenenenst gersipe pernona (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}. Paccmarpn-
BatoTcs caenyiomue Touku [lreitnepa (Puc. 6.29): pernon 1: s11, S12; peruoH 2: So1; pErHoH 3:
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$31, S32; peruoH 4: s41. Tabsmna 6.9 comep:KUT UCXoAHbIE JaHHbIE /IS 3349 OJI0YHOIO PIOK3a-
Ka: OMHAPHBbIE IIEPEMEHHBbIE U COOTBETCTBYIOIME mapaMerpbl (TpebyeMblii pecypc “cronumMocTs”,
BO3MOKHAS “TIOJIE3HOCTD”). 3a/1aua 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'
Peruon 1

Peruon

Pernon
3

Perwvon 4

11
Puc. 6.28. Vcxonnoe jiepeBo u pernousl (KjaacTepsl)
Touku Ireitnepa Touku IIreituepa Touku Ireitnepa
JIJIs1 PETUOHOB 2, 4 JJis1 peruoHoB 1, 3 JJist peruoHoB 1, 3
S921 532
831
S41

Puc. 6.29. /lononuurensusie Touku IlTeitHepa 1Jjid pernoHOB

Taomumna 6.9. /lanasie qad 33134 0JI0YHOIO PIOK3aKa

Permon |DBunapnasi |Touxka “Croumocts” | “ITonesnoctn”
nepemenHad | [TITeiinepa, Cij aij
Peruon 1 11 Her 0.0 0.0
T12 S11 3.1 1.5
T3 S12 1.2 1.4
Peruon 2 T2 Her 0.0 0.0
T22 S21 2.0 1.3
Peruonu 3 Z31 Her 0.0 0.0
32 831 2.4 1.4
T33 $32 1.8 1.3
Peruon 4 Tq1 Her 0.0 0.0
Tg2 S41 1.5 1.2

Ha ocHOBe nprMeHeHus] IPOCTHIX »KAAHBIX AJTOPUTMOB OBLIM IIOJIYYeHbI CJIC/LYONIHe 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 lreituepa 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 (agruTuBHAs) “OTE3HOCTD’ € = 7.5;

(3) bg = 5.4: Tp,: w12 = 1,009 = 1, w30 = 1, 149 = 1, Touxm Ulreitnepa Z,, = {s11, 21, 31, Sa1 },

obmas (agmuTuBHAs) “mose3nocTs” € = 9.0.
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Pewmenue Sy, : Pemenne Sy, : Pemenue Sp,:
(2 rouxu Ilreiinepa) (3 rouxu Hlreiinepa) (4 rouxu Hlreiinepa)

S11 S11 S11

S21 5921

531 531 531
Sq41

Puc. 6.30. Pemenuga

Ha ocHoBe 1pejji02KeHHOTO TIOAX0/4a MOTYT OBITh HCCJIEI0BAHBI 00Ji€e CJA0XKHBIE 3aJ[a49d C
yderoM cieyromiero: (i) HecKobKo gonoHuTe bHbIX Touek [llreiinepa B ogHoM perwone, (ii)
COBMECTUMOCTD JIOTIOJTHUTETbHBIX TOYEK B COCETHUX PETHOHAX.

6.5.4 3amgada momnoJHeHuda rpada

[enn u3BecTHO# 3asa4m nonoJsHenus rpada (“graph augmentation problem”) 3akiouaercs B
MozmduKanumu Ucxo[Horo rpada (cern), HaAIPUMep, TTOCPEACTBOM pebep, Tak, Y4ToObI Moy Yae-
MBIl HOBBIH rpad yA0BIETBOPSI HEKOTOPHIM TpeOOBaHUsIM (B YACTHOCTH, YJydIlleHUe CBSI3HO-

cru) [180, 294].

6.5.5 Tpaachdopmanusa MoOp@OJIOTNIECKO CTPYKTYPhI

Crpykrypa MOpGOIOTHIECKO CHCTEMBI COIEPKHUT caepytomue dactu [334, 342, 355, 356, 363):
(1) nepapxuto cucrembl (06BIYHO JEPEBO), (2) MHOXKECTBO BHCSYHUX y3JI0B (T.€., CHCTEMHBIX KOM-
HOHEHTOB), (3) MHOXKECTBO AJTEPHATUB JIJIsl KaXKI0I'0 BUCSYEro y3ia, (4) OleHKH ajbTepHATHB
(B 9aCTHOCTH, MOPSIJIKOBBIE ONEHKY B BHJIE IPUOPUTETOB, HHTEPBAJIbHBIE OIEHKH), (5) OleHKH
COBMECTMMOCTH JIJIsl TIAp aJIbTepaHTuB. [Ipumep cTpyKTypbl MOPGOJIOTHIECKOH CHCTEMBI TIPEe]I-
crasJjieH Ha Puc. 6.16 u B Tabsmie 6.3. Ha Puc. 6.31 npeacrapiera TpancdopMaliys CTPYKTYPbI
Mopdoaorugeckoy cucrembl: S’ = S”. Ilpu sToM mpeobpasyercs cieayolee:

(a) nepapxust cucremst (gepeso) 1" = T",

(6) GazoBbie cucTeMHbIE KOMIOHeHTH (Bucsuwe y3iw) L = {1,..i,...m'} = L' =
{1,...,4,...,m"}.

YucsieHHBIH TpUMep TpaHCHOPMAIMH CTPYKTYPhl CUCTEMBI (KaK PEKOHMUIYpAlUs CUCTE-
Mbl) TipuBesieH Ha Puc. 6.13.

Cucrema S’ Cucrema S”

—
Hepeso = Hepeso
I 1
cucrembr 1’ _ cucrembr 1’
—

KommnonenTor KoMmmonenTsr
CUCTEeMBbI L CUCTEeMBbI L":
7 )
Asprep-

HIH - CoBmec- HIH Hm
THMOCTb

Puc. 6.31. Tpanchopmaiiys MopdOI0ruIecKoil CTPYKTYPBI
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6.5.6 Tpancdopmaliusa ypoBHEBOIT CTPYKTYPbI

MHoroypoBHeBasi CTpPyKTypa CHCTEMbBI PACCMATPUBAETCS KAK KOMIIO3UIUS CJIeIYIOIUX YacTeii:
(a) MHOXKeCTBO ypoBHEiA, (6) JyIsi KasKJI0T0 YPOBHS: MHOYKECTBO Y3JI0B, TOIOJIOIHsI HAJI y3JIaMu,
(B) CBsI3U y3JI0B HA COCEHUX YPOBHSIX.

[Tpouece MoauduKanyMu yPOBHEBLIX CTPYKTYD BKJIIOYAET CJIELyIOIIee:

1. Monuduxkarus yporeBoii crpykrypsi: (1.1) mobasienue yposHsi, (1.2) ynajieHnue ypoBHs.

2. Momudukanus ypous: (2.1) nobasyienue y3/10B ypoBHS, (2.2) ynajeHue y3J0B yPOBHS,
(2.3) MoauduKanus ypoBHEBOil TOMONOTHS (CeTh HAJ[ y3JaMU YPOBHS).

3. Monndukanus cBs3eit MeX/y YPOBHIMH (T.e., CBSI3b Me3/y y3JaMU COCEIHUX YPOBHEH):
nepeHa3HaYeHNe.

Ha Puc. 6.32 npeacrapien mporece MoauduKaium MHOTOypPOBHEBOi 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
/i l YN —

se --
CBs3b y3/10B
COCG/ILHIZX VDOBHEH — i ’/ l’/ N
Y3J1L.1 ypOBHH L = {1 ,m )ggggg;ﬁm y3.J'IBI ypOBHH L” = {1 mi'}
YDOBEHb
/i\d\ /l/l\ /¢\¢\ /l/l\
CyBJIbI ypoBHst Lj = {1 mbBHI/I)KHI/II/I CyBJIbI yposust Ly ={1,..., mbb
o o e e e YPOBEHBb o o e a0 e o

Puc. 6.32. Tpancdopmaliyss MHOrOYpPOBHEBO# CTPYKTY Dbl

6.6 BrIBOIHI K TJIaBe

B ,ZLaHHOfI TJlIaBe€ NIpeACTaBJIEHbI OCHOBHBIC CXEMBbI JIJIA yﬂquHeHHH/paCHIHpeHHH MOIYJIbHBIX
cucreM. B kauecTBe BO3MOYKHBIX UCCJIE0BATEIHCKUX HAIIPABJIECHUN B OY/IyIIIEM MOYKHO yKa3aTh
CIeyIOIIueE:

1. ucciieoBaHNe PA3/IMYHBIX PEAJIbHBIX MPUI0XKEHUIH;

2. nccijaea0oBaHue MHOFOCTaﬂHﬁHbIX CTpaTeI’I/Iﬁ JJIA ynqueﬁnﬂ/pacmnpem/m MOAYJIbHBIX CH-
CTeM;

3. ydeT Heonpe e IeHHOCTH.
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I'maBa 7

CxeMBI arperupoBaHUs MOJIYJIbHBIX
peleHunin

B namnoii riaase ! mpuBe/ieHo onucanne KOMOMHATOPHBIX CXeM arpeTaliy MOLYJbHBIX pelleHuil,
BKJIIOYAsI arperaruio paH:KHUPOBOK, JePEBbEB, MOP(OJIOTTIECKUX CTPYKTYP.

7.1 IIpeaBapureijibHble CBeIeHUS

B nmannoit riaBe reHepalusi HOBBIX MOJYJIbHBIX MPOEKTHBIX PEITeHHWsI PACCMATPUBAETCS Kak
arperaiusi HEKOTOPOr0 MHOYKECTBA MCXOJHBIX MOAYJIbHbIX pemenuit (Puc. 7.1):

Hatimu aepezuposannoe cocmasnoe (modyavhoe) pewenue S na ocHose MHOMCECTEA UC-
TOOHOLT COCMABHBT (MOOYAvHUL) pewenuti { ST, ..., Sr, ..., Sy }, T.e.,

{1,y Sry ey S} = S99,

( Pemenne S, )

JonotHuTEIEHBIE
( Pemenne Sp ) C Pewenne Sy, ) CHCTEMHBIE
KOMIIOHEHTHI
AN / (mpoekTHBIE
IIpouecc arperanym 9JIEMEHTHI)

( ArperupoBannoe perrenve S99 )

Puc. 7.1. Obmas cxema mpoiecca arperamnuu

CremyeT OTMETHTD, ITO IPOIIECC ArPETAIUT JIOJI2KeH OBITh OCHOBAH Ha AHAJIN3€ IPUJIOXKEHNS
(nmkenepuoro mwiu ynpassiendeckoro) (Puc. 7.2).

'Marepuas riasbr ocHoBaH Ha MybaMKAIUK:
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]

107
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ITocTpoenue Peanuzamus

CXEMBI —>|cxeMbL —
IMpuxnagmas | | Peuenus pemenusa Ao
sanaqa(u), } 1 } I pPEe3y/IBTATOB
curyauusi(u) “Unxeneprpii” Anams

aHaIN3 | CXeMbl S

CUTyaIuu peleHvst

Puc. 7.2. “nxenepHslit” (3KCHEPTHBI) HOAXO/ K PEIIEHUIO

MoxkHno paccMaTpuBaTh ABa 6A30BBIX CIydas arperanuu pelreHuii:

Cayuat 1. Vlcnonb30Banue 371€MEHTOB 111 MCXOJTHBIX DeIleHui.

Cayuat 2. Vlcnonb3oBaHue 3JIEMEHTOB 171 UCXOAHBIX PEIIeHUil W JOTOJHUTE]IbHBIX ITPOEKT-
HBIX 3JIEMEHTOB U3 PACIIUPEHHOTO MPOEKTHOTO “TIPOCTPAHCTBA .

B cayuae 1 M0oXHO paccMaTpuBaTh JIBE CTPATETWH peleHus. Bo-mepBhIX, OUeBHUIHAS CTPa-
TErWI0 3aKJI0YAETCs B aHAJIM3€e 1M MCXOJHBIX PENIeHuil U MOCTPOEHUH MOACTPYKTYPHI (“crcrem-
Hoe siyipo” K, najee janHas “0a3oBast 4aCTh CHCTEMbI’ B BUJE TOJACTPYKTYPbI WU MEIUAHBI
(consensus) MCXOAHBIX PeIeHuH MOXKeT ObITh pacipena uin Moaudunuposana. s mocrpo-
enns “cucreMHOro siapa” K: MOXKHO HMCIIOJB30BaTh HECKOJIBKO METOMIOB: (&) MOACTYKTypa WUC-
XOMHBIX pemrenuii, (6) Meauana (consensus/agreement) UCXOTHBIX pelleHui, (B) pacIIMpeHHAsT
HOJCTPYKTYpa, (I') paciiupeHHas Meauana, (1) BHIOOD HAWIYYIIEro CHCTEMHOIO SJIEMEHTA, JIJIst
KaxKJ0# 3a/laHHO# YacTu cucrembl. [Ipu 3T10oM, Ha KaxKJIOW CTa/MK MPOIECCA PEHIeHUs MOTYT
OBITH UCIIOJIB30BAHBI FKCIIEPTHBIE MPOIE/LYPhI.

Bo-BTOpPBIX, MOXKHO CIPOEKTHPOBATH HAJACTPYKTYPY (2 JJIsl M MCXOAHBIX pENIeHuil (Hampu-
Mep, KOMOMHUPOBAHIE MCXOMHBIX DeNleHuil, “HOKPHITHE’ MCXOAHBIX permenuii). /lasee mocTpo-
eHHas HaJICTPYKTYpPa MOYXKeT OBITh “c:KaTa’ MOCPEJCTBOM yIAJeHUS MEHEe Ba’KHBIX JIEMEHTOB.

B cayuae 2, MokHO paccMOTPETh CJIeLyIOMUH TOIXO/L;:

[MTocrpouts “obrryo” 06gacTh (“IPOCTPAHCTBO”) MPOEKTHHIX AJBTEPHATHB (T.€., SJIEMEHTOB
pelienuit) U COpOeKTUPOBATH HOBOE pellieHue (BKJIIOUAs UCIOJIH30BAHUE HOBBIX JIOMOJTHUTE b
HBIX TIPOEKTHBIX JIEMEHTOB).

VkasaHHas pacHIMpPeHHas 00JACTh PEIIeHUH MOXKET OBbITh MOJIy4YeHa Ha OCHOBE CJIeILYIOIInX
noaxo0B: (a) “HOKpBITHE” M WCXOMHBIX PEIIeHUil ¢ MOMOIIBI0 HOBOH “06s1acTn” MPOEKTHBIX
ajibrepHaTHB, (6) UCc/ieI0BaHUe TPUHIMIMAIBLHO HOBOM “00/1acTu” MPOEKTHBIX aJIbTePHATHB.

B nanHO# TaBe WCCJIeIyIOTCs caeayiomue 0a3oBbie cTpyKTypbl: (i) mHOXKecTBa [301], (ii)
paHKMPOBaHUs (JUHEHHO YIIOPsSJOUeHHHBIE MHOKECTBA UJIM MHOXKECTBA, PA30UThIe HA JTUHEHHO
YIOPJOYEHHbIE TIOJMHOXKeCTBa - caom) [142, 143, 334], (iii) mopdoaoruveckoe Mmuo)KecTBa (62,
276, 334, 342, 344, 590, (iv) mepesns [205, 244, 301].

CucreMHyI0 MOZIe/Ib B BUIe 0000IeHHON cTPYKTYphl (A) MOXKHO mpeicTraBuTh Tak: A= (
T,P,.D.R]I ), rue ucnosnb3yiorcsa caeayiomme dactu [334, 342, 344]: (i) apeBoBuaHas MOmeNb
cucrembl T, (il) MHOXKECTBO BUCSYMX BEPIIUH KaK 0A30BBIX YaCTeil /KOMIIOHEHTOB CHUCTeMbl P,
(iii) MHOXKECTBO MTPOEKTHHIX ajbrepHaTHB DAS /st Kaxk10it Bucsiueit Bepmmasl D, (iv) panxku-
posaune DAs rankings (i.e., ordinal priorities) (r.e., mopsigkoBbsie npuopurers) R, (v) onenku
copmectumoct (mopsiikosbie) mexay DAs 1. Puc. 7.3 wumoctpupyer 060GIIEHHYIO CTPYK-
TYPY MOJYJIbHOH cucTeMbl (MomysabHoro pemienusi) (A). Takzke pacCMaTpUBAIOTCS CJIEIyIOIIUE
CTPYKTYPHI:

(a) mopdosiorusi: & = ( P,D );

(6) mopdoaoruyeckoe muoxecrso:  $ = ( P,.D,R,I);

(B) mopdonornueckas crpykrypa (mepeso): &= ( T,P,D.R );

(r) Mopdosoruueckas CTPyKTypa ¢ COBMECTHMOCTBIO (T.€., ¢ cCOBMecTHMOCThI0 DAs):

o= (T,P.DRI).
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Wepapxusi cucrembi
(ctpykrypa-gepeso T)

Muo-BO
Cucremnnie IPOEKTHBIX CoBMecTuMOCT
q9aCTA I\(BI/ICH‘{HG AJIBTEPHATUB  MEXKIAY MPOEKT-

BepHH/IHI)I P) (mopdonorust D) ueivn asnbre
HATUBAMU (1}3

PI/IC. 7.3. ApXHTeKTypa MOJyJIbHBIX cucrem (A)

B Tabsume 7.1 KpaTKo mpeaCcTaBIeHbI OCHOBHBIE 331a4d MOCTPOEHUS 0A30BBIX MOJCTPYK-
TYD/HAACTPYKTYDP.

Teneph MOXKHO onmcarh jBe 6a30Bble CHCTEMHBbIE 33/a4n: (&) BbIIeJIEeHNE/TOCTPOeHNEe “CH-
cremHOro sizipa”; (6) mocTpoeHne PACIIMPEHHO “00JacTH” MPOEKTHHIX aJbTepHATHB. JeThipe
CTPATETHH PEIeHNS MOTYT OBITh MCIOJIb30BAHBIL:

(1) crparerusi pacIupeHus: MOCTPOEHUE “CHCTEMHOTO sijipa’ Ha OCHOBE MHOYKECTBA MCXOJI-
HBIX DENIeHU W ero pacllupeHue 3a cuer M00aBIeHUS HEKUX JIOMOJHUTETHHBIX JIEMEHTOB;

(2) ckumaromasl crparerusi: HOCTPOEHHe HAJCTPYKTYDBI Il MHOYKECTBA MCXOJIHBIX pelle-
HUil ¥ y/ajieHne u3 Hee HEKOTOPBIX IJIEMEHTOB;

(3) xoMbuHMpOBaHHAsS cTpaTerus (paciiupenue, yaadeHue, OMepPAIu 3aMeHbl 3JIEMEHTOB);

(4) crpaTerusi TPOEKTHPOBAHUS: MOCTPOEHUE PACIIUPEHHON “061acTH” MPOEKTHBIX JIeMeH-
TOB U TPOEKTUPOBAHNE HOBOTO PEIIEHUS.

YKazaHHbIe YeThIPEe CTPATEIM OCHOBBIBAIOTCS HA KOMOMHATOPHBIX MOJEJISIX KaK BCIIOMOTa-
TeJIbHBIX (MHOIOKDHTEPUATHHOE PAHKUPOBaHUE/BbIOOD, PIOK3aK, OJOYHbIN PIOK3aK, KOMOMHA-
TOPHBIH MOPMOIOrHIECKuil CHHTES).

Tabsiuma 7.1. BazoBbie cTpyKTypbl U 6ubInorpadudeckue CChbLIKA

Ncxonmere Henesas crpykrypa Ccouiku
CTPYKTYPBI

1.Muoskectsa, | [IOAMHOXKECTBO, HAAMHOKECTBO [51, 269]

2.Ilenoukn/ O6mas noanocaenosarensHocTs,| (93, 98, 79, 83, 90, 174, 203],
nocenoBa- | 0bImas HaITOCTenOBaTeTBHOCTD, | |232, 251, 271, 274, 284, 408, 432|,
TeNBHOCTH | MEAMAHA, KOHCEHCYC 474, 443, 511, 519, 540, 546
3.Pamxuposku| (i) Mexnana/xoncencyc 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 J1epeBo
(ii)Koncencyc xax Jjiec 121, 239, 481, 573, 574]
(iii) Haiepeso 84, 165 253 501]
5.I'padsr Ob6mwmit moarpad, [186, 273, 340, 342]

obiuit Hagrpad

7.2 BcnomorarteJjibHBIE 330291 U CTPATETUN arPerupoBaHMsd

7.2.1 DBa3zoBble BcmoMorareJbHbBIE 3aJa4N

B ciydae ABYX MCXOIHBIX pellieHuil B Buje MHOXKeCTB djeMeHTOB 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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quarpamva Benna).

Ha;LCprKTypa Sa,a, 2 (AU Ayy)
Moncrpyrrypa Sa, 4, C (A1&A2)

Puc. 7.4. [logcrpykrypa u HaJICTPYKTypa

[TycTh MMeeTcst MHOXKECTBO UCXOAHBIX perenuii (crpykryp) S = {51, ... iy Sy} Iyers
dbyuakums 6;im30¢TH WM METPUKH Jist pernenuii umeer Bum: p(S;,,S:, ), i1, o 6 {1, 2, oy}
PaccmarpuBarorcs cieayonye BCIOMOTraTe/IbHbIE 3a1a4u:

3amaua 1. Haiitu MakcuMabHYIO IOJICTPYKTYPY:

S = arg max (15, vS'e () S

i=1

3amauva 2. HaiiTu MUHUMAJBHYIO HAJICTPYKTYPY:

S = arg I{mn (15", vs"elJ S.

i=1

Terneph MOXKHO PaCCMOTPETH OIPEJIEIEHHE MeIUAHbI JJjisi HCXOAHBIX MHOXKeCTB S [274, 443,
519]:
(a) “o6o0mennas meauana” (“generalized median”) MY onpenesiercss Tak:

n

M7 = arg minMED (Z p(M7DZ))7

i=1

rae D (D O S) sBjiseTcss MHOXKECTBOM CTPYKTYP CHEIMAJbHOrO BUa (IIOMCK TaKOil MeIuaHbl
06b1uHO tpejcTasisier coboit NP-rpyauyto 3a1a4y);

(6) yupouenHsiii ciaydail MeJuanbl (HeKast anlpoKCUMAIUsl) B BUJE “MeIuaHbl MHOXKECTBA’
(“set median”) M*® najg muoxKecTBaMu S:

n

M?® = arg minycs (Z p(M,S;)).

i=1

31ech uImeTcst OUH MpeacTaBuTeb u3 MHOXKecTBa S = {51, ..., S;, ..., Sp }. Cnenyer 3ameTurs,
Beiuncsierue 6yusoctu p(M, S;) npencrasiaser coboit wacro Takxke NP-Tpyaayio 3a1a4y.
Teneps MOXKHO pUBECTH 3a7a4y 3, 339y 4, 337249y 5:

3amaua 3. Haiitu “menuany muoxects”  M°.
Bapmaua 4. Haiitu (“o006mennyo meauany”) MY.

Bagada 5. Haiitu pacmmmpeHnyo CTpyKTYpy B BUje MeAuaHbl (KOHCEHCYCA) MOCPEICTBOM
Jo6aBienust (MM KOpPEKIUK / pelakK THPOBaHsi) K 6a30BOii CTPYKTYpe B BH/Ie MeIMaHbl / KOHCEHCYCa
HEKOTOPBIX 3JIEMEHTOB C YYETOM PeCypPCHBIX OTPAHUYEHHIA.

31ech, HEKOTOPBIE 3JIEMEHTHI T0OABISIOTCS K MeauaHe (3amada 3 wid 3a1ada 4) ¢ yaerom
“nosieaHocTu” M “TpedyeMbIX pecypcoB”’ NI UCHOJIB3YeMbIX J100aBICHU.
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YKa3aHHbIE 3329 PACCMATPUBAIOTCS sl CJIEAYIOMMX TUIOB CTPYKTYp: (1) MHOXKecTBa,
(ii) mmoorcecmeo mopgoaozud, (iil) mepesbs, (iv) gepeBbs ¢ mHoscecmeom mopporoeud. B ciy-
dae, KOTJIa PACCMATPUBAeTCs BEKTOPHast 6,1n30¢Th/MeTpuka p(S;,, S;, ), OCYIIECTBIISETCS TTOUCK
[Tapero-acdhdexTuBHLIX pemenuit B 3aa4e 3, 3amgade 4, 3amade 5.

7.2.2 IlocTpoenne “cucremHoro sgapa”’

Caeayromnme MeToAbl MOXKHO UCIOJIB30BAThH JIJIsI TOCTPOEHUs “‘CHCTEMHOTO siapa” K:

(1) mocrpoenue MOACTPYKTYPbI JJIsi HCXOAHBIX DeIIeHuil,

(ii) mocTpoenue MennaHHON CTPYKTYPHI (consensus/agreement) st HCXOMHBIX PEIIEHUI,

(iii) mocTpoeHue pacIIMpeHHON MOACTPYKTYPHl W PACIIMPEHHONR MeIUAHHON CTPYKTYDHI,

(iv) mByx-craamitHas cxema: (a) 3aJaHue MHOXKeCTBA 6a30BBIX CHCTEMHBIX JacTell (Kak MOJ-
MHOKECTBO BCEX 4acTeil/KOMIIOHEHTOB CUCTeMbI ), (6) BBIOOD HAMJIYYIIEr0 CACTEMHOIO SJIEMEHTA
JIJI KaxKI0i 3aJaHHOM 0a30BOM CHCTEMHON YacCTH.

B HEKOTOpBIX CiIydasix, mojpemnieHue (T.e., “CUCTEMHOE PO’ KaK HOACTPYKTYpa) sBJISETCS
OYeHb MAaJIEHbKUM TMOJMHOXKECTBOM. TOr/a MMeeT CMBICJ HCIOJIh30BaTh CHeIUaIbHyIo (6osee
“MSITKYI0”) IpOIIEIy Py BHIOOPA 31eMEeHTOB Jiis “cuctemuoro sapa’. Ilycrs S = {51, ..., S;, ..., Sy }
Oy/eT MHOYKeCTBOM UCXOJHBIX perrenuii (crpykryp). B pamkax paccmarpuBaeMoil mpoueiyphi,
3JieMeHT e Oyjer BKIIYaThCs (N06aBIsThCs) B “cuCTeMHOE siAp0”, ecau 1); > « (Haupumep,
a > 0.5) e 7. paBHO YUCJY HCXOIHBIX 3JEMEHTOB, KOTOPblE BKJIIOYAIOT B CBOIl COCTaB €.
Wcnonp3oBanue yKa3aHHOTO IIPABUJIA, IIPUBOAUT K PACIIMPEHHUI0 0a30BOTO METOJA ITOCTPOCHUS
CUCTEMHOMN TIO/ICTPYKTY PHI.

7.2.3 Crparernm arperupoBaHUSA

Crparerus pacimupenust uMmeer cieayionmii suy (Puc. 7.5):

Twun 1. Crparerusi pacmupenusi:

@asa 1.1. AHau3 NPUKJIATHON 332491, NCXOIHBIX PEIEHNil, PECyPCOB, 9JIEMEHTOB PEeIIeHMIA.

Dasa 1.2. Beigenenne 0a30BOro MOApEIIeHUsT WJIN “CHCTEMHOro saapa’ K Ha OCHOBE M HC-
XOJIHBIX pelieHuii (HampuMmep, MOJAMHOKECTBO 3JIEMEHTOB, MOJACTPYKTYPA, MEIUAHA).

Da3za 1.3. DopMupoBaHHe MHOXKECTBA JIONOJHUTEIHHBIX 3JIEMEHTOB DellleHus, KOTOPble He
OBLIIM UCIOJIb30BAHBI PAHEe.

®a3za 1.4. Beibop Hanbosiee BaXKHBIX 9/IEMEHTOB U3 MHOXKECTBA, JOIOJIHUTEIbHBIX 3JIEMEHTOB
¢ yueroM cyeayiomiero: (i) “mosie3HocTs” BBIGMpPaEMBIX 3j1eMeHTOB, (ii) obmiee orpannyenue(s)
110 TpebyeMbIM pecypcam, (iii) COBMECTUMOCTh MKy BHIODAHHBIMY 3JIEMEHTAMY U 3JIEMEHTaMU
6a30BOr0 “CHCTEMHOTO Sapa’.

Dasa 1.5. Ananus mojy4eHHOrO arpernpoBaHHOIO PeIleHus (M penieHnii).

‘ Ucxonmwie pemenns {S1, .., Sr, ..., Sm } ‘

(CHCTeMHoe Apo” 5 DJIEMEHTHI-KaH I IATHI

nas gobasyenus W

! !

Crparerus pacimupenus (tun I)

!

C ArperupoBannoe permenne S99 )

Puc. 7.5. Cxema crparerun paciimpenust
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Bropasi crparerusi (crparerusi naJjieHusi/c:KaThsi) OCHOBAHA HA [IPEJABAPUTESHHOM 00beu-
HEHMM BCEX 3JIEMEHTOB 17l MCXOJHBIX PEIleHMi M yJaJeHHHM He-BaXKHBIX 3JIEMEHTOB C y4eTOM
VIOBJIETBOPEHUST HEKOTOPBIX orpaHudenuii mo pecypcam (Puc. 7.6):

Tun I1. Crparerusi cxxarust (yaasneHus):

Dasa 2.1. AHaIU3 NPUKJIAIHON 3a/1a49M, UCXOIHBIX PEIIeHHi, JIEMEHTOB PeIleHni.

Dasa 2.2. OObenyHeHNE BCEX JIEMEHTOB W3 171 UCXOIHBIX PerreHuit 9robbl chopMUPOBATH
6azoBoe HajpernieHue (HAPUMeED, HAJICTPYKTYPa, MHOMKECTBO BCEX JIEMEHTOB BCEX MCXOJIHBIX
perenuit).

Dasa 2.3. DopmupoBaHue MHOXKECTBA 3JIEMEHTOB-KAH/IUJIATOB U1 VAAJEHUS.

Da3za 2.4. Beibop He 0YeHb BaXKHBIX 3/IEMEHTOB M3 MHOXKECTBA KAaH/IUJIATOB C YUYeTOM CJie-
Jyromero: (i) uHTerpupoBaHHAs “MOJIE3HOCTD” C2KATOrO pemtenus, (ii) obiiue orpaHuYeHUs IO
pecypcey(cam), (iii) COBMECTHMOCTb MeXKJly BHIODAHHBIME SJIEMEHTAME B CKATOM DPEIIEHWH.

Dasa 2.5. AHaIM3 NOJIyY€HHOIO ArPErMPOBAHHOTO PelleHus! (UM PereHnii).

‘ Ucxonuwie pemenns {S1, .., Sr, ..., Sm} ‘

! !

azgperte-\ |DJIeMeHTHI-KaHIuIaThI
aue O s ynanennst A C Q\K

Crparerust cxarus (tum IT)

.

ArperupoBanHoe pemenue S99

“Cucremuoe
sanpo”’ K

C )

Puc. 7.6. Cxema cTpareruu c:kKaTus

Tperbs cTpaTerus BKI0YaeT KOMOUHAIMY Ollepanuii 1o06aB/IeHNs, yIaIeHIs 1 3AMEHBI dJIe-
menros (Puc. 7.7):

‘ Ncxonuwle pemenvst {51, .., Sr, ..., Sm } ‘
“Cuc- Kanmunarel| Kannunarel| KanougaTe:
TEMHQE Hajpe JJIsT ILJIs pARISZE
SAOpO IIeHue || robaBjeHus] | yAAJJIeHUs 3aMEHbI

K Q w B C = {(au,bv)}

!

!

!

I

Crparerus pacumpenue/cxxarust (T I1T)

‘ )

C ArperupoBanHoe perenue S%99
Puc. 7.7. Cxema cTparernu paciiupeHus/cxKaTus

<

Twun 111. KombunupoBanHasi cTpaTerus:

Dasa 3.1. Ananu3 NPUKJIAIHON 331291, UCXOIHBIX DEIIeHWi, 3IEMEHTOB PEeIleHui.

@asa 3.2. Boigesenne Ha OCHOBE 1M HMCXOIHBIX peIIeHHil HeKOil 0a3bl B BHIE IOJAPEIICHUS
win “cucreMuoro siapa” K (Hampumep, MOJAMHOYKECTBO 3JIEMEHTOB, MOJACTPYKYTPA, MEIUAHA).

®a3za 3.3. DopMupoBaHue CJIeIYIONIErO:

(a) MHOKECTBO JIOTIOJTHUTETLHBIX 9JIEMEHTOB PEIIeHNs] KaK KaHUAATOB st jobasienus W,
KOTOpBIe He OBl BKJIIOUYEHBbI B ynomsiHyTyio 6a3y (|W N K| = 0),

(6) mogMHOXKecTBO 371eMeHTOB B C K Kak KaHIUIATOB JJIS y/IAJI€HMUs,
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(B) muoxkecTBO 1ap tementoB C' = {(ay,b,)|(a, € K)&(b,EK)}, nanee MHOXKeCTBO oepa-
uuii KOPPEKIUK PACCMATPUBACTCsI KAK 3aMEHA 3JIEMEHTA (,, HA JIeMEeHT D,.

Da3za 3.4. Boibop Hanbosiee BayKHBIX olepaluii (BKIOYast Jo0aBIEHNe SJIEMEHTOB, yIaIeHue
9JIEMEHTOB, 3aMeHy 3JIEMEHTOB) ¢ ydeToM ciexyiomero: (i) “mosesnocts” omepanwuii, (ii) obue
orpanuveHusi 1o rpebyemMbiM pecypcam, (iil) COBMECTUMOCTb MeXK/ly BHIODAHHBIMU JI€MEHTAME
B Pe3yJIbTUPYIONIEM DELICHNUH.

Da3a 3.5. AHanu3 HOJIyYEHHOIO arperupoOBAHHOIO pelleHus (MM PeleHui).

YeTBepTas cTpaTerus HAIIPaBJIeHa Ha UCIIOJIb30BaHUE JIONMOJTHUTEIHHBIX 9JIEMEHTOB U3 “pac-
HMIUPEHHOr0” IPOEKTHOTO “IIpocTpaHcTBa’ (00JIACTH) 3JIEMEHTOB. 3/1ECh, PE3y/IbTUPYIOIIee arpe-
TUPOBaHHOE pelnieHrne MO2KET BKJIIOYAaThb HE TOJIBKO 3JIEMEHTbI M3 MCXOJ/HbIX pe]l[eHI/Ifl, HO "
HOBBIE 3JIEMEHTHI. UeTBepTas CTpaTerus BKIIYAET CJIeLyIOIee:

Tun IV. Crparerusi pacIiapeHHOr0 POEKTHOTO “IPOCTPaHCTBA’ (HOBOE MPOEKTUPOBAHHUE):

Dasza 4.1. AHanu3 NpUKIATHON 3a0a49d, UCXOIHBIX PEIIeHU, 3JIEMEHTOB PeIleHMii.

®a3sa 4.2. Pacmupenune oO0beIMHEHNSI MHOXKECTBA BCEX SJIEMEHTOB 1M UCXOJHBIX DPeIleHwuil,
4TOOBI ¢(POPMUPOBATH PACIIMPEHHOE IPOEKTHOE “IIPOCTPAHCTBO’.

Dasa 4.3. HoBoe MpoeKTUPOBaHUE COCTABHOTO PEIeHUs] Ha OCHOBE TIOJTyYeHHOTO PACITUPEH-
HOTO TPOEKTHOTO “IPOCTpaHCTBA” ¢ ydeToM ciexayiomero: (i) “mose3nocTs” MpOeKTHPYeMOTro
pemenus, (i) obmue orpannydenust no TpebyeMbIM pecypcaM, (iil) cOBMECTHMOCTD MeXKIy BBI-
OpaHHBIMU 3JIEMEHTAMU B PE3YJIBTUPYIOIMIEM DEIeHNH.

Da3a 4.4. AHanu3 moayYeHHOrO arpernpoBaHHOIO PelieHust (MU PereHuii).

Puc. 7.8 winiocTpupyer 4eTBEPTYIO CTPATETHIO: MMEIOTCS TPHU UCXOJIHBIX pelreHust Si, So,
and S3, pe3yJbTUPYIOIIee arperupoBaHHOe perneHue S*Y MOKeT BKJIIOYATh 3J€MEHTHl U3 UC-
XOJIHBIX pereHuii Sy, So ¥ 9JIEeMEHThl U3 PACHIMPEHHOIO IIPOEKTHOTO “npocTpancTa’ (06sacTh).

Pacimupennast o61acThb

5 TIPOEKTHBIX JIEMEHTOB
Sa99
CshH (s )

Puc. 7.8. Nnnoctpanusi HOBOro MPpOEKTUPOBAHUS

7.3 PaccmarpuBaeMble CTPYKTYPbI

PaccmarpuBatorest ciepyiomue 6a30Bble BB MHOXKECTB: MHOYKECTBA, CIIMCKH, JepeBbst [165,
301, 533|. JonosHuTeIbHO, BHUMAHWE Y/IEJIE€HO CIENUaTbHOMY BUIY COCTABHBIX CTPYKTYD: MOp-
donozuveckum cMPYKMYpam.

7.3.1 MamuoxkecTBa

Puc. 7.9 comep:kut nmpumep st IByX UCXOMHBIX MHOXKeCTB A 1 B. Puc. 7.10 cofepKuT npuMepsbI
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 MHOYXKECTBA,
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TTomMmuOXKeCTBO SAB HaaMuokeCTBO S A

° ° ° ° ° e 0000600600000
1 4 6 10 12 12345678 9101112

Puc. 7.10. ITpumepsi: OJMHOXKECTBO ¥ HAIMHOYXKECTBO

Hycre  {Ai, ..., Aj; ...y Ay} ABASIOTCA MCXOTHBIME MHOKecTBaMH. Torja MOAMHOKECTBO
(momcrpykrypa) mmeer Bua: Spay C© NiL; A;. HagMuoxecTBO (HAaICTPYyKTypa) MMeeT BH:
Stay 2 UL A

7.3.2 PanxkupoBku (cJIOHCTBIE MHOXKECTBA)

PaHKUPOBKaA PACCMATPUBALTCS KAK CJIOUCTOE MHOYKECTBO (T.€., MHOYKECTBO, 3JIEMEHTHI KOTOPOTO
pasbuThl HA JIMHEHHO ymopsijioueHHble moaMuoxkecTBa-cion). [Tycre A = {1,...;4,...,n} OGyner
MHOKECTBO MCXOJHBIX 3JIEMEHTOB. PaHKUPOBKa (YaCTHUYHBIH HOPSIIOK WM pa3bueHne MHOXKe-
cTBa) A) paccMaTpHBAeTCs Kak JHHEHHO yrnopspodenubie nonmuokectsa A (Pue. 7.11): A =
Uznzl A(k)), |A(l€1) N A(k2)| =0 eCcJIn k?l 7& k’g, ’ig j il \V/’Ll € A(k)l), \V/ZQ € H(k’g),
ki < ko. llomuoxkecTBO A(k) Oymer Ha3bIBATHCS CI0eM Kk, KazKIbIil 9J1eMeHT i € A ToJydaeT
MPUOPHUTET 7';, KOTOPHIi paBeH HOMEPY COOTBETCTBYIOIIEro ¢1ost. OnucanHoe pa3dreHre MHOXKe-
crBa A Gyzier Ha3bIBATHCS PAHKUPOBaHWe (PAHKUPOBKA), cpaTudUKAIMsl, CJIONCTOE MHOKECTBO
[161, 333, 334, 342, 26, 484, 587|. OueBuAHO, YTO JTUHEHHBI MOPSIIOK SJIEMEHTOB MHOXKECTBA
A gBjsieTCs TaKKe PaHKUPOBKON. MHOTHE ro/ibl 331aui PaHKUPOBaHUsl (SOrting) WHTEHCUBHO
uccsienoBauck [105, 161, 120, 290, 291, 342, 26, 484, 587, 588|.

1

Hcxonubie
3JIEMEHTBI
(anbrepHaTUBBI)
k

A={1,...,i,...,n}

u
S . .

Puc. 7.11. Cxema panKupoBaHUS

7.3.3 Mopdoaorndyeckne MHOXKECTBA

Mopgonozuneckoe mroocecmeo - 3T0 CTPYKTyPa, COCTOSINAS U3 CJIELYIONIEro:

1. KoHEuHOe MHOXKECTBO 1esbiX uncess N = {1,....,7,...,m} (KaxKmoe 1eaoe 7 COOTBETCTBYET
JaCTH CHCTEMBI);

2. MHOKECTBO 3JIEMEHTOB (aJIbTEePHATHB) JJIs KAXKJI0H YaCTU CUCTEMBI T

A ={An, . . A, ..., Ary, }, Toe Ar¢ - 9TO IPOEKTHAS ATBTEPHATHBA,;

3. OTHOIIIEHUE TIPE/IIOUTEHUST HAJ[ MHOYKECTBOM 3JIeMeHTOB A, (MM ONEHKH 10 3aJaHHOMY
MHOKECTBY KPUTEDPHUEB WJIM Pe3yIbTUPYIONIUE HOPSJIKOBbIE TPUOPUTETH /IS KAXKJIOW ajibrep-
HatuBbl P(Are));

4. B3BeleHHbIe (MOPsIIKOBasl 1TKaJa) OUHADHBIE OTHOIIECHUST COBMECTIUMOCTIY JIJIsl KaXK 0%
naphl CUCTeMHBIX YacTell (a, 3) € N HaJ 3/1eMeHTaMi MHOXKeCTB anbTepHartus Ay, Ag: Ra, a,-

PaccmarpuBaercs cucrema, cocrosimas u3 m dacteir (Puc. 7.12) (334, 342, 347, 356|. Ta-
KM o6pasoM, mopdoaoeua cucmemovs S4 (mam mMopdomoruss ¢ ) ompenenserca Tak: A =
{41, ..., A, .., A} (Puc. 7.13).
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Hanee npusenennl npumepsr as 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 ))
Hacrs Yacte Yacrs
1 T m
. . ' - . .
MuozxecTBo MuozxecTBO MuozkecTBO
AJbTEPHATUB  AJHBTEPHATHUB aJbLTEPHATHUB
nJd 9actu 1 IJI 9aCTU T IJIsL 9aCTh M

Puc. 7.12. CocraBaag cucrema

Mopgonroeuan cucmemv, A

Puc. 7.13. Mopgonrozusn cucmemuoi

Mopgponoeusn A
(@)

Puc. 7.14. Tlpumep: mopgoaozus Al

M, opgﬁoawz A?

Fig. 7.15. Ilpumep: mopdoroeuan A?

IIod-mopgponozusn S a1 s
@)

'~
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Haod-mopponozus S g1 42
(@)

=

Puc. 7.17. Had-mopponroeus S a1 a2

Kpowme Toro, ciieryer paccMOTperb OLEHKH COBMECTHMOCTH. ATPErupoBaHue OIEHOK (110 3Jie-
MeHTaM) MOXKeT OBITh OCHOBAHO HA CIIEIUAJbHBIX OMepanusx (HanpuMep, BBIOOp MEHAMAJIBLHOTO
3HaveHus ). Tabauna 7.2 coOMepKUT WITIOCTPATUBHBIH IPHMeD OIEHOK COBMECTUMOCTH M WX ar-
perupoBaHud.

Tabsuna 7.2. Arperamnus onenok copMmectumoctu jya Al A% yannr A;, Ay
Han-mopdomnorus S A1, A,

Mopdosorus A' Mopdosorus A? Ao1 Agp Ay A
A1 Agz Agy Agp Ao Al 0 — 1 2
Aur| 0 1 2 Aa| 2 3 Ag2| 3 2 @ 1
A1 3 2 1 Az 1 2 Aiz| 2 1 @ 1
Agz| 2 3 1 A 2 2 A — 2 2 —

7.3.4 JlepeBbs u Mmopdosorndeckue CTpyKTYypPbl

Ha Puc. 7.18 npencrasnensl npumepst aByx aepesbes 11 u Tp. Ha Puc. 7.19 npencrasnenst
IpUMEPBI COOTBETCTBYIOIIMX HaJI-jepeBa 1" u noj-jepesa 1.

T, ol2

Puc. 7.18. /IBa ucxoaHbIX AepeBa

Han-nepeso T Ilox-mepeso T
12

10, 11

Puc. 7.19. Hax-nepeBo u moa-aepeBo

Ha Puc. 7.20 nmpeacraB/ieHsl TpuMepHl ABYX JIepeBbeB ¢ Mopdosoruavu O u Oy. Ha Puc.
7.21 TIpe/ICTABIIEHB! COOTBETCTRYIONIHE HAJI-IEPEBO H MOJ-1epeBo ¢ Mopdoorusyu O u ©. Oue-
BUJIHO, YTO TAOJIUIBI OTIEHOK COBMECTUMOCTH U WX arperupoBaHUE MOTYT OBITH TAKYKe PaCCMOT-
PEHBL.

Puc. 7.20. /IBa ucxomubix jiepea ¢ MopdosiorusiMu
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Hau-nepeso ¢ mopdonorueit © Ioxn-nepeso ¢ mopdoJioruei 5)

Puc. 7.21. Hag-nepeBo u 1oji-jiepeBo ¢ MOpGOI0TusiMu

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. Hoytbyk S.

1. Dnekrponuka H:

1.1. Bazossle Berunciennda 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 xaprel (Video/graphic cards) J: J; (NVIDIA GeForce CTS 300M),

Jo (GT 400M Series), J3 (ATI 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 Ge3onacuocru F: Fy (Norton AntiVirus), F» (AntiVirus Kaspersky).
2.2. Obpaborka nH(pOpPMAIMA U UHTEpHET [:

2.2.1. Tloppeprkka ganusix 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. llpodeccronaibHble TPOTPAMMBI Z :

2.3.1. O6paborka nudopmanun G: G; (Matlab), G, (LabView); G5 (MatCad), G4 (Het);
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2.3.2. Cuenmasbuble cpefipl st padpaborku nporpamm P: Py (C++), Py (JAVA);
P; (Delphi), P, (Her);

2.3.3. Cnenmanbusle pegaktopsl L: Ly (LaTex), Ly (None);

2.3.4. Urpsr Q: @1 (Tetris), Q2 (Solitaire), @3 (Chess).

CTpyKTyphl 4€ThIpEX HCXOIHBIX BapHAHTOB KOMIbIOTEpPa S, Sa, S3, Sy MPeICTABIE€HB HA
Puc. 7.23, Puc. 7.24, Puc. 7.25, Puc. 7.26. 31ech U3MeHSIIOTCS TOJIBKO BUCSIYNE BEPIIHHBI MOIEIN
cucrembl. are not considered. CoBmectumocth Mexkay DAs He paccmaTpuBaercda. OOmmas cxema
arperanuu npejcTaBieHa Ha Puc. 7.27 (Bkjouas JBa aJbTEPHATUBHBIX METOJA MOCTPOEHUS
“cucremuoro sipa’).

B U RV J E OF D A G P L

AOROREBEEOHAARE
Puc. 7.23. CtpykTypa HOyTOyKa S

B U RV J E OF D A G P L

BOEOORCREEAREE
Puc. 7.24. Crpyxrypa HOyTOYKA S

B U RV J E OF D A G P L

BEAORAREEEAARE
Puc. 7.25. Crpykrypa HOyTOyKa S3

B URV J E OF D A G P L Q

AOEEEECEEEEEEE

Puc. 7.26. Crpykrypa HOyTOyKa Sy

CHoyT6yK Sg) CHoyT6yK 5’3)

TTocTpoenwue “cucremuoro sigpa’ K
(moapemenue, BHIGOP HAWITYYIIAX
SJIEMEHTOB JJIsl KaXKJI0H JaCTh CUCTEMBbI)

!

C“CI/ICTGMHOG anpo” K )

!

Koppekrius “cucremuoro sapa’ K
(momonneHne/3aMeHa, 3JIEMEHTOB)

@I‘peI‘I/IpOBaHHOG perienue S"g@)

Puc. 7.27. Cxema mporecca arperamnuu

HoncrpykTypa Jjis paccMaTPHBAEMBIX BADHAHTOB S npencrasiena ua Puc. 7.28, HagcTpyk-
Typa S mpencraBnena Ha Puc. 7.29. Temepn ciemyer paccMoTperdb “cucremuoe saapo’ K kak
pacimupenne noacTpykrypst S (Puc. 7.30).
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B U RV J E OF D A G P L Q

JO0B0E0OE000E

Puc. 7.28. TlogcrpykTypa perienuit 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. HagcTpykTypa pemenuii S

B U RV J E OF D A G P L Q

A0EEEECOABE0E

Puc. 7.30. “Cucremuoe gapo” K

Temepb KOMOMHUPOBAHHAA CTPATETHA arperanuu B BUIE MOAUMUKAINHN ‘CUCTEMHOTO Sapa’
K wmoxer 6biTh nipuMenena. Clieyioniee MHOXKECTBO onepanuii Mogudukanun (Kak KaHIuia-
TOB) MOYKHO PAaCCMOTDETh:

1. onepamuu jpodaBienust: 1.1. nobasienue ajs U: Uy wim Uy num Us, 1.2. nobaBienue JJist
F: Fy wum Fy, 1.5. nobasiyienune aiass P: Py wim P i Py

2. omepallud KOPPeKTHPOBKHU: 2.1. 3ameHa By = Bs, 2.2. 3amena V3 = V,, 2.3. 3aMmena
A1 = Ag.

O4eBuUIHO, IIPEJICTABJIAETCS 1€7eCO00PA3HBIM OIEHUTh YKa3aHHbIE OIepaluy MOIUMDUKAIIIH
(nanpumep, “crouMocTs”, “HOJIE3HOCTE”) U PACCMOTPETH ONTUMU3ANUOHHYIO Mojesb. aee Gy-
JIeT IIPUBEJIeHa COOTBETCTBYIOIIAs ONTUMHU3ANMOHHAS MOJIEIb PIOK3a4HOTO BU1a. Hekuit mpumep
pesyabTupylomero permenus S' npencrasiaen na Puc. 7.31 (Mogudukanus “cucreMHoro sagpa’
K).

B U RV J E OF D A G P L Q

ﬁ@ﬁ@ﬂ@ﬂeﬂeeeeg
Puc. 7.31. Pemenne S! (Momudukanus “cucremuoro sjipa’ K)

C npyroit cTOpOHBI, TTIOCTPOEHNE “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 a0 yKa3aHHOi
YACTH CHCTEMbI MOYKHO PACCMOTPETH MPOLELYPY BbIOOPA HAMJIYUYIIEro 3JeMeHTa (C yu4eToM Jie-
MEHTOB HCXOJHbIX pe]_[IeHI/Iﬁ njam JOIIOJIHUTEJIbHbBIX SJIeMeHTOB). HaHpHMep, MO2KHO IIOJIYYUTb
caeayIomiee “‘CUCTeMHOe siJIpo’:

K*:Bl*UQ*RQ*%*EQ*OQ*FQ*DQ*GQ.

[Tpouecc koppekTupoBanus (MOIUGMUKAIMT) 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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B U RV J E OF D A G P L

CUCUNEUULUCNUS

Puc. 7.32. Pemenne S?

7.5 Merpuku n 6Jim30CcTN

B maHHOM paszjesie pacCMaTpPUBAIOTCs MEPBI OJIX30CTH MEXK Ly “CTPYKTYDPHBIME’ O'beKTaMu (MHO-
JKECTBa, PAHKHUPOBKH, JiepeBbsi, rpadbl) A; 1 Ay. OBBIYHO Mepa PACCTOSHUS OIPeIeIsieTcst KakK
dbyuakmusa d(A;, AQ) YIOBJIETBOPSIONIAS PALY CBOMCTB METPUKH:

1. d(A;, As) > 0 (meorpuIaTEIBbHOCTS),

2. d(Aq, Ay) = 0 (mmeHTHYHOCTD ),

3.d(A;,Ay) =0 & A= B (yHUKAJIBHOCTS),

4. d(Ay, As) = d(Ay, A1) (cummerpus),

5. d(Ay, Ag) + d(As, As) > d(Ay, A3) (HepaBEHCTBO TPEYTOJIBHUKA).

Ecinu nannas dbynkuus ynosiersopsier ycaosuio d(A;, As) < 1, To roBopsit, 4T0 JaHHAasI
METPHUKA SIBJISI€TCS HOPMAJIM30BAHHOM.

Bo mMHOrEX npuioKeHUsX IPUBEIeHHBIE YCJIOBHS SIBJAIOTCS JOCTATOYHO “‘CHJIbHBIMU® W Pac-
cmarpuBatorcs Oosee "ciabbie' cBoiicTBa. B pesysnbrare dynkmus d(A;, As) coorBercTByer 60-
nee “crnaboit” curyamuu, Hanpumep: (i) kBasu-merpuka, (ii) 6uausocrs (6e3 cpoiicra 5, HApH-
Mep, 61M30CTh JIJIs PAHKUPOBOK B [333, 334|).

CyIecTByeT Tpu W3BECTHBIX MOJAXO0JA K ONPEIEJIeHHIO TTIOX0XKECTH /OJN30CTH 00'bEKTOB UK
CTPYKTYP:

(1) TpagunuonHBIe METPHUKH/paccTosHus (B BuAe yKazanHoil dyukmun) [93, 175, 218, 220,
423];

(2) Tpancdopmanysi MUHEMAJIBHONR CTOMMOCTH HEKOro 00'beKTa B JIpyTroil (paccrosiHue pe-
naktuposanus) (85, 111, 242, 325, 412, 535, 559, 584];

(3) MakcumasibHast 00mAs TMOJACTPYKTYpa (C YIETOM COTLJIACOBAHUS JAHHON CTPYKTYDHI C
ucxomubiMu obbektamu) [51, 52, 111, 112, 340, 342, 477, 568|.

7.5.1 MeTpuku/6a130CTH VI MHOXKECTB

Pacemorpum muoxkecTBo 3iaementoB A = {1,....4,...,n}. [lycrb nmeercs: nBa MOIMHOMXKECTBA
Al C Awu A? C A. Merpuka 110 3jeMenTaM (T.e., PACCTOSHEE) UMeeT BH (C yIeTOM HpeIIoJIo-
xenus AU A% £ 0):

| AT N A2

AT A2

Teneps paccmorpuM Beca stementon: w; € (0,1] (i € A). Torma paccrosinue (10 Becam 3J1eMeH-
TOB) HMeeT BUJ, (C yIeTOM HPeINONOKEHU e 41| ) 42) Wi 7# 0):

pe(AlaAQ) =1-

_ Zie(Al N A2) Wi
Yie(arJa2)Wi

pw(Ala AQ) =1

Pacemorpum npumep (Tabuia 7.3), KOTOPbIH BK/IIOYAET:

(a) ucxomuoe muoxkecrso A = {1,2,3,4,5,6,7,8},

(6) mpa nogmuoxkectBa: Al = {1,2,4 5} u A2 {1,2,3,4,5,6,7}.

Caenyrorue Beca 3JIEMEHTOB I/ICHO.HI;SyIOTCH 0.5,0.6,0.4,1.0,0.7, 0.2, O 1 1.0. IHomyuatorca
crnemytomue paccroguus: po(A', A%)=1—-2=0571n pw(A1 AQ) =1-— 18 =10.496.
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Tabsuma 7.3. YucsoBoit 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] =

B ciryuae ncnosib30Banusi BEKTOPHBIX BECOB W; = (W
Hasl BEKTOPHAasl OJIM30CTh MOYXKET PACCMaTPUBATHCS:

pr(AL, A%) = (pL(AY, A42), .., pE(AL, A2), .. p( AT, A%)) =

2ie(A1 () 42)
ZZE(Al JA2

B Zie(Al NA2) W
2ie(a UA?)UJ

(1-

1 r
w; 7
)1’ T
w; )

7.5.2 BuausocTh AJid mocjieJ0BATEJIbHOCTEMN

B 0CHOBHOM MCHOJIB3YIOTCsI TPU BHAA GJM30CTH IS TETOYEK /TICae0BATEIbHOCTEH (KAaK yKa-
3BIBAJIOCH B OOIIEM Cilydae):

(1) obmiast yacTh MCXOAHBIX MOC/IEI0BATENBHOCTEH KAK TIO/IIOCIeI0BATEIbHOCTH, HAJIIOCTe-
JoBaresibHoCTH [56, 55, 232, 271, 272, 546,

(2) mocsienoBarenbrocTH-MeMana [303, 443|,

(3) paccrosinme penakTupoBanus [55, 242, 325, 480, 566].

3/1ech BaXKHBIMHU 3a1a9aMU SIBJSTIOTCS CAEyIOMmue: (a) aHaau3 aaropuTMUIECKONR CJI0KHO-
cru [546]; (6) mocTpoeHue MOJIMHOMHUAJBHBIX aJropuTMoB (242, 272]; (B) mocTpoeHue mpub/Iu-
JKEHHBIX aJaropuT™MoB [271].

7.5.3 DBamu3ocTh Jyig PaH>KHUPOBOK

Heckosbko BUIOB paccTosiHuii (METPUK) WM Mep GJIM30CTH MCTOIb3YIOTCS JJIsl PAHKUPOBOK:

1. paccrosinne Kennanna-Tay (Kendall-Tau) [293];

2. pacCTosiHUs JIjisl YACTUYHBIX PAHKUPOBOK [72, 181];

3. BekTopas 6imzocTh 333, 334].

Jlanee paccrosuue Kennasia-Tay u BeKTopHas OJTM30CTh /I PAHXKHPOBOK KPATKO OIUCAHBI
(omucanue ocuosano Ha [334]). Ilycts ||gi, (¢,j € A) Gymer marpuia cMexkuHocTH A5 rpada
G:

1, ecmm > j,
gij =4 0, ecmmin~ j,
—1, ecmm i < j.

Paccroanue Kennamna-Tay ang rpados G u G? umeer Bu:

Gl G2 Z | gz] - gzy

1<j

rje gl-lj, gfj ABJIAIOTCS dJIeMEHTaMI MaTpullbl cmexknoctu rpados G u G? coorseTcTBeHHO.
BekToprasi 6;i30CTh OCHOBaHA Ha Cleyonmx omnpeaenenusx [333, 334]. [Tycts W (.S) obo-
3HAYAET MHOXKECTBO BCEX CJIOMCTBIX CTPYKTYp A.
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Onpenenenne 7.1. Byaem nazsiBaTh 0mubOKoOit neporo nopsiaka Vi € A, u omubKoit BTO-
poro nopsinika V(i,j) € {Ax Ali # 7 VS, Q € ¥(S)} crenymomee:

07 (5,Q) = mi(S) — m(Q),
033(5, Q) = mi(S) = m(5) — (m(Q) — m5(Q)),

rae m;(S) = 1 Vi € A(l) B S. Takum 006pa3om, mjis OIEHKH HECOOTBETCTBHS (HECOTTIACOBAH-
HOCTH) MeX1y crpykrypamu S, () € V(S) oTHOCHTENbHO 3JIeMeHTy i U nape 371eMeHTOB (i, ])
HOJIYy9a€eTCsl IEJI0OYUCIEHHAs KAJIA, C CJIEYIONUMA yPOBHIMU:

() —(m—1) <7 <m— 1 67(S,Q).

(ii) =2(m — 1) <7 < 2(m — 1) aaa 07,(S, Q).

Onpepenenne 7.2. [Iycrs
SU(S, Q) = (xi(m71)7 sy xilu l’l, LA xmil)a

y(Sv Q) = (y—Q(m—l)’ () ?/_17 y17 [ yZ(m_l))a

OymyT BekTOpHl omuboK (6sm3ocrn) V.S, Q) € ¥(S) orHOCHTEIEHO KOMIOHEHTOB 4 (1-if mOpsi/I0K)
U Tmap KOMIOHEHTOB (i,7) (2-if mopsinok). KOMIOHEHTH yKa3aHHBIX BEKTOPOB OIPEIEJISIIOTCS

CTIIYIONTUM 00pa30M:
a" =i € Al67(5,Q) = r}l/n,
y"=2[{(i,)) € {Ax Ali # j}|65;(5, Q) = r}|/(n(n — 1)).
O0603HaYUM MHOYKECTBO apPI'YMEHTOB JjIs KOMIOHEHTOB BEKTOPOB T W Y CJIEIYIONIMM 00pa-
som: 0 = {—k,...,k}, MHOXKeCTBO OTpHIATETHHBIX KaK ()~ , MHOXKECTBO IOJIOKUTEJbHBIX KaK

QF. JononHuresbHO Gy/yT UCHOAB30BATHCS BEKTOPHI TUIIA X ¢ ArPErMPOBAHHBIMM KOMIIOHEH-
TaMH (AHAJOTUYHO JUIsS ¥):

ko —k m-+1
<— > -
.’,Ukl’k2 = E xrjx_ k= § xr’x_k = § xr7 k> 0727‘7" =z +x "
r=ky r=—(m-—1) r=k

Onpegenenne 7.3. [lycrs |2(S, Q)| = X, cqz”, [Y(S, Q)| = X,cqy” obo3HAUAET MOLYIN
BEKTODOB.
BekTop x Oymer ucnoyib30BaThCcs KaK 0a30BBIi.

Onpenenenne 7.4. BekTopbl HA3BIBAIOTCS COKPAIEHHBIMY, €CJIU:
(1) wacTh TepMHHAJIBHBIX KOMIIOHEHTOB y/AJIsieTCsi, HAlpUMep:

z(S,Q) = (x’kl, x’(kl’l), T e RN x'”),

1 OJIHO WU OoJjiee CJIeIYIOMMUX YCJIOBHHM yaoBaeTBOpPAOTeS ki < m — 1, ko < m — 1;
(2) arperupoBaHHbBIE KOMIIOHEHTHI UCIIOJIB3YIOTCSI:

x(S7 Q) = (‘rgkl’ R xkaila xka’kbu xkb+17 ceey kaQ)’

z(S,Q) = (zM, ..., &l . x*h.

Onpenenenne 7.5. Bexrop z (y) Oyser Ha3bBATHCS:

(a) aByx-cropounum, ecmu Q1| £ 0 u |Q7| = 0;

(b) omso-cTOoponHuM, ecu |QF| = 0 wam [Q| = 0;

(c) cummerpuuHbIM, ecin —r € )7 cymectByer Vr € QT u Ha060pOT;
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(d) MOmY/IBHBIM, €CJIM OH ONPEJeJIeH B COOTBETCTBHYU ¢ onpejenenuem 7.4 (7.3).
Takum 06pa3om, napa JMHERHBIX MOPSIJIKOB HA KOMIIOHEHTaX BEKTOPOB Z W Y (OlpejieieHune
7.2) nonyuenst: Komnorwenm 1(—1) < ... < xomnonenm k(—k).

Ounpenenenne 7.6. x1(5, Q) = x2(5,Q), Q(x1) = Q(xs), VS, Q € V(S), ecin HEKOE yMEHD-
mieHue “cjabbix”’ KOMIIOHEHT 7 110 CDABHEHHIO C Ty KOMIIEHCUPYETCsSI COOTBETCTBYIOIIUM YBeJIU-
deHueM ee “CubHbIX” KOMIOHEHT (r,p € QF wmm —r, —p € Q7):

dal =Y b >0,Vue QT (V-—ueQ ,—r < —u).

r>u r>u

[IpuBeseM WUTIOCTPATUBHBIN TPUMED:

(a) ucxomnoe muoxkecrso A = {1,2,3,4,5,6,7,8,9},

(6) paHKHPOBKA

St = AL = 2,4}, 4} = {9}, AL = {1,3,7}, AL — {5,6,8}},

(B) pamxkuposka S? = {A? = {7,9}, A3 = {1,3}, A2 = {2,5,8}, A3 = {4,6}}.

COOTBGTCTByIO]l[I/Ie MaTpulbl CME2KHOCTHU UMEIOT BU:

-1 0 -111 01 -1
1 . 1 011 11 1
0o -1 . -111 01 —1
1 0 1 .11 11 1
lgij(SH =] -1 -1 =1 =1 . 0 -1 0 -1
-1 -1 -1 -1 0 . -1 0 —1
0o -1 0 —-111 .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
g;;(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

Hecisioskno nocuntars paccrosane Kenmanna-Tay ama St n S
pr (St S?) = 31.
BekTopnbie 6,i130cTH 103BOJSIOT 60JIee “pesibepHoe” OMucaHue pa3Indus MeXKIy CTPYKTYpaMu
Stu S%
m(SY) = (7 (SY), ..., m(SY, .., ma(SY) = (3,1,3,1,4,4,3,4,2),
7(S?) = (m1(S?), ..., m(S?, ..., ma(S?) = (2,3,2,4,3,4,1,3,1),

5?(51752) - (17 _27 17 _37 1a072a ]-7 1)7
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.3 0 4 0 1 -1 0 O
-3 . =3 -1 -3 -2 -4 -3 -3

0O 3 . -4 0 1 1 0 0
4 1 4 . -4 -3 -5 —4 —4
o7 (S, 5%) = 0O 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

0 3 0 4 0 1 -1 0

2(81,8%) = (z7%, 272,07 2t 2%, 1%) = (1,1,0,5,1,0),
y(SL, S =(w Sy Pyt v vyt Ryt =
(0,1,5,5,1,6,6,0,1,1,0,0).

Or™meruM, K03 HUITHEHTHI % i n(n2 He WCIIOJIb30BAJIUCh B T | Y.

_1)

7.5.4 DBau3ocTb aJid JepPEBLEB

Kax u B 001iem ciydae, jjist OneHKY 6Ju30CTH (II0X0KECTH, PA3/INYusi) 1ePEBbEB IIPUMEHSIOTCS
Tpu moaxona [51, 52, 139, 173, 182, 253, 500, 536, 556, 557|:

(i) merpuku (paccrosiuust) [139, 173, 536, 557];

(ii) paccrosinus pemakTupoBaHus s aepesbes [124, 494, 535, 547, 581, 582, 583];

(iii) obrmee moIEPEBO, MEIMAHHOE JePeBO, KOoHCeHcye [51, 52, 182, 187, 253, 267, 501, 523,
569.

Caenyer ormeruth, 9ro MHOrHE 3bdeKTuBHbIe (OJUHOMHUAIBHBIE) AJITOPUTMBI TIPEJIOKE-
HBI JIJisl TIOCTPOEHUs METPUK /GIN30CTell JJisi J€PEBbEB, MOCKOJIbKY JIE€PEBbsl SIBJISIOTCS JOCTa-
TOYHO “XOPOIN0” yIOPSI0UeHHBIMU CTpYKTypamu [176, 547, 548, 556].

Jlasee Gymer uCHOIB30BaHA YIPOIIEHHAS BEPCHUS JIBYX-KOMIIOHEHTHO 6JIM30CTH JIJIsi KOPHe-
BBIX JiepeBbeB ¢ MapkupoBauubiMu Bepmmuamu (labelled trees). Paccmorpum apa takux jepe-
Ba: ' = (A, E)uT" = (A", E") (kopeHb B 060MX J€pEBbsiX OJIMH ¥ TOT ¥Ke), [Jle MHOKECTBA
A" u A” - Bepmmnubl, MHOXKecTBa, F' u E” - nyru. PacemorpuMm napamemp domuruposarus
Y(a,b) € (E'NE"). UMetoTcs cleyionme TpU cay4as doMuruposaHua i Bepmul a u b: (1))
a — b (a momuuupyer b, Te., a > b), (ii) b — a (b gommuEpyer a, Te., a < b), (iii) a u b
SIBJISIOTCS HE3aBUCUMBIMU. 'Torma napamemp doMuHUpPOSaHUA AMEET B

d', ecom a — b,
_ 2
d(a,b)e(E’ﬂE”) = d , ecjimn b— a,
d3, ecom a,b - He3aBUCHUMBI.

B pesynbrarte, napamemp usmenerus V(a,b) € (E' (N E") MOXKHO ONpeIeUTh TaK:

[0, ecom d(a,b)e(E’ﬂE”) - He W3MeHEH,
Plape® NED =1 1, ecom dapye(pr (Br) - U3MEHEH.

OKoOHYATEJBLHO, PACCMATPHUBACMAd OJIM30CTDh I ABYX JI€PEeBbEB UMEeT BUJI;
ﬁ(Tla T”) = (p(Alv AH)? p(Elv E”))v

rae
A/ﬂA//
pe(A,A") =1 - W’ p(E', E") =

O‘leBI/I,ZLHO, YTO BBINIOJTHAIOTCA CJIeAYIOIHne CBOMCTBA:

Z(Chb)e(E’ m E') p(a7b)e(E/ ﬂ E")
[(E"NE")|
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(1) 0< p(EE") <1, (2) p(E,E)=0.
OTmeruM, 9TO ONUCAHHBIN MOAXOJ MOXKET OBITh MCIOJb30BaH u s rpados. [Ipusegem
AJTIOCTPATUBHBIN IIPUMED:

ITpumep 7.1: Jepesba T’ u T” npencrasaens Ha Puc. 7.33.
Ob6mias 6mm3octs umeer sux: p(17,7") = (0, 1).

12 3 4 5 6 7 8
T &——0—0—0—0—0—0
"

LS S I R R

Puc. 7.33. JlepeBbs nnsa 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 Bux: p(1",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 - - - - %« & &
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 anst Moxkecrs Bepumn umeer sug; p(A', A7) = 1.

Tabauna 7.6 u Tabsuna 7.7 comepxkar coorBercTByIomume contain corresponding gaxmopoi
domunuposanua nags A’ A" 8 T' u 8 T" (n3menenus ykazausl ‘oBanamn’). Obmas 61130¢Th

umeer sug: p(1T",T") = (3, 1)

/ 1"
Tl Tl

/ /IB\ : 8

10
Puc. 7.35. JlepeBbs s npumepa 7.3

Tabsuna 7.6. Paxmop domunuposarus (1")
1 2 3 6 8

1 * v dtdb
2 — * e G SO &
3 - = % at dt
6| - - - x &
8 — — — — *

Tabmuna 7.7. @axmop domunuposarus (T")
1 2 3 6 8

1 * a d dbdt
2 | - x &b d?
3| — - % d
6 - - = % d?
8 — — — — *

7.5.5 Bimm3ocTth aag mopdosorndecKux CTPyKTYyp

MopdoJioruueckue CrpyKTypbl sIBJSIFOTCS COCTABHBIME, [IO3TOMY TPEJICTABJISETCS 1EJ1eC000pas-
HBIM HCIOJB30BaTh [T HUX BEKTOPHYIO Oim30cTh. B obmem ciaygae, crpykrypa (A) cocrout
UX caeayonmx dacteil: (1) apeBoBuaHas Moaeib cucteMbl T, (ii) MHOKECTBO BHCSYUX BEIINH
P, (iii) maoxkectBo DAs nia kaxkmoit Bucsdeit Bepmunsl D, (iv) pamxuposku DAs (r.e., mo-
psikosbie nipuopurersi) R, (v) onenkn cosmecrumoctn mexay DAs I. Bekroprast 6m3ocThb
ns apyx Mopdosorundecknx crpykTyp A%, AP Moxker paccMaTpuBaThCS TaK:

p (A% A7) = (p'(T,T7), p' (P PY), p'(D*, D7), p"(R*R7), p"(I*.1%)).

[TpuBeseM yupoIeHHbIi puMep, Korua cTpyKTypa (A) cocrout u3 aByx dacreil (a) gepeBo
T = (A, E) (T.e., MHOXKECTBO BEDPIIUH ¥ MHOXKECTBO JyT), (0) pPAHAKUPOBKH /Il KAXKI0i BHCsSUEl
Beprmabl ¢ (U; R; ). Torma 6m3octh 1Byx MOPGhOJIOrHYecKUX CTPYKTYD MMeeT BH/L:

E(Ala A”) = (p(Alv AH)? p(Ela E”)a pT’(Alv A”))'

3aech nmpeanosaraercs, 4ro DAS /i BUCSYUX BEPIIMH HE U3MEHSIOTCSA W OLEHKH COBMECTUMO-
CTU HE PaCcCMaTPUBAIOTCH.

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}



7.5. METPUKHW U BJIN30CTHU 127

Bimzocrs jyisi muoxkects Bepiun uveer sua: p(A') A”) = %. Tabsimna 7.8 u Tabauna 7.9
cojiepxkar coorsercrByiomme gaxmopv. domunuposanus st A'\JA” 8 T' n 8 T" (n3menenusi

ykasamsl ‘oBajamn’). Bamsocts st nepesbes mmeer sun: p(17,T") = (3, £).

A6a(2) Ara(1) Aoy
Puc. 7.36. [lepeBbsi ¢ mopdoJiorueii jjs npumepa 7.4

3ech 1poLECC 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, UCIOIB3YeTCsl HOPMAJTH30BAHHOE

paccrosinne Kennanna-Tay: Bepmuna 4: d4(A, A”) = %, BeprmHa, 5: 05(A', A7) = %, BepIuHa 6:

de(N,AN") = %, Bepimmuna 7: 07(A,A") = %. Pesynbrupyromryto o6y 6Ju30CTh /It PAHAKHUPO-

BOK MO>KHO BBIYMCJIUTH KaK Cpe€JHee 3HaYeHUe:

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 IPUBEIEHHOMY BEKTODPY
0JIN30CTH.

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
x 4 4 db At A&
— * 43 d! d! 2
— — * 43 43 dt

O TR W N
I
I
I
*

@ BB
— _ _ _ * d3 d3
— — _ _ _ * d3
- - - - - - *
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7.6 3aJadm moCTpoeHus MeJAuaHbl, 3aJa49M arperamun

7.6.1 MmuoxkecTBa

Pacemorpum ciryuait m muoxkects: {Aj, ..., A;, ..., A, }. 3amada mocTpoennst paciMpenHoi Me-
JuaHbl (KOHCEHCYCA) JUIsi YKA3aHHBIX 1M MHOXKECTB MMeeT cJeiyonmii Buja. PaccmarpuBaem
asa napaverpa (Ve € U™, A;): “npubbuis” wim “nosesnocts” ¢, > 0, Tpebyembiii pe-
cypc b. > 0. Ilycte mmeerca Hekoe Ga30BOE MHOMKECTBO (nanpumep, 6a30BBIN KOHCEHCYC)
Riay = S{Ai} C Nt A (um Riapy = M{Ai}) u doecRap = b, rme b
- ob1iee pecypcHOe OrpaHuYeHue. 3ajava [MOCTPOeHUs ‘DACHIMPEHHON MeJuaHbl/KOHCEeHCyca'
uMeer BUI:

max > Ce s.t. > be < b.

eeW (UL, A\Riay) eeW (UL, 4)\Ra,y)

JlaHHast MOJIE/Ib COOTBETCTBYET 3ajaue O PIOK3aKe.

Tenepb MOXKHO PACCMOTPETh 3aja4y arperanuu jjis MHOKecTB. CHavala pacCMOTPUM 3a-
Jady arperaiuu Jisi AByX MuoxkectB A, B. Merpuky oboznaunm rak: p(A, B) >0, p(A,B) =
p(B,A). B npumepe ucnoib3yercs ciaeayonias npocrasd Merpuka: p(A, B) = |ANB|/|AU B].

Mennannoe MOAMHOXKECTBO (HALIPUMED, MOJIe/b KOHCeHeyca 110 Kenpasuty [293]) umeer Bu:

Map = arg min (p(M, A) + p(M, B)).

Tenepn paccmaTpuBaroTCa JBa apameTpa Ve € (AU B): “npubsuip” win “nosesnocrs” ¢, > 0,
Tpebyembiii pecypc b, > 0. Ilycte Rap = Sap (wnmum Rap = Map) ucnob3yercs Kak 6a30Boe
MHOKECTBO-"KOHCEHCYC” M ) .cp,, < b, TAe b - obmee orpanmvenue no pecypcy. lanee pac-
CMaTPUBAETCS MOJIEJ/Ib, AaHAJOIMYHAS TPUBEIEHHON BBINIE. 3a/1a4a MOCTPOEHUs “pacIIMpPeHHOM
Me/[MaHbl /KOHCEHCYCa” MMeeT BH/I:

max > Ce s.t. > b, < b.

ec€WC((AUB)\Ran) ec€eWC((AJB)\Rap)

JlaHHast MO/IE/Ib COOTBETCTBYET 33/1au€ O PIOK3aKe.

Tenepsr MOXXKHO paccMOTpPeTh 3aJ[ady arperamuv B CJAy4ae MHOTHX WMCXOJHBIX MHOXKECTB
{Ay, ..., Ay, ..., Ay} Anasornuno, ucnosb3yorest aBa napamerpa Ve € UM, A;) @ “npubbuip”
nin “nosesnocts” ¢, > 0, Tpedyemprit pecype b, > 0. Ilycrs 6a30B0e MHOXKECTBO-“KOHCEHCYC”
umeeT BUI: Ryay = Sy C Nt A (mwm Rpay = Ma,y) B Yecrupbe < b raeb-
o01Iee OrpaHUYEHHUE M0 pecypey. 3ajgada UMeeT BUJL:

max Z Ce s.t. Z b < b.

eeWC((UX, A)\Rga,}) eeWC((UL, Ai)\Rga,3)

DTa MOJIeJIb COOTBETCTBYET 33/1a9€ O PIOK3aKe.

Caenyer 3aMeTUTh, YTO IPUMEHEHUE JPYTUX CTPATETrHil arperaiuud MOXKeT TaKKe OCHOBBI-
BAeTCs Ha MOJIEJIAX PIOK3ayHOro Tuna. Hampumep, B crparernu “cxkarust’ (yAaJeHus) MOXKHO
HUCIO0JIb30BaTh HAJMHO2KECTBO (KaK O6'berZLI/IHeHI/Ie HNCXOJHbIX MHO}KeCTB), CreHepupoBaThb HEKOE
MHO2KE€CTBO 3JIEMEHTOB KaK KaHJIUJAATOB Ha Yy/JlaJIEHHE, OICHUTb 3TU JJIEMEHTbI 110 ABYM Ilapa-
MeTpaM (T.e., “loJIe3HOCTh” U TpeOyeMblil pecypc) U MPHUMEHUTHh MOJIEeb PIOK3adHOTO THNA (Ha-
pUMep, MUHUMU3AIUs 00IIel TTOJIe3HOCTH YAAIIeMbIX 3JIEMEHTOB IIPU OTPAHUYEHUN HA OOTIH
TpebyeMblii pecypce).
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7.6.2 PaHXupoBKu

[TocTpoenne MeuaHbl / KOHCEHCYCA JIJIs PAHKUPOBOK SIBJIsIeTCst 6230801 3a1aueli B 06,1aCTH IpU-
HaTus perrenuit [78, 142, 290, 291, 78, 290]. 3xeck OyayT KpaTKo omucanbl Tpu MeToaa: (i) mo-
CTPOEHHe KOHCEHCYCa Ha OCHOBe 3aJiauu 0 HazHadenunu [141, 142, 143, 308]; (ii) sppucruueckuit
meroz [80, 308, 542]; (iii) meTox Ha OCHOBe 3a7a4u 6JIOYHOrO pIOK3aka [333, 334].

Memod 1. MeTos, OCHOBaHHBIN Ha UCIOJb30BAHUM PACCTOSHUS W 3aJaYd O Ha3HAYEHUSX,
Ob11 mccaenoBan B [141, 142, 143| (o6bruno 3716Ch ucnonb3yercs paccrosune Kenmamma-Tay).
PacecMOTpUM HEKYIO BEPCHIO JAHHOTO IIOAXO0bI IPUMEHUTEIBHO K CJIOUCTHIM CTpyKTypaM IlycTh
MMeeTCsi HCXOJHOe MHOZKECTBO 3JieMeHTOB (00bekToB, anbrepHarns) A = {1, ....4,...,n}. Hucmo
yposreit (cioes) pasuo m (k= 1,m). Vmeercs I/ICXO,ZLHBIX paHKMPOBOK MHOXkKecTBa A: S!,
SA...., S, Taxkum obpazom, S* = i, Ap. HyCTb r} (i € A) Gyner IpHOPHUTET 3JIeMeHTa i B SA
T.€., HOMep COOTBETCTBYIOMEro ypoBHs: 1) = k if i € A}

00603HaUYMM PE3YILTUPYIONLYI0 PAHKUPOBKY (KOHceHcyc) rak: S* = {Af,..., A}, ..., A%}, u
cooTBeTcTByOIMe npuopurersl Tak: r¢ Vi € A. Ucnosb3yrorcs ciejyomiue OMHADHbIE Iepe-
MEHHBbIE:

1, ecmu r{ =k umm i € A,
Lik =
0, B OIPOTHBHOM Clydae.

Bajiaua 0 Ha3HAYEHWHU [JIsl 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 MOJIMHOMHATIBHBIE agroputmbl [205, 309]. ITomy-
YeHHas BEPCUS 33/1a4d O HA3HAYEHWH sBJIsIeTCs 6oJiee CJIOKHON. 371ech /IS Hee MCIOJIb3yeTCs
OYEBUHBIN YKAHBIH ajiropuT™: BHIOOp Ounxkaiimero 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 PAHKUPOBKHU (PaCCMATPUBAIOTCS YETHIPE YPOBHS):
= {A] ={2,4}, A} = {9}, A} ={1,3,7}, A} = {5,6,8}},
= {42 = {2,3}, A2 {4,9}, A2— {1,7}, AQ— {5,6,8}},
= {43 = {2,4}, A3 {3,9}, A3— {1,5}, A3 = {6,7,8}}.
PeSyﬂbTprfomaﬂ panxkupoBka umeer Bu/ (Tabinna 7.10).

S*={A1 ={2,4}, A3 ={3,9}, A5 = {1, 7}, A7 = {5,6,8}}.
Tabsuma 7.10. [Ipumep 11 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/yiokeH B [80]. DToT METO OCTATOUHO MUPOKO
ncrnosb3yercs [542]. PaccMoTpuM yupoIeHHy0 BEPCHIO 9BPUCTHKH JIJIsi HAXOXKIEHUs] COOTBET-
CTBYIOIIETO pernrenust S

= { (5o r)/nl, e (S5, 1)/ — [(52 ) /ul < 0.5,

= [(XA_,r})/p] + 1, B mpoTuBHOM Ciy4dae.
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Taxum o6pasom, permenne S¢ umeer suy (Tabaumna 7.10):
5@ = {Af = {2,4}, 43 = {3,9}, A§ = {1.7}, A7 = {5,6,8}}.

Memod 3. 3nech paccmarpuBaercsl HOIXOJ, HA OCHOBe 6JI0YHOl 3aja4un 0 prok3ake [333, 334]:
ncxonbie parKuposka {SMA = 1, 1} oT06pazkaoTcs B “pPa3sMBITYI0” arperHpPOBAHHYIO0 PAHIKH-
poeky S¢, Te., {S*} = S, S§ € {Sr}, tme { Sy} - MHOKECTBO BCexX “PasMBITBIX” PaHAKHPOBOK.
Takum obpazom, 3a1a49a UMeeT BUI;

max  h(S$ st. n(S% SN <n, VA=T1,p4,
s2eisy) ( f) n( f ) =1 K

rjae h - mapamerp (KauecTso) pesy/ibrara B Bue ‘ycpeaneHHoi” crpykrypsr S§¢, n(S’,S") -
BEKTOPHasI OJIM30CTh s JIBYX PaHKUPOBOK S’ u S”, 1, - orpaHnvenne Ha BEKTOPHYIO OJIM30CThH

x99

(T.e., “onopublit” BekTOp). Puc. 7.37 wimocrpupyer JaHHYO 3a1a4y.

Puc. 7.37. Arperamus [334]

Vcnosib30Balbl Caeayomue 0003HaYeHN: (; - YUCI0 UCXOAHBIX CTPYKTYD, B KOTOPHIX 3JI€-
MeHT i € A, | = 1,m (ypoBun); BekTOp & = (i1 oy ity ooy §im) OTPEJIETISIET “dacroTy” mpH-
HAJJIEXKHOCTH 3JeMeHTa i K ypoBHsM {Aq, .., A, ..., An}, toe & = %’f (310 amasor yHK-
LMK TPHHAJJIEXKHOCTH JIEMEeHTa ¢ K ypoBHIO [ = 1,..,m). S§ - 970 MHOXKECTBO 7 HHTEPBAJIOB
{Hi(Sf)} = {[d}(Sy),d;(Sy)]}, @ = I,n. Pesyaprupyiomee “kadectso” S} OCHOBAHO HA ClIe/LyI0-
meit GyHKImu (1I0X0xkKa Ha SHTPOIHIO):

n n 1

ZHI-(S?) :Zd?(S]‘%)—dil(S?)—i—l — max.

i=1 i=1

Jlasee, HCIOB3yeTCsl MO TbHBIN BEKTOP KaK OIM30CTh: 2, = (21,..., 27,0, ..., 0). OkonuaTems-

HO, 3aJa4a UMeeT BHI:

max »_ H;(S}) st 2(5Y,5%) <z, VA=T p.
i=1

+
OTHOCUTEILHO HYJIEBBIX KOMIIOHEHTOB Zk+1, cees Zk , MO2KHO OIIpeaeJIMTb MHOXKECTBO AOITyCTH-

MBIX BapuHaHTOB WHTepBaoB (di | 6 = 1,¢;). 3amada cBoguTcs K cienyoneit MoauduKkanum
3aJJa49u OJIOYHOTO PIOK3aKa:

n g
max Z Z Hig(dig)kin

1=160=1

n g q;
s.t. ZZZZ)%/@@ < er p=1,k, Z/ﬁw =1 1=1,n, ki €{0,1},

r>pi=160=1 r>p =1

e b}, - cyMMa KOMIIOHEHTOB &;, KOTopble oTam4atorcsa ot di, (d2) mo r. Bepcus omucamnoi
CXeMbl arpeTHPOBAHUST PAHKUPOBOK Oblta peanmsonana B CIITIP KOMBU |26, 27, 334, 362|.
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7.6.3 JlepeBbs

[Tpu arperanuu JepeBbEB, UMEETCI MHOXKECTBO HCXOJHBIX JepeBbeB. MOXKHO yKa3aTb YeThl-
pe ocHOBHBIX mozxona: (1) makcumanbHOe obimee moxaepeso [51, 187]; (2) mequanuoe mepeBo
(median/agreement tree) [52, 84, 182, 228, 267, 470, 523]; (3) coBmecTumoe nepeso (compatible
tree) [84, 228, 241|; (4) makcumabHBIR “MequaHHbR’ Jec (maximum agreement forest) [121,
239, 481, 573, 574|. B ocHoBHOM, yKa3aHHbBIE 33J1a49u OTHOCATCS K Kiaaccy NP-rpynubix 3amad.
[241, 470]. Takum 06pa3oM, 1Jis UX PEIIeHUs] UCIOIb3YIOTCS SBPUCTHKH, IPUOJIMIKEHHBIE CXEMBbI
1 1epebOPHbIe METOIHI.

Baiady arperanuu I MHOXKeCTBa UCXOAHBIX fAepeBbes {1} = {T' .. T% .., T™} MOXHO
paccMaTpuBaTh cJeayoimmuM obpazoM (crparerust pacmupenust 1):

Cmadus 1. Tlouck MemuaHHOrO jAepeBa (T.e., “aapa’):

m

T% = arg min (O p(T,TY).
3

Cmadusa 2. Teneparyst MHOYKECTBA JOMOTHATEIBHBIX 3JIEMEHTOB (BEPIIMHBI U/UIH pedpa).
Cmadus 3. Jlobasnenue smemenToB K 1% (3a1a9a PIOK3aYHOTO THIIA).

B ciay4ae ucnonb3oBanus BektopHoit 6mmzoctu p(1”,T"), T nokeH UCKATHCS Ha OCHOBE
noucka [lapero-scddexTuBnbix perrennii. C 1pyroit CTOPOHBI, MOXKHO PACCMATPUBATD IBPUCTH-
KU JIJIsl TIOCTPOeHUS “‘sa/ipa”, HapuMep:

m—1

K= Q(TiﬂTizl).

=1

7.6.4 Mopdomoruieckme CTPYKTYPHI

3ajiaua arperanuu MHOXKECTBA, UCXOIHBIX CTPYKTY]P
(A} = {AL,.. A, A™)

MOXKeT OBITh PACCMOTPEHa Tak (CTparerus JOMOJHeHUs /paciupenus 1):

Cmadus 1. Tlonck menmannoro gepesa (r.e., “supa’):

m

A" = arg min (> p(A,AY)).
s

Cmadus 2. Tenepanusi MHOKECTBa, JOTMOJTHATEILHBIX 9JIEMEHTOB (BEPIIMHBI U/Wn peGpa).
Cmadus 3. JlobaBienue 371eMeHTOB K A% (3a/1aua PIOK3aYHOTO THIIA).

B ciyuae ucnosnb3oBanusi BekTopHOit 6smzoctu p(A'; A”), A9 nonKHa MCKATHCS HA OCHO-
Be noucka [lapero-adpdexkrupanix permenwnii. Ciieyer orMeTnTh, MOPGOJIOTHIECKHE CTPYKTY PhI
(Mopdosioruyeckue CTpyKTyphbl ¢ COBMECTHMOCTHIO) SIBJISIIOTCS CJIOKHBIMU COCTABHBIMU CTPYK-
rypamu: A= ( T,P,.DR]I ). Moxer OHTH 11€7€C000pPA3HO UCIOJB30BATH CJIEIYIONYI0 SBPH-
CTUYECKYIO CXEMY:

Cmadus 1. Arperanust MHOXKeCTB cucTreMHbIX 4acreii {P}.

Cmadus 2. Arperanust MHOXKeCTB MPOeKTHHIX anbTepHaTuB DAs {D}.
Cmadus 3. Arperanust MHOXKeCTB OIleHOK coBMmecTumocta {I}.
Cmadusa 4. Arperamus npeBoBuaHbix Mogesneir { T }.
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7.7 IIpogoikeHne MJLJIIOCTPATUBHOTO HNpUMepa

PaccMoTpuM 3aKTI0YUTEIBHYIO 9aCTh UITIOCTPATUBHOTO IIpUMepa, /i HOyTOyKa. KoMOuHupo-
BaHHas crparerus arperanuu (crparerusi 11I) ucmosb3yercs jjist AByX CJIy4aes:

(1) “cucremuoe siipo” KaK pacIIMpeHue I0CTPYKTYPbL:

K =B xRixVsx JixE1 xO1 %Dy % Ay x Gy % L1 x Qg;

(2) “cuctemuoe sap0” K*, 0cCHOBaHHOEe Ha MHOTOKPUTEPHAJHLHOM BBIOODE HAWIYUIIAX IPO-
€KTHBIX aJbTePHATUB JIJIsT KaXKJ0W YaCTH CUCTEMBI.

PaccmoTpum coyuait 1. 31ech crpaTerus arperanuu Kak MoAuGUKAINSA “‘CHCTEMHOTO sapa’
K’ Mmoxer 6bITh UCTIOJIb30BaHa. PaccMOoTpuM cJieiyonnee MHOXKECTBO KaH/IMIATOB /It Ollepaluii
MoaupuKaIun:

1. oneparuu pobasyenus: 1.1. nobapaenue misg U: U, nwau Uy uim Us, 1.2. nobaBienue s
F: Fy wm Iy, 1.8. nobasnenune qiass P: Py, wiun P; wiu Py,

2. onepanuu Koppekiuu: 2.1. 3amena By = By, 2.2. 3amena V3 = V), 2.5. 3amena A, = As.

Tabsuna 7.11 comepKuT CIUCOK yKa3aHHBIX Onepaluii MoanduKaIui, WX IOPsiIKOBbIE OIleH-
K1 (9KCIepTHOE oleHuBaHue). B pe3ysbrare nosydaercs ynpoieHHas 3aja4a 6JOYHOIO PIOK-
3aka (¢;; = 3 — 145, b= 11.00):

6  qi 6 g qi
maxz Z Cijxij s.t. Z Z aijxij S b, Z xij = IVZ = 1, 6, (L’Z‘j c {O, 1}
i=1j=1 i=1j=1 j=1
PesysbTupylomee pemenue S¢ npejcrasneno na Puc. 7.38 (21, = 1, 110 = 0, 213 = 0, 297 = 0,
Too = 1, w31 = 0, w30 = 1, w33 = 0, 241 = 0, 240 = 1, w51 = 0, 50 = 1, w61 = 1, 262 =
0). 31ech MCIOAb30BAJICS KAMHBIH aaropuT™M. OIEHKH COBMECTHMOCTH MEXKJIY NPOEKTHBIMU
aJbTEPHATUBAMU HE MCHOJIb30BAJIUCh.

Tabauna 7.11. Onepamun Moaud UK

Omneparun Bunapubsie | Croumocts | [IppopureTs
EPpEMEHHDBIC |  a;; Tij
1. Hobasienue
1.1. Uy T11 3 2
1.1. Uy 12 2 3
1.1. U3 T13 4 1
1.2. F} T2 2 2
1.2. Fy Z29 3 1
1.3. P, 31 3 1
1.3. P3 32 2 1
1.3. P, 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. A1 = Az Te1 2 1
2.3. Her T2 0 2

Puc. 7.38. Pemenne S'¢ (Mmomudukamus “cucremuoro aupa’ K')
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Tenepn paccmoTpum BTOPO# ciiydail. 37ech MOCTPOEHUE “‘CHCTEMHOrO siipa” OCHOBAHO HA
MHOTOKDUTEPHAJIBLHOM BBIGODE ¥/MJIM 3KCIHEPTHBIX CyKiaeHusix. Vmeercsi 6azoBasi cTpyKTypa
(cocraB) “cucremuoro sapa” B, U, R, V, O, F, D, G. Jlna KaxXa0i#l yKa3aHHON YaCTH CHCTe-
MBI BO3MOXKHO IPUMEHEHHe MPOIeAyPhl BHIOOPA HAMIYYIIEro CHCTEMHOTO 3JIeMeHTa, (TTPOeKTHOM
AJIbTePHATHBBI, PACCMATPUBAIOTCH SJI€MEHTHI UCXOIHOIO PEIleHHs W JOIOJTHUTEIbHBIE dJIeMeH-
Tb1). Tabiuua 7.12 comepKUT NPOEKTHBIE AJbTEPHATUBBI JJIsi KOMIIOHEHTOB “CHCTEMHOrO sapa’.

Tabnuna 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 kpurepuu (nopsiakosas mkadia [0,4]): croumocrs (Y1), mosies-
Hocth (Y'3), omwir (Y'3), mepcnekrusnbie ocobernnoctu (Y,). [TopsiIKOBBIE OIEHKU OCHOBAHBI HA
SKCIIEPTHOM OLEHMBAHWHN, HAUMEHBIINE OLEHKH ABJISIOTCS JyYIIUME. B pe3ybrare moJydaercd
caenyiomiee “‘cucremuoe siapo”’ K*: K* = By x Uy x Ry x Va x By % O1 x Fy x D1 x (6.

[Tponecc KOppeKIUK CUCTeMbl BK/IIOUYAET CJEAYIONINe OIePALlUN:

1. nobasyienne: 1.1. Ay, 1.2. Py, 1.3. Lq;

2. ynanenne: 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):

72 72 2
maxz Zciszj s.t. Z Zaijxij S b, Zl‘ij =1Vi= ﬁ, Lij S {0, 1}
j=1

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

[Tosyuennoe pemenne A S%¢ npesacrasieno na Puc. 7.39 (21, = 1, 110 = 0, 191 = 0, x99 = 1,
w31 =1, w30 =0, 241 = 1, 740 = 0, w51 = 1, 750 = 0, 261 = 0, 72 = 1, 771 = 1, 27 = 0).
Bt ucnonb3oBan kKaaublii aaroputMm. COBMECTUMOCTD MeXKy MPOCKTHLIMHU aIbTepPHATHBAMU
HEe PacCMaTPUBAJIACD.
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Tabmuma 7.13. Onepanuu MoaudUKAIIT

Omneparun Bunaprere | Croumocrs |IIpnopurers
IIepeMEeHHbIEe Qg5 Tij
1. Jobasienue
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 Ty2 0 2
3. 3amena
3.1. B = B3 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

Puc. 7.39. Pemenue S%¢

7.8 BrBIBOIHI K TJIaBe

B nannHoit ryiaBe mpeCTaB/IEHO CHCTEMHOE OIMCAHWE CXeM arperanuy MOJY/JIbHBIX pelTeHui.
[IpenokeHHBIE TMOAXOIBI MOTYT OKa3aThCAd OYEHb IMOJIE3HBI NPU HCIOJb30BAHUM PA3JIHIHBIX
METO/IOB peIIeHUs MPUKJIAIHBIX 3324 C MOCJIeAYIONeil arperamueil moJayYeHHbIX PeIleHui.

MoxkHo yKazarh psij| epCIeKTUBHBIX HAINPAaBJIEHU MCCJIeI0BAHMIA:

1. wccsieioBaHMe W IPUMEHEHUe PA3JIMYHBIX TUIIOB MeTPHK /6IM30CTel J1Jisi MOJLYJIbHBIX Pe-
IIEeHUT;

2. anaym3 0oJiee CI0KHBIX MPOEKTHBIX 3374, KOTJa MOIY/IbHbIE PEIIeHNs COOTBETCTBYIOT
CJIOXKHBIM MPUJIOKEHUsIM (HAPUMED, TPOU3BOICTBEHHBIM JIMHUSIM, [EMOYKAM HPOIYKTOB);

3. MCTIOJIb30BaHME PA3JIMYHBIX MOJAXO0B K yUeTy HEOIPee/IEeHHOCTH.



I'maBa 8

CxeMBbl MHOT'O-CTQINITHOTO
ITPOEKTUPOBAHNS CHUCTEM

B nanHoii riase ! npuseseHo onucanne KOMOMHATOPHBIX CXeM MHOIO-CTAIUIHOIO IPOEKTHPO-
BaHus (T.e., IPOEKTUPOBAHUE TPAEKTOPUU CHCTEMBI).

8.1 IlpenBapurenbHbIE CBeJEeHUS

B rnase paccmarpuBaioTCa KOMOMHATODHBIC CXEMbI JIJI MHOIO-CTAIUIIHOIO IIPOCKTHPOBAHUS
MOJYJIbHBIX cucreM (T.e., mocrpoenue Tpaekropuii cucrem) [372]. [Ipu srom mpeamonaraercs
cJIe/lyIoIee: pacCMaTpuBaeMas MOLY/IbHAs CHCTeMa MOXKeT ObITh IpeJCTaBjIeHa Kak MOpgo-
JIOTUYECKAs CTPYKTYPA: JPEBOBUIHASI MOJIEJIb CUCTEMbI, TIPOEKTHBIE ajabrepHaTuBbl (DAS) mjis
BUCSYMX BEPIIMH MOJEJIU cucreMbl, oneHku DAs u ux coBmectumoctu (334, 342, 356, 363]). Ho-
IIOJIHUTEJIBHO, HEOOXOAMMO DPACCMOTPETh CTPYKTYDY/CeTh BepXHero ypoBHsI (MHOXKECTBO 3Jie-
MEHTOB KaK BPEMEHHBIX /JIOPTHYECKUX TOYEK /COCTOSIHUI U CTPYKTYPY HAJ[ STUMH SJIEMEHTAMH ).
B kadyecTBe CTPYKTYD /Il YKA3aHHOTO BEPXHETO YPOBHSI MOYKHO HCIOJIb30BaTh: (&) IENOYKY,
(6) mepeBo, (B) anuknueckuii rpad, (r) obumii rpad. Takum 06pa3oM, pacCMaTPUBAETCS CJie-
nytomee (Puc. 8.1):

( Bepxuuit yposens nan ysnamu G = (H, V),
Ka2KJIbIii y3€JI COOTBETCTBYET BPEMEHHO /JIOTMIeCKON TOUKe

t t t t t

MuozkecTBO MOPGOJIOrMIecKux CTPYKTYDP,
Kaxk1asi MOPQOIOrNIecKasi CTPYKTyPa COOTBETCTBYET
y3i1y cetu BepxHero yposHst {A¥, u € H}

Puc. 8.1. /IByx-ypoBHEBas MO/EIb TPAEKTOPHH CUCTEMBbI

(1) cern/rpad Bepxunero G = (H,V), tue H - Bepummnsl (y3/bl) (BpeMEHHBIE/JIOTHIECKHE
TOYKY WM COCTOSIHHS), V' - MHOXKECTBO JIyT:

(2) mopdosornueckasi CpyKTypa JiJis KaXKI0i BepumHbl (1 € H: AF.
Tabmuna 8.1 comep:KuT KpaTkoe ONMKMCAHWE PACCMATPUBAEMBIX CXEM W 3aJ1a4.

' MaTepuas TIaBEI OCHOBAH HA, TyOIHKAITAIX:
(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].

135
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Tabsuma 8.1. OcHOBHBIE THIIBI 33J@4 IOCTPOCHUSI TPACKTOPHUIl cuCTEeM

Tun cern | Tun cxemsr/3ana4m Hpuknaauoit npumep
BEDXHEIO  |[IPOEKTUPOBAHUS
YPOBHSI

1.I0enouxa |(1.1) Ilocnenosarensras TpaekTopus(u) | 1.ITocmemoBaTenbHbIe i

(1.2) ITocnenoBaTeNbHO-IAPALIEIbHAS [OCJIEI0BATEbHO-[1APAJLIE/IbHBIE
TpaekTopusi(u) CTPATErNN PAHIKUPOBAHUS
[26, 334, 362]

2.ITocneroBaTeIbHBIE CTPATErUU
1isi Web-cucrem (mposaiizep)

[352]

3.IIpoekTupoBanue start-up

Opurainl (3716Ch)

2. [IpesoBus- ((2.1) JIpeBoBuHast TPAeKTOPHST IMnanuposanue nevenus (37eCh)
HAasI (2.2) Paciupenue ceru BEpXHEr0 ypOBHS
CTPYKTYPA |roYKaMu "aHAIN3a’, IPOEKTUPOBAHUE

JIPEBOBHIHBIX TPACKTOPHIA

3. Amuxm-  |(3.1) ITocrpoenne maprupyTa (1iemodka, [pumep (31€eCH)
qgecKuit JepeBO, MOCJ/IEI0BATEIbHO-TIAPAJIIEeIbHBIN
rpad rpad, mOCTpOeHre COOTBETCTBYIOIIEHN
TpaekTopu (uif)

(3.2) TlocrpoeHue OKPHLIBAIOLIETO JIEPEBA;
perterve 331a9m 2.2

4.0OpuenTtpo- (4.1) TlocTpoenue MapmpyTa (1lernoyKa, YuporeHHas UILTIOCTPAIUs
BaHHBIA JEepeBo, MOCIEI0BATEILHO-NAPAJIIEIbHBIN (B,Her)
rpad rpad); design of corresponding system
TpaekTopuu (uii)

(4.2) Iocrpoenue OKPBIBAKOIIETO JEPEBA;
petienue 3aa4u 2.2

(4.3) TIocrpoerue Gosiee IPOCTOI

(o cTpYKTYpe) MOKPBIBAIOMIEH ceTw;
pertienue 3ama4 4.1 unu 4.2

PaccmarpuBaemasi mpoekTHasi KOMOMHATOPHAsI CXeMa BKJO4aer cieiayioree (i) onpemesre-
HME MHOXKEeCTBa BPEMEHHBIX /JIOTHYECKUX TOYeK (cocrostHuii cucremsl); (ii) ompezesnenne cere-
BOIf CTPYKTYDBI HaJl YKA3aHHBIM MHOXKECTBO JIOTMYECKUX TOYEK (HAIPUMED, HENovKa, JEPeBo,
opuenTupoBanHubiil Tpad); (iil) 3amanue mepapxuueckoit Mojenu (MOPAOJIOrHUECKON CTPYKTY-
PbI) CHCTEMBI JJIsI KaXK/I0ii JIOrn41eckoil To4uky; (iv) HpOoeKTHpOBaHUE MOJY/JIHHON CHCTEMBI JIst
KaK 10l JIOrH9IeCcKoil TOUKHM (KOMOWHATOPHBIN cuHTe3 Ha ocHOBe VIMMII nnu 3anauun 6,109HOTO
PIOK3aKa) JIsl 0JIyYeHtsl HECKOJIbKUX PereHunit; (v) BbIOOpP CUCTEMHOTO PEIeHus JIJIs KaXK 105
JIOTMYECKOH TOUKHM C yUeTOM KAUeCTBa PEIeHHil 1 Ka4eCTBA COBMECTMMOCTH M€Ky COCEJIHUMH
pereHusIMA (B paMKaX CTPYKTYDPbI HaJ JIOTHIECKUMH TOYKAMHE), 3/1€Ch TAK¥XKe HCIOJIb3YeTCs
JIOTHYECKUH CHHTES.

B ocHOBHOM HCIOJIB3yeTCst CTPYKTypa HA/J[ JIOTHYECKUM TOYKAMH B BH/JE IeNOYKH (T.€., Bpe-
MeHHOIT 1ierouku). B mononnenne, Moryr paccMarpuBaThes 6oJiee CI0KHBIE ciydan: (a) CTPYK-
Typa HaJ| JJOTHYECKUMH TOYKAMHI MMeeT BUJ JepeBa, (0) CTPYKTypa HaJ JOTHYECKUMHA TOUKAMHE
MMeeT BHJ| OpueHTHpoBaHHOro rpada (oprpad). B manHoil riiaBe mpuMepsl WITIOCTPUPYIOT 10~
CTPOEHME CUCTEMHBIX TPAeKTOpuii. J[ON0JHUTENHHO, NPEJCTABIEHO KPATKOE OIIUCAHNE JIAHHOTO
HOJXO/Ia JIJIsl 33124 HA OCHOBE HECKOJIbKMX 00JIacTeil.

8.2 (O0mmm;e cxeMbl

[Ipemaraercs cienyromias ABYX-yPOBHEBass KOMOMHATOPHAS CXeMa JJIsT MHOTO-CTaIUHOTO TTPO-
eKTHPOBAHUS WK TIOCTPOeHus: TpaekTopuu cucremsl (Puc. 8.2) (334, 342, 372]:
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TpaekTopust cucrembr n3 k pemennii (Kak 1enodka)

= .S

=

®a3za 2: [locTpoenne TpaeKTOpUU JJIs CETH \\\
BEPXHEro ypoBHs (LIENOYKa, JepeBo, oprpad)

/ - T - \ Pemenus

®aza 1: \T—— ®a3za 1: ®a3za 1:
KOMOMHATOP- KOMOHHATOP- KOMOHHATOP-
HBIU CUHTE3 HBbIU CUHTE3 HbIU CUHTE3

(IMMII) (IMMII) (MMMII)
0 Cragus 1 Cranus i Cragus k ¢
| | | |
I t= T1 t= Ti t = Tk

Puc. 8.2. UnnocTpanusa mpoeKTHPOBAHUS TPAEKTOPUH

®asa 0. I'enepanus obIeil CTPyKTYpbl IPOEKTHOR 3a/1a4u:
0.1. renepanusi BDEMEHHBIX /JIOTMYECKUX TOYEK,
0.2. TeHepansl CeTH BEPXHETO YPOBHSI HAJ JIOTHYECKAMH TOYKaMU (I[eM0YKa, TepeBo, Op-
rpad),
0.3. dbopmynupoBanue MOAIPOOIEM KOMOMHATOPHOTO CHHTE3a JJIs KaKJIOH JIOTHYeCKOu
TOYKU: MOP(DOIOrHYecKasi MOJIEJIb CUCTEeMbI, IpoeKTHbIe ajbrepHaTusbl (DAS), kpurepun st
onenku DAs, onenkn DAs u ux coBmecrumoctn).

@Dasa 1. epapxuyeckoe NMPOEKTUPOBAHHWE MPOEKTHBIX PEIEeHUH IJIsi KaXKI0# JIOTHYecKoit
roukn (nosydenne [Tapero-sddbekTuBHBIX pernenuii).

®a3sa 2. llpoekTUpoBaHUE TPAEKTOPUU CHCTEMbI KaK KOMOWHAIMK PEIIeHUNl B JIOTUIECKUX
TOYKaX. Pe3yjbTupyomas CuCTeMHasi TPAeKTOPUsl MOYXKET UMEeTh BUJ;: (a) IerodYKa perieHuii
(mocJieroBaTeIbHAS WM TIOCJIEIOBATE/IbHO-TIApaJIIebHas TpaekTopus), (6) JepeBo pelneHui,
(B) oprpad pemrenmuii.

Ha Puc. 8.2 npe/jcrap/ieHbl CJieIylolye JOKaJIbHbIE pPeleHus (T.e., B IOTHYeCKUX TOYKaX):
(a) cramua 1: Si, 53, S3; (6) cramusa i: S?,5%; (B) cramus k: SF S5 S¥ Sk Tlonyuennas cu-
CTeMHas TPAEKTOpUd MMeeT BUI: « =< Six .. x S x .. xSy >. Ha Puc. 8.3 npencrasien
WJLTIOCTPATUBHBIH TIPUMED U1l TPEeX-CTaMiAHON TPAeKTOPHH, IPUMED TPAeKTOpuH (IIeroyKa)
umeer Bui: [ =< S3' xS3? x ST >.

Sirl:Al*Bl*Cl 51—2:141*33*01 CS{SZAQ*BQ*CED

CS;IZAl*Bl*CQ S;—Q:AQ*BQ*CQ/S;S:AQ*BQ*CQ
S§1:A3*BQ*CQ 552:142*33*01) S;SZAB*BQ*CQ

® ®
(a) cramms 1 (1) (6) cragus 2 (72) (B) cragus 3 (73)
Puc. 8.3. IIpumep Tpex-crauitHoit TpaeKTOpUn

NnnmocTpanusa aias ApeBOBUIHOM CUCTEMHO# TpaeKTOpUHU TpejcTaBieHa Ha Puc. 8.4:
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/~
\~

(a) cerp BepxHero ypoBHs (I€peBo) (6) cucremnasi TpaeKTOpPUS
Puc. 8.4. nmoctpanus ajig IpeBOBUIHON TPaeKTOPUU

‘AHL ‘A M2

(i) BoceMb JIOTHYECKUX TOYUEK: { [lo, [41, [h2, (3, [has L5y L6, 47},

(ii) BoCceMb COOTBETCTBYIONUX MOP(OJOrMYECKUX CTPYKTYD:

{AHo AP AP AHS\Ra NSRS AR Y

[Tpu 5TOM, TIPEJCTABJIEHBI CJEAYIONNe CHCTEeMHBIe perieHuit: (a) Touka jg: S, S5 (b)
Trouka pq: S, SE, SEY (¢) Touka po: SP?, S5 (d) mouka ug: SiP, S5 SE?: (e) mouka fi4:
S, Sh SEY: (f) Touka us: S1°,54°, S8 (h) Touka pg: S1°,S5°, 5% (1) rouka pr: SPC,SHC.
Taxum o6pa30M CI/ICTeMHaH TpaeKTOpus (IepeB0) COCTOMT U3 CJAEAYIOIMUX JIOKAJbHBIX Perle-
auit: y = {S1°, 81", 542, 5%, SE*, St S5°, 1T}, OueBuano, 9T0 CTPYKTYpa CHCTEMHOI Tpaek-
TOPHH 7Y COOTBeTCTByeT ucxoxuomy nepesy (Puc. 8.5).

(1)

pe
Sz

/o
\@

Puc. 8.5. [Ipumep jpeBoBuiHOM TpaeKTOpUU

B ciydae qpeBOBUIHBIX TPAEKTOPHI MPEICTABJISETCS 1eJ1eCO00Pa3HBIM MCIIOIb30BAHUE J10-
HOJIHUTEJIBHBIX Y3JIOB KAK TOYEK 'aHa/u3a/IPUHATHS DelleHuit’ JiJisl IIPOBE/IeHUs] AHAJIN3A Pe-
aJIM3aluK JIOKAJIbHOIO PEIIeHus] ¥ BhIOOpA CJleyiomero mara (T.e., HAIPaBJIEHUE II€PEXOA).
Ha Puc. 8.6 npuBegen nmpuMmep Takoro pPacHIMPEHHOR IPEBOBUIHONR CETH ¢ COOTBETCTBYIOIIU-
MH TOYKaMH ’aHaJIu3a/TIPUHATHS DEIIeHui’: ag, a1, a4. 37eCh Pe3yIbTUPYIOMAas TPACKTOPHUSI
IpeJICTaBIsIeT cobo# 1enouky, Hampumep (171s Puc. 8.6): 7 =< SH0 x St % SHs >,
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TET
~

Puc. 8.6. /IpeBoBuHAS CETh C y3JaMu "aHAIN3a’

Ha Puc. 8.7 npeacrasien npumMep oprpada ¢ COOTBETCTBYIOINIUMU CUCTEMHBIMU TPAEKTOPH-
sIMH. 3/1eCh MOT'YT PacCMAaTPUBATHCS CJIEYIONe cuTyanuy (3a1a4n):

(i) mocTpoenme MapIIpyTa Ha OCHOBE MCXOTHOTO oprpada (HampuMmep: TOCTIeI0BATEIbHBIIH
MapIIPYT B BHU/JIE TENOYKH, IOCJIeI0BATE/IbHO-TIAPAJJIEIbHBI MAPIIPYT, JIPEBOBUIHBIII MapIii-
pyT);

(ii) mocTpoenure MOKPHIBAIOLIETO JePeBa JIJisi KCXOAHOTO rpada 1 UCCIe0BaHUe TIPE bl Ly e
3aja4n (BKJIIOYasl MCIOJb30BaHUE JOTOJHATELHBIX Y3JI0B 'aHaau3a’).

MokHo mpuBectu cieaywomue npumepbl MapuipyTos (Puc. 8.7):

(a) mapmpyT-1ieniouka (mocseoBaTe bHbIN): < SH* x SET x SH >
(6) peBOBUIHBIN MAPIIPYT OCHOBAH HA CEMHU JIOKAJIHHBIX PEIIeHUsIX:
{S5*, 517, 51°, 55%, 51, 557, S},

(B) mocJieioBaTEIbHO-NAPAJIIEIBHBI MAPIIPYT OCHOBAH HA YETHIPEX JIOKAJbHBIX DelieHH-

ax: {8y, 917, 557, 55" .

®—®

@@ . =
/ @/A

@ —® s/ 5L 5

Ao Am A2

(a) cerp Bepxmero yposHsi (oprpad) (6) cucTemuas TpaeKTOPHUs
Puc. 8.7. NutocTpanusi ciCTeMHBIX TPAeKTOPHU Ha OCHOBe oprpada

Ucxonnas cerb Bepxuero ypoHs (Puc. 8.7a) MoxkeT anmnpokcuMupoBaThest 60J1ee TpOCTHIMA
MOKPBIBAIONIMME CTPYKTypamu: (a) menouka (Puc. 8.8a), (6) anmpokcnMmupyroriee TOKPHIBAO-
mee nepeso (Puc. 8.86), (B) mokpsiBatommas ynpormenaas cetb (Puc. 8.88).
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/4 /_’
-~

-
\/ \o ®

(a) memoura < fiq, {11, 3 > (6) nokpeiBaroIIEe AEPEBO (B) ympoienas cerb
Puc. 8.8. AnnpokcuMupymoIiyue CTpyKTYPHI /I CeTH BEPXHETO YPOBHS

8.3 NuanocTpaTuBHBbIE TPUMEPHI

8.3.1 UYetnIpex-cTaauiiHag TpaeKTopuda start-up rpymnibl

PaccmaTpuBaercsa ciemyoomast o0masi IpeBOBUIHAS CTPYKTypa g start-up rpynisi:

0. /IpeoBumnast ctpykrypa S = L*x Rx E x M:

1. JTuzmep npoekra L: Her Ly, yacTuvHOe ydacTue (HEmOJIHbINA pabounii J1eHb), KOHCY/IbTH-
poBanue Lj, oJHO# ydacTue (MOJTHBIN paboumii JeHb) Lo.

2. Uccnenosarens R: Her Ry, yacTuuHOe ydyactue (HENONHBIH paboduii JeHb), KOHCYJIbTH-
poBanue R, moyiHOl yuactue (moHbli pabounii jenb) R, nBa uccienosarens Ry = Ri&R,.

3. Nnxkenep E: et Fy, yacTuuHOe yuacTue (HEMOTHbINH pabovuil J1eHb), KOHCYIBTUPOBAHUE
E,, nosuoii yuactue (mosubiil pabouuit nenn) Fo, na unxkenepa s = E1&Fs.

4. Menemxep M: uer My, yacTuuHoe ydyacTue (HEMOJIHBIH pabovMil JIeHb), KOHCYIBTHPO-
Bauue M, moyHOl yuacTue (moJHbINA pabounii menn) M.

OTa CTPYKTypa UCCJIELYeTCsl JJisi 9eThIPEX MOCIeI0BATETbHBIX BPEMEHHBIX TOYEK:

Cmadus 0 (t = 19) (Puc. 8.9, npuopurersr DAs nokazansl B Kpyribix ckobkax; Tabsuna
8.2): renepaiusi 6a30BOil WIEN JIJIsi HOBOTO POIYKTA/CHCTEMBI, MOJATOTOBKA IPOEKTA MPEJIJIO-
JKEHUS.

Cmadus 1 (t = 1) (Puc. 8.10, npuopurers DAs ykazaubl B KpyIjibiX cKoOkax; Tabsuna
8.3): HpoeKTMpPOBAHWE NPOTOTHUIIA IIPEJJIANEMOTO MPOJYKTa/CUCTEMbI, TIOATOTOBKA UCCJIEI0BA~
TeJIbCKMX MATEPUAJIOB B BHJE Hay4HBIX cTaTeil, npeseHTanuii Ha KOH(EPeHIUsIX, IMOArOTOBKA
HATEHTa, TIOUCK WHBECTOPOB.

Cmadus 2 (t = 72) (Puc. 8.11, npuoputerst DAs ykazaubl B KpyIJibiX cKoOkax; Tabsuia
8.4): TpOEKTHpOBaHWE MpPEIBAPTEIbHON BEPCHH MPOJYKTa,/CHCTEMBI, aHAJIN3 PHIHKA (MapKe-
THHT), TOArOTOBKA OU3HEC-TJIAHA, TIOUCK WHBECTOPOB.

Cmadus 3 (t = 13) (Fig. 8.12, npuopurersr DAs ykasaHbl B Kpyribix ckobkax; Tabumnna
8.5): ITPOEKTUPOBAHWE BEPCHH CHCTEMBI JJIsi PEAJbHOTO MPUJIOKEHUsI(Uif), MOMCK PeaJbHbIX
NPUKJIAJAHBIX 00J1acTell IpUMEeHeHUsI, MAPKETHHT.

Tabmuna 8.2. CoBmectumocts (7o)

SO =LxRxExM RO‘ Rl‘Rz‘ Eo‘El‘EﬂMqu

ST° = Ly x Ry x Ey My Liil1 2 1 3 3 2 3 2
%%2 1 3233 2 3 2

0 3 3 2 3 1

Lo lE WM R, 3313 3
L1(2) Ry(2) Eo(1) My(1 Ry 3 313 2
Ri(1) E(3) M;y(2 Ey 3 3

2 2 E, 3 3

Puc. 8.9. Crpykrypa rpynmst (7o) By 3 2
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Pesynbrupytomee cocrasnoe Ilapero-sbdexrusuoe perenne st 7o (Puc. 8.9) umeer Bun
(Puc. 8.13):

ST° = Lo * Ry x Egx My, N(ST°) = (3;4,0,0).

Pesynbrupytomume cocraubie [lapero-addexrusubie pemenus: maist 7 (Puc. 8.10) umeror
sz (Puc. 8.13):

(a) ST* = Lo * Ry x Ey x My, N(ST') = (2;4,0,0);

(6) S3* = Lo * Ry x Ey x My, N(S3') = (3;3,1,0).

Pesynbrupytomee cocrasuoe Ilapero-sdbdexrusuoe pemenne jyisi 75 (Puc. 8.11) umeer Bus
(Puc. 8.13):

ST = Lo * Ry x E3x My, N(S7?) = (3;4,0,0).

Pesynbrupytomue cocraubie [lapero-addexrusubie pemenus: maist 73 (Puc. 8.12) umeror
sz (Puc. 8.13):

(a) SP® = Ly % Ry x B3 x My, N(ST?) = (2;4,0,0);

(6) S3* = Lo * Ry x E5x My, N(S5°) = (3;3,1,0).

Tabsmmna 8.6 COMEpXKUT OIEHKU COBMECTHMMOCTH JIJisi TIOJIyYEHHBIX JIOKAJIbHBIX DEIeHui.
[Tpeamonaraercsi, 4To JIOKAJbHBIE PEIIEHHs] UMEIOT OJMHAKOBbIE mpuopureTsl (T.e., 1).

Tabsmua 8.3. CoBmectumocts (77)
ST =LxRxE*xM

STt = La * Ry x Ey x My Rl‘ RQ‘ R?" El‘ Ez‘ E3‘MO‘M1
S5t = Lo x Ry % By x M éQ 32233 1 31
1 3 2 2 3 1
SOl E M R, 2 2 13 3
Ly(1) Ri(1) Ey(2) My(1 g 12322
Ro(2) En(1) M;(2 by 33
X X Es 3 2
Puc. 8.10. Crpykrypa rpynmns (71) Es 3 2
S%rz :LL " g* EE % MM Table 8.4. CoBmecTumocTh (73)
1 = Lk fig * Loy x My RQ‘R3‘E2‘E3‘M1‘M2
L3 2 2 3 3 2
LR lE M R, 2 3 3 2
La(1) Ro(1) En(2) Mi(1 It 2332
R3(2) E3(1) My(2 By 2
Puc. 8.11. Crpykrypa rpynmst (73) Es 2

Ta6suua 8.5. CoBmecrumocts (73)

ST3 — L*R*E*M Rl‘RQ‘RB‘ EI‘EQ‘E?;‘MQ

ST? = L1 x Ry x E3 x My L2 2 2 2 3 3 3

ST = Lo+ Ry % E3 % My ]L%z 2 32 2 3 33

1 3 2 3 2

LB E M R, 333 3
Li(1) Ri(2) Ei(3) My(1) R 332 3
Ls(2) Ry(1) E5(2 E; 2
33 E31 E2 3

Puc. 8.12. Crpykrypa rpyumst (73) B 3

Pesynabrupyromas [Tapero-addexruBnas Tpaekropus umeer suj (Puc. 8.14):
aferm =< ST0 % STV % ST2 % ST2 >, N(a'*™) = (3;4,0,0).
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N neanbuas
N(STY), TOYKA

MEOR NI

N(ST°),

Tabsmmma 8.6. CoBMecTUMOCTD
ST S5t ST? ST3| S5°
SPl2 3 3 3 3

w=2 ST 3 3 3
w=1 S5 2 3 3
ST 3 2

Puc. 8.13. Pemerka kadyecrsa

D)
OB O

| | | |
t:TO t:Tl t:T2 t:Tg
Puc. 8.14. Tpaekropusi rpynibt

8.3.2 JIpeBoBuaHas TPaeKTOpPUSA MEIUIIMHCKOTO JIEUEHUS

PaccmarpuBaeTcs cyieyomuii IpuMep IJIaHa MeJUIMHCKOTO Jiedenus: (i) 6a3oBast APEBOBU/I-
Hasl CTPYKTypa IUIaHa JiedeHus JeTCKoit acTmbl u3 [375] (yupomennast Bepcusi); (ii) cerp Bepx-
Hero ypoBHsi B Bu/ie gepesa perennii (Puc. 8.6); (iii) mogudunupoBannas [peBoBuHast CTPYyK-
Typa IUIaHa JIeYeHMs JUId KaxKJOro ysJa jepesa pemenuil. PaccmarpuBaemasi apeBOBUHAS
TPaeKTOPHUS IJIaHA JIEUeHUS ¢ Y3/IaMi "aHaJIu3/TIPUHTHEe peleHnii’ npencrasiena Ha Puc. 8.15.
Kaskaplii y3es1 93Toif TpaeKTOpUH OCHOBaH Ha YIPOIIEHHON HepapXudeckoil CTpyKType 6a30BOT0O
miaHa jedenus u3 [375].

()
(04]
—(®
= &
(a1]

—(@®

Puc. 8.15. JlepeBo permennii miaHa JiedeHUsT

Takum obpazom, paccMarpuBaemasi CTPyKTypa 0a30BOro IjiaHa MMeeT CJIeAYIOIMUi Bu
(upuopurerst DAs ykazaubl B Kpyriibix ckobkax) (Puc. 8.16):

0. [Tnan nedenus S = X xY x Z.

1. OcuoBHbIe IOAXONBI X = J % M:

1.1. ®usnorepanus J: Her Jy(2), maccax Ji(2), uarausmus J»(2), cayna J3(3), pediaekcoso-
ruveckast Tepanusi Jy(3), nazepHast repanust J5(3), Maccax Jisl ClienUaJbHBIX [EHTPOB/TOUEK
Js(3), pediekcorepanusi st CIENUAILHBIX HEHTPOB J7(4), Tajo-KamMepbl U COJISTHbIE NIAXThI
Js(2).

1.2. JlekapcrBa M: wuer My(2), suramunsr M, (3), sodium chromoglycate (omun mecsr u
nBa pasa B roa) Ms(2), sodium chromoglycate (nBa mecsna) M;(3), sodium chromoglycate (Tpu
Mmecsna) My(3).
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2. @usnosiornyeckas u dKojgorudeckas cpemga Y = Ax B+ C:

2.1. ®usnosornyeckuit knumar A: Her Ay(3), KoncyapTEpoBanue dusnonora A;(2).

2.2. Nomamnsist 9koJiorudeckast cpega B: ner By(3), Boguast ybopka Bj (1), 4ncrka KHUXK-
HO¥ nbLIM B (2), yaajenue XJIONKOBHIX U mepcrsiHbix Bemieit Bs(1), ynansenne xkopoB By(1),
MCKJIIOYEHNEe KOHTAKTOB C KMBOTHBIME Bs(2), yHUUYTOXKEHHE HACEKOMBIX Bg(2), yaaienue use-
ToB B7(1), arperupoBanusie ambrepHatuBbl By = B1&By& Bs&B;(1).

2.2. Obmas skonornveckas cpega C: uwer Co(4), yayumenue cpeipt oouranus C(1).

3. Pexxuwm, otapix 7 = O % K:

3.1. Pexxum O: mer Ogy(3), orapix B mosaens Oq(1), cuenuanbubie dpusndeckue AeiCTBUS
(mpenax, orxapkuanue MOKpoThbl) Oq(1), ciopr (6er, sibizku, miaanue) Oz(1), komdoprras
BanHa Oy4(1), xonomguas Banna Oj(2), uckiaouenne 31eKTporHbix urp Og(2), arperupoBanHast
anbrepaaruBa O; = O2&04(2), arperupoBannas anprepraruBa Oy = O3&05(2).

3.2. Otnpix K: mer Ky(2), orapix B jecHoit cpefe Ki(2), orapix okomo Mopst Ko (3), oTasIx
B ropax K3(4), cnenmasbusrit gareps K4(3), nedenne B coysiubix maxrax K(3).

@S =XxYxZ
Sfo :Xg*Yl*Zl
Sém :Xg*Yl*ZQ

Y=AxBxC
.Y1 :Al *Bg*cl(l)

DN DNDNDNDNDDNW

N N N e e e e m

w
AN AN AN AN AN AN SN S ———

Bs = B1&By&Bs& B (1)
Puc. 8.16. Vepapxuueckast Mozesib 1miana jedenus 342, 375

Uepapxuveckast mozesib (Mopdosiornveckast crpykrypa) Ha Puc. 8.16 coorsercrByer Jio-
ruveckoii Touke o (Puc. 8.15). Ouenku coBmecrumocru jisi DAs npeacrasienst B Tabimie
8.7, Tabmuue 8.8, Tabune 8.9 [342, 375] (ynpolueHnble Bepcuu, Jijisi BCEX JIOTHYECKUX TOUEK
{10, 111, fi2, 143, [, fi5, pi6 }). Onenku coBmecTuMocTu DAS Ha BBICIIEM MEPApXUYECKOM YDOBHE
npeacrasienbl B Tabsure 8.10 (pg). Tabuna 8.11 comepKUT onucaHue JOTHIECKUX TOYEK,
BKJIIOYAsi CCBIIKU Ha COOTBeTCTBYMOIe Mopdosornueckue crpykrypsl (Puc. 8.17, Puc. 8.18,
Puc. 8.19, Puc. 8.20).

Hns rouku o (Puc. 8.16), Ilapero-sbdextususie DAs nmeror Bu:

(1) mokasbubie [Tapero-adbdexTusnbie pemenus Jis nogcucrembl X: Xy = JixMy, N(X;) =
(3;2,0); Xo = Jo* My, N(X3) = (3;2,0); X3 = Jgr My, N(X3) = (3;2,0);

(2) nokampubie [lapero-addexTnBrbie permenns mis moacucteMsl Y: Y) = Ay x By« C,
N(Y:) = (3:2,1,0);

(3) nokanbusie [Tapero-sddekTuBHbie perienus st noacucremsl Z: Z; = O1x Ko, N(Z7) =
(3;2,0,0); Zo = Oy % Ko, N(Z5) = (3;2,0,0).

(4) pesynbrupyromue [Tapero-sdpdexTunbie pemenus mjis cucreMsr S: (a) SP° = X3+ Yy +
Z1, (6) S5° = X3 x Y] % Zs.

Hnst rouku g (Puc. 8.17), peaynbrupyiomee [lapero-sdbdexTusroe pemienuii umeer BUI:

S{“ = Al*Bg*Cl, N(Siﬂ) = (3,3,0,0)
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Hnst rouku o (Puc. 8.18, u jyist Touku fi5), pesyiasrupyiomme [lapero-sddexrusubie DAs
umveror Bug: (a) S = O7 x Ky, N(S1?) = (3;1,1,0); (6) S5 = Os x Ky, N(S5%) = (3;1,1,0).

Hnst rouku pz (Puc. 8.19), pesynbrupyiomue [apero-acddexrususie DAs nmeror Bu:

(a) S1° = Ji, (6) S4° = Jp, (B) S5° = Js.

Hnst rouku piy (Puc. 8.20, u mist pg), pesyasrupytomue [Tapero-sdpdexruBusie DAs nmeror
sum:  (a) Si* = Jyx My, N(S{?) = (3;2,0); (6) Sy* = Jy x» My, N(S5) = (3;2,0); (B)
St = Jg* My, N(S§?) = (2;2,0).

Tabsuna 8.12 comepKUT OnucaHue TOYeK 'aHanu3/npuHsarue pemenuit’. TIpuvep duHaIb-
HOTO JTPEBOBUIHOTO PelieHus mpeacTasiaeH Ha Puc. 8.21.

Tabauna 8.7. CoBmecTumMocTh Tabauna 8.8. CoBmecTumocTh

M¢ M* M4 M# M, KO( Kl‘ KQ‘ Kg‘ KA“ K
Jol 0 3 3 3 3 Qo 0 3 3 3 3 3
Jil3 33 33 O3 3 3 3 3 3
J21'3 3 3 3 3 Oy 3 3 3 3 2 3
J3'3 3 3 2 2 033 3 3 3 3 3
Ji| 3 3 3 2 2 O4 3 2 2 2 2 2
J513 3 3 2 2 Os 3 3 3 3 3 3
Js| 3 3 3 3 3 O 3 3 3 3 3 3
J713 3 3 3 3 O3 3 3 3 3 3
Js|'3 2 2 2 2 Og 33 3 3 3 3

Tabauna 8.9. CoBmecTumocTh Tabauna 8.10. CoBmecTumMoCTh

CO‘Cl‘BO‘Bl‘BQ‘B?)‘BZL‘BS‘BG‘B?‘BS Y1‘Z1‘ZQ
A0 303 3 232 3 3 3 X1 3 2 2
A3 3233232333 Xod 2 2 2
Co 0 33232333 X4 3 3 3
4 2 33232333 1 3 3
S = AxBx(C S — Ox K
TS{H:AI*BS*CI IS“QIO,?*Kl
St = Ogx K
lA lB Cl 2 g * £{1
Ao(3 Bo(3 Co(4 lo K|
Ay (2 By(2 Ci(1 O7 = 05&0,(2 Kq(1
B32 08203&052 K23
Bg(2 K;(3
Bs(1 K4(3

Puc. 8.17

Puc. 8.19. I1nan nevyenus s pug

. [Lnan jievenus jjist f4

Ss = ]
SM?,:Jl
S5? = Jy
50 = Js

J

1

1

1

Puc. 8.18. Iliian jeyenus s fio

St = J*« M

Sfl = Jl*MQ
S%:l = JQ*MQ
534 = Jg*Mz

Puc. 8.20. [lnan nevyenus st fiy
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Tabavna 8.11. Jloruueckue ToOUKH

Jlornueckasa Omnucanue
TOYKA,

Ho
K1
H2
3
Ha

Hs
He

Bazosoe (miosHOe) seueHve
(Puc. 8.16)

Jleuenue

cpenoit (Puc. 8.17)
JlomoTHUTETHLHOE JIeTeHe
oraprxom (Puc. 8.18)
JlomoTHUTEIbHAS
dusunorepamnus (Puc. 8.19)
JlomoTHUTEIbHAS
dusnoTepanus u JeueHNe
sekapcrsamu (Puc. 8.20)
JlonoTHUTETHLHOE JIeYUeHe
cpenoit (Puc. 8.18)
JlomoTHUTEIbHAS
dusnoTepanus u JeIeHNEe
sekapcrsamu (Puc. 8.20)

Tabsuna 8.12. Touku 'ananus/pemenue’

Touka Onucanve
‘aHaymn3/|
pelieHue
ag (i) xopommii pe3ynbTaT, mepexos K (i1
(i) pesysmbTaT HEMOCTATOYEH,
epexoJt K fi4
a1 (i) xopomii pe3ysbrar, Iepexo K fio
(ii) pe3yabraT HEIOCTATOYEH,
[epexon K i3
Qy (i) xopommii pe3yabTAT, IEPEXOT K [i5
(i) pesysbrar HeJOCTATOYEH,
HEePexXOJ K [ig

(s1)

Puc.

)
posc:
@ @

8.21. JIpeBoBugHAS TPAEKTOPHUS

8.3.3 VYmnpomieHHbIll TpuMep aJjisg oprpada

145

Paccmorpum mopudukamnuio mpeablaynero MeauiinacKoro npumepa. Tabuuna 8.13 u Tabsuia
8.14 coaepzkaT OlMCAHUsI JIOTHYECKUX TOYEK M TOYEK 'aHaju3/upuHsiTre perrenuii’. Vcnoub3y-
I0TCA Te Ke MOpGOJIOTHIecKre CTPYKTYpHl. lepeBo pemenust u3 Puc. 8.15 Tpancdopmupyercs
B 06muit oprpad (c obparnoit cBa3bi0): Puc. 8.22. Ilpumep pemenus B Bume oprpada mpes-
craBieH Ha Puc. 8.23 (119 KOHKPETHOTO MAIMEHTA).
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Tabauna 8.13. Jloruueckue To4KH

Jloruveckas | Omnucanue
TOYKA
Lo Ocuorroe (mosnroe) neuernne (Puc. 8.16)
U1 Jleuenne cpenoit (Puc. 8.17)
2 JIOTOTHUTEIBHOE JIEIeHHE
orapixom (Puc. 8.18)
s Hononaurensuas dpusnorepanus (Puc. 8.19)
4 Jononaurenbaas bu3noTepans
u nedenve jekapcrsamu (Puc. 8.20)

Ta6nuna 8.14. Touku 'aHanu3/IpUHATHE PENICHU’

ii) pesysbrar Ha CpeIHEM yPOBHE, IEPEXOM K [i1
iii) pesysbTaT HEIOCTATOYEH, IIEPEXO K [ig

Touxa, Onucanue
"anasm3/
perenue’
aop (i) xopoumii pe3ysbTaT, NePexo K fi1

(ii) pe3ysbTaT HETOCTATOYEH, TIEPEXOM K [i4
aq (i) xopommii pe3yabTAT, IEPEXO K 2

(ii) pe3yabTar HETOCTATOYEH, TIEPEXO K [i3
ay (i) xopommii pe3ynbTaT, MEePexo K fio

(ii

Puc. 8.22. IIlpumep obiero oprpada Puc. 8.23. Pemenue B Bujsie oprpada

8.3.4 O 3amayax JJjig HECKOJBLKHX obJacTeii

MHoro-crauifHble CTpaTerud MOIYT PACCMATPUBATLCA U B CJyuae KOMOMHMPOBAHUS HECKOJIb-
KuX obJiacreil, HanpuMep: (a) MPOEKTUPOBAHKUE CHCTEMbI, TECTUPOBAHNE CUCTEMBI; (6) MeuIiH-
CKag JUaTrHOCTHKA, ITAHMPOBAHUE JICYCHH.

CuauaJia puBejieM TIpeiBapuTe /ibHbIl mpumep. Puc. 8.24 uiuoctpupyer MHOTO-CTaIuitHY 1O
TPaEKTOPHIO I MHOTO-CTaAMHHOM JMAarHOCTUKY UJIM CHCTEMHOTO TeCTHPOBAHUS:

(i) Touku {6y, 01, ..., 0} COOTBETCTBYIOT AMATOCTHKE/ TECTHPOBAHUIO,

(i) Touku {ag, ay, ..., a;} COOTBETCTBYIOT aHAIU3Y/IPUHITHIO PEIIEHUIH,

(iii) Mopdosornueckue CTpyKTypHI g TecToBBIX Todek: {A% A% .. A%},

O6sacTb: TECTUPOBAHKE/ AUATHOCTHKA

Jleuenne MM yaydIeHne CUCTEMBI

Puc. 8.24. [lpumep 111 AUATHOCTUKH - JIeYEHUS
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Tenepb MOXKHO PACCMOTPETh MHOI'O-CTaAuiiHbIe TPaeKTOpUH Jyisi BYX obJacreii (Puc. 8.25):
(a) TecrupoBanue cucremsl, (6) npoekruposanue cucrembl. Ciieyronye 0603HaAYEHUST UCITIOJIb-
30BaHBbI:

(i) rouknu {6, 0, ...,0;} COOTBETCTBYIOT CHCTEMHOMY TECTHPOBAHWIO UM THATHOCTHUKE,

(ii) Touku {ag, ay, ..., ar} COOTBETCTBYIOT MPOIECCY aHATM3A/IPUHATHS DELIeHH,

(iii) Toukm {&1,&o, ..., &} COOTBETCTBYIOT CHCTEMHOMY MPOEKTHPOBAHUIO WM HEPEIPOEKTH-
POBaHUIO.

(iv) Mopdosiornueckue CTPYKTYPHI JJisk TECTOBBIX TOYEK:

{A% A% .. A%}, and

(v) Mopdosiornueckue CTpyKTYPBI JIJIs TOUEK MPOEKTHPOBAHWSI UJIN [EPEPOEKTUPOBAHUSI:

{A% A& ASe)

Takum obpazom, KOMOMHMPOBAHHAsT MHOTO-CTAAWWHAS TPAEKTOPHUs BKJIIOYAET JBE YaCTH:
(a) MHOTO-CTaIUIHYIO TPAEKTOPHIO Jjisl TECTUPOBaHuUs, (6) MHOTO-CTaIUHHYIO TPACKTOPHIO JIIsI
YILyYIlIeHU sl / TIePelPOEK THUPOBAHMS.

O6sacTb: _TECTUPOBAHUE / IUATHOCTHUKA

% ﬁ .

O6u1acTh: IPOEKTUPOBAHNUE / IEPEIPOCKTUPOBAHIE

Puc. 8.25. Tpaekropusi: TectupoBanue & MpOeKTUPOBAHUE

8.4 BrBIBOJHI K IJIaBeE

B saHHO# Ty1aBe ONMCAHO MHOTO-CTAMIHOE TIPOEKTHPOBAHME MOJYJIBHBIX CHCTEM (ITPOEKTHPO-
BaHWe TPAeKTOpHii cucreM). B Oy/yineM mpeacTaBisiiorcsi BaXKHBIMY CJIEIYIOIINe HATPABJICHUST
HUCCJIeJOBAHUI:

1. viccieIoBaHMe PA3JIMYHBIX TPUJIOKEHUH (HAIpUMep, MeIUIUHA, CACTEMbI CBSI3H );

2. crenuaIbHble UCC/IeI0BAHUS MOJIeJIel ¢ JOTIOIHUTEIbHBIMA TOYKAMH 'aHATM3a/ IPUHSITHSI
perenuit’;

3. MCIOJIb30BaHKWE PA3JIMYHBIX MOAX0JI0B K yUeTy HeOolpe/ e IeHHOCTH;

/4. MccJieIOBaHUe OIMMCAHHOTO IMOAX0[Aa C YYeTOM M3MeHEeHU# BHENTHUX TPeOOBAHUIA.
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I'maBa 9

CxeMbl KOMOMHATOPHOI 3BOJIIOIIUU CUCTEM

B rHaHHOI"/’I rJjiaBe 1 IIpuBeACHO OIIMCaHUE€ MH2KEHEPHBIX CXeM OJId KOM6I/IHaT0pHOFO MOOe/JIUupPOBa-
HUd 3BOJIIOIUU MOJYJIBHBIX CUCTEM.

9.1 IlpeaBapurejibHbIE CBeJIeHUS

B mnocsiegnue roapl CymecTBEHHO BO3pAcTaeT BAXKHOCTh 3aJ@d MOJEJUPOBAHUS IBOJIONUU U
HPOTHO3UPOBaHUs MOJYJibHbIX cucteMm. B Tabmune 9.1 ykazanbl pa3juyHble HANPABJICHUS UC-
CJIIOBAHMI 33J1a4 SBOJIOIMY /PA3BUTUS CHUCTEM. B JaHHOW IjlaBe OMUCAHBI KOMOWHATODHbIE
CXeMBI JIJI MOJEJIMPOBAHMS SBOJIIOINN U ITPOTHO3UPOBAHNSA MOYIbHBIX cucTteM. Ha Puc. 9.1.
IIpeaCTaBJIeH YIIPOIIEHHBIN WIJIOCTPATUBHBII IIpUMep ABYX-CTaAUNHON 3BOJSIOUUN Jj1d COCTAB-
Holt cuctemel S = Ax Bx C:

Sl :>SQ :>53.

[Ipu 9TOM HCIOJIB30BAHBI CJIEAYIONHE ONEPAIMH N3MEHEHHUSI:

1. Onepanuu uamenenus jaias S' = S?: (a) usmenenne B; — Bs, (b) usmenenne C; — Co;

2. Onepanyy wamenenns ms S* = S3: (a) usmenenne A; — Ay, (b) nsmenenne By — Bs,
(c) wamenenne Cy — C3; (d) pacmupenne cucremsr: g00aBIeHHE TMOACUCTEMbl [ ¥ 3€MeHTA
Ds.

OueBuIHO, YTO BbIJEJEHHBIE CUCTEMHbIE U3MEHEHHI MOryT ObITh MCIOJIB30BAHBI KAK OCHO-
Ba JIJIs1 TIPOTHO3UPOBAHUST CUCTEMbI (KaK HabOp TEepPCIeKTHBHBIX W3MeHeHUi cucrembl). Taxoii
HabOp TEPCIEKTUBHBIX U3MEHEHHil MOYKEeT DaCIIUpSATCS ¥ MOAUGDUIUPOBATHCs (HATPHMED, HA
OCHOBE 9KCIIEPTHBIX TPOIEAYD).

[Ipeniaraemasi KOMOMHATOPHAST CXeMa JJIsS MOJIEJTMPOBAHNS SBOJIIOIUH CUCTEMBI BKJIIOUAET
caenyromue cramuu: (1) mocrpoenne o0mieil nepapXxuueckoe MOJIEH UCCJIEyeMOli CucTeMbl; (2)
BbIJIEJIEHUE U3MEHEHUI MEeXK/y NOKOJIEHUSIMH CUCTEMbI (KAK HEKOE MHOYKECTBO OIEPAIMi n3Me-
HEHUs1) ¥ WX OLEHUBaHWe (MHOTOKPUTEPUAJIbHBIN aHAIN3 BKIIOYAH UCII0Jb30BAHNE MHTEPBAJIb-
HBIX OLEHOK B BH/IE MYJIGTUMHOYKECTB, OMHAPHBIX OTHONIEHUII HAJ MHOXKECTBOM Onepanuii u3-
MEHEHHUSI: COBMECTUMOCTb, JOTIOJHATEIBHOCTD, TeMecTBOBaHNe); (3) KOMOMHATOPHbIN CHHTE3
(T.e., TPOTHO3) CHCTEMBI KaK BHIGOD MEPCIEKTUBHBIX ONEpANUii M3MEHEHUs] CHCTEMBI C YYETOM

! MaTepuaJs TIaBLI OCHOBAH HA, TTyOIMKAIIIX:
(i) Levin M.Sh. Composite Systems Decisions. Springer, 2006. chapter 5.
(ii) M.Sh. Levin, Towards combinatorial evolution of composite systems. Expert 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.

149
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O6IIUX OrpaHUYeHuit ¥ COBMECTUMOCTH MeXK/y BbIOMpaeMbiMu oneparusivu (3a1a4a 6;109HOT0
PIOK3aKa Wi MOP(DOJIOrHYECKOe IPOEKTHPOBAHHUE).

Ta6muua 9.1. VccnenoBanus 9BOJIONUH / PA3BUTHS] CHCTEM

Hamnpassienue uccinenosanuit Mcrounukn
1.9BosIOINST CUCTEM C JJIMHHBIM YKU3HEHHBIM [148]
OUKJIOM (HpOFpaMMHbIe HaKeTbI)
2.3aKOHBI 9BOTIONUH TPOTPAMM 323
3.NuxenepHbIit aHaIN3 U300PETEHUN W IBOJIIOIAN 193
4. Mero/ibl MHOTOKPUTEPHATHHOTO TIPUHSITHS PEIIeHH 75, 109]
5.CucTeMBI aHAJI3a, TEXHOJIOIMYECKUX N3MEHEHIA 531]
Jutst 3Bomonuy MobmbHOM cesizu (1G, 2G, 3G, 4G)
6.IlaTepHBbI TEXHOJOTHYECKUAX CHCTEM 490
7. AHAJIN3 TPAEKTOPUIl TEXHOJIOTUYIECKUX YITyUITIeHuUi 154
8.9 Mep2KEeHTHAST IBOJIIOLUS 437
9.9MepIKeHTHEBIH CHHTE3 552
10.luHoBanMy B MOIYJIBHBIX CHCTEMAaX 318
11.MoaenupoBanue Bepcuil B IIPOEKTUPOBAHUI
GOJIBITNX UHTETPATBHBIX CXEM 287
12.MogenupoBanue BepCHii TP yIIpaBJIeHuH 140
KOH(DUTypAIUSIME IIPOrPAMM
13.Mogens st 9BomonuonHoro npoextuposammst (ESD) | [504]
14.Mero0s10rust IEPEIPOEK TUPOBAHMUS 456, 457, 579]
15.ApxuTeKTypHbIE MTHHOBALMY KAK PEKOH(DUTrY DAL 247]
CYIIECTBYIOIIUAX TEXHOJIOTUMI
16.0CHOBBI MOJTYJIBHO# 9BOTIOIUN 134, 399]
17.9Bosonust w1ardopM CUCTEM CBSI3U HA OCHOBE 201
rpancdopmanun anrebpanaeckux cereii (AHL)
18.CucreMbl MIAHUPOBAHUST PA3BUTHUS HA OCHOBE
ONTHMU3ANUU 473
19.Ba3b1 nHKEHEPHBIX UCTOPUI 043

SlZAl*Bl*Cl S2:A1*B3*CQ

= ’
A B C D
02 AQ BQ D2
C3

(b) nokosenue 2

SBZAQ*BQ*Cg*DQ

(a) nokonenue 1
Puc. 9.1. [Tpumep 3BoJIIOIUMKA CHCTEMBI

(¢c) nokosenue 3

Ham nozxos 6bL1 MCIIO/IB30BaH Jjisd KOMOMHATOPHOIO MOJEJIUPOBAHUS IBOJIOIUHA CHCTEM
B HeckoIbKuX npmaoxkenusx (Tabmuuma 9.2): (1) CIIIIP KOMBU (DSS COMBI) mist muOrO-
KPUTEPHAJIBLHOTO paHkupoBanus [26, 327, 334, 362|; (2) snekrpoHHble ycTpoicTBa i UbPO-
BOit 00paboTKy curHaoB [342]; (3) cranmapTsl JJig nepegadn MyJaIbTUMeTUHHON nHbOpMAanu
(JPEG, MPEG-1, MPEG-2, MPEG-4) [382]; (4) komMmyHuKanuouHbIii npoTokosn ZigBee st
GeCIIPOBO/IHBIX CEHCOPHBIX cereil [385).

B nammnoil riaBe npemioXKeHHbBIH KOMOWHATOPHBINH MOIXOJ MJIIOCTPUPYETCS HA NPUMEPEe
Tpex y4eOHBIX KYypPCOB aBTOpPa (KaK MOKOJIEHUH CUCTeM) B 00JIaCTH MHOTOKPUTEPUAJTLHOTO MPH-
HSATUS PEIIeHUH W MPOEKTUPOBAHUS MOJIYIbHBIX cucTeM [364]. IIpu TOM NpeacTaBieHo Ce-
ayromee: (a) mepapXuuecKue CTPYKTYPBI PACCMATPUBAEMBIX KypcoB, (6) M3MEHEHWs] MeKIy
Kypcami, (B) MomysibHOe (MOPGOJIOrnyecKoe) IIPOEeKTUPOBAHKE HOBOIO MEPCIEKTHBHOIO KypCa
(mporuo3), (r) arperanusi MOJy4YE€HHBIX IPOIHO30B B PE3yJIbTUPYIOIIEE arperupoOBaHHOE perle-
HIE.

[Tpomece mpoekTUpoBaHust pemenus: ocHoBal Ha IMMII ¢ uHTepBAIBHBIMU OIEHKAMY B BU-
Jie MyJIBTUMHOXKECTB. Ha cTajiuy arperaiyu perennii uenosb3yeTcs 3ajada 6JI0UHOT0 PIOK3aKa
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(c MHTEPBAJILHBIMU OLIEHKAMU B BH/JIe My IbTUMHOXKeCTB). [To/rydenne yKka3aHHBIX HHTEPBAJIBbHBIX
OIIEHOK B B BUJI€ MYJBTHUMHOYKECTB OCHOBAQHO HA MHOTOKPUTEPUAJIHHOM aHAJU3€ U IKCIIEPTHHIX
CYXKIECHUSX.

Tabmuna 9.2. MonenupoBaHue 3BOJIONUN CHCTEM

Ipuknaguas cucrema Uccrenyemas 3amaua WcTounmk
Drosmo-{[Iporuosur Arpera-
s pOBaHME |Lwms
1.CIIIIP KOMBU Ja Her | Her |[26, 327, 334, 362]
2.9JIeKTPOHHOE YCTPOHCTBO Ia Ia Her |[342]
3.MPEG-nono6usrii crangapt aig me- | Ja Ha Her |[382]
peaayn MyJbTUMEIUNHBIX TAHHBIX
4.TTporokosn cesizu ZigBee Ia Ja Ha  |[385]

9.2 KomMmbOuHaTopHas 3BOJIONNALA

Obmas cxema KOMOMHATOPHO! 9BOJIIONHUA ¥ IPOTHO3UPOBAHUS JJIS MOIY/IBHBIX CHCTEM IIPEJ-
craBieHa Ha Puc. 9.2 |342, 355, 364]:

- CI/IC']§MI)I ) CI/IC’I§MI)I

CI/IBMeHeHI/ISD CI/IBMGHGHI/ISD

l l “BaszoBast
C06mee MHOKECTBO H3MeHeHm7'D crCTEMA

by 4 !

KombunaropHbIit cuaTe3 ‘

o

IIporneaypa arperamyu

)

TIPOTHO3

Puc. 9.2. Obmasg cxema 3BOTIONNI

Cmadus 1. Tenepanust ob1el nepapxudeckoil CTpyKTYPHI JIJIst UCCIyeMOi CucTeMbl (BKJIIO-
vas 6a30BOE MHOXKECTBO AJBTEPHATHUB JIJisi KOMIIOHEHTOB CHCTEMbI - BUCSTYUX BEPIIUH MOJIE/IH).
Cmadus 2. IlocTpoenne nepapxuvecKoil CTPYKTYPBI 15T KaXK/I0TO IIOKOJI€HUSI CHCTEMBI.

Cmadus 3. Bolienenue cUCTeMHBIX U3MEHEHUI MexK/ly COCEJIHUMH HOKOJIEHUSMU CHCTEMBI.

Cmadus 4. larerpanus u3aMeHeHUH CUCTEMBbI JJIst TOCTPOEHUs OOIIEro MHOXKECTBO BO3MOXK-
HBIX M3MEHEHUI CHCTeMBbl (BKJIIOYAsl UCIOJIHb30BAHME SKCIEPTHBIX MPOLEAYD s J00aBjeHue
M3MEHEHUH CHCTEMBbI ).

Cmadus 5. AHanms MHOKeCTBa M3MEHEHMI CHCTEMBbl: MHOTOKPHUTEPHAJBHOE OIeHOBaHUE,
OuMHApHbIE OTHOIIEHUS HAJ MHOXKeCTBOM (TIpe/IIecTBOBAHUE, TOMOJHUTETBHOCTh, COBMECTH-
MOCTB ).
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Cmadus 6. KomOuHaTOPHBI CHHTE3 TPOTHO3HOTO BAPUAHTA CHUCTEMBI KAK BHIOOD HamboJIee
HEPCHEeKTUBHBIX W3MEHEHUH CHCTEeMBI ¢ ydeToM ciiejyiomiero: (i) obiiee pecypcHoe orpaHude-
Hue(s), (ii) “mose3HocTs” A1 KarXKOTO U3MeHEeHHe CHCTEMBI I COOTBETCTBYIOIIAs MOJTydaeMast
obmmas “rmosesnocts”; (iii) COBMECTHMOCTD MKy BHIODAHHBIMU H3MEHEHUSIME CHCTEMBI (B CJIy-
vae ucnoJbzoBanus TMMIT).

Cmadus 7. AHaIn3 M0y 9€HHOTO TIPOrHO3HI (30B) M arperanus (B CIyvae MoJIyYeHus HECKOJIb-
KUX [TPOTHO3HBIX BAPUAHTOB) JiJis (GPOPMUPOBAHUST OKOHYATEIHHOIO ArPeriPOBAHHOIO DEIICHMUSI.

9.3 Omnepanuu n3MeHeHTI

[TpuseneM cienyiomuii HAGOP TUIOBBIX ONEpalUii U3MEHeHUsl JJisi MOJYJbHBIX cucTeM [338,
342]:

L Onepayuu dan DAs: (1.1.) uamenenune/yayumenne DA O;: A; = Al (1.2.) ynanenue DA
Oqy: A7, (1.3.) nobasaenne DA Oz: A, (1.4.) arperamms DAs Oy {A;} = A% = A& Axk....

II. Onepayuu das nodcucmem. (2.1.) usmenenue/yaydmenune yactu cucrembl Oy, (2.2.)
ynasenue yactu cucreMbl Og, (2.3.) nobasienne yacru cucrembl Oy, (2.4.) arperaius dacreii
cucrembl  Og.

II1. Onepayuu daa cmpyxkmypo, cucmemsvr (Oy).

Takum 06pa3om, 3BOJIONKUST CUCTEMBI MOXKET OBITh PACCMOTPEHA KaK HEKOe MOIMHOYKECTBO
ykazaHHbIX onepanuii. {ust Kaxk10ii onepanum MOXKHO UCCJIe0BATh HAGOP XapaKTepUCTHK (Ha-
npuMep, TpebyeMbie PecypChl, “NOJIE3HOCTH”) WM Pe3yJIbTUPYIOIIasi WHTePBaJIbHAS ONEHKU B
BUJIe MYJIBTUMHOXKECTB. [Iporecc TpancdopMaIui CHCTEMbl MOXKeT ObITh PACCMOTPEH KaK Oll-
TUMU3AIN0HHAS 3371244,

B xavecTBe GMHAPHBIX OTHOIIEHUH HAJ MHOYKECTBOM Ollepanuii ”3MeHeHUH CJeayIolne TPu
BUJIa MOTYT MCTIOIB30BaThes: (1) axsusasernmuocms RS (2) donoanumenvrocme (cosmecmu-
mocmo ) R (3) npedwecmeosarue RP. DTH OTHOIIEHUS MOTYT MCIOJIB30BAThCSA KAK OCHOBA
JUIsl CTPYKTYPHBIX OIDAHUYEHU.

9.4 Ilpumep aJjigs MOAYJBHOIO Kypca

9.4.1 MHepapxuueckas Mopdoorndeckass MOI€EJb

O6ias nepapxuveckasi (JpeBOBUHAS) MOJEJb PACCMATPUBAEMBIX KYDPCOB IPEJCTABJIEHA HA
Puc. 9.3:

0. O6mas cxema kypca S = H x B x L.

1. Meromosiorug H = ExGx D I % K:

1.1. cucreMHbBIHl MHKEHUPUHT (HAITPUMED, *KU3HEHHbIH [UKJI POJYKIUH, TPOEKTUPOBAHUE
HA PAHHUX CTAJAUSAX, TECTUPOBAHUE, TEXHWYECKOe OOCTyKWBaHWE, TEXHOJIOTHs TpeboBaHWil K
cucreme) F,

1.2. cxeMbl TPOEKTHPOBaHUsI (HAIPUMED, CXEMbI Ha OCHOBE NIPUHSITHS PEIeHNH, nepapxude-
CKO€ TPOEKTHPOBaHMe, MOP(MOIOTUYECKOH aHaIN3 U er0 MOAUMUKAIIUNA, MHOTOIUCITUTIINHADHAST
ONTHUMU3AINS, METOJ, MCCIeI0BaHUS TPOCTPAHCTBA MApaMeTPOB, MPOEKTUPOBAHUS HA OCHOBE
Mojeseil cucTeM B BHUJE TPAMMATHUK, MPOEKTHPOBAaHWE HA OCHOBE aKCHOM, TPOEKTUPOBAHUE HA
OCHOBE MMHTAIIMOHHOIO MojieimpoBanust u ap.) G,

1.3. mpunsaTue pentennit (KaaccuduKays 3a1a9 MPUHATAS PeIeHnil, o01as cxema, Teopust
GbyHKIHH MOTE3HOCTH, TOAXOJ Ha OCHOBe mpaBumi [lapeTo, MeToabl MOPOTOB HECPABHUMOCTH,
9KCIEePTHBIE TPoIeaypsl u ap. ) decision making D,
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1.4. napopmanmonnbie cucreMbl (TUIIBI CUCTEM, PACIPE/EJIEHHbIE CUCTeMbl, HHMOPMAIMOH-
HBIi TIOUCK, WHJEKcalysi, 6Ju30cTh HHPOPMAIMOHHBIX 06beKTOB 1 1p.) I,

1.5. Texuomorus 3HaHWil (TUNBI 3HAHWH, cTaguu 06pabOTKM 3HAHWUIL, CTPYKTYPHI 3HAHWIA,
OTepanuy HaJ CTPYKTYpPaMU 3HAHUM, S9KCIEPTHbIE CyXKIeHus u ap.) K.

2. Meroust B=FxC*xY xAxU:

2.1. onrumu3anust (TUIBI ONTHMHU3AIMOHHBIX MOJEJIeH, BBIYKJIAs ONTHMU3AINS, HeJInHel-
Hasl ONTUMU3AIMS, MOJIEH CMEIIAHHOTO [EJIOYUCIEHHOrO onTuMu3anyu) F

2.2. KOMOMHATOPHAs ONTUMU3aNKs (HApUMeEp, 3aja49a O PIOK3aKe, 3a7a4a OJIOUYHOTO PIOK-
3aKa, 337[a4a O HA3HAYEHWH /Pa3MeIIeHn], 33,1298 KOMMUBOSIZKEPA, 33/1a491 T€OPUU PACIUCAHUIA,
packpacka rpada, 3a/a4u 0 MOKPHITHHU JePeBbsIMH, 3a/a9a 0 MakcuMaJbHoil Kinke) C,

2.3. BOIPOCHI CJIOXKHOCTU (AJITOPUTMHUYECKAs CI0KHOCTD, IPUMEDHI 33124 M UX CJIOKHOCTh )

Y’
2.4. TOYHbBIE aJITOPUTMBI (HAIPUMEp, METOJ BeTBeil ¥ TPaHMUI], aJITOPUTMBI HA OCHOBE JINHA-
MHYECKOr0 MPOrpaMMHUpOBanusi) A,

2.5. 93BpUCTHUKY (HAIPUMED, *KAJ(HbIE AJITOPUTMBI, JIOKATbHASI ONTUMU3ATINS, SBOJIOIUOHHBIE
BBIYKCJIEHUs, TUOPUHbIE MeTa-3BpucTHKHU) U.

3. Ilpunoxkennsas L =V x Zx RxW xJ*xQ*T:

3.1. nuBecTHIMY (HAIIPUMED, TUIIHI WHBECTHUINH, HHBECTUIMOHHDIH TopTdens) V,

3.2. 3a1a4 yIpaBJIeHUs] IEPCOHATIOM (HampuMep, BHIOOD MepcoHaa, Ha3HAYEHHEe ePCOHATA
Ha TIO3UIUH) 7,

3.3. mapkeTuHr (HampuMep, CIEHAPHH MapKeTHHIa, CErMEHTH PBIHKA, IJIAHUPOBAHWE, T10-
JIMTUYECKUH MapKeTuHr) R,

3.4. nporpaMMHble KOMILJIEKCHI (HAIPUMED, MOy IbHbIe AKETHI IIPOIPAMM, MOJIETHPOBAHKE
Bepcuit) W,

3.5. rectupoBanue cucreM (HapUMep, HEIOCPEICTBEHHOE TeCTUPOBAHIE CUCTEM C H3BECTHOM
cTpykTypoii - glass-box testing, black-box testing, kombunaropuoe TecTupoBaHue, MJIAHUPOBA-
HHE IPOIECCOB TeCTUpoBaHust) J,

3.4. cern (HanpUMep, TOIOJIOTHsI CeTel, IPOEKTHPOBAHKE CeTell, ceTeBble IPOTOKOIbI) (),

3.5. Tenemerpust (HaNpUMep, CEHCOPHI, TeJEMETPHIECKHe 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 MPOEKTHBIX 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
IpOrpaMM, pa3paboTKa aJrOpUTMOB, UCCJI€IOBAHUE HOBBIX MPHJIOXKEHWH, MOAr0TOBKa, CTaTeil)
X4. Tpu yupolieHHbIX BEPCUU KyPCOB PACCMaTPUBAIOTCS:

(a) uHdOpMaIOHHbIe 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 HHzKeHUpHHT [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 = (EQ*Gg*Dg*]Q*Ko)*(FQ*Cg*Yi*Al*Ug)*(‘/O*Zo*R4*W3*J3*Q4*T4).

9.4.2 IlocTraHOBKA 332491, IPOEKTUPOBAHNIE

Cnenyer yka3aTh IJIaBHBIE IEJIU TIPU MOCTPOEHUU HOBOTO Kypca:

(i) moBbIIIIEHNE YDPOBHSI TIOJIOTOBKH B 00JIACTH MATEMATHYECKHX METOJIOB (YacTh CHCTEMBI
B),

(ii) moGaByieHHe PEATMCTHYHBIX MPOEKTOB CTYJAEHTOB (HMCIOJb30BAHUE AJBTEPHATUB THUIIA
X4)7

(iii) mprobpereHne HEKOTOPOro EPBOHAYAIBHOIO OIBITA B OPraHu3aIyy start-up koMuanuit
(nanpumep, KomioHeHThl V', R).

Cnenyromas cxema pelieHus UCIOIb3yeTCs:

1. Onucanue oneparyii U3MEHEHUsT MEXKJLy TIOKOJICHUSIMU CUCTEMBI (T.€., KyPCaMH).

2. Tlocrpoenue cucreMHOro “cucreMHOro siapa” - “6a30Boit” cucreMbl (37€Ch MCIIOJIb3YeTCsI
HOCJIe/[Hee TIOKOJIEHHE CUCTEMbI W SKCIIEPTHBIE CYKIEHUS).

3. TeHepallsl HHTErPUPOBAHHOIO MHOXKECTBA, ONEePaluii N3MEHEHWsI.

4. KoMOMHATOPHBIN CHHTE3 JJisi IOCTPOEHHs TPOrHo3a(0B) Kak pacmupenue “6a30Boi” cu-
CTEMBI.

5. Arperanysi moJiy9eHHbBIX pereHuii (IPOrHO30B) Jist MOJIyYeHUs] arpErHPOBAHHOTO perle-
HUS.

PaccmarpuBaercst cieayoomume n3MeHeHUsT MEXK/1y TTOKOJIEHUSIMU CUCTEMbI:

(a) St = S? (Tabmuua 9.3): o = (@2, ..., ®17Y);

(6) S? = S3 (Tabmmua 9.4): ° = {®3°, .. 33,

Tabsmnua 9.4. Uzmenenns S? = 3

M3menenue| Tun omeparopa
‘I)f’g Go — G3 |yayumierne Oq
Ta6auua 9.3. Usmenenua S' = S? 5% | K, — K, |yzanenue O
3% |F) - Fy | yayamenne O,
W3menenue| Tun omeparopa 5
;7 10y — Cy | ynyumenue Oy
‘I)}’Q Ey — E, |no6asaenue Os @2’3 Yo — Y, |nmo6asnenue Oz
‘Pé’z G| — Gy |ynyumenune O @2’3 Ay — Ay | mobasnenne O3
‘I);l),’z I, — Iy |ynanenme Og 2% U, — U, yayamenue Op
<I)411’2 Fy — F| | no6asnerue Os @é’g W, — W3 | yayamenne Oq
‘I)éz Vo — Vo | ymasenue Og @373 Jo — J3 | nobasienue O3
‘I)é’z Zy — Zy | ymanenune Og @?{)3 Qo — Q4 | nobasnenue O
2% |R, — Ry |yaydmenue O, o3 | Ty = Ty | noGasnenme Os

“BazoBaa” cucTeMa MOXKET GBITH PacCMOTpeHa Kak moaudbukanusa S° (3KCHepTHHIE CyKIe-
HUSI):

Sk = (Eg % Gy % D3 x Iy % K1) % (Fyx Cy % Yy % Ay % Uy) % (Vi x Zg x Ry % Wy x Jo* Qs+ Tp).

st nannoit “6a30B0i” cuCTEMbl MOYXKHO PACCMOTPETh JOTIOJTHUTEIbHOE MHOYKECTBO U3MeHe-
muit (Tabauna 9.5, SKCIiepTHBIE CYXKIeHNs ): " = {®F, ..., ®F}. OueBuHO, TPU MAPbI ONepaIHUii
ABJAIOTCA anbTepHaTuBHbIME: (2) PF u ®F (6) ®F u OF, (B) OF u DL,

OBmee MHOKECTBO M3MEHEH I OCHOBAHO HA WHTETPAIIH MHOKecTs ® ) & °, 3" kak &’ =
{®9,...,®{,} (Tabmuna 9.6, sKCIEPTHBIE CYKICHUSI).
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Tabsmma 9.6. O6muil CIuCoK M3MeHeHU

Nzmenennd 1w oneparym

Tabuuna 9.5. amenenne “sapa” S* o) |07° |Ey —» B, |nobasmenne O
osenord Tomt omeparopa of | % | Ky — Ko |ynyumenne O,

of | ®% |03 — Oy |ynyumenne O,

‘I)If K1 — Ky |ynyumenue O oY <I>§ Y1 =Y, |ynyumenune Oq
o5 |0y — ¢y | ynydamenne Oy o | ®% |y, > Y; |ynyumenne O,
®F |y, - Vs |yayumenne Oy oY | OF | A, — Y, |yayumenne O,
O Yy — Yy | ynyumenne Oy Y | DE | Ay — Ay | ynyumenne O3
OF |4, — Ay |ynyumenne Oy o | ®F Uy — Uy |ymyumenue O,
®F | A — As | ynyumenne O, o) | @ U, » U, |ynyumenne O,
®F Uy — U; | ynydamenne Oy oY, @3’3 Jo — Jsz | nobasierme Oz
®F Uy — U, |yayumenne Oy Y | @ Qs — Qu |ynyumenme O3
®F Q3 — Q4 |ynyuamenne Oy Y, [03° | Ty — T, |nobasmenne O

L[anee VIMMII ucnosib3yercst Jjisi IOCTPOEHUsI TIEPCIIEKTUBHOTO Kypca (T.e., mporHo3) S* =
H® x B LA [Ipomecc mpoeKTHPOBaHUST PEAJTU3IYETCs KaK BHIOOD W KOMIIO3UIUS omneparnuit
usMenennss O . [IpoeKTHpyeMBbIil KypC paccMaTpuBaeTCs KaK 00be iHeHne IBYX Jacreil: Sa —
S“US%, re HCHOMB3YIOTCH CIIeAYIONIIe YaCTH:

. —~a 7 -T=a —-a

(i) dukcuposannas vacte: S = H x B x L, rje

= -a —-a
:Gg*Dg*]Q, B = FQ, L = ‘/1*20*R4*W0;

(ii) m3amenennas gactb: S* = H*x B*xL°, riue 6a30Bas CTpyKTypa umeet Buj: H* =

¢ = C3*Y1*A1*U2; LY = Jo*Qg*To.

Hepapxuyeckoe MpOEKTUPOBAHNE HAIIPABJIEHO HA M3MEHEHHUE CJIeAYIoel dacTn Kypca: S¢ =
H® % B® % L* (Puc. 9.4; uaTepBajIbHbIE OIIEHKH B BUJIE MYJBTUMHOMXKECTB Jjisi DAS yka3aHbl B
KPYIJIBIX CKOOKAX, UCIOJIb3YIOTCS IKCIEPTHBIE CYIKICHHUS).

EO*Kla

.S“—H“*B“*L“

St = Hix B}« L{, S§ = H{ x B x L§
Se = H}x By« L}, S§ =H}*BS*L§
S“—H“*B“*L“ S¢ = Hy x B} » L§

H“*B“*L‘f, S“ HY % By % L§

EQ*%EB 0,5 03

}ﬁ

“:C’“*Y“*A“*U“
_Cg*YQ*AQ*U4 3,3, ,0
2 —C4*YEJ,*A3*U4 2:4.1

2,0)Y;
IOYQ
=J¢ *x T

*
—J0*83*T03
—Jg*Qg*T42
Q
Jo(0,0,5) Q0(0,0,5) 15(0,0,5
J3(2,3,0) @3(4,1,0) Ty(3,2,0

Puc. 9.4. CrpykTypa mpoeKTupyeMoro Kypca

EQ*KQ 230
LK

EO o 0,5)K,(0, 3, 2

Fy(2 3 09K,(2.30

9

,1
770

L®
Ly
L

E4



156 I'VIABA 9. CXEMbI KOMBUHATOPHOI 3BOJIFOLIMNA CUCTEM

Ouenku copmectumocT Mexkay DAs IIP€/|CTAB/IeHDI B Tabsuue 9.7. (coBMECTHMOCTB € 3J1e-
MeHTaMK (DUKCUPOBAHHOW YacTu Kypca S ne paccMaTpUBAETCsl sl YIPOILIEHUS ).
[Tonyuennsie [lapero-apdexkTuBHble cocTaBHbie DAS /1T cOCTaBHBIX KOMIIOHEHTOB UMEIOT

) nas H%: H = Ey % Ky, N(HY) = (3;0,5,0); HY = Eyx Ko, N(HS) = (2;2,3,0);

2) naa BA: B¢ = Cs3x Yo x Ay x Uy, N(BY) = (3,3,2,0); B$ = Oy % Yax Az x Uy, N(B}) =
1
)

ast Lo L8 = Jox Qs x Ty, N(LE) = (3;0,1,4); L& = Jy+ Qs+ Ty, N(LS) = (2;3,2,0).

Tabsmma 9.7. CoBMeCTUMOCTD

Y15 |Y5| A A A4US| US| Us
51333333233
%233322233

4 3292333

v 539233 3| AU

: 1332202013331

A, 92 2| |1 21 3] |F]H
A, 2 2 3(|Qq 3 1||Ey|1 1
As 2 3 3||04 3 2|3 2

Xyfasa

qKa
w=1

Puc. 9.5. Kauectso L*

w =2

Jnst peaynbrupyoneii cucreMbl S® MOJIy4eHO BoceMb KoMOuHaIwmil ee yacreii (T.e., H*, B

L%):

S§ = H{x Bfx L} = (Eyx Ko) % (C3x Yo x Ay x Uy) * (Jo *x Q3 * Tp);
Sy = H{ % B} x Ly = (Ea % K1) x (C3 % Yo x Ay % Uy) * (J3 % Q3 *x Ty);
S§ = H{ % BSx L} = (Eax K1) x (Cy % Y% A3 % Uy) * (Jo * Q3 x Tp);
Sy =H{*xBSxL§ = (Eyx Ky)* (CyxYsx Az x Uy) * (J3 *x Q3 * T}y);
S¢ = HY % Bf x L} = (Ey x K3) x (C3 % Yo x Ay % Uy) * (Jo * Q3 x Tp);
S¢ = HY % Bf x L = (Ea x K3) x (C3 % Yo * Ay % Uy) * (J3 % Q3 *x Ty);
S8 =H§x B x L} = (B x Ko) % (Cyx Ysx Ag x Uy) * (Jo *x Q3 % Tp);
S¢ = HY % B x L = (Ea % Ko) x (Cy* Yy x Az % Uy) * (J3 % Q3 * Ty).

9.4.3 Amnanu3 u ygydiieHue perieHumii

PacemarpuBaercsa nogcucrema L* = J%x Q%+ T (Tabauna 9.8). [Ipeanosaraercs cieyoniuit
HPOIECC YAYUIIeHUs] JJIs COCTaBHOTO pemtenust L§ = Js * Q3 x T, (ucmosb3oBaHbl OHHADHbBIE
nepeMeHHble {y;;}):
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(1) aBe Bepcum jyis snementa J3: 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 Q3 Y21 (HeT), Yoo ((4,1,0) = (5,0,0));

(3) mate Bepeus mias ssmementa As: ys; (wer), ys2 ((0,2,1,0) = (0,3,0,0)), ys3 ((0,2,1,0) =
(1,2,0,0)), y34 ((0,2,1,0) = (2,1,0,0)), y35 ((0,2,1,0) = (3,0,0,0)).

Tabmmua 9.9 comepkuT GuHAPHBIE IepEMEHHbIE (Y;;), OTePANA yIydIeHns (0 KOMIOHeH-
TaM) ¥ UX OIEHKHU (JAHHBIE ONEHKH MMEIT WIIOCTPATHBHBINA XapakTep).

Tabauma 9.8. Y3kue mecrta, yIydIieHus Tabmuna 9.9. Yuyamenus Ly
Cocrasnbie | Y3kue Onepauun Oneparun Uurepsambuast | Croumocts
DAs MECTa, YLy IIIEeHWST YLy 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, ymyamenue 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
Ly §J37 Q:s; 2=13 Y22 (Qs, ynyumenme 1) 5,0,0 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, ymyamenne 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 (T7,
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 IIOAXO0d K arperaiiii Ha OCHOBE
3a/1a4M GJIOUHOTO 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 IpeacTasaenbl 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

BO000E0AC

Puc. 9.7. Ilogpemntenune

[TosryueHHOE TIOAPEIeHne COAEPKUT TPHU JIeMEeHTa (9Ta KOMOMHAIUS OY/IeT UCTIOIH30BATHCS
kak “cucremHoe siipo”). IIpomecc arperanum paccMaTpuBaeTcsi HA OCHOBE 33Jadd GJI0YHOIO
prok3aka Kak BbiOOp DAs st mogcucrembl © = K« C' x Y x Ax J % T (Puc. 9.8) (6e3 yuera
coBmecTumocTh). Vcnosnb3yiores crepyomme 6uHapHble epeMentsie: {z;;}, ¢ = 1,6, j =1,2.
OHTI/IMI/ISaILI/IOHHaH 3alada UMeeT BU/IL:

arg min > |6(M, ;)| s.t. ZZawxm < wa 1; x;; € {0,1}.

MeED (4 jyeS={(i,j)|zij=1} i=1j=1

( IToncucrema: © = K+xC*xY xAxJxT )

K W0 W A b T
K1 (211)Cs(z21) Ya(xz1) A2(za1) Jo(zs1) To(zer1)
Ko (212) Ca(wa2) Ya(xse) As(zaz) J3(x52) Tu(ze2)

Puc. 9.8. Buoibop DAs s moacucreMsr

Tabsuma 9.10 coepKUT MITIOCTPATHBHBIE OIleHKH. MOXKHO TPUBECTH HEKOTOPHIE TPUMEPHI
PEe3yAbTUPYIONINX PENTeHn:

(].) b = 42: 11 = 1 (Kl) To1 — 1 (Cg),
(To), @1 = Kl*C:J,*YQ*AQ*Jo*To, (@ )

(2) b =101: T12 = 1 (KQ), Loy — 1 (04)
(T4), @2 = KQ*C4*}/3*A3*J3*T4, 6(@2) = 3

=1 (Y3), 241 = 1 (Ag), 251 = 1 (Jo), 261 = 1
,4,0);

=1(Y3), 242 = 1 (A3), 52 = 1 (J3), g2 = 1
,2,0).

Tabmaumna 9.10. Ouenku 1Jist arperaiuu

Bri6op WNureppanbrast | CTouMOCTD
DA OLICHKA €;; (@iy)
11 K1 O, 3, 2 6
T12 KQ 2, 3, 0 12
T91 (Cs 3,2,0 15
To2 (O 4,1,0 20
31 }/2 27 37 O 11
32 }/:3 47 17 O 22
T41 AQ 1, 4, 0 10
T2 (As 3,2,0 16
T51 JO 07 07 5 O
T52 J3 27 37 O ].3
T61 TO 07 07 5 O
T2 T4 3, 2, 0 18

9.5 BrIBOJHI K IJIaBeE

B nannoit riiaBe npejicrapiienbl 00mast cxemMa Jijiss KOMOMHATOPHOTO MOJIE/IMPOBAHUS IBOJIONUAN
¥ IPOTHO3UPOBAHUS MOJYJIbHOH CHCTEMBbI, BKJI0Yas WIJIOCTPATUBHBINR IpUMeD Jij1s MOJLYJIbHBIX
y4eOHBIX KypcoB. [IpencraBiisieTcs mepcneKTUBHBIM PACCMOTPETh B OYJIYIEM CJieyIoIee:

1. uccyiemoBanre KOMOMHATOPHO SBOJIIONUY U MPOTHO3UPOBAHUS PA3TUIHBIX MPUKJIATHBIX
CHCTEM;

2. UCTIOJIb30BaHVE PA3JINYHBIX TIOJIX0O0B K YUYeTy HeOUpeaeIeHHOCTH.



I'maa 10
Ilpniaoxkenuss B nporpaMMHBIX CHCTEMaXx

B nanHOil ryiaBe | IpHBeNEHO ONMCAHWME YETHIPEX 33Jadu: (a) mepapxuveckasi KOMIO3UIMS MO-

JLyJIbHOTO TIAKETa MPOrpaMM (MepapxudecKkasi MOJEJIb, TPOEKTUPOBAHNE, AHAJIN3 Pe3y/IbTaTOB,
yiyuiienne), (6) nepapxuveckoe NPOEKTUPOBAHUE UYEJOBEKO-MAIIMHHOIO nHTepdeiica Ha npu-
mepe uHTepdeiica s cucrembr CIITIP-KOMBU (unu DSS COMBI) [24, 25, 26, 27, 327,
328|, (B) wutocrparust KomOuHaTOpHO# 3BOOIMU cucteMbl CIITIP-KOMBU, (r) nocrpoenue
10CJIeJIOBAaTeIbHO-IIapaJIeIbHBIX CTPAaTeruil 1 MHOTOKPUTEPHAIbHOIO PAHKHPOBAHUS.

10.1 MoxayabHBbIil IIPpOrpaMMHBI ITAKET

PaccmarpuBaercst npuMep HHTErpaiuu IporpaMMHOTO akeTa u3 TunoBbix Moyseii (Puc. 10.1):

0. Cucrema S = Ax B.

1. ITogcucrema A = M x P:

1.1. Cucrema ynpasnenus 6a3oii ganubix (Data Base Management System DBMS) (M).

1.2. Nnrerpuposaunsiii maker (Integrated Software IP) (P).

2. [logcucrema B =D x H % L:

2.1. Cucrema noxjepxxku npunsatus pemennii CIIIIP (Decision Support System DSS) (D)

2.2. Tuneprekcrosasi cucrema (Hypertext System HS) (H)

2.3. nTepdeiicHblit makeT 115 CHCTEMBI HCKyccTBeHHOTO nHTesLIeKkTa (Language for Artificial
Intelligence LAI) (L).

Caexyer oOTMETHTH, YTO MMOCJEIHUE TOIBI TOJ00HBIE 33/1a91 CTAHOBATCS BCe 00JIee aKTyaIb-
ubivu [453].

Ucxonubie qaHHbe (XapaKTePUCTUKY /KPUTEPUH, 3HAUCHUSI XAPAKTEPUCTUK ) JJIs YKAZAHHBIX
IPOI'PAMMHBIX AKETOB OBLJIM B3IThI U3 COOTBETCTBYIOIINX ITpOodeccnoHaJIbHBIX KypHaJoB: 'PC
World’, "Microcomputers’, 'InfoWorld’, ’Expert Systems Users’ u ap. Paccmarpupatorcst ciie-
JIYIOIIHUE CIIHCKA KPUTEPHUEB:

1. DBMSs: (1) cpencrsa ays passutus (0 coorBercryer 'Her’, 1 coorBercryer "Ecth, Xo-
porio’, 2 coorBercrByet 'TIpeBOCXOHO’; HaJiee NCTIOIB3YETCsl AHAJOIHYHASI OPSIIKOBAST TITKAJIA.);

! MaTepuaJs TIaBLI OCHOBAH HA, TTyOIMKAIIIX:
(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) ckopocrb paborsr (0,1,2); (3) mogroroska orueros (0,1,2); (4) aganTUBHOCTH YeJ1.-Malll.
unrepdeiica (0,1); (5) crommocrs (USD); (6) cpena nmocrpoenust 3anpocos (0, 1, 2).

2. IPs: (1) rpaduxka (0, 1,2); (2) npocrora ucnosnszosanus (0,1, 2); (3) 6a3a gauueix (0,1);
(4) dyukius rerekommynukanun (0, 1,2); (5) Tekcrossiit mporeccop (0, 1,2); (6) azanTuBHOCTD
ves.-mant. uatepdeiica (0, 1); (7) croumocts (USD).

3. DSSs: (1) uwen.-mam. unrepdeiic (1,2); (2) momaepxkka auamora (0, 1,2); (3) obyvaromast
noacucrema (0, 1); (4) 6ubnnorexa mozeseit (0,1,2); (5) KOMIIOHEHTBI HCKYCCTBEHHOTO MHTEJI-
aekra (0, 1); (6) manmmuue nupeasiymero ounsrra (0, 1); (7) crommocts (USD).

4. HSs: (1) pexkum Opaysunra (0, 1); (2) rpaduxa (0,1); (3) pexxkum MHOr0-OKOHHOIO WH-
repdeiica (0, 1); (4) xkomnonentsr uckyccrsennoro unresuiekra (0, 1); (5) crommocrs (USD); (6)
Hasmane npensiaymero onbita (0, 1); (7) yposens mombssosarens (0, 1,2).

5. LAIs: (1) crommocts (USD); (2) mamuuume mpeasimymmero omeita (0,1,2); (3) ypoBeHb
nonb3oBarens (0,1); (4) kagecrso cepsuca (0, 1,2).

Tabuuna 10.1 comepKuT arperaTuBHbIE KPUTEPHH JJIsT TIOACUCTEM (MepBBIii HHIEKC COOTBET-
CTBYET KOMIIOHEHTY, HErATUBHASI MOHOTOHHOCTD yKa3aHa B CKOOKAX).

® S=AxB
51:145*34: Ml*P4 * Dg*H5*L2
52:A4*Bgz Mg*P4 * D5*H5*L3
SgIAl*Blz M3*P1 * Dl*Hl*LQ
54:144*32: M3*P4 * DQ*Hl*LQ
55:142*32: M4*P1 * DQ*Hl*LQ

Moncucrema A = M x P
Ioncucrema B = D+ H x L

‘Aleg*Pll lBIIDl*Hl*[Ql
A2:M4*P11 BQZDQ*Hl*LQ]_
A3:M5*P31 BgZD5*H5*L32
A4:M3*P42 B4:D3*H5*L23
A5:M2*P4 3
A6:M6*P4 3

M P D lH I

DBMS MWuarerp. CIITIP T'uneprekct [Taker
1 1) maker Dl Hl 1 s M

i
1
My(1) Po(2)  D3(2) Ha(l) Lol
My(2) P3(2)  Dy(3) Hy2) Ls(2
Ms(2) Pu(2)  Ds(4) Hg(2) L,(2
o(3) P5(2)  Dgld 6(2)  Ls(3
M,(3) Ps(3 H.(2) Le(3
Mg(4) Pi(3 Hy(3) L7 = Ly&Ls(1)

Puc. 10.1. Crpykrypa cucrembl (npuopurerst st DAs
yKa3aHbl B CKOOKaX

JIIs1 BUCSIYMX BEPINUH MOJIe/TH CUCTEMbI BHITIOJTHSIOTCS Ceyonume oneparuu: (1) renepanust
DAs; (2) onenuBanue DAs no kpurepusim (mojydenue oneHok); (3) pamxkupoBanue DAs Ha
ocHoBe oneHokK. DAs u ux omnenku mnpezacrapiensl B Tabaumax 10.2, 10.3. Puc. 10.1 comepxKur
BBIYHUCJIEHHBIE TTPUOPHUTETHI Jijist DAS.

Tenepb MOXKHO PACCMOTPETH CJIEJYIOIUI HepapXuveckuii ypoerb Mmojesu cucrembi: (1)
3azanue copmectumoctu Mex iy DAs; (2) komnosunusi cocraBubix DAs; (3) onenunBanue DAs
no kputepusiM; (4) pamxuposanue DAs. Ouenku coBmectumoctn DAs mpeacrasienst B Tab-
qune 10.4. DAs mus nogcucrem A u B comep:xkarbest B Tabaune 10.5. Puc. 10.2 unmocrpupyer
KOHIIeHTpUUeckoe npeactapiaenue DAs nisa By u Bs.
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Tabauna 10.1. ArperaTuBHBIE KPUTEPUU

Kpurepun

Crenudukaruu

F,; Croumocrs (—1)
F,» Tpaduxa

F,4 TenexoMmynukamum

F,5 ApanrusrocTb wei.-
Maiir. uarepdeiica

F,¢ Texcroserit mponeccop

F,7 TIonroroska or4eros

F,3 Cxopocrs

F,9 Cpena mocrpoenns
3aIIPOCOB

F; Croumocts (—1)

b3 Kommnonentsr I

Fyt Omerr ucnomszosamms
Fy5 Tlonnepsxka muanora

F,3 TIpocTora ucnonb3oBanms

Fyo Yposenn nombp3osaresns

Fns + Fyr
min(Fmg,Fl)
max(Fpu1, L)
min Fm27F4
min Fm47F£6

max
max
max

F,5 F
Foy. Fly
Fm?qu?)

mb6

Fyr + Fys + Iy
mln(Fm, Fi3
max(Fys, Fa)
Fy6 + Fhe + Fio
Fao

Tabsmua 10.2. Ouenku gas DAs

DAs Kpurepuu

v 1‘2‘3‘4‘ D ‘6 DAs Kpurepun DAs Kpurepuu
112222 482 3

M, |2 222 490 3 1]2[3[4]5]6] 7 1 |2[3[4
Ms 11111 48 21||P1 1221311506/ L1 17001 2 2
My 11111 237 2(|F2 [221020 94 || L2 30001 2 2
Ms 11111 502 3[|F5 (223120 438(|Ls 25002 1 2
Mg 11111 451 0|Px |1 11111 477||Ls 50000 1 2
Mz 11111333 0|5 (201111 510(|Ls 28501 1 1
Mg 10000 240 0|5 (120100 130||L 135700 1 2
My 10000 180 0[|Pr (021000 87 ||Lr=L2&Ls| 55002 2 2

Tabmumna 10.3. Ouenku mis DAs

DAs Kpurepun
DAs|  Kpurepun 1[2[3]4[ 5 [6]7
Hy 1111135002
1231415[6] 7 |7, 11116001 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

161

Ouenku coBmectumocTu Mexkay DAs myis momcucrem mpenacrasienbl B Tadmume 10.6. Tao-
quna 10.7 comep:kuT cocraBHble DAS /1is1 pe3yJIbTHPYIONME CHCTEMBI. DTO IO3BOJISET OIEHUTH
cocraBable DAS 171 pe3y/IbTUPYIOINIell CHCTeMbI 110 KpUTEPUSIM M CPaBHUTE. Jlajiee MOKHO aHa-
JM3UPOBATh y3KWe Mecra u akuuu yiayudmenus (Tabiuna 10.8). B paccmarpuBaemom npumepe
BCE aKIMKM YJIy4IlleHUus COOTBETCTBYIOT yiyuiienuio [lapero-adpdexktuBubix perienuit. Yiyu-

merne coBMectuMmoctu (Ap, By) wnmu (Ag, Bs) ¢ 2 10 5 MO3BOJIIET TMOJYYATH CJIEIYIOIINE IBa
udeasvholr permenust: A; x By u Ay x By. Puc. 10.3 wLIocTpuUpyeT peneTky KavdecTBa CHCTEMBI

u [lapero-acpdexkTuBHBIE pelIeHUS.
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Tabymma 10.4. CoBMeCTUMOCTD

D]‘D4D#D4D#D#Ll‘Lz‘Lg‘M‘L#LG‘M
H|11300000300000
Hy000000000000O00O0
530000001112221
40000000001 110

P4P4P4P4P4P4P7 H;l1 040500451114
Milo023000(|[H|lOOOOODOOO0ODO0OT1T1T10
Myl O O1 1000/ H{0OOOOOOOODOT1T1 10
M2 213000(|[H|0O0O0O0010000000
Myg3 00000 0]1Ds 1112221
Msfo 0 4000 0/|De 0300000
Msfo 00500 0]Ds 0400000
M lo00O0O0O0 0]||Ds 0000000
Mglo 0 000O0OO0]|Ds 0050000
Moo 21000 0]Ds 0001110

Tabsmma 10.5. DAs gnga 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(4,0,2,0,0
Ay = M3+ Py 963 11111432(3;1,1,0,0
As = My x Py 959 11111423(3;1,1,0,0
Ag = Mg * Py 928 21101130(50,1,1,0
By =Dy Hy%xLy|34502121 1;3,0,0,0
By = Dy Hy % L9|38452121 3;2,1,0,0
Bs = Dsx H5 % L3|32291120 5;0,2,0,1
By=Ds*Hs;%L5(39991111 4;1,2,0,0

O6BILIHO I/136I)ITOLIHOCT]:> CUCTEMHBIX KOMIIOHEHTOB MCHOJIb3YyeTCd J1Jid IMOBLIIIEHUA HalE€2KHO-
ctu cucrembl. B ciryuae nporpaMMHOTo obecriedeHusi CUCTeMa, ¢ U30BITOYHOCTHIO COAEPAKUT AJib-
TepHATUBHBIE MOAyH. PaccMOTpuM mpuMep st TOJACUCTEMBI B co cienyolneil arperaTuBHO#
aJbTepHATHBOMN (M30BITOYHOCTD Ha OCHOBE JBYX 971eMeHTOB) L7 = Lo& Ls. OueHkn mjs arpera-
TUBHOW aJIbTEPHATUBBI OCHOBBIBAIOTCS HA CJIEAYIOMUX "arperupyonmux’ (hbyHKIUGX Ha OIEHKaX
ssemenTos (Tabmuna 10.1): (1) cymma, (2) makcumyw, (3) MurnmyM. COBMECTHMOCTD JIst arpe-
TUPOBAaHHOI ajibTepHATUBBI L7 Oyj1eT paBHA MUHUMYMY COOTBETCTBYIOIINX OIEHOK BKJIIOUEHHBIX
B Hee (Tabumna 10.4). [Tpuopurer pyst L 6yaer pasen 1. B pesyabrare mojydaem cocraBHOE pe-
mennit: Dy x Hsx Ly with N = (1;1,2,0,0). 9o pemenue ue siBasiercs [lapero-sdbdexkTuBHbIM,
HO MOKET PacCMaTPUBATHCS KaK HeKas TOYKa JJIs jJaJjbHeifmero yayumienus (Tabauna 10.8).
Puc. 10.4 wanoctpupyer coctaBHOe pelieHue ¢ u30bITOYHOCTHIO.

)
‘ D6D5‘ qu D3D2‘ Dl‘ ‘ Ly LQ‘ Ls L4‘ Ls LG‘ ‘

5] 1
Puc. 10.2. Konnenrpuyeckoe npeacrasienne DAS
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Tabsmma 10.7. DAs njsa cucrembl
Tabmuna 10.6. CoBmecTuMocThb Coctaniiie DAS N
A1‘A2‘A3‘A4‘A5‘A6 S; = A; x By = (M, x P)) * (D3 x H; % 13)[5,0,0,2,0
Bi 1210010 Sy = Ay x By = (M3 * Py) % (D5« Hy x L3)|4;0,2,0,0
BQ 1 2 0 3 0 0 SgZAl*Blz Mg*Pl *Dl*Hl*LQ 2,2,0,0,0
B3y 1000 400 Sy = Ay * By = (Ms* Py) % (Dyx Hy % Ly)|3;1,1,0,0
By 10000 5 0 Ss = Ag x By = (Myx P1) * (Dyx Hy * L2)2;2,0,0,0
Table 10.8. ¥Y3kue mecta u akiuu yJaydrieHust
CocraBubie DAs Y3K1e MmecTa AK1>HH
w/r
DAs IC
Ay = Mz * Py (M3, P1) | 2 =3
Ay = My* P M, 2=1
Ay = My* Py EM4>P13 3=14
A3:M5*P3 37P4 2 =3
Az = M5 * Py Ms 2=1
Az = M5 * Py Ps 2=1
Ay = M3z * Py Py 2=1
214:%3*54 P (M3, Py) | 3= 4
5 = Vi1 % I'4 4 2=1
As = My x Py (M1, 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
Sy = As x By As 3=2
Sy = Asx By By 3=3
Sy = Ay * Bs Ay 2=1
Sy = Ay x Bs B3 2=1
Sy = Ay * Bs EA47 Bl; 4 =75
Sy = Ay x By 1,B1) | 2=3
Sy = Ay x By Ay 2=1
Sy = Ay By EA47 323 3=>4
S5 = Ay * By 1,B2) |2 =3
Dl*H5*L7 H5 2=1
N neanbuas
TOYKa
N(S37
N(§5)
° N (S,
(s, .
w =4 < Hy )
w=3 —
=2 20 = (@@
|

Puc. 10.3. Pemerka KadecTBa u
[Tapero-acddexTuBHBIE TOUKHU

Puc. 10.4. Pemenne ¢ n30bITOYHOCTHIO

PaCCMOTpI/IM 3—CTa,ZLI/II71HOG MOZYJIbHOE IPOEKTUPOBaHNE JJId IOJACUCTEMBbIL B. Hpe,unonaraeM,
YTO OIEHKHN COBMECTHMOCTH ME2XKIY DAs YAYUIIalOTCA Ha Ka}K,ILOﬁ CTaJuu. MOI‘yT HCIIOJIB30-
BaTbCAd JBa METO/Ja:
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1. ArperatuBHbIii MeToa: Arperanus OLEHOK COBMECTMMOCTH M HOMCK COCTABHOIO Pe-
HIeHWs HA OCHOBE yCPEIHEHHs OICHOK.

2. TpaekTopHslii MeToA: /IByX-ypOBHEBHIil MIPOIECC PEIIeHUsI, COCTOAIIMI U3 ABYX (a3:

2.1 Pemienue 3a/1a4u MPOEKTUPOBAHKs (CHMHTE3 COCTABHOI T0CHCTeMbl B) Ha KaXKJI0i CTa-
JIAH.

2.2 KOMIO3UIHUsST COCTABHBIX DEIeHUil, TOJYIeHHBIX Ha Npeablayineil dase (mis Kaxmoi
CTaJ[MM) B I0CTIEI0BATETHLHOCTh COCTABHBIX PEIleHuii (TpaeKTopuio).

PaccmoTpuM ciepyoniee yiydileHde COBMECTUMOCTH:

(Hy,Dq): 2 (cramus 2), arperupoBaHHAsi OEHKA COBMECTUMOCTH PaBHA 2;
( ), b (crammst 3), arperupoBaHHasi OLEHKA COBMECTHMOCTH DaBHA 2;
(cramust 2), 5 (cragus 3), arperupoBaHHasl OIEHKA COBMECTHMOCTH DABHA 3;
( )
( )

=
S

1)3
3)1
5)3

[\

, arperMpOBaHHAs OIEHKA COBMECTHMMOCTH PaBHA O

SESES

ot

1, Lo craqus 2), 5 (cragus 3), arperupoBaHHasl OIIEHKA COBMECTUMOCTHU PaBHa 4;
) cTaanud 2), arperupoBaHHAs OIlEHKA COBMECTHMOCTH PaBHA 2;
5, Lo cTaIus 2), arperupoBaHHAas OIleHKA COBMECTUMOCTH paBHA b;

3 (cramus 3), arperupoBaHHAsl OIEHKA COBMECTHMOCTH PaBHA 2;
, b (cragusa 3) arpermpoBaHHas OIEHKA COBMECTHMOCTH DaBHA 4;
4 (cragus 3), arpernpoBaHHAsl OIIEHKA COBMECTHMOCTH DaBHa 3;

NN

EEEEEEEEEEE

SISISISISASES

)
)
)
):
)
)
)

&

(D5, L3): 5 (cramusi 2), arpernpoBaHHast OIEHKA COBMECTHMOCTH PaBHA b;

Pacemorpum arperaruBnbiii MmeToa. Pemraem 3aady cuHTe3a JJis CIydasi arperupoOBaHHbBIX
oreHOK coBMectumocTu. [loydaem pesysbrupyomue cocraBabie DAs:

(a) By = D3 Hs* Ly, N(BY{)=(5;1,2,0,0);

(b) B =D;*H; *Ly, N(BS)=(2;3,0,0,0);

(c) B =D;xHyxLsy, N(B§)=(2;3,0,0,0).

Takum oOpa3oM yJydllleHHe COBMECTHMMOCTH HPUBOAUT K HOBOMY llapero-acdhdexkTuBHOMY
COCTaBHOMY pellleHuio [33.

Tenepb paccMOTpUM TpaeKTOPHBIH MeTo. Ha mepBoii cTa i Mo:KHO HCTI0Ib30BaTh [lapeTto-
sddexkruBnble cocTraBabie DAs nig noacucremsl B u3 Tabsmmer 10.5:

B{ = Dy x H,x Ly, N(B})=(1;3,0,0,0);

By = Dyx Hyx Ly, N(B)=(3;2,1,0,0);

Bi = D5 Hs x L3, N(B3i)=(5;0,2,0,1);

Bi = D3x Hsx Ly, N(B}) =(4;1,2,0,0).

Ha Bropoii craguu coctaBubie DAs cienyrormue:

(a) TTapero-sdbdexTuBHbIE pEIIEHUS:

B? = Dy x Hy x Ly, N(B?)=(2;3,0,0,0);

B2 = Dyx Hy x Ly, N(B3) = (4;2,1,0,0);

B2 = D3x Hsx Ly, N(B?) =(5;1,2,0,0);

(b) DAs, koropsie 6m3ku K [Tapero-3¢dpdekTuBHBIM perenusiM (3T PeIeHns: JOMUHUDY-
1oTcsl yKazaHHbiMU Bhile [lapero-asdbdexrusabivun DAs):

B? = Dsx Hsx L3, N(B3)=(5;0,2,0,1).

Cocrasubie DAs nyis cragum 3 cieayromue:

(a) ITapero-sdbdexruBHbie perenusi:

B} = Dy x Hyx Ly, N(B3)=1(2;3,0,0,0);

B3 = Dyx Hyx 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-3dpdekTuBHBIM perenusiM (3T peleHns: JOMUHUDPY-
I0TCs yKa3aHHbIME Bhilie [lapero-sdbdexrusabivu DAs):

B} = Dy x Hsx 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, uro DAs, 6iiuzkue x [lapeto-acdexkTuBasiMm DAs, MOTYT OBITH MTOJIE3HBI CO CJIELY-

oneil Touku 3penus. I3MeHeHre KOMIIOHEHTOB B TPAEKTOPUU MOXKeT IOTPe00BaTh HEKOTOPBIX
YCHJIU# IIPU 3TOM HEOOXOJMMO PEelIaTh JIOMOJHUTE/IbHYIO 3a/a4y BEPXHEIr0 yPOBHSI:

CroMOUHUPOBAMb MPAEKMOPUIO € Y4emom Kavecmea cocmasuux DAs na xaotcdot cmaduu
U CMOUMOCTNY USMEHEHUS KOMNOHKEHMOE (HANPUMED, NEPeodyHeHUe CNEUUANUCTIOS, COBEPULEH-
cmeosanue Bopmamos Gaiinog).

[Tostyuenst crenytomue Tpaekropun (6e3 n3MeHeHwil):

ay =< B}, B} B} >, oy =< B3, B3, B3 > .

[Tpumep TpaeKTOpUHU ¢ W3MEHeHHeM KOMIIOHEHTOB CJIe Ly OIHiA:

o =< B}, B? B3 > c usvmenennem H; — H,.

Jpyrast crpaTerusi MOKeT OCHOBBIBATHCS HA YJIydIIEHMM KOMIIOHEHTA. HAIPUMED, yJIydIe-
nue Hy Ha cragum 3 IPHUBEJET K TPAEKTOPUU:

o' =< B}, B% B} >.

Puc. 10.5 wamocTpupyeT MeToa TpaeKTOPHiA.

ot (B B
o B3 B
7 B @)
| | Big T
Stage 1 Stage 2 Stage 3

Pwuc. 10.5. NmocTpaius TpaeKTOPHOTO METOIa

10.2 MoxayabHBIil ITOJIB30BATEIbCKIIT MHTEpgeTic

B nannom pasjene paccmarpuBaercst uepapxudeckoe npoekrupopanne (MMMII) mis nosb3o-
BaTesbekoro uurepdeiica [328, 334]. Ilpumep Gazupyercss Ha pa3paboTaHHON aBTOPOM ¢ A.A.
Muxaiisioeim (1984-1991 rr..) CIIIITP KOMBU (DSS COMBI) [26, 327, 328, 334, 362].

PaccmarpuBaercst T0J1bKO 6a30BbIil TOTOK JaHHBIX (06paboTKu nanubix) B cucreme CIITIP
KOMBI, xorga B KauecTBe 6230BOT0 3JIeMeHTa 00PaOOTKH PacCMaTPUBAETCSA OTHOIIEHUE IIPE/I-
[OYTEHHS ¥ MPOIECC PElIeHUs MOIEIMPYETCs KaK MOC/Ie0BaTe/IbHasg TpaHchopMaIys JaHHbIX:
(1) anbrepHATHBBI, KPUTEPUH, MHOTOKPUTEPUAIbHbIE OIIEHKHU AJIbTEPHATUB 110 KpuTepusm (Rp);
(2) orHOMTeHNA peIOYTeHNS Ha anbTepHaTHBAX (121); (3) mpoMexKyToIHOe THHEHHOE yIIOPSI0-
venue anbrepHatus (Ry); (4) rpynmosoe pamxkuposanue (Rs); (5) mpoMeKyToUHOE TPYIIIOBOE
ynopsijiouenue anbrepHatus (R3); (6) pesyabrupyronue JaHHbe (paHKUPOBAHUE aJIbTePHATHB
(Rs).

Ha6op dbyHKIMOHAJBHBIX ONepaluii peajn3yeTr YKa3aHHyio 00paboTKy:

Ry= R, = Ry = {Rg} = Ry.

Ha Puc. 10.6 npeacraBiena crpykrypa unrepdeiica CIITIP KOMBN.
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/\ IIpsimoe pemenne m
> (9KCIepTHAS IPOLELYPA,
Ao JIOTHYeCKasl IPOLEeLypa)
Tep-
HATH- 1
BBL 1 ] Ipynmnosoe pamKupoBaHue
IIpenga- g)blfg /b
KpI/I- pI/ITe.Hb—_ petiie-
Te- - Had YPO HIST
puu cDOpMI/I— BHEBasA
K poBaHue opys R
Do Typa(br)
OHeH—_> 1104~ . {RB} ]
KT TeHUi
Ry
TTumed Arperamus
N UHEeIHOe IPeIBAPUTEb-
\_/ PaHXKUPOBAHKE HBIX PeIIeHui U

Puc. 10.6. Crpykrypa dyHkuuonansuoro rpada-menio [26, 334|

PaccMaTpuBaioTcst Cjeyionue onepaiun peJakTupoBanus JAanubix: (a) BBoj, (b) KOppek-
THPOBKA, (c) mpezacrasienue, (d) BoBOJ, (€) UMIOPT/5KCIOPT.

B CIIIIP KOMBU peanu3zoBaHbl CIeIyIONME PEKUMBL: () BHIOOD WM CO3/IaHUe HOBOI
npukJIaaHON 3amaqm; (b) pemenune 3aaun (MHOrOKPUTEPUATHHOE DPAHXKMPOBAHME) HA OCHOBE
Pa3IMYHBIX METOJOB; (¢) aHaau3 pe3ynbraTos; (d) momomp moabp3oBareno (00yuenue); (e) M-
TOPT/9KCIOPT JaHHBIX; (f) BBIXO.

TaxuMm 06pa30M, pacCMATPUBAIOTCS CJIELYIONHEe KOMIIOHEHTHI IOJIb30BATEJHLCKOTO HHTEP-
deiica: (1) ynpasyienue pexkuMaMi CUCTEMBbI; (2) MIaHUPOBaHUe / yIPaBI€HHE IPOIECCOM Delle-
Hust; (3) onepanun 06paboTku HaHHBIX; (4) peJaKTUPOBAHWE U IIPEJICTABICHNE JAHHBIX.

Mosens paccmaTpuBaemMoro (pparMeHTa mo/b30BaTeIbCKOr0 nHTepdeiica npejicTraBieHa Ha,
Puc. 10.7. Ucnosb30Banbl ciepyomnime 0603HaYeHNsI:

Y - mpejicTaB/ieHde TTIABHBIX PEXKUMOB (pellleHre, MOMOIIb, BBIXOJ U JP.);

7 - 6a30Bble KOMIIO3UIIMY I[BETOB JIJisi TJIABHBIX PeXKUMOB (boH Jyist skpana, GoH J1s mpej-
CTABJISIEMbBIX JIEMEHTOB, TEKCT, CXEMA);

J - npeacrapenue YHKIUOHAJBHBIX CXeM JjIsI 00pabOTKU JaHHBIX;

L - npencrasienne GbyHKIMOHATBHBIX Onepamnuii s 06paborku nanusx (R, — R;);
H - npencraBienne B3auMOCBS3elH MeXK Ay (DYHKIIHOHAJIHHBIME OMEPAIUSIMU;

K - criemmabHBIE BO3IEHCTBUS B YaCTH OTEPaITUit (HaanMep, 3BYKOBOM CI/IFHaJI);

X - nBeroBasi KOMIIO3UIMs Jisi IPeJICTaBIeHust dacTu onepanuii (ou, Tekcr, cxema);
E - npejcraBiienue cxembl JJaHHBIX;

R - npejcraBienue JaHHBIX (YUCII0, TAOIUNA, OJIOK-TUArpaMMa);

() - IpeJIcTaBIeHNE OTePAIMii PEJIAKTUPOBAHNS JAHHBIX (BBOJ, KOPPEKIWs U IP.);

B - 3ByK B 4acTu JaHHBIX;

C' - uBeTOBast KOMIIO3UIUSI JIJIsI IPEJICTABIEeHNs NaHHBIX ((DOH, TEKCT, cxema).

Ucnonp3yembre Kputepuu copepkarcs B Tabuume 10.9. DAs (/17151 BUCSYIUX BEPIIUH MOJIETHN)
U UX OINEHKW 1o KpuTepusaM mnpeactabiensl B Tadmumax 10.10, 10.11, 10.12. [Ipuopurterst mis
DAs ykazansl B ckoOKax Ha Puc. 10.7.
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OparMeHT 0JIb30BATEILCKOr0 HHTEPdEiica
() S=G*x0xU

Sl = G4 * 03 * U4
LG:Y*Z 0 O=PxKxX U=AxBxC

YacTh peskuMOB YacTs onepanmit YacTh JaHHBIX
Gli}/g,*Z4(1) 01:P1 *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*Z5(3) 04:P2*K4*X2(1) U4:A2*B4*CQ(1)

Gs =YsxZ1(1)

% 7 A=FExRx*xQ l B l C
5eﬁgIMbI Bazosbie A?a:mgge* Rz Qs(1) %B}(f;{) ng??)
nE) 24 A =BxBxQoll) B3 G(1)
Ys(2)  Z2(2) l l l Bs(2)  Cs(1)

E R Q
s e b))
() zi B R o S
Y7(1) Z6(1) E2(3) Rl (3 Q1(2) 07(2)
Yg(l) 3 R2 ) 2
3(4)  Qs(2)

Lo Lxil lBK | x ggg; 8283
RO BT e )

P2 = J4*L3*H4(1) KQ(S) Xg(l) §7(g)

nggg X3E1g 32523
K41 Xu(1

J L H Rio(2)
lCXGMbI lOHepa‘ lB3aLI/IM0— §5 8; Ri?(l)
J1(4) on CBA3U XG(Q) R12(1)
Jo(3)  Li(3)  Hi(3) 7
J3(3)  L2(1)  Ha(3)

Ja(1)  Ls(1)  Hs(3)
J5(1)  La(2)  Ha(2)
Jo(3)
J7(2)
Js(1)

Puc. 10.7. Uepapxudeckast cxema ¢pparMeHTa MoJIb30BATETHCKOTO
unrepdeiica (mpuopurers st DAs ykazaubl B CKOOKax)

Tabsmma 10.9. Kpurepun u nx Beca

Kpurepun Beca
Y\J\L\H\E\R\Q\Z\X\C\K\B
3

1.Tpagunusa (npuBbIYKA)
2.06bem unpOpMALIUT
3.CoxxHOCTH pa3paboTKu
(orpunarensHO)
4.VYno6creo (Usability)
5.IIpocToTa MCHONB30BAHMST
6.Bo3MOxkHOCTE pacimpenust
7.Jlerkocrs 00ydenusi 3 3
8.A nanTHBHOCTH 55555
3 3

9.9bdekTuBHOCTD

DO =~ OV O W = Ut
AN WO W
AN QO Ot
= Qo U1 Ot = Do Ot
Sy Gttt = s O
SOOI D \)
= Qo U1 Ot Lo

D

(@)

(@)
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Ta6suua 10.10. DAs u ux ouenku (uacrs 1)

DAs Kpurepun
1|2[3]4]5]6]7

Y7 KomaHaHbIM 31K

Y> BeprukanbHOe MEHIO
Y5 TopusoHTaIBHOE MEHIO
Y, Biok-guarpaMmma

Y5 Ukona

Ys Menro-marpuna

Y7 Pop-Up mento

Ys Menro-karaJjor

J1 Komanaablii 13bIK

Jo BeprukaabHOoe MEHIO
J3 Topu3oHTaIBHOE MEHIO
J4 Biok-auarpamma,

J5 Ukona

Jg Mento-marpuia

J7 Pop-Up mento

Js MeHnro-karaJjor

L1 KomanaHblii 361K

Lo Ukona

L3 DmeMeHThI GIIOK-IUATPaMMb]
L4 DieMeHTbI MEHIO

H, Tabnuua (Marpuna)
H, dnement (napa)

Hj3 Crincok 3/1eMeHTOB
H, Tpad

O DD Lo R GO DD QO S GO QO QO GO i R QO Q0 DO R s
WONUTAWWONOOOUIEARRARDIODNTR WD
U0 A UT 0 GO U OUT 00 GO GO RO D UT i UT G0 GO i DD B Ot
TN QO UTUTUTRN UTOUUR UTUTR I N QTUT R UTO i i B
B GO LoD OY OO DD i i s O OO W i DO s s i O T R N
COTTUTR LoD GO UTUTUT D GO BN G0 GO UT T UT R G B GO Lo Ot
NN WWD DN GO O O i N i QO O O i i N

Ta6smua 10.11. DAs u ux ouenku (dacrs 2)

DAs Kpurepun
1[2]3]4]5]6]7
E; Tabmuna cazeit 4 3 3 2 2 2 2
E, Biok-nuarpaMma 33455 26
E5 Karasor 365545 3
R, Homepa, 3 113114
Ry Tabuma (MaTpuna) 3 23324
R3 I'pad npeamourenuii 2 54 2 3 3
R, Vertical bar chart 3 3343 4
Rs Horizontal bar chart 3 3343 4
Rg Pie chart 3 3343 4
Ry Star chart 2 344 25
Rg I'pacdudeckoe mpeacrasienue |9 4 5 4 45
yposeeii (r.e., [Tapero-
3 HEKTUBHBIX TOYEK)
Rg Anumanus 2 6 5336
Ry Table & bar chart 3 4 5 4 3 4
Ry1 Table & bar chart & pie chart|3 56 4 3 4
Ry, Bce Bepcun 3 8 8 5 4 2
Q1 Komanmubrii 361K 46 5225 2
Q2 Bepruxanmsroe MeHtO 452 4434
Q3 TopuzoHTATHLHOE MEHIO 45 2 4434
Q4 Menro-MaTpuna 26 34435
Q5 Crmcok nkon 3435636
Q¢ Pop-Up menu 36 4545 3
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Tabsuna 10.12. DAs ux onenku (4actsb 3)

DAs Kpurepun
3[4]7[8]9
71 Black-blue-white-white 3 5
Z5 White-blue-yellow-black 5 2
Z3 Cyan-blue-white-black 3 6
Z, Cyan-blue-cyan-black 4 4
Z5 Cyan-white-blue-black 5 5
Ze Blue-white-black-black 6 4
X1(C1) Green-black-black 5 4
X>2(C2) Blue-yellow-black 5 4
X35(C3) Blue-white-black 6 4
X4(C4) Blue-cyan-black 6 4
X5(C5) Blue-cyan-white 4 3
X6(Cs) White-blue-black 3 2
X~7(C7) Grey-black-black 4 4
K, Her 0 030
K5 Crapr 1 112
K5 Kogner, 1 21 2
K, TIponece 3 2 21
By Her 0 030
Bs Crapr 1 111
Bs Koner, 1 211
B, Hponece 3 2 21

Tabsmuer 10.13, 10.14, 10.15 cogepKaT ONEHKH COBMeCTUMOCTH st DAS.

169

Cocrapubie DAs npeacrasienst B Tabaune 10.16. Tabumma 10.17 cogepKuT y3kue Mecra u

AKIIUN yJIy4dYIICeHUd.

Tabsmmna 10.13. OmeHKu COBMECTUMOCTHI

Ql‘ Q2‘ Q:s‘ Q4‘ Q5‘ QG‘ E1‘ E2‘ Ej3

Ll‘LQ‘Lg‘L;l‘Hl‘ HQ‘ Hg‘ Hy

0

NH—RH—,ORFROOUT
IO OO
SODDODOUTIO OO
OO, OIOTO
WO IO WWRHR — -
W WWERN DD DN DN
W WWER NN DN DN
WUHEREDNDNNWN W ==

[ RICNICRICRICN LN SCRICR IR SCRJUR U
[ NG NICRJUN SN ICN O N JURJUR U
U i i i i i DD GO GO WO
CTOT QT OO B i i i s s T
[, TN OGN NN JUN JU NN
U i QO GO GO DD DD W i s
NN JUIN NN JUN S TN S NN NN NN N O U )
CTOUTUUR QO CTCT U i s s B Tt O
QO 0O 0O UT OT O O i i i B i i B DD = N
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Tabsmma 10.14. OneHKH COBMECTHUMOCTH

Kl\KQ\Ks\K4\P1\P2
X1 |55 5 5 45
§2 55 55 i i
3 |55 5 5
Yl\Yz\Y?’\Y‘*\%\%\Y7% X4 |5 5 5 5 5 4
Zi 13113 43 3 4(|Xs |5 5 5 5 4 4
Zy |2 11 2 4 3 2 2(|X6|5 5 5 5 4 4
Zs |2 4 4 4 4 4 4 3(|X7 |5 5 5 5 4 4
Zy |2 4 4 4 5 3 3 3|/ 5 5
Zs |2 4 4 4 3 4 3 3. | .
Zg |3 2 2 3 4 3 3 3||K,4 5 5
Tabmumna 10.15. OmeHKH COBMECTUMOCTH
Ol\ Oz\ Os\ 04\ Ul\ Uz\ Ug\ U, Bl\ Bz\ Bz\ 84\ Al\ Ay
Gi |1 351135 11lCi |55 5545
Gy |2 352 2 25 2||Ca |55 5 5 55
Gs |2 452 2 25 2(|Cs |55 5 5 5 4
Gy |5 355 5 35 5(|Cs |55 55 4 4
Gs |2 4 5 2 2 2 5 2| | e i v e
O, 025 0(Cr |55 5 5 4 4
O, 2 0 5 2|8 5 5
Os 55 0 54 .. | ..
Oy 0 2 5 0B 5 5
Taoauna 10.16. CocraBusie DASs
DAs N DAs N
GL=Ys %2, 5, 1,1,0,0|[A, = BEs x Ri2x Q5 |5;2,1,0,0
Go =Ys %23 472,0,(),0 AQZEQ*ng*QG 5,2,1,0,0
Gs =Ys5 % Zg 472,0,070 Ui = Ay xByxCs 5,3,0,070
Gy =Yr % Zx 472,0,070 Uy = Ay x By xC3 5,3,0,070
Gs =Ysx 23 472707070 Us = A2 x By x Cy 573707070
P =JgxLax Hy 9;2,0,1,0(|Us = Ay x By % Cs 9;3,0,0,0
P2:J4*L3*H4 472,17070 51:G4*O3*U4 5,3,0,070
O, =P «Ksx Xy [5:3,0,0,0
Oy =P xK,+Xs |5:3,0,0,0
03:P2*K4*X1 573,0,070
04:P2*K4*X2 5300,0

Tabauna 10.17. Y3kue MecTa u akIuy yJaIydIIeHUS

Cocrasubre DAs VY3kue mecra Axnun
DAs| IC w/r Tun
Gi=Ys*x2Z4 Zy 2=1 1
Go =Ys5 %2, (Y5,21) | 4= 5 1
Gs =Ysx Zg (Y5,%6) | 4=5| 1
Gy =YrxZs (Y7,Z5) |4=5] 1
Gs =Yy x 21 (Ys,21) |4=5] 1
Yo x Zs Ys 2=11 3
Y3 x Zs Y3 2=11 3
Y5+ Z3 Z3 2=1 3
Y7 x Z3 Z3 2=1 3
Py = Jgx Ly x Hy H,y 3=1 1
Py =JyxLa*Hy Hy 2=1 2
Py =JyxLa*Hy (Jo,Hs) | 4 = 5 2
AL = By« Riax Qs E, 2=1 1
Ag = Ey x Ri2 % Qs Es 2=1 1
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10.3 3Bomaronmusa cucrembl CIIIITP KOMBI

B naHHOM pa3jiesie MpeJCTaB/IeH MPUMED MOJEJUPOBAHUS HECKOJbKUX MOKOJIeHUit (Bepcwuii)
CIIITP KOMBU (DSS COMBI) (26, 327, 328, 334, 362|. [lepeuyenn noKos€HHsI CHCTEMBI 11D/~
crasied B Tabsmne 10.18 (nokosenue 0 JaHHON CHCTEMBI IPEACTABIISIIO CODO¥ IPOrpaMmy Ha
DouTpaHe Ha OCHOBE HECKOIBKUX AJBTEPHATHBHBIX AJTOPUTMOB).

Tabauna 10.18. ITokosienus CIITIP KOMBI

Ilokonemnue Tun Tun O6aacts |O0y- |Tom | Cepuika IIpesenranms | llpumenenne B

SBM HUHTEP- IIPUJIO- yeHue Ha O0pa30BaHUA
deiica JKEHU KOHpepeHuu

1. KOMBU  |Munu- |Ha ocuose |Paznwma- |Her |1987|([24, 25] Her Her

(s3pik Pascal) [9BM | #3bika HbIC [27]

2. COMBI PC |PC Tpad- Pasmas- |Ja | 1988 |[26] SPUDM-89 |Her

(s3p1x Pascal) MEHIO HbBIE

3. COMBI PC |PC Tpad- Pazma- |Hda  |1989([26, 327], |MCDM-90, (|22, 329, 330],

(s13b1K C MEHIO HbIe 328, 334] |EWHCI-93 |[343, 351]

4. COMBI PC |PC Ipad- Uusec- |Ha  |1991([327] Her Her

(s3p1K C) MeHIO THONAN

Mopenu cucremsr npexacrasiensl Ha Puc. 10.8, na Puc. 10.9, va Puc. 10.10, sa Puc. 10.11
(marepuas ony6iukoBan B [334]). Paccmorpenst yerbipe ¢a3bl pa3sBUTHSI CHCTEMBI.

Cucrema 0 Cucrema 1
50— Q S1—QxU
Q@ e @ U
Metoapr Mertombr Yeur.-mamr. unrepdeiic
1 Lo Q1 Ly
o QQ
o '3

Puc. 10.8. Pazsurue CIIIIP (1it mar): daza 1

Cucrema 2

Y
Cpencrsa IJisi CUHTE3a,
CTpaTeruii pemenus
Y1
Fo 2
—o '3

Puc. 10.9. Pazsurue CIIIIP (2i mar): daza 2
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Cucrema 3

S3=QxU(LxG)xY xExH

Q UYen.-mam, Y CpencrBa | | II:I
eMero- o unTepdeiic ¢ a1 cuaTe3al Bubmmorexa g L MIEP-
Abl 3BIK G I'paduka |crpareruii |upumepos TeKCT
L T o e
o} o : : :
o (2 Lo
—o w3

Puc. 10.10. Pazsurue CIIIIP (3i mar): ¢dasa 3

Cucrema 4

St=Q+xU(LxG)xExH

U Yen.-mamr. naTepdeiic E H
Q‘MGTO— pd Bubsmoreka g L uiep-
G T'paduxa IIPUMEPOB TEKCT
E, H,
L2 GQ H. 2

Puc. 10.11. Pa3surue CIIIIP (4ii mar): da3za 4

@a3wel 1, 2 1 3 OCHOBAHBI Ha PACIIMPEHUN MPEIbIIYIIUX BEPCUil CUCTEMBI (T.€., PACITUPEHNE
crpykTypsl, nobasienune DAs). @aza 4 3aka0uaercss B PACHIMPEHHH W M3MEHEHWHU MPeXKHei
BepcHH, BKJIO4Yas ynaaenue DAS.

B ykazaHHBIX cuCTeMHBIX Bepcusix cieayionime DAS Obliu MCIOIB30BAaHBI: MOAUMDUKAIMS
meroga ELECTRE (outranking technique) @Qq; meron dynkuuu nosesnocru (utility function
technique) (Q)2; MeTox 9KCHIEPTHOH cTpaTHdUKAIMH (T.€., IKCHEPT 3a4a€T YPOBEHb KAYeCTBA AJTb-
TepHATHUBHI) (J3; KOMAHIHBI S3BIK L1; MEHIO MeTOZOB Lo; Tpad-MeHI0 MeTOIOB B BHIE MOPdO-
qgoruu GG1; rpaduka a1 navHbiX (Go; CpeICTBa CHHTE3a COCTABHBIX CTpaTeruil pemrenus Y7; 6a3a
NPUKJIAIHBIX TPUMEPOB [F); rumeprekcroBasi cucreMa(OmucaHne MHOTOKPUTEPHAIBHBIX MO/Ie-
Jieil /MeTo/IOB, TIPUMEPhl CHCTEeM KPUTEPHEB, CCHLIKN Ha UCTOYHUKH W 1p.) Hi; runeprekcroBast
CHCTEMA 110 UHBEeCTUIUIM Ho.

d®aza 4 0OCHOBBIBATIACH HA CJIEAYIONMEM:

(a) mosib30BaTE M B OCHOBHOM HE HCIIOJIB30BAJIM DEXKMM CHHTE3a CTpareruii perrenust (u
COOTBETCTBYIOIIHE KOMIIOHEHT CHCTEMBI OBLT yAaJeH);

(b) moTpeboBaIoCch YIydIIUTh MOJIh30BATEIbCKUE CBONCTBA crucTeMbl (usability) 3a cuer mo-
MIOJTHUTETbHBIX I'paUUecKuX CpeACTB /I IPeICTaBIeHUsS MTH(MOPMAIIUH.

10.4 TIlocaepoBaTeljibHO-IapaJljieJIbHbIE CTPATETUN

B nanHOM pasjesie IpUBEIEHO OMUCAHE KOMIIO3UIME CTPATEIWil PEIeHns] 3/ 1a4d MHOTOKPHUTE-
PHAJILHOTO PAHXKMPOBAHUS aJIbTePHATHB (SOrting) Ha MpUMepe CHCTEMBbI MOJIEPXKKY IPUHSATHST
pemenunii CITIIP-KOMBU.

[TocsietoBaTeIbHO-IAPAJLIE/IBHBIH POLECC COOTBETCTBYET JEPEBO-IEKOMIIO3UPYEMOMY I'Da-
dy (tree-decomposable graph), T.e. Bo3MoXKHa TeKOMIIO3UIHNS UCXOAHOTO rpada Ha Gase nepese
‘mpoucxoxienus’. /Ipyrue nepeBo-aekoMo3upyembie rpadsl (HanpuMep, IepeBbsl, YaCTUIHBIE
k-nepesbst) uccaenyiorces B (98| u mp.). 3xech ucnonbyercs crpykrypa Tuna M-UJIU nepesa. B
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JAaHHOM pa3/iejle PAacCMaTPUBAETCAd CUHTE3 TPEX-ITAIlHONW CTpaTeruu PelleHud Jijis MHOTOKPU-
TepuaJibHOTO parkuposanusi. Ha Puc. 10.12 npejcrasiienbl JiBa IpuMepa IMOCJe0BATEIbHO-
napaJjijieJIbHBIX CTpaTeruil a4 MHOTO-CTaIuHON 3a1a4u.

IIpumep crparerun 1
O ®

IIpumep crpareruu 2
@

Tlepuon, Tlepuon, Tlepuon, Tlepuon, Tlepuon, Tlepuon,
1 2 3 4 5 6

Puc. 10.12. IIpumepbl MHOTO-CTaURHBIX TOCJIEI0OBATETHHO-
apaJlJIeJIbHBIX CTpATeruit

OOBbIYHO TIJIAHMPOBAHUE TIPOIECCA MPUHSITUS PEIIeHu OCHOBBIBAETCS HA BBHIOOPE W WHTE-
rpamnuu Mojesieit u3 6a3nel Mogeneit. Takue nmponeaypsl 4acTo TpeOyIoT ClienuaaIbHbIX 3HAHUN O
MOJIeJISIX, BKJIIOYas 6a30Bble MOAMOJIENH, UX B3auMocBs3u u ap. ([433] u ap.). 3mecy onucana
KOMIIO3UIHS cxeMbl perennd Ha ocaoBe IMMII, B Tom uncie mocienoBaTesbHO-TIapasIe/IbHAs
KoMIo3uIus cocTaBHBIX DAs s ob6paborku manabX ¢ yuaerom IC mexay DAs. B stom mpu-
noxkeranu IC cooTBeTCTBYeT COBMECTHMOCTH IIOC/IEI0BATETbHBIX DAS M HE3aBHCHMOCTH HapaJi-
snenbHbIX DAs.

O6braHO MHGOPMAIMOHHAST YACTh CHCTEM TOJJEPKKW TPUHSITHS PEIIeHuil BKIIOYAET CJie-
JLyIoITee:

(1) namuble (aIBTEPHATHBEI WK 6A30BbIE SJIEMEHTHI, KDUTEPUH, MHOTOKPUTEPUATbHBIE OIleH-
KW aJIbTEPHATHB 110 KPUTEPUSIM, OTHOIIEHUSI TPEIIOITEHN S );

(2) cpescTBa MOMEPKKY JAHHBIX (CHCTEMa yIpaB/aeHus: 0a30il JaHHBIX, HHTEPMEHC ¢ KOM-
MepUYecKuMu 6azamu);

(3) BcomorarenbHast uHbOPMAaIUst JJist O0YYEHUS U JIP.

PaccMaTpuBaioTCst CJIEAYIONIUME THUMBI JAHHBIX (B OCHOBHOM, OTHOIIEHWH MPEIIIOYTEHNS)
R;(j = 0,..3) (xak B pazzmese 10.2). Ilpu sToM mpeanosaraiorcs ciaeayomue 6a30Bble OIe-
pamun: (i) 06paborka naHHBIX (IOC/IEIOBaTE/bHAS U/ MK napaJienbHast); (ii) arperanust gan-
HbIX; (iii) mapasuiesM3anyst MpoIecca pereHnsi Ha OCHOBE PACCMOTPEHUSs PA3IMYHbBIX 3JIEMEHTOB
(aJIbTePHATUBBI, KPUTEPUH, METOJIbI, SKCIEPTHI ).

[Ipomecc pemnteHns MOXKHO HMPEICTaBUTh KaK HEKYIO MEPAPXUIO CO CJEAYIOMUMHA YPOBHSIMU
|26, 334]:

Yposenn 1: aarOpUTMBbI U YeJJOBEKO-MAIIMHHBIE TTPOIEAYPHI JIJid 00pabOTKM JTaHHbBIX.

Ypoeenn 2: crparerun (nowazoevie cxeMbl 00pabOTKY JAHHBIX, B YACTHOCTH MOCJIEI0BATEIbHO-
napaJijieJibHbIe).

Yposenn 3: creHapuu (KOMILIEKCHI CTPATETHii, BKJIIOYAs AHAJNU3 PE3YJIbTATOB DEIICHUs U
06paTHYIO CBSI3b).

Jaee npuBeieHbl jBe 6a30BbIe 3a/1a4K MPOEKTUPOBaHUs cTpareruii [334]:

(a) KOMIO3HIHS MOCTeT0BATeNbHON 06paboTKN TaHHBIX (MOpPdOIOTHIECcKast KIHKA);

(6) kKoMIO3UIHUS TapaJLIeTbHON 06PabOTKY JaHHBIX (MAKCUMAJIbHAS KIUKA C OTPAHUYEHUEM
110 001IeMy Becy).

Bazosas cxema (Mopdosiorusi) 00paboTKY JaHHBIX (COCTABHAS CTPATErUs PEIIEHNs) COCTOUT
U3 TpexX CTaani:

Ry— Ry — Ry — Rj
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wim S = HxT xU, rpe H coorBercrByer bopmupoBanuio Ry (HEKHil ajropuT™ uiim 1mpo-
neaypa), T coorsercryer dbopmupoBannio Ry, U coorsercrByer dopmuposanuio R3. [Tpouece
MPOEKTUPOBAHUS CTPATETUH DeNIeHus I MHOTOKPUTEPUATbHOTO PAHKUPOBAHUS MPEICTAB-
qen Ha Puc. 10.13. Kpurepun 1yis ONEHKH MPONECCOB MpeoOpa3oBaHusl JAHHBIX (JTOKAJIbHBIX
aJrOPUTMOB W mpoueayp) mnpesicrasienbl a Tabuume 10.19 (Bkiovas Beca BayKHOCTH KPHUTE-
pHeB ¢ MPUBS3KON K 3Tany npeobpa30BaHus JaHHbBIX). [{JIs KayK10r0 KpUTepusi MCIOJIb30BaHA
mkasa [0...5]. MuoxkectBo uccienyemsix B npumepe DAs (T.e., aaropuTMOB u IPOIEIYP) U UX

I'VIABA 10. IIPUJIO2KEHU S B IIPOI'PAMMHBIX CUCTEMAX

XapaKTePUCTUKHU TipejicTaBiensl B Tadmaure 10.20.

Juarnocruka 3a1a4u,
MTOJTE30BATENS U CUTYAIUN

NPUHATUSA PELIeHU;
3a/1aHre TPeOOBaHMIA

TpeboBanusi

J

TIpeobpazoBanue 6a30BOIt
mopdosioruu (BeIGOP

OnepaTopoB U Jp.)

Wepapxuaeckoe

MOPGOIOruIeCKOe IIPOCT-
PAHCTBO AJITOPUTMOB

¥ TIPOLIEY D

}

Pabogast mopdosorus

}

Kowmmoswurus crpareruu

Crparerusi peeHvst

Puc. 10.13. Cxema npoeKTHpOBaHUS /I CTPATETHH PeIleHus

Tabsuma 10.19. Kputepun

Kpurepun Bec
H|T |U
1.Tpebyembie KOMIIBIOTEPHBIE PECYPCHI -2 -1 -1
2.Tpebyemble HesloBedYeCKHE Pecypehbl —4 -3 —4
3.KauecTBo paHXKupoBaHus (HaJIEKHOCTH ¥ 1Ip.) 5 5 5
4.B03MOXKHOCTH [1Jis1 TPECTABJIEHNST JAHHBIX 4 4 4
5.Bo3morkHOCTH aHAIN3a MPOMEXKYTOYHBIX JAHHBIX| 4 2 3
6.ITose3nocTs (npocrora 0byuenus: u jp.) 5 5 5
Tabsmma 10.20. DAs u onenku

DAs | Onucanus Kpurepun | TIpuopurer
1]2[3]4]5]6 "
H, |apunie cpauenuit 454453 2
H, |ELECTRE-nomo6uei MeTos, 334453 1
H; | Anmrusnas GyHKIus nosiesHocTr 232314 3
H, |9xcneprnas crparnduxamms 554443 3
T} |Merox MOCTPOYHBIX CyMM 202224 3
T5 |Apurusnas GyHKIMS MOJIE3HOCTH 232314 3
T5 | Boigenenne MaKCUMATLHBIX 3JIEMEHTOB 304443 1
T, |Boimenenue IlapeTo-3dbdeKT. 371eMeHTOB 3044435 1
T5 |Oxcmeprras crparuduxanms 554443 2
U, |Bwimenenue MakCHMAaTbHBIX 3JIEMEHTOB 304443 1
Us | Boigenenne ITapero-3dbdexT. 3eMeHToB 304443 1
Us; |Pastuenne IuHEHHOTO PAHAKIPOBAHHUS 433233 3
U, |9xcneprnas crparudukaims 554443 2
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[TocsieroBaTesibHasE CTpATErnst PellieHrsi CTPOMTCS Ha OCHOBE Mopdosiornyeckoit kinku (6a-
3oBast Bepcust IMMII). JTnst muOrokpurepuaibHoro pauzxuposanust DAs ucnosssyercst CITITP
KOMBMN. Pesyaprupyiomue npoputersl DAs npenctapiaensl B Tabaume 10.20. Taomuma 10.21
CONepKUT oOleHKU coBMecTuMocTu DAs. B pesynabrate mosydaiorcs cieayiolnue COCTaBHBIE
[Tapero-scdpdbekruBusie 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).

Tabmuna 10.21. CoBmectumocts DAs

T \Tz \Tg \T4 \Tg, \Ul \Uz \Ug \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
Higo 0 0 05 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

J171s1 TpOoeKTUpOBaHUs TApaJIIeIbHBIX CTPATeruil paccMaTpuBaioTca ciaeayionme DAS:

(1) H, (mpexmosaraercst Haau4ue 7 PA3IUYHBIX IKCIEPTOB; 2-if MHIEKC YKA3BIBAET Mapaji-
JIeJIbHYIO0 BEPCUIO; aHAJIOTHYHAs CUTYyalusi paccmarpuBaercs jiust Hy, Ts, Uy);

(2) Hy (4 momudukanuu MerojoB, T.e. Ha OCHOBE HCIIOJIH30BAHWS PA3JIMYHBIX MOPOTOB B
MeTOJIe IOPOTOB HecpaBHUMOCTH - outranking technique);

(3) 3 mocienoBarebHBIX cTpaTeruu Sy, Sa, S3.

Tabumma 10.22 comepKuT OLEHKU HE3aBUCHMMOCTH yKazaHHbiXx DAs. Pesyabrupytomue co-
craBHble NapaJjuiesbable DAS, HaiileHHBIE HA OCHOBE MAaKCHMAJIbHON KJIWKH C IOPSIKOBBHIMHU
Becamu 1C, mpencrasiensr B Tabiune 10.23.

Tabmuna 10.22. Hezasucumocrs DAS

Hy|Hyo| Hig| Hia| His| Hyg
Hyl . 0 4 1 4 1 Hzl\Hm‘st\HM\H%
Hisl 0 } 3 4 2 3 ||Haxal . 1 2 3 4 5. 15, 15
Hysl 4 3 . 3 4 3 ||Hel1 . 1 2 3 1 ‘ 2 ‘ 3
ul 1 4 3 . 2 4 sl 2 1 . 1 25| . 3 3
Hs 4 2 4 2 . 2|[Hu 3 2 1 . 1[5 |3 . 2
Hgl 1 3 3 4 2 Hysl 4 3 2 1 . ||S3]3 3

Tabauna 10.23. CocTaBHble MapaJiiebHbIe CTPATETHH

Baszoseie DAs | (w; M)| Ilapanrensasie DAs
1. H1 473 Hll&H13&H15
2. Hy(T5,Uy) | (43 Hy&Hys 45
3;4 Hyp8e¢ Hy3& Hyy&c Hy
2;5 Hyp8e Hy3& Hyy& Hy58& H g
3. Hy 4;2 Hy & Hos
2;3 Hy & Hyz& Hos
4. S 3;2 51853, 51& 853
2;3 S1&855&55

[IpoexkTHas Mmopdosorusa mpeacrasieHa na Puc. 10.14. Ynangem DAs, koTopble 'TOKpHIBa-
focst’ npyrumu (Hampumep, S1&S; mokpsiBatores S1&5:&S3). Ilpu sToM mpeamonaraercs, 9To
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XapaKTePUCTHKK T1apasutesibHbix DAS (O1eHK#, COBMECTHMOCTD, TpebyeMble PeCypPChl) COOTBET-
CTBYIOT XapakKTepucTukam 6a30Bbix DAs.

PezynwTupytomue nmocyienoBaTeibHO-TIapajie/ibHbIe CTpaTeruu npeactasaersl Ha Puc. 10.15.
[Tpu s3TOM mapaJsielbHbIE CTPATETHH BKJIIOYEHBI B COOTBETCTBYIOIINE TTOCIEI0BATETbHBIE CTPa-
TErvH.

Crparerus: pemmennsi S = H xT x U
Sl&SQ&Sg = (H4 *T5 * U4)&(H2 * T1 * Ug)&(HQ * T3 * Ul)

®opmupoBanme otHomre- | PopMupoBaHue JuHeHOTO  PaHXXupoBaHue

HUS npeanodreHuss ) | ynopsnodenus Ro Rs
i H i T l U
H,y Ty Uy
Hy 15 Us
o3 T3 Us
Hy Ty U,y
HH&H13&H 15 Ts U41&U43&U45
Ho& Hi3& H14& Hi5& Hq6 TSl&TSS&TE) Us2&Us3&Uss&Us5& Uy
Ho1&Ho3& Hoy 52&T53&T54&T55&T56
Hy1 & Hy38 Hys
H42&H43&H44&H45&H46

Puc. 10.14. Pegynbrupyiomasi mpoekTHasi MOPGOJIOTusi

Hyy

Hyz——»T53—+Uss
Hys T54—Uya

|—>H45

Hyy— »T50—+ Uy
Hys——+T53—+Uss
Hyy T54—Uya

T51—Usn

T55—Uys

Hys
Hyg

Ts5—Uss

T56—Uss

T
Hos T35 —U;
Puc. 10.15. ITocnemoBarenbHo-Tapa/iieibHbIE
CTpaTeruu

10.5 BrIBoabI K rj1aBe

B nannoit ryiaBe mpejcraBiieHbl TPU 3aJa4dM B 00JIaCTH IIOCTPOEHUsi, MOAMMDUKAINYN, aHAJJIU3a
(BOMTIONMH ) MOJYJIBHOTO MPOTPAMMHOTO 00€CTIeYeHNs U 33/1a9a MMOCTPOEHHUST MOCJIeI0BATETHHO-
TapaJiie;IbHBIX CTpaTeruil penreHns Ha TpUMepe MHOTOKPUTEPUAJTLHOTO paH:KupoBanud. IIpen-
CTaBJISIETCS TMEPCIeKTUBHBIM PACCMOTPETh B OyIyIIeM Ceyrolee:

1. vccyiegoBaHMe PA3INIHBIX TPUKJIAIHBIX TPOTPAMMHBIX CHCTEM;

2. y4eT HeOolpeJeJIeHHOCTU TapaMeTpOB;

3. ocTpoeHue cTpaTeruii pernieHus 3a1a49 Ha OCHOBE TPadOBBIX CTPYKTYP.



I's1aBa 11

Mopdoaornvueckasi cxema AJisl 3ada49N
pa3MelleHns

B nannoit rase ! mpuBejieHO OImHCaHHe pelIeHHd 334 Pa3MeIleHHd 3JeMeHTOB Ha ILJIOCKO-
CTH C TIOMOIIBIO0 MOPGOJIOTHIECKOT0 TOIX0a. B mpuMepe pacrpeiessioTcss COTPYIHUKHT JIBYX
MPOEKTOB 110 KOMHATAM.

11.1 Omnucanne 3aga49n

3aaua pasMeleHus siBJIsIeTCs KJII0YeBOi JIjisi MHOTUX NpUJIoKeHuit, nanpumep [157, 419, 420,
440, 458]: (1) pasmemenue obopyoBanus B cersix; (2) padmemenne nudopmanuu (nHODOPMAa-
IMOHHBIX MACCUBOB W T.IL.): (3) pa3melneHue JaTYnKoB (HANPUMEDP, B KPYIHBIX 31aHusIX); (4)
pacrpejie/ieHue 4acToT MO KaHajaM CBs3u; (5) pa3MelneHune 3a/ia4 B BbIUMCTUTEIbHBIX CETSIX
(nst BeImOJTHEHUS); (6) TPOEKTUPOBAHME JIEKTPUUECKUX ceTeil; (7) MpOeKTHPOBAHUE CTAHIaD-
TOB; (8) IMPOEKTUPOBAHUE CTPOUTEJBHBIX/APXUTEKTYPHBIX 00beKTOB 1 Jp. Bosee 50 6a30BbIX
THUIIOB 33124 pa3Merienus (1esesbie byHKIUH, CACTEMHBIE TaPAMETPbI, AJTOPUTMBI) IIPUBE/Ie-
ubl B [103].

31ech npeacraBaeHa MakposBpucTuka Ha ocHoBe VIMMII mist permenus 'pacmupenHoit’ 3a-
Jadn pazmerienus [334]. B npemsiaraemoii mocranoBKe, JJIst KaXK10ro MecTa (II03UIUK) PaccMaT-
PUBAETCSl MHOXKECTBO JIOKAJIbHBIX AJbTEPHATHBHBIX PEIeHuil 10 PAa3MENIeHn0 00beKTOB (T.€.,
DAs). B 10oM cilyuae COBMECTUMOCTb MOXKET OCHOBBIBATHCSI Ha PECYPCHBIX OIDAHMYEHUSIX U
o [Iycrs H = {1,...,4,..,n} — MHOKECTBO JIEMEHTOB Jjisi pa3Menierus (000pyI0BaHuUe, mep-
conan). MuoxkecrBo nosunumit o6o3nadum ) = {1,...,7,..,m}. JlOmOJHATESHLHO UCIOTB3YETCSs
caeytomnas nHOOPMAaIus:

(1) B3Bemenusie orHOMEHUs HA () (6M30CTD);

(2) ornomtenue Ha H;

(3) coorBercrBue Mex iy ssementamu H u () (Beca, BEKTOD OIEHOK, OTHOIIIEHHUE [PeoYTe-
HUsl, OTDAHUYEHUS U JIP.);

(4) undopmaryst 1jisi HEKOTOPBIX JIOKAJbHBIX PA3MEINeHuli JIBYX TUIIOB:

(a) cooTBeTCTBHE MEXK/Ly COCTABHBIM 3JIEMEHTOM (KaK MOIMHOXKECTBO H, KOTOpOEe MOKeT
OBITH WCIIOJB30BAHO ISl PA3MEIIeHUs HEKOTOPOro 3JjieMeHTa u3 () u mo3uiusivu (); MOXKHO
HCIIOJIb30BATh CJIEYIONIME JAHHBIE: BeCa, BEKTOD OIEHOK, OTHOIIEHUE MPEINOYTeHUs] OTPAHU-
YeHWs, MPaBUJIa U Jp.;

I MarepuaJ riaBsl OCHOBAH HA, TyOIMKAISIX:
(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 JIOKAJBHBIMH DEIIEHHEM 110 Pa3MEIeHHI0, HAPUMeEp, Kak Iapa:

11 € H naznadeno Ha j; € () u 15 € H Ha3HA4YeHO HA jo € (J; CeAyIOINe JAHHBIE MOTYT OBITH

UCTIOTb30BAHBI: BECA, BEKTOD OIEHOK, OTHOIIEHHE MPEATNOYTEHNsT OTPAHUYEHNST, TIPABUIA U JIP.;

B curyanuu, xorma HECKOJBKO 31eMeHTOB H Da3sMeInaioTcss Ha OJHY W Ty K€ IO3HIHUIO,

MOXKHO IIOCTPOMTH HOBbIil arperupoBanubiii ('ckieeHHbIN’) s1eMeHT H € COOTBETCTBYIOIINMHA
arperupoBaHHBIME Tapamerpamu llpemiaraemasi 3agada uMeeT BUI:

Pasmecmumv aaemernmor mrooicecmea H na nosuyuu Q) ¢ yuemom 0onosHumesvHol uH-
dopmayuu (omrowenus, npednoumenus, npasuaa u op. ).

JlanHag 3ama4a MOXKeT OBITH CHOPMYIMPOBaHA KaK 33J]a49a BBITOJTHUMOCTH WU KaK OI-
TUMU3aIMOHHas. KadecTBo pa3mernenusi 31eMeHTOB (pelenne) MOXKHO chOpPMYJIUPOBATh Kak
WHTErPUPOBAHHOE 'KAYeCTBO’ JIOKAJLHBIX PeleHnii (Ha OCHOBE OLEHOK, TIPEIIOYTeHN T 1 T.11.) C
y4eTOM OTpaHWYeHWi ¥ mpaBuj. B KOMOMHATOPHOU ONTHMHU3AIMYU PACCMATPUBAIOTCS PA3JIMY-
Hble BEPCUU 33/a4¥ Pa3MeneHuii (Hanpumep, 3a/1a4a 0 MapoCOYeTaHUAX, KBaPATHYHAS 33/1a9a
0 Ha3HAYeHWH, 0OOOIIeHHAs 33]a4a O HA3HAYEHWH W Jp.). B 10CjeIHne TOIbl UCHOIb3YI0TCS
TaK2Ke I10/IXO/Ibl Ha OCHOBE ME€TOJ0B UCKYCCTBEHHOI'O MHTEJIJIEKTA.

PaccmarpuBaeTcst npuMep HCHONb30BaHusT MOPGOIOTHIECKOTO MOAX0Ta (MAKPOIBPUCTUKH)
Ha OCHOBe Ha3HAUEHUs MEePCOHAJNA 0 KOMHATaM: MOPMOJIOTHYEeCKUil KJIaCC COOTBETCTBYET MHO-
’KECTBY COTPYJHHKOB, KOTOPBIE MOI'YT OBITh Pa3MeIeHbl B KOHKPETHOM CJIy2KeOHOM ITOMEeIeHuN
(komHaTe). B mpumepe ucnosb3yrores ciepyonue KoHnenTs: (1) uccienoBarebCKue IpoeK-
Thl; (2) nmepconas; (3) koMHaThl; (4) GHHADHBIE OTHOIIEHHS HA YKA3AHHBIX BBIIIE MHOXKECTBAX
(koHIENTAX).

[Tycrs umeercss 4 npoekra: (a) Kpynubiii npoekt Ry (Tpu crenumasmcra u cekperaps); (0)
npoekT Ry (nBa cnenmanucra); (B) npoekr R3 (oauH cnenuanucr); (r) npoekr Ry (oxun crnenu-
asmucr). OuH ceKperapb y4acTByeT B npoekTax Rj, Ry, Ry.

Ha Puc. 11.1, Puc. 11.2, Puc. 11.3 npejcraBiess CTpyKTypa NPOEKTOB, mjaH KOMHAT (A,
B, C, D, X, Y, Z) u ux '6iauzocru’ (1Ba ypoBHs '61M30CTH’: IMYHKTUPHAS JIMHUS COOTBET-
crByer ’caboii 6iu30cTr’) M onucanue nepconasna. BoamokHOe pasMenieHue OJHOrO WIH JIBYX
COTPY/IHMKOB B KOMHAaTaX ykas3aHo B Tabsmie 11.1 B KBapaTHBIX CKOOKaX.

JlomoTHUTETHHO PACCMATPUBAIOTCS TPABUIIA!

ITpaBusio 11.1. Jlugep nmpoekTa JO/I2KEH Pa3MemaThesd OJIM3K0 K OCTATbHBIM YJIEHAM TPYII-
bl (UCCIIEIOBATEIH, MEHEIZKED, CEKPETAPh).

ITpaBuso 11.2. Jlugep mpoeKTa MOJKEH PACTIOJAraThes B OOJIBINOH KOMHATE (OIUH).

IIpaBuao 11.3. Menemxkep mpoekTa A0JIKEH PaCIoaaraThcs OJIM3KO K JIMIEPY W CeKpeTa-
pro.

IIpaBuso 11.4. MeHekep TIPOEKTa, JOJIKEH PACIOJIaraThCs B HEOOJIBINON KoMHATe (O/1UH)
i B GOJIBIION KOMHATE (BIABOEM).

IIpaBmao 11.5. VccienoBaTesb, KOTOPHIY peann3yeT CBOMl MPOEKT M PYKOBOAWT UM KakK
MeHe/[KeD, JIOJIKEH PacrojiaraTbCs B HeGOJBINON KOMHAaTe (OJMH) WM B GOJIBIION KOMHATe
(BaBOEM).

IIpaBuso 11.6. Y4YacTHUKH OJHOTO IIPOEKTa JOJI2KHBI PACIIOAraTbhCsd B OJHON KOMHATE
UIu B OJIM3KO PACIOIOKEHHBIX KOMHATAX.

ITpaBuso 11.7. Cekperapb MOXKeT PACIojararbcsi B GOJIBINON KOMHaTe (BIBOEM) WM B
HeOOJIbIION KOMHATE (BIBOEM).

ITpaBusio 11.8. Kypdimue U HEKypsIiue COTPYJAHUKH HE MOTYT PAcCIOJIaraThbCsd B OJTHOM
KOMHAaTeE.

ITpaBusio 11.9. CoTpyaHuUKY, CBSI3aHHBIE OTHOIIEHUEM JPYKOBI JOKHBI PACTIOIATATbCS
B OJIHOI KOMHaTe MU OJIM3KO PACIOJIOKEHHBIX KOMHATAX.
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YKa3aHHbIE IPABUJIA YUYUTHIBAIOTCS [P PA3MEIIeHH! COTPYAHUKOB 10 KomHaraM (Tabsuna
11.1).

IIpoexkT Ri: IIpoexkT R>:

T Junep P; JTunep Py
n
l P, l P, CCJIEIOBATEIIN P, P, P,

Menemxep CereTapb P4 P5 P6 Wccnenosarenu CereTapb
(a) (b)

ITpoekT Rs: IIpoekT Rjy:
HCCHeﬂ&aTenb ’ I/ICC.He,Z[OBaTIe)JII:
Py Cekperapb Fs '\C‘expeTapb
Py Py
c) (d)

Puc. 11.1. CrpykTypa npoeKkToB

Puc. 11.2. ITyran komuaT u rpad ux 6u3ocTn

Tabsmma 11.1. Onucanue mepcoHaJia,

Ilep- | Posb IIpoekt|Kyper CoorBercrBytomnme koMHATHY IpyxK-
COHAJT HUE 6a
Py |JIagep xp. |1 Ha A[l]’ B[l]’ C[l]’ D[H P2:P3
TPOEKTa,
Py |JInnep Ry Her |A[l], B[1], C[1], D[1] | P,
IIPOEeKTa
P; |Menmemxep |R; Ia |A[2], B[2], C[2], D[2], |Py,Ps
KP. [IPOEKTa X[l], Y[l Al Py
P4 Uccaen-nn Rl;Ri’: Her ﬁ[ﬁ]],’ ?/[[21 ,’ %21 ’ D[ZL P6
P5 Uccnen-ms | R Ila AFJ, BF s C2 ’ D[ﬂ P31P8
Ps |Uccnep-nms | R1,R4 |Her Al2], B|2], C|2], D|2], 7
X[, Y], 21
P |Uccnen-ns | R1,Ro | a AFJ’ BF , C[2], DFJ Py, Py
Py |Cekperaps | R; a |A[2], B]2|, C2], D[2], |Ps,Ps
At BEL Bl i
Py |Cexperapr | B na |A2], B]2], C2], D[2], |P
O e X102, Y2, Z[2 ’
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11.2 CocTaBHOE pelleHume

Bo-nepBrix, paccMaTpuBaeTcs ' IOTOTHUTETBHOCTD COTPYIHUKOB, KOTOPHIE MOTYT PACHOJIaraTh-
cs BIBOeM B ojiHOM KomHaTe. Tabsuna 11.2 comepKuT BEKTOP OIEHOK M Pe3yJIbTUPYIONLYIO T0-
PSIKOBYIO OLIEHKY:
1. BexTop OIIEHOK BKJIIOYAET CJIe/IyIOle OMHAPHbIE 3JIeMEHTHI:
(1) xypenne (1 cOOTBETCTBYeT COBMECTHOMY KYDEHHIO WM HeKypeHuio, 0 - mHaue);
(2) coBmecTHas pabora (1 cooTBeTCTBYeT ydacTusi B OXHOM TpoekTe, 0 - HHaYe);
(3) orHomenue apyx66! (1 coorBeTcTBYeT NpYKOe, 0 - HHAUE).
2. J11st pe3yJIbTUPYIOIIell ONeHKY JOMOTHATELHOCTH ucnosb3yercs mkana: [0, 1, 2], rue 0 -
HECOBMECTHUMOCTD, 1 - COBMECTHMOCTb, 2 - XOPOIllas COBMECTUMOCTb.

Ta6suma 11.2. JlonomHUTETBHOCTD

p, | | B | P | K| B
P, | (010)/0 (101)/1 (010)/0 (110)/1 (111)/2 (100)/1
Py 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 1M0JIydYaroTcs CeayIonye Xopoliue arperupoBanubie DAS:

P38:P3&P8, P46:P4&P6, P79:P7&P9, P57:P5&P7.

Urak, ucnonb3yoTcs CHeruajbHble ONEHKH JABYX THIOB: (1) COOTBETCTBHE COTDYIHUKOB
KOMHATaM, (2) COBMECTUMOCTD JIOKAJIbHBIX PEIIEeHWIA.

JIoKaJIbHOE pellienne 3aK/II0UAeTCs B PA3MENIeHUN COTPYIHUKA B KOMHATE. [Ipu 9TOM mcce-
Jlyercsl ciejiyonee: (a) cJ0BeCHOe ONMUMCAHUE W MpaBuia, (6) MHOTOKpUTepHAIbHAS OlEHKA, (B)
pe3yJibTupylomas nopsijikonas omnenka. Ha Puc. 11.3 npejcrasiiena pe3y/ibTupyoiias CTPyKTy-
pa cocTaBHOTO perienusi. [Ipeanosaraercs, 4To MOpsiIKOBbIE OIEHKW COOTBETCTBUS COTPY/ITHUKOB
KOMHaTaM ITIOJIYY€HblI Ha OCHOBE 3KCII€PTHBIX Cy)K,ZLeHI/H.;I (C Y4eTOoM yKa3aHHBIX BbINIE IIDaBUJI U
[EePCOHAJIBHBIX MPEINOYTEHUI ).

Tabsiuna 11.3 comepKUT JBa OTHOIIEHNS HA MHOYKECTBE COTPYIHUKOB, IOJTyY€HHBIX HA OCHO-
Be Puc. 11.1 u Tabmuner 11.1: coBmecTHOE yuyactue mpoekre (p), u orHomenue apyxosr (f).

e S=A«BxC*xDxXxY xZ

S'=Asx By Cy % D5 x Xy Y3 x 7y =
(Pg&Pg)*Pl*PQ*(P'ﬂgCPg)*Pg; P P
lx vy 1z
X1 =P1(2) Y1 =DR(1) Zy = P5(2
Xo=Py(1) Yo = Py(2) Zy= Py(1
X3:P61 }/ESZP62 Zgzpﬁl
X3:P51
1144 B lCC D
1:P11 Blzpll 1:P11 D1:P11
A2 - Pzéllg BQ - PQéllg 02 é{; D2 - Pzéllg
A3:P3 P82 Bgng P83 Cg P83 D3:P3 P82
A4:P4&P62 B4:P4&P63 04 P4&P6 D4:P4&P62
A5:P7&P91 B5:P7&P92 C5IP7&P92 D5:P7&P91
A62P5&P71 BGIP5&P72 06:P5&P72 D62P5&P71

Puc. 11.3. CtpykTypa COCTaBHOTO pelleHus
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Tabmuuer 11.4, 11.5, 11.6, 11.7, 11.8, 11.9 comepkarT OLEHKU COBMECTHMOCTH JIOKAJIbHBIX
pemenuii. Vlcnoab3yiores cieayiomue OneHKH:
1. BekTop, cocrosmuii U3 JAByX KOMIIOHEHTOB:
(1.1) BBIIOJIHEHYME TIPABUJI JIJisl COBMECTHBIX IIPOEKTOB:
(1) mepeMenHasi paBHa 2, €CJIM BHINOJHsIOTCS mpasuiaa 11.1, 11.3, 11.6;
(ii) nepemennas paBHa 1, ecau 'ciaboe’ BeinosHenue npasua 11.1, 11.3, 11.6;
(iii) mepemennast o6o3Hauaercst A B IPOTUBHOM Cjiydae (HECOBMECTUMOCTD M T.II.);
(1.2) BBITOJIHEHYE TPABUJI JJisi OTHOIIEHUS JIPYKObI:
(1) mepeMenHasi paBHa 2, €CJIM BBINOJTHsIeTCs TpaBuio 11.9;
(ii)nepemennas pasua 1, ecm 'ciiaboe’ BbimoJiHeHue npasuia 11.9;
(iii) O - unade.
2. Pesysnbrupyioriast mopsiIKOBasi OIEHKa:
() HamTydImast COBMECTHMOCTE:
(a) 5 (Bexropnas onenka (4,4) wiu (8,0)) nin
(b) & (uesaBucumoctb anbrepHatus DAS);
(ii) mouTH HamIydUIIas COBMECTHMOCTD 4 (BeKTOpHAs! OleHKa paBHA (4, 2));
(
(iv) ymoBmeTBOpUTEIBHAS COBMECTHMOCTE 2 (BeKTOpHas oneHka pasHa (1,1), (2,0)) (0,2),
(2,1));

(v) moxast coBMecTHMOCTH 1 (BekTOpHas orenka pasa (0, 1), (1,0));
(

iii) xopomrasi coBmectnMocTs 3 (BekTOpHas oneHka pasHa (4,0) win (2,2));

vi) HECOBMECTHMOCTb:
(a) 0 (Bexropnas ouenka pasua (0,0));
(b) A (ecim KOMIOHEHT BEKTOPHOH OleHKM 0603HAUeH ).
B pesysbrare nosyuaercsi cocrapaoe perenne (Puc. 11.4):

S'= Agx By x Cyx D5 x Xy % Yy x Zo = (P3&Ps) * Py x Py (Pr&Py) * P5 * Pg x Py,

rae N(S') = (2;5,2).

Ta6suma 11.3. /IBa oTHOIIEHUS

PQHD3 P4‘P5‘P6‘P7‘P8‘P9
Pilf ptp ppPp- p -
Py - - P - P D -
Pj ppfp - pf.
P, ppf- pop
P p f pf-
Ps - pp
P - pf
Py )

Ta6.HI/HLa 11.4. COBMeCTI/IMOCTb

Bl By Bj ‘ By 5
A 02/242/440/3 0/2
As 0,2/2 i <§ & 40/3 40/3
Al 4,2/4 8%5 4, 4)75
" 4,0/3 <> 8/0 /5 4(2/3 4.0 3
A ,0
Ae 2 0)/2 ,o 3 (4.4)/5 §4 0%/3 TA A
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Tabsmma 11.5. CoBMeCTIMOCTD

g L Qay L Qe L Qo & O
soodoostodoaasdasdoasaeasdsd
S~ T~ . . S~ T~ . L T T A Y
N < AN AN AN <t AN AN AN < AN AN — N —
~— N— SN ~— SN SN— S— NN ~— N—
<L a9y L Qe L Qg & D
sOodooasdodoosastadaasaseasdas
N < AN AN AN <t AN AN AN < AN AN 9\l — —
N~— N~— NN SN— A S g N~— SN ~— SN—N
oM AN ™ WA o o N AN o o AN — N (@]
o~ 2:/&07/2 o Qa/A_O NG E 27/A07/2 1717/A0 =
[\ Kew] <t AN AN O <t AN AN O < AN — O @\l —
S—"— ~— A e g SN— SN N— SN S~— N—

I N N W

N AN D AN N Do O 99
N <t AN AN AN < A AN — Q\ —— O (=) OO

M A A N A A Y A —

N A Y AN Y A —

A e MM AN Qe AN [a\ NOO (==
27 27/”_ ) /27272 /g 07/27 17 17/”_ [a) /1 O./O.//H @] /O
N T A N N N N S

5555555555555555

Tabauna 11.6. CoBMecTuMOCTD

0707270 /”_ /0707470 /”_ ~
— AN AN O AN <t < <A
e g T L
o]l adl
N S
N [\l <t <t
" —_  —
e L 498 2 22
=) /07/07 07 07/07/07 07
N <t A A <A 0 <t <f
o — A D
Q] Q) o < 1O LO
— //0 /2 N //O /47
<t a <t o0 <t

55555

Tabsuma 11.7. CoBMeCTUMOCTD

— N — AN
O /M_O 0a2 /u

—~ N
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Tabsmma 11.8. CoBMeCTUMOCTD

D1 ‘ D, ‘ Dj ‘ Dy ‘ D5 Ds
1 (0,0)/0 (0,0)/0 (0,0)/0 0,0)/0
ﬁz 00/0 A/ <§/ &/ 000000
As | (0,0)/0 /<> OOA/O 0,0 O
A, |(0,0)/0 /& /0 0(2/0 0,0)/0
B | / 0,1)/1 (2,1)/2 2,0/2 / 1,0)/1
B5 / 270/2 70/2 /
By | (2:0)/2 (20172 (212)/3 (2:0)/2 /A
c, |/ 0,2)/2 (4,2)/4 (4,0)/3 2,0)/2
05 / 470/3 70/3 /

Tabmuna 11.9. CoBmecTuMOCTD

7 \ Z, | 2
A,
P /s /2 &/ ( A/
A |/ 1 1,0)/1
N gl,l / 1,0<§ gl,oé/l
By | (2.2)73 (2.0)/2 (2.0)/2
7 O’/2 / 4/0 / (4/0 /3
By | (4 /3 V7
B, | / 2.0)/1 (2.0)/1
Be | (2:2)/3 (2,0)/2 (2.0)/2
C, %2,2 73 (2.0 52,%/2
& O’/2 2 6 / (4/0 /3
C, .0 JAe Ak
cs |/ 2:0)/2 (2.0)/2
Cy %2,2 /3 (2.0 52,o<§/2
D, | (2.2)/3 (2.0)/2 (2.0)/2
Do (0272 4/0/ (4/0 /3
B | loys ARk
D |/ 2.0)/2 (2.0)/2
D6 (272) 2a 0 5270;/2

Xy Y;: Ly :

jo3 Py P,

A3 : Bl : 02 : D5 :
P&Ps| P Py | P&Py

Puc. 11.4. CocraBuoe perneHust
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11.3 BrIiBoabI K rj1aBe

B ryaBe onumcana 3ajaua pa3MenieHus C Y9eTOM COBMECTHMOCTH JIOKAJbHBIX HAa3HAUYEHUS dJie-
MEHTOB Ha mo3uruu. Vcnonip30Bana HOBas CXeMa, PelleHus B BUAE MOPGOIOTHIECKOTO MOIXOA.
[IpejicraBisiercs: KpaiiHe E€PCIEKTUBHBIM [IPUMEHEHHNE TPE/JIO?KEHHON TOCTAHOBKY 'paCIIMpPeH-
HOI’ 3a/1a4K pa3MeIIeHU#l U TPUMEHEHHOI'O T10/X0/[a K PEIIEHUIO B PA3JIUMYHbIX ITPUJIOXKEHUSIX.



I's1aBa 12

Ilpunnoxkennd npu yopaBjeHAU B yMHOM
JoMe

B nannoit riiaBe ! mpuBeieHo omucanue JAByX IPUMEPOB C HCIOIb30BAHNEM HHTEPBAJILHBIX OIle-
HOK B BUJIe MYJIBTUMHOXKECTB: (2) CHCTeMa YIPaBIeHNsT YMHBIM JOMOM (MepapXudecKasi MOJEb,
KOMIIO3UIHUS, yaydrienne), (6) THNOBas cucTeMa aBTOMATH3AINN 3/aHus (HepapXxudecKas Mo-
JIeJIb, KOMITIO3UIMsI, YIydIleHue).

12.1 IIpeaBapurejibHbIE CBeJIeHUM

Cucrembl aBromarusaiyu 3xanuii (building design automation systems BASs) cranossitest Bee
6osiee u GoJiee momyssipubl [262, 286, 367, 390, 498|. BAS obecneunBaror ynpasienue ammapa-
Typoil 31aHus (BKIOYas (DYHKIMH MOHWUTODWHIA, BHISIBJIEHUS] HEUCIIPABHOCTEN, YMEHbIIEHUSI
10Tpeb/IeHUsT SHEPIUU U JIP.) C YYETOM HAJEXKHOCTH U YMEHbIIEHUs] CTOUMOCTH TEXHUYECKOTO
ob6catyKuBanus. B mocsieaaue jBa 1ecaTHIeTHs, MHOTUE YCUJIMs HAIIPABJIEHbI HA UCC/IEI0BAHUS
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) pammocsszb [520]; (6)
cercopsl [451]; (7) uarerpanus panubix [255, 570]. B nanHo# cTaThe pacCMaTPUBAETCS MOILYJIb-
HO€ TIPOEKTUPOBAHNE U YJIYUIICHUEe CUCTEMbI YIIPABJICHUs] YMHOTO JIOMa ¥ ABTOMATH3NPOBAHHON
cucrembl yrpasienus 3aanneM. Puc. 12.1 wioctpupyer crpykTypy Hamiero uccaenobanusi: (1)
MO/IyJIbHOE TPOEKTUPOBAHNE KAK KOMIIO3UIMst KOHMUrypamyun cucrembr; (2) MOLyIbHOE yiyd-
meHue cucTeMsl: (i) yydienue dyacreil/KOMIOHEHTOB cucreMsl, (ii) yirydienne cOBMeCTHMOCTH
KOMIIOHEHTOB cucTeMbl, (iii) u3MeHeHue apXUTeKTYPbl CUCTeMbI. TakuM 06pa3oM, paccMaTpUBa-
I0TCS JIBE 33JIa9d MOJYJIbHOIO MPOEKTUPOBAHUs: (&) MepapXuvecKuii KOMOMHATOPHBIN CHHTE3,
(6) yayumenue cucreMbl (B yacTHOCTH, upgrade).

'Marepuas riaBbl OCHOBAH Ha, TyOIMKAIIHAX:
(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 NPOEKTUPOBAHKME U Y/Iy4IIEHUE YNPABJIEHUS B yMHOM JIOME C UCHOJIB30BAHUEM
MHTEPBAJBHBIX OIEHOK B BUJE MYJbTUMHOXKECTB. DJIEKTP. HaydH. k. ‘“Uudopmanmonnse npoueccor’, 12(2),
2012. C. 141-154.
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Wepapxudeckoe MOIyIbHOE TPOEKTUPOBAHUE
| |
IIpoexkTuposa- Viydienue
HUEe CUCTEMBbBI CUCTEMBbI
| |
Uepapxuyeckoe Yayurenue Yayurenune W3MmeneHme
OPOEKTUPOBA- KOMITOHEHTOB COBMECTUMOCTHU CTPYKTYyPBbI
uue (MMMIT) KOMIIOHEHTOB CHUCTEMBI

N | S

< IIpumep yupasienus IIpumep aBTOMaTH- >

YMHBIM JTOMOM 3aluu 313aHUA

Puc. 12.1. Cxema uccienoBaHus

CrenyeT OTMETHTBH, UTO B MOCETHNE TOIBI CYIIECTBEHHO BO3POCIA BaKHOCTH BOIIPOCOB TIe-
penpoekTupoBaHusi cucreM (reengineering), T.e., NPOLECCH yaydIieHus, TpaHcdopMaiyu, pe-
koHdwurypanuu, pacmmpenust [68, 334, 342, 392, 483|. B naunoii riaBe paccMaTpUBAIOTCS JBE
cxembl yoyurienust (334, 342, 365, 392]: (1) crparerusi yaydiieHusi y3KUX MeCT KaK yJIydIlleHue
HEKOTOPOTO IOJMHOYKEeCTBa, KOMIIOHEHTOB CHUCTEMBl UJIM COBMECTHMOCTH MeXKJ1y KOMIIOHEHTa-
Mu cucrembl (crparerust 1); (2) pacumpeHue CHCTEMBI 3a CdYeT J0OABJIEHUS TOTMOJHUTEIbHOI
HOJICUCTEMBI (CTpaTerus 2).

B nauHOi# cTaThe 110 pOOHO NCCIIEI0BAHBI [BA PEAJbHBIX TIPUKIAJAHBIX IpUMepa: (&) MOy Ib-
Hasl cHCTeMa ynpasienus: jjist ymuoro jgoma (Puc. 12.2, [385]), (6) moayabHas cucrema aBro-
maru3amuu 3nanust [390]. CTpyKTypa cucTeMbl aBTOMATH3AIUK 3IaHNUs MPeJICTaBaeHa Ha Puc.
12.3 (“SAC” cooTBercTByer “ceHcopy, akTyaTopy, KouTposiepy” (“sensor, actuator, controller”)
[498]). PaccmarpuBaemblii IpEMep CHCTEMBI ABTOMATU3AIMHA 3/1AHUsT BKJIIOYAET YeThIpe TaCTH:
(1) IP/KNX Gateway, (2) IP/WSN 6LoWPAN Gateway, (3) ZigBee Wireless Sensor Network,
(4) KNX Field Bus Infrastructure.

( CucreMa ympaBiieHUs YMHBIM JTOMOM )

Tloncucrema TToncucrema NuTennexkryainb-
Gesonacuocru || KOMdopTa Hasd IOACHCTEMa
(mocrym, (remmeparypa, || (MmynbTumenua,
TPEBOra) Ka4eCTBO) 000pyI0BaHKE)

Puc. 12.2. Crpykrypa cucremsbl yInpaBieHUs

IIpuMepsl BKIIIOYAIOT CyIeLyIolnee: nepapxudeckasi (IpeBOBH/IHASI) CTPYKTYpa CUCTEMBI, IIPO-
eKkTHbIe BapuaHThl (ajbrepHarusbl) DA Jyist yacreil/KOMIIOHEHTOB CHCTEMBI, IPOLECC PEIICHHUSL.
OKCIEPTHOE OIEHUBAHUE HCIIOIb30BAHO JIst OneHKH DA (MHTepBajbHBIE OLEHKH HA OCHOBE
MyabTEMHOXKeCTB (interval multiset estimates [358]). OTMernM, Bce OIEHKY U IPUMEPHI BHIYUC-
JIeHUil UMeIOT WJTIOCTPATUBHBINR XapaKTep, HO MOTYT OBITh YCHENIHO UCIOJIb30BaHbl KaK OCHOBA
JII PeaIbHBIX IPUTOKEeHHI.
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YerpoiicTBa yupaB/ieHus

< Verpoiicra N\
@ B3N] | E

‘ MarucrpajbHast cerb CBssu |

BACnet KNX  LonWorks ZigBee

Puc. 12.3. [Ipumep cucrembl aBTOMATH3AINANA 31aHUS

12.2 Tlpumepsl aJid cCUCTEMBI YIIPABJIE€HUS YMHBIM JOMOM

12.2.1 MHWepapxudeckas MOAETb

PaccmarpuBaercs ciielyomas nepapxuveckast CTpyKTypa CUCTEMbI YIIPABIEHUS YMHBIM JIOMOM
(Puc. 12.4, uaTepBasibHbIe ONEHKH B BHJE MYJBTHMHOXKECTB IIPEJCTABIEHBI B KPYIVIBIX CKOO-
Kax):

0. Cucrema yupasneauss S = Ax B*C.

1. [Toxcucrema 6e3onmacuocty A = D x E.

1.1. Yupasnenue nocrynom D =G x H * 1.

1.1.1. Okonnsie craBau (@ py4noil pexxum G, snekrpudeckuii pexxuMm Gs.

1.1.2. ]IBepHoit 3amok H: TumoBoit H;, ssekTpudeckuit H.

1.1.8. Touka upentucdpukanuu [: wiawou [y, PIN-xox I, RFID I3,
ouomerpuyuecKuii crocod Iy.

1.2. Yupapnenue tpeBoramu FE = J x K x L.

1.2.1. Curnan tpesorn J: cupena Ji, cBer Js.

1.2.2. Jlerextop npucyrcrBusg K: uH(dpakpacHbie jyun K, yaIbTpas3ByK Ko,
aBuxKeHue K.

1.2.3. Crocob curnanmzanuu  L: topoackoit Tenedon Ly, paguo Lo, Unteprer Lg,
GSM/SMS L.

2. Iloncucrema komdpopra B = M x N.

2.1. Temneparypa M = O x P.

2.1.1. llomorpes  O: moa Oy, paguaTopsl O, moTo0K (O3, cTeHa ¢ mogorpesoM (.
2.1.2. Kouyjuimonep P: BHemuwuit Py, BHyTpeHHUil P;.

2.2. KauectBo cpeast N = R F.

2.2.1. Bentunsiiuss  R: 1o nepekpbiTusaM R, HA pabouux mectax Ry, NeHTpajbHasd Rj.
2.2.2. Ounbrpanus Bo3ayxa F': jiokasibHas F, nentpaabHas F.

3. Nnrennexkryanbpnas nogcucrema C = Q xT.

3.1. Mynptumenua Q =W xV x U.

3.1.1. Bunecucrema W: monurop Wi, mysnbrumenuitasiit npoektop Wi.

3.1.2. Aymno-cucrema V: “2:1”7 Vi, “5:1” V5, cxema mymmnonasienus Jlonou V.
3.1.8. lomamnwmii cepsep/IIK  U: pacupenenenusiii Uy, uarerpupoBanubiii Us.
3.2. lomamnee obopynoBanne T = X xY x Z.

3.2.1. Jlyxopoit mkad X: razoswiit X, sanexkrpudeckuit Xo.
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3.2.2. Pedpuxkeparop Y: ¢ MOPO3WJIBHUKOM Y7, ¢ CBs3bI0 110 VHTEpHET Y.
3.2.3. BakyyMHBI#l OYNCTUTENb /: TEHTpaJabHbIA /1, iLoc Z,.

@ S =AxBx(C(1:4,0,0)

Sl A1*31*01(3,173,O)
SQ Al*Bl*CQ(1,272,O)
Sg AQ*B1*01(1,272,0)
S4—A2*Bl*02(1,27270)
‘A:D*E B=Mx® C=Q+T
A1 Dl *E1(3, 3,0) B M1 *@1(3;2,2,0) Cl = Ql *Tl( ,3,0)
Ay = Dy % E5(1;2,2,0) Co=Q2%T1(1;2,2,0)
Q=WxVxU T=X*xYxZ
‘Ql Wl*‘/i*Ul(3, s ,O) T1:X2*Y'2*Z2(3;1,2,1)
QQ WQ*‘/I*UI(1777O)
W lv lv | x % |z
Wi(1,3,0) Vi(3,1,0) Uy(1,3,0) X1(0,3,1) Yi(1,2,1)  Z1(0,3,1)
Wa(3,1,0)  V3(0,3,1) Ux(0,1,3)  X5(1,2,1) Y¥2(2,2,0)  Z5(1,2,1)
V5(0,1,3)
M=0%P b=RxF
.Ml —OQ*Pl(g;l,g,O) Rl *F1(3 2,2,0)
M2:03*P1(2;27270)
O 1P R F
0:(0,1,3)  Pi(1,3,0) R1(2,2,0)  Fi(1,3,0)
02(17370) P2(07272) R2(07371) F2(07371)
03 (37 13 O) R3(07 27 2)
04(0,2,2)
D=GxHxI E=JxKxL
‘DliGl*Hl*Il(g;l,g,O) JQ*Kl*L (3,1 2,1)
Jl*KQ*L3(1,2 2,0)
G L I L |k |z
Gi(1,2,1) Hy(1,2,1) I,(3,1,0)  Ji1(1,3,0) Ki(3,1,0) Ly(1,2,1)
G2(0,1,3)  H»(0,2,2) 1(0,1,3)  Jo(1,1,2)  K3(2,2,0) L(0,1,3)
13(15172) K3(05371) L3(45070)
14(15271) L4(15271)

Puc. 12.4. Crpykrypa cucrembl yrupaBieHUs

Hcnonp3oBaHHbIE ONEHKW B BHJIE MYJBTHMHOMXKECTB OCHOBAHBI HA HECKOJIBKHX KPUTEPU-
X (CTOMMOCTb, TIOTPEOICHHE SHEPTUH, HAIEKHOCTD, JJTUTEJIbHOCTh KU3HEHHOTO UK [385]).
Ouenku copmectumocTu Mexkay DAs npezcrasienst B Tabaunax 12.1, 12.2 (nopsakoBas mkaJia,
9KCIIEPTHOE OIEHUBAHMWE).

Tabsuma 12.1. CoBMeCTUMOCTD

Kl‘ KQ‘ Kg‘ Ll‘LQ‘ Lg‘ L4

GHI‘HQ‘A‘[?‘[?"L‘ 51 2 1 3211 3

333211 3 333332
G§3 3 33 3 3 fa 3 2 0 2 01\02\03\04
H, 31 1 1|/Ks 2 11 2|3 3 2 1
H, 1 3 3 3|3 2 3 2 21”212 3 1 2
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Tabymma 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 [Tapeto apdekTuBHBIE TPOEKTHBIE ajJbTepHATUBBI 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) nist 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) mist 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 DeleHns (KaKk KOMOWHAIWN ):
S1=A1%*B1xC1, So = A1 x By x(Cy, S3= Ay x By x (1, Sy = Ay x By % (s,
Caemxyer 3aMeTHTh, YTO MCXOJAHOE MHOXKECTBO KOMOMHAIMI 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 NpuMephl yIydilieHus:: y3Kue MecTa (10 3JeMeHTaM, [0 COBMECTHMOCTH

MeKJly SJIEMEHTAMHU) U ONEePAIMH YJIydllleH sl JIJI COCTABHBIX pernenuii (1is KommnonenTta F).

"
JealbHasa Tabsuma 12.3. Y3kue MecTa, ONepalun yaydieHns

Cocrassie DAs Y3kue mecra Omnepanun
YIIydIIeHUST
(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:J1*§2*£3 Jl,KQ) 1= 3
Puc. 12.5. Kauecrso E 2= Jix KoxLs Ko, L 1=3

12.3 TIlpumep aJjig cucTeMbl aBTOMATU3AINA 3aHAA

12.3.1 CrpykTypa CUCTEMBI U IIPOEKTUPOBAHUE

B kadecTBe mpuMepa paccMaTpUBaeTCs CIeAyolas nepapxudeckas crpykrypa (Puc. 12.6; nn-
TepBAJbHbBIE OIEHKHU B BHJE MYJIBTHUMHOMKECTB TIPEJICTABIEHB B KPYTJIBIX CKOOKAX):
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Cucmema. Ilpumep cucrembl apromaruszanuu 3ganuss S = G+ Q +x 1T % 1.
ITodcucmema 1. IP/KNX Gateway G: Gira HS3 G4, EibPort G, EibPC Gj.
ITodcucmema 2. IP/WSN 6LoWPAN Gateway (): Sensinode Nanorouter (),
Jennic Border-Router ()2, Arch Rock PhyNet Router ()3,

Crossbow Ehernet Gateway (MIB600) Q4.

Hodcucmema 3. ZigBee Wireless Sensor Network 7. TI 77, Ember 75, Jennic T3,
Freescale T);, Microchip 75.

Hodcucmema 4. KNX Field Bus Infrastructure 7: ABB [, Siemens I,
SCHNEIDER. Electric I3, BOSCH I,.

S=GxQ+xT I
Sl :Gl *Qg*TQ*[l(?);S,l,())

G1(3,1,0) [Qu(1,2,1) [[T3(0,3,1) [ Ti(1,3,0)

G2<07173) Q2<17370> T2<47070> [2<07272)

G5(0,2,2) ©Q5(3,1,0) [@73(0,2,2) |oI5(3,1,0)

®(04(0,3,1) [®T4(0,1,3) "©I4(1,2,1)
®T15(0,3,1)

Puc. 12.6. lepapxudeckasi CTPyKTypa CHCTEMBbI

Vcnosb30BaHHbIE OLEHKH B BHJE MYJILTUMHOMKECTB OCHOBAHBI HA HECKOJIBKUX KPUTEPHAX
(HAIEXKHOCTD, TPOU3BOAUTEIBLHOCTh, MACIITAOUPYEeMOCTh, TEXHUYECKOe O0CIIy>KHBAHWE, CTOW-
moctb [390]). Ouenku coBmectumoctn mexry DAs npencrasienst B Tabuuue 12.4 (nopsiakoBast
mKaJa, sxkcrnepraoe onenuBanue). [loaydeno cienyromee [Tapero acddekrnBHOe cocraBHOe 1po-
extHOe perenne: S; = G1xQ3xTox I, N(S1) = (3;3,1,0). Puc. 12.7 wutocTpupyer KauecTBo
YKa3aHHOTO PE3YJILTUPYIOIIEr0 PEIIeHNS.

Tabsumna 12.4. CoBMECTUMOCTD

QIQIQIQIT L[| T TH| 1 | | 15| 1
Gi|[3333233323323 N zeammas
G212 233333223223 Lok
G3|2 233332233223 (S))
o 233223223 *

Q2 233223223

Q3 233223323

Q4 233223223

Ty 3223

Ty 3323 w=3
T3 3223 w=2

%4 3223 w=1

5 3223 Puc. 12.7. KagectBo S

12.3.2 Pacmupenue cucreMbl

Pacmupenne cucrembl peajim3yercss Kak jobapieHue mnsaroit nojgcucrembl HomeServer SW H:
Domovea SW Hi, Eisbaer SW H,, Misterhouse SW Hj, and Eibd-linKNX-KNXweb H,. Pac-
IMUpeHHast CTPYKTypa CUCTEeMBl mpejacTaBiaeHa Ha Puc. 12.8. Tabauma 12.5 comep:KuUT ONEHKH
COBMECTUMOCTH (MOPSIIKOBAs IIKAJA, SKCIEPTHOE ONEHUBAHNE).
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~

S=GxQxTxIxH
Sl :Gl*Q3*TQ*[l*H2(3;3,1,O)

G Ql T] I] H)

G1(3,1,0) |SQ1(1,2,1) [JT(0,3,1) |J1(1,3,0) | Hi(0,3,1)

G2(0,1,3) 9 @2(1,3,0) [672(4,0,0) lg15(0,2,2) Lo Hs(1,3,0)

G5(0,2,2) [©Q5(3,1,0) l©75(0,2,2) l®I5(3,1,0) @ Hs(4,0,0)

©Q4(0,3,1) ®T4(0,1,3) ©I,(1,2,1) ©Hy(0,2,2)
®T75(0,3,1)

Puc. 12.8. Pacmupennasa nepapxudeckas CTPYKTypPa CACTEMBI
N 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 11 1111111111111 w=3
H23 1 1113113111331 2 w=2
H313 11 1131131112111 w=1
4 1111111111111 111 Puc. 12.9. KayecrBo S\

llony4eno crenyiomee pesynprupyiomee [lapero 3¢ deKTHBHOE COCTABHOE peIIeHUE:

Sl = Gl*Qg*TQ*IQ*HQ, N(Sl) = (3,3, 1,0)

Puc. 12.9 unmocTpupyer moJiydeHHOE COCTaBHOe IIPoeKTHoe perrenue. CrejlyeT 3aMeTHTh,
4TO peleHne S, aBngercs PACIINPEHHEM COCTABHOTO IPOEKTHOTO pemienust S (crparerus 2).

12.3.3 VYaydineHme 4acTeil CMCTEMBbI

VYiay4dnienne KOMIIOHEHTOB

Tabsmua 12.6 wuocTpupyer IpOIece yJaydilleHusi Ha OCHOBe KOMIOHeHTOB perrenusi (Puc.

126) Sl.

Tabauna 12.6. Y3Kue MecTa U ONepAINy YIyUYIeHNsT

Cocrasubie DAs V3Kue mecTa Omneparun
YILy 9IIeHU S
DA | IC wﬁr’
S1=GixQs*xTrx | Gy 3,1,0) = (4,0,0
S1=G1xQsxTrx 1| Q3 3,1,0) = (4,0,0
S1=G1*xQsxTox 11| I 1,3,0) = (4,0,0

yﬂqueﬂne Ha OCHOBE€ 3aJa4Yu OJI0UHOTO PIOK3aKa

VilydIineHue CUCTeMbl MOXKeT ObITh PeaJTu30BaHO Kak yiayurienue (upgrade) CUCTEMHBIX KOMIIO-
HEHTOB C Y4eTOM 001ero 010/IXKeTHOT0 OrpaHuYeHus. Takoi mMoaxo/l OCHOBAH Ha 3ajade 0J10Y-
HOTO PIOK3aKa. 371eCh PACCMaTPUBAETCS MCXOAHOE PEIIeHUs, BKAIYAIONIEe MITh KOMIIOHEHTOB:
S = Gox Q1 % Ty x I, x H; (Puc. 12.10). CoorsercTByiomas 3a1a4a 6J109HOTO PIOK3aKa UMeEeT
BUJL:
max e(S) =max M = arg}\r?i% > |0(M, e )l
(i,7)€S={(0,5)|x;,;=1}

5 G i
s.t. ZZ(IUZL‘U S b, inj = 1, 1= 1,—5, Lij S {0, 1}
j=1

i=1j=1
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HNcxonnoe permenne S = G+ Qq + Ty + Iy x Hy

Viyde- ‘YJIy‘{HIe— ‘YJIqule— ‘Yqume— ‘YJIque—
® mie G, ® pue ()17 ©® Hue 7, © uue I, @ Hue H;

T11 T21 T31 Ty Ts1
T12 T22 T32 Ty2 T52
x13 T23 x33 X43 T53
X34 L44
T35

Puc. 12.10. Viyuinenue Ha ocHOBE 3a/1a4¥ OJIOYHOTO PIOK3aKa

Tabmuna 12.7 conepKuT OGUHADHbBIE [IEpEMEHHbIe (X;;), ONEePAIUK YIyUlIeHUs] U UX OIEHKH
(miuTIOCTpATHBHBIE, SKCIIEPTHOE OleHuBaHue). [IpuBeaeM 1Ba npuMepa pereHuii:

(1) b=14: 25 =1 (T4 = T3), S =5, = Gox Q1 xTs* Iox Hy, e(S;) = (0,2,2);

(2) b=73: mi3=1(Gy— G3), 22 =1 (Q1 — Q2), 233 =1 (T4 = T1), w32 = 1 (I — L),
x50 =1 (Hy — Hs), S = 55=G3%xQoxTyxI;xHs, e(S) =(1,2,1).

Tabauna 12.7. Ouenku

Onepanun Omenka Iena
YILy dIlIE€HUST €ij (aij )
x11 (mer) 0,1,3 0
T12 EGQ — Gy 3,1,0 26
713 (G2 — G3 0,2,2 16
Ty (mer) 1,2,1 0
T22 EQI - Q2§ 1,3,0 16
T3 (Q1 — Q3 3,1,0 20
x31 (Her) 0,3,1 0
x32 (Ly — T 0,3,1 17
w33 (Ly — T 4,0,0 28
w32 (14 — T3 0,2,2 14
w33 (Iy — T 0,3,1 17
Ta1 9HGT) 0,2,2 0
Ty2 ([r — Iy 1,3,0 23
x4z (o — I3 3,1,0 27
Ty (L2 — Iy 1,21 20
r5 (mer) 0,3,1 0
T52 E 1 H2; 1,3,0 21
w53 (Hy — Hj 4,0,0 31

12.4 BpIBoaBI K Tj1aBe

B naHHOI r1aBe mpecTaB/IeHbl CXeMbI MOJIYJILHOTO TPOEKTUPOBAHMUSI U YJIyUIIeHUs] / DACIIUPEHUs]
JJId NBYX IPUKJIQJHBIX CUCTEM: YIPaBJeHHe YMHBIM JIOMOM, CUCT€Ma aBTOMATH3ALIUN 3IAHU.
cnosib30BaHbl JiBe 33Ja4d KOMOMHATODHOH onTuMu3aruu (MOpdoIornyeckas KIUKa, 3a/a-
4ya 0JIOYHOrO pIoK3aka). /[aHHble ONTHMMHU3AIMOHHBIE MO 0A3UPYIOTCS HA MHTEPBAJILHBIX
OlIEHKaX B Buje MybTuMHOXKecTB (raBa 4). Cieyer 0OTMeTUTh, YTO HPEACTABIISIETCS IEeJIeCo-
06pa3HBIM IIPUMEHSITE 1 60JIee CJ0XKHbIe IKAJIbl Ha OCHOBE 3314 OleHUBaHud, Hanpumep: P37,
P45, MoxXHO yKa3aTh cJIeLyIolue HalpaBaeHus /s UCCIeT0BaHNui B Gy IyIIeM:

1. mocTpoeHNe TPAeKTOPUN YIyUIIeHUs CUCTEM;

2. aHaJIN3 PACCMOTPEHHBIX 331249 TPOEKTUPOBAHUS W YJIYUITIEHUS B PeXKUMeE PeajbHOTO Bpe-
MeHM.



I'maBa 13

HpI/IJIO}KeHI/IH B KOMMYHUKaIIMOHHDbBIX
CucCreMax

B ,HaHHOﬁ IJIaB€ 1 IIpUBEICHO OIIMCaHNEe IMEeCTU IIPpUMEpPOB HpI/IJ'IO}KeHI/Iﬁ B objacTu KOMMYHU-

KAI[MOHHBIX CHCTeM: (a) 3a/Ja4a mocaeaHeil Mun (TOIK/II0YeHHe OIb30BaTe el K KOMMYHUKA-
IMOHHBIM TIpoBaiinepam), (6) mMomyabHOe npoekTupoBanne GSM-ceru, (B) IOJKIIIOUEHHUE T10JIb-
30BaTeNell K TOYKaM J0CcTyna (HA OCHOBe MHOTOKPUTEPHAJbHON 3a/a4u O Ha3HadeHusx), (I)
repapxXuyecKoe MOJeIUpOBaHue U KOMOMHATOPHAS SBOJIIONUS CTAHIAPTOB MepeIadd MyJIbTHME-
quiinoit uadopmanuun (MPEG-1, MPEG-2, MPEG-4), (1) Moy ibHOE TPOEKTHPOBAHUE TIPOTO-
koJia cs3u (ZigBee), (€) MOLy/IbHOE IPOEKTHPOBAHKNE CTAHIAPTOB MEPEJadH MYyJIbTUMETMHHON
nH(MOpMAIWH.

13.1 3agaua ’mocyeaHdasds MUJIA’

Bamaua ‘mocieaHss MU’ 3aK/II0YAETCS B MPOEKTUPOBAHUN CUCTEMbI OOCJIY:KMBaHUS (CBSI3M)
JIOMAIITHUX TOIH30BaTE Il KOMIIBIOTEPOB MPOBaiiepoB ((bUpMOil - KOMMYHUKAIMOHHBIM OIe-
paropom) [158, 268, 342, 472|. IIpu sroM npejcTaBiIsiercs: 1eecoO00pa3HbIM yUUTHIBATH TPEOO-
BaHUsl C JABYX CTOPOH: (i) BBIPOJHOCTH (110JI€3HOCTH, HPUOBLIBLHOCTD) JIJIsi KOMMYHUKAIMOHHOTO
onepaTopa u (ii) BEICOKHIT yPOBEHB, KAYECTBO ¥ CTOMMOCTH OOC/TYKMBAHUS JIJIsl IOJIb30BATE el

B manHOM paszesne onmchiBaeTCs MOAXOJ K 3ajade 'mocjaeadsiss muisiw Ha ocHoe UMMIT ¢
yueToM TpeGOBaHui KOMMYHUKAIMOHHOTO omneparopa (342, 354]. Puc. 13.1 wumocTpupyer uc-
cJIelyeMyIo 3aJiady Ha IpuMepe: (a) KOMMYHUKAIMOHHbIN orneparop u (b) mosb3oBaresin HEKO-
TOPOrO peruoHa. B HammeMm ciydae paccMaTpPUBAIOTCS CJIEAYIOIIUe TPYIIbI nojib3oBaresedi: (i)

'MaTepuas 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.Al]
(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. MomyabpHbIH TOAX0, K KOMMYHUKAIMOHHOMY MPOTOKOJY U CTAHIJAPTY /IS MYJILTUMEIUAHON
urdopMaImu. JIeKTPOHHbIH HaydH. XK. “Uudopmannonnsie nponeccs’, 12(4), 389-399, 2012.
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rpymna komnanuu A = Ex F; (ii) rpynna obpasosameavhvie yupesicdenus B = I x J x M;
(iii) rpynna 2ocydapemeennvie opeanusayuuy C = O* Px R; (iv) rpynna npoudsodcmeentvie
opeanudayuy / 3a600v D =Y x Z. Takum 06pa3oM, CTPYKTypa COCTABHOTO DEIIEHUs] UMeeT
Buj (Puc. 13.2): S=A«B+xCxD.

Hasee, 111 KasK 1010 MOJIB30BATEJIsI TEHEPUPYEM MHOXKECTBO BO3MOYKHBIX aJIbTePHATHB (IIPO-
eKTHBIX BADHAHTOB COEJMHEHNs, T.e., DAS) W BBIYHMCIIsIEM UX TIPHOPUTETHI HA OCHOBE KPUTEPUEB
U OIEHOK [0 KPUTEPHSIM.

B mamem nmpumepe, paccMaTpuBarOTCA Caemyomee obmee 6a3oBoe MHOXKeCTBO DAS:

X, (ADSL): Tenedonnas cers,

X5 (DACSIS): cers kabeabHOrO TEIEBH/ICHHSI,

X3 Ethernet,

X4 PHEpreTwyeckas CeTh,

X5 (FTTH): ontuyeckuii kabeJb,

X6 (LMDS): 6ectipoBonnas cBsa3b (2.5-2.7 GHz),

X7 (4G): 6ecupoBoguas cBsa3b(800-2000 MHz), and

Xs (WMAN, WiMAX): 6ecupoBonnas cBs3b (2.4, 3.5, 5.8 GHz).

O6BIYHO PaCCMATPUBAETCS CJIEAYIONEe MHOKECTBO OCHOBHBIX KPUTEPUEB JJIsi MHOTOKDHUTE-
PHAJIHLHOTO BHIOOPA BADUAHTOB CBSI3U: 00'bEM UCXOIHBIX WHBECTHUIHUH, CTOMMOCTH 000PYI0BAHUS,
CKOPOCTh Tiepejaun MHGOPMAIUK, BPEMsl MHCTAJISAIMA CUCTEMBI CBsI3u (NMpOBaiiiepoB), Bpemsi
WHCTAJIAIIMN [JId TTOJIb30BaTe/id, CTOUMOCTH TEXHUYECKOTO O6Cﬂy)KPIBaHPIH, HaJe>KHOCTb, MO-
OMIBLHOCTD YCIYyT, OJM30CTH K CyHIECTBYIOmEH KOMMYHMKALIMOHHON cpexe. B mamem uccnemo-
BaHUU JJIsT KAXKJIOT0 TI0JIHb30BATEIsS PACCMATPUBAETCS HEKOTOPOE MCXOHOEe MHOYKECTBO BapUaH-
ToB (BbIOpanHbIX DAS) u ux mpuopurersl (sxcueprabie cyxaenus) (Puc. 13.2). Tabnuna 13.1
u Tabiuna 13.2 comep:Kar ONEHKU COBMeCTHMOCTH jjisi DAs (Takke Ha OCHOBE KCIEPTHBIX
CyXK/IeHMUit ).

Toc.
opr-ust O

3ason Z
( Komnemx I )
Kovmmynu- 3asoz Y’
HBIHN L

OIIEPATOP gglc;mm p

Komvmnanua F

Toc.
opr-nust R

Komnauua F'

IIkosia K

Puc 13.1. WunocrparuBHasi cxema

B pesysbrare, mnosiydaeM cieayioniie pe3ybTHDPYIOIHE COCTABHBIE PEIeHMNs:

1. A = By Fr, N(A) = (3;2,0).

2. By = Iyx Jox My, N(B;) = (1;3,0,0); By = Is*Jy x My, N(B») = (1;3,0,0);
By = Iy x Js« Mg, N(Bs) = (3;1,2,0).

3. C1 = OgxPsxRg, N(C1) = (3;2,1,0); Cy = O7 % P, xRy, N(Cy) = (3;2,1,0);
03 = O7*P5*R7, N(Cg) = (2, 3, O, 0), C4 = 08*P5*R7, N(C4) = (2, 3, O, 0), C5 = O7*P5*R8,
N(Cs) = (2;3,0,0); Cg=OsPsxRs, N(C5) = (2:3,0,0).

4. Dy = YyxZs, N(Dy) = (2;2,0); Dy = Y3+ Zs, N(Ds) = (2;2,0); D3 = Yy Zs,
N(Ds) = (3:1,1).
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Jlasiee umeercst jBa 1yTH:
1. UccnenoBarh 54 BO3MOXKHBIX PE3y/IbTUPYIOMIMX COCTABHBIX PEIIeHHUS:
S1=A1*B1xCix Dy, So=A;x By xCy* D1, um.o.

2. ChopMyMpoBaTh U PEIIUTH JOIOJHUTEIBHYIO 33124y MOPQOI0ruiYecKoil KIuKu Ha 60-
Jiee BBICOKOM HEepapXUIecKOM YPOBHE HaIlleil MOae u s KoMIo3uiuu KoMmrnounentoB A, B, C)|
and D ¢ yderom coorBeTcTBytomux npuoputetroB DAs qiua A, B, C', and D u OneHOK UX COB-
MECTUMOCTH.

@ S5S=AxBxCxD
Sl :A1 *Bl*Cl *Dl, etc.

B=IxJxM

Bl :Ig*Jg*Ml
BQZIg*Jl*Ml
Bgilg*Jg*Mg

gl gJ M%
I, (3) Ji(1)  Mi(1)
I5(3) Jo(1)  My(2) D=Y«Z
15(2) Js()  Ms(2) Dy = Y3 * Zs
A=E«F @ Ir(2) 'Y Y2 RS
A1:E7*F7 18(1) C=0xPxR D3 =Y, x 2y

CliOg*Pg*Rg
02107*P7*R7

[e Fl Cs=OrxPsxRy | LB F

04208*P5*R7

E5(3) F»(3) - Y5(2) Z5(3)
B2 Q) ARl I YO B AC)
E5(2) F5(2) RS B 716Y Z4(2)
Eg(2) F(1) 0 p rl Ys(3) Zs5(1)
E7(1) F7(1) é305(2) éP5(1) RSC()Q)Y8(3) Zg(1)
Bs(1) B 052 Ps(2)  Ro(2)
O7(1) Pr(2)  Rq(1)
Os(1) P3(2)  Rs(1)
Puc 13.2. CtpyKkTypa COCTaBHOIO peIleHus
Tabsmma 13.1. CoBMecTUMOCTD
Ji ‘Jz ‘Jg ‘Ml‘Mz‘Mg P ‘Pz ‘Pg ‘Pl ‘Rz‘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 21|06/2 3 2 2 2 3 2 2
Ey3 22222001 2 212 202 2 3 2 2 2 3 2
Esl132222/z]1 2 2 3 2 2052 2 2 3 2 2 2 3
Es12 2322 2|[ls|1 231 2 3|5 3 2 2 2
Es|2 2 2 3 2 2|l 3 2 1|5 2 3 2 2
Ezl2 2 2 2 3 2[|/) 2 3 2||F 3 2 3 2
Esl2 2 2 2 2 3||Js 1 2 3|5 2 2 2 3

Tabsmma 13.2. CoBMeCTUMOCTD

Zo ‘Z?, ‘Z4 ‘25 ‘Zs
Y213 2 1 2 2
Y12 31 2 2
Yal1 1 3 1 1
;12 21 3 3
Ys(2 2 1 2 3
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13.2 MoayabHoe nmpoekTupoBanne GSM ceru

B nactosimee Bpemss GSM cetn sBasioTcs HamboJlee TMHPOKO UCTOIb3yeMbiMu [127, 213, 238|.
YupormenHast apeBoBuaHasg Mojaeab GSM ceru npencrapiaeHa na Puc. 13.3:

0. GSM cerp S = Ax B.

1. Ilepekouatomast nogacucrema (Switching SubSystem) SSS (A = M x L).

1.1. MobunbHbIl neHTp nepekovYennii/Perucrp rocTeBbix pa3MenieHuit

(Mobile Switching Center/Visitors Location Register) MSC/VLR M :

M, (Motorola), M, (Alcatel), Ms (Huawei), M, (Siemens), M5 (Ericsson).

1.2. Peructp momaminero pasmemienus /Llentp unenrudukanmu

(Home Location Register/Authentification Center) HLR/AC L: L; (Motorola),
Ly (Ericsson), L (Alcatel), Ly (Huawei).

2. Bazosas craumust BSS (B =V «U xT).

2.1. Konrposnep 6azosoit crannuu (Base Station Controller) BSC V : V; (Motorola),
V, (Ericsson), Vs (Alcatel), V, (Huawei), V5 (Nokia), Vs (Siemens).

2.2. Ilpuemo-nepenaryuk 6a3oBoii cranmuu (Base Transceiver Station) BTS U :
U; (Motorola), Us (Ericsson), Us (Alcatel), Uy (Huawei), Us (Nokia).

2.3. Ilpuemo-nepenaruanku (Transceivers) TRx T : T (Alcatel), 75 (Ericsson),
T3 (Motorola), T (Huawei), 75 (Siemens).

GSM cetb S=AxB=(MxL)x(V+xU=*T)

H SSS A= ML H H BSS B=V+UxT H

| | | | |
MSC/VLR M:||HLR/AC L:| |BSS V:  ||BTS U: || TRxT:
M17M27M37 L17L27L37 ‘/17‘/27‘/37 U17U27U3 T17T27T37

M47M5 L4 ‘/217‘/})7% U47U5 T47T5

Puc. 13.3. Yupomennas crpykrypa GSM ceru

YHCJI0 UCXOHBIX BO3MOYKHBIX CHCTeMHBIX KoMOuHanuii pasao 3000 (5 x4 x 6 x 5 x 5). s
OIEHKH KOMIIOHEHTOB CHCTEMbl MCIIOJb3YIOTCS CJIEJyIOlIue KpUTepun (Beca BaXKHOCTU KDPHUTe-
pHeB yKa3aHbl B CKOOKaX):

1. M: wmakcumanbHOe uncio myteit qanasix (1000 pathes) (C,, 0.2); MakcuMagbHasT Ha-
rpy3ka VLR (100000 nognucuukoB) (Ci,e, 0.2); ungexc menst ( 100000 /uena (USD) ) (Cs,
0.2); sneprerudeckue norpeduoctn ( 1/(kWt) ) (Chua, 0.2); uncio KOMMyHUKALHMH U CUTHAJIH-
supytomux uarepdeiicos (C,s, 0.2).

2. L: makcuMasibHOe yucsio noanucaukos (100000 noanucunkos) (Cjy, 0.25); obecneunBae-
mblit 06bem cepsuca (Cho, 0.25); nagexkuocts (mkana [1,...,10]) (Cj3, 0.25); uHTErpUPYyEMOCTH
¢ apyrumu cucremamu (mkana [1,...,10]) (Cy, 0.25 ).

3. V: wunpgekc nensl ( 100000/mena (USD) ) (C,q, 0.25); makcumanbhoe uucyao BTS (Co,
0.25); kauecrBo nepekaoueHus KananoB (Cz, 0.25); nponyckuas cnocobaoctb (Cyy, 0.25).

4. U: wakcumasbuoe uucao TRx (Cyy, 0.25); narpyska (Cya, 0.25); ungekc menst (
100000/mena (USD) ) (Cls, 0.25); nagexuocts (mkana [1,...,10]) (Ch, 0.25).

5. T: makcumyMm sHeprerndeckoii Tekymei narpysku (Cyp, 0.3); IponyckHasi Crioco6HOCTh
(Cia, 0.2); uugekc nensl ( 100000/ mena (USD) ) (Cys, 0.25); nagexnocrs (mkamna [1, ..., 10])
(Cla, 0.25).

Omnenku DAs mpusenenst B Tabaune 13.3, Tabnuue 13.4, Tabmune 13.5 (ucnonb30BaHbl 1aH-
Hble U3 KaTaJOTOB M KCIIEPTHOE OlleHWBaHUe). B pesyibraTe MHOTOKPUTEPUAIBLHOTO DaHKU-
poBanusi (MoxubunmpoBanHas Bepcusi Merona Electre). mosyuatorcss mpuopurersl st DAs
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(yxa3anbl B Tabsamuax). DKcueprable oneHKu comecrumoctu DAs mpejcrasienst B Tabiuie
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

Ta6suma 13.4. Onenku pis V., L

DAs Kpurepun IIpuopwu-
TEeT

Cvl Cv2 CU3 CM r DAs Kpwurepun TTpuopwn
% (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‘Ug‘Ug‘U4‘U5‘T1‘TQ‘Tg‘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 BEPCUs PACCMATPUBAEMOrO mpuMepa Obiia omybiukoBana B [380].

s mopcucrembr A, cienyronue ITapero-adbdexrussie cocrasubie DAs nmosyuenst: (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-adbdexrusbie cocrasubie DAs nosnyuensi: (1) By =
Vsx Uy x Ty, N(B1) = (2;3,0,0); (2) By = Vs*Uy*Ty, N(Bs) = (2;3,0,0); (3) By = Vi*xUs*T1,
N(Bs) = (3;1,1,1), and (4) By = VoxUsx Ty, N(By) = (3;0,3,0). Puc. 13.4 nnnocrpupyer
KauecTBO pelmeHuit nasa B.

Temephb MoOyYaOTCs CAEAYIONINE Pe3YIBTUPYIONINE PEITeHNs /171 CUCTEMBI:
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Y Y

(1) SHE = Ay %« By = (My* Lo) x (Vs x Uy % Ts); (2) SH = Ay x By = (My* Lo) % (Vs % Uy x Ts);
(3) SH = Ay %« By = (Myx Lo) x (Vi xUsxT1); (4) SH = Ayx By = (My* Ly) % (Vs % Uy x T5);
(5) SH = AQ*BQ = (M4*L4)*(‘/5*U4*T2) 6) SH = AQ*Bg = (M4*L4)*(‘/1 *U5*T1),

(7) SH = Al *Bg = (M4*L2) * (‘/2 *Ug *T4) 8) SH = A2 *Bg = (M4*L4) * (‘/2 *Ug *T4).

Yrobbl MOJYyYNTH MHTEIPUPOBAHHYIO OICHKY KaueCTBa CHUCTEMHBIX pelleHuil, Hajo MHTe-
rpupoBaTh onenku s vacreit A m B: N(Sf) = (2;5,0,0), N(S¥) = (2;5,0,0), N(Si) =
(3:3,1,1), N(SI) = (2:5.0,0), N(S¥) = (3:3,1,1), N(SE) = (33 1,1), N(S) = (3:2,3,0),
N(SI) = (3;2,3,0).

Jlanee, moydeHHbIE CHCTEMHBIE DEIleHHd MOTYT aHAJM3UPOBATHLCA C IEJbI0 BHIOOpPaA HAM-
JIyHIIero pemenust (HANPUMED, JONOJHUTENbHBIH MHOTOKPUTEPUAIbHbBIA aHAJIN3, IKCIEPTHHIE

TPOIE/TY PhI).

7

A~~~

7

N neanbHas o

N E Bl; TOYKA,

w =2

w=1

Puc. 13.4. KauectBo nua B

13.3 IloakJirodeHue 10JIb30BaTesieil K TOYKaM JIOCTYIIa

13.3.1 IlpenBapuresibHbIE 3aMeYaHUA

B nociieiaue rosipl Bo3pacTaeT BaXKHOCTD 3a/a4 MOAK/TI0YEHHUs IT0JIb30BaTe el K OeCIIPOBOIHBIM
TeJIEKOMMYHUKAIIMOHHBIM ceTsiM [268, 342, 354]. B manHoii cTaThe BlepBbIE PACCMATPUBACTCS
MO/IK/TIOUEHNE T0JIb30BaTeIeil K TOYKAM JIOCTYIa OECIPOBOJHBIX TEJIEKOMMYHHUKAIMOHHON ce-
TH Ha OCHOBE MHOTOKDHTEPHMAJHLHON 3a/Ja4uM O HasHaueHWH. Puc. 13.5 mimocTpupyeT mporece
NOAKJIIOYECHU A OoJIb30BaTeJael K TOUYKaM AOCTYyIla CETH.

TTosn30- Touxu
JOCTyTIa,

BATEIH
&

4: ©—
. Kommynnka-
OUOHHAA
===
CeThb
@_

©_

Pwuc. 13.5. Ilonp30BaTesim u TOYKHA JTOCTYTIA

B pamkax mpejiaraeMoro MHOTOKpPUTEPUAJIBLHOTO TIOIX0/1a UCIOIb3YIOTCS CJIeIyIONe KPHU-
repur: (a) MAKCHMYM II0JIOCHI NIPONyCKaHus, (6) 4UCJI0 OJHOBPEMEHHO OOCJIY?KMBAEMbIX 110JIb-
3oBareseil, (B) TpebOBaHUSI HaJEKHOCTH OOC/IyKUBaHUST U Ap. MHOrOKpUTEpHaJIbHbIE 3a/1a49K
0 Ha3HAUEHWM OTHOCATCA K Kjaccy NP-TpyIHBIX, MOITOMY NPEIIaraloTcsl SBPUCTHYECKUE CXe-
MBI pellieHus. BoaucieHns mpoBeieHbl Ha 0OCHOBE TPOrpaMM, pa3paboTaHHbIX B cpeae MatLab
(http://www.mathworks.com/).
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13.3.2 IlocranoBka 3aga4n

B nanHO#l cTarhbe UCHOB30BAHBI CJIEIYIONINAE IIPEJIIIOI0XKEHHS:

1. Peasnbuoit reppuropuu (Hekoii “o61acTu”) COOTBETCTBYET KapTa MECTHOCTH, KOTOPAasi OT-
paxkaeT pesbed.

2. Toukm mocTyna pacroyaraloTcst Ha MeCTHOCTH (T.e., HA Kapre) W “NOKPBHIBAIOT’ BCIO 06-
JIACTh.

3. Tonb3oBaresiu (KIMEHTHI) MOTYT DACIOJIATATHCS HA TEPPUTOPUU MPOU3BOJBHBIM (CJIy-
JaliHbIM) 06pa30M.

4. JIns KaXkJa0r0 KJWeHTa HeO0OXOIUM JIOCTYIl K CEeTH, T.e., COOTBETCTBYIOIIEE IOIK/II0Ye-
HHe K OfHOI (M XOoTsi Obl K OJHOI B cilydae “paciuiMpeHHON” 3a/a4d HOJKJIIOYEHUsI) TOYKEe
JIOCTYTIa ¥ KayKJI0€e TAKoe MOAKIIOYeHNe ONUCHIBAETCs (OIeHUBAETCsI) HAGOPOM XapaKTepUCTHK
(kpuTepues).

5. Touku JocTyna U KJIMEHThl UMEIOT KOODAMHATH HA KapTe ¢ y4eToM peiabeda, T.e., (T,y, 2).

Copep:kaTeibHAs MOCTAHOBKA, 33]a4U 3aK/II0YAETCI B CJIEAYIONEM:

ITodka10MuMb MAKCUMAADHOE YUCAO NOAL30BAMENET K MOYKAM JOCMYNG MEAEKOMMYHUKA-
yuorHol cemu mak, wmobo, “0006wennan” nadescnocmo coedunenul (m.e., nepedayu OGHHHLT
s ecex noavsosameneti) Oviaa MaKCuUMasvHa U “0000wentan” dauna ceasels ObLAG MUHUMAND-
Ha, U YOOBAEMBOPAIUCH BCE 0ZPAHUYEHUA N0 MPEOOBAHUAM NoAb30samenret (no Kauecmey 06-
cayotcusanus): (a) no nosocam nponyckanua, (6) no YpoeHio 3aULUEHHOCTU JGHHVLL.

Paccmorpum popMaibHyIo MOCTaHOBKY 3agaun. O603HaYMM MHOYKECTBO NoJb30oBaTeneii ¥ =
{1,...,1,...,n} m MHOXKecTBO TOo4Yek mocryna O = {1,...,j,...,m}.

Kaxk prit momp30BaTe b © OMUCHIBACTCS BEKTOPOM: (T, Ui, Ziy fis Diy T4y di), THE (T4, Y4, T;) - KO-
OPJMHATHI TI0Jb30BATEIA 1, f; - HapaMeTp, COOTBETCTBYIONMHA TpeOyeMoii 1moJ10ce TPOIyCKAHUS
(or 1 Mbit/s go 10 Mbit/s), p; - Tpebyemsiii yposennb CoS (kJacc, npuopurer) obC/IyKuBaHus,
r; - Tpebyemas JIs NOJIb30BaTe sl HAJEeKHOCTH TIepeJadn JaHHbIX, d; - ypOBeHb mMudPOBaHUS
(T.e., ypoBeHb 3anurhl nHGOPMAIUHY).

Kaxxas Touka 1ocTyna onuceiBaeTcs Tax: (&, Y;, 24, [, 1,75, d;), tae (x;,y;, ;) - KOOpIH-
HATHI TOUKH JOCTYNA j, f; - IapamMeTp, COOTBETCTBYIONHI MAKCHMAIBHO BO3MOKHOMY TPahUKYy
(T.€., MAKCHMYM TIOJIOCHI IPOILYCKAHNsI) TOYKH JOCTYIA j, N; - MAKCUMAIBHOE YHUCJIO HOJIb30BA-
Tesiel, KOTOPOe MOXKeT OBCIIy’KUBATHCST TOUKOM JAOCTYNA j, ; - HAJEKHOCTDh KaHAJIA [epeIadn
JIAHHBIX, KOTOpPas MOXKeT 00eCIeYnBaThCs TOYKON JocTyma j, d; - mapaMerp, OTBEYAlOMmuil 3a
YPOBEHb 3aIUTHI OT B3JI0MA, JIJIsl JAHHBIX, IIepelaBaeMbIX uepe3 TOuKy aoctyina, j. Tabauna 13.7
COJIEPKUT ONKMCAHUE IIKAJ JIJIS UCHOJIb3yeMbIX HapaMeTpOB.

Juist kaxk10it mapsl “nosib3oBaresib-rouka gocryna’ (V(i,7),i € W, j € ©) umeercs Habop
XapaKTepuCTHK: (1) ypoBeHb HAJEXKHOCTH 7T;j, (2) XapaKTePUCTUKA PACCTOSHUS U HAJIHYHI
NpenaTCTBUil (Ka4ecTBO HAIpaBJIEHHs PACIHPOCTPAHEHUs curHaga) [, (3) XapakTepucTHKa
HCIIO/Ib30BAHMS [IOJIOCH mpoIycKanus fi;, (4) kmacc obcyxkuBanusi (mpuoputer) pij, (D)
XapaKTePUCTHKA YPOBHS 3AIMUTHL IIepejadn JaHHBIX d;;. Takum 06pa3oM mosrydaemM BEKTOPHYIO
xapakrepuctuky V(i,j7), i € ¥, j € O: & = (rij, Bij, fis, Pij» dij)-

[Toaka0ueHne MOJL30BATENIA 1 K TOUKe JOCTyHa j OyaeT 3aJaBaThCsa Oy/aeBOl mepeMeHHON
z;; (r;; = 1 npum mogkmovennu i X j u r;; = 0 B IpOTHBHOM ciydae). Bapuant moaxode-
HUSI MHOXKECTBA T0JIb30BaTeeil U K MHOXKECTBY TOYEK g0cTyna O (T.e., penenue 3a1a4u 110
IO/IK/TIOYEHHUIO T10JIb30BaTEIell K TOUKAM JIOCTYIA) ONPeeisieTcss HabopoM 3HadeHnit OysieBbIx
nepemennsix (Gysesoit marpuueit) X = ||z;l|, i =1,n, j =1, m.

PaccMoTpuM nipaBuia pacyera XapakKTepUCTUK s TOIK/II0UeHus moyb3osarens i (Vi € V)
nocryna j (Vi€ O):

(1) Hagexxnocrs:  1;; = min{r;, r;}.

(2) Paccroguue: ;.
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' | 1, wumeerca npenstcTBue/6apbep,

(3) Tpusnax Gaprepa:  €;; = { 0, IpendaTcTBUS HET.
(4) VInTerpupoBaHHbIil TapaMeTp, 00'be IMHSIONMI 6apbep i paccTOSHIE (Limq, = Max(; ) lij):

0, ecmu ((l;; > Lyas/2)&(e;; = 1)) ,
Bij =14 5, ecmn ((lij < Limas/2)&(e;; = 1)) mma ((Lipaz > lij > Limaz/2)&(e;; = 0)),

10, ecan ((ll] < Lmam/Q)&(eij = 0))
[Tpusnak “cBsi3HocT” 1O [3;;: fﬁ» = { 0, ecmm i =0,

K g 1, wuHaue.

(5) Yposens kiacca 06c/IyKuBanust (IPUOPUTET):  D;j = P;.
(6) TpebGyemasi/BO3MOXKHAs [OJIOCA IPOIYCKAHUS JJIsl COETUHEHUs::  f;; (HA HAYaabHOIL

craguu f;; = f;). PaccmarpuBaiores Tpu cirydas:
(a) mipu pii =1 fi; = fi

1
(6) mpu py; — 2 fij — fis ecmu (max; f; — =30 f;) = fis
iy — e Jiyg T o Lsmop fo o Lsm o A
max; fj m L=j=1 fj7 ecan (man fj m L-j=1 fj) < fzv
1 m
(B) IpH ;. — 3 f _ f27 ) eCJIn (maX] f] o @ j=1 f]) > fza
v LV f. L §m ) f. L §m ) .
max; fj — - Y50, [, ecmn (max; f; — - 00 fi) < fi
Tabsuma 13.7. [lapaMeTpsl ¥ ONUCAHUE ITKAJ
[lapameTp |IIIkasa Ornucanune
Di [1, 3] 1pu 3Ha4YeHnH 1 Bce TpeOOBAaHUS KJIMEHTA JTOJKHBI y/IOBJIETBOPATHCS,
(mosb30- COOTBETCTBYIOIINE MTOIH30BATEN O0OCIYKUBAIOTCS B TIEPBYIO OYEPE/Ib;
BaTEIh) TIpY 3HAYEHUM 2 BO3MOXKHO HCITOJIHL30BAHUE TTOJIOCHI TIPOTTYCKAHWS
B /IBa pas3a yxKe, YeM 3aKa3aHO II0JIb30BATEJIEM, [IPU OOJIBIIONH
3arpy?KeHHOCTHU CeTy TpeOOBaHME M0JIH30BATES
paccmMarpuBaercs B BTOPYIO O4epeab, BO3MOXKHA, IIOHMKEHHAA
HAJEXKHOCTh [1€PeIa9U JAHHBIX;
[IPU 3HAYEHUM 3 BO3MOXKHO IOKJIIOYEHHE 0JIb30BATENIs
npu JIF000H AOCTYIIHOM MOJIOCE MPOILYCKAHUSI.
T [1, 10] IIpU 3Ha4YeHUH 1 BO3MOXKHA HOTEPsT MH(MOPMAIIUS [10JIb30BATES
(mosb30- (mo 20 %, npumep: TPOCMOTD BUAEO-TPAHCIISILIAIA),
BaTEIh) npu 3Hauernn 10 norepst nHGOPMAIWS TTOJIB30BATENST NCKIIOYAETCST
(y II0JIb30BATE/ISA MAKCUMAJIbHbIE Tpe6OBaHI/IH 110 Haﬂe)KHOCTI/I)
r; [1,10] npu 3HaYeHun 1 BO3MOXKHA TIoTeps uHbopmarus (10 20 %),
(Touxa npu 3Ha4veHun 10 norepst mHMOPMANNS TOJIb30BATEIsT UCKIIIOIAETCH.
JIOCTY )
d; [1, 10] npu 3HaveHnn 1 nHMOpPMALMS TOJIH30BATEIST SIBJISIETCST HECEKPETHOM,
(mosnb30- 3HAYEHME D COOTBETCTBYET CPEIHEMY YPOBHIO TPEOOBAHUS 110 3aIIUTE
BATEJID) npu 3Hadernn 10 uadopmanus sBaseTcss KOHDUIEHINAILHOM,
dj [1, 10] [IpY 3HAYEHUM 1 TOYKA JOCTYIIa MMEEeT TPUBHAJbHbBIE MEDbI 3aIUThI,
(rouka npu 3Ha4ueHun 10 TOYKa JOCTYIA UMEET CaMble CTPOTHE
JIOCTY ) MephI 3aIMUTHI JAHHBIX OT B3JOMA.

31ech yuuThiBaeTCs TO, 9TO Tpaduk MoxkeT 6bITh ABYX BUjoB: (i) elastic (cepBuc mosib3o-
BaTeJisl UCIIOJIb3yeT TOJBKO JOCTYIHYIO 10JIOCY mponyckanus), (ii) non-elastic (noabp3oBarennb
uMeeT TPeBOBAHUST K ONPEIEJEHHON 10J10Ce TIPOIYCKAHUS JIJIsl €10 CEPBUCOB).
(7) Ioka3aTesb ypoBHS 3aIUTHI ePeAadn JAHHBIX : d;;. PaccmarpuBatorcs Tpu cirydasi:
dj €CJIn dj > di,
{ 0, ecJin dj < dz;
(6) mpm pi; = 20 dy; — dj, ecmnd; >d;/2,
" ' " 0, ecJin dj < dl/Q,
(B) IIpu p;; = 3: dij = dj.

(a) Ipu pij =1: dij =

d _ O, eCcJin dij = 0,

IIpusuaxk “cegaznoctu” 10 d;;: =
p R 1, wunHave.
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JlonosHuTeIbHO /U1t KAXKI0T0 T0JIb30BaTe sl OlpeiesisieTcst (Ha OCHOBe éiﬁj, fj

CTBO BO3MOXKHBIX JIJIsl TIOJKJIIOYeHUs To4YeK jpocryna: Vi € U Bbiaensiercas O; C ©. OueBugHO,
uyto ipu |O;| = 0, MOIB30BATENH | MOYKET OBITH UCKJIIOUEH U3 JajibHeiinero paccmorpenns. Ha
Puc. 13.6 mamoctpupoBana cxeMa 0O0pabOTKU MCXOTHBIX JaHHBIX.

) IIOAMHOXKe-

{Z.al‘iayi)ziariafiapiadi)} {jaxjuyjuzﬁrﬁfj?pﬁdj?}
| Bl
{ lijarijueijaﬁijvfijapijadijvfiju zdj }
|
CCTJ = (Tijvﬁijafijapijudij

& @

Fig. 13.6. Cxema 06pabOTKH JaHHBIX

Bynem wucnonp3oBarh ciemyoime HaOOP 0OODOIIEHHBIX XapaKTEPUCTUK PEIeHUsT 3aJ1a49u
(HeKWil yIPOIIEHHBII aJINTHBHBIA BADUAHT JIJIsl MCIIOJIb3YEMBIX KPUTEPHER):

(a) obobmennas magexnocTs R(X) = Y7, Y0, 1y wij,

(6) obobmennbIit MapameTp KadecTsa pacnpocTpanenus curnana B(X) = >0, Y, B x4,
(B) 0BobmERHOE KauecTBO UCTMOTB30BAaHNS YaCTOTHOTO crekTpa [(X) = Y0, Y fij @4,
(r) obobmennas xapakrepucruka obcmyxusanus P(X) = 3L, 370 pij Tij,

(1) obobmenHas XapaKTePUCTHKa YPOBHS 3amuThl nepefaan D(X) = 300, Y0, diy x5

B pesysbrate mosiyyaeM BEKTOPHYIO XapaKTE€PUCTHKY pemieHus X :

C(X) = (R(X), B(X), F(X), P(X), D(X)).

Jlasee BBOAATCS OTpaHUYEHUS:

(1) Orpannuenne Ha OJIOCY MPOIYCKAHWS TOYKH JOCTyma j: iy fi; xij < f; Vj € O,
rae fj - MAKCHMYM IIOJIOCHI IIPOITYCKAHUST TOYKA JAOCTYIA J.

(2) OrpanuveHue Ha YUCIO MOJIH30BATEIEHl, KOTOPBIE MOIYT OBITH MOIK/IIOYEHBI K TOYKE
jJocryna j: Y, xy; < ny Vi € O, rme n; - MaKCUMyM 4YHCJIA MOJIb30BaTeNeH g TOYKH
Jocryna j.

(3) Orpanuyenue 1O MOJAKJIIOUEHUIO TOTH30BATEISI K TOYKAM JIOCTYIA (37€Ch MpPeIo/iara-
eTcsl, 9TO KaxK/[blil MOTb30BATeNb TIOK/II0YAETCA TOMBKO K OJTHOM TOUKe J10cTyma): Y0l Ty <
1 View.

Takum 06pa30oM, MOJyIAETCs CJIEIYIONAasi MHOTOKPUTEPHAIbHAS 331394

max R(X) = i > rijx, max B(X) = i > Bij i

i=1 j€O, i=1 j€O,
n n

max F(X)= > > fijxzy, max P(X)= > > piy zy,
i=1 j€o, i=1 j€O;

n

max D(X) = Z Z dij T4

=1 je@i

s.t. Z fij l’l’jgfj Vje@, Z l’l'jgnj Vje@, Z .szgl V’iE\II,

i=1 i=1 JEO;

z;; € {0,1}, Vi=1n, Vj=1m, ;=0 Vi=1n, je{O\06,}.
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13.3.3 Cxewma perneHnd

[TostyuuBinasicss MHOTOKpUTEpUaJbHast 0000IeHHAs 3a/ia4a O Ha3HAYeHWH (Pa3MEINEHUH) OT-
HOocuTCs K Kjaccy NP-tpymubix 3aza4u [205]. [Ipu moBejieHun pacyeToB UCHOJIB30BAIACH JBYX-
STalHAas YBPUCTUKA:

(i) ynporenue 3a1a41 Ha OCHOBE OTOOPAKEHNsT BEKTOPA XaPAKTEPUCTUK COeJIMHEHUs “[0JIb-
30BaTeb - TOUKA JOCTYHa” K MOPSIKOBOM OleHKe (HA OCHOBE MHOTOKPUTEPHAIBHOTO DAHKHU-
pOBaHHs C WCIOJb30BaHAEM BapuaHTa MeTona noporos HecpasuuMoctn ELECTRE |26, 362|),

(ii) penenme MOy IMBIIEiics OMHOKPUATEPHATBHOI 3a1a49H 0 HA3HAYEHUH HA OCHOBE YKAHOTO
AJITOPUTMA;

Cremyer OTMETHTD, 94TO UCCJIeLyeMasl 3a/1a49a, TMOAKII0YEHNs T10/Ib30BaTe el MMeeT MUPOKOe
HPUMEHEHWe JUUIsl JMHAMUYEeCKIX PEKMMOB paboThl KOMMYHUKAIMOHHbIX cerei (T.e., Ad Hoc ce-
TH, MOOUJIbHBIE CeTH, mesh ceTn) u Jyisi peleHns pacCMaTpruBaeMoil 3aaun UMeeTCsl KpaiiHe
OTpaHMYEHHBI! BpeMeHHOU MHTepBaJ. Takas cuTyalus IPUBOIUT K HEOOXOIUMOCTH MCIIOJIb30-
BaHWs OYEHb OBICTPHIX IBPUCTHUK (THUIA YKATHBIX AJTOPUTMOB).

13.3.4 YwucaeHHBII IpUMEP

[Tpumep Bkitouaer 30 nosb3oBaresedr u 6 rouek jgocryna (Puc. 13.7). Ucxonnbie panubie 110
TOYKaAM JIOCTyIA ¥ 10JIib30BaTessiM npejcrapienbl B Tabuune 13.8 u Tadaune 13.9.

Taoauna 13.8. Touku gocryma Tabsuma 13.9. I[lonb3oBaTenn
g x() (yG) [2() [ fG) | nG) |rG) |dG) || ¢ =) [y(@) [2(0) | f(@) |p() |r(i) |d(i)
1 |50 157/ 10]30] 4 [10] 10 1 [30]165] 5 10 2] 538
2 1150|165 10 | 30| 5 | 15| 8 2 |58 (174! 5 | 5| 1] 9|6
3 1 720102]10 21| 6 |10 9 318 [156| 06| 1168
4 |140 112110 21| 5 | 8 | 8 4 1110169 5 | 7|1 2| 5 | 6
5 145 5210|3510 | 10 | 10 5 1450181 3 | 5| 2 | 4 | 6
6 | 147|471 10|30 | 5 | 15| 7 6 170|161 5 | 7 | 2 | 4 | 7
7 1231136 7|6 | 2| 7| 6
8 |52 (134 5 | 6 | 1|8 | 7
Touka ITpemsaT- HOHbBOBaTeI{I/I 9 85 | 134 3 6 1 7 7
JOCTYNa  crBue 10 | 120 | 140 | 6 4 2 6 8
/ @ 11 1150|136 3 | 6 | 2 | 7 | 8
/ 12117501125 1 | 8 | 3 | 5 | 6
\ % 131271109 7| 8| 3| 5 | 8
b7 ® 14550105 2 | 712 |10 6
1 % 6 1519818 | 3 |10] 1 |10] 7
T @ 10 16 (107|115 4 | 7 | 1| 7 |10
1 171127095 5 | 71 2| 5|7
@ %3 9 % 18 1160/104] 5| 9] 2] 415
19 18391 | 4 | 4 | 3| 5 | 7
® % 20125165 2 7131516
1 1 4 ol | 52|81 | 1 10| 1 | 8|10
5 17 ® 218166 | 4 |14 2] 3|7
@ ® 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 | 73] 3|7
5 24 6 271 23|31 | 4 | 8 | 1| 7|6
O ® 6 @ 2165125 7161|2198
27 5% 30 20193139 1 10| 1]10] 9
Puc. 13.7. Ucxonnwiit mpumep 30 [ 17226 | 2 | 10 | 2 7 6

Paccunrannsie napaMeprl conepxkarca B Tabmume 13.10, Tabmune 13.11, Tabaume 13.12,
Tabsume 13.13. BekTopbt (5”, &) (rabmuma 13.12) ompenensor MHOKecTBa ©;, (i = 1,n):
0, = {1,3,5}, ©, =1{1,2,3,5}, O3 = {1,2,3,4,5}, ©, ={1,2,3,4}, O5 = {2,4}, O =
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{2,4,6}, ©; ={1,3,5}, ©s ={1,3,4,5}, ©9 ={1,2,3,4,5,6}, ©19=1{1,2,3,4,5,6}, O =
{2,3,4,5,6}, ©12 = {2,3,4,5,6}, O3 = {1,3,4,5}, O14 = {1,3,4,5}, O15 = {1,3,4,5,6},
O1s = {1,5}, ©17 ={2,3,4,5,6}, O15 = {2,3,4,5,6}, O ={2,3,4,6}, Oy ={1,3,4,5},
O9 = {1,5}, O = {1,3,4,5,6}, Oo3 = {1,3,5}, O = {3,4,5,6}, Oo = {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 uHTerpnpOBaHHBIX IOKa3aTeeil COOTBeTCTBUA C;; (Tabiauma 13.14) ocymecTBisercs
3a cder 0TOOpaXKeHHsl BEKTOPO# omeHKH ¢;; (Tabuuma 13.13) ma mopsakosywo mkamy [1,3] (5
COOTBETCTBYET HAHMJIYYIIEMY YPOBHIO COOTBETCTBHS, MCIIOJb3YETCS MHOIOKDHTEPUATHHOE DAH-
JKUpoBaHue Ha ocHoBe Mogudukanus meroqa ELECTRE (26, 362|). Jomonnutensro, B Tabauie
13.13 yurenst muoxkectBa {O;} (1.e., ¢; =0ecm j € {O\ O;}).

Takum 06pazom mosrydaercs: U periaercst ynpomiennast (simplified) 3aga4a o Hasnavennu (c
OJIHMM HMHTETPHPOBAHHBIM KPHUTEPUEM, KayK bl OTb30BATEb MOXKET MOAKIIOIATHCS TOJBKO K
OJTHO¥ TOYKe JOCTYTA):

n
max 32 Y &

i=1 jE€O,;

s.t. Z fij {L‘ijgfj Vi € 0, Z xijgnj Vi € 0O, Z l‘Z]Sl Vi e v,

i=1 i=1 JjEB;

SL’ije{O,l}, VZ:L—R,\V/.]:Lm, .CL’Z‘J‘:O, V’lzl,—n,jE{@\@z}

Pesysbrarsr pemenus 3aga4u (T.€., BADUAHT TIO/KJIIOYEHUSs M0JIh30BaTe/ el K TOUKAM JOCTYIIA)
npejacrasiensl Ha Puc. 13.8 u B Tabaune 13.15.

13.3.5 ObcyxaeHue

[TpeacraBiiennplii B paboTe IMOAXO0J, SBJISETCA II€PBBIM IIATOM B MCIOJb30BAHUU MHOTOKPHTE-
pPHAJBHBIX KOMOMHATOPHBIX MOJE/eil IPH MOJK/IIOUEHHH T10JIb30BATe el K TeJTeKOMMYHUKAIH-
ounoii cern. OCHOBHOEe BHUMaHHE OBLIO yEeJeHO HOBOW IIOCTAHOBKE 334 U CXeMe PEeIIeHHs.
OueBUHO, UTO CJIEAyeT IPOBECTH JAJbHEHIINe UCCIeI0BAHUS:

1. B obsractu mocTaHOBKYM 3a1a4u:

(1) Yrounenune moCTaHOBKU: (a) COCTAB M IPABUJIA HepecyYeTa MapaMeTPOB II0JIb30BaTe el
¥ TOYEK JIOCTYyIIa, MHTErPUPOBAHHBIX [IOKa3aTeIell, IIpaBu/ia, HAIIPUMEDP, HHTeIPUPOBAHHBIE T10-
kazarenn (6apbep-paccrosiuue (3;;), IOKa3aTel KauecTBa pacIpocTpanenus curaasos (fi;); (6)
MHOKECTBO KPUTEPUEB, (B) MHOKECTBO OrpaHUYEHUI;

(2) BO3MOXKHOCTH NMPUMEHEHHUs] JPYIUX PEKUMOB YIPABJIEHUsI, HAPUMED: MHOTOMIAIOBBIE
(multi-hop) cxembr cBsi3u, pexum P2P;

(3) yuer MOOUIBHOCTH TOYEK JOCTYIIA;

(4) yuer pekuma pacIIMpeHHsi MHOXKECTBa MOJIb30oBaTesied (T.€., MOIKIIOYEHHE JTOTOTHN-
TEeJILHBIX TOJIb30BaTeNIell B mponecce paboThl CHCTEMBI );

(5) pacuupenue UCIOJb30BAHHON MOCTAHOBKU 334l HA OCHOBE BO3MOXKHOCTHU MOJKJIIOYe-
HUs KaXKJIOTO [OJIb30BaTe/s K HECKOJIBKAM TOYKAM JIOCTYIIA.

2. B obsaactu momeseii:

(1) ucnonp3oBanue 6ojiee CJIOKHBIX ONTUMUANUOHHBIX MOJEEH ¢ y4eTOM HEOPeIeIeHHO-
CTH, HAIIPUMED, MOJEJN Ha OCHOBE PAa3MBITHIX MHOXKECTB, MOJEIH CTOXACTHIECKOH ONTUMU3A-
nuu;

(2) yuer B3anMoCBsi3u “coceiHUX” MOAKIIOUEHUH (1)1 yueTa BO3MOKHBIX KOJITH3UI, B3anM-
HOTO BJIMSIHUS), HAIIPAMED, HA OCHOBE 33/[a4¥ KBAIPATHIHOTO HAZHAYEHUS] WU TOIXO0/IA Hepap-
XHYECKOr0 MOPGOIOrIYecKOTO MPOEKTUPOBaHUs (T.€., 331a4i MOP(MOJOTHIECKON KIIUKH).
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Tab6suna 13.10. Matpuna paccrosauit ||1;;|

Touku pocryna ]

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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13.3. IIOJIKJIFOYEHUE I10JIb3OBATEJIE K TOYKAM JIOCTYIIA

3. B obiacti Mero/IoB pelieHust: Pean3alus CepUy CxeM pelienus (BKJIo4Yas nepeGopHble

ME€TOAbl, 'eHETUYECKUE aJIrOPUTMBbI, MeTa-SBpI/ICTI/IKH) u 1IpoBeJ/ieHne CpaBHUTEJIbHBIX BbIYXUC/IN-

TEJBbHBIX IKCIIEPUMEHTOB Ha OCHOBE CIE€IUAJIbHBIX TECTOBBIX YHCJ/IOBBIX IIPUMEPOB.

il

Tabuuma 13.12. Marpuna BeKTOpoB ||(££, &

Ta6auna 13.11. Marpuna ||e;;||

Touku gocryna j
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OO ™" rArA O rArA A rAr—A A rArdr—Ar—A rAr—A A rAr— o r— — — — — —

HrA A A OO A rdArA A r4ArArA r4Ar4 A rA rA4A A A rA A A A A O — O

OrArdA A OO A A1 OO0 A A1 100000000 O

rfrAdrdrd A A A A A A A A A A A A A A A A A e e e o e e e

HrA A A OO A A A OO A A" 1 OO O A" OO — O

N 0 OO M DO~ D
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Touku jocryna j

A O AT O A" T OO O A0 0O A0 OO —A——O

OO 10O 0O OO0 OO0 O —A—" OO

A O A A O AT O OO0 OO0 O OO OOOOO 1O O OO OoO O

OO0 00000000 OO0 OO O OO O

—HOOOOO A rdArA rArArdArd rAr4ArA A rAr4 S r— v ™ — — — — —

OO A A A —1 OO A A A A0 A A A A 10000 A" —"1OOO
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30

28
Puc. 13.8. IlogkaoyeHne moJib3oBaTesieit
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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 Tlepepavya myjabTuMeanitHON MHMpOpMaIUn

13.4.1 CranaapTsl

Ha Puc. 13.9 npencraBiena cxema o6paboTku MHGMOPMAIUK: @ - BHJIEO CUTHAJ, b - 3BYKOBOIA
(aynmo) curHas, ¢ - CUTHAJ CUHXDOHW3ANUM, d - TECTOBBIH CUTHAJ. DTa CXeMa HCIOJIb3yeTCs
Kak 6a30Basi JIJIs MPOIECCa CTAHAAPTU3AIMA (TIPHEMHAS YaCTh UMEET aHAJOTHYHYI0 WHBEPCHYIO
CTPYKTYDY JUJIsl JIEKOAMPOBAHMUSI / IEKOMIIPECCHH ).

Koxguposanne
(Bmmeo)

—

Mynpruniekcop

(cwmxponMzanms)[ |

[Takerupo-
BaHUeE

Hi

Komuposanue
(ayawo)

|

Puc. 13.9. Cxema ob6paboTku uHpOpMaIUn

Ananm3 oCHOBHBIX TpeOOBaHUiT K Tpolieccy 00paboTKu WHGOPMAIME OCHOBBIBAETCS HA CJIe-

JIYIOIIeM:
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I. Ncxonubie maHHbIe (ay/auo, BUJEO, JIAHHbIE CHHXPOHU3AIMH, CHHTETHYECKash WHGOD-
Manys).
IT. O6pa6Gorka (KoAMpOBaHUE, TIEPeIAYa 110 CETH, JEKOIUPOBAHNE).
IT1. PesynbTupyiomnume JaHHbIE (JJisi CUCTEM IMOJIH30BATEIsI: YeJIOBEK, MPUKJIIHAS CU-
creMa).
Takum obpazom, TpebOBaHKUSI MOXKHO PACCMATPUBATH C YIETOM CJIEILYIOIIEro:
1. O6bekT (r.€., JaHHBIE OIPEEJEHHOTO THIIA, [TPOLECC).
2. BazoBas ToYKa JJist aHaau3a (T.€., CTajiusl YIOMSIHYTOrO UK 00paboTKi HH(MOPMAIHH:
BXOJIHAsI YACTh, BHIXOJIHAS YACTh, IPOMEKYTOUHAS] TEXHOJIOTHYECKAs YACTh).
JlonoTHATEIbHO, 1e/1eC006pa3Ho yKa3aTh Kaaccudukanuo ganubix: (1) Buj JaHHBIX (aHA-
Jiorosbie, nudpossie), (ii) BpeMeHHON pexkuM (peasibHOe BpeMsi, He-PeajibHOe BpeMsl).
B obmmem citydae, aBa Tumna TpeboBaHUN MCCIIELYIOTCS:
1. KauectBo pe3ysnbraToB (T.e., pe3yiabrupyomas nHdopMarms).
2. 3arparbl (CTOMMOCTD, OLEHKHM BPEMEHH W JIP.).
KauectBo pesyibrupyoineii KapTUHKM MOY»KHO OCHOBBIBATH Ha, CJIeAyHOIEeM: Ko3MduiuueHr
PSNR, 3ajep:kKa, OMMOKY, JIATEHTHOCTD, TOTEPH (T.€., OTEPH IIAKETOB, MOTEPH KAJIPOB).
C TOYKHU 3peHus TUIOBBIX MU3MEHEHHII MOXKHO PAcCMaTPUBATh ONEpAlNd U3MEHEeHHUs U Tpe-
6OBaHI/IH K 9THUM OIlepaludaM:
I. [Tone3nocts oneparuii:
1.1 KagecTBO BBIXOJA.
1.2 Yposenb TpeboBaHUs K BXOJLY.
1.3 YpoBeHb TpebOBaHUs K TEXHOJOTMYECKUX CTaausM (T.e., KOTUPOBAHHE,
nepejiaya mo CeTu, JeKOUPOBAHME).
I1. 'CroumocTs’ omneparwuii:
2.1 Tpebyembriit jonosiaurenbubiit HP.
2.2 Tpebyemasi JIOIOTHUTEIbHASI pa3pabOTKa MPOrPaMMHOI0 00ecIedeHus.
2.8 Tpebyemasi 10TIOTHATEIbHAST PA3PAa00TKA SJEKTPOHUKH.
2.4 CH02KHOCTH JOMOJHATEHLHOIO TAla IPOU3BOACTBA.
2.5 1lpocToTra peanu3anuu B paMKaX CYIIEeCTBYIONINX TEXHOJIOTHIA.
B paMkax JaHHOrO MCCJIeJOBaHUS paccMaTpuBaercs Junus cranmapros MPEG [131, 192,
320, 571|. Tlpu 5TOM OCHOBHASI MENOYKA SBOJIOIUHI CJIEYIOIIASL:
JPEG = MPEG-1 = MPEG-2 = MPEG-4.
CrpyKTypHBIE ONUCAHWS CTAHIAPTOB IIPU 00pabOTKe BHIE0 MHMOPMAIMU MUMEIOT CJIeLyI0-
mue Bug (Puc. 13.10):

I. O6Gmmasa yacrsh:

1.1. ITpukaadnoti yposenn: (Bumeo renedonus, sumeo koudepennuu, digital broadcast, ka-
O0enbHOE U ciiyTHHKOBOe TV, Buzeo oociayxuanue o cetu, DVD, DV camcorders, nepconaib-
HBIl CTPUMMUHT U JP.).

1.2. Peotcum Kavecmsa no 8pemery u KapmuHKe

1.2.1. Bpemennoti pesrcum: 3anepxka: 0.15 cex musg “face-to-face”, 1.0 cex mis “interactive”.

1.2.2. Kauecmso xapmurku: XOpOIIee KauyeCTBO, HU3KOe KadeCTBO.

1.3. @opmam

1.3.1. Pezomouuas.

1.3.2. I[leemosas dexomnosuyus: (luminance, chrominance).

1.4. Basosvie onepayuu

1.4.1. Tpancgopmayua.

1.4.2. Bocnpoussedenue/ceoticmea

1.4.3. Cmpummune BUIEO, ayJIW0, CUHXPOHU3AIMS, CTPUMMUHT JaHHBIX, TECTHPOBAHUE,
yIpaBJieHue).
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I1. KogupoBauune/cxxatue
2.1. Basosvie KomMnoHeHmol
2.1.1. Budeo xoduposanue (meroubl Tpancdopmaryu B nudpoBoii Kou).
2.1.2. Ouenka dsusicenus (motion estimation) (BexTop u T.IL.).
2.1.8. Kodupyrowas cmpyxmypa (rpynna kaptuaok (group of pictures GOP)).
2.2. Ilpunyuns u cmpyxmypa
2.2.1. Ipuryuno.:
2.2.1.1. Baok dexomno3uyuy
2.2.1.2. Ckanuposarue
2.2.2. Cmpyxmypa (6a30Bas cxeMa 00pabOTKH, PACIINPEHHAs cXeMa 00pabOTKH, 'OTKPHITAsI
CTPYKTYpa’, BKJIIOUasi TPAHCKOJAMPOBAHHUE).
2.3. Anzopummo.

AJtropuT™Mbl B JAHHOM MCCJI€I0BAHUN, B OCHOBHOM, HE PACCMaTPHBAIOTCS.

Konuposauue &
CKaTHE

YDOBEHE Oneparun Asrropur™mbr

Bpewms/®opmar Baszosbre CTPyKTYpa
Ka4yeCTBO KOMIIOHEHTBHI
KAPTUHKNA

Puc. 13.10. O6mas crpykrypa crangapra

Tenepb moxkHO paccmoTperhb crangapThl MPEG Ha ocHOBe mpuBeIeHHBIX CTPYKTYP:

Onucanne MPEG-1

I. O6mmaga gacrs:

1.1. ITpukaadnoti yposens: (a) GuroBasi CKOpOCTh nepenaun JaHHbX (bit rate): 64 Kéur /
cex ... 2 Mour / cex, (b) mudposas 3anomuunaromast cpeia (digital media storage), (¢) komubio-
TE€pHbl€e 1 KOMMYHUKaIIlUOHHbIE CETH.

1.2. Pesicum xauecmea no epemenu u kapmunke: 1.2.1. Bpemennot pescum: 3aJepiKKa.
1.2.2. Kavecmeo kapmunku: 6e3 OMUOKU, HU3KUl YPOBEHb Ka4eCTBa.

1.3. @opmam: 1.3.1. Peszoaroyusa: uuskas pesomorus (CIF, QCIF). 1.3.2. I[eemosas
dexomnosuyus (no obpasuyam): 4:2:0

1.4. Basoswie oneparyuu

1.4.1. Tpancgpopmayua: (a) aymuo undopmanus, (b) madopmamst 0 JBHKYIIUXCS Kap-
tuHKax (moving picture information), (¢) komGunarmst ayauo/Buaeo nadopmanuu (CHCTeMHBII
YDOBEHb).

1.4.2. Bocnpoussedenue/ceoticmea: (1) caydaiiubiii goctyi, (2) GbICTpBI MOMCK B mpsi-
MoM /obparroM Hampasienuu (fast forward /reverse search), (3) pesepcusrHoe Bocnpon3Beienue
(reverse playback), (4) aymmo/Bumeo cunxpornzanus, (5) ycroitunBocTs K omubkam (good error
behavior), (6) 3agepxkka, (7) pexaktuposanue, (8) dopmar, (9) perynruposanue ckopoctu (rate
control).

1.4.3. Cmpummune: ayamo, BUIEO, CHHXPOHU3AIMs, CUCTEMHBIIl CTPUM, MPOTPAMMHBIH
CTPUM.

I1. KogupoBauue/cxxarue

2.1. Basosvie Komnorenmol

2.1.1. Budeo xoduposarue: TPaHCKOAUPOBAHUE: KOTUPOBAHUE CTPYKTYPHI KOI(MDDHUIUEHTOB
CJIOBAMY TIEPEMEHHON JIJIMHBI.
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2.1.2. Ouenku deusicenua (motion estimation): or —1024 mo 1023 nosynukceseit or —512
10 511.5 nukcesneii.

2.1.8. Kodupyrowas cmpyxmypa: (a) BHyTpu Kajpa: | (3aKoJupOBAHO BHYTPH KapTUHKH
- intrapicture coded), (b) mexay kagpamu: P (3aKoqupoBaHO € HCIOJIH30BAHWEM MPOIHO3A
KOMITeHCanuu JiBikenns, (¢) B (3akoguposano na ocHose [ u P), (d) D (B mensix HaxoxaeHuUst
upu ObicTpoM Toucke). 2.2. Ilpunyunv, u cmpykmypa

2.2.1. Ipunyunw: (a) mOCI€I0BATEIBHOCT (3ArOTOBOK MHUIMAIM3UPYET COCTOSTHUE JIe-
kozepa), (b) rpynna kapruuok (Touka ciywaiinoro gocryna), (¢) kapruuka (oauH Kazap), (d)
KBaHT BpeMeHH (pecuHXpoHm3anusi), (e) Makpobsok (16 X 16 KapTHHKA).

2.2.1.1. Baox dexomnosuyuu: 16 x 16 (Makpo-6s10k), 8 X 8 (6710K).
2.2.1.2. Crxanuposarue: TPOTPECCUBHOE CKAHWUpOBaHue (zigzag).

2.2.2. Cmpykmypa: npensapuTesbHas 06paboTKa, KOAMPOBAHUE, KOJUPOBAHUE, TIOCIEILYI0-
mast 06paborka (post-processing) OTKPBITHL JJist yIy4llieHust (IPUOPUTET JJisl IEPEIavu BUIEO0
uHGOpMAIUH).

2.3. AnecopummoL.

Omucanne MPEG-2

I. O6maga 4acTh:

1.1. Hpukaadnoti yposenn: (a) GuroBas CKOPOCTH Iepejadu JaHHbIX; 4 Mour / cex ...
80 M6wur / cex, (b) mudposoe TV, BriCOKOKaUeCTBEHHAsI 3aIIOMUHAIOIIAS CPeia, KabeabHoe u
cnyTHUKOBOe TV, BHIe000C/IyKUBaHUE TI0 CETH.

1.2. Peosicum kavecmea no epemeny U KapmuHKe

1.2.1. Bpemennoti peostcum: peasibHOe BpeMs, HeOosbias 3aaepxkka H00...700 mcek, 3amepxK-
Ka MeKJIy ayauo u Bujeo curnajgamu =~ 300 mcex.

1.2.2. Kanecmeso kapmurkuy: XOpoIlee KadueCTBO i 0a30BBIX PEXKHUMOB: BBISIBJIEHHE OIIH-
00K, PECHHXPOHH3ALNUs, BOCCTAHOBJICHHNE JTAHHBIX.

1.3. @opmam: 1.3.1. Pesomoyus: CIF, QCIF, moansiit D1, mony - D1, HD'TV, Bbicokas
pesomonus (NTSC, PAL). 1.3.2. I[eemosas dexomnosuyus (no obpasuam):  4:2:0, 4:2:2)
4:4:4 (151 BBICOKOrO 1poduist).

1.4. Basosvie onepayuu

1.4.1. Tpancgopmayus: (i) Komuposanue: (a) aynuo undopmanus, (b) asuxkymuecs: kap-
tuHKY (moving picture information), (¢) xomMbunanus aynuo/Bugeo uHGOPMAIUN (CUCTEMHBII
YDOBEHB ).

(i1) nmudposoit Jonbu (Dolby Digital), DVD 16 x 9 (TV) & macmrabupyemocts: SNR
(kayecTBO), HPOCTPAHCTBEHHBIN, BPEMEHHOIA.

1.4.2. Bocnpouseedenue/ceoticmea: (1) cayuaiinbiit gocryn, (2) GbITCpbI HOUCK B IIpsi-
MoM/obpaTHoM Hanpasienuu, (3) obparHoe BocrmpousBeeHue, (4) ayano/BUIE0 CHHXPOHHU3A-
uus, (5) yeroitunBocts k omubkam, (6) 3anepxka, (7) pegakruposanue, (8) dopmar, (9) pery-
JmpoBanue ckopocty, (10) mMacmrabupyeMocTb.

JlonosHenusi: COBMECTHMOCTD, BKJIIOYasl 66epx/6Hu3 (TPAHCKOIMPOBAHWE Da3perieHws ),
eneped/Hazad.

1.4.3. Cmpummun2: BUIEO, ayaAMO, CUCTEMbI, CAHXPOHU3AILNSI, TECTUPOBAHUE, YIIPABIEHUE
nudpoBoit 3anomMuHaloieil cpejioil, nutepdeiic peaTbHOrO0 BpEMEH! U TPAHCIOPTHHIN MOTOK.

Honosaurenbro: Mapkep pecuHXpoHU3anuu (B HAUaJe KayKI0r0 Kajpa).

I1. KogupoBaumue/cxarue

2.1. Basoswvie KoMnoHeHmol

2.1.1. Budeo xoduposanue: Hosbie VLC-rabumpt qyist DCT (uenuueitnsiit). Komnercarust
JIBHMZKEHUsI KaJipa,/06/1acTh.

2.1.2. Ouenku deusicenua (motion estimation):

(a) or —2048 mo 2047.5 mosymukceneii, ot —1024 mo 1023 mukcesneii.
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(b) BekTOp JBUKEHUs JIst Kajpa/obacTy.

2.1.8. Kodupyrowaa cmpyxmypa: (a) BHyTpH Kajapa: | (3aKomupoBaHo BHYTPH KapTHHKH),
(b) mex 1y kampamu: P (3aK0JMpPOBAHO € UCIOTH30BAHIEM MPOTHO3a KOMIIEHCAIINH JIBUYKEHHUS ),
(c) B (3akomupoBano ua ocuose I u P), (d) D (B measx HaXoXKJAeHHs IPU OBICTPOM TIOUCKE).

2.2. Ilpunyuns u cmpyxmypa

2.2.1. Hpunyunw: 2.2.1.1. Jlexomnosuyusa 6aokos: 8 X 8. 2.2.1.2. Ckanuposanue: Tpo-
IPECCUBHOE CKaHUPOBaHUe (zigzag) / depeccTpouHOe CKAaHHPOBAHHE.

2.2.2. Cmpyxmypa: nupeasapurTe/bHas 00pabOTKa, KOAUPOBAHNUE, KOJAUPOBAHKE, MOC/IELY0-
masi 06paborka (post-processing) OTKPBITHI JJisl yIy4iieHust (IPUOPUTET JJIsi IEPEIAvn BUIEO0
nHopMann).

2.3. Anzopumamot.

Omnucanne MPEG-4

I. O6mmaga gacrse:

1.1. IIpuksadnoti yposensv: (a) Guroasi CKOPOCTH Hepeaaun nanubix: 24 Koum / cex ... 1024
Ko6um / cex, (b) DVD, nudporoii kabenn,3amucsiBatonias sugeokavepa, WEB (nepconasbubiii
CTPUMMUHT), 3aIUTa IPUIOKEHUH, HHTEPAKTHBHBINA PEZKUM.

1.2. Peoscum Kauecmsa no epemenu u kapmunke: 1.2.1. Bpemennot pestcum: 3aaePrKKa
500...700 mcek. 1.2.2. Kawecmeo kapmunku: TepeMeHHOe (3aBUCHT OT MCIOJIb3XOBAHUS).

1.3. @opmam: 1.3.1. Pezoaroyusa: ot cyo-QCIF x 'Studio’. 1.3.2. [[semosas dexomnozuyus
(no obpasuyam): 4:2:0, 4:2:2, 4:4:4.

1.4. Basoswvie onepayuu

1.4.1. Tpancghopmayus

1.4.2. Bocnpouseedenue/ceoticmea: (1) caydaitasie pocrym, (2) GBICTDBIA HOMCK B mpsi-
MOM/006paTHOM HAampaBieHnH, (3) peBepcUBHOEe BONpousBenenue, (4) ayamo/BuUaeo CHHXPOHU-
3anus, (5) ycroitumBocTh K ommbkaM, (6) 3amep:xkka, (7) pemakruposanume, (8) dbopmart, (9)
peryaupoBanue ckopoctd, (10) macmrrabupyeMocts Ha 6a3e 00BHEKTOB.

1.4.3. Cmpummune: (a) 1aHHBIE CTDUMMHUHIA, MYJbTHILIEKCHDOBHHE U CHHXPOHU3AIUST A H-
HBIX, CBI3aHHBIX ¢ MeJIUHHBIME OObeKTamH, (b) II0TOKM peasbHOrO BpeMeHH, (C) HO3UIMsT Map-
Kepa PECHHXPOHU3XAIMH - JI00ast (3a/epKKa MeKJIy ayauo- u Bugeocuraagom ~ 300 mcek).

II. KogupoBauune/cxxatue

2.1. Basosvie KomnoHeHmol

2.1.1. Budeokoduposanue: (a) BO3MOXKHOCTH MCIOJB30BaTh VLC-TabJuUIbl J1JIs HAXOXK JIe-
Hust omu6oK, (b) BO3MOXKHOCTH KOJAMPOBAHUSI €CTECTBEHHBIX U CHHTE3WPOBAHHBIX JAHHBIX, (C)
BBICOKAsI THOKOCTh KOJMPOBAHUS ayIHO- U BHIE000HEKTOB.

2.1.2. Ouenku deusicenus (motion estimation):

2.1.5. Kodupyrowaa cmpykmypa:

2.2, [lpunyunv, u cmpykmypa

2.2.1. IIpunyunw:  2.2.1.1. Baounaa dexomnosuyua: Ha ocHoBe o6bekToB (VOB). 2.2.1.2.
Cranuposanue:

2.2.2. Cmpyxmypa: pa3jeieHue JAHHBIX JBUMKEHUE U TeKCTa (nmpuopuTeT 00pabOTKM st
KaKJIOT0 KaJIipa).

2.3. Aszopummol: AITOPUTMBI MOTYT BKJIFOYATH CIIENUAJIbHBIE PEXKUMBI /IS CJIeYIOIIEro:
1. cueHbl, TPyNNs JI0Aei; 2. rpaduKa, TEKCT, PUCYHKH.

13.4.2 UN3meHeHUs CTaHIAPTOB

Tenepb MOXKHO yKa3aTh OCHOBHBIE TE€HJIEHIINM B PA3BUTHU CTAaHIAPTOB 00pabOTKM MYT/IbTHME-
auitHoOM mHMOpPMaIUN:
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1. Pacmupenune npuioxenuii: (a) 3anomuHamomas cpeaa, (b) Bemanue, broadcast, (c)
WEB-npuioxenusi. B Toxke BpeMmsi, : MOXKHO yKa3aTh 2-10 JIMHUIO Pa3BUTHS 110 BPEMEHHbBIM
pexknmam: pexxkum off line, pexkum on-line (peasbHOe BpeMsi), HHTEPAKTHBHBINA PEXKIM.

2. YMeHbIIeHne 3aePKKH.

3. Viyumenue KadecTBa:

3.1. YmMenblieHue onmdOK.
3.2. Ynydienue pe30JTIONui.
3.8. Ynydimenne KadeCTBO CUHXPOHU3AIIAH.

4. Obecnedenne JOMOTHUTETbHBIX TPUTIOKEHUI: NOUCK, APTUBUPOBAHUE, UHIEKCAUUA, MYAD-
mumedulinvie 6a3v. 0AGHHBLT.

Tenepsb MOXKHO yKa3aTh U3MEHEHUs CTaHIAPTOB:

N3zmenenuns: MPEG-1 — MPEG-2

I. O6maga yacTh:

1.1. Ilpukaradrnoti yposenn: nudposoe TV, BBICOKOKAYECTBEHHOE XPAHEHUE ay/IN0- BUICOMH-
dopmaiuu, kabesbHoe/ciyTHUKOBOE TV, BUI0-CEPBUC, BBICOKOKAYECTBEHHAS TIepeiada ayIuo-
undopmanuu, 6uroBasi ckopocrb nepegadn ganubix (MP3, crepeo u ap.): 4 M6ur / cek ... 80
M6ur / cek.

1.2. Peoicum Kavwecmsa no 8pemery u KapmuHKe

1.2.1. Bpemennoti pestcum:

(i) mm3kas 3azepxka (or 0.15 1o menee vem 0.15 mas F2F),

(ii) 3amepkKa B peasbHOM BpeMenu ot 1 cex 10 MeHee yeM 0.4 j1J1s MTHTEPAKTHBHOTO PEXKUMA.

1.2.2. Kauecmeo wapmunku: (a) Xopoliee KauecTBO KapTuHKH, (b) clenuajibHbie pexKuMbI
CIOCOOHOCTH CHUCTEMBI TPOTUBOCTOSTH OIUOKAM.

1.3. @opmam:

1.3.1. Pezoaroyua: D1, nomy-D1, HDTV.

1.3.2. Ilsemosas dexomnosuyus (no obpasuam): 4 : 2 : 2 (11 Pa3NUIHBIX YPOBHEH u
npodueit KadecTna).

1.4. Basoswvie onepayuu

1.4.1. Tpanchopmayus: macurrabupyemocts (2/3 ypoBHs).

1.4.2. Bocnpoussedenue/ ceotlicmea: BBepxX/BHU3 (TPAHCKOMPOBAHWE DA3DEIICHNUs]).

1.4.3. Cmpummune: (1) TectupoBanue, (2) ynpasienue mudpoBoii 3aTOMIHAIONIER CpeIoi,
(3) mMuTaIms TporpaMMHOTO obecniedenus, (4) uaTepdeiic peasbHOTO BpeMeHH, (5) TpaHCTIOPT-
HbIii m0TOK, (6) 10 6GuToBOE BHIEO (CTYAMiTHOE KAUECTRO).

II. KogupoBaumue/cxarue

2.1. Basoswvie KoMnoHeHmol

2.1.1 Budeo xoduposarue: (a) Tabauia HeJUHEHHONH KBAHTH(MDUKAIMA C TOBBIIIEHHONW TOY-
HOCTBIO JIJIsl MaJIbiX 3Hadenuii, (b) asprenarusnoe ckanuposanue st kKoadduuuenra DCT, (c)
MV: —2048...2047.5 nosynukcesneii, (d) noBeie VLC-rabimupt s koaddunuenros DCT, (e)
ckanupoBanue kKajapa/obsactu miss DCT u MV, (f) ne D-kaapsi.

2.1.2 Kodupyrouwas cmpykmypa: IBOWHAS KOMIEHCAIMs OCHOBHOTO JBH:KeHus (s P-
Ka/[POB).

2.2. IIpunyunv, u cmpyxmypa

2.2.1 IIpuryunot

2.2.1.1 Baownasa dexomnosuyus: B MacmrTade: 1 X 1,2 X 2, 4 x 4.

Nzmenenunsa: MPEG-2 — MPEG-4

I. O6maga yacTh:

1.1. Ipuraradnoti yposenv: DVD, sanucwiBatomast Bugeokamepa, WEB (mepconanbbrit
crpummuHr), 24...1024 Kéur / cex (mo cxarmio: 1000 pa3s ).
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1.2. Peostcum Kavecmea no 8pemery u KapmuHKe

1.2.1. Bpemennoti pescum: (a) 3amepxkka 500...700 mcex, (b) 3amepxKka MeXIy ayauo- u
Bugeocurnagamu ~ 300 mcek.

1.2.2. Kawecmeo kapmunku: ucnoabzoBanne VLC-rabnur s HaxXoxkaeHus OMUO0K (BO3-
MOKHO).

1.3. @opmam:

1.3.1. Pesonoyusa: dbopmar daitna or QCIF mo 'Studio’ (urcTpy™MenTapuit s 3amoMuHa-
HUsl JaHHBIX B aiise).

1.3.2. lleemosasn dexomnosuyua: 4 :4 : 4.

1.4. Ba3soswie oneparyuu

1.4.1. Tpancghopmayua: MacmITabUpyeMOCTh Ha 6a3e 00HEKTOB.

1.4.2. Bocnpoussederue: naysa, MmedieHHo.

1.4.8. Cmpummune: (a) CTPUMMMHT JAHHBIX, MYJIbTUILIEKCHPOBAHUE U CHHXPOHU3AIUS
JIAHHBIX, CBI3aHHBIX C MEIUITHBIMU 00bEKTaMU, TEPEABAEMbIMU C UCIIOJTb30BAHUEM TIPOTOKOJIA
IP; (b) rubkocTh B yCTAHOBJIEHUH MAPKEPOB B JIOOOM MeCTe KaJipa.

I1. KogupoBauue/cxxatue

2.1. Basosvie KomnoHenmol

2.1.1 Budeo xoduposarue:

2.1.2 Ouenka deusicenus (motion estimation): rubpUAHOE KOTMPOBAHUE €CTECTBEHHBIX
n300paxkenuii (T.e., HA OCHOBE IIHKCeJIell) U CHHTE3a CIeH (CreHEPHPOBAHHBIX KOMIIBIOTEPOM ).

2.1.3 Kodupyrowaa cmpykmypa: BBICOKAaS THOKOCTD JJIsl NPEJICTABIEHUS 00BEKTOB BUIEO0-
U ayauo JAHHBIX.

2.2. Ipunyunse u cmpykmypa: pasJe/ieHne JBUXKEHUS W TEKCTYPHBIX (texture) maHHBIX
(mpuopuTeT mepesaun KarXKJ0ro 3aKOIMPOBAHHOIO KaJIpa).

2.3. Anzopummol: CHEHUYECKHI MaTepuas J0JKeH OBITh MPHEMJIEMBIM JIJIs AJITOPHUTMA,
KOTOPBI MOYKET BKJIIOYATh OCOOBIe PEXKUMBI JJIs CI€H HEepeJHero W 33/ iHer0 IJIAHOB, TPYII
Jmoneit u rpaduKu, TEKCTa U PUCYHKOB.

Tenepb, MOKHO TOCTPOUTH MOJIETH CTPYKTYPHBIX U3MEHEeHWi (IByX-CTauiiHas SBOJIIONUS)
JUtst HekoTopbix dacreit crangapros MPEG: (a) 1.1 (Puc. 13.11a, Puc. 13.11b, Puc. 13.11c¢),
(b) 1.3.1 (Pumc. 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 cooTBercTByeT ObICTPOMY MOUCKY, D’ COOTBETCTBYET
BO3MOYKHOMY HCIIOJIb30BAHUIO MOIMGUIMPOBAHHOTO pexxuMa (D-kap).

Viyurnenre KOMMYHUKAITMOHHON TEXHOJIOTHY SBJISIETCS CYIIECTBEHHOW YaCThIO M3MEHEHUit
B Tepe/iadue MYJbTUMEIUIHON WHGMOPMAIMH. YKaXKeM CJIeIyIoNe OCHOBHBIE TTPOOIEMBI B KOM-
MYHHUKAIMOHHBIX TexHoJjorusax [131, 530, 571]:

1. Tlosinast nHTErpanysi pas3audHbIX cereii (6eCpOBOLHBIE, CIyTHUKOBbIE, DAJMOBEIIAHMUSI,
Unreprer).

2. KauecrBo cepsuca (quality of service QoS) (3aep:kka, ApokaHwue 3aJep:KKH, MOTepsi
ImaKeTOB, MHT€EHCUBHOCTH IIOABJICHUA OIHI/I6OLIHBIX 6I/ITOB, MHTEHCUBHOCTDL IIOABJICHUA T'PYIIIIbI
omubOK, pa3Mep IPYIIbl OMUOOK).

3. CBR unu VBR.

4. CuHXPOHU3ANNS BUJIEO, AYANO U JIPYTUX JTAHHBIX.

5. KOMMyTaL[I/Iﬂ KaHaJIOB WJIN KOMMYTallusd ITaKeTOB.

6. MysbTunIekcupoBaHue.

Takum 06pa3oM, MOXKHO BBIJIEJIUTH JIBA BUJIA aKIUH (;Lel‘/’ICTBI/H‘/’I, onepanm‘x’l) U3MEHEHUS:

I. Inobasrvroie usmenerus: HOBBIE CETH, HOBOE KOMMYHUKAIMOHHOE 06OpyIOBaHWe (HOBBIE
reHepaniuy KOMMYHUKAIMOHHBIX CIIYTHUKOB,) KOMMYHHUKAIIMK Ha OCHOBE JIA3€POB H JP.).

I1. Jlokaavroe usmenenua: (a) ucnonb3oBanue ucnonb3oBanne VBR ans CBR cereit, (b)
sdbdextusaas Oybddepusanus, (¢) criaxkupanue (HaIpuMep, CTATUCTHYICCKOE MYJIBTUILIEKCH-
pOBaHUE).
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OueBuIHO, YTO JIOKAJIBHBIE YJIyYIIeHUsI MOTYT 3HAYUTETLHO YBEJUIUTh IDHEKTUBHOCTD JJIsT
CYIIECTBYIONMX cereli (HAmpuMep, KA4eCTBO CEPBUCA).

MPEG-1

—

Ilepenaqa,
o
ceru

Bazosbie
ornepanuu

Puc. 13.11a. [Tpuknaauoii yposens (1.1)

MPEG-2
—
Aynwo
Eoepegaqa BBICOKOTO
con Crryrrmne KaGeorn KaquTBfm
. TV KOBOE  HOE Buzeo Basosbrii
Bazosbrii Bewauue TV TV CepBUC pex1M
pexRuM l l l l
Pexxum  Basoppie ElBamBHf/‘I
BBICOKOTO OIEPAIU  PEXKUM
Ka4eCTBA
Puc. 13.11b. Ilpukiaguoit yposens (1.1)
MPEG-4
Aymuo
Iepenaria BBICOKOIO
YPOBHsI
ceTn Coyrau- Kabenb- .
TV KOBOE  HOE ujaeo Bazoskbrii
L Belauue TV ™V CEepBUC pexuM
pexum l l l Cunxpo-
Pexuwm ® HU3AIUS
| o BBICOKOTO BazoBbie Bazossbrit BBICOKOTO
KagecTBa, ONEPAIUU  DEXKUM YPOBHS
DVD l
o
3anuceBaomas
Lo B IeOKaMEDa. Ilepconams- Unrepak- 3ammra
HBIH TUBHBINA OPUJIO2KEHNU
BasoBbIi CTPUMMUHI'  DEKUM
Puc. 13.11c. Ilpukaaanoit yposens (1.1)
MPEG-1 MPEG-2 MPEG-4
e e
IF - Tlomv- Or cy6-QCIF
CIF QC CIF QCIF Eﬁg Moxy HDTV (7 %Studio’
D1

Puc. 13.12. Pe3oumonus (1.3.1)
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MPEG-1 MPEG-2
—

Nurepdeiic
Koauposanue peaJibHOrO
BpEMEHU
Aynno Ayn Yupapienue
C C 3aIOMUHAFOIIEH
Bujeo “YHHXPO- Buneo HHXPO TecTupoBanue cpenoii
HUBAMUS HU3aIus

Puc. 13.13a. Tpaucnoprabiii morok (1.4.3)

MPEG-4

TectupoBanue

PeasbHOroO | JTaHHBIX
TIpaBJICHUE

&i I/IHTep(i)eI‘/’Ici CrpuMMuHT
BPEMEHHI
Yupassienue
C 3aIOMUHAOIEi
Buneo VHMHXPO- Tectupopanume cpemoit

HU3AIIAS

Puc. 13.13b. Tpancuoprubiii n1oTok (1.4.3)

MPEG-1 MPEG-2 MPEG-4
/ A /I\HeCKoano
eo
Kanp agp I'pynma anp I'pynma (‘;Igf)eKTOB
obJtacreit obstacreit

Puc. 13.14. Buneo konuposanue (2.1.1)

O06beKThI

MPEG-1 MPEG-2 MPEG-4
Buneo
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. Kompupytomas crpykrypa/rpynnsl Kapruaok GOP (2.1.3)

Temepb M0OxkHO chopMUPOBATH 6230BOE MHOXKECTBO OIEpAIil M3MEHEHHs:

I'pynna 1. Pacmmmpenune TUnoB JaHHBIX:

1.1. Xpauenne jnaunbix (nHTEpdeiic ¢ npukaagapiMu cucremamn): daiias, DVD, 3anuce-
Batomas sugeokamepa (Oq).

1.2. Bemanue (komuposanue/nekoguposanue): mudposoe TV, kabenbuoe TV, ciyTHUKOBOE
TV, Buneo-koudepenruun .

1.3. Cerb: BU/IO CEPBUC 110 CETH, TEPCOHAJIBHBI CTPUMMUHT, 3AIUTA PUIOKEHUT, HHTEep-
akTuBHBbIN pexxum Os.

I'pynna 2. I3menenune pe3osonun:

2.1. llpoexTupoBaHue HOBOTO 000OPYAOBaHUE NS YIyUIIeHUs KadecTBa KapTuHok: (4 mid
nporpaMMHOTO obecniedenus, Os I 3JEKTPOHUKM.
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2.2. Namenenue cyiecTByomero o00py1oBaHus Ui yaydlieHus: KadecrBa KapTuHoK: (g
JiUIsi TporpaMmMHOro obecniedenusi, (7 Jjisl 3JIEKTPOHUKHU.

2.3. I3MeHeHUe CyIIeCTBYIONeH KOMMYHUKAIMOHHON TeXHOJIOTHH I YAy UIeHns KaueCTBa
kaptuHoK: (g st nporpaMMHOro obecrievderust, (g /sl JTEKTPOHUKH.

I'pynna 3. I3mMeHeHue BPEMEHHOT'O peXKMMa:

3.1. YMmennimenne 3aaepxKku  Oq.

3.2. Peanuzanus pexkuma peajbHOTO BpeMeHH (KOH(DEpPeHIMH, HHTePaKTUBHOCTE) (1.

I'pynna 4.

4.1. Ymenbrienne norepb O1s.

4.2. ¥Ymenbiienne jareHTHocTd Oq3.

I'pynna 5. Ilepenaua:

5.1. Paciupenue cepucHoil undopmainuu (TecTupoBanue, ynpasierue u ap.) O1g.

5.2. JIoNOIHATE IbHBIE PEKUMBI (peajibHOe BpeMsl, CTPUMHUHT JaHHBIX) O1s.

5.3. Tlopepkka pexKuMOB nowucka (Hampumep, npu nomomny D-kaapos) Ojg.

5.4. lopiepkka pesKMMOB [OMCKA € yBEJIMYEHHEM DY KAPTUHOK (¢ 2 KaJpoB 10 7 KaJ[POB)
017.

I'pynma 6. O6bekT & mMacmiTabupyeMocThb:

6.1. Peayiuzaius 00'beKTHO-OPUEHTUPOBAHHOIO 110JIX0/Ia, T.€., CEMAHTHUYECKUIl aHAJIu3 1epe-
naBaeMoit mHdoOpMaImn (0T Kaapa K 06beKTy /clieHe, CHHXPOHU3AINS MapKepOB it 00heKTOB,
BBIsIBJIEHHE T106aabHOro aBmKkenns) Oig.

6.2. Peasm3zanust MEOTO-TKaJIbHOCTH (O1g.

6.3. llepemennas 6;10kupoBKa Oy.

Paccmotrpum Tpu Tuna GWHAPHBIX OTHOIIEHUI HA, ONEpAIUsiX U3MEHEHUsI

(1) sxeusasenmmuocmo RE;

(2) donoarnumenvrocmo (cosmecmumocmsv) R° (Tabmune 13.16);

(3) ycaosue caedosanua das onepayud R': o — 3, manpumep: 1 — 6, 1 — 12,
1 — 14 un ap.

B Tabaune 13.16 ucrnoib30BaHbl CJeayole 0003HAYEHUs: x - OTHOIIeHUe Ha 0a3e 00beKTa;
{ - msarkoe-xkecrkoe (soft-hard) ornomenue; /A - oTHOIIEHNE IO PEXKUMY O0CITYKUBAHUS, W -
OTHOIIIEHKE 110 BPEMEHHOMY pexkuMy. Jlis sxeusasenmmuo RS paccMaTpUBAIOTCS CJIELyOIIHe
napst oneparuit: (Og,Os5), (Og,07), (Og,Og), (O15,0s). HekoTOpble CTPYKTYpHbBIE ONUCA-
HUS COBMECTUMOCTH IpejicTaBienbl Ha Puc. 13.16 u Puc. 13.17. 9Tu oTHOIIEHHS MOTYT OBITH
UCIIOIL30BAHbBI JIjisd CTPYKTYPHBIX orpanudenuii. Jlonosnurensno, B Tabmune 13.17 npeacras-
JIEHBI OIEHKH II0 BPEMEHHM JIJIst KaxKJI0l onepanyuy u3MeHeHus. [Ipu 3ToM Ipeanoaralorcs Tpu
BPEMEHHBIE CTaIAMH:

(a) cragus 1 (mpomwtoe) Jjist HHTEPHOJISIMOHHBIX 3a/1a4;

(b) cramus 2 (6nmxkaiimee Oymymiee) yisi KPATKOCPOUYHOIO MPOrHO3a (HECKOJIBKO Jiet: 2...4);

(c) cramust 3 (Oymymee) mjist g0Jarocpounoro nporuosa (5...10 jer);

OueBnIHO, MOYKHO OIIMCATH BBEJIEHHBIE OIEPAIMN N3MEHEHUs Ha OCHOBE JIBYX TUIIOB CBONCTB:
1. spdekruBHOCTD (nose3Hocmy), 2. TpebGyembie pecypchl. B pesysbrare, nojydyaeM MHOTOKpH-
TepUATLHOE ONMUCAHUE M ST ONMCAHUA MOTYT ObITh MCIIOJb30BAHLI B ONTHMU3AIUOHHBIX 33,13~
yax (MM 3aja9aX MPUHSATUS PEIleHuil) Kak mesesbie pyHKIMu (KPUTEPUH) WU OTDAHUYEHMUS.
31ech pacCMOTpPEH CIIMCOK KPUTEPHEB:

I'pynna 1. ITosne3nocTts: kaudecTBo Buyeo (C; kKadecTBo ayaumo (5; KadyecTBO CHHXPO-
amsanun C3; KadecTBo gaHHBIX (4 KadecTBo momcka (.

I'pynma 2. TexHoJsiormyeckas cpefia: HOBBbIEe TexHOJOTHUYecKUe Bo3MOKHOCTH (.

I'pynma 3. ’Croumocts’: nonosautenbubiit HUP C';; Tpebyemoe HOBoe MporpamMMHOE
obectieuenne Cg; Tpedbyemoe HOBoe obopymoBanue (Cy; 00beM Tpedyemoro mpousBoacTBa Co;
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Beca BaxkxHocTu kputepueB ykazaHbl B TaOaumne 13.18. Tabmuna 13.19 comepKuT oleHKH
ornepanuii W3MeHeHus [0 KPUTEPUSIM M IIPHOPUTETHl (Pe3yJbTaT MHOMOKPUTEPHAJIBLHOTO DaH-
2KHUPOBAHHUS JIjII TPEX BPEMEHHBIX CTaIuii COOTBETCTBEHHO;

Ta6suma 13.16. BunapHoe oTHoIeHue cosmecmumocms RE

01]02 |05 0405 |06 |07 |05 [0 [01§ 01101401501/ 014 0140140140140
01
0o
O3 [ I ) LI
o) <> * * * x K * * * *x
Os <> * * * x K* * *
Og &
O~ &
Os &
Oy &
O1o [ IR [ ) [ )
On [ ) ) [ )
Oz *  *
O3 * %
O14 [ R A
O1s A+ * ' )
Os o x x A
O17
Oz * *
O1o *  *
Oa0 * *

OrHOIEHUE OrHO1EHUE
BpeMH-pe)KI/IM OlO CepBI/IC-pe)KI/IM

011

O15

Puc. 13.16. Cosmecmumocms ¢ 6a30BbIM Oz

O, Os
OTHOWeHne
Ha, OCHOBE
00BEKTOB

VIV VTV VIVyryyY

010 012 013 014 015 016 018 019 020

Puc. 13.17. Cosmecmumocms ¢ 6a3oBeimu y3aamu Oy u Os
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Tabmumna 13.17. CoorBeTcrBHe BpEMEHHON CTaINK

1: ITpouunoe 2: Bauzkoe 3: Byaymee
Oyayuiee
0, * * *
0, * * *
O3 * * *
Oy * * *
Os * * *
O * * *
07 * * *
Os * * *
Oy * — *
Ono * * -
Ou * * —
O12 * * *
O3 * * *
O - * *
O15 * * -
Oss - - *
O17 - * *
O1s - * *
O - * *
O - * *

13.4.3 YwucjaeHHble IPpUMEPHI

Tabsuma 13.19 comepKuT pe3yJibTaThl MHOTOKPUTEPUAJIHLHOTO PAHKUPOBAHUS OlepaIusi u3Me-
HEHHs JJId TpeX CTaauil B coorBeTrcTBuu ¢ Tabsunei 13.18:
Cragug 1. 3amada UHTEPIONSIUN. 3/1€Ch CIEAYIONNE ONEPAIUH SBJISIOTCS JIYUITUMU:
1.1 Og (u3MeHeHne CyIIECTBYIOMMX MPOTPAMM JIJIsi YJIyUIIeHHs] KAYeCTBA KAPTHHOK ).
1.2 Og (u3MeHeHHE TPOTPAMM JIJIsl CYIIECTBYIOIEH TeJIeKOMMYHUKAIMOHHOM TeXHOJIOTHH ).
1.8 Oy (yMeHbIEeHHEE TOTEDH).
Craaunga 2. [InanupoBanue Ha HECKOJIBKO JIeT. 3/I€Ch CJIEAYIOIIHNe OIePAUH SIBJISIOTCS JIyd-
TITAMU:
2.1 Os.
2.2 Oy (u3menenue obGOPYJAOBAHUS JIJIsl CYIIECTBYIONMX TEJIEKOMMYHUKAIIMOHHBIX TEXHO-
JIOTHIA).
Craauga 3. [lnanuposanue Ha 5...10 jeT. 31eCh CIEAYIONINE ONEPAIUN SIBJISIOTCS JIyUITAMHU:
3.1 Oy (pacuupenue unTepdeiica ¢ NPUKIAJIHBIME CUCTEMAMHU (IAMSITS)).
3.2 Os.
3.8 O.

Tabnuma 13.18. Beca kpurepuen

Cranus 1| Cragusa 2| Cragus 3
Ch 5 5 5
Cy 3 4 5
Cs 3 4 5
Cy 2 2 4
Cs 0 0 3
Cs 1 3 4
Cy —1 —2 —4
Cs -3 —4 —4
Cy —4 —4 —4
Cho -5 -5 -5
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Tabauna 13.19. OneHKE 0 KPUTEPUSIM U TPUOPUTETHI

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 OIePAllU, KOTOPBIE SIBJISIOTCS
OIM3KMMHE 110 BasKHOCTH K JiydmuM (“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 yka3aHHbIE Olepalliyd U3MeHeHus. Ternepb MOXKHO cHOPMYJIUPOBATH
3aJa4y:

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. Jlyumue u ’KkBa3u-Jydinue’ ornepanuu U3MeHeHHs

PaccMOTpuM MHOTO-CTaUAHYI0 9BPUCTHKY Jisi BBIGOpA M KOODIMHAIMK OIEPAIMi H3Me-
HEHUSI ¢ y4eroM rpymn (KJAcTepoB) ONepaluii, KOTOpbe TMOJYYATCs Ha OCHOBE BBEIEHHBIX
6unapubix orHomenuit (Puc. 13.16 u Puc. 13.17).

®a3za 1. MHOrokpurepruaabHOE PaHXXMPOBAaHWE ONepaIuil M3MEHEHUsI W BbIOOD JIYUIIUX W
'KBa3u-JIydInux’ onepanuii 1jisi Kaxk o spemennoit craguu (Tabmuna 13.19, Puc. 13.18).

®Paza 2. Pacmupenre MHOXKECTBA, Ole€panuii Ha OCHOBE JIOTHYECKUX TPABUI (T.€., GHHAPHBIX
OTHOIIIEHHA).

®aza 3. [enepanusi aabTepHATHUBHBIX OlEpAIUii U3MEHEHUsI JIJIsi KarK/I0W BPEMEHHO# cTa-
JIVH.

®a3za 4. [locTpoenue Jydlnei TpaeKTOPUHU ¢ YIETOM B3aUMOCBSI3H ONle€paIuii Ha Pa3JIMIHBIX
BPEMEHHBIX CTAIUIX.
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Paccmorpum cragmio 2. 3aech ucnosib3yorcs kiaacrepbl onepanuit u3 Puc. 13.16 u Puc.
13.17. pe3ysibTUpyIOlee paciiupeHHOe MHOXKECTBO ornepaluii nokasano va Puc. 13.19.

Cramgus 1 Cramgus 2 Cramgus 3
(0670&0127013) ( Os, Og ) ( O1,0s, 09 )
b by b
@1,04709/05709 @127013;016/04;05”09 @470147018/0&0127013709

o i i

T

Puc. 13.19. Pacumupenable MHOXKECTBA, JIVIIINX U KBA3W-JIYUIIUX Omneparnnii
y y 10,

Tenepb MOKHO T€HEPUPOBATH OMEPAIMA W3MEHEHHs! (ITOT IPUMED UMEeeT WILTIOCTPATHBHbII
XapakKTep, B PeAJIbHOM CHTyarun HeoOX0MMO OPraHH30BATh CIENHAIbHYIO IIPOIELYPY IKCIEePT-
HOTO OICHUBAHMUS):

Cmadus 1 (HEKOTOpbIE J[BE UCXOIHBIE TOYKH):

Al = {0, Og, 019, 013,04, 05,03}; AL = {O¢, Og, 01}

Cmadus 2:

A% = {Os, Oy, O12, 013, Oy, Os, Oss, 03}; A% = {O8>09}-

Cmaodusa 3:

A:{’ = {01, Os, Oy, 012, 013, 04, 05, O14, O, 03}; A% = {01, 08709}5 A% = {01}-

Puc. 13.20 wiocTpupyeT omepanuu U3MEHeHUs] U HEKOTOPbie CHCTeMHble (‘TeXHOJIormye-
ckue’) Tpaekropuu. 'TexHOJOrHYeCKHe’ TPAEKTOPUU JOJIKHbBI ObITh TOJIyUeHbl Ha OCHOBE JIyU-
IIUX ONepanuii Ha KaxK/10i BpeMEHHO! CTaUN U OUYEHDb XOPOIIeil COBMECTUMOCTH MeXKIy omepa-
IMSIMU, BIODAHHBIMY I PA3JIMIHBIX cTagauii. DTa 3aaa4a coorBercrByer UMMII. B npumepe
PaACCMATPUBAIOTCS TIOPSIIKOBbIE OIEHKH COBMECTHMOCTH, HOJIydeHHble oT 9KcneproB (Tabimma
13.20; 3 coorBercTByeT Jiyurieli coBMecTUMOCTH). TakuM 06pa3oM, MOJIYyUYeHbl TPACKTOPHH:

ap =< A} = A3 = A3 >, ap=< Al = AZ= A3 >

Ha dunanpuoii daze MOKHO TPOBOAUTL aHAJIU3 TOJTYYEHHBIX TpaeKTopuii. Hanmpumep, Bce
TPAEeKTOPHUH COJEPKAT Ha CTAIUU 2 OlepAIUd U3MEHEHHsI, KOTOpble OPUEHTUPOBAHBI HA, yJIyd-
mieHne cymecrBytomieii kommyHukanuonubix cereit (Og u Oy).

Tabsmma 13.9. CoBMecTIMOCTD
at (AP (43 n) A2| AZ| A3 A3| A3
1 2 3
a? 2@ @ A Al 31 3 2 0
T A 12 3

|
Cramus 1 Craaus 2 Cramus 3 A2
Puc. 13.20. Tpaekropuu u3amenenusi 2

b
= DO
[(GLRULE \V]
WD DN
WO

13.4.4 Ob6cyxaeHue

B nmamnoMm pazgesie ommcaH MOAXOM K KOMOMHATOPHOMY MOJEJMPBOAHUIO CTAHAPTOB MepeIavdn
undopMmanuu Ha npuMepe crangapToB tuna MPEG. Takoit moaxo mpeacTaBisgercs MepcreK-
TUBHBIM JJIs TPUMEHEHUs K JPYTUM CTaHIapTaM Tepeaadn WHGOPMAIUH.

13.5 MoayabHOCTh B IPOTOKOJaX W CTaHJapTaXx

B Teuenune mocnemaneit mekaipl, ”THTEHCUBHO UCCJIEYIOTCS PA3JUIHBIE BOITPOCH MTPOTOKOJIOB IS
OeCIIPOBOJHBIX ceTell M CTAHAAPTH 06pabOTKH MynbTuMenuitnoil nudopmanuun |77, 101, 119,
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131, 192, 252, 258, 277, 283, 310, 466, 517, 571|. B nocseanne HECKOIBKO JIeT, MOSIBUINCH UC-
cJIeI0BaHNsI, HAIpABJIEHHbIE HA MHOTOKPUTEPUAJIbHBIN aHAJIM3 U BHIOOD HAWJLY YIIIEro IPOTOKOJIA
u crangapra [281, 300, 487|. CrenyeT Takyke OTMETHTH HOBBI TpPEHZ B 00JACTH KOMMYHHKA-
IIHOHHBIX MPOTOKOJIOB M CTAHIAPTOB HAa OCHOBE UX MPEJICTABIeHUS KaK KOMOMHAIIUN 3JIEMEHTOB
(Hanpumep, mpaBu, aJropur™MoB u jp.) [209, 382, 385, 442|. Takoit noxxos, SBJISI€TCST OCHOBOM
JUIsl MePApXUYECKO KOMIO3UIuY (KOHMUIYpAIMU) MPOTOKOJIOB U3 3JIEMEHTOB. DTO HAIPAB-
JieHre OJIM3KO K CJIEJIyIONUM COBPEMEHHBIM II0/IX0/IaM Ha OCHOBE KOMIIO3WMIUH: aJalITHBHBIE
nporpammbl [416, 527, anropurmbr [258, 434], cepsucer [297, 521|.

B janHOM pasjiesie ONuChIBAETCS MO/IY/IbHOE IIPOEKTUPOBaHUE (KOMIIO3HUIUST) KOMMYHUKAIIU-
OHHOTrO TpoToKoya u crangapra Tuna MPEG mis o6paborku mysibruMeauitHol wHGOPMAIH.
[361, 382, 385]). Hekoropbie 6a30Bbie MOAXO/bI K MCIIOJB30BAHUIO U UCCIE0OBAHUIO KOMMYHUKA-
[IMOHHBIX TTPOTOKOJIOB U CTAHAAPTOB /It 00pabOTKH MyJIbTUMEIUITHON WHPOPMAIUK YKAa3aHbI B
Taomume 13.21. /IBa npeacTaBieHHBIX B JAHHOI CTAaThe JBa YUCIOBBIX IIPUMEPa SIBJSIOTCS MO-
JubUKAIUSIME TIPUMEPOB 13 craTeil [361, 382]. DTu npuMepsl BKIIOUAIOT: HEPAPXUIECKYIO (Ipe-
BOBUJIHYIO) CTPYKTYDPY CHCTEMbI, TIPOEKTHBIE ajibrepHaTuBbl (DAS) mjist uacreii/KOMIIOHEHTOB
CHCTEMBI, IIPOIECC PellleHhs. DKCIEPTHbIE CY:K/IeHUs HMCIOJIb30BaHbI i oneHuBaHus DAs.
OImeHKH U NPOIECC BBIYMC/IEHUS UMEIT WJLTIOCTPATHUBHBINA XapaKTep, HO MOTYT ObITh HCIIOJIb-
30BaHbl KaK OCHOBA JIJISI peaJbHBIX MPUIOKEHUIA.

Tabsuna 13.21. TToaxombl K TPOTOKOJIAM /CTaHIapTaM

OcHoBHBIE 337391 UcTounuk

1. IIpumenenre 6a30BOr0 IMIPOTOKOJIA, JIJIsI [77, 101, 277, 283],
OEeIIPOBOTHOM CBSA3M

2. T'ubpuasbIii TPOTOKOJI AJjisi GEIIPOBOAHOMN CBSI3U 119]

3. unamuyeckuii BBIOOP [IPOTOKOIA, OOHOBIIEHNUE 300, 485, 487, 507]
(upgrade)

4. Pekoudurypupyemsblii CTEK IIPOTOKOJIOB 128, 209, 585]

5. CaMO-OpraHu3yeMblii CTEK TPOTOKOJIOB 54

6. JunaMudeckasi apXuTEKTypa MPOTOKOJIA, o4, 442]
o01ieit cxeMbl

7. KombunaropHbIit cuaTe3 TpoTOKOJIa, ZigBee [361]
J1s1 6ECIIPOBOIHBIX CEHCOPHBIX CeTell

8. Kombunaropnast asostoruii nporokona ZigBee [385]
st 6eCIIPOBOIHBIX CEHCOPHBIX CeTEM

9. CTPyKTypHBIH TOIXOM K CTAHAAPTAM s 130, 131, 192 310],
MYJBTUMEIUIHON nHpOpMAIIH 320 427, 571

10. MHOTOKpUTEpHAIbHBIN BHIOOD aJIrOPUTMOB 281
06paboTKY [JIsT MyJIbTUMEIMITHON HHGOPMAIY

11. KomOuHATOpHAS BOJIIONKS CTAHIAPTOB JIJIs
MYJIbTUMEIUHAHOM nHEGOPMAIUT [382]

TpaauiuonHas cxeMa 06pabOTKU BXOAHON WHMOPMAIMHU (HATIPUMED, CUTHAJ, TOCIEI0BA-
TeJIbHOCTh M300parKeH, MPUKJIA(HAS CATYAlNs) UMEET BUJI:

Bxodnwie dannve —> Memod obpabomxu —> Pesyivmamot

Ouesuano, amanramus memoda obpabomky (WU aaropurMa, Habopa mpaBua 00paGOTKH)
MOKeT ObITh OCHOBaHA HA, CIIEIUATHLHOM IPEIBAPUTEILHOM aHAIN3E 61000, ITOOBI MOTUMUITIPO-
BaTh Memod 0bpabomikuy JJisi COOTBETCTBUS UMeroneMycst 6xody. B pabore [362|, npeacraBienst
CJIeJLYIOIIKe TUIIOBbIE CJydan jiuist Mogudukanuu memoda obpabomku: (1) ucnosb3oBanue 6a3o-
BOro (T.e., HCXOIHOTO0) MeTOAa, (2) MoAudUKAIMS UMEIOMIEroCsi METOJ JIJIs Oy YeHUsT MeTO/A,
KOTODBIl COOTBETCTBYET MMelIeMycs 6xody, (3) BHIOOp MeTona Jjis IpUMeHeHui n3 6ubnno-
TEKU METOJIOB C YYeTOM THIA UMEIOIIerocst 6x0da, (4) MoAyIbHOE TTPOEKTHPOBAHNE METOIA Ha
OCHOBE OMOJMOTEKN KOMIOHEHTOB METOJOB € YU4E€TOM THIIA HUMEIOIIErocs 6X00d.
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Puc. 13.21 and Puc. 13.22 wunocrpupyior apa ykasanubix ciaydas (3) u (4). Ormernm,
MHOTOKPUTEPUAJIBHBII aHAIN3 aJITOPUTMOB JIjisi 00pabOTKHU MOC/IeJ0BATEIHHOCTH N300paYKeHUH
npescTaBieH B pabote [281]: (a) ompeesienne Habopa THIOBBIX MOCJIEI0BATEIBHOCTEH N300pa-
Kennit, (6) MHOTOKpUTEPHAJIBHBII aHATIN3 AJTOPUTMOB JJist 06pabOTKM MOC/IeT0BATEIHHOCTH
n300parkeHuil i BbIJeIeHUs MHOXKecTBa llapeTo-onTuMaibHBIX aJrOPUTMOB Il KaXKJIO0TO
THIIA II0CJIeI0BaTeIbHOCTEH m300pakenuit. Takoit anaiu3 spiagercd 0a30il [jisd IPUMEHEHUs
cxeMbl, coorBercTBylomeil Puc. 13.21, mjisg o6paboTKu moc/ie10BaTe/IbHOCTeH W300paKeHuii B
peaJbHOM BpPEMEHH.

AHaJ0OTHYHO, MOKHO PACCMOTPETh TAKO# MOAXO /1711 KOMMYHHUKAIIMOHHOTO MpoToKoJa. Ha-
npuMep, uMeeTcst crek (6a3a) MPOTOKOJIOB M B PeaJbHOM BPEMEHH OCYIIECTBJISIETCsI BBIOOD Hau-
JIyUIIero mMpoTOKOJIA JJisi UMeIoleiicsi KOHKpeTHO BxoaHoi curyanuu [128, 209, 300, 485, 487,
585].

Bzxo0d O6paborka Pesyavmamoi
(curnan, undopMaImu
OCJIEZI0BA~
A Anamuz exoda, t
TEJILHOCTH uKams
n300parkeHuit, HICHTH ( 1 Bui6op
napamMeTpbl curyaruu (THUI
TPUKJIaTHOM CUTHAJIA, THT memoda
CUTyaIluHn) U300paKeHuil ) i
Bubnunoreka
Memodos
Puc. 13.21. O6paboTka HA OCHOBE BHIOOpPa METOMIA
Bxod Oobpaborka Pesyavmamot
(curnan, urdopmamu
[OCJIeZI0BA~
e Hﬁ iy Ananuz exoda, i
oo, L tyannn (|, Moayaos
NPUKJIATHOL CUTHAJIA, THII HpOGKTI/IpaOBaHI/Ie
CHTYAIWN ) n300parkeHnii ) Mem‘T’ a
Bubanoreka
Mmemodos,
KOMIIOHEHTOB

Puc. 13.22. O6paboTka Ha OCHOBE MOJIYJILHOTO MTPOEKTHPOBAHUS METOA

B pa6ore [361], kommyHukanuonusiii nporokoa ZigBee dopmupyercsi Ha ocHoBe 6a30BBIX
KOMIIOHEHTOB (MEPAPXUYECKOE MOJLY/JIbHOE MPOEKTUPOBAHME), T.€., PEAJU3YETCsl CXeMa, COOTBET-
crBymotmias Puc. 13.22.

13.5.1 CuHTe3 KOMMYHUKAIIMOHHOTO TIPOTOKOJIA

JlaHHBII pa3/en COMePKUT OMUCAHNE MOJLYJIHHOIO MTPOEKTUPOBAHNUST KOMMYHUKAIIMOHHOTO TIPO-
rokosia ZigBee. Vcnonm3yercst ynpornenHast mepapxudeckasi Mojesnb nporokosa ZigBee (Puc.
13.23):

1. Pazpemenune unarepdepeninn A = X x J:

1.1. Hauanbuas nponenypa soisBienus kanana X: Xo (wer), X; (PAN koopausaTop BbI-
6upaer Hawryuinuii gocrynubiii RF kanan / unenrudukaiys ceru B Ha4aJ bHBIA MOMEHT).

1.2. ZKemaewmsrit kanan J: Jy (mer), J, (BoigBiaenne npouncxonsimieit uaTepdepeHiun u
UCIOIb30BaHne HOBOro omnepanuonHoro RF kanana n/umu unentudukaropa ceTn).
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2. ABromaruveckoe / pacupejesieHHoe ajpecHoe ynpasienue B: By (uer), B; (ABromaru-
YeCKOe Ha3HAYEHME aJ[peca yCTPOHCTBA Ha OCHOBE UCIO/Ib30BaHUs MEPAPXUUYECKOl, pacipeje-
JeHHO# cxeMbl), By (ABTOMaTHYeCcKOe Ha3HAYEHHE aJpeca YCTPOWCTBA Ha OCHOBE HCIOJIb30Ba-
HHUsI CTOXaCTUYIECKOI CXeMBbl).

3. I'pymnosast agpecamust [: Iy (wer), I; (ycrpoiictBa MOTYT Ha3HAYATHCS JJIsi TPYIIIHI,
1esasi rpyIna MoXKeT ObITh aJpecoBaHa Ha OCHOBE OJHON CXeMBbI).

S=AxBxIxCxRxY
.S 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
S5ZA1*B1*]1*01*R1*}/2
SGZAl*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

Wo(3
Wy (1
Us(3)  Th(3
U2) T,
Us(1
B B 23010
1= g %k * 410
gl G*H*Q%Y**‘;)*P2§2,4,1,Og +R2 DQ*E;*Z152303
02 G+ Hy Q1+ Vi PL(3:2)3.0 IGEY lZ
G H ‘.Q 1% P Dy(3 Ey(3
Go Ho(3)  Qo(3)  Vi(3) Po(3 D1(2)  Ey(3 le
a H(1)  Ou1) W) P2 Dy(1)  Ey(2
2 Py Es5(1
B I
S Xl*J13,1,1,0)33 10%33
X J gl% e
Xo(3)  Jo(3 2
X, 2) 0

Puc. 13.23. O6masga crpykrypa nmpotokosa ZigBee

4. llenTpanuzoBannbiit c6op maHubix O = G+ H*Q *V % P:

4.1. Coop nanubx Ha ocHoBe 6LOWPAN koopmunaropa G: Gq (mer), Gi (nmonHas 1moj-
JICPIKKA).

4.2 C60p naHHBIX HA OCHOBE ApYyrux ycrpoicrs H: Hy (uer), Hy (¢ moMOMIbIO CHENUAIBLHOTO
06OpPY/I0BAHMSI).

4.3. Mapmpyrusamus “@MmHOro-omun” (Q): (o (uet), Q1 (CeTb BBIABISIET arperaTop 3a OIUH
mIar).

4.4. Tonnepxka pexkumo multicast/broadcast wa ocnose 6LOWPAN V: V4 (mer), V)
(flooding), V5 (nyts k PAN koopaunaropy).

4.5. Mapmpyrusaus ucrounuka P: Py (Her), P; (Arperatop oTBeYaeT BCEM OTIPABUTEISIM
B 9KOHOMHOM DEXKHME).

5. MacmrabupyemocTs, pa3mepsl R = D x E x Z:
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5.1. Macmrabupyemocrs ceru D: Dy (ner), D; (mkasa ceru orpaHudeHa aJpecyomyuM
AJrOPUTMOM; OOBIYHO, CETH C JECITKAME/COTHSIME yCTPOHCTB nojiep:kusatorcs), Do (aape-
CyIOIHUil AJTOPUTM YMEHBINAET pa3Mep CeTH, MOIJIEP:KUBAIOTCS CETH C COTHSIMHE/ThICSIaMu
yCTPOHCTB).

5.2. Pa3mep coobmenus E: E, (zer), F; ( < 100 6uT; TOUHBI pa3Mep 3aBUCHT OT UCIIOJIb-
3yeMOro CepBHCa, KOTOPbIH ToJiepKuBaeTcs ), Fy (60JbIm0ii pa3mMep COODIIEHNS, 10 BO3MOKHO-
ro pa3MepoB OydepoB yCTpOiCTB moJiydaTesiss U OTIPABUTENIsI, KOTOPbIe TOIEPKUBAIOTCS HA
ocHoBe (bparmeHTanyu U pe-cOopku), E3 (60s1b1moii pasmep coobIeHusi, 10 BO3MOXKHOTO pa3-
MepoB 0ydepoB yCTpPOWCTB MoJIydaTesiss U OTIPaBUTEIsA, Ha ocHOBe ucnob3oBanus 6LoWPAN
dparmenranun u pe-c60pKH).

5.3. CrangaprusupoBannasi Komuccust Z: Zg (Her), Z1 n0jiepKKa Ha OCHOBE CTaHIAAPTHON
“crapr-am’ MPOIEAYyPhl ¥ MTapaMeTpPOB JJjisi UCIIOJIb30BaHUsI KOMUCCHOHHBIX CPEJICTB B MYJIbTH-
MOJIb30BATEJIbCKON Cpee.

6. Iloguepxkka cetu Y = F'x LxW:

6.1. Pobacrnas siuencrast cerb F: 6.1.1. 6LOWPAN - moaxonst U: Uj (mer), U; (“Hau-
mapmpyt”), Us (“nog-sueiika”). 6.1.2. Tabmuupt coceacrsa 1 Ty (mer), T} (Ha KaxK0M yCTpOii-
crBe).

6.2. nonaep:kka 6ubanoTeku Kiaacrepos L: Lo (uet), L; (THIOBOE MOBeIeHNe MEXKY TPO-
dbussivn).

6.3. Ilonnepxka Beb cepsucoB W: Wy (mer), W (cxarsie HTTP ¢ XML nanubivu).

[Mopsinkossie onenku st DAs (mkana [1,2,3]) npexacraienst va Puc. 13.23 (B kpyribix
CKOOKaX, IKCIIEPTHBIE CYXKJEHWs, WILIIOCTPATUBHBIN xapakrep). OuneHku coBmectumoctu (1mo-
psiakoBast mkana [0, 1,2, 3]) npeacrasiens B Tabuaune 13.22 u Tabuune 13.23 (skcneprabie
CYKJIeHWsI, UJLTIOCTPATUBHBIN XapakTep).

[Mostyuatores ciieryronue npoMexyrounsie cocraBubie DAs mist nmogcucrem: (1) Ay = Xy*Jy,
N(A;)) =(3;1,1,0); (2) C, = Gix Hix Q1% Vox Py, N(Cy) = (2;4,1,0); (3) Cy = Gyx Hi Q1 %
Vi*x Py, N(Cy) =(3;2,3,0); (4) Ry = Dyx Es*x Z1, N(Ry) = (3;2,1,0); (5) Ry = D1 % Ey* 7y,
N(Ry) =(2;3,0,0); (6) Fy = UyxTy, N(Fy) = (3;1,1,0); (7) Fy» = Uy*xT1, N(F1) = (2;2,0,0);
(8) Yy = Fyx Ly Wh; (9) Yo = Fo* Ly x Wi,

Puc. 13.24 unmoctpupyet “mpocTpancTBO” KadecTBa i nojcucteMmbr C'.

Tabsmua 13.22. Ouenku copmecrumoctu [361]

Ho Hi| Q| Q1| Vo | Vi [ Va| Ro| | P
Gol3 23 2313011
Gi/!3 3333323 3 Eo| B B\ B3| Zo| 2,
H 211 2 1 1 1 1{|Dgj1 1 1 1 0 1
H, 0313313 2||Dy2 3 331 3
Qo 2 01 11 1||[Dyl2 3 3 3 1 3
Q1 0 3 31 3 2|E 11
Vo 2 1 1||F 1 2
Vi 1 3 2||E, 1 3
Vs 1 2 3||E; 1 2

Ta6nnua 13.23. Ouenku copmectumoct [361]
Lo| LiW{Wy|| | By Bi|Bo|Io | I

-5 Dl FETo 3 1 31[400 3 3 1 3
ol [T, 1o 1l|B|1 3 1 3||B, 11
X0 2|ty 1 3L 1 3
X2 3llusl2 2L, 1 3
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N neanbuas
TOYKa

N(Cy)|e N (O)

Hapixyz-
bsi w=3
O4Ka, w = 2

w=1
Puc. 13.24. Kauectso C

JI1s1 cucTeMBI IOy YaloTCs BOCEMb aJIbTePHATUBHBIX pernenuii: S = Ay x Byx[{ xCix Ry x Y7,
So=A1xBix[1 xCyxRoxY1, S35 = A1 xB1 *xI[1 xCox Ry %Y1, Sy = A1 * By x [} xCy % Ry x Y7,
Sy = A1 xBi*xI1 xCiy xRy xYs, Sg = Ay x By x [1 x C1 x Ry xYs, S7 = A1 x By x I[1 xCo % Ry x Y5,
Sg = Ay % By x [1 x Cy % Ry x Y.

3aMeTnM, HCXOTHOEe MHOMKECTBO BO3MOXKHBIX pelleHuil BKiadaer 1232272 koMOuHAIWiA.

13.5.2 Komno3urusg cTaHAapTa AJd MYJbTUMEANIHON mHpOopMaumn

JlaHHBIN pa3/esl COAEPKUT ONMCAHMEe MOJLYJILHOIO IPOCKTUPOBAHUS CTaHIAPTa s 00paboTKu
myasTuMenuiinoit nadopmanun (MPEG 1, MPEG 2, MPEG 4). PaccmarpuBaercs: cieyio-
mas TexHosiorndeckas cxema: (1) eroduwie danmwvie (aymamo, BUIEO, JaHHBIE CHHXPOHU3AIUH
TeKcTa, cuHTeTnvYeckas uHpopmanus); (2) obpabomka (KomupoBaHme, mepejada MO CETH Je-
KoZmpoBanue); (3) ewxoduvie dannvie (IJisi deJoBeKa, JJisi TPUKIATHON cucTeMbl). OueBuHO,
WCIIOJIB3YIOTCs cyletytomue Tpeboanusi (Kpurepun): (i) KadecTBo pesysibrarta (T.e., Pe3yJbTH-
pyoieit uHbOPMAIMY - TOCTIe JeKOAMPOBaHus ), (ii) 3aTpaTsl (CTOMMOCTD, OIMUOKY O BPEMEHH
u jp.). OBBIYHO, KAYeCTBO PE3Y/IBTUPYIONIMX W300pPaXKEHUH OIEHUBAETCS HA OCHOBE CJIELYIO-
mero: PSNR, 3a/iepKKu, ONMOKH, JIATEHTHOCTD, MOTEPH (HAIPUMEp, MOTePsl MaKeTa, MoTeps
KaJIpa).

O6o06mmennast uepapxudeckasi cTpykrypa craugapra tuna MPEG umeer Bun (Puc. 13.25;

BKmouasg DAS 119 KOMIOHEHTOB, oneHKH Jyig DAS yKa3aHbl B KPYIJIBIX CKOOKAX, MOPSIKOBAS
mkana [1,2,3]) [382]):

0. Cranmapr tuma MPEG S = A x B.

1. Obmasa yactb A =CxBxDxFExF":

1.1. Tpukaaguoit yposenb (Buueo-TesedoHus, Buaeo-KoHMepeHiws, udpoBoe BelaHue,
1 poBoe XpaHeHne BUAE0-UH(MOPMAINH, KaOeJIbHOE U CIIyTHHKOBOE TeJIEBHIEHIE, BUI€0-CEPBUC
no cetu, DVD u np.) C: bit rate 64 kbit/s C;(2), bit rate 4 — 80 Mbit/s Cs(1).

1.2. Pexxum KaudecTBa 110 BpeMenu u nzobpaxkeunio D = X xY: 1.2.1. pexxum 110 BpeMeHHU
X: zamepxkka X;(3), peasbHOe BpeMsi, MaJjas 3aaepkka Xo(1); 1.2.2. KauecTBO H300parKeHuUsI
Y': umuskoe Y;(3), xopomree Ys(1).

1.3. ®opmar E = U xV: 1.8.1. Pe3omonus U: auskas U;(3), sBeicokas Uy; 1.8.2. mexom-
no3unus nseta V': 6azosas V) (2), Beicokuit mpodmis Va(1).

1.4. Bazosbie onepanuu F' =T x Px M: 1.4.1. TpaunchopmupoBanue 1: 6a30BbIil pe:KuM
T1(1), mudposoit Dolby T5(2); 1.4.2. Ocobennoctu P: 6a30Bbiit pexkxum Pj(1), ¢ macmrrabu-
pyemoctbio P5(2); 1.4.3. Tlepenaua 1mOTOKOB (BHIEO, ayAu0O, CHHXPOHHW3AIMsl, TECTUPOBAHUE,
yupasienne) M: 6a3ossiit pexxum M (1), ncnonb3oBanue Menua 06bekToB Mo (2).

2. KonupoBanue/cxxkatue B = G+ [ x J.
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2.1. Bazosbie komnonentst G = Q x W x Z: 2.1.1. Bujgeo kogupoBaHue (MeTobl TPAHC-
dopmainyuu B nudposbie KoJpl) (: KOJMPOBAHKE CJIOBAME II€DEMEHHOHN JyInHbI KO3(bDbuImuenTon
crpyktypsl @1(1), VLC tabmunpt qas DCT (uenmueitnbie) Q2(2); 2.1.2. oreHKa ABUKEHHUIT
(BekTop ® ap.) Z: ot —1024 mo 1023 mmkceneit (ans monoBuusl) Z(3), or —2048 mo 2047
nvkcesieit (st mostHoi) Zo(1).

2.2, [Tpunnuner u crpykrypa [ = K * L:

2.2.1. Mlpuamuner K = OxH: 2.2.1.1. Baokosas nekommnozuius O: 16 times16 (Makpo6Jok)
u 8 x 8 (6sok) O1(1), Ha ocHoBe 00bekTOB (VOB) O2(2); 2.2.1.2. ckanupoBanue H: mporpec-
cuBHOe ckanupoBaunue (zigzag) Hi(1), ansrepnarusaoe Hy(2).

2.2.2. Crpykrypa (6a3oBas cxema 06pabOTKH, paciuiMpeHHasi cxeMa 06pabOTKHU, 'OTKPHITasI
cTpykTypa’ BKJIIOYas TpaHckoguposanue) L: 6a3oBbiit pexxum Li(1), pasjesienue nBuKeHus u
JIAHHBIX TeKCTYPhl Lo (2).

2.3. Anroputmsl 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=C*xD*xE*F
Alicl*Dl*El*Fl B=GxIxJ
AQZCQ*Dl*El*Fl BlzGl*Il*Jl
C l G=QxZ
gl(f) oF =TxPxM C1= Q1+ 22(%2,0,0)
5(1) R =Ti« P« M (32,200 |l7-rsr l{] o
D=Xx*xY I = Ky x Ly Jl(l)
2
Dy =X3xY2(3;2,0,0) | 4T IP 1M K =0+ H lL
? Ty(1) “Pi(1) Mi(1) Ky = Oy x Hy(3;2,0,0) " Ly(1)
E=UxV | T2(2) P(2) M(2) ﬁ Ly(2)
X8V B = Uy Va(3;2,0,0) O B
Xi(3) vi(3) 971 T T IHHAT Ou(1) Hi(1)
Xo(1) Ya(1) 02(2)  H»(2)
u v Q Z
Ur(3) Vi(2) Q1(1) *Z1(3)
Ua(1) Va(1) Q2(2)  Z2(1)

Puc. 13.25. O6mas crpykrypa craggapra tuna MPEG

Beimie 66111 ncnosib3oBanbl ciepyomue obosnadenus: Dolbi Digital (dbopmar Dolbi Digital),
VLC (Variable-Length Coding), DCT (Discrete Cosine Transform).

Ouenku coBMecTumocT npusesensbl B Tabsmie 13.24 (SKcneprHbie CyKIeHUs).

[MostyuatoTcst clieyiomme IpoMe:KyTodnHbie cocraBubie DAs mis mogcucrem: (1) Dy = X %
Y1, N(Dy) = (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) Gy = Q1% Z1, N(Gy) =(2;2,0,0); (5) K1 = O1x Hy, N(K;)=(2;3,0,0).

Tabmuna 13.24. O1neHKr COBMECTUMOCTH

Py| Py M| M;

713 2 3 1
ila| MW|l7 ] 3 1 3|l |4l2%| |[H{H)
X112 3||1UL|1 2|~ 3 2|Q1|3 3||01|3 2
X2 3 3 U2 2 3 P2 1 3 QQ 2 3 02 2 3

Jlayiee, KoMOMHAIUY /T CIEAYIONUX O0Jiee BHICOKUX UePaPXUUeCKUX YPOBHEH MOJIE/N NMe-
IOT BU:. (a) A1 = Cl*Dl*El*Fl, (6) A2 = CQ*Dl*El*Fl, (B) Bl = Gl*Il *Jl.

OKOH“IaTe.TH)HO, MMOJIY49alOTCd JABa aJIbTEPHATUBHBIX DEIICHUA AJId CUCTEMbI:
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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 BKaoJYaeT 16384 komOuHaImm.

13.5.3 Ob6cyxaenune

B pasnmene mpencraBieH MOTYJBHBIN MOAXOM K KOMMYHUKAIIMOHHOMY TPOTOKOJIY W CTaHAAPTY
a1 06paboTKu MyabTuMeauiiHOi mHpopMmanuu. [Ipeacrasisgercs mepcneKTUBHBIM HCIOJIb30-
BaHWe TIPEJIOKEHHOTO TOAX0/1a K APYTUM TPOTOKOJAM i 6eCpOBOIHOM CBSA3U W TpUMeHe-
HUE MOJYJIbHOTO IIPOEKTUPOBAHUS KOMMYHUKAIMOHHBIX IIPOTOKOJIOB M CTaHAAPTOB 06paboTKu
MyJIBTUMeIVITHON MHGMOPMAIMY B B PeKHUMe PeaTbHOI'O BpEMEHHU.

13.6 Ilpumepsl ysaydineHusi /paciiupeHns ceTei

13.6.1 VYaydileHue ceTu

31ech mpeCTaB/IeH YIPOIIEHHBIH TPUMEpP y/aydiieHus: Teie(pOHHON CeTH MOCKOBCKOTO Peru-
ona [349|. Tabauna 13.25 comepKuT nepedeHb pacCMaTPUBAEMbIX PeruoHOB {Aj, .., A9} wu
UX OIEHKH 110 mapaMeTpaM (SKCIEpTHOe OleHWBaHUE, mopsijikoBas mkaja [1,10]): Hacenenue
P), ypOoBeHD CyIIECTBYIOIIEH KOMMYHUKAIMOHHON NHMPACTPYKTYphl Py, pa3mep peruoHa (m/io-
maan) Ps.

[Toce kyacrepu3anuu (MCIOIB30BAH ATVIOMEPATUBHBIN aJITOPUTM JJIsl HePAPXUIeCcKasi KJia-
crepusanus [345]), noydaiorcs cieayomue rpynns! (Kaactepsl) peruonos: Gt = {A;}, G* =
(A}, G3 = {Ay, A}, G* = {Ay), G° = {As5, Ay, A}, and G® = {Ag). TaGmmma 13.26
COZIEPKUT TSATh TUNOBBIX aKIWil (BAPUAHTA) PA3BUTHsl/y/IyUIeHUs] HA YPOBHE DErHOHA:

{D1, Dy, D3, Dy, D5} (D; - BapuaHT COOTBETCTBYET OTCYTCTBHIO JESITEJIHHOCTH).

YKa3aHHBIE aKIMH OLEHUBAIOTCs 110 KpurepusiM (nopsigkosas mkasa [0,5], skcneprroe ore-
HuBaHue): obmas nosiesnocrs (Ch), caoxuocrts (Chy), nepenekrusHasi nosesHocts  (Cs),
Tpebyembie 3arparsl (Cly).

Tabsuma 13.25. Pernonsl, oneHku

Peruon TTapamerpsr
P, ‘ P, ‘ P Tabsmna 13.26. TumnoBsie aKkIuu yJIyqIIeHHsT

A, |lenTpanbubrit 10 10 9 AKums yaydimeHus Kpurepun
Ay | 10xnwtit 8 9 10 c-ToTo.TC
As |FOro-3anazguerit 6 7 4 1 ‘ 2 ‘ 3 ‘ 4
A4 | TOro-Bocroumbrit 3 8 8 D; |Her 0O 0 0 O
AS Cesepnprit 4 4 5 D; |Hosbie nuaum 5 5 5 5
AG Cesepo-Bocrounsrii | | 1 9 D3 PemonT jmanit 2 2 2 2
A7 |Cesepo-zamamusiii | 4 5§ 4 4 |Pactmpenme (rOoBEIC 3 3 3 3
Ag 3ama HbIii 5 6 4 JIMHUY ¥ YCTPOUCTBA)
Ay | Bocrounsrit 2 4 5 D5 | Vnanenue crapex gwmmmial 1 1 1 1

JIByx srtamHasi cxema pemieHusi npejacraBieHa #a Puc. 13.26. @opMupoBaHue cOCTaBHOTO
IJIaHa yJydrienust (Pa3BUTHsI) OCHOBBIBAETCS Ha CJEAYIONeH 3ajade OJIOYHOrO prok3aka (uc-
0JIb3YeTCsl MTPOCTelInast yKaHas’ SBPUCTUKA):

6 5 6 5 6 5 6 5
maxZZciljxij, minZZc?jxij, maXZch’jxij, minZZcfjxij

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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. _ 1,712, N3, D4y D4 N6
B pesysibrare nosyuaercd cienymomee pemenue: S, =< DyxDix D x Dy« D% D} >. B cayqae
3aBUCUMOCTH PEIIeHuH JIJIsi COCEJHUX PEernoOHOB, HEOOXOIMMO HCII0JIb30BAaTh KOMOWHATOPHBIN
cuHTe3 Ha, ocHOBe VIMMII.

Peruonsr,
KJIACTEPU3ALHSE

CocTaBHOIT TIJIaH PAa3BUTHS
Ipumep: S =
< D} D% x D3 % Djx D3 x D >

(A5, A3} | — iGl LGQ lG?, lle LGEJ lGG
= D! D} D} D} D}

=0 ool o
Ag) D; D3 (D) Dj DS
D, (D) D} Dy D; Dj
Dg D§ Dg D§ @ Dg

z

A57

ﬁ

Puc. 13.26. Muroctpanuit 2-x 3TanHoil cXeMbl

13.6.2 Pacmmumpenue cetu

PaccmarpuBaercs cieayomuii mpuMep J1jisl perHOHAJBHON KOMMYHUKAIMOHHOI ceru [349]: (i)
cynieCrByeT KOMMYHUKAIIMOHHAA CETH JIJIsd HEKOTOPOI'O PEruoHa (MHO}KGCTBO KOHE€YHBIX IT1OJIb30-
BarTeJielf, MHOKECTBO TOYEK JOCTYIA, JMHUU IIOKJIIOYEHNUSs [I0Ih30BaTeIell K TOYKaM J0CTyIa),
(i) HEOOXOAMMO CIPOEKTHPOBATH JOMOJHUTENBHYI) KOMMYHHUKAIMOHHYIO CETh JJIS COCEIHEro
pernoHa (Kax Jyisi JOMOJHUTEJLHOTO DErHOHA, T.e., PACIIHPEHNe HCXOMHOH cucTeMbl). Moryr
OBITH MPUMEHEHBI JIBE CTPATETHH PACITHPEHHUSI:

Cmpamezus I. TIpoekTupoBaHue HOMOJHATETHHONR KOMMYHUKAIMOHHOW CeTH [JIsT HOBOTO
peruoHa.

Cmpameeus I1. IlIpoekTupoBaHue HOBOI “00ITeil” KOMMYHUKAITMOHHOW CETH JIJIT HHTEIPUPO-
BAHHOI'O PEruOHA, BKJIIOYAIOIIETO CYIIEeCTBOBABIINY PETHOH M JOMOJHUTEIbHBIA DETrHOH.

Cmpameeus II1. TIpoekTupoBaHne KOMMYHHUKAIMOHHONW CETU JIJIT HOBOIO PErMOHA, W MO/IH-
dbuKanus CymecTByomeil KOMMYHUKAIMOHHONR CeTH JIJIsI HCXOAHOTO PErvoHa.

PaccMarpuBaiorcst JBa peruona (moJb30BaTe/d, TOYKH JOCTYIIA):

(i) mcxomubrii pernon (17 mosb3oBareseii, 3 Touku gocryna, Tabsuma 13.27, Tabauna 13.28,
Puc. 13.27);

(ii) momostauTebHBIH peruoH (11 moab3oBareseit, 3 rouku qocryna, Tabauna 13.27, Tabauna
13.28, Puc. 13.28).

Ucnonb3yiores crpareruun: cmpamezus I (He3aBUCMMOE TPOEKTHPOBAHWE JJisi PETHOHOB),
cmpamezus II (MHTErPUPOBAHHOE TPOEKTUPOBAHMUE).

JI/ist MCXOHOTO pernoHa MCMOJIb3YIOTCS CJCAYIONNEe MAapaMeTPhl: MHOXKECTBO IOJIb30BaTe-
aeit W ={1,...,4,...,n} (n = 17), mHO)kecTBO TOUeK mocryna O = {1,...,7,....,m} (m = 3). dus
KayKJIOTO TI0JIb30BaTe sl HMeeTCsi BEKTOD napaMeTpoB (X;, Y;, Zi, fi, i), T/i€ CIeAyIonme KOMIO-
uenTh! (Tabuma 13.27): KoopauHaThl (5, Y;, 2;, TPeOyeMas MUPHHA MOJIOCHL YacToT f; (IIKasa:
1 Mbit/s ... 10 Mbit/s), npuopurer p; (mopsimkoBas mkaia [1,2,3], Bce TpeGOBaHUST TOJIB30-
BaTeJisl YIOBJIETBOPSAIOTCS B cjydae p; = 1), Tpebyemasi HAJIeKHOCTh r; (HOPSIKOBas IIKAJIA
[1,10], 10 coorBeTcTBYeT MakCHMaIbHON HaJEKHOCTH. [lapamMerpsl [jisi TOUYEK JOCTYIIa BBOJST-
cs anastorndHo (¢ mugekcom j, Tabimua 13.27), Briouasi mapamerp n; (MakCHMaJbHOE YHCIIO
06CTyKUBaeMBIX TOJIb30BATEJIEH ).

Taxum o6pasoM, Kaxkaas mapa “mosab3oBaTeb - To49Ka goctyna’ (r.e., (i,7),i € V,j € O)
omnuchiBaeTcs Tak: (1) HagexkuocTs 75 = man{r;,r;}, (2) paccroguue l;;, (3) upuopurer p;; =
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pi, and (4) TpeGyemasi mupmHA MOJIOCHL 4acToT f;; = f;. JomonHurepHO, paccMaTpUBaeTCs
napamerp ‘ca3nocru’: [3;; pasex 1 ecam [;; < | m 0 B nporuBHOM ciy4dae (L coorBercrByer
OTPAHUYEHHIO TI0 PACCTOSHUIO. DTO TMapaMeTp OIpeeasdeT g KaXKI0ro mojab3oBarens Vi € W
MOJIMHOYKECTBO BO3MOXKHBIX Touek joctyna ©O; C O. [logkmoouenue mosb3oBaTess ¢ K TOYKe
JocTyna j oupenesnsercs Bynesoii mepementoit x;; (x;; = 1 B cily4ae NOAK/IIOYEHNs/ HA3HATCHHS
i kK j ux;; =0 B nporuBHOM ciy4dae). Obmee pemenne nogkaovenus (Haznadenns:) (VU =
©) onpenensiercs Bynesoit marpuneit X = ||z;;][, i =1,n, j =1,m.

Tabauna 13.27. Jlanuble 1JisT KCXOIHOTO PECHOHA
(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. JlanHble A1 JOMOJHATETHHOTO PETHOHA
(a) mosnb3oBaTEH (b) Touku mocryma

Ti |y |25 (1| ng|T

150(16510 |30 15
140(112/10|32 8
147/ 4711030 15

S
3

14110169
151145181
16170161
17(12( 140
18(15( 136
191175125
20183 91
21133 59
221147 79
23172 26
241163 50
251121 95

R

DU | .
T Ot Ot

SO RO U i = GO O U1 Qo T
S ey

N P e R NN RN | B
DO GO 1D GO GO GO GO I DO B DO DD
GTW TS CLUT~T O s s U

DopMyIUPOBKA 3a/1a9U 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;

Ucnosnb3yercst ynpoueHnas aByx-sransas sspucruka: (i) mjst Kaxkuoi napsl (i, j) BEeKTOpHast
oneHKa TpancdopMupyercs (MHOrOKpuTepraibHoe paHkuposanue, sepcusi Meroga ELECTRE)
B TIOPSIIKOBYIO OIEHKY (ii) perrenue moTydeHHO 3a7a9u O HA3HAYEHUSX C OJHAM KPHTHEDEM
(>kamEbIit anroput™). Puc. 13.27 comepKuT mosydeHHoe pernenuii (MOIK/II0YeHNe /Ha3HAUCHUE
MOJIb30BaTeell K TOYKAM JTOCTYIA).
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Touka - lons3oBarenn

6 7
5
10
9 |
13|
11 )

Pwuc. 13.27. Ucxonuswlii pernoxn

Puc. 13.28 Bkitouaer jiBa pernoHa (MCXOAHBIN U JIONOJIHATEIBHBIN) ¥ COOTBETCTBYIOIIEE TI0/I-
KJIOUEHHUE T0JIh30BaTesIeil. 3/ech pellenne MOoyYeH0 OTIEIbHO JJIsl KayKI0r0 PernoHa (crpare-
rust 1): nyist mexopuoro perwona (nogaksodenne ¢ Puc. 13.27) u jjis1 1ONOJIHUTEIHBHOIO PEIHOHA.

Puc. 13.29 comepKuT pe3yabTaT HHTETPUPOBAHHOTO MpoeKTHpoBauus cmpamezus II). Cie-
JAYIOIINE TT0JIh30BaTE U Tlepe-ToAKJIoueHb: 3, 13, 25.

MOKHO paccMOTPETh U JPYIYIO OBIILYI0 SBPUCTUIECKYIO CXeMY penteHust (J1jis yMeHbIIeHus
Pa3MEepPHOCTH UCXOJHON 33134 ):

(a) moaK/IIOUEHWE MOJIH30BATENEll B HCXOAHOM DErHOHe,

(6) mojKJIIOYEHHe [OJIb30BATEel B JIOMOJIHATEILHOM DEIHOHE,

)

(B) BBIIEIEHNE “NOTPAHUYHON” 30HBI M COOTBETCTBYIONIUX MOJIb30BaTejell (B MCXOTHOM pe-
IHOHE ¥ B HOBOM DErHOHE) W Mepe-PelleHne 3aa4 JIJIs 9TOro “mojpernona’.

B npumepe (Puc. 13.28, Puc. 13.29) rakoe “norpannvnoe” MHOXKECTBO MOJIb30BATE€H BKIIIO-
qaer: {3,5,8,13,14,17,21, 25}.

Fig. 13.28. /Ipa peruona: ot/ie/ibHOE TOJAKJIIOUYEHNE
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Fig. 13.29. /IBa permona: COBMECTHOE TIOJIKIIOYEHIE

13.6.3 OobcyxaeHue

B nanHOM pa3jiesie IPUBEJEHBI [[BE PEAJIMCTUYHBIE 3312491 Y1y YIIeHNs] / DACITUPEHUS] KOMMYHHU-
KalMOHHBIX cereit. CiielyeT OTMETUTh, yKa3aHHBbIE 33Ja9l MOTYT PACCMAaTPHUBATHCS KaK yIIPO-
mernbie. C 00mux Mo3uIuii cireiyer uccaeaoBaTh 0oJiee CA0KHbBIE 3a1a91 MOAUMUKAIMA KOM-
MYHUKAIMOHHBIX CeTeil M UCIOJIb30BATh M3BECTHBIE MO (HAIpPUMED, 3ajadu MoauduKa-
UM TOIIOJIOTMH CceTell - augmentation problems), 1 HOBbIe OAXO/BI (HATIPUMED, MOIUMDUKAIS
MHOTO-YPOBHEBBIX CeTeil, BK/II0Yas Iepepacipe/ie/ieHne y3/I0B CETH 110 YPOBHAM, MOIMMUKAIIUIO
TOIOJIOTHH CETH HA KAaXKJOM YDPOBHE, MOAUMUKAIUIO COJIUHEHN Y3I0B PA3JIUYHbIX YPOBHEIH).

13.7 BpIBoabI K rjaBe

B nannoii riaBe npejicraBiieHbl TPUMepPbl TPUMEHEHUST KOMOUHATOPHBIX WHYKEHEPHBIX CXEM JIJIsT
MOCTPOeHU s, MOJU(UKAINE U KOMOMHATOPHOTO MO/IE/IMPOBAHUS IBOJIONUK PA3TUIHBIX YacTei
KOMMYHUKAIMOHHBIX cucTeM (00Masi CTPYKTYpa, MPOTOKOJIBI, CTAHAPTH Mepeiadn nHbOpMa-
UK, TIOJKJIIOUEHNUs TI0JIb30BaTe el K mpoBaiijepaM 1 TOYKaM J0cTyna). B manbHeiiimeM mnpe-
CTaBJISTCS BayKHBIM IIPOBECTH CJIEIYIONINe MCC/IeT0BAHUS:

1. MOJie/TMPOBAHUE U TIOCTPOEHKE CTPYKTYPbl COBPEMEHHbBIX IIOKOJIEHUSI CHCTEM CBSI3H, BKJIIO-
4yasl aHAJIU3 IBOJIIOIUU CHCTEM;

2. IpUMEHEeHUe MOJLYJIbHOTO T0JX0/ia K PAa3/JIMYHbIM COBPEMEHHBIM ITPOTOKOJIaM OeCrpoBO/I-
HOHl CBA3W;

3. mccnaenoBanuMe 337a9 MOAYJIBHOTO MPOEKTHPOBAHUSA KOMMYHUKAIIMOHHBIX NMPOTOKOJIOB U
CTaHAPTOB 00PAOOTKM MYJILTUMEIUHHON MHGMOPMAIIUK B PEXKUME PEaibHOTO BPEMEHH;

4. MOJIEJTUPOBAHUE U MTOCTPOEHNE aPXUTEKTYPhl COBPEMEHHBIX ceTeil CBsI3M, BKJII0Yast BOTIPO-
chl MOJIupUKAIMY ceTeil;

5. mcciejoBaHue 3aJ1a4 NMOAK/II0OUEHHS [T0JIb30BaTe el K TOYKaM JIOCTyIIa ¢ YUeTOM HeoIllpe-
JIEJIEHHOCTH (HAIIPUMED, ¢ UCIOIH30BAHNEM HHTEPBAJBHBIX OIEHOK B BUJIE MYJIBTUMHOXKECTR);

6. uccaegoBaHue 33724 MPOEKTUPOBAHUS M MOAUMUKAIUN MHOTO-YPOBHEBBIX KOMMYHUKA-
IIUOHHBIX CHUCTEM.



232 I'VIABA 13. 1IPUJIO2KEHU S B KOMMYHUKAIIMOHHBIX CUCTEMAX



I'maBa 14
Ilpnaoxkenusa B CTPOUTEILCTBE

B ﬂaHHOﬁ TJ1aBe ! IpuBeACeHO OIlMCaHHWe ABYX IIPHUMEPOB KOMIIO3UIIUU: (a) MaKpOTeXHOJIOTHuA

GeroHa (KOMIIO3UIUS, TPOU3BOJICTBO, TPAHCIOPTHPOBaHUE), (0) Mepapxuveckas MOJIEJb Ceil-
CMOCTOMKOTrO 3/auust (TUIOBOM JABYXITaxKHbIH JIOM), OLEHUBAHUE JIOMA U €r0 YKDeILJIeHHe.

14.1 Texwuojsiorug d6eToHa

B nanHOM pa3zesne IpeCTaBIeH IPUMeD HePAPXUIECKOT0 MOCTPOCHUS TEXHOIOIHN OeToHa [374,
342|. Nepapxudeckas cxeMa JJIsl TEXHOJOTUH OeTOHA BKJIIOYAET:

(a) KoMOMHATOPHOE MO/IEJIMPOBAHNE W aHAJU3, BKJO4Yas JBe dacru: (i) Geron (anbrepHa-
THBHBIE KOMIIOHEHTHI ¥ X COBMeCTHMOCTH) u (ii) TexHosiorust npou3BoACTBa (A/IbTePHATHBEL);

(6) amanTanus TEXHOJOTHWE JAJISI ONPEIETeHHON NPUKJIAIHON CHTYaINH.

Hamre paccmorpenue 6/1M3K0 K COBPEMEHHBIM IIOAXO0AAM B 00JIACTH MHTETPHPOBAHHOTO IPO-
eKTHPOBAHUS] MATEPHAJIOB ¥ IIPOM3BOJCTBEHHOIO IIPOLECCA. 3/€Ch PACCMATPHBACTCS KOHKDET-
Hasl IPUKJIQ/(HASL CUTYAIUsI:

Hatimu "mauasyqwyo’ KomMOuHauuo KomMnonenmos 6emona u 8apuaHm npou3sodcmaea ¢ yue-
MOM Ueneoz20 Kaacca bemona u mpebosanull (ozparurenud).

PaccmarpuBaercs cienyiomast nepapxudeckast crpykrypa (DAs ykazaubl B cKoOKax):

0. Texnonorus 6erona S =D x X xU x Z
1. Komnonentst D = A x B
1.1 Kpynusie 3anonaurenn A (Ag, Ay, Ag, Az, Ay, As).
1.2 Menxkue 3anonaurenu B (By, By, By, Bs, By, Bs).
2. Ilementr X (X7, X, X3, Xy, X5).
3. Ilpomssoactso U (Ui, Us,Us, Uy).
4. Kunaccel 6erona (Bersb neneit) 2 (71, Zy, Z3, Zy, Zs).

@akTHUeCKH, NPUBEIEHHAs CTPYKTypa cojep:xkutr cramuio HUP (D, X u np.). B npumepe
paccMarpuBatorcs cienyomue DAs: Ay (wer), Ay (mebenn), Ay (rpasuii), Az (mebensb u3 rpa-
Busi), Ay (Homenusiii nuiak), A; (TOIUIMBHAS 30/1a OT TEIJIOBOH 3JIEKTPOCTAHINH) U T.1.; B

' MaTepuaJs TIaBbl OCHOBAH HA, TyOIHKAITAIX:
(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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(necok), By (apobsiennsiit necok), Bz (nmpocesinubiii mebens), By (anasuor Ay), By (anamor Ajy)
u r..; X7 (uement '300°), Xy (uement '400°), X3 (nement ’500”), X, (nement '600°), X5 (uement
’700’); Uy (m3rorosiienune Ha 3aBoje), Us (M3roToB/IeHNE HAa CTPOUTEJIBHOM IUIOMAJIKE, UCIOb-
30BaHHe UMelomeiics cMecn 3anosnnureseii), Us (M3roToBIeHNe HA CTPOUTETHHON IIIOMAJKE,
cMemnuBanue 3anonuuresieit), U, (M3roroBieHre B MyTd HA ABTOMAIIUHE BO BPeMsl JIOCTABKH);
Zy (6eron 200’ wimn B15), Z, (6eron '300" win B22.5), Z; (6eron '400’ win B30), Z, (6Geron
’500” wau B40), Z5 (6eron "600” wiu B45).

Hnst Up npousBoiacTBo GeroHa ¥ »Kejie300eTOHHBIX n3/eunii (naHeseil, KOHCTPYKIWii) ocy-
mecTBisiercss Ha 3aBoje. Kpurepun ykasansl B Tabaune 14.1 (Beca Kpurepres COOTBETCTBYIOT
1e/IeBOMY GeTOHY ).

Tabmuna 14.1. Kpurepun (Beca pyst 6erona *300)

Kpurepun KowmmnonenTsr

[ Blx|U
(1 Croumocts -1 -1 -2 =3
(5 Tlo3uTHBHOE BIMSIHUE HA SKOJOTHIO 2 2
('3 TpanCIOPTHBIE 3aTPATHI -1 -1
Cy KauecrBo 3 2 3
(s Bpems usrorosyenus 6eToHa 2
CG Bpewmst n3roroBnenus: nsnennii 2

PaccMarpuBaeTcst KOMIO3UIMS YIIPAB/ISIONIEH cTpaTeruu jis nojiydenus 6erona *300° (Z5).
OrmerumM, uTo Komno3uius As uinu By OpueHTHpPOBaHa, Ha MOy YeHne "1erkoro’ 6erona. OneHkn
DAs u pesyaprupyiomnue npuoputersl npejcrasiedbl B Tabuune 14.2 u Tabaune 14.3 (mias
komnonentoB A, B, X, U). Beiuncienue npuopuTeToB MOXKeT OCHOBBIBATHCS HA Pa3JIHYHBIX
MeToJIaX, B 4aCTHOCTH, Oblia ucnosb3oBana cucrema CIITIP COMBI [26, 334, 362]. B Toxe
BpeMsI, BO3MOKHO HCIIOJIb30BaHUE IIPOCTHIX METOIOB, HAIPUMED, aIINTUBHON CBEPTKH:

= Z Bibj(a
j=1

e i - HoMep aJbTepHATHBA (v, j - HOMEeD KpHUTepHs, [; - Bec (BaXKHOCTH) KpuTepus j, b;(a;) -
OTIEHKA AJITEPHATUBBI (v; 110 KPUTEPHUIO j, v(y;) - PAHKUPOBAHUE AJHTEPHATHUBHI (V;.
Taxum obpazom, Beraucasiores pefituaru (v) mas DAs (maa A):

v(Ag) = (=1)0 + (2)0 + (=1)0 + (3)0 = 0,

v(A)) = (=164 (2)0+ (—-1)1+ (3)5 =8,

v(Ay) = (—1)4+ 2)1+ (-1)1+(3)4=09,

v(A3) = (=1)5+ (2)1 + (=11 + (3)5 =11,

v(Ay) = (-1)3+(2)3+ (—=1)1 +(3)3 = 11,
(

v(As) = (1)1 + (2)3 + (—1)2+ (3)4 = 15.
YKazaHHBbIe PeHTUHTU TPaHCGHOPMUPYIOTCS B NPUOPUTETH. OIEHKH COBMECTHUMOCTH JIJIsk
kKoM1ioHeHTOB [ mpejctaByienbl B Tabiune 14.4. Pesynprupytomue pemrenust gist D = A x B
cIemyomue:
Dy =AsxBs, Dy=AxBy, Dy=A%*By, Dy= A xBs, Ds= Ay x By, Dg= Ayx By,
D; = Ay x B3, Dg=A3x By, Dg= A3 x By, Dig= A3+ B3, D11 = Ay~ By.
[Ipu sTOM moOJIyuarOTCs CjIemayIoNIe BeKTOPhl KadecTBa:
N(Dy) = (5;1,1,0,0), N(Dy)=(5;0,1,1,0), N(Ds)
N(Dy) = (5; 0,1,0 1), N(Ds) = (5;0,1,1,0), N(Ds)
N(D7) = (5; 1), N(Ds) = (5;0,1,1,0), N(Dy)
N(Dm) (7 L ’1)7 N(Dll):(a 1,0, )

(5;0,1,0,1),
(5:0,1,0,1),
(5:0,0,1,1),
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Tabauna 14.2. OueHkn KOMIIOHEHTOB

DAs Kpurepuu

C 1‘ CQ‘ 03‘ C 4‘ TIpu-terst DAs Kpwurepun
Ao Joooo0 3 C1[Co] 5] i Tpu-rersa
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

Tabsmma 14.3. OneHKyr 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 coctaBubie DAs juis cieayiomeid cragun (Ha
OCHOBE KCIEDPTHBIX CyxkKieHui). [Ipesmosaraercs, 4To NMPUOPUTETHI MOJYIEHHBIX COCTABHBIX
pertennit paBasl 1. Onenku coBmectumoctu DAs npescrasienst B Tabaune 14.4, B Tabsmne
14.5.

Tabnuna 14.4. OueHKu COBMECTHUMOCTHU

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
Tabauna 14.5. CoBMecTuMOCTH
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

Pesynsrupyromue cocraubie DAs s Kiacca 6etona Z; umeror Buf (ITapero-sdpdexTupnbie

perenus):
Sl = ZQ*XQ*UQ*DQ; SQ = ZQ *XQ*UQ*Dg; Sg = ZQ*XQ*UQ*D4;
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S4 = Z2*X2*U2*D5; S5 = ZQ*XQ*UQ*DQ.
BekTop kadecTBa /i yKa3aHHBIX cOCTaBHBIX perrenuit N = (4;3,0,0).
Mo2KHO paccMOTpeTh aKIMK YIydllleHus JJist yKa3aHHbIX pemtenuit (S, ..., S5):

1. Yayurienue IpUOPUTETOB s CymecTByomux DAs:

A, 2=1; Ay, 2=1; A3, 2=1; By, 3=1;, By, 4=1; B;, 3= 1.
2. Ucnonb3oBanue HOBBIX DAS, HampuMep, HEKOTOPble KOMOMHAIIMMN:

Ag = A1&As, Bg = B1&Bs, Us = Uy &Usy.

3. YiydieHune COBMECTUMOCTH it HeKOTOpbixX map: (Us, Zs), 4 = 5.

31ech K 6a30B0it MPOEKTHO MOPdOI0rHn JOOABISIOTCA yKa3aHHbIe KOMOMHNpOBaHHbIe DAS
c oneHKaMu (BKJIIOYAsi COBMECTUMOCTH ), KOTOPBIE DABHbI JIYYIIMM OIEHKAM COCTABJISIIOIINX HX
snemeHToB: Ag = A& As, mpuoputrer pasen 1; Bg = B1& B3, npuopurer pasen 1; Us = Us&Uy,
npuopuTeT paBeH 2. Temepb MOXKHO HCCJIEJIOBAThH CJAEAyIONHe KOMOMHUpOBaHHBIe DAS s
D: Dy = Ag&Bg; D13 = Ag&Bs; Dy = A1&Bg. B pe3yabrare MOXKHO IHOJYYUTH CJIe-
JIyIoIIie Toc/eoBaresbHo-napaienbibie DAs (iyist yposus [lapero-adbdekTuBabix perniennii)
(PI/IC. 141) S6 = ZQ * X2 * U5 * D12; S7 = ZQ * X2 * U5 * D13; Sg = ZQ * X2 * U5 * D14.

Uy A B
SG . J— XQ_ [ { }
I 0 Y B

57 . J— XQ_ — I B3
LU L Ag

I

Puc. 14.1. Nnmoctpanus nocjienoBaTebHO-TIapasuiebHbix DAs

14.2 OmneHuBaHUe U yJydIllleHUe 31aHUS

B nmammom pasmesne paccMaTpuBaeTcs NpUMep ONEHUBAHUS W YJIYYIIeHUs 3/aHUS HA OCHOBE
VMMIT [342, 377]. Obmias cxema BKJIIOYAeT CJIEAYIONME ITAIBI:

I. TlocTpoerue mepapxudeckoii moaeau 3maauda: 1.1. [locrpoenue apeBoBuHOE MO-
nemu.  1.2. TlocTpoeHre MHOTOKPUTEPHAJIBHOTO (MHOrO(hAaKTOPHOTO) OMUCAHUS JIJIs KAXKJIOTO
y3/1a MOJIe/TH (T.€., YaCTH U KOMIIOHEHTHI 3/IaH¥s ), BKJIIOUAsl TIOPSIKOBbIE TIKAJbI JIJIS KAXK/I0T0
KPUTEPHUs.

I1. OuenuBanne: 2.1. OuenuBanue 4areil 37anusg no kpurepuaMm. 2.2. [lomarosoit arpe-
rUpoBaHue WHMOOPMAIUU I TOJyYeHNsT MHOTOKPUTEPUAIBHBIX OIEHOK st 00Jiee BBICOKOTO
MepapxXuIecKoro ypoBHsi Mojesu (“cHusy-BBepx).

IT1. Ananun3 3/1aHuUd U BBIFBJIEHUE Y3KUX MecT: J.1. AHamu3 pe3yJbTUDYIONIeil WH-
TErPUPOBAHHOI OIEHKY JIJIsT CUCTEMBI, AHAJIU3 OIEHOK JIJI 9acTell 3MaHus W UX B3aUMOCBS3€il.
3.2. BoigBieHue y3KAX MECT KaK HEKOTOPBIX “‘CIa0bIX’ dacTeil 37aHuii, er0 KOMIOHEHTOB WJIH
WX B3aMMOCBHA3€EN.

IV. IlpoexTupoBanme aknuii yrydmenns ajs 3gaaus: 4.1. [enepanus / Bei6op MHO-
JKECTBA BO3MOXKHBIX aKIil yaydmieHus. 4.2. Bei6op / KOMIO3UIMS HAMIYYIIero MOIMHOKECTBA
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AKIW yJIydIleHusl ¢ y4eTOM MPOEKTHBIX M TEeXHOJornYeckux tpeboBanuit. 4.3. Cocrasyienue
pacnucaHusi peajn3aiuy akiuii yiydiienust, Koropsie 6b11u 0ro6panbl (COPMUPOBAHBI) BBIIIE.

31ech paccMaTpuBaeTcst KOHKPETHAs CUTYAIMs JJIs yYeTa BO3MOXKHOIO0 3eMyieTpsicerust (IKka-
na ceifcmuueckoit uarencusaoctn MCK-64). PaccmarpuBaercss nepapxuveckas MOJEJb CJIey-
IOIIETO BUJA:

1. Bpanue S ([2,3,4,5]).
1.1 Oynmament A ([3,4,5]).
1.2. OcHosuas crpykrypa (kapkac) B ([2,3,4,5]).
1.2.1 Hecymme koncrpykmun D ([3,4,5]): 1.2.1.1. Kapkac E ([3,4,5]). 1.2.1.2.
Anpo xecrkoctn G ([4,5]). 1.2.1.3. Jlecrawunsiit npoer H ([3,4, 5]).
1.2.2 He necymue koucrpykmuu F' ([2,3,4,5]): 1.2.2.1. Hecymue crennt [ ([2,3,4,5]).
1.1.2.2. Paznenurenbusie crenst J ([2,3,4,5]).
1.3. Ilepekpbitust C' ([2, 3,4, 5]).

Ucnosib3yercs epunHasi 1MOpsiJKOBas IMIKaJa Jijis 4acTeil U KOMIIOHEHTOB 3jaHusi: I. TJIO-
OaJibHbIe pa3pylieHus; 2. JIOKaJibHblEe Pa3pylleHus; J. TPENUHbI; 4. HEOOJIbINE TPEIuHbI
(Tuma 'Bostoc’); 5. orcyTerBue paspymieHuit. /s KaXK 10 9acTy 3MaHUS MPUMEHSIeTCS TKaja,
KOTOpas SBJISETCS YaCThIO YKa3aHHOI BHITIIE.

MHoxkecTBO akuuii yiayurienus (IepenpoeKTUPOBAHNS) BKJIIOUALT CJIELYIOIIEe:

A. BHyTpeHHbIE aKIum.

1. Ymenbruenue Beca: 1.1. u30JISIUOHHBIE MATEPUAJIBI (HAPUMED, TEILIOU30ISINUS, 3BYKO-
u3osis1st); 1.2, Hecyuue cTeHbl (Kapkac); 1.5. He HeCyllue CTeHbl; 1./. IepPeKpPbITHsI.

2. Momudukamus craTudeckoit cxeMbl: 2.1. IPOEKTUPOBAHUE sIJpa >KECTKOCTH, 2.2. yBe-
JIMYEHNE CTATUYECKON HEeONpeIeSIeHHOCTH KOHCTPYKIuH, (2.2.1 NMPOeKTUPOBAHUE MIAPHUDPHBIX
y3J10B, 2.2.2. IpOeKTUPOBaHNE JOTOJHUTEIbHBIX OIMOPHBIX 3JIEMEHTOB, 2.2.53. MPOeKTUpPOBaHUE
JOTIOJTHUTEbHBIX Y3JI0B, 2.2.4. IPOEKTUPOBAHUE JOTOJTHUTEIbHBIX COEJIUHEHUMN.

3. Ycusenue CTPYKTYDHBIX JIEMEHTOB WM CBsi3eil (IIPOEKTHPOBAHWE JOTIOJHUTEIBHBIX i€~
MeHTORB): &.1. 6anok; &.2. KoJoHH; 8.3. CTeH; &.4. IJINT NePeKphITHil; 3.5. pa3ieJnuTebHbIX
cren; 8.6. coenuuenuit; 3.7. nepekpbiTHil (KymoJabHBIX U 1p.); &.8. dyHmamenTa.

4. /lonosHUTE/IbHBIE CTPYKTYPHBIE CUCTEMbI U 3JIEMEHThI: 4.1. rubKasi anTuceiicMuieckast
00BsI3Ka; 4.2. KecTKasl aHTHCeficMuYecKas 00BsI3Ka (MeTas1, 6eTOH); 4.3. MeTAIHIeCKoe SIpo
JKECTKOCTHU; 4.4. OETOHHOE SAPO YKECTKOCTH; 4.5. CTEHBI YKECTKOCTH.

B. Baemaue permeHud.

JlomoTHUTE THHO, BBOIUM TPH TUTIA OMHAPHBIX OTHOIIEHW T HA MHOYKECTBE aKIWii YTy YITeHUs:
(1) skBuBasenTHOCTH akmuii R°; (2) momosuuTenpHocTh R (3) mpemmectBoBanume RP.

[loaxom K OIEHUBAHWIO U YJIYUNIEHUIO 3J]aHNS UJLIIOCTPUPYETCS HA MPUMepe JTBYXITAZKHOTO
snanus (Puc. 14.2).

VMMII paccMarpuBaercs Jijisi ONEHKH 3/aHusl (MM TPOEKTa 3/1aHus). IIycTh jjis KOMIO-
HEHTOB 3/IaHNs CreHepUPOBaHbl DAS (IPHOPUTETHI ¢ TOYKHU 3pEeHUsI CEHCMOCTOWKOTO CTPOUTE Th-
CTBa yKa3aHbl B CKOOKax):

Dyngament: Aj, neHrounsiii dyngament (2),

Ay, dynnamentHas mmta (1), As, dyHmament, cocTosmuii u3 H30JUPOBAHHBIX YacTeil (2).

Kapkac: Fj, monosmTHbIH Kapkac (1), Fs, cbopublil Kapkac (2).

Anpo xkecrkoctu: (G, MOHOIUTHOE siipo ¥kecTKocTH (1), G, c6opHOE SO KecTKoCTH (2).

JlecTHuuHbIN TiposieT: Hi, MOHOJUTHBIH JlecTHUYHBIH 1poJer (1), Hy, cGOpHBII IeCTHUYHbIH
npoJer (2), Hs, COCTABHOI JIECTHUYHBIN MPOJIET U3 MOHOJIMTHBIX ¥ COOPHBIX 3JIEMEHTOB (3).

Crensl ¢ 3amonauTeneM: [1, MeJKue smeMenTHl (2), [, HaBecHbIe CTeHOBBIE MaHean (2), I3,
cbopHble TaneabHble cTeHbl (1), Iy, KapkacHble neperopoaxu (1).
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Pazgenurenbubie crensi: Jy, cbopuble nanenbubie crenbl (1), Jo, Menakue smemeHTs (3),
J3, KApKacHble 11eperopoaxu (2).
[Tepekpbitus: Ch, monosmTHbie ImThl (1), Co, cocraBubie mamThl (3), C3, CGOPHbBIE TIATHI

(3)-

Os

[Tapaner

BaJjkon
— 0 =
Og

o, 1 o L

Puc. 14. 2. Cxema 31aHUS U ONEpAIVY YJIyUYIIEHUS

OkoHYaTeJbHO, MOJIYYAIOTCs Caeayiomnme coctaBubie DAs:

(a) N = (3;2,1,0): S = Ay x By x C, Sy = Ay x B3 x (1, S3 = Ay x By x
(pesyavmupyrowee kauecmeo PaBHO 2);

(b) N =(2;2,1,0): Sy = Ay x Biz x Cy (pesyavmupyrouee kauecmeo paBHO 3).

[Tosyuaercst, 910 pesyavmupyrowee kauecmseo 1 ABJISIETCS HEBO3MOXKHBIM.

Jamee uccmemyercs cJeayIONuil TpuMep:

(a) S* = Ay x (Ey x G1 x Hy) x (I3 x Jp) x Cy, pesyavmupyrouiee Kauecmeo PABHO 2.

(b) Sb = A; x (Ey x Gy x Hy) x (I3 x Jy) x Cs, pesyavmupyrousee Kauecmso paBHO 3.

(c) S¢= A x (Ey x Gy x Hy) x (I3 x J3) x Cs, pesyavmupyrowsee Kawecmso PaBHO 4.

[Tpeamonaraercss CaeAYIONMA CIIUCOK aKIWil yydiieHus: (omeparmii):

Onepamymonnas rpynna I (kapkac):

1. YBesmmuenue rabapuToB U akTuBHOE ycuienue O.

2. VBesqnuenue akTuBHOTO ycuaenus Os.

Onepanmonnas rpynmna II (y3usr):

3. VYBe/mueHne ypoBHsS KpPEIUIEHUS B 30HE y3510B (3.

4. YMeHbIIIeHUE Iara /s repecekalomuxcs crepxKkHueil B 30He y3710B (.

Onepanunonnas rpynmna IIT (KOHCOJb U KOHCOJIbHBINM GAJIKOH):

5. YMenbinenue mpoekiun Koucoaun Os.

6. lonomaurenbHas omnopa s Koucoan Og.

Onepauuonnas rpynna IV (ppoHTOH u mapanerHas CTEHKa):

7. Qukcanusa HuxKHel yactu .

8. ITpoekTupoBanue TpexmepHoi koucrpykuuu Og.

Onepanuonnas rpynna V (CBsi3b MeX/y KapPKAaCOM U CT€HOBBIM 3aIIOJIHEHUEM )

9. ITpoekTupoBanune KoHCTpyKIwmit casura .
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10. [IpoexkTupoBanue apmupoBanuoii pemerku (Oqg.

11. Pazgenenne cTeHOBBIX 3aIlOJHATEEH BCoMoraTeabHBIM KapkacoMm (7.
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[IpuMmeHeHne HECKOJBKHUX Ollepaluii uaocTpupyercsa Ha Puc. 14.2. Bpenenunie Bbiie Ou-
HapHBIe OTHOIIEHUS JJI YKa3aHHBIX Olepaluii UMeIoT BUI:

(1) sksuBanentHocTs ¢ = {(1,2),(1,3), (1,4),(2,3),(2,4), (5,6),(7,8), (9, 10),

(9,11),(10,11)}, me-sxsusanentnocts R° = {(3,4

(2) pomosruTenbHOCTE R°
(1,9), (1,10), (1,11), (2, 3), (
(1,11),(3,4), (3,5), (3,6), (3,
(4,7),(4,8),(4,9), (4,10), (4,
(6,8),(6,9), (6,10), (6,11), (

s
@
b=
o
=
o
=
s
=
(=}
@
=
o
jus
o
&
=)
[opl
uy)
o
|
—_
ot
S
x

(3) mpemmecrBoBanne RP = {(1,2)

(1,10), (1,11), (2,3)(2,
(3,5),(3,6),(3,7),(3,8),
(4,8),(4,9), (4,10), (4,11), (

4)(2,

(6,11),(7,9),(7,10), (7,11),

(3,9), (3,

1,4), (1,5), (1
7), (3, )

11), (

7,9),

5),

5,9), (5,

(8,9),(8,10), (8, 11)}.

)}
{(1,2),(1,3), (1,4), (1,5(
(

PaccmarpuBatorcst coreyomue Kputepun (COOTBETCTBYIONME IIOPSIKOBbIE IIKAJIbl U BECa

KPUTEPHEB yKa3aHBl B CKOOKAX):

VYiaydiienne yCTOMYNBOCTH K 3eMJIETPACEHUSM:

1. YMenbnienue coOCTBEHHOM
2. YBesmueHue MOITyCcKaeMoit

3. losbimenne Hagexunocru ([1, ...

macent ([0, ...,4],3): Ki;
narpysku ([1,...,5],5): Ko;
5],5): K.

KadecTBO apXUTEKTYypPHBIX U IJIAHOBBIX PEIIEHUIA:

4. @acan ([-1,0], 3):
5. [Mnan ([—1,0], 3):

Ky.
K.

6. Coboxuoe mpocrpancTso ([—1,0],3):

K.

DKCHJIyaTalluOHHBbIE XapaKTEPUCTUKNU:

7. Tennorexuuka ([—1,0], 1): K.
8. Akycruka ([—1,0],1):

9. Puck moxkapa ([ 1,0], 4) Kg.
3arparhr:

10. Marepuansr ([—1,0],3): Kio.

11. Croumocts [1..4],4: K.
12. Bpemenusie 3atparsl [0...3],3: Kia.
DKCIEPTHHIE OLEHKH 110 YKA3AHHBIM KPUTEPHSIM JIJIsi PACCMATPUBAEMbBIX aKIMI yJIydIeHnst

(omeparuit) ciexyorue:

O1:-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;
0,: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
07:2,3,4,0,0,0,0,0,1, 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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OueBuHO, 9TO MOXKHO mpoBecTH aHajm3 omepauumit ([377], [342]): (i) xracrepusamus; (ii)
orGop Ha OCHOBe 3aJa4u O prok3ake; (iii) cocraBieHue pacuucaHusl BBIIOJHEHHs onepanuii u
zp.

Temepb MOYKHO PAaCCMOTPETh TIpOIece yiaydinenus 3aanus. CTpyKTypa mporecca (MOIeb)
OCHOBbIBaeTCsi Ha OGuHapHOM orHomenun RS (a) onepamuu s frame (mampumep, Op, Os);
(b) onepamuu st y3uoB (manpumep, Oz, Oy); (¢) omepamun miast napanera (ranpumep, Os,
Os); (d) onepanuu mis 6ankona (mampumep, Oz, Og); (€) CBsI3b MeXK/Iy KapKACOM W CTEHOBBIM
sanosierueM (e.g., Og, O19, O11). [Ipu 9TOM TpeIIIecTBOBAHNE /Il YKA3AHHBIX TPYIIT OMePaIus
caenyiommee: (a); (b); (¢) u (d) mapamnensuo; (e).

Bunapnoe ornorenne R siBisiercss 0a30BbIM, YTOOBI CT€HEPUPOBATH CJIEAYIOIIUE arPerupo-
sannbie oneparuu 01&0; u 03&0,.

Bunapnoe orHomenune R¢ nipejcTaBiisieT cO00W MPUYWHY JIJIST UCKJIFOYEHUST CJIEAYIOIIMX ar-
PerupoBaHHBIX onepaum‘/’l 05&06; 07&08; 09&010, 09&011, 010&011, 09&010&011.

CrpykTypa Iporecca yJaydlleHus W CreHepUPOBAHHbBIE OIEpalud IIpejCcTaBjeHbl Ha Puc.
14.3.

Crenyer OTMETHTb, YTO BCE YKA3aHHBLIC ONEPAIMH Y/Iy4IIeHHs SBJISIOTCS COBMECTHMbBIME
(mo orHomenuo R.).

[Tpotecc 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. Crpykrypa nporecca yaydIneHust

Taxkum o6pa30M, IIOJIYyYa€eTCd CJAeAYIOIre UIIIOCTPATUBHBIE IIDUMEDHI IIPOIEeCCa YAYUIIeHU A
(nepenpoekTupoBanust) P:

(a) Pl = (01&02) * (03&04) * (05&07) * 011;

(6) P2 = 02 * 03 * (06&07) * 010.

14.3 BrnIiBoabl K rjiaBe

B nannoii riase npeacTapieHbl CXeMbl MOLYILHOTO TIPOCKTUPOBAHUS JIJIsT IBYX 3aa49 B 00J1aCTH
CTPOUTEJIbHBIX TEXHOJIOTHiA: MOJYJIbHOE MPOEKTUPOBAHKE MaKpPO-TEXHOJIOIMM OeTOHA W Mepap-
XUYeCKOe MOJICIMPOBAHUE U yaydiieHue (YKpeleHre) THIIOBOTrO JBYX-3TayKHOIO JIOMa, (¢ TOUKH
3penusi ceiicmo-ycroitunBoctn). [IpuBeenublie 3a1a4u MOryT GbITh HCIOJIH30BAHBI KakK 6a30BbIe
AHAJIOTH /11 MCCJIeI0BAHMs OJM3KUX 3a/a4 M CHCTEM, HAIPUMEDP: MOJLY/IbHOE MPOEKTHPOBAHUE
(KOMII03MIMsI) HOBBIX MATEPUAJIOB BKJIIOYAs IPUIOKEHUs] B KOMOMHATOPHON XUMUM, MCCIIEI0BA~
HU€e Pa3/IMYHBIX THIOB 37aHuii. MOXKHO yKa3aTh CJIEYIONHe HAIPABJICHUS JJIsi MCCJIeI0BaAHMM
B Oymymem:

1. mocTpoeHue TpaeKTOpuil CUcTeM (T.€., MHOIO-CTaUiHOE IIPOEKTUPOBAHNE);

2. aHAJIM3 PACCMOTPEHHBIX 33/1a4 MPOEKTUPOBAHNS B PEKUME PeaibHOrO BpeMeHu (B 4act-
HOCTH, JIJisl 3/aHuH );

3. y4er Heolpee/IeHHOCTH TapaMeTpOB.



I's1aBa 15

IIpnaoxkenns B Omome tuinmHe

B sannoii raBe ! npuBejieHO omucaHue JABYX IPUMEPOB KOMIIOZUIME: (a) IJIaH JledeHUusd acTMbI
y gereit, (6) miaH MPOBEIEHUsS] UMMYHOJOIHIECKOTO AHAJIU3A.

15.1 Iljaan jgeuyenuga

PaccmarpuBaercss npuMeHeHHe HepapXuieckKoro KOMOMHATOPHOTO MOP(MOJIOTHIECKOTO OIX01a
K (OPMUPOBAHUIO TIJIaHA JIEUEHUs aCTMBI V¥ JI€TeH.

15.1.1 CrpykTypa mjaHa, aJbTEPHATUBBI, OIIEHKN!

Ncnonw3yercs cireayionias CTPYKTypa NJIaHA JIeYeHUs:

0.Ilnan S =X*xY xZ.

1. basosoe ageuenne X = J x M.
1.1. ®usuorepanusd .J.

1.2. JlekapcrBennoe Jieuenune M.

2. Ilcuxomoruyeckast u sKoJiorndeckas cpemga Y = Px H xG.
2.1. Ilcuxonmornueckniit kiaumar climate P.
2.2. DKoJyioruueckas cpega agoma H.

2.2. Obmas 3kosorndeckas cpeaa (.

3. Pexxum, otnpix Z = 0 x K.

3.1. Pexxum O.
3.2. Orneix K.

UccnenyoTcs cienyomue aabTepHATUBHI:

J : wer J,, maccax Jy, unrassnus Jo, cayna J3, pediiekcorepanus .Jy, iazepHas Tepanus Js,
Maccax Jisi CleNUaJbHBIX IEHTPOB/To4eK Jg, pediiekcorepamnus Jjisi ClenuabHbIX IEHTPOB
J7, ramokaMepsl uian “coissable maxtTel’ Jg, Jo = J1&Jo, Jig = J1&J5.

M : mwer M,, suramunsl M7, sodium chromoglycate (oxuu mecsiny u gBa pasa B rog) Mo,
sodium chromoglycate (nBa mecsina) M3, sodium chromoglycate (Tpu mecsina) M.

P : mer P,, koncynpTanus y mncuxosora P.

' MaTepuas TIaBEI OCHOBAH HA, TyOIHKAITAIX:
(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,, Bnaxuasi ybopka H1, 04ucTKa 0T KHUXKHOM 11bLJIM Ho, 0TKA3 OT BATHBIX U3/
(omesina, nopymku, marpacel) Hs, yaanenne koBpoB Hy, UCKJIIOUEHME KOHTAKTOB C JIOMAITHUMH
JKUBOTHBIME H, ne3uHdeKIysa 1oMa I yeTpaHeHus HaceKoMbIX Hg, yaasenue nuseToB Hy.

G : mer G,, ynydienue MecTa (pacnoloXKeHns) KuTeabcrBa Gy.

O : uer O,, nHeBHOit con O, crienuagbHbIE MEIUINHCKAE TPOIELYPHI (JIPeHaXK, OTKAIILINBA-
uue) Oy, ciopt (6er, sibizku, wiasanue) Og, Kynr/BaHHA NPUATHONH Temmeparypbl Oy, XOJIOIHbII
nymi/Bansa Oy, 3anper saectpoHabix urp Og, O7 = 02&0,, Oz = 03&0:s.

K : mer K,, oTnpIX B JiecHO# cpene /1, OTABIX OKOJO MOps K5, OTABIX B Topax /3, cremnu-
aJbHBIN Jarepb K, jiedeHne B COJNAHBIX TaxTax K.

Ucnonb3yores ciegyomue Kpurepun (Beca KPUTEPUEB YKA3aHbI B CKOOKAX):

Kpurepun nia J: sabdekrusnocts Cjy (+5); croumocts Cjy (—4); BpeMeHHOIT mepuos Jje-
webnoro xkypca Cjs (—3); HeobxoauMocTh noBTOpenus tedebnoro kypea Cjy (—3); JOCTyIHOCTD
Cj5 (+5); mobounsie addexrsr (ocaoxuenus) Cjg (—5).

Kpurepuu mns M: sbdexrusraocts Cy,y (+5); croumocts Cpe (—4); BpeMeHHON mepros
nedebnoro kypea C,s (—3); HeobxomumocTh noBTopenus Jeuebuoro Kypea Cyy (—3); mocryn-
HOCTH Cpps (+5); moGounsie sdbdextsr (ocmoxuenust) Cpe (—5).

Kpurepuu qna P: sddexkrusrocts Cpy (+5); croumocts Cpy (—6); mocrynuocts Cpg (+5).

Kpurepun mus H: sbdexrusuocrs Chy (+5); croumocrs Che (—6); mocrynaocTh Chg
(+5).

Kpurepun qya G: addexrusnocrs Cyy (+5); croumocts Cyo (—6); mocrymuocts Cys (+5).

Kpurepuu qyis O: sdbdexrusuocts Cyp (45); mocrymaocts Chy (+5); mobounbe s3¢hdekThr
(ocioxuennst) C,3 (—3).

Kpurepun jyis K: sddexrusnocrs Cyy (+5); croumocrs Cie (—5); BpeMenHoil nepuos
nedebHOro Kypca Crs (—5); HeobxomuMoTch moBTopenus jnedebHoro Kypea Cyy (—3); mocrym-
HOCTh Cs (45); mobounsie apdexTsr (ocnoxkuenus) Ce (—3).

Tabauner 15.1, 15.2) 15.3, 15.4, 15.5, 15.6, 15.7 comepxxkar onenku g DAs u pesyabTupy-
IOIIKE IPUOPHUTETH.

Tabauna 15.1. DAs u onenku jaisa J
DAs| Ci ‘ Cy ‘ Cs ‘ Cy ‘ Cs ‘ Ce ‘HpI/I—TeTI)I

Jo 0 0 0 0 0 0 2
J1 2 4 1 1 4 1 2
Ja 1 1 1 1 5 2 2
J3 2 3 1 1 1 3 3
Ja 3 4 1 1 3 4 3
J5 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

Tabumma 15.2. DAs u onenku juiss M
DAs| Ci ‘ Cy ‘ Cs ‘ Cy ‘ Cs ‘ Ce ‘HpI/I—TeTbI

=
G W=~ O
Ol WOt O
Ol WO
WWWwwo
= s OO
WWWk=O
=~ Whowio
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Tabsmma 15.3. DAs u onenku mis P Ta6uuma 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 gig O

Tabsmma 15.5. DAs u onenku jqis H DA O ‘ o ‘ o ‘HpI/I—TeTI)I
DAs Cl ‘ Cg ‘ C3 ‘HpI/I—TeTI)I 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

Tabmumna 15.7. DAs u onenku qasa K

DAs Ch ‘ Cs ‘ Cg ‘ Cy ‘ C5 ‘ C6 ‘HpI/I—TeTbI
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
Ky | 4 4 1 3 1 2 3

15.1.2 CoBMeCTUMOCTb U COCTABHBIE PEMIEHUS

OneHky COBMECTUMOCTH JJist JIOKaIbHBIX DAs npencrasiens B Tabmune 15.8, B Tabaune 15.9.
Tenepb MOXKHO BBIYUCIUTH HAWIYYIIHE ITPOMEXKYTOUYHBIE COCTABHbIE PEIIeHMIl:

1. Tna X (N(X) = (5;0,2,0,0)): Xy = JxMy, Xy = J1xM,, X3 = JixMs, X4 = JoxM,,

Xs=Jox My, Xg=JdgxM,, X;=JyxM, Xg=JyxM,.

2. Ina Y (N(Y)=(5;2,1,0,0)): Y1 = PxHxGy, Yo = PixHyxGy, Y3 = P xH;xGj.

3. Ina Z (N(Z) = (5;2,0,0,0)): Z3 = O1%K,, Zy = O1xKy, Z3s = Oy%K,, Zy= OyxKj,

Z5 = Og*KO, ZG = Og*Kl, Z7 = O4*KO, Zg = O4*K1, Zg = O7*KO.

Ha ocHOBe 3KCIIEPTHBIX OIEHOK BBHIOMPAIOTCS CIIeyIolue JIoKaibHbie coctaBubie DAs (npu-
opuTeThl yKasaHbl B CKOOKax): Xg = Jsx M,(1), Xg= Jo*x M(2), Y1 = PixHixG1(1), Yo =
PixHyxG(1), Y5 = PixHixG1(1), Zo = O1%K;(2), Zg = O3xK1(1), Zsg = OyxK1(1), Zg =
O * K,(1). Onenkn copmectumocTu st BeIOpanubix DAs mpezcrasiens: B Tabaume 15.9. B
pesyJsibrare, MoJydaroTcs jaBe rpyunbl [lapero-adhdeKTuBHBIX COCTaABHBIX PeIeHuii:

1. N(S)=(5;2,1,0,0): S; = Xg*Y1 xZg, So = Xg*Y1xZs, S3=Xg*Y]xZ.

2. N(S)=(3;3,0,0,0): Sy =Xg*Y1%Zs, S5=XgxY3xZs.

Tabsmma 15.8. OneHKr COBMECTUMOCTH

Y \Yz\Yg\ZQ\ 26\ Zs\ Zy

GO\Gl\HO\Hl\HQ\H3\H4\H5\H6‘H7 Xe |5 455 3 1 2
Po 105 05 5 45 45 5||Xs |5 445555
P |5 5 45 5 45 4 5 5| 5 5 5 5
Gy 055 45 4 5 5||Y 4 4 4 4
Gy 4 5 5 4 5 4 5 5||Ys 5 5 5 5
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Tabsmma 15.9. OneHkr COBMECTUMOCTH

M4M4M4M4M4
Jo 0555 5
Ji |55 5 5 5 WW@@@%
Jo |5 555 5100 |05 5 5 5 5
J3 55 5 4 4101 |5 5 5 5 5 5
Ji |5 5 5 4 4|02 |5 5 5 5 4 5
J5 5 5 5 4 41|03 |5 5 5 5 5 5
J6 5 5 5 5 5|04 | 5 4 4 4 4 4
J7 55 5 5 5|05 |5 55 5 5 5
Js 5 4 4 4 41106 |5 5 5 5 5 5
Jy 55 5 5 5107 |5 4 4 4 4 4
Jo |5 5 3 3 3[|0s |5 3 5 3 5 4

Puc. 15.1 comepkuT mepapxuyecKy MOJe/b IJIaHa JiedeHusl, BKoodass DAs, cocraBHbIe
DAs u npuopurers (B ckobkax). Puc. 15.2 nitocrpupyer AnCKpeTHOE TPOCTPAHCTBO KavyecTBa
(pereTky KauyecTBa), UjeajbHyio TOUKy u Ilapero-sddekTuBHbIe pereHus.

Q@ S=X*xYxZ

Slng*Yi*ZG, SQZXS*Yi*Z8
S3:X8*Y1*Z9, S4:X6*Y1*Z6
Ss :X(;*Yg*Zg
LX:J*M o) =PxHxG LZ:O*K
X1 = Jox My Yi=PyxHaxGi(1)| Z; = O1 x K,
XQZJl*MO }/QZPO*HE)*Gl(l) ZQZOl*K1(2)
X3 = Jy % My Ys=PixHoxGi(1)| Z3 = 03x K,
X4:J2*MO Z4:OQ*K1
X5:J2*M2 Z5103*K0
XG = Jg *Mo(l) ZG = 03 *Kl(l)
X7—J9*Mo Z7—O4*KO
X8:J9*M2(2) Z8:O4*K1(1)
Zg —O7*KO(1)
lyoul e ool okl
Mo(2)  Po(3)  Ho(3) Go(4)  Oo(3)  Ko(2)
Mi(3)  Pi(2)  Hi(1) Gi(1) Oi(1)  Ki(2)
M>(2) Hy(2) O2(1)  K»(3)
M3(3) Hs(1) Os(1)  Ks(4)
My(3) Hi(1) 04(1)  Ku(3)
Hs(2) 05(2)  Ks(3)
Hg(2) O6(2)
Hy(1) 07 = 02&04(1)

Jg - Jl&JQ(Q)
Jl() — J4&J5(3)

Puc. 15.1. Nepapxudeckasi MO/jieJib ILJIaHA JI€YEHUS

N(S4)7 N(SES)

W neanpuast

w=4

w=3

Puc. 15.2. ITapero-acdpdexTuBHbIE TOUKH
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15.1.3 VYayumieHue, MHOTO-CTAIUMNHBIN TIJIAaH

YirydimeHuss OCHOBBIBAETCS Ha CJIEYIONEM:
1. BeiGOp COCTABHBIX pelenuii (HEKOTOPHIX ILJIAHOB JIeYEeHUs ) JJIs YTy IIIeHUs.
2. Yayuaiienue JToKaabHBIX DAS.
3. YiydieHue COBMECTUMOCTH MeXK 1y JIOKaabHbiME DAS.
Tabnuna 15.10 uamocTpupyeT TPONEece YIydlieHus.

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 njas popMHPOBAHNAS MHOIO-CTaIHIAHOIO IIJIAHA, JIeYeHUs
(mpesBapuTenbHas CTaAUs, CAEAYIOMAs CTAJUs U T.JI.). HCIOJIb3YIOTCs JBe (ba3bi:

1. opMmupoBaHue IJ1aHA JIeYeHUs /I KaK 0.

2. KoMmo3unus TpaeKTOPUU KaK II0CIeI0BATEIbHOCTH PeIIeHus /I CTaIHM.

[Tpumep pesyabrupyomeit Tpaekropun umeet suj, (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 KarKJAOH CTaiaui I.

| |
Cramus 1 Craaus 2 Cramus 3
Puc. 15.3. NnntocTpanus K MOHOTOCTAIUAHOMY TIJIAHY

15.2 TexHoJg0TUSA UMMYHOJOTUYECKOTO aHAJINA3A,

15.2.1 CrpykTypa M aJJbT€ePHATUBHI

CTpyKTypa HpOEKTHDPYEMO CHCTEMBI UMeeT BHUI:

Cucrema S=H*xBxIxDxM.

Cragus 1. H=Px(Q: 1.1. nokpwmue P, 1.2. npomwisra Q).
Cragus 2 (®PopmupoBanue 6j0KOB) 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 MOpdoIoTnuecKuxX Tadmi. /[ KommoneH-
Ta coating P nanubie comepxkarca B Tabmume 15.11. B pesynbrare nate DAs BeiOupatwoTcs: P,
Py, Ps, P, Ps. Ilpuoputerst 31ux DAs npexactaBienst Ha Puc. 15.4 (3KcmepTHbIe CyXKIeHNUS).
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Tabauna 15.12 cogepxxkut tpu DAs mst QQ: QQ1, @2, Q3. IIpuopurerst 3tux DAs npesjcrasiienbt
Ha Puc. 15.4 (skcueprHbie CyXKeHust).

Tabsmma 15.11. Mopdonoruueckas resepanus DAs qua P
CsoiicTBO Pl‘ PQ‘ P3‘ P4‘ P

1. Buouior.:
(a) Besox * * *

(b) JIunuz *
(c) HK *

2. Buoxuwm. (I):
(a) Maso * * *
(b) Muoro * *

Buoxuwm. (I1):
T'uapononusbrit *
T'uapodunsubIit * * * *

OHIIEHTpaIus ( ung / ml)

3.
(a)
( )
4. K
a) 0.5
b) 1
c) 2 *
d) 4 *
e) 8
f) 16
d. Tpn IUIACTUKA!
(a) PVP
(b) PS * * * * *
6. IIpeas. UV 06pab. mracruka:
(a) Her
(b)
(c) Beic. * * *
7. PactBOopuTesn:
Solire
Bona

(a)
(b)
(c) ®ocdar * *
©

Husk. * *

Kapbounar *
) Meranon * *
. Tun cBs3u ¢ TBEpAOI (hazoii:
a) KosanenTubrit * *
(b) He xoBajeHTHBIi * * *
BpeM;I MHKYOaIun (h,):

a) 0

b) 2

)

Tabsmua 15.13 comepxkur wersipe DAs st B (gopmuposanue 6aoxos): By, By, Bz, Bj.
Hcnosn3oBanbl asa kpurepusi st onenusanust DAs: (1) K7 Bpemsi (MUHUMAIBHOE 3HAYEHUE
sBJsieTcd JydmuM; dac), mkama: 0.5, 1.0, 2.0; (2) K, yposenb ¢dona mim Kauectso (Mu-
HUMAaJbHOE 3HaUeHme sBJsercs jydmum; %), mkama: 1%, 5%, 10%; OueHku u mpHOPHTETHI
(BBIYMCJIEHHS] B BHJIE MHOTOKPHUTEPHAJIHHOTO PAHKUPOBaHWsl) Tpe/cTaBaensl B Tabuuie 15.16.
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Ta6suna 15.12. Mopdosioru-

yeckas reHepamust DAs jist

Q (amajorununo pyis T/ F) Tabmuna 15.13. Mopdosornueckas
Q1‘ QQ‘ 0O Tenepanud DAs nna B

CsoiicTBO
1. Tun pacreopa: CsoiicTBO 31‘ BQ‘ 33‘ B,
(a) Bona * | |1. PacrBop:
(b) PBS/Hereprent | * (a) PBS/Linuun *
(c) PBS * (b) PBS/Hereprent *
2. Hucsio uuKIIoB: (c) PBS-1% BSA * *
(a) 1 2. Bpewmst nHKyOaImMn
(b) 2 * (uac):
(c) 3 * % (a) 0.5 Tabsmma 15.14. Onenkn
(d) 4 (b) 1 * * U TPUOPUTETHI Jjist B
3. Bpems kazkaoro c) 2 * *
LU’II)KJIa (min): 3.( ’I)‘eMnepaTy a DAs| K 1‘ K 2‘ IIpu-reTnt
(a) 0.5 unky6amm (C°): By |1 10 2
(b) 1 (a) 4 *1 B2 |051 1
(c) 3 * ok ok (b) t okp. cpepr * ok ok Bs |1 10 2
(d) 5 (c) 37 By |2 10 3

Tabsmmua 15.15 comepxkut usirb DAs mis O (unkybayus npobw): O1, Oz, Oz, Oy, Os. Ipu-
opurersl 31ux DAs (3KcmeprHble Cy»KeHusi) npejcraBiensl Ha Puc. 15.4.

Tabauna 15.15. Mopdooruyeckast
regepanusa DAs nius O

CsoiicTBa 01‘ 02‘ 03‘ 04‘ Os

1. O6bem npobsbI:
(a) 50 * *
(b) 100 * *

(c) 200 *

2. Bpems unkybanuu &
TeMnepaTypa:

(a) 4 * ok
(b) t OKp cpenbl * ok ok
(c) 3

3. HI/I)KHI/II/I npeaesn
(KOHueHTpauI/IH ug/ m )

(a) 0.01 k ok k
(b) 1 * ok
(c) 10

4. Bepx. penen
(KOHueHTpauI/IH ug/ ml)

(a) 10 * *
(b) 100 * * %
(¢) 1000

5. XapakTepucTuru
pacrBopa. (mponopuus):
(a) Yucrsrit * *

(b) IIpocras cmecnh * *
(c) Cnoxuasi cMeCh *

6. Tun opobsr:

(a) CeiBOpoTKa * *
(b) Kyar. kumkoctsb *
(c¢) PBS wan momo6Hoe * Ok

7. XapakTepucTuku mpoobr:
(a) PBS
(b) PBS/BSA/Tw * * ok %
(c) PBS/2Kus. ceiBoporka/ Tw *
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Tabsmua 15.16 comepxur usite DAs jyist J (unkybayus npobw): Jy, Jo, Js, Jy. Ilpuopurerst

srux DAs (sKcneprabie cyx/ieHus) npejicrasiensl Ha Puc. 15.4.

Tabsmma 15.16. Mopdonoruueckas
renepanus DAs mia J

CBoiicTBO

J1‘J2‘J3‘J4

(a) Pagmo

(C):
(a) 4
(b)

(c) 37

(a§ PBS
(b)

1. Tun dusuueckoro curxHama
(ucnionb3. s aHanu3a):

(b) ®sropecrent. *

(c) Buouor. * %
2. Bpems nuky6aimn (Jac):

3. Temneparypa uHKyOaIMu

t Okp. cpensl * *

4. XapaKTepucTuKa pacTBopa,
IPOTIOPIHS ):

PBS/BSA/Tw * ok kK
(c) PBS/2Kus. ceiBoporka/Tw

Tabsmua 15.17 copepxkur usitb DAs gyt M (usmepenue): My, My, My, M,. Tpu kpurepusi
UCIIOJIL30BaHbBI JJ/Is oneHuBanusg DAS:

(1) Ky ctomMocTh (MOpsiKOBAst IIKAJIA: BBICOKAsI, CPeIHsIsl, HU3KAasl; BeC KPUTEPHUs paBeH 3);

(2) K3 Bpemsi (4achl, MUHMMAJIbHOE 3HAYEHUE SIBJISIETCSI JIYUIIUM; BEC KDUTEPUsl PaBeH 5);

(3) K3 easy to perform (mopsiikoBasi: CJI0¥KHO, CPEJIHE, TIPOCTO; BEC KPUTEPHUS PABEH 5).

OneHKy U pe3yJbTUPYIONIAE MPUOPUTETHI MpeacTaBaeHbl B Tabaume 15.18.

Tabsiuna 15.17. Mopdosioruueckasi

regepanusa DAs qaa M

CBoiicTBO

1. Tun creHepupOBaH. CUTHAJIA!
(a) Papmaums
(b) ®mopecir.
(¢) XuM. WUTIOMUHUCII.
(d) Komnomerp.

2. Tun aHAJIWT. ANMAPATYPHI:
a) CueTunk-CIuHTUIATOD
) ®aopomerep

c¢) Ceeroucmyckanue

d) Cmekrpomerep

3. Bpems u3mepenus (9ac):
a) 0.1

(
(
(
(

Ml‘MQ‘Mg‘M4
*
*
*
*
*
* Tabaumna 15.18. Onenku u
* npuoputersl Jjsi M
* DAs| K3 ‘Kg ‘Kg ‘HpI/I—TeTI)I
X M; | Boe. 1.0 2 3
* Ms | Cpen. 0.1 3 1
Ms | Cpen. 0.1 2 2
* My | Hums. 0.15 3 1

O1eHKN COBMECTUMOCTH 715 JoKaabHbIX DAS npencrapaensr B Tabaume 15.19.
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Tabauna 15.19. OmeHKu COBMECTHUMOCTH

Pl‘PQ‘Pg‘P4‘P5 01‘02‘03‘04‘05 Jl‘JQ‘Jg‘J4
Qv |3 2 2 2 1|Th 12 2 2 2 2[lE1 |2 2 2 2
Q2 |31 21 3|12 |2 212 1/|Ex |22 2 2
Qs |11 110175 |22 1 2 1||EB5 |2 2 2 2

15.2.2 CocTaBHbIe pelIeHud AJid CTa il

Teneps paccmarpuBaiorcs cocraBubie pemenuss DAs mist craguu 1 H, craguu 3 I, cragum 4 D.
Jlna H nonygatoorcs caenyionme DAs:

Hy =P xQy, N(Hy) = (3;2,0,0), Hy=P,*Qs, N(H,) = (3;1,1,0),
Hs = Py« Qs, N(Hs) = (1;1,0,1), Hy= P, Qy, N(Hy) = (2;1,1,0),
Hs = Pyx Qs, N(Hs) = (1;0,2,0), Hg= Py*Qs, N(Hs) = (1;0,1,1),
H: = PyxQq, N(H;) = (2:1,1,0), Hg = Py*Q, N(Hs) = (2;0,2,0),
Hg = Py % Qs, N(Hy) = (1;0,2,0), Hy= PyxQy, N(Hy) = (2;1,0,1),
Hiy = Pyx Qo, N(Hy) = (1;0,1,1), Hyy = Py*Qs, N(His) = (1;0,0,2),
Hy3 = Ps*Qy, N(Hy3) = (1;1,0,1), Hy = P5xQo, N(Hy) = (3;0,1,1),

H15 :P5*Q3, N(H15) (0,0,0,2)

Bo-niepBoix, pemenne Hips UCKII0OUaeTCs KakK HEJOMYCTHMOe. BO-BTOPBIX, BBHIOMPAIOTCS CJIe-
JIyIOIe HAUTYYIIUe PeIleHus:

(a) uneanpHoe pemenue Hq, npuopurer pasBeH 1;

(6) Hy u Hr, npuoputer paBeH 2;

(B) Ho, Hyo, Hi11, Hi3, npuopurer paseH 3.

Jlna I monyuarotces caeayoomue DAs:

]1201*T1,N(Il) (2 2 0 O) QZOl*TQ, N(]Q):(Q,l,l,O),

Iy =01+ Ty, N(I;) = (2:1,0,1), I, = OsxTh, N(L) = (2;2,0,0),

I5 = OQ*TQ, (15) (2, 1, 17()), OQ*Tg, N(]G) = (2, 1, 1,0),

I7 = Og*Tl, (17) (2 2 0 O), 8§ = Og*TQ, N([g) = (1, 1, 1,0),

Ty = O3 x Ty, N(Ip) = (1;1,0,1), Tig = O % Tr, N(Ip) = (2;2,0,0),
]11 204*T2, ( 11):(2,1,17()) ]12—04*T3, N(]l ):(2,1,0,1>,
Ly = Os x Th, N(Ii3) = (2:2,0,0), Iy = Os%Ts, N(I1a) = (1;1,1,0),

[15 205*T3, N([15) (171,0,1)

[Tenecoobpa3Ho BHIGpATH CJIeIyIONMe HauIydime pemenus (npuopurer pases 1): Iy, Iy, I,
Lo, I13.

st D nonyvaiorcst cjieayiolme pereHus:

D1 Ji % Er, N(Dy) = (2;2,0,0), Dy = Jy% By, N(Ds) = (2:1,1,0),

= Ji % B3, N(D3) = (2:1,0,1), Dy = Jox Ey, N(Dy) = (2;2,0,0),

D5 Jo % B, N(Ds) = (2:1,1,0), Dg = Jo* Es, N(Dg) = (2:1,0,1),

D7 Jg*El, (D7) (2 2 0,0), Dg = Jg*EQ, N(Dg) (2, 1,1,0)
(21,0, 1), =

= Jyx B3, N(Dy) = Dy = Jyx By, N(Dyg) = (2;2,0,0),
D11 = J4*E2, N(Dll) (2,1,1,0), D12 = J4*E3, N(Dlg) (2,1,0,1)
Hanmee BBIOHpAIOTCS CJIEIYIONMe HAWIydIIne pernenus (npuoputer paseH 1): Dy, Dy, Dy,
Dlo.

15.2.3 CTpyKTypa CUCTEMBI U CUCTEMHBIE PENIEHUSA

Ha Puc. 15.4 npeacraB/ieHa CTPYKTYpa CUCTEMBI U3 MATH cTaauii: DAS U UX MPUOPUTETHI YKa-
3aHbl B cKOOKax. Kommnonents! (), T', F aBASI0TCA SKBUBAJEHTHBIMU.
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0. Cuctema: S=HxBxIxDxM.
1. Cragusa 1: H = P x (). CoctaBabie DAs:

Hy =P xQ1(1), Hy = P, xQ1(2),
H7 = Pg *Q1(2), HQ = P1 *QQ(g),
Hyg = Py x Q1(3), Hiz = P5 x Q2(3).
1.1. Hoxpoimue: P. DAs:
Pl(l)a P2(2)7 P3(2)7 P4(3)7 P5(3)
1.2. IIpomwiera: Q). DAs:
Ql(l)a Q2(2)3 Q3(3)
2. Cragus 2 (Popmuposanue 6510k0B): B. DAs:
Bl(Q)a Bg(l), B3(2)7 B4(3)
3. Cragus 3: [ = O xT. Cocrasunie DAs:
Il = 01 *Tl(l), 14 = 02 *Tl(l),
17 = 03 *Tl(l), 110 = 04 *Tl(l), 113 = 05 *Tl(l)
3.1. Hnrybayusa 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. Cragus 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 npo6: J. DAs:
J1(1)7 J2(1)7 J3(1)7 J4(1)'
4.2. IIpomwisra: . DAs:
El(l)a E2(2)7 E3(3)
5. Cragus 5 (AU3mepenne): M. DAs:
M1(3)7 M2(1)7 M3(2)7 M4(1)'

Puc. 15.4. Texnonorusg mMMyHOJOTHYECKOTO aHAIA3A

Ouenku copmectumoctu st H, B, I, D, M upencrapiaenast B Tabaune 15.20. Ouenku cos-
MecTHMOCTH paBHbl 3 Juist apyrux nap: (1) Bu I, D, M; (2) Iuw D, M; (3) Du M.

Tabsmma 15.20. OmeHKu cCOBMECTUMOCTH
Bi| By| Bs| Bi| I | I | I | Ino| 115 D1 Do D D1o| My M| M| M,
3

[NV

O ===
SDWWWOW
OO
(@l \VN VN Vel V]
NDWWWwhNo W
NDWWwWwhNo W
WWWWWW
WWWWWW
WWWWWW
DO WWWwdho W
DO WWWwdho W
WWWWWW
WWWWWW
DO O Lo LoD

NWWwWwho W
WWWWWW
WWWWWW

B pesyabrare nosydatorcsa 40 coctaBabIXx DAS /IsT TEXHOJIOIMH MMMYHOJOTHYECKOIO aHA-
maza (N = (3;5,0,0)):
S1=HxByxI1 x Dy x My, Sy = Hy* By x Iy x Dy x Mo,
S3 = Hy x Byx I1 x D7 x My, Sy = Hy* By I x Digx Mo,
S5 = Hy x By x Iy x Dy x My, S¢ = Hix ByxIyxDy* M,
S;=Hy x Box Iy % D7 % My, Sg = Hy* By x Iy % D1y x Mo,
So = Hy x By x I7 x Dy % My, Si9g = Hy* By x I7 x Dy x Mo,
S11 = Hi x By x Iy x Dy x My, Si9 = Hy x By x I7 % D1y x Mo,
Si13 = Hi x By x I1gx D1 x My, Si4 = Hyx By x I1g%x Dy x M>,
Sis = Hy x By x [1g % D7 x My, Sig = Hy * By x I1g x D1g x Mo,
Si7 = Hyx By x I[13% Dy« My, Sig = Hy* By x I13% Dy x Mo,
S19g = Hy x By x I13 x D7 x My, Soqg = Hy % By x I13% D1y x Ms,
So1 = Hy x By x [1 x Dy x My, Sos = Hy* By x 11 x Dy x My,
Sog = Hy x By x Iy * D7 x My, Soy = Hy % By x Iy x D1 x My,
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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 = Hyx 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 * 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,
S39 = Hy x By x I13 % D7 x My, Sy = Hy* By x I13 x D1g x My.

15.3 BrIiBoabl K rjiaBe

B ,ZLaHHOﬁ IJlaB€ OIIMCAHBI /IBC 3a/a4K1 KOM6I/IHaTOpHOI‘O IIJIaHUPOBAHUA B 6I/IOMerZLI/IH,I/IHel IIJIaHN-
pOBaHWe JIeUeHUs JEeTCKOW aCTMbI, IJITAHUPOBAHNE WMMYHOJIOTHYECKOrO aHaau3a. MoKHO yKa-
3aTh CJIEIYIONTNEe HATIPABJIECHUS JIJIsl UCCJIEIOBAHUNI B OyIyIeM:

1. uccnenoBanue JAPYyTruxX TUIOB O0J€3HE;

2. IpuMeHeHWe NPU IJIAHUPOBAHUHU JIeUeHUs JBYX-yPOBHEBOTO IOIX0/a, BKIIOYAIIETO ypO-
BEHb JIMATHOCTUKU W YPOBEHb Jedenus (paszen 8.3.2);

§. aHaJM3 pacCMOTPEHHBIX 33J71a4 B PEXKUMe PeajbHOTO BPEMEHMU;

/. IpUMeHeHHe TPEeIOKEHHOTO0 BapHaHTa KOMOMHATOPHOTO IJIAHWUPOBAHMUS B PAa3TUUHBIX
OMOTEXHOJIOTHYECKHUX TTPOIECCAX;

H. yder HeoNpeJleIeHHOCTH TIapaMeTPOB.



252 I'JIABA 15. 1IPUJIO2KEHUS B BUOME/IUIIMHE



I'maBa 16

IIpunoxkenus B TejgeMeTpun, CEHCOPHBIX
cucreMax

B ﬂaHHOﬁ TJiaBe 1 IpeacTaBJ/IEHbl JIBa IIPUKJIAAHBIX IIPUMEPa KOMIIO3UIIMU MOJAYJ/JIbHBIX CUCTEM:
TeJaeMeTpudeCKad CUCTeMa U PaJuo CEHCOD.

16.1 Tenemerpuyeckas CuUCTEMA,

[MocieaHue JecaTuieTus BayKHOCTh PA3JIMYHBIX TEJIeMETPUYECKUX CHCTeM CYIIECTBEHHO BO3-
pocaa |76, 116]. Tanee paccMarpuBaercst KOMOMHATOPHbBIE HHYKEHEPHBIE CXEMBI JIJIs1 TEJIEMETPH-
geckoii cucrembl (Puc. 16.1) (ucmosib3yrorcst HHTEPBAJILHBIE OIEHKH B BHJE MYJIbTHMHOYKECTB):
(a) MOJYJIbHOTO TIPOEKTUPOBAHUS CUCTEMBI, (6) y/IydIlleHre MOy YeHHBIX penteHuii (Koudurypa-
nuii cucremsl), (B) arperupoBaHue MOJIyIeHHBIX perienuii (kondurypanuii). ba3oseiii BapuanT
AHAJIN32 U CUHTe3a TeJIEMeTPUYEKON CHCTeMBbI (C MOPSIKOBBIMU OIEHKAME AJIBTEPAHTHB) TIPe/I-
craieH B [379]. 3azaua cuHTE3a TEJEMETPUYECKON CHCTEMBI C MCIIOJIb30BAHUEM HHTEPBAJIbHBIX
OIEHOK B BUJI€ MYJbTUMHOXKeCTB onucana B [359]. Ouenku npoekTHbix anbrepHatus DAs u ux
COBMECTHMOCTH OCHOBAHBI HA SKCIIEPTHOM OIICHUBAHUU.

BecnunorHeiit anmapar,
aNnaparypa u3MepeHust
CEHCOPBHI,

9JIEMEHT IIepeJIavn )

KaHaJt Hazemuas Touka ajs

HAKOIIJICHUA JAHHBIX
u 00paboTKU

TIpuem, Omneparop
HAKOILJICHUE,
00paboTKa

Puc. 16.1. Tenremerpudeckas cucrema

! MaTepuaJs TIaBLI OCHOBAH HA, TTyOIMKAIIIX:
(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 crpykrypa resiemerpudeckoii cucrembl umeer suj (Puc. 16.2):

0. Tesemerpuueckas cucrema S = Ax R * L:
1. Boprosoe o6opynoBanue A = D x E x F*:
1.1. sHepreTndeckas yCTaHOBKa D,

1.2. ceHcopHBIe 3IEMEHTHI F,

1.3. obpaborka jaHubix F.

2. Pagno kanan R.

3. Hazewmuwiit nyakr L = B x O:

3.1. nazemHoe obopyaosanune B = U x V:
3.1.1. sHepreTuyeckoe obopynoBanue U,
3.1.2. pabouee mecto (Mecra) oneparopa(os)) V,
3.2. oneparop(st) O.

Tenemerpuyeckast cucrema S = Ax Rx L

H Haszemusrit nyuktr L = B x O H

Omneparop
Pa,zmo | o)
KaHaJI
R Hazewmnoe
obopynoBaHue
HBomeaoe obopynoBarue A = D x E x F H B=UxV

| ‘ | | hkﬁ

Oueprerndec- ||Cencopusbie ||O6paboTKa ||Pagoyee || DHEpreTmdec-
Kad YCTAaHOBKA | (3eMeHTbBI JAHHBIX MeCTO ored |Kasd YCTaAaHOBKA
D E F paropa V' ||

Puc. 16.2. CtpykTypa TejeMeTpuuecKoi CHCTEMbI

PaccmarpuBaercst yucieHHbI mpuMep [ijisi G0PTOBOIT TeJieMeTpruYecKoii mojcucreMsl u3 [379)
(Puc. 16.3):

1. Boprosasg moacucrema A = D x E x F.

1.1. Duepreruyeckas ycrtanoBka D = X x Y % Z:

1.1.1. crabunmzarop X: X; (cranpaprusiii), Xo (Tpansuctophsiii), X3 (BHICOKO-CTAOUIBHBII),

1.1.2. rnasusrit ucrounuk Y: Y (Li-ion), Y5 (Cd-Mn), Y; (Li);

1.1.3. snement emergency cell Z: Z; (Li-ion), Z; (Cd-Mn), Z; (Li).

1.2. Cencopubiit anementsl K = [ x Q) x G-

1.2.1. cencopsr yckopenusi I: I; (ADXL), I, (ADIS), I3 (MMA);

1.2.2. cencopsl mosunuonupoBanus Q: Q (SS12), @ (SS16), Q3 (SS19), Q4 (SS49), Qs
(SS59), Qs (SS94);

1.2.8. rnobanbHas cucrema nosunmonuposanust (GPS) G: Gy (EB), G2 (GT), Gs (LS), G4
(ZX).

1.3. cucrema obpaborku ganubix F' = H xC x W:

1.3.1. ycrpoiicrso mamstu H: Hy (SRAM), H, (DRAM), H; (FRAM);

1.3.2. yerpoiicrso obpadorku (CPU) C: C; (AVR), Cy (ARM), C5 (ADSP), Cy (BM);

1.3.3. yerpoiictso 3anucu ganusix W: Wi (Bcrpoennoe ADC), Wy (Bremmuee ADC 12C), Wy
(Baemnree ADC SPI), W, (Buemnee ADC 2W), W; (Bremuee ADC UART(1)).
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@ 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;271,
}FQ :H3*01*WQE3;1727

[N N

D=XxYxZ
D1 :XQ*Yé*ZQ
D2:X3*Y3*Z3

}

Puc. 16.3. CtpykTypa O0pTOBO# MOJACHCTEMbI
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VHTepBaJibHBIE OIIEHKH B BH/I€ MYJIBTUMHOXKeCTB 11 DAs nmokas3ans! Ha Puc. 16.3 B Kpyribix
cKoOKax (dKcmepTHOe olneHuBaHue). [opsiIKOBBIE OEHKHM COBMECTUMOCTH IIPOEKTHBIX AJIbTep-
HaTUB mpejcraienbl B Tabsmure 16.1 (sxcneprabie onenkn). Cieiyer OTMETHTh, YTO UCXOIHOE

KOMOMHATOPHOE MHOXKECTBO IPOEKTHBIX perieHnit BKao4daer 116640 BO3MOXKHBIX CHCTEMHBIX
koMmOuHanmii (Te., (3 x 3 x3) X (3x6x4)x(3x4x5)).

Tabsuma 16.1. Onenkr COBMECTUMOCTHU

V|Ya|Y4| 7| 24 2

3221
211
4 3 3

=N = =

— N = = =

1
1
2
1
1
2

Q{Q4Q4Q4Q4Q{GGIGHG:

I |4 444443444

L1333333233 1| [G|GClc|wiwiwiwv]
I;13333221113||H|3 33233333
o 323 4||H1 1 2 3 2 3 3 2 2
Q2 113 1||H54 3 3 3 3 3 3 3 3
Qs 2 2 3 4||Cy 33333
Q4 2 2 2 4||C, 33333
Qs 2 2 2 4||C 33333
Qs 2 2 2 4||Cy 1 111 1

[Tonyuensr caenytomnue [Tapero-acdpdexkTuBabie cocTaBHble DAS:

(1) qnst D: Dy = Xox Yo x Zy, N(Dy) = (1;2,1,0,0);
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Dy = Xy % Ya  Za, N(Ds) = (2;1,2,0,0);

(2) s E: By = I3 % Qs x Gy, N(Ey) = (3;3,0,0,0);
By = I % Q1 % Ga, N(E3) = (4;2,1,0,0);

(3) st F: Fy = Hy % Oy x Wa, N(F) = (1;2,1,0,0);
Fy = Hyx Oy x Wa, N(Fy) = (3;1,2,0,0).

Puc. 16.4 winocrpupyer kKa4ecTBO perieHuil jjisi KoMronenta F'.

W neannuast
TOYKaA

Puc. 16.4. Pemerka kauecTBa aaqa F

B pesyabrare, nosyudaiorcs (kak komOuHauu) BoceMb pemmenuii (DAs) st ucciemxyemoit
TOJICUCTEMBI:

Aj =D x By x Fy = (Xo % Yo * Zo) % (I3 % Q5 % Gy) x (Hy % Cy x Wa),
Ay =D1x By x Fy = (Xo x Yo x Zy) % (I3 % Q5 x Gy) * (Hz % Cy % W),
A3 = Dy x By x Fy = (Xo % Yo * Zo) * (I1 % Q1 % Gy) x (Hy % Cy x Wa),
Ay =Dy x Eyx Fy = (Xo % Yo x Zo) % (I1 % Q1 % 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 = Dy x By x Fy = (X3 % Y3 % Z3) % (I3 % Q5 x Gy) x (H3 % Cy x Wa),
A7 =Dox By x Fy = (X3 x Y3 x Z3) % (I1 * Q1 x Gy) *x (Hy *x Cy % W),
Ag = Dy x By x Fy = (X3 % Y3 % Z3) % (I1 % Q1 * Gy) x (H3 % C1 x Wh).

Tenepb MOXKHO pacCMOTPETh IIPOCTEHIITHE YTy dIeH s B BUIe PEKOHMUTYPAIUil IOy Y€ HHBIX
perienuii (T.e., Mo OJHOMY 3JIEMEHTY WM MapHoil coBMecTuMocTH). [logcucrema F = HxCxW
paccmarpuBaercs Kak npumep (Tabmuna 16.2).

Tabnauna 16.2. Y3kue Mecrta, yIydIeHus

CocraBHuble | Y3Kue Viryumenue
DAs MeCcTa, w/e
DA /IC

Iy Wy |(2,1,0,0) = (3,0,0,0
1 C 2,1,0,0) = (3,0,0,0
£y Hy, 1(2,1,0,0) = (3,0,0,0
Fy H2>W2§ 1=3

Fy Hs, W, 3=14

Fy Cy, Wy 3=14

1P Wy 1(2,1,0,0) = (3,0,0,0
1P o 2,1,0,0) = (3,0,0,0
Fy Hs 1(0,2,1,0) = (3,0,0,0

Tenepb paccMaTPUBAETCs TMIOTETUIECKUI TPOIECC yaydlnenus (mo sjaementam) s Fy co
OMHADHBIME T1epeMeHHbIMUI {Y;; }:

(1) mBe Bepcunm st smementa Wa: y1p (mer), yi2 ((2,1,0,0)

(2) mBe Bepcun st snementa Ci: yo; (HeT), Yoo ((2,1,0,0)
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(3) nsitb Bepeuii aust stementa 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 mpeicraBieHs! GnHAPHBIE IepEMEHHbIE (Y;;), YLy IleH s i UX OIEHKH (OIeH-
K{ MMEIOT MJUIIOCTPATUBHBIN Xapakrep). 3a1a4a yiydiieHus (II0MCK PelleHns] B BUJIE Me[UaHbl
JYlst 331241 THIA GJIOYHOTO PIOK3aKa) MMeeT BUJL:

3 4 qi
arg min Z |0(M, e;;)] st Zzaijyij <b, Zyij =1Vi=1,3, y;; € {0,1}.

MED (; jyeS={(i,j)lyi;=1} =1 j=1 i=1

Tabmuma 16.3. Yayumenus g Fo

Axius Omnenka |CrouMocThb

Viay4dnieHud €ij a”

Y11 EWQ, HET) 2,1,0,0

Y2 (W = Wy, 3,0,0,0 17
yﬂqueHHe 1)

Ya1 ECh HeT 2.1,0,0 0

ya2 (C1 = C}, 3,0,0,0 15
yﬂqueHHe 1)

Y31 EHg, HeT) 0,2,1,0 0

ys2 (H3 = H, 0,3,0,0 1
yiydrenue 1)

ys3 (Hs = H3, (1,2,0,0) 7
yiiydiienue 2)

ysa (Hs = H3,  [(2,1,0,0) 13
yaydinenue 3)

yss (Hs = Hy,  [(3,0,0,0) 22
yityurienue 4)

MoOKHO TIPUBECTH Psijl, IPUMEPOB COCTABHBIX CHCTEMHBIX Y/IYUIICHWUH, SBJISIONIUXCS pelre-
HUEM PACCMOTPEHHOW ONTUMHU3AIMOHHON MOJIEIIH:

(1) b =1 yn=1 (Ws, HeTLyzl =1 (Ch, ner), ysp = 1 (Hjs, ynydmenue 1);

Fy = F} = H; xCy x Wy, e(F3) = (2,1,0,0);

(2) b =45y = 1 (Wy, yayumenue 1), yoo = 1 (Cy, yayumenue 1), ys4 = 1 (73,
yiydiiesue 3),

Fy = F = H3xC] x W}, e(F2) = (3,0,0,0).

Hanee paccmarpuBaercsi ynpoIeHHAsl CTpaTerusi arperupoBanust (paciupenue “sjpa Cu-
creMbl” HA OCHOBe 3aJ[auy BJIOYHOrO PIOK3aKa) JJisi BOCHMHU MOJIYYE€HHBIX BbIIE PENeHnii:

A1 = (XQ*}/Q*ZQ) (Ig*Q5*G4) (HQ*Cl*WQ)

Ay = (Xox Yo x Zo) % (I3 x Q5 % Gy) * (Hz x Cy x W),
As = (Xox Yo % Zo) x (I} x Q1 *x Gy) * (Hy x Cy x W),
Ay = (Xox Yo * Zo) x (I} x Q1 *x Gy) *x (Hz x Cp x W),
A5 = (X3 x Yz x Z3) * (I3 x Q5 % Gy) * (Ha x Cy x W),

= (X3 x Y3 x Z3) x (I3 % Q5 x Gy) % (H3 % Cy % W),
A7 = (X3 x Yz % Z3) x (I} x Q1 x Gy) x (Hy x Cy x W),
Ag = (X3 x Y3 % Z3) x (I} x Q1 x Gy) * (Hz = Cy % Wy).

[lonpemenue u HagApelleHue mpeacTaBaensl HA Puc. 16.5 u Puc. 16.6.

XY Z 1 G H C W XY Z 1 G H C W

X2 Y2 ZQ [1 Ql G4 H2 Cl W2 G4 Cl W2
X3 Y3 [3

Puc. 16.5. Haﬂ;pemeHI/Ie Puc. 16.6. Ho;lpemeHHe
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[Tonydennoe mojpereHure COMEPKUT TPHU SJIEMEHTa W ITa KOMOMHAIUs Oy/er paccMarpu-
BaThCsl Kak “sapo cucremsl system”). Takum o6pa3oM, mponece arpernpoBaHust MpecTaBisier
co0oit HeKYI0 3a7ady GJOYHOTO pIOK3aKa s Beibopa (u mobasienus) DAs s moacucTeMsr:
©=X*Y*xZ*I+QxH (Puc. 16.7) (6e3 yuera coBMecTuMOCTH). Mcnomp3yioTes creayoniue
Ounapuble nepemenssie: {x;;}, i = 1,6, j = 1,2.

Momucrema: © = X xY x X x [ xQ+ H

XY W2 Q
X1(z11) Y1 (z21) Z1(231) [1(za1) Q1(ws1) Ha(wer)
Xo(z12) Ya(z22) Zo(232) Is(242) Qs(xs2) Ha(we2)
Puc. 16.7. Beibop DAs njs nmoacucreMbl

Mogeans uMeeT BUI:

6 2 2
arg IIllIl |5<M, 6ij)|7 s.t. ZZaijxij S b, ZSL’Z']’ =1V: = m, Lij € {0, 1}
MED (i.j)es={(ij)lai;=1} i=1j=1 j=1

Ouenku npejcrasiensl B Tabaune 16.4 (wiurocrpaTuBHbIi XapakTep).

Tabauna 16.4. O1eHku 1 arperamnuu

Bribop Onenkn Croumoctb
DA €ij (aij)
Z11 XZS 2717070 11
T12 X3 0727 170 4
T21 Yég 27 17070 10
L9292 YE), O, 1, 1, 1 2
Z31 223 2717070 12
x32 Z3 0727 170 6
Tq1 -[1; 1727070 7
42 ]3 3707070 20
T51 Ql 2, 1,0,0 14
Tro Q5 3,0,0,0 21
Te1 H2 27 17070 13
T2 H3 0727 170 5

Hekoropsle npumeps! pemenuii, COOTBETCTBYIOIIME YKA3AHHON MOJIEIM, HMEIOT BU/L:
1) b=42: x99 =1 (X3), x20 =1 (V3), 32 = 1 (Z3), w1 = 1 ([1), w51 = 1 (Q1), xg2 = 1

(

), ©1 = X3 xYzx Z3x I[1 xQ x H3, ¢(©1) = (0,2,1,0);

(2) b= 53: 11 = 1 (XQ), To1 = 1 (Yg), T3 = 1 (Z , 41
)

(

)

3) 1 ([1), ©51 =1 (Q1), xe2 = 1

, O = Xox Yok Zg x I % Q1 x Hs, 6(@2) = (1727070);

3) b = 87 11 = 1 (XQ), To1 = 1 (Yz), T31 = 1 (ZQ), T42 1
)

(H2 s @3:X2*}/2*Z2*13*Q5*H2, 6(@3) = (2,1,0,0 .

([3)3 T52 = 1 (Q5), Tgl — 1

16.2 DbecnpoBogHOII ceHCcop

B noc/ieiHue rojibl 0U€Hb MOBBICHIACH BAYKHOCTh CEHCOPHBIX cereli u cucrem (45, 150, 486, 517,
580]. MoxkHO paccMaTpuBarTh YHPOIIEHHYIO 3-YPOBHEBYIO APXUTEKTYDPY CEHCODHBIX CHCTEM &
sensor system (Puc. 16.8): (i) ceHCOpBI 1 JIOKAJIbHBIE CEHCODHBIE CeTH (YPOBEHb CEHCOPHBIX MOJI-
cucreMm), (il) KOMMyHHKAIIMOHHAS CeTh (TPAHCIOPTHBIH ypoBeHb), (iii) moxcucrema ympasienus
(ypoBeHb ynpaBieHus: aHaIu3 HHGOPMAIUH, HHTETpaIs HHGOPMAINH, TPUHSATHE DEleHuil u
ynpasienne) [486, 580|. 3xech paccmaTpuBaeTcss HepapXudecKoe MOJYJIbHOE MPOEKTHPOBAHUE
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pajuo ceHcopa Ha ypoBHe 1 yKa3aHHOW 3-ypPOBHEBOI apXWUTEKTyphbl. B KauecTBe NMPHUKJIAIHOIO
HpHUMEPa PACCMOTPEH IPOTUBOIIOKAPHBINA CEHCOP.

B namHOM paszenie ommcaHa cocTaBHas KOMOWHATOpDHAs WHYKEHEDHAs CXeMa MOIYJIbHOTO
npoektupoBanus (Puc. 16.9): Bei6op mpoekTHsix anbrepHatus (DAs) ans dacteit cuctembr
(MHOTOKpUTEpHAJIBLHOE PAHKUPOBAHUE), KOMOMHATOPbIH cuHTe3 (KOMIO3uIus) KoHdUrypanuii
cucrembl (IMMII), arperanust mosry4eHHbIX KOHMDUIYpanuii ¢ 1e1b10 (GOPMUPOBAHUS PE3YIIBTH-
PYIOIIEro pelieHust KAaK arperupoBaHHO KOHMUrYpaIuu cucTeMbl (II0CTpOeHHe “s/1pa CUCTeMbI”
W ero paclllupeHoe Ha OCHOBE PIOK3AUYHON MOJIEJN ).

Yposenb 3: YmpanieHue
(MOHUTOPHUHT TPOIECCOB, AHAJIU3
nHMOPMAIUY ¥ WHTErPAIINS,
HakoJieHue nHGPOPMAIUY U XPAHEHUE,
reHepalsl YIIPABJISIIONIAX PEIIeHuU )

74 R I N

Yposens 2: Tpancnopt (nepemada,
nHopMaIm 1 00paboTKa, MapIIPy TH3AIMS,
COCTaBJIEHNE PACIUCAHUM, IOKPBIBAIOIIHE CEeTH,
OpeBAPUTE/IbHAS ArPEranysi JAHHbIX )

N A A S A

VYposens 1: CeHcopsl (BKIIOUast
IPEIBAPUTEIBHYI0 06pabOTKY JAHHBIX, TIEPEIAdy )

Puc. 16.8. Cencopnas cucrema (Tpu ypOBHS )

MuozxecTBO MuozxecTBo MuozkecTBo
DAs gna DAs nna DAs nna
gactu 1 9aCTH 1 9aCcTH M

Pamxupo- Panxupo- Pamxupo-

Baune DAs Baune DAs Banue DAs

Kowmmosunusi /cunTe3

!

CIpOeKTHPOBAHHBIE COCTABHBIE
perenus {S'}
l cee l

H TIporecc arperupoBamust H

(C Arperuposannoe penrenne S99 )

Puc. 16.9. Boibop, KOMIIO3UIMsI, arperausi

PaccmarpuBaercs cieayomas uepapxudeckas CTpyKTypa paauo cencopa (Puc. 16.10):

0. Paguno cencop S = H xW.

1. Dnexktponuka H = M xU x Z.

1.1. MukposjekTpoHHble KOMIOHEHTH 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:
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Atmel ATmegal28L embedded 10-bit ADC D;(2), Texas Instruments MSP430F16 embedded
12-bit ADC/DAC Dy(1), Analog Devices 14-bit AD679 D3(3).

1.1.4. Tlamsits Q):

No external memory Q;(4), 4 Kb EEPROM Q2(3), 128 Kb Flash Q3(2), 1 Mb Flash Q4(1).
1.2. Duepreruyeckoe ycrpoiictBo 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. ITporpammbr

W=Y xO.

2.1. CeHCOpHBIE TPOTPAMMBI Y':
Zigbee/802.15.4 & Application Y;(3), TinyOS BMAC & Application Y5(1), Ad-Hoc software

& Application Y3(2).

2.2. Onepanyonnas cucrema O:

6e3 OS, npocrast cpena 3amycka O1(1), TinyOS O5(2).

.S

H*xW

Sl Hl*Wl,Sg HQ*Wl,

Sg Hg*Wl,S4—H4*W1,
S5:H1*W2,S(;:H2*W2,
S7:H3*W2,58:H4*W2

W=Yx%0

eH=MxUxZ Wi =Y;%0;
H1 Ml*Ul*Zl WQZ}/Q*O2
H2 MQ*Ul*Zl

H3:M1*U1*ZQ 0

Hy = My* Uy x Zo Y1(3) O1(1)

Y2(1) Os(2)
Y3(2)

LM=RxPxD%Q CEU CEZ
M1:R3*P3*D2*Q4 Ul(l)Zl(l)
M2:R4*P3*D2*Q4 U2(2)Z2(1)
OR LP éD L Z3(2)

R1(3) P1(3) D1(2) Q1(3)

Ry(3) Po(1) D2(1) Q2(3)

R3(1) P5(2) Ds(3) Q3(2)

Ry(1) Qa(1)

Puc. 16.10. CrpykTypa paauo cercopa

[Tpu ounenuBanun DAS MCHONB3YIOTCS ClleyiOle KpuTepuu (Beca BasKHOCTH KPUTEPHEB

yKa3aHbl B CKOOKaX,

’—’ COOTBETCTBYIOT CJIy4al0, KOrJa MUHUMAJIbHOE 3HAUYCHHE siBJIsIeTCS Hau-

ayqmMm): croumocts Cp (-100), paguyc Co (1), sueprernveckue tpebosanusi C3 (-80), cko-
pocts/gacrora Cy (1), nocroBeprocts Cs (10), 06bem namsaru Cg (0.5), 1auTeabHOCTH DYHKIH-
ounposanus C; (1000). Onenku DAs 1o kpurepusm npezactasiens B Tabuume 16.5 (skcmepTHOe

OIlCHUBAHUE).
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Tabauna 16.5. Onenku 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 npuopurersi DAs npencrasiensr Ha Puc. 16.10 (B Kpyribix ckoOKax) u B
Tabsune 16.5. /laHHBIE IPHOPUTETHI MOJYYEHBI B PE3y/bTaTe MPUMEHEHUsT MHOTOKPUTEepPHAIb-
HOTO paHkupoBanus (Mojudukanus merona noporos Hecpasuumoctu ELECTRE).

Tabauna 16.6 comepkuT oneHKu coBMmecTuMmocTH Mexkay DAs. Mcmonb3yemble OIEHKH, B
OCHOBHOM, MMEIOT WJLIIOCTPATUBHBINA XapakTep. g kommonenTos M, U u S paccMaTpuBaoTcs
O/IMHAKOBBIE OIEHKH COBMECTUMOCTH MeXKIY JIOKaJbHBIMU DAS.

Tabmuna 16.6. OneHKu COBMECTUMOCTH
P1‘P2‘P3‘D1‘D2‘D3‘Q1‘Q2‘Q3‘Q4
Ri13 3 3

&
wWww
wWww
wWww

01| O

Yi|1 2
Yol0 3
Y313 2

SO WWWWW
WO ODWWWWw
—— =W W W W

WWWWWWwWwwww
WWWWWWwWwwww
WWWWWWWWwwWww
WWWWWWWWwwWww

KombunaTopHblit cHHTE3 /U1 MOJICUCTEM CEHCOPA MPHUBOJIUT K CIAEAYIOIIHAM De3yJIbTaTaM.
[Tonyuatorcs Ilapero-acdpdextuBanie cocraBabie DAs myis mogcucrem:

(a) W1 = YEJ, *Ol, N(Wl) = (3, 1, 1, 0),

(6) Wo =Yox Oy, N(W3) =(3;1,1,0);

(B) M1 = Ry x P3x Dy x4, N(M;) = (3;3,1,0).

(r) My = Ry* Py x DyxQq, N(M;)=(3;3,1,0).

Pemenuna M, n M, nnmoctpupyoorea Ha Puc. 16.11 u na Puc. 16.12.
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W neanbuast
TOYKa,

P ®
N (M}, NQLy)

Q1 y,Z[I/EIaEI w =2
Q2 TOYKA,
w=1

Puc. 16.11. Kounenrpuyeckoe npeacrapienne  Puc. 16.12. Pemerka kadecTBa

Juist mopcucrembl H periieHust UMEIOT BHIL:

Hy = My x Uy % Z1 = (R3 % Py % Dy % Q) x (Uy x Z3);
Hy = My x Uy % Zy = (R3 % Py x Dy % Q) % (Uy % Z5);
Hs =M, xU; % Z1 = (Ry % Py x Dy % Q) % (Uy % Z7);
Hy= My x Uy % Zy = (Ry % Py % Dy % Qy) x (Uy % Z3).

OKkoHYATEIbHO, MOJIYYAIOTCA BOCEMb CHCTEMHBIX DEIeHUi:

Si=HyxWy = (M Uy % Z1) % (YsxO1) = (R3 % Py x Dy % Q) % (Uy % Z7)) * (Y3 % O1);
So=Hy*x Wy = (Myx Uy % Zy) % (Ys%xO1) = (Ry % Py % Dy % Qy) % (Uy % Z1)) * (Y3 % Oy);
Sy = Hy* Wy = (My x Uy % Zs) x (Y3 % O1) = ((R3 % Py *x Dy x Q4) % (Uy x Z1)) * (Y3 x Oy);
Sy=Hyx Wy = (Myx Uy % Zo) x (Yz%O1) = ((Ry* Py *x Dyx Qq) % (Uy x Z1)) * (Y x O1);
Sy =Hy Wy = (MyxUyp % Z1) x (Ya* Og) = ((R3 * Py *x Dy x Q4) % (Uy x Z1)) * (Yo x O2);
Se = Hox Wy = (Myx Uy % Z7) x (Yo % Og) = ((Rg * Py *x Dy x Q4) % (Uy x Z1)) * (Yo x O3);
St =Hs* Wy = (My x Uy % Zy) x (Yo * Og) = ((R3 * Py *x Dy x Qq) % (Uy x Z3)) * (Yo x O2);

58:H4*W2—(M2*U1*Z2) (}/2*02)— ((R4*P3*D2*Q4) (Ul*ZQ)) (}/2*02)
Crenyer oTMeTnTh, YTO MCXOJHOE KOMOWHATOPHOE MHOYKECTBO pelieHwii BKJIO4Yaer 5184

(4x3%x3x4x2x3x3 X 2) BO3MOKHBIX COCTABHBIX DEIICHHI.

B paccmaTpuBaeMoM mpuMmepe, HMeeTCS BOCeMb pemreHuii: S, So, S3, Si, S5, S, S7, Ss.
[ToacTpykTypa TuX pellenuit mpeacraBieHa Ha Puc. 16.13. 91a moaCTPYKTypa UCIOJIb3YeTCs
Kak “sapo” jist mocJeayomnero pacimmpenusi. Hajgcrpykrypa npeacrasiena Ha Puc. 16.14.

R P D U 7 v R P D u Z Y O
0.0.@OOO ﬁﬁ%%ﬁﬂ
Puc. 16.13. Ioxcrpykrypa (“supo”) Puc. 16.14. HaacTtpykTypa pernrenwit

[Tpoue/ypa arperanuu peaju30BaHa B BUJIE CTPATEIMU PACHIMPEHUS HA OCHOBE 3324y 0J104-
HOTO prok3aka. Tabsuna 4 comepKuT aabTepHaTUBH (17151 crpaternn pacumpenus) (DAs) u ux
OleHKHN (MOpsITKOBas IMIKaJja, SKCIepTHoe orneHuBanue). Pacemorpenusie DAs coorBeTcTBYyIOT
najpemennio (Puc. 16.14).
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Tabsmmma 16.7. [IpoekTHBIE aJIBTEPHATUBBI

k| DAs |bBunapras |Crommocts|ITonb3a
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 PaCIIUPEHUA ABJIAIOTCA COBMECTUMBIMU. HOJ’Iy‘I&—
OlagCd 3aJa4da 07109HOTO 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

OueBunno, @1 = 2, @ = 2, @3 = 2, @4 = 2. Jlna pemeHns ucnoab3yeTcs NPOCTEHITHH Kal-
HBIl AJITOPUTM Ha OCHOBE YTOPS0UEHUsT AJBTEPHATUB 10 ¢;/a;). MOXKHO IpuBeCTH cJieLyIoIie
HPUMEDHI TI0JIy4aeMbIX PeIeHuii:
(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 TeJeMETPUUECKOW CUCTEMBI M PaIuo
cercopa. Cyie/lyeT OTMETUTD CJIEAYIONUE BO3MOXKHBIE MEPCIEKTUBHBIE HAIIPABJIEHUS HCCJIEI0-
BaHUI:

1. ucciaenoBaHue 33124 JUHAMUYIECKOTO IPOEKTUPOBAHUS U Y/IyYIIeHHsI CUCTEM B TeJeMeT-
pHH’

2. uccjieloBaHne KOMOMHATOPHOM BOJIIOIUU TeJIEMETPUUECKUX CUCTEM M MX KOMIIOHEHTOB,

3. aHaAJU3 W NMPOEKTHPOBAHUE TEJIEMEeTPUYECKON CHCTEMBI, KOTOpas BKJIOYAET HECKOJHKO
OOPTOBBIX ANMAPaTOB U /MU HECKOJIHKO HA3EMHBIX MYHKTOB,

/. WCCJIeIOBAHME W DeIlleHre 33/a4 ITPOEKTUPOBAHNS HA YPOBHE TPAHCIOPTHUPOBAHMS CEH-
COpHBIX cucTeM (Hampumep, GOPMUPOBAHUE PACIHUCAHWIA),

J. UCNOJIb30BAHUE CXEM BBISIBJIEHHUSI Y3KUX MECT B MOJYJILHBIX CHCTEMaX Ha YpOBHe cOopa u
00paboTKN MH(POPMAIUU CEHCOPHBIX CHCTEM.
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I'maBa 17

HpI/I.TIO}KeHI/IH B MEHE/12KMEHTE

B nanHoii raBe | mpuBeieHb ONNCAaHNA HECKOIBKIX KOMOMHATOPHBIX CXeM B 00JIaCTH OpPraHu3a-
IMOHHOI'O yIIPABJIEHUSI, MAPKETUHTA, IIJIAHNPOBAHUS UCCIeJ0BAHUN, SKOHOMUKY, JIEKTPOHHOMI
TOPTOBJIH.

17.1 IlnanupoBaHHe HUCCJIeJOBAHUS B I'e€0JIOTUN

B nannom pa3zzesie onuchiBaeTCsi KOMOMHATOPHOE IJIAHUPOBAHUE ITPOIECCA Me0JIOTUIECKOTO U3y~
YeHHsI ¥ IIPOMBIIIIJIEHHOTO OCBOEHNSI MEeCTOPOXK IeHn it HedTH, ra3a u KoHjeHcaTa [28| Ha npumepe
HECKOJIbKUX MeCTOPOXK IeHuii moyocrposa Amas [32| [Tpu onennBanny napaMeTpoB UCIOJIb3Y-
IOTCS TIOPSIAKOBBIE TTKAJIbI, 8 TaK»Ke WHTePBaJIbHBIE OIEHKN B BHUJE MYJIHBTUMHOXKECTB.

17.1.1 WccaemoBaHue MecTOPOXKAEHMIA

O6mmit mian uccieoBanuii BKIo4Yaer narh dacreii (Puc. 17.1):
S = Al % A% % A3 % A % A°,

rae Al cooTsercTByeT mIaHy /18 MeCTOpOXKaeHns Xapocoseit, A% - s mecTopoxaennss Apk-
tueckoe, A3 - 1 mecropoxk aenns Heiirunckoe, A* - aya mecropoxknenns Kpysenmreprckoe,
A5 - na Mecropoxienus BoBaHeHKOBCKOe.

Cxema pellieHusl BKJIIOYAET JBa, ITATA!

1. Uepapxuueckoe kKoMOWHATOpHOE (DOpPMUPOBaHUE MJIAHA, UCCIEIOBAHUI IS MECTOPOXK-
JIeHu# (¢ 1eabIo CoKpaleHusi 00beMa 3/1eCh MPUBEJIEHbI JAHHBIE 110 JABYM MECTOPOKIEHUSIM:
Apkruyeckoe n Kpysenmrrepuckoe).

2. Kommosumus o0Iero miaHa WCCJIeI0BaHus JJIsT PEIrHOHA.

PaccmarpuBaercs maHupoBaHue JeficTBuil (MeponpusTuil, aknuii, onepanuii) Mo reoJ0ru-
YECKOMY M3YUYEHUIO W MPOMBIILIEHHOMY OCBOEHWIO MECTOpOXKaeHwuii HedTn u raza. [Ipeamosna-
raercss 4-ypoBHEBasi MepapXus reoJIOTHYeCKUX OOBbEKTOB: (a) MPOJAYKTUBHBIH IJIACT, 3a/I€XKb

'Marepuas riaBbl OCHOBAH Ha TyOIMKATIHAX:
(i) JTepur M.III., KomGuauposanHas cxemMa GOPMUPOBAHUS CTPATErMN MapKeTHHTa. Busnec nadopMaThKa, 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 aHAJIN38, NOJUTUIECKUX KAHIUIATOB U UX CTPATE-
ruii. duekTpoHHbIi HaydH. xk. “Uudopmanuonnsie npoueccsr’, 9(2), 2009. C. 83-92.
(vi) JIesur ML.III., Tlopockyn B.U. KomGunaroproe mianupoBanue uccienosanuii nedpru u rasa. B: “Teosnoru-
JeCcKMe UCCaenoBanust u npuMenenus’, 1997, som. 4, M.: Mncruryt munepanbabix pecypcos PAH, C. 49-55.
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(mmzkuuit yposenn); (b) rpynna npoJyKTHBHBIX IIACTOB, 3ajiexeil; (¢) MecTopoxjeHue Hed-
ti/ra3a; (d) nedrerazonocHbll paitoH (rpyimna MecTOpOXK IeHuil).

;- o )

XapocoBeii

MecTopox ienne MecTopoxenne
Apkruyeckoe Heitirunckoe

MecTopox nenune > MecTtopox neHue

K Bosanenkosckoe Kpysenmreprckoe b

Puc. 17.1. Mecropoxienusi Ha nosyocrpose Slmasie (perno)

XapaKTepUCTUKHY JIJisl ONEHUBAHNUS YKA3aHHOTO T€OJOIMIECKOT0 OObEKTA CJIeIYIONTHe:

1. npusHak Hasnuus 3ajexu ('3’ COOTBETCTBYET HAJMYUIO 3aJ1eKH, "2’ COOTBETCTBYET mep-
CIIEKTMBHOMY TOPH30HTY B IIPEJIEJIaX MEeCTOPOXKIeHUs, '1’ COOTBETCTBYET NepCIHeKTUBHOMY TI'O-
PHU30HTY B IpeJie/iaX JIOBYIIKH);

2. TiyOuHa, 3aJIeTaHus, M;

3. Tun dmonga (kaaccudukamuonusiit dakrop: (i) ras, (i) ras u xougencar, (iii) nedrs);

4. BeIM4MHA 3anacoB (ra3 - MH. Ky6. M, HedTh - THIC. T.);

5. cpemHuit 1e6uT paboraromux cKBaXKuH (Kyb. M B CyTKH);

6. CJIOXKHOCTH TOPHO-Ie€0JIOrNYecKuX yciaoBuit (1 - npocreie, 2 - CI0XKHbBIE, 3 - OYeHb CJI0XK-
HbIE);

7. HaIeXKHOCTH (PUCK) ToJydyeHus: oxkugaemoro pesyasrara ([0...100]);

8. mocroepHoCTh onenku 3anacos (pecypcon) ( Cy - 20%, Cs - 50%, C3 - 80%, u T.1.);

9. yIaIeHHOCTD OT TEXHOJIOrn4ecKoit 6a3bl (razo-uedrenposoga) (km).

JlJ1st KaXK10r0 Te0I0ru4eckoro 00beKTa PACCMaTPUBAETCS BOCEMb aJIbT€PHATUBHBIX UCCJIe-
JIOBATEJLCKUX (MPOEKTHBIX) neiicTuil (BapuanTos - DAs), mpeacrasiennsix B Tabuume 17.1.

Tabaumna 17.1. Tunsl IpOEKTHBIX BAPHAHTOB I'e0JIOIHYECKOIO MCCJIeI0BAHUS

0603Ha- CopneprkaHue re0JOrnIecKoro UCCe10BaHus
yeHue

X, |Koncepsanus pabor

Xy | Hopassenka 3ajexu (JOMOJTHATEIBHOE UCCIEI0BAHME)

X3 |HesaBucumasi sKcIuryaTamnys re0JIOrn4eckoro o0bekra (ras)

X4 |HesaBucumas sxcuryaranms reonormaeckoro oobekra (aedrs)
5 | HesaBucumast 9KCIUTyaTamust re0JIOrIIecKoro oobekra (Hedrh, ra3)
¢ |CoBmecTHas sKCILIyaTAMs re0JIOrmIecKoro oobekTa (ra3)

X7 |CoBmecTHast 9KCIIIyaTalMsi T€OJIOTMYECKOro oobekTa (HedrTh)

Xz |CoBMmecTHAs 9KCITyaTALNS TEOJIOINIECKOro 00beKkTa (HedTh, ra3)

Jamee st KaxKI0T0 Me0JIOTMYecKOro 00'beKTa BhIOMPaeTcss HEKOTOPOe MOJAMHOXKECTBO aJlb-
TEPHATUBHBIX JIEHCTBUH U3 yKA3aHHOTO CIUCKA (C COOTBETCTBYIONIMM WHJIEKCOM) Ha OCHOBE
9KCIIEPTHOT'O OIIEHWBAHUsI. DTO IPEIBAPUTEIbHBIN BHIOOD aJbTepPHATUB UCCAEIOBAHUS HA HIK-
HeMm ypoBHe. OToOpanHbie JIoKaabHble DAS sBistiorcs 6a30if 111 KOMOMHUPOBAHUST COCTABHBIX
akuuii uccsepoanusi (cocraBubix DAS) juist rpynn reosiorudecKux O0bEKTOB W, Jajiee, st
MECTOPOXK ICHUT.

Kak 1p1it KOMIIOHEHT cTpaTerns (reoJornveckoii 00beKT, Tpymna 00beKTOB, CTpaTerus) 060-
3HavaeTcsd OyKBOH (ypoBeHb 3(heKTHBHOCTH WM NPHOPUTET ( YKa3aH JIs KayKI0TO KOM-
HOHeHTa B CKoOKax). [Ipomecc permennst 1yt KaxK7oil 3a7a4i KOMIIO3UIMA OCHOBBIBAETCS HA
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0COOEHHOCTSIX CUTYAIMU HPUHATHs PeleHnii, BKiovas cieayomee: (a) sxcrnepr(bl), 3HAHUS 1
onbIT 3Kcnepra(oB), Haau4dre obopyaoBanust; (6) Hajmmume u 00beM ucxouHoit nudopmanuu 06
06beKTe; (B) pecypesl sl peleHnst 3a/1a4 (HalpuMep, BpeMsl, KOMIBIOTEPhI, KOMMYHUKAIINH ).
[Ipeamonaraercsi, 9T0 9KCIEPT TOTOB K IKCIHEPTHHIM CYKIACHASM CJIeAyomuX Tunos: (1) Be6op
DA st KaxK10ro reosiorudeckoro oobekTa, (2) panzkupopanue DAS jiuist KaxKI0ro reoiornye-
ckoro o0bexTa, (3) onenuBanue coBMecTHMOCTH MexK 1y DAS (10 HeKoil HOpsiKOBOl mIKaJe).

VccaenoBarenbckas crpaTerus JIjisi MECTOPOXKAeHUs HeTH U ra3a APKTUUYECKOe NpeacTaB-
siena Ha Puc. 17.2. Tabsuna 17.2 copep:kut (HakTOpbl Jjisd 3aJlaHUsi COBMECTUMOCTU MEXKLy
s/ieMeHTamMu crpareruu (3aech u jgajgee C5+B - comepKanue B ra3e yriiesonoponos Ch u BbI-
me). Onenku coBmecTumoctu Mexkay DAs (SKcnepTHoe OleHuBaHue) TpeCcTaBieHbl B Tabuie
17.3 u Tabmune 17.4. Cocrasusie DAs st rpynn oobekros TT124-HII3 (D), TI114-TTI13 (W)
npuBeensl B Tabmume 17.5.

[Tosyuenupie 6 BApMAHTOB MCCJIEAOBATENbCKON CTpaTernu JJisi MECTOPOXKIeHust Apkrude-
CKO€ MMEIOT B

A2 =W, x Dy x B3(1), A3 = Wy x Dy x Bs(1), A3 = Wy * Dy x B3(1),

A% = Wy Dy x B3(1), A2 = W3 % Dy % Bs(1), A2 = W3 x Dy * B3(1).

Tabnuna 17.6 comepkKuT MpuMephbl Y3KUX MECT W BO3MOXKHBIE akiuu yaydrrenus. Puc. 17.3
HJLTIOCTPUPYET Ka4eCTBO COCTABHBIX PeIleHus JJis KOMIIOHeHTa, V.

@ Crparerus A> =W x D * B
A§:W1*D1*Bg
A%:WQ*Dl*Bg
A§:W1*D2*Bg
Aé:WQ*DQ*Bg
A§:W3*D1*Bg
AGIWg*DQ*Bg

TII114-TTI18 TTI124-HII3 [1K1-2

OW=ExFxGxJxl D=PxQ (B
WlZEﬁ*Fﬁ*GG*Jﬁ*Iﬁ D1:P3*Q51 322

WQZEg*Fﬁ*Gg*JG*Ig :Pg*le Bgl

W3:E6*F6*G3*J6*[3

—_ e

1
1
1

TI14 | TI4A TI5 | TIi7 [ Tms | T4 | Hs

E F 8 I I P 8

Ey(2)  F5(2 2(2)  Jo(2 15(3 P2 5(1

E5(1)  Fg(1 Gs(l)  Jg(1 I3(1 P5(1 Q5(2
6(2 Ge(2 6

Puc. 17.2. Crparerust a1s1 MecToOpokieHusi A pKTHUIECKOe

Tabsmma 17.2. PaxTOpbl COBMECTUMOCTH

DAs DakTopsl

1.TII14 E & TTI14A F | 3anacser, 6umzocts, C5+B
92.TI14 E & TII15 G |3amacer, 6im3octs, C5+B
3.TII14 E & TII17 J 3anacel, 6M30CTDb
4.TII14 E & TII18 I 3amacel, 6JU30CTH

5. TTI14A F & TII15 G | 3amacer, 6i130CTh
6.TTI14A F & TII17 J |3anacel, 61u30cTh

7. TTI14A F & TII18 I | Bum3socte

8.TII15 G & TII17 J |3amacer, 6au3octs, C5+-B
9.TTI15 G & TII18 I | 3amacsr, 6imzocts, C5+8
10.TTI17 J & TIT18 I | 3amacer, 6umzocts, C5+B
11.TT124 P & HII3 Q |Bmwmsocrs, C5+8
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Tabauna 17.3. CoBMECTUMOCTH MEXKITY
DAs ansa rpynm TT114-TT118

F2‘F6‘G2‘G3‘G6‘J2‘J6‘[2‘[3‘[6
Ey 12 323410 2 3 3
Ezy 13 4 2 4412 3 2 2
E¢ |3 4 3 441 4 3 3 4
5 2 3 4 2 3 2 3 2 Tabauna 17.4. CoBMecTUMOCTD
Fs 1 3433231 mexay DAs nyia
gz 23 2 1 3 rpynn TTI124-HIT3
3 2 4 2 3 1
G 2 4 2 3 1 QQ‘QE’
Ja 2 1 1 Py 2 3
Jo 1 3 4 P3 |3 4

Tabsuma 17.6. Y3kue MecTa ¥ aKIUK YJIydIIeHUST

Tac 175, C DA Cocrasusie DAs Vakue mecra | AKIHS
a0JInILa .. OCTaBHBEBIE S DAS IC w/,r
Cocrasubie DAs N Dy = Py % Qs 0s 5= 1
Dy = P3x Qs 4;1,1,0| | Dy = Py* Qo (Ps,Q2)| 3 = 4
D2:P3*Q2 3,2,0,0 W1:E6*F6*G6*J6*]6 Fy 2=1
WlZEﬁ*Fﬁ*Gﬁ*Jﬁ*IG 4,2,3,0 W1:E6*F6*G6*J6*]6 G(; 2=1
WQIEg*FG*Gg*JG*[3 2,5,0,0 W1:E6*F6*G6*J6*[6 [6 2=1
WgIEﬁ*Fﬁ*Gg*Jﬁ*[3 3,4,1,0 W3:E6*F6*G3*J6*[3 E6 2=1
N(ITS)

Haunxynmas

TO4YKa

w =2
w=1

Puc. 17.3. /luckpernoe “npocrpanctso’ kadectsa N (W)

UccnenoBarenbckasi CTpaTerus I MECTOPOXKieHnss Kpy3eHIITepHCKOe IpejcTaB/ieHa Ha
Puc. 17.4. Tabnuna 17.7 comepkut dHaKTOPHI /s 33 1aHUs] COBMECTUMOCTHU MEXKIy JIeMEeHTaMU
crparernu. OUEHKH COBMECTUMOCTH MexkJy DAS (SKCHepTHOE OIEHUBAHWE) MPEJICTABJIEHHI B
Tabmumnax 17.8, 17.9. Cocrasusie DAs nyig B u H npencrasiens B Tabaune 17.10. [Tonydyennsie
2 BapMaHTa MCCJIEI0BATEIBCKON CTPATETUH /I MECTOPOXK IeHust Kpy3eHIITepHCKOe UMEIOT BU/I:
Al = By x H|, A} = By x Hy. Puc. 17.5 WI0CTpUpyeT KadecTBO COCTABHLIX DPelleHus s

KoMTIOHeHTa, H.

Takum 06pa30M, IOy YEHbBI CJIYIONUE CTPATErHH UCCIe0BAHUS J1Jist MeCTOpOoXK ienuii (Puc.

17.6):

0. O6maga cocrapHas crpaTernus: S = Al x A2 % A3 x A x A°
. Crparerus s MecTopoxienust Xapocoseii: Al
. Crparerun mis Mecropoxaenust Apkruueckoe: A3 A2 A3 A3 A% AZ.

. Crparerun n71a MecTopoxkaenus Kpysenmrepuckoe: Af, Al

1
2
3. Crparerus s mectopoxaenus Heiitunckoe: A3
4
5

. CTpaTeFI/II/I AJId MECTOPOZKJACHU A BoBanenkoBckoe: A?, Ag
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@ Crpareruss A* = Bx H

Ai = Bl *Hl
A2 = Bl *HQ
I[IK1-1IK11

e B=ExFxGxJ
Bleg*Fg*Gg*JG

[IK12-TTI11

H=KxLxVxOxP
H1:K6*L6*‘/5*O3*P6
H2:K6*L6*‘/5*O3*P2

Ke(1)  Lg(1

82

Vil

F5(2

e e
G

6

E

Ey

E
6

2
1
2

J
2)  Ja(2
1) Js(1
2

Puc. 17.4. Ctparerus s MecTOpoxKaeHuss Kpy3eHmrepHckoe

K L |4
Ky(3) Lo(2) Vo
Vs

K12 [Tmi2 |Tos-5a ) Tmo T
5 P

2)  0,(2) Pyl

4 ol Ry

K14 [MK9  [mK1o0 [TK11

Tabaumna 17.7. DakTOpPbl COBMECTUMOCTHU

DAs

DakTops

1IIK1-4E & IIK9 F
2.IIK1-4 E & ITIK10 G
3.1IK1-4 E& TTK11 J
4.1TK9 F & IIK10 G
5IIK9 F & TIK11 J
6.1IK10 G & TIK11 J
7IIK12 K & TII1-2 L
8.IIK12 K & TII5-5A V
9.IIK12 K & TII10 O
10.IIK12 K & TII11 P
11.TTI1-2 L & TII5-5A V
12.TII1-2 L & TII10 O
13.TII1-2 L & TII11 P
14.TII5-5A V & TII10 O
15.TII5-5A V & TII11 P
16.TI110 O & TII11 P

3amacel, 6JIM30CTH
3amacer, 61130CTH
3amnacst, 6,M30CTH
3amacel, 6JIM30CThb
3amacel, 6JIM30CTH
3anacel, 6J1130CThb
3amacer, 61130CTH
3amacel, 6JIM30CTH
3amacel, 6JIM30CTH
Bauzocts, C5+8
Bamacsel, 63octh, C5+8
Bamnacet, 6au3zocts, C5+8
Bamnacet, 6u3zocts, C5+8
3anacel, 6auzocrs, C5+8
3anacet, 6au3octs, C5+8
Bamnacet, 6u3zocts, C5+8

Tabsuma 17.8. CoBMecTHMOCTH
mexay DAs masa rpynm [TK1-TTK11

FQ‘F?)‘GQ‘ Gs‘ GG‘ Jo ‘ J3 ‘ Jg
Ey, 121212 21 2
FEs |4 3 43 1 4 3 1
Es |1 41 4 2 1 3 4
F, 3 4 2 3 4 2
Fy 3 4 4 3 4 4
Go 3 4 4
G 4 4 4
G 3 4 4

Tabsmma 17.9. CoBmecTumocThb

mvex ity DAs mrst rpynmn [TK12-TTI11

L[ La[Va Vi [OJ O Pi[ P

Ky |4 3 2
K¢ |1 4 3
2 2

2

INGICIINGTN

ORI JUR U

N N N S N

[GUENIULN \WEGLRGVRGLITEN

NSO N O N QN e

Tabsmma 17.10. Cocrasubie DAS

Cocrasuabie DAs

N

81:E3*F3*G3*J3 3;4
H1:K6*L6*‘/5*03*P6 4,4
H2:K6*L6*‘/5*03*P2 35D

OO

269
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W neanbuas
N( Hg) TOYKa,
w =4
w=3
Hauxymamas w =2

TOYKa,
w=1

Puc. 17.5. TuckperHoe “npocrpanctBo’ kadectsa N(H )

S =A% A% x A3 x A* « AP
{517527537547557567577 5875975107
51175127513751475157516 5177 5187

19, 2075217 225 23, P24

lar e [ Ja |
A A A3 Al A
A3 A3 A3
A3
A
A?
Ag

Puc. 17.6. CocraBHas cTpaTerus Ajis peruoHa

B pesymnbrare, nosiyuaercs: 24 cCOCTaBHBIX CTPATErnii UCCJIEIOBAHUS JJIsI PACCMATPHUBAEMOTO
peruona (6e3 aHAIM3a COBMECTHMOCTH):

S = Al x A2 x A3 % A} % A3, Sy = Al x A3 % A3 x AL x A3,

Sy = Al x A2 x A3 % A} % A3, Sy = Al x A3 % A3« AL x A3,

S5 = Al x A2 x A3 % A} % A3, Sg = Al % A3 % A3 % A3 x A3,

Sy = Al x A2 x A3 x A} % A3, Sg = Al % A3 % A3« AJ x A3,

Sg = A}l x A2 x A3 % A} x A3, Sip = A} x A% x A3 % AJ x A3,

Sip = Al x A2x A3 x Al x A} S1p = Al % A2 x A3 x A3 x A3,

Siz = Al x A x A3 x Al x A}, S1y = Al % A3 x A3 x A3 x A3,

S5 = Al x AT x A3 % AT % A3, Si6 = Al x A7 x A3« A x A3,

Siz = Af x A2 x A3 x Al x A}, S1g = A % A2 x A3 x A x A3,

Sig = Af % A2 x A3 x Al x A}, Sog = Aj % A2 x A3 x A x A3,

Sop = Al % A2 x A3 x Al x A} Sop = Al % A2 x A3 x A} x A3,

Soz = Al % A2 x A3 x Al x A}, Soy = Al % A2 x A3 x A3 x A3,

TeHepb MO2KHO IIpOBE€CTH r[LOHO.HHI/ITQJII)HI)II‘;'I aHaJIN3 IIOJIY4YE€HHbIX CTpaTeFI/Iﬁ JJid OKOHYa-
TEJILHOTO BbIOOpA Hawmydmiedi crparernu (HAlpuMep, MHOIOKDHTEDUATHHOE PAaHKHUPOBAHME,
skcnieprHoe olenusanue). C Jpyroif CTOPOHBI, BO3MOXKHO arperupoBaHue MOJIyYeHHBbIX pellle-
HU Jig (POPMUPOBAHUS PE3yIbTUPYIONEH arperupoBaHHHOM pPernOHAJBHON CTpaTeruu.

17.1.2 ArperupoBaHue penieHuii

B paccmaTpuBaemMoMm nmpuMepe uMmeeTcsd 24 peleHus U3 MPEABIAYIEro pa3faena: Si, . . ., O994.
[TogcTpyKTypa 3TUX pellleHni npeacTapieHa Ha Puc 17.7. DTa cTpyKTypa Hajiee UCHOJIb3yeTCsa
Kak “saapo” mig masibHedinmero pacmupenus. Ha Puc. 17.8 npencrapiena HaJICTPYKTypa.
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Puc. 17.7. ITopcrpykrypa (“supo”) Pwuc. 17.8. HagctpykTypa

Tabsinma 17.11 cosiep:KuT TPOEKTHBIE BAPUAHTHI JIjIs pACITUPEHus “sdapa’, BKJII0Yas UX OleH-
KM (MCIIOJTh30BAHBI TIOPSIIIKOBBIE MIKAJIbI, IKCIEPTHHIE OIEHKH).

Tabnuna 17.11. BapuanTsl pacmupenus

x| Bapuantsi | Ipouunas |Ilena| [Tosip3a
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 PACITUPEHNs) OCHOBAHA HA MOJE/H OJIOUYHOTO PIOK3aKAa:

3 4
maXZZcijxij s.t. ZZa,ij<b Z:pw—lw—l 3, z;; €4{0,1}.

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

B monenu ¢ = 6, ¢ = 2, g3 = 2. Ilpu UCHOIB30BAHUU TPOCTEHIIEr0 KAIAHOTO ajiroputMa (Ha
OCHOBE YIIODSIIOUEHUsl JIEMEHTOB MO ¢;/a;) TOJYyYalOTCs CJIeAYIONue pemeHus (PaccMOTPeHbI
YeThipe BApHAHTA OrPAHUYEHMUS )

(D)t =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 A%*Aﬁ*A?*A‘f*Ag = Ry % P3 % Dy x Qqx Uy x Zy % 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 YOS TOYEHHOTO MHOXKECTBA) JJIsT HCTIOIb3ye-
Moii 3a1a4n onermBanna P34 mpencrasiaena Ha Puc. 17.9. YacTb MecTOpoXK IeHUS ApKTHYIecKoe
(Puc. 17.10) ncmosp3yeTcs st IpUMepa UCHOIb30BAHNsT HHTEPBAJIBHBIX OIEHOK.
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Puc. 17.9. Onenku a4 3amauu onenuBanusg P34

TII14-TTI18

W=ExFxGxJxI

Wll\/I:EG*FG*GG*JG*[G 4,1,3,0

WQM:EG*Fﬁ*Gg*JG*]g 3,3,1,0
T

ITrma  lrmiaa s M7 TIms

E b 8 J ;
E5(0,3,1) F3(0,3,1) Go(1,2,1) 71(0,2,2) 1,(0,1,3
E3(3.1,0 F6E3,1,0; Ga(22.0 J6E3,1,03 Iy 3,1,0§
6\1y G6 y 9y 6\, 4
Puc. 17.10. Mecropoxienne Apkruueckoe (MHTEPBATbHbBIE ONEHKH)

WurepBasibHble ONEHKH Jyist JOKa bHbIX DAs mpusenensr Ha Puc. 17.10 (B ckobkax). Vc-
IOJIB3YIOTCA OmeHKH coBMmecTumocTr DAs u3 Tabmumer 17.3. [IycTh nMeoTCs 1Ba peIleHus:

WM = Egx FsxGex Jo x I5, N(WM) = (w(WM);e(WM)) = (4;1,3,0);

WM = Egx Fsx Gz x Jgx I3, N(WM) = (w(WM);e(WM)) = (3;3,1,0).

Omnenxu e(WM) = (1,3,0), e(WM) = (3,1,0) apagioTcs MeuaHaMu 110 OIEHKAM COOTBET-
CTBYIOIITUX KOMIIOHEHTOB.

17.2 Crparerum moJMTUYIECKOTO MapPKETHMHTA

17.2.1 TIlpenBapurenbHbIE CBEIECHUS

Mero/pl MapKeTHHIa CTaJId IPUMEHSITH B 00J1acTu nouTuky JasHo [304, 414, 505]. B nocsiennue
upumepro 15 jier cchopMupoBaJIOCh HALIPaBJIeHre: MapkeTuHr B nojutuke (political marketing)
[67, 248, 322, 441, 455, 495, 496, rre MMPOKO UCTIOTH3YIOTCS METOIBI MAPKETHHTA JJIs AaHATH3a
MOJTUTUYECKUX “00beKTOB” U CUTYaIUil ¥ TIOCTPOEHUS CTPATETHH MPOBEJEHNUS MOJTUTUIECKUX aK-
it u Kamnanuit. O4eBUIHO, YTO TTPU STOM TPUMEHSIOTCS TPAJIUIIMOHHBIE TTOIXOIBI U3 00/1aCTH
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MapKeTHHTa, HAIPUMED: 33/[a9i CEerMEHTAIMU PBIHKOB, MOCTPOEHWE CTpaTeruii. 371ech Ipeji-
Jlara€Trcd COCTaBHAA MHOFO—CTaAHﬁHaH KOM6I/IHaTOpHaH CXeMa MHOTI'OKPpUTEPUAJIbHOI'O aHaJIu3a
MOJTUTUYECKUX KAHJIUJIATOB U MOCTPOEHUS] CTPATETHil MPOBEeIeHUs WX TOJUTHYECKUX AKITHM.
Yerblpe KOMOWHATOPHBIE 33Ja9i HCIOJIB3YIOTCS KaK BCIoMoraresbHble (6a30Bble “Momyan’):
(a) MHOrOKpuTEpHAIbHOE paHKupoBanue, (6) Kiacrepuszanus (rpynnupoBka), (B) 3agada o
Ha3Havenuw, (r) OaouHas 3a7ada o piok3ake. Cxema BK/O4aeT ciaenyiomue craquu: (1) kia-
crepusanuio (T.e. IOCTPOEHHE THUIOBBIX IPYII O0bEKTOB, HAIPHMED, CEIMEHTOB 3JIEKTOPATA,
IPYII TUIOBBIX KaHAMIATOB); (2) ompejeseHre COOTBETCTBHs KAHJUIATOB IPyNIaM u30upa-
Tesieli (Ha OCHOBE 33Jaud O HA3HAYEHWH), B pe3yjbraTe JJisi KayKJ0ro KaHauaara (hOpMUDY-
ercss HaOOP COOTBETCTBYIOIUX €My TIpyI u3buparesieil, KpOMe TOr0 HA ITON CTaIUU MOXKET
OBITH BBISIBJIEHO OTCYTCTBUE COOTBETCTBYIONIUX TPYIII u30Upareseil jijiss HEKOTOPHIX KaHIu-
JaroB; (3) pemenue 3aa4n 6JI0YHONO prOK3aka jyis (POPMHUPOBAHUS KOMILIEKCHOW CTpaTernu
JIUIS KaXKJIOTO KaH/IUIATa C YYETOM €T0 PECYPCHBIX OTDAHWYEHU; 3/1eCh IPE/INOIaraeTcs UCXO -
HbIi HAOOp M3 YeThipex “dJIeMeHTapHBIX” JIEHCTBUH MOJMTHYECKOrO KaHuaaTa (OpraHu3amnus
BCTpeY ¢ M30MpaTe/siMu, TOJATOTOBKA PEKJIAMHBIX DOJIMKOB 1Sl TeJIEBUICHUS, OPTaHU3AIU 00-
MIECTBEHHBIX JMCIYTOB, KOPPEKTUPOBKA MOJUTUICCKON IPOrPAMMBI) U Jjisi KA2KJIO0TO CEIMEHTA
3JIEKTOPAaTa BHIOMPAETCs IMOIMHOXKECTBO HCXOHOTO HAbOpa JeificTBHil ¢ yueToM O0IIero pecypc-
HOTO OTPaHWYEHUd. 33/1a9a MHOTOKPUTEDPUAJIHHOTO PAHXKUPOBAHWS HOCUT BCIIOMOTATETHHBIi
XapaKTep U MOXKeT OBITh WCIOJb30BaHA B PAMKaX NMPUMEHEeHUs MHOTOKDPHUTEPHUAJIbHOI Bepcuu
3a/1a9M 0 Ha3HAUYEHUU, MHOTOKPUTEPUAJTBHONR BEPCUU 33]a4u OJIOUHOTO PIOK3aKa, a TaKXKe JJId
OlpeJiesIeHus IPEJIIOYTeHUH rpy N u3buparesieii (Ipu UCIOIH30BAHUN PAHKUPOBOK ¥ /MM Ya-
CTUYHBIX MOPsAKOB). JlaHHAsi cocraBHasi CxeMa sIBJIsIeTCsl TUIIOBOH B paMKax 4-X ypOBHEBOI
APXUTEKTYDHI JJIsl 33][a4 KOMOWHATOPHO! onTuMu3anuu, npeniokennoit B [353]. Yucnennsiit
npuUMep peaju3yeT OJUH M3 BO3MOXKHBIX BAPUAHTOB PACYeTa U WJLIIOCTPUPYET IPEIOKEH-
HbIi mo1x0/1. Pacuersl npoBoausuchk Ha ocHoe nporpamm B cpeae MATLAB (MatWorks, Inc..
http://www.matworks.com).

17.2.2 CocTaBHag cxeMa perieHnus

B nanHoit pabore paccMaTpuBalOTCs JiBa 0A30BBIX MCXOAHBIX MHOXKecTBa: (1) asemenmor (T.e.
IOJINTUYECKHE KAHAUAATHL) U (2) nosuyuy (T.e. rpymnns! THIOBBIX u3bupareseit). Mcnonssyercs
KOMOMHATOpHAsS CXeMa, BKJoJaomas derbipe craguu (Puc. 17.11):

DJIEMEHTHI: Tlo3umuu:
KaHIUJAThL rpymnnsl u3dupareei

CIRE)

" =
HeiicTBust F =

Puc. 17.11. KomOunaTopHas cxeMma

1. ky1acTepu3anus MHOKECTBA A4eMenmoe6 ([Jisi yMEHbIIEHHsI PA3MEPHOCTH 3341 );

2. KJ1acTepu3anysi MHOXKeCTBA 1no3uyud (st yMEHbIIeHNs] PA3MEPHOCTH 3a/1a4H );

3. Ha3HaUYeHHe KJacTepaM 3AeMermoe KJIaCTePOB no3uyul, T.e., TIOJyUYeHUe Tap KAGCMeEp
INEMEHMOE - KAGCTED NO3UYUT,
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4. BBIOOD JIJIsl KaKJA0¥W TOJIy4e€HHOW Haphbl MOAMHOXKECTBA, ONEepaldii U3 HEKOTOPOro 3aaH-
HOIO0 MHOXKeCTBa onepanuii (meficrsuit) (3adava 6.404H020 PHOK3AKA NIH MHOLOKPUMEPUAADHARA
3adava 6.A04H020 POK3AKQ).

17.2.3 Ilpumep

B pamkax 4uC/IEHHOrO mpuMmepa IpeJlaraeTcss WITIOCTPATUBHBINA PAacder Ha OCHOBE YCJIOBHBIX
HOJINTUYECKUX KAHAUAATOB, BKo4as craguu (Puc. 17.12): (1) rpynnupoBKa HOJMTHYECKHX
KaH/UATOB JJIsI TOJIyYeHNs] THIOBBIX IOJUTHYECKUX KAHIUIATOB (3a/a9a KJIACTEPH3AINH);
(2) ompenesienne COOTBETCTBHS TUIOBBIX KAHIUAATOB IPYNIIaM H30upaTesieit (3a1a4a 0 Ha3HA-
vennin); (3) GopMupoBaHTEe KOMIIEKCHON CTPATETHU /IS THIIOBOTO HOJUTHIECKOTO KaH H/IATa,
KOMIIJIEKCHAsI CTPATErnsl BKJIIOYAeT HAOOp JEHCTBUil JAHHOIO KAHIAMIATA [JIsl KAXKJOr0 COOT-
BETCTBYIOIIErO JAHHOMY KaHIUIATY CErMEHTA JIEKTOPATa C yIeTOM OOIIEro OrpaHUYeHHIO 10
pecypey (st JaHHOTO KaHauaara) (3a7ada o GJOYHOM PIOK3ake). JlaHHBIE SBJSIIOTCS WJLTIO-
CTPATUBHBIMH.

T'pynnuposka Onpenesnenve DopMupOBaHUE
MOJIUTUIECKAX COOTBETCTBUS KOMILIEKCHOMN
KaHIUIATOB TUTIOBBIX CTpaTeruu s
JIsT TIOJTy YeHHsT KAH/IATOB THIIOBOTO
TUIIOBBIX ] rpymnmnamMm KaHauaarTa
KaHIUIaTOB n3buparesteit (3agmaua o
(3amaua (3amaua o GII0UHOM
KJIACTEPU3ALIIY ) HA3HAYCHUMN ) PIOK3aKe)

Puc. 17.12. Baok-cxema pacuera

PaccmarpuBaeMblii mpuMep OCHOBaH Ha JaHHBIX MPe3uIeHTCKUX BbIOOpPOB B Poccum B 1996
roxy, T.e., paccmarpuBaorca 10 kanmugaros: B.A. Bpsiananos, FO.II. Baacos, M.C. T'op6a-
uyeB, B.H. Enpnun B.B. ?Kupunosckuit, ['A. 3woranos, A.U. Jlebeas, C.H. @enopon, M.JI.
[MTakkywm, [A. daunckuii. B pacuerax yka3aHHbBIE BBIIIE TOJUTHYECKAE KaHIUIATH PACCMAT-
PHUBAIOTCS B 3aKOJMPOBAHHOM BHJE W HCIOJB3YIOTCS Cjeaytomue 0603HadeHus (MOPSIOK U3-
meHeH): A = {Ay,..., A;, ..., A1o}. B KadecTBe XapakTepuCTHK KaHIAMIATOB PACCMATPHBAIOT-
¢l TOJBKO JUYHOCTHBIE xapakrepucruku: (1) xapusma (C1), (2) mosmrmueckwmit ombir
(Cy), (3) pamukambuocts (C3), (4) obpasosanume (Cy) m (5) pemnyramust (Cs). Tabuma
17.12 Ccomep:KUT OIEHKH WCCJIELYEMbIX AJbTEPHATUB (T.€. IPUMEPOB IOJUTHYECKUX KAHJIUIA-
TOB) TI0 JINYHOCTHBIM XapaKTEPUCTUKAM (HA OCHOBE SKCIEPTHBIX OIEHOK B MOPSIKOBOI IIKaJe
[1,2,3,4,5]). Takum obpazom, mjist KaxKJ0ro Kauauaara A; mMeercst BEKTOP OIIEHOK 110 KPUTEPH-

AM {01702, Cs, Cy, 05}1 Y = (yilayi2ayi37yi4ayi5)-

Tabauna 17.12. Onenku ajbTepHATHB

alalolaldc

Al 4 4 3 3 4

Ay | 3 5 4 5 2

As 5 2 5 2 4 Tabsmma 17.13. OneHKy rpymnn mOJUTHKOB
Ay 3 4 3 4 2

As |5 4 5 4 3 Ci| G| G5 Cu| Cs

As| 3 2 2 5 5 Gi|l2 3 2 3 1

A1 3 5 3 3 1 Go| 45 2 35 3 25

Ag | 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

Al 4 2 2 4 1 G5 |3.8754.1253.625 3.75 3
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Jlajiee IpoBOJMTCS pacyeT HA OCHOBE 33/la4M KJIACTEPU3AIUU C BO3MOXKHBIM II€pecedeHueM
I0JIy4aeMbIX KJIACTEPOB. B pe3ysibrare nosy4atoTcst 5 rpyi MOJUTHKOB (THIOBBIX MOJIUTUKOB)

(p=1,5):
Ipynna (kmacrep) 1: G = {As} (coabblit moauTHK).
Ppynna (kaacrep) 2: Gy = {As, Ajp} (Xapu3amaTuyHble 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} (Xapu3MaTu4HbIE ONBITHBIE MOJUTHKH ).

3aMeTnM, KaxKJas TPyIIa COOTBETCTBYeT “TunoBomy’ moauTuky. B Tabmune 17.13 mpuse-
JIEHBl CPEJHME OICHKM 110 XapaKTEPUCTHKAM JJIs KayKJIOHW TPYIIbI MOJUTUKOB, T.€. UMEIOTCS

Cuemyer 3aMeTHTh, 4TO JAHHBIH IIPUMED KJIACTEPU3ALUU HOCUT MJUIIOCTPATUBHBIA Xapak-
Tep. B peanbHBIX MPHUKJIAIHBIX CATYAIUAX CJILYIOT TPOBOIUTH KJIACTEPU3AIMIO TP H30H-
parejieil JJIs TOJIy9IEeHUIO YKPYMHEHHBIX CETMEHTOB 3JIeKTopaTa. B mpumepe mpe/mosararor-
Csl 3aJIAHHBIMHU CJIEJYIONMe TPYINbl u30upareseil (CErMEHThI 3JIEKTOPATa, AHAJIOI CerMEHTOB
puiaka) (¢ = 1,5): (1) nenarpucrckuii Fy, (2) koMmMmyHucTHYeCKH-arpapHbii Fsy, (3) nanuonas-
narpuoTudeckuit Fs, (4) noaurudecku anaTudHbii iekropar (Moxoaexs u ap.) Fy u (5) 6yp-
)Kyasublit F5. B Tabnune 17.14 npejacTaBieHbl MPEANOYTeHNsT YKa3aHHBIX T'PYII H30MpaTesiei
(3KCHEpTHBIE OLEHKU IO TOMY 2Ke HabOpy XapaKTepHCTHK), T.e., JJid KaxKJOro KaHauaata k,
nMeeTcs: BeKTOp oreHok 1o kpurepusam {Ch, 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 Kanauaaros - rpynusl usbupareneii” G, — E, (p=1,5, ¢ =1,5):
Cpq- SHAUEHME YKA3aHHOI'O COOTBETCTBUSA JJIsl KaXKJOif Iapbl BBIYHC/IAETCH KAaK CyMMa IIPOM3-
BEJIeHUI 3HAYEHNUs] XapAKTEPUCTUKY KaHAWJATa (CpefHee 3HAYEHHE JJIsi TPYNIBI KAHH/IATOB
u3 Tabmuupt 17.13) Ha 3HaUeHHe MpeOYTeHUs Tpynbl n3dupareseit (13 Tabauner 17.14) (Te.
BEJMYMHA THUIA CKAJISPHOIO NPOM3BEIEHUsI BEKTOPOB): Cp, = 22:1 Ype Zq¢ - B pesynbrare
nosiygdaercss Tabmuma 17.15. 3amernm, 9T0 pacder 3TUX KOMILJIEKCHBIX XapaKTEPUCTHK MOXKET
IIPOBOJIMTHCS ¥ JPYTUMHU CriocobaMu (HAITpUMep, HA OCHOBE PAHKUPOBOK, OMHAPHBIX OTHOIIIE-
HUil IPeIIOYTEHNsI, HA OCHOBE SKCIIEPTHBIX OIEHOK ). Ha OCHOBe peleHus 3a1a49u 0 Ha3HAYEHUH
IIOJIyJaloTCst 6a30Bble COOTBETCTBHUA MeXKIy “THIOBHIME moiuTHKamu (G,) ¥ THIOBBIMA IDYII-
namu n3bupareseit (E,). IIpu 5T0M B MOse/IH IPe/IOIAraloTcst CJIeyIoInie OrpaHnIeH sI:

(1) KaxKIOMy THIIOBOMY KaHIMJATY COOTBETCTBYIOT He GoJiee 3-X rpyin uzbupareJiei,

(2) xax0i rpymie uzbupareseil COOTBETCTBYIOT He 6oJiee 2-X THUIIOBBIX KaHJUIATOB.

Takum 06pa3oM, UCTIOIb3yeMas BePCUs 33/1a9l O Ha3HAYEHUN MMeeT BUJ:

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 3aia4un o Ha3HavyeHuu npejcrasied B Tabuuue 17.16: (1) pus kaugunara
(G1 MHOXKeCTBO BO3MOXKHBIX CETMEHTOB 3jeKToparta mycto |V(G)| = 0, (2) ana xanmumara
(G2 MHOXKECTBO BO3MOYKHBIX cerMeHTOB 3yektopata V(Gsa) = {Es, Es}, (3) maa xanmumara
(G3 MHOXKECTBO BO3MOXKHBIX cerMeHTOB 3nekTopata V(G3) = {Ey, Es, E5}, (4) nna xangunara
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(G4 MHOXKECTBO BO3MOXKHBIX cermMeHToB 3jiekropara V(Gy) = {Esy, B4}, (5) mius xaugunara Gy
MHOKECTBO BO3MOXKHBIX CerMeHTOB 3jiekropara V(Gs) = {Ey, B3, Es}.

Tabauna 17.16. Pesynbrupymee coorsercreue G, —

E. | B | B | E | B
Gy 0 0 0 0 0
G| 0 1 0 1 0
G3 1 0 1 0 1
Gy 0 1 0 1 0
Gs 1 0 1 0 1

Tenepb MOKHO PACCMOTPETH 33724y (POPMUPOBAHUS KOMILJIEKCHON CTpAaTEruu JJisi KaxK10-
ro THIA KaHJIWIATOB. PaccMOTpUM THUIIOBOTO KaHAWIATa ‘ONBITHBIM OOpa30BAHHBIN MOJTUTHK’
G'3, LIl KOTOPOrO MMeeTCs cJiejytonuii Habop rpynn uzbupareseit (T.e. CErMEHTOB JIEKTOPaA-
ta): {E, B3, E5}. B kadecTBe 3jieMeHTapHBIX crpaTeruil (JefcrBuii) ucHonb3yercs ciejyiolee
MHOKecTBO (00Iiee st Bcex THHOB Kauauaaros): (1) opranusanust Bcrped ¢ n3buparesisMu
01, (2) moaroTOBKa pPEKJIAMHBIX POJIMKOB W MOKa3 uX 1o TeseBupennio Oq, (3) opranmsanus
obmmectBenHbIX AucyToB O3, (4) KOPPEKTHPOBKA MOJUTHIECKOH TTPOrPAMMBI O KOHKPETHYIO
rpymny u3bupareseii Oy. Puc. 17.13 wumocTpupyer pacCMOTPEHHYIO CHUTyanuio (BepXHWH WH-
JIeKC B ODO3HAYEHUH JIEHCTBUsI COOTBETCTBYET CETMEHTY 3JjieKTopara). B kauecTBe Xapakrepu-
cruk ykazauubix geiicrsuii ({O,,v = 1,4}) ncnoansytores caeyomue: (i) Tpebyembiii pecype
T3, (il) TIOIE3HOCTH JAHHOTO JEHCTBUS ¥ KAHAMIATA P MO OTHOIIEHUIO K TpyIIe u3bupareseii
¢: €ypq , T.€., T4 XAPAKTEPUCTUKA UHIUBULYATbHA I Kax a0t napsl (G, E,).

{01,014, 031” O}} ( Uenrpucrckuit

cerment

OnbITHBIH
06pa30BaHHbLI

nomruk (7 3

3 3 3 H -
{017 02’ 037 Oi’} AITMOHAJT

NaTPUOTUIECKUN
cerment F3

Bypxyasubiii

{O?, Oga Oga Oi} CEerMEeHT E5

Puc. 17.13. CooTBeTcTBHEe: KaHIUIAT - CEIMEHTHI

B Tabiuue 17.17 npuBejieHbl 3HAYEHUS XaPAKTEPUCTUK JACHCTBUI /It TUIIOBOIO KAHIH/1ATa
(G5 (HA OCHOBE SKCIIEPTHOTO OICHUBAHUSA C MCIOJIb30BAHUEM MOPSIKOBBIX MKa/: mkaaa [1, 10]
JUIs pecypca u mkasa [1, 5] 1yisg moIe3HOCTH; J1jis KayKJ[0T0 CEIMEHTa, JIEKTOpPATA OICHKH SBJIsI-
I0TCSl WHIUBUYaJ bHBIME). Takum 00pa3oM, MOXKHO ¢HOPMYIUPOBATH 3a71a4y (hOPMUPOBAHUS
KOMIIJIEKCHOI CTpaTeruu Jijis TUIOBOTO KaHauaaTa (G3 Ha OCHOBE MOJEIM OJIOYHOTO PIOK3aKa
(cyuait omHO# 1eseBoit byHKINK):

Tabauna 17.17. [eiicrBus u xapakrepuctuku 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
O, 3 4 3 5
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4
max > €y3g Tug

v=1vqe{1,3,5}

s.t. 24: >

4
Tug Tug < bg, 1<) 1w, <4, Vg€ {1,3,5}, z,4 € {0,1}.
v=1vge{1,3,5} v=1

B nanHO#t Momenn mpeanosiaraeTcs, 4TO JJIA KaxKI0il Ipymlnbl u3dbupaTeseil BHIOUpaeTcs XOTsd
OBl OJTHO JleficTBUE, 3HAUYEHHE b3 COOTBETCTBYeT OOIEMY OTPaHUYEHHIO TI0 PECYPCY /s paccMaT-
puBaeMoro kanmaunara (3. [Ipumepsl perenuit uMe0T BUI:

(i) npu orpannuennn 1o pecypey by < 18: {0 Of, 02,03, 03},

(ii) mpm orpammdennn mo pecypey by < 28: {01,013, 01, 0%,03,0%, 03,03}

OdyeBUIHO, TPUBEIEHHYIO 33,19y MOXKHO PEIIaTh JIjIs KaXKJI0TO KaHIM/IATa.

Tabsmua 17.18 comepKUT psiji MEPCIeKTUBHBIX 3aja4/Mojeell JJisi COBEPITEHCTBOBAHWS
MPeJIJI0KEHHOTO TIOX0/1a.

Tabmuma 17.18. [TepcreKTHBBI HCTIOAB30BAHUS 33,124 /MO IeIed

Cragus Ncnonb3opanuas | [I€PCIEKTUBHbIE 331241/ MOIEIIH
3a1a9a,/ MOJIETh
1.Knacrepuzamus | Mepapxudeckas 1.Jpyrue mMeronsr knacrepusanun [266, 422]
KJIACTE€PU3 AU A 2. Moudukanust ajnropurmMa nepapxmdecKoi
(arnomeparsubii | k1acrepusanum [345]
AJITOPUTM)
2.0npenenenue 3anaua o 1.060061menHast 3a1a49a 0 Ha3HaYeHUH [289)]
COOTBETCTBHUSI HA3HAYECHUN 2.MuoroxkputepuaibHast 3a/1a4a, O
KAHTHIATOB HasHadeHnn [497]
rpymmnam 3.KBaaparnanas 3ana49a 0 Ha3Ha1eHun [118§]
n3bupareseit 4 Pacrmmmupennas 3a7a9a pa3MeIeHnst

3.DopmupoBaHme

3ama4a 6J109HOrO

(c maBopom npaswa u zp.) [334, 347]
5.Mogesn Teopur Urp U MHOTOAT€HTHBIX
cucrem [452, 509]

6.Junamuaeckue Momenu (3a1a9u
pexordwurypanun n ap.) [342, 347]
1.MuorokpurepuaiibHas 3a1a4a 6JIOIHOTO

KOMILJIEKCHOM PIOK3aKa, prok3aka [29]
cTpareruu 2.3a1a39n KOMOMHATOPHOIO CUHTE33, Ha,
KaHIUIATA, 0CHOBE MOPMOIIOrnuecKoit Kimkn [342, 347]

3. Tunamudeckue Mozeu (3a1a9u
pekordurypanun u ap.) [342, 347]

17.3 IIpoekTupoBaHme OpuUraabl

PaccMorpuM npumep mpoeKTHpOBaHust GPUra (bl MCIIOTHUTE el (yIpaB/ieHus nepcoHasom) [334].
Crpykrypa Gpuragsl u DAs npescrasienst Ha Puc. 17.14 (npuopurerst DAs ykasaHbl B CKOO-
kax). Kpurepun u ux Beca npejcrasiensl B Tabuune 17.19 (ucmosb3yercss mopsiikoBast MIKa-
na [1,10]). Tabmuna 17.20 comepxut onenkun DAs mo kpurepusm u Tabmauna 17.21 comepkur
oneHkn coBmectumoctu Mexkay DAs. B pesyabrare mosydatorcs asa [lapero-sddekTuBHBIX
peITeHus:

Sl = AQ*Bl *CQ, N(Sl) = (3,2, 1,0), SQ = Ag*Bl *Cg, N(SQ) = (3,2, 1,0)
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Bpuraa S=AxBx(C
S; = Ay x By % Cy(1 Tabauna 17.19. Kpurepun
SQ :A4*Bﬁ*03 1

Kpurepun Beca
[a I B | o A[B[C
PyKOBO,HI/ITe.Hb I/IH)KeHep I/ICC.TIe,ILOBaTeJ'II: 1.1II -
A.(3 B.(1 (3 JIpodeccronanbHbIi ONbIT 3 3 3
1 1 1 2.0mnbiT paboThl HA 3amnae
ﬁQ 1 By(2 C(2 3.Tpebyemas 3apmiaTa —1-3-3
3(2 Bs(2 Cs(1 4. TBop4eckue CrocOOHOCTH 4
By(2 Cu(2 5.3HaHUe PBHIHKA 4

Puc. 17.14. CtpykTypa OGpuraasi

Tabmumna 17.20. DAs u onenku

DAs Kpurepun

1[2]3]4]5

A1 |5 10 3

Ay |15 20 5 Tabsuma 17.21. CoBMeCcTUMOCTH

A 110 15 4

By |15 5 7 B B Bs| B G| o G| Ci

By |6 6 3 Ar 2331200 3

By |10 0 9 A 13 0010 3 0 0

By |3 0 3 A3 13 01110 3 0

Cy |15 10 3 By 0 3 30

Cy |5 75 By 110 3

Cs |4 4 7 By 0020

Ci |6 6 4 By 000 3

17.4 Komno3uiiys NPOAyKTa HPU 3JIEKTPOHHOI TOPToOBJIE

B nannoM pa3zjese onucaH npuMep MPOEKTUPOBAHUS MOJIH30BATEIEM MOKYIAEMOro MPOIYKTA.
MHuorue ToOBaphl UMEIOT CJI0XKHYIO KOH(UTYPAIMIO U MOKYIATe b MOXKET IOJIYUYUTh JJIEKTPOH-
HYIO YCJIYTY IO CAMOCTOSITE/IbHOM IeHepalui TOBapa Ha OCHOBE ero/ee IMOTpeOHOCTe! 1 MpeIo-
yTeHUil. B KauecTBe MpUMepOB COCTABHBIX TOBAPOB MOYKHO MIPUBECTH KOMITBIOTED, AaBTOMOOUJIb,
vacTHbIil oM. Ha Puc. 17.15 npeacraBieHa yupoIeHHast CTPYKTypa aBTOMOOMIIS:

1. xopmyc A: ceman Ay, yauBepcas As, mkun As, mukan Ay, KOPIyC CHOPTHBHOTO aBTOMO-
omnsa As;

2. neuraresb B: nusenb B, 0eH3UHOBBIA B, anekrpuueckuil B3, BOIOPOAHbINH By;

3. obopymnoBanue C': 6azoBas Bepcusi ('], KOMIOBIOTEPHBI!T KOHTPOIb (5, KOMITBIOTEPHBIi
koHTpoIb & GPS-cBa3p (.

S=AxBxC
SlZAl*Bg*CQ
A B C
O O
® A1 ® By 4
® As ® B> Cy
® As ® B3 Cs
® Ay ® By
® As

Puc. 17.15. CtpykTypa aBTOMOOUIS

Teneps paccMOTPHM COCTaBHYIO aKIWIO B paMKaX 3JEKTPOHHON TOPTOBJHW. YTPOIIEHHAS
CTPYKTypa (nokynka asmomobuss) upeactaBiena Ha Puc. 17.16:
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1. Mecro npoussozcrBa A (oredecrBenHblii Ay, nHOCTpaHHbBIH Aj).

2. Koudurypanus asromobuns B (MunuMaibHas By, cpeinss By, MakcuMabHas Bs).
3. Cnocob omnaret C' (kpeaur Ch, Hanuunbie Cy, 6e3nanununbie C3, B paccpouky Cy).
4. Mecto nokynku D (aBromarasun D;, gujiep Ds, npsiMo or npoussogutes Ds).

5. Crenenb amoprusanuu F (HOBbIH F, cO BTOPHIX PYK Fs).

® S=AxBxCxDx*FE

Sl :AQ*Bl*CQ*Dl*El
SQ :Al*BQ*CQ*Dl*El
SgZAQ*BQ*CQ*Dl*El
S4:A2*B1*03*D1*E1
C D E
O
o Ch(4 Di(2 By (4
o Ch(1 Dy(3 E»(2
032 D33
o Ca
A B
Al (2 Bi(1
Ay(1 By(2
Bs(3

Puc. 17.16. CrpykTypa cocraBHOM aKIiuu

Ucnonb3ytores caeayonme Kpurepuu (' COOTBETCTBYET IIOJIOKUTEIbHOM OPUEHTAIMH [0~
psiIKOBO# miKasb [1, 5], -’ COOTBETCTBYET OTPUIATETHHONR OPUEHTAIUY IIKAJIBI):

(a) nena K,i, —, npecrux Opsnga Ko, +, useful life K3, +, ypoBeHb noTpeOHOCTH B TEX-
obcayxuBauuu K .4, —, HaJeKHOCTh K 5, +;

(b) croumocts Ky, —, npectu:k Openua Ky, +, yaobcreo obHoBieHus (upgrade-ability)
K3, +;

(c¢) puck xkpemura K., —, croumocth sKcmayaramuu Ko, 4+, nocrynsocrs K g, +;

(d) nanexuocts Kgi, —, crouMocTh Kyo, +, KAueCTBO CEPBUCHOTO obciyxkuBanus Kgz, +,
rapantus Ky, —;

(e) croumocts K1, —, ypOBEHb MOTPEOHOCTH B TeXOOCTyKUBaHUU Koo, +, rapantus K3, +.

Tabnuna 17.22 comepxkur nopsiakosbie Jyisi DAs mo yka3aHHbBIM KpUTepusM (IKCIEPTHbIE
ornenuBanue). Pesyaprupyromue npuopurersl gyt DAs mosyveHbl Ha OCHOBE MHOTOKPHUTEDH-
AJIbHOIO PAHXKUPOBAHUS JIJIsl KaxKI0i yactu cucrembl (mkasa [1,4]). [lpuopurersr ykazanbl B
ckobkax Ha Puc. 16.4. Tabauna 17.23 comepKuT ONEeHKH coBMecTUMOCTH Mexkay DAs (mkana
[0, 5]). B pesyabrare mosyuensl coctaBabie DAS :

1. Uneanbuoe pemenusi: S; = Ag x By x Co x Dy x By, N(S1) = (5;5,0,0,0). D10 pemenue
ABJIeTCA OQHOBpeMeHHO IlapeTo-3ddeKTUBHBIM.

2. Cuiepyomuii ypoBeHb KauecTBa PereHuii (nouwmu-onmumaivhoie BKIIOYAELT CJIeLyOIIne
pemenusi: So = Ay 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(S3) = (5;4,1,0,0).

3. /lonosHUTeBHO, 1e1eco00pa3Ho paccMOTpeTh pemerue: Sy = As x By x C3 x Dy x Fy,
N(Sy) = (4;4,1,0,0).

Ouesnnno, uro N(S7) = N(S2)(N(Ss)) = N(Sy). Puc. 17.17 upencraBisieT peneTky Kade-
CTBa /IS PE3YJIbTUPYIONIUX PeIleHuii.
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Tabaunpr 17.22. OueHky aabTepaHTHB

DAs Kp-pun
DAs |Kp-pun 1‘2‘3 DAs | Kp-pun
DAs | Kpurepun 1‘2‘3 1‘2‘3‘ 1 DAs |Kp-pun
1]2[3[4]5 G 554 1]2[3
By 1235(|Cy [143[|D1 4445
Ay 123332[|B2 |13431|Cs [142](|D2 (2322||E2 (425
Ay 4555 4||Bs |452||Cs [534(|Ds |3312||E1 |241

Tabsmma 17.23. CoBMeCTHIMOCTD

Bl‘BQ‘BS‘01‘02‘03‘04‘D]‘D4D4E1‘ B
A5 552543540054
Ay l5 555555543054
B, 555554354
B, 555553153
Bs 5215 2
4 41041
Cy 55255
Cs 4145 2
Cy 30040
D, 51
D, 3 4
Ds 1 4

w=4

w =3
Puc. 17.17. Pemerka xauecTBa

17.5 Kombunaropuoe bopMupoBaHne MHBECTUIIMIA

Mg dopmupoBanus nmoprdesis MHBECTUIUN YaCTO UCIOIb3YIOTCS MOJAEJH PIOK3aYHOTO THUIIA,
MHOTOKDUTEPHUAJIBHOE MPUHSATHE DENIeHuil W BEPOSTHOCTHBIN aHain3 (BKJIOYas OlEHWBAHUE
PUCKOB). 3/1eCh MPUBOUTCS YIPOIIEHHbIH WLTIOCTPATUBHBIN npuMep u3 [334] o koMGuHaTOD-
HOMY IIOCTpOeHuIo noprdesis nupectunuii Ha ocnobe UMMII. Puc. 17.18 cogepxurt cTpykrypy
U aJIbTePHATHBbBI cOCcTaBHOrO noprdess unaBecTuiwii (npuopurerst DAS yka3aHbl B CKOOKaX).
Tabsmma 17.24 conepxkut kpurepun. DAS u ux oneHKU npejacrasienbl B Taduuie 16.2.

Cocrasuoit noprdeibg S = Ax B x(

Sl :A4*B4*Cg 1
| SQZA4*36*Q31
| A | B | C
Kpatkocpounsie Cpennecpounbie  Jlonrocpounbie
HNHBECTUIINU MHBECTUIINHU MHBECTUIIVN
Aq(3 B1(3 Ci(3
As(3 By (4 Cs(3
As(3 Bs(2 C5(2
Ay(2 B4(3 Cy(1

1
5

Puc. 17.18. CrpykTypa cocTaBHOrO mOpTde/iss HHBECTHIIHI

B Tabmune 17.26 npejcraBiieHbl OlieHKH coBMecTuMocTu. Tabsmia 17.27 conepxxkut [Tapero-
s dexkTuBHbIle cocTaBHble DAs. Tabaumna 17.28 comepKuT y3Kue MecTa W aKIWHU YJIYUIIeHU.
Ha Pwuc. 17.19 nmpountocTpupoBaHbl TOYKH, COOTBETCTBYIONINE PE3YIbTUDPYIONINM COCTABHBIM

DAs.
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Tabsuma 17.24. Kpurtepuun

Kpurepun Beca
Al B| C
1.Ipubsuis (0,...,100) 5 7 6
2.Puck (-; 0,...,100) 4 5 4
3.IIpecrux (0,1,2) 4 3 3
4.Bozm-1b mpogoskenus (0,...,5) 3
5.Bo3m-Th ocHOBaTh HOB. kOMnanuio (0,1,2) 4 4
6.ITosyuenne HOBOrO OmbITa (0,...,7) 2 92
7.0pr-uust HoBoro peieka (0,...,7) 4 4
8.Bo3m-1b momyunts M4 (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. obamranun 10 0 2 2 0 1
AsBask. menosur 12 0 2 2 2 0
AsCrexynamnus Ha Gupxe 30040 3 1 2 0
A Hedr. akiun 2025 3 1 2 0
BjToc. obmurammn 15 0 2 0O 0 0 0 1
BsBank. nemosut 18 0 2 0O 0 0 0 1
BsHeppuxumocTs 20 10 4 1 2 1 6 3
B, paronennoctu 30 30 4 o1 1 2 2
By Akuun 6uorex. KOMII. 28 20 4 2 6 5 6 7
(', Toc. obsmranum 20 0 2 0O 0 0 0 1
C5Bauk. genosur 24 0 2 0O 0 0 0 1
('3 AnTukBapuar 30 20 4 1 1 1 5 2
C'y AkIinn 23po-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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Tabsiuma 17.28. Y3kue mecra u akiuu yJiydiieHus

Cocrapusre DAs Axuyn Voyumenus
DAs| IC w/r Tun
51:144*33*01 AQ 2=1 2
Sy = Ay x By x () Bs 2=1] 2
Sy = Ay x By x () O 3=2 | 2
Sy = Ag x Bs x C Ay 3=2| 2
Sy = Ay * Bs x C Cy 3=2] 2
Sy = Ay * By x Cy4 A 3=21] 2
Sy = Ay x By x Cy Bs 2=1| 2
53:A2*33*04 (AQ,B?, 4 =5 2
Sy = Ay x By x C4 Ay 3=2| 2
S4ZA2*B5*C4 (B5,C4 3=4 2

17.6 BpIBoOaBI K TjI1aBe

B nannoii ryiaBe mnpejcTraBjieHbl IPUMEPHI IPUMEHEHUs] COCTABHBIX KOMOMHATOPHBIX 'TEXHOJIO-
I'UYECKUX’ CXeM B HECKOJIbKMX THUIIOBBIX ITPUJIOXKEHUSIX B 00/1aCTH MeHePKeMeHTa: KOMOUHATOP-
Hoe (bOPMUpOBAHNE ILJIAHA WHBECTHIMI, KOMIO3UIUS TPOJIYKTa MPU IJIEKTPOHHON TOPTOBIIE,
MPOEKTUPOBaHUE OPUTAIBI UCIIOTHUTEIEH, CXeMa MOJTUTUIECKOTO MapKeTUHTa, KOMOMHATOPHOE
IJIAHUPOBAaHUE Ie0JIOTNYeCKUX UCCeJJOBaHU.

OueBH/IHO, YTO YKa3aHHBIE NMPUKJIATHBIE 33/1a9d MOTYT OBITH MCIOJIB30BAHBI KaK 0a30BbIE
AHAJIOTH NI PA3JINYHBIX IPUJIOKEHNI B MeHePKeMeHTe U 3KoHOMuKe. MOoKHO yKa3aTh Claemy-
IOIe HANPABJIEHUS JIJIs MICCJIEIOBAHUI B OyIyIem:

1. uccnenoBaHue JPYrux MPUJIOKEHUN;

2. pacCMOTpEeHHBIE 33/1a4 B PeKUMeE pealbHOTO BpEeMEHU;

3. yder Heolnpee/IeHHOCTH T1apaMeTpOB.
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Ilpnaoxkenusa B npemnojaBaHUN

B nannoit riase ! paccMaTpuBaloTCs HEKOTOPBle BOIPOCH IPUMEHEeHHs TUIOBBIX KOMOHMHATOD-
HBIX CXEM TOJJEPXKKUA MOJYJIbHBIX CUCTEM B IPENOJIaBaHUH.

18.1 IIpenBapurenbHbIE CBEJCHUS

YcKOpeHre Hay4YHO-TEXHMYECKOrO Mporpecca, Hab 0 aeMoe B IOCJIeHIE TO/IbI, CBA3AHO C Psi-
JIOM 0COGEHHOCTEH, KOTOpble BKJIIOYAIT CJeayionue TeHgaeHinun: (1) yBeJudeHne JI0JU KOM-
IJICKCHBIX TEXHOJIOTMH, KOI/a HOBOBBEIEHHMS OCHOBBIBAIOTCS HA JOCTHXKEHHAX B HECKOJbKHX
obracTsx 3HaHWil (HanpuMmep: OHOJIOTUs, XUMMUsl, WHXKEHEPHbIE HAYKH, KOMIBIOTEDHbIE HAYKH,
MarTeMaTuka); (2) yCKOpeHHe NpOIECCOB BHEJPEHWsi HOBOBBeJEHWH; (3) yMeHbIEeHHe CPOKOB
"MaKpPO-TEXHOJOTHIECKUX IUKJIOB, T.e. KayKJIble HECKOIBbKO JeT (WM Jake dalle) MpaKkTHde-
CKH BO BCEX OTPACJ/IsIX MPOUCXOIUT CMeHa MOKOJIeHui Texnosoruii. Kpome Toro, moaroroska u
NPUHATHE PelleHul MOBCEMeCTHO CTAaHOBUTCS YacThio PabOTHI KaykJI0ro pabOTHUKA. B pesyin-
Tare, HabII0IA€TC TIOBITIEHNe J10JIM NHTE/LIEKTYyaJIbHBIX Olepanuii nepepaboTku nadopMaun
HA BCEX 3TallaxX KU3HEHHOTO IUKJIa TPOAYKIUU U 3TO MOXKHO PACCMATPUBATEL KAK “TPETHIO I'Pa-
morHOCTE” [19].

'Marepuas rmapbr ocHOBaH Ha MyOIMKAIIAX aBTOpPA:
(i) JIeeua M.III. O tperweii rpamoraocTr// Hayuso-Texuudeckas nadopmanus, cep. 2. 1995. N. 6. C. 20-30.
(ii) JIeur M.III. O npenomaBannu nadopmarmonsbix rexuosoruii// Hay4yHno-rexuudeckas nundopmanysi, cep.
1. 1996. N. 5. C. 14-23.
(iii) JTeun M.III. O npenogasanuu NPOEKTUPOBAHUS CUCTEM. HHEOPMALUOHHDIE TNETHOA0ZUY U BLINUCAUMEN -
Hote cucmemnt, Bom. 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.
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Yposuu uzobperaresabckux 3a1a4 no I'. Anprmysepy (B pamkax cucremsr TPU3) [50] mox-
HO HCIIOJIH30BATh KaK HEKYIO HNOPSIKOBYIO IIKAJIy IPH OLEHKE YPOBHS 'MHTE/IEKTYaJbHOCTH’
MPUMEHUTEJ]HBHO K PA3TUIHBIM MPUIOXKEHUSIM:

Yposenw 1. Vcmonmp3zoBanue rotoBoro oobekTa (IPOAYKTa, TEXHOJIOIHH, YIPABICHIECKOTO
perienusi, crparerun, nHGOPMAINY, HOBOBBEIEHUS U JP. ).

Yposenn 2. Ilouck u BoIOOp 0O0'beKTA.

Yposennv 3. Ananus u MoguduKaIuss HEKOTO UCXOAHOTO O0'bEKTA.
Yposenv 4. Coznanne (IpoeKTHPOBaHUE) HOBOTO OOBEKTA.
Yposenn 5. Coznanue (IpOEKTUPOBAHUE) CHCTEMbI OO'HEKTOB.

JleficTBUTE/IbHO MHTEJIJIEKTYAJIbHBIMU 33/l[a4aMU SBJISIOTCS 33Ja4u 4-10 U 5-I0 yPOBHEM,
3a/1a4a 3-r0 YPOBHsI SIBJISIETCSl ITPOMEXKYTOYHOM. 3ajada 1MoucKa u BbiGOpa (paHKHMPOBAHMUSI
00'beKTOB) 3a9aCTyIO SIBJsSeTCs 6a30BOil B IIpoIeccax MOATOTOBKY U NPHHATHS penenuit. lasee
OyzneM cuuTaTh 3a/Ja9u ypoBHell 2 W 3 KBa3W-WHTEJIEKTYAJTbHBIMU WJIH KBAa3W-TBOPYECKUMU.
Pasymuas opranmsanus rpynmnoBoit pabOThl MOYKET TO3BOJIUTH YCIENTHO pemaTh 3ajadu 4-ro
U 5-TO ypOBHel Ha OCHOBE pelleHHs] HEKOTOPOro Habopa JIOKAJbHBIX KBA3U-UHTEIIEKTYaTbHBIX
3a/1a4.

B menom, M0xKHO yka3aTh JBa OCHOBHBIX IyTH Pa3peIIeHUsi YKAa3aHHOI BHINIE CUTYAINH,
CBSI3QHHON C MOBBIIIEHUEM JIOJIM WHTE/JIEKTYAJbHBIX ONepalyil mepepaboTKu WHMOPMAIUN:

1. Tlouck TBOpYECKUX JIMYHOCTEH M IOJATOTOBKA CIIEIMAJIUCTOB, CIIOCOOHBIX pelIaTh WHTEJI-
JIEKTyaJIbHBIE 33/auu ([IOKCK, BOCIUTAHUE, OOyUYeHHe). DTOT MyTh UMEET ONpPEeeeHHbIEe Orpa-
HUYEHNs, CBSI3aHHBIE C IIPEIPACIOI0KEHHOCTBIO JIIO/Ieil 1 BO3MOXKHOCTSIMHU MPOIECCOB 0TOOPA,
IIOJITOTOBKH ¥ OOYYeHHUsI.

2. HonyquHe r100aIbHBIX TBOPYECKHNX CHUCTEMHBIX peHIeHI/Iﬁ Ha OCHOBE KOM6I/IHI/IpOBaHI/IH
JIOKaJIbHBIX KBa3U-TBOPYECKUX 3ada4.

[Tocnenee siBisiercss HeKUM aHaJsiorom 110/1xo/a [lleHHOHA K ITOCTPOEHUIO HAJIEZKHBIX CUCTEM
U3 HEHAJIe2KHbBIX 3JIEMEHTOB, TOJIBKO B JIAHHOM CJIy4ae IIPOMCXO/IUT OPUEHTAls Ha IIOCTPOEeHue
MHTEJJIEKTYaJIbHBIX pertennii (tuna 4 w/uiam 5 ypoBHeii) HA OCHOBE KOMIIO3UIMYU PEIIEHUH J1J1st
JIOKAJHHBIX KBa3U-WHTEJIEKTYATbHBIX 3324 (2-3 ypoBHEit).

18.2 YuebOHas cpejia U IPOEKTHHIE 33124

Mo:kHO paccMaTpuBaTh CAEAYIONIYI0 CTPYKTYPY COBPEMEHHOM ’Cpejibl’ 110 HEKOMY Yy4eOHOMY
Kypcy (Hampumep, B obsacTi MHGOPMAIMOHHBIX TEXHOJIOTHIA):

1. JIeKIuOHHBIE MATEPUAJIBL.
2. Yupaknenus (3aJaHusi, IPOEKTHI).

3. Bazosbie mporpaMMHoe obecriedenue (IIPOrpaMMBbl JJisi MOJJEPKKH YIeGHOTO MPOIECCa,
POTrPAMMBI-IIPOTOTHUIIBI, HA OCHOBE KOTOPBIX CTYJEHTHl pa3pabaThblBAIOT BEPCHU CBOMX IIPO-
rpaMM).

4. Nonosuuteabubie MaTepuabt: (4.1) yueOuukwu, (4.2) 6a30Bbie HayUHbIE CTATHH, (4.3) HpHU-
MepBI BBITIOJIHEHHBIX JUILJIOMOB U juccepraimii, ()4.4) CIUCKYU JIMTEPATYPHBIX HCTOYHUKOB W
cchlIOK Ha caiitel B VHTeprere, (4.5) cnenuaibible NpUK/IaiHble TpuMepsl (case studies).

Puc. 18.1 njumrocTpupyer B3aMMOCBsi3b MEXK/Iy MaTepuaJjiaMu 110 Kypcy ¥ 0a30BbIMH 3a/a-
JaMU TPOEKTUPOBAHUS (JI/Is1 JIEKTOpa U JJIst CTyAeHTa(0B)). DTa cXeMa COOTBETCTBYET METOLY
NMMII u kypcy aBropa “IIpoekTupoBanme cucteM: CTpyKTYpHBII moaxox’ |22, 342, 343, 348,
351].
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3aa4a MpOeKT-HUSL: 3aja4n IpOEK-HUsi:
CTPYKTypa Kypca 4( JlexTop )7 yuebHas ‘cpema’
(curriculum) o Kypcy
BaszoBbie MmaTepuaJib
(yaebnas *cpena’)
( Coyaena(m) )
| |
Tlepconaut. 3amaqn: Ipuknaausie 3ama9n: N auBunyanbHOe
(1) wran Kapbepsbl ) mporpamma, obyuenue:

(2) mnan 6usHeca

vHauBHU. yuebHAsS

(1
(2) undopm. cuc-ma,
(3) ap. ‘cpena)’

Puc. 18.1. Kypc u 3a1a4u poeKTHPOBAHUS

18.3 IIpoekTupoBaHme y4ebOHOro Kypca

B pannom paszesie paccMaTpumBaeTcs NMpUMep MOLY/IHLHOIO MPOEKTHPOBAHMS HEKOTO y4eOHOTro
Kypca Ha ocHoBe Marepuasios no UMMII [334]. Jaunas 3amaqa sipasiercst Tunosoii (curriculum
design) m Moxker GbITH UCHOJIB30BAHA KaK MperojaBaresieM Ipu (hOPMUPOBAHUU HOBOTO yueh-
HOT'O KypCa, TaK ¥ CTYJEHTOM IPU NPOEKTUPOBAHUM MHIMBU/LYAJLHOIO IJIaHA O0yUEHHUS.

Jlyist KaxK/10r0 KOMIIOHEeHTa, yKAa3aHHOIO KypCa ONpeJessiercss o0muil CHMCOK BO3MOXKHBIX
BapUaHTOB peasusanuu (r.e., agprepaarus DAs): 6e3 ucnosb3oBauust B Kypee (Opyg); KpaTKoe
paccmotpentue (O,;); u3ydenne Ha HeKOTOpoM 'cpeaneM’ yposHe (O,); TmarensHoe (ray6oxoe)
uzydenue (O,3); IIybOKoe H3yUdeHHe BKIIOUAs CIENUAIbHYIO JOMOTHATENbHYIO paboTy (Hampu-
Mep, MCCJIeJOBaHNe MPUKJIAIHBIX 3a7a4, paspaboTKa aJiropuTMOB W MPOrPAMMBI, MOATOTOBKA,
KypcoBoit paborst u/um crarbn) (Opy).

Vcomb3y1oTest cieayionye KpUTepuu Jjisi ONeHUBAHKUS YKA3AHHBIX MPOEKTHHIX ajibTepHa-
tuB (DAs): (1) 6a30Bas mpodeccruoHabHASI OPUEHTAIMS CTYEHTa/CTYIeHIeCKO# Tpymbl; (2)
CBsI3b ¢ Oymymieil TPyJ0BOii JesTebHOCThIO; (3) MMeromasicsi MoAroToBKa CTyaeHToB; (4) BO3-
MOXKHOCTH BBITIOJTHEHHUSI JJOTIOJIHUTEIbHBIX paboT. B paccmaTpuBaeMoM nipuMepe OmeHKH ( BKJIIO-
9asi MPUOPHUTETHI) OCHOBAHBI HA IKCIIEPTHBIX CYXkKIeHUsAX. CTPYyKTypa MCXOIHOrO yuebHOro Ma-
repuajia u DAs (B ckoOKax yKazaHbl npuopurers st DAs):

0. Kypc no UMMII S = H* Rx Bx X:
1. Omucanne UMMII H = D x F'x P« M % C % A:
1.1. Cxemst npoexrupoBanust D: Di(1), Dy(3), D4(2).
1.2. Ocnossr UIMMII F: Fy(1), F5(2).
1.3. Komnonenrst UMMII P: P,(2), P3(1).
1.4. Bamaua komnosumuu (cunresa) M: My(2), M3(1), My(3).
1.5. Bamaua muorokpuTepuaabnoro Beibopa C: C1(1), C3(2), Cy(2).
1.6. Anayu3 n ynyumenue pemenuit A: As(3), As(1), As(1).
2. Ceazannbie obnactu R = F*x N x Q) * L:
2.1. Unxenepuast undopmanust E: Ey(1), E1(3), Ey(2).
2.2. Kondmmkrasre curyamuu N: Ni(2), Ny(1).
2.3. Anasms kaugecrBa Q: Q1(1), Q4(2).
2.4. O6pazosanue u yactHas Kusub L: L1(2), La(3), L4(2).
3. Kombunaropuas ontumuzanusa B = K xT x W x U:
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3.1. Bazmaua o pok3sake K: K5(2), K3(2), K4(1).
3.2. Bazmaga kommmuBosikepa 1 T1(2), Ty(1).
3.3. Bazmaga o pazmemniennun W: Wi(1), Wy(3).
3.4. Bagava mapmpyrusamun U: Uy(2), Uy (1), Uy(3).
4. TTpumeps npukaagabix 33139 X = O *x [ x JxV x G+ Y x Z:
4.1. Unrerpamus nporpamm O: Oy(3), O1(1), O4(2).
4.2. TIpoextuposanue 4es.-mam. uarepdeiica I: y(2), I1(1), 14(3).

4.3. TIpoekruposanue nudopmanunontuoro nenrpa J: Jo(12), J1(2), J4(2).

4.4. IIpoextuposanue kouseitepa V: V;(3), Vi(1), Vi(2).

4.5. [nanuposanue ucciaenoBanus HedTn u raza G: Go(2), G1(2), Ga(1).
4.6. [lnanuposanue kapoepst Y: Y((3), Ya(1), Ya(2).
4.7. ®opmuposanue noprdess uusecruiuit Z: Zy(2), Z1(2), Z3(1), Z4(3).

Omnenku copmectumoctu Mexkay DAs mpencrasiens: B Taomumax 18.1, 18.2, 18.3, 18.4, 18.5.
Tabsmuma 18.6 comep:kut cocraBuble DAS.

Tabsmma 18.1. CoBMecTUMOCTD

Fz‘Fg‘Pz‘ Pg‘ M# M# M401‘ 03‘ 04‘ Az‘ A3‘ Ay
D1 212 23212 2505H5
Dy |4 4 4 4 4 45 4 4 45 55
Dy11 5 25 15 43 4 4555
F, 4 5 4 45 2 4 4 4 3 3
F3 55 45 5 35 5 455
P, 4 4 5 5 4 4 5 3 3
Py 4 55 45 5 455
M, 5 4 4 5 3 3
M 35 4355
M, 354355
4 5 5 5
Cs 5 5 5
Cy 5 5 5

Tabauna 18.2. CoBMecTUMOCTH

Rl‘ Rz\ Rg\ R4\ R5\ RG‘ Bl‘ Bg\ Bg\ X 1\ X
H |45 231142 2 3 2
Hy|5 5 3 4115 4 45 3
Hy 14 5 3 41142 2 3 2
Hy |5 53 4115 4 45 3
Hs 145 23114 2 2 3 2
He |4 5 2 3 1 15 4 45 3
H; 12 31 2 114 2 2 3 2
Hy 12 312115 4 45 3
Ry 5 2 2 4 2
Ry 5 4 2 5 3
R 32 2 2 2
Ry 34 2 4 2
Rs 32 2 21
R 32 2 4 2
By 5 3
By 4 3
Bs 3 5
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Tabaumna 18.3. CoBMECTHUMOCTD Taomumna 18.4. CoBMeCTUMOCTD

FQ‘F3‘P2‘P3‘M4M4M4 Tl‘T4‘W]\W4UO‘U1‘U4
Ey |11 225 11 Ky |3 43 4355
Eyt4 4 2 3 35 4 Ky |4 5 4 4355
Ey 14 535 455 Ky |4 545 355
N 4 5 5 4 4 Ty 5 5 2 4 3
Ny 54 4 55 1, 55 2 35
Q1 555 W, 555
Q4 55 5 Wy 555
Tabauna 18.5. CoBMecTuMOCTD
Lo [ Iy [ Ly [ Jo| Ja[ Vo | VA | Va| Go| Go Yo| Yo | Ya| Zo] 21 24| 24
Qo |52 25 4555555 555 5 55
O1 14 45 45555555555 5 55
Oy (2 55 4555 4555555 5 5 5
I 51 55 5 5 5 5 5 5 5 5 5 5
L 5 3 5 5 5 5 5 5 H H H H HH
I 3595 5 5 5 5 5 5 5H H H H H
Jo 555555555 433
Ja 55555555 23505
Vo 5 5 5 5 5 5 5 5 H
Vi 5 5 5 5 5 5 5 H H
Vi 5 5 5 5 5 5 5 5 D
Go 555 5 3 3 2
G 5 5 5 4 4 5 5
Yo 4 4 3 3
Y, 4 4 5 5
Y, 4 4 5 5
Ta6smma 18.6. CocraBubie DAs
DAs N
H1:D4*F3*P3*M3*03*A3 473,3,0
H2:D4*F3*P3*M3*03*A4 473,3,0
H3:D4*F3*P3*M3*C4*A3 4,3,3,0
H4:D4*F3*P3*M3*C4*A4 4,3,3,0
H5:D4*F3*P3*M3*01*A3 374,2,0
H6:D4*F3*P3*M3*01*A4 374,2,0
H7:D1*F2*P3*M3*01*A3 1,6,0,0
8:D1*F2*P3*M3*C1*A4 1,6,0,0
1:‘/1*01*14*J4*23*Y2*G2 5757171
Xo=VixO1 % [1 x Jgx Z3 % Yo *x Gy 4;7,0,0
R1:N4*Q4*L1*E4 4,1,3,0
R2:N4*Q4*L4*E4 4,1,3,0
Ry =Ny x Q1% L1 x Ey 3;2,2,0
R4:N4*Q1*L4*E4 372,2,0
R5:N4*Q1*L1*EQ 1,3,1,0
R6:N4*Q1*L4*EO 1,3,1,0
31:K4*T4*W4*U4 5727072
BQZK4*T4*W1*U4 4737071
BgIK4*T4*W1*U1 3747070
SlIHQ*RQ*Bl*Xl 5,4,0,0

[Tonyuatorcs cieayromye pe3yaIbTUPYIONasd KOMIO3UIMSA Kypca: S1 = Hy x Ry x By x X| =
(Dy* F3x P3x M3*Cyx Ay )k (Ny*kQuk Lyx Ey) % (KyxTyxWyxUpy)x (Vix Oy x Iyx Jy* Zsx YoxG).
Tabsuma 18.7 comepKuT y3Kue MecTa U aKIUK YJIYUIIeHnu.
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Tabnuna 18.7. Y3Kue MecTa U aKIUU YJIydIIeHUS

Cocrasusie DAs V3k. mecra Axuyn

pal ¢ | "
H1:D4*F3*P3*M3*03*A3 Dy 2=1
H1:D4*F3*P3*M3*03*A3 F3 2=1
H1:D4*F3*P3*M3*03*A3 Cg 2=1
H2:D4*F3*P3*M3*03*A4 Dy 2=1
H2:D4*F3*P3*M3*03*A4 Fg 2=1
H2:D4*F3*P3*M3*03*A4 Cg 2=1
H32D4*F3*P3*M3*C4*A3 D4 2=1
H3:D4*F3*P3*M3*C4*A3 Fg 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
R1:N4*Q4*L1*E4 Q4 2=1
Ry = NyxQyx Ly x E4 Ly 2=1
R1:N4*Q4*L1*E4 E4 2=1
RQ—N4*Q4*L4*E4 4 2=1
Ry = Nyx Qyx Ly* Ey Ly 2=1
Ry = Nyx Qyx Ly % Ey Ly 2=1
Ry = Nyx Qyx Ly* Ej4 (Ni,Q4) | 4= 5
R3:N4*Q1*L4*E4 Ly 2=1
Ry = Ny%x Q1 x Ly x E, E, 2=1
Ry = Ny*xQyxLy* E, (@, E4) | 3=4
Ry = Ny*x Q1% Lyx E, Ly 2=1
R4:N4*Q1*L4*E4 E, 2=1
Ry = Nyx Q% Ly* Ey (Q1,E1) | 3= 4
Rs = Nyx Q1% Ly x Ej Ly 2=1
R5—N4*Q1*L1*E0 <N4,E0) 1=2
Rg = Ny% Q1 Ly x Ey Ly 2=1
B =K,;xT;,~xW;%xU, Wy 3=2
B =K,;xT;,xW;%xU, U, 3=2
By = KyxTyx Wy Uy Uy 3=2
BQZK4*T4*W1*U4 K4,W1) 4 =5
BgZK4*T4*W1*U1 T47U1) 3=14
X1:%*01*14*J4*Z3*}/2*G2 Ju 2=1
X1:%*01*14*J4*Z3*Y72*GQ [4 3=2

18.4 ArperupoBaHHBIII KypC IO MPOEKTUPOBAHIIO

B nanHOM pasjesie pacCMaTpUBAETCS TPUMED Arperalud TPeX KYpPCOB (TPeX COOTBETCTBYIO-
upx Mopdosiorudeckux crpyktyp): (1) Kypc 1o cucremuomy unxenupunry (crpykrypa Al)
[334, 335] (Puc. 18.2); (2) kypc nmo mHMOpPMAIMOHHBIM TeXHOJIOTHsIM course on information
engineering (crpyxrypa A?) [20, 330, 334] (Puc. 18.3); (3) Kypc 1o mepapxXu4eckoMy MpOeKTH-
posanmio (crpykrypa A3) [334, 342, 343, 22, 348| (Puc. 18.4). Jlnsa Kax/10ii BUCAYEH BepITHHbL
B HEPAPXUIECKUX MOJIEJISIX KyPCOB UCHOJIb3YIOTCS cieytorue obuue Tunsl DAs (T.e., cooTBeT-
crByfomue TuioBsle obpasosaresbubie Moayau) (Puc. 18.2, Puc. 18.3, Puc. 18.4): “orcyrcrBue”
06pa30BaTeIbHOr0 MOAYJIsi X(, COKPAIEHHbIH (CKaThlil) BapHaHT 00pa30BATEIBLHOTO MOLYJIsI
X1, cpennuii ypoBeHb (M0 COEPKAHUIO) 00PA30BATENIHLHOTO MOAY/IS Xo, TIyOOKHUiT ypOBEHD (110
COZIEPZKAHUI0) 00PA30BATEIHHOTO MOAYJIs X3, TIyOOKHUH yPOBEHD (IO COMEPKAHMIO) 06pa3oBa-
TEJILHOTO MOJIYJIsS C CIENMATBHON CTymeHdecKoit pabotoit (mpoektom) X4. OIeHKH COBMeCTH-
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moctu DAs jyist ucciieyeMbix MOPGhOJIOIrHYeCKUX CTPYKTYD MPeJCTaBIeHbl B TabauIax (IKC-
ueprubie cyxjenus): (i) crpykrypa A': Tabauna 18.8; (ii) crpykrypa A% Tabauna 18.9; (iii)
crpykTypa A3: Tabauna 18.10.

[Tocae ucnonnzoBanus UMMII, nosyuatorcs caempytonme cocraBabie DAS:

I. Ina crpykrypsr A! (Puc. 18.2):

Dy = Lyx Gy xCyx My, N(Dq) = (2;3,0,1),

Dy = Lyx Gy x Cy % My, N(Dy) = (1;2,2,0);

Q1 = A3z *x By, N(Q1) = (3;2,0,0), Q2 = Ay * By, N(Q2) = (3;2,0,0);

Sll:Dl*Ql:(Lg*GQ*Cg*Mg)*(Ag*Bg),
521:Dl*QQI(Lg*GQ*CQ*MQ)*(A4*B4),
S%:DQ*Ql:(L4*G2*01*M2)*(A3*Bg),
Si:DQ*QQI(L4*G2*Cl*M2)*(A4*B4)
@5 =D~
Si:Dl* 1= Lg*GQ*CQ*MQ * Ag*Bg
S%:Dl*QQI Lg*GQ*CQ*MQ * A4*B4
S :DQ*le L4*G2*Cl*MQ * A3*Bg
54:D2*Q2: L4*G2*01*M2 * A4*B4
MeTtomomorust ITpuksagabIe TPUMEDHI/IIPOEKTHI CTYAEHTOB
D=LxGxCxM Q=AxB
‘Dlng*GQ*CQ*MQ Q1:A3*Bg
D2:L4*G2*01*M2 Q2:A4*B4
L 6l o lu A B

3 Tpaexropusi Kusnenmbrit

I_H/IK.T.[ CUCTEMBI
YA By(2
As(1) Bs(1
4 By(1

nukgr  AHAMS, nemenwmit, M
L5(2) npoex-ume seibop Ma(1
Ls(1 G2§1§ 4 2% M3(3

Kuzn. Cucr. [Ipunsatue CI/IET
L4s(2) G3(2) Cs(3
C5(3

3
Puc. 18.2. Kypc 1o cucremHoMmy unzKeHupuury (crpykrypa Al)

I1. Ina crpykrypsr A? (Puc. 18.3):

I = Ly % Go x Co % sy, N(I}) = (3;2,1,0);

O) = Hy % Wy % My, N(O1) = (2;3,0,0), O = Hy 5 Wa % My, N(Oz) = (3;2,1,0);

Q1 =Vs*JJ3x Yo x R3, N(Q1) = (3;4,0,0);

S2 =1 %0, %Q1 = (Gyx Cyx Ey) x (Hy % Wy x My) x (V3 x Jsx Ya x Rs),

S2 =1 %0y % Q1 = (Go* Cyx Ey) * (Hy*x Wo x My) % (Vzx J3x Yo x Rg).

I11. /Tna crpykrypsl A® (Puc. 18.4):

I, = Gy % Oy, N(I) = (3;2,0,0);

01 = H2 *WQ *MQ * Ul, N(Ol) = (3;3, 1,0),

Oy = Hyx Wox My x Uy, N(O3) = (2;4,0,0);

Q1 = Fyx Jy % Yax Z, N(Q1) = (3;3,1,0);

S3 =1 %01 % Q1 = (Gox Co) * (Hy x Wy x My x Up) * (Fy % Jy % Yo * Z3),

S3 =11 %0y % Q1 = (Gyx Cy) x (Hg % Wox MyxUy) % (Fyx Jy % Yo% Z3).

O4eBHIHO, YTO MOXKHO arperupoBaTh MoJIy4YeHHbie cocTaBHble pemtenus (Puc. 18.5). C apy-
roif CTOPOHBI, MOKHO PACCMOTPETh PACIIMPEHHYIO CTPATETHIO arperupoBanusd: cmpamezus IV.
O6mas crpykrypa (A) Bkimovaer ciemyomue yactu: (i) apeBoBuanHy0 Momeasb cucrembl T, (ii)
MHOKeCTBO Bucstunx Bepmud P, (iii) MHOMXKeCTBa MPOEKTHHIX aabrepHaTuB DAS [is KaxKI0i
Bucsueil sepmuabl D, (iv) panKupoBaHMe NMPOEKTHHIX ajbrepHaTHB DAS (T.€., TOpSIKOBbIE
npuopurersl) R, (v) onenku coBmectumoctu mexay DAs I. Moo paccmarpuBarh ClieLyio-
MM BEKTOP 6JIM30CTH MKy AByMst crpykrypamu A%, AP:

7 (A%, AP) = (p1(T°,T7), pf (P*P7), (D, D7), pf(R",R), pf(I,T7)).
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B pesyawrare, A% 6yner uckarbes kak [lapero-addexkTuBroe pemenune 1mo BeKTOpam
_ a i . .
5 (A9, \Y) Vi € {i},
IJe WHJIEKC ¢ COOTBETCTBYET MCXOJTHOMY pellleHuI0. PaccMOTpUM yIpOIIEHHYIO CXeMy pelleHus:

®aza 1. Arperamusa 6a30BbIX UCXOTHBIX JAHHBIX IS UCXOJHBIX CTPYKTYP:
1.1. arperaiusi MOP(OJIOTUYECKHUX CTPYKTYP, BKJIIOYAsH CJIeyIOIee:
(1.1.1.) arperanusi MHOYKECTB BUCSIYMX BEPIINH,

(1.1.2.) arperauust MmuokecTB DAS jij1s1 KaxK10# BUCsU€li BEPINUHBI,

(1.1.3.) arperanus panxkupoBauuit DAs,

(1.1.4.) arperanus OIEHOK COBMECTHMOCTH Jjisi MHOXKeCTB DAs;

1.2. arperanusi IpeBOBHUIHBIX CTPYKTYP.

®a3za 2. Horoe uepapxuueckoe mpoeKTUPOBAHUE.

@5 =1x0xQ

512 = Il *Ol*Ql = (GQ*CQ*EQ)*(H:J,*WQ*MQ)*(‘/:),*Jg*YQ*Rg)
522 = Il *OQ*Ql = (GQ*CQ*EQ)*(HQ*WQ*MQ)*(‘@*Jg*YQ*Rg)
Meroponorus
I=GxCxFE
Il = G2 * CQ * E2
la lc |E
Cucr. IIpunsitue  Pe-pnxe-
aHaJIA3, peIIeHui, HUPUHT
[IPO-BaHUE BHIOOD
Gl 3 02 1 CHCTQ%};I 9
GQ 1 Cg 1 E2 2
G5(2 Cy(2 Es5(3
KomvbunaropHast onruMu3aiiust ITpuksiasble NIPUMEPHI/IPOEKTHI CTYAEHTOB
O=H+«WxM Q=V*xJxY*R
‘Oleg*WQ*MQ le‘/:),*Jg*Yé*Rg
OQ = H2 * W2 * M2 y
JIydIreHne
WH@. OEHTPA
H lw | M lv 1y vy |

P H Kommnozumus A Nud. uenrp Kapoepa Ry (2
]‘}2 % " aﬁ/aqu " (xnmka) KOI;IaJ:)HB ros J2(2)  crymentalts 1§
Hy(1)  Wo(l)  My(2 AR AT IR AL

Hy(2 Ws5(3 Ms(1 V3(1 J4(2 Y5(1

Puc. 18.3. Kypc 1o undopmannonnsiM cucremam (crpykrypa A?)

Jnsa arperupyembix ctpyktyp (A, A%, A3) paccmarpusatores ciejyiomue crauu:

Cmadus 1. Arperanusi MHOXKECTB BUCSIYUX BEPIITUH UCXOAHBIX CTPYKTYp (Puc. 18.6);

Cmadus 2. Arperamus MOp@OJIOTHIECKUX CTPYKTYP:

2.1. arperaiust MHOKecTB DAs 1ist Kaxk0it Bucsiueit 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 B3auMOCBs3eii (01eHOK coBMecTuMOCTH) it MHOXKecTB DAs (Tabmna 18.11,
Tabsauma 18.12, Tabaumna 18.13; ucnosb3yerca mpaBuIo: “BHIOOD HAUOOJIBINETO 3HAYCHUSA WJIH
9KCIIEPTHOE CYIKIEHME);

Cmadus 3. TlocTpoenne arperupoBaHHO¥ npeBoBUAHON cTPYKTYpHl (Puc. 18.23);
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Cmadus 4. Vlepapxuueckoe IPOEKTUPOBAHHME MHTEIPUPOBAHHOIO Kypca (arpermpoBaHHOE
pemenne) (Puc. 18.23).

31ech, arperupoBainas cynepcTpykrypa (HaacTpykrypa) A (Puc. 18.23) nomyuena na ocHo-
B€ 9KCICPTHBLIX CY2KICHHUIL.

.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)

ITpukIaAHbBIE TPUMEDHI/ TIPOEKTHI CTYAEHTOB Merononorus
Q=FxJxYxZ I[=GxC
Q1:F4*J1*Y2*Z3 -[1:G2*02
P L ly |z G lc
IIporpamer  Uud. Kapsepa Musectunum Cucr. [Mpunsitue
0(3 LEHTP CTYIEHTa 0(2 aHanu3, peIleHuii,
Fl 3 JO 1 Yb 3 Zl 2 Ipo- HI/Ie BbI60p
Fy(1 J1(2 Yo(1)  Zs(1 Gh(3 Oy(1
4(3 Yy (2 Z4(3 Go(1 C5(1
KoMmbunaropHasi onTuMusanysi G3(2 C4(2

,O HxWxMxU

HQ*WQ*MQ*Ul
02 H?,*WQ*MQ*Ul
H lw v U

H K Mapuip
ﬁo 3aK awq nst OM;?;EEHH Upm yT-Uus
H3 1 W2 M1 2 U1
Hy(2 Ws(3 My (1 Us(3

Puc. 18.4. Kypc 1o mepapxudecKoMy NMpOeKTHpoBaHuIo (cTpyKTypa A3)

Pemenue S
2
Pemrernne S3 Pemenue S?
2
Pemmenue S3 Pemmenne S5

Pemrernne S}

- Permenue S}
OIIECC arperamnuu
boR l peran Pemenue S

@PpePHpOBaHHOG pernenue Sa9§>

Puc. 18.5. Arperanus pemenunit

Tabsmma 18.8. OneHkr COBMECTUMOCTHU

GQ‘ G3‘ Cl‘ 02‘ 03‘ M{ M4 M]
Ly|2 03 203 20
Lzy12 3 0 2 2 1 3 2
5413033023

2 1 3 21 3 2
G 02 30 2 3 BQ\B?’\B‘*
4 3 1 0|43 2 1
Cy 1 3 11(|43]2 3 2
Cs 0 2 3441 2 3
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Tabsmma 18.9. OneHkn COBMECTUMOCTHU

CIICICIEEE WITWIWIAM Sa| Jo| Ja [ Yo Vo[ Re| By
2\3\4\1\2\3 44442%3223333
Gil2 1 0 31 01/H23 3 2 3 3||WV|l2 333333
G213 01 1 3 2 1||Hs3l1 2 3 1 3|/ 3 2 3 2
Gs|0 3 3 0 2 31||Hsl0 2 3 0 3|3 3 3 2 3
Cy 3 3 0 ||[W 3 2 ||Ja 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. OneHKu cCOBMECTUMOCTHI

Jo\Jl\A\%\Yzm\Zo\Zl\Zz\& e

Fol3 1131032 20 MW#W# * ﬁfUO\Ul\U“

Frio 3303313 3 3||H3 323323133

Frifo 330330 2 3 3[|H01 23133233

Jo 3103 2 2 0f||[Hd0 2303 3 3 3

Ji 033133 3||W 323 2 2 C[CyC
Jy 0 3 30 2 3 3||W 33230 i e
Yo 3 2 2 0||Ws 33 2 2 3||Gi|2 1 0
Y, 1 3 3 3||M 1 3 3[|G213 0 1
Yy 0 2 3 3||M 1 3 3/|Gs|0 3 3

é?@@W@@JY@
_.> @(HWM@CF”@

<LGC (HWM@(V @Zéq@

Puc. 18.6. Arperanusi MHOXKECTB BUCSYUX BEPIHH

\'J%

Lt L? L3 Gt G? G3
Go(1
G5(2
N | s N ! s
1,299 Gagg
Lo(2 G1(3
La(1 Gy(1
Ly (2 Ga(2
Puc. 18.7. Arperamusa nia L Puc. 18.8. Arperamusa nuga G

[Toce ucmonbzopanuas UMMII nmonyuatorcs cienyromue cocraBabie DAs s pe3yabTupy-
tommeit arperupoBannoii crpykTypsl (A) (Puc. 18.23):

Xy =Vax Fy*xJ3x Ryx Yo x Z3 % A3 * Bs, N(X;) = (3;8,0,0),

O1 = H3 Wy x My x Uy, N(O1) = (2;4,0,0);

Iy = Ly x Gy x Cy % Eyy N(O) = (2;4,0,0),

_[2 = L3 *GQ *Cg*EQ, N(Ol) = (2,4,0,0),
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I3 = LyxG3x C3 % Eyy N(Oq) =
S1=6L+x01xX, =
Sy = ILbxO1x X
Sy = Lx01%x X, =

(3;2,2,0);

! C? %
Ci(2 Cy(1 Cy(1
Cs(3 Ci(1 Ci(1
C3(3 Ci(2 Ci(2
N ! e

Puc. 18.9. Arperamnusa masa C'

H2

A
e
NEDe

Puc. 18.11. Arperamus mas H

(s

Magg
M (2)
My(1 )
M;(3
Puc. 18.13. Arperanusa nasa M

Vl V2 V3

Puc. 18.15. Arperanus s V'

Ea99

(2
Ey(2
F5(3

Puc. 18.10. Arperanusga gia F

Wi W2 w3
] ]
J J
N <

t@fagg

NN

Puc. 18.12. Arperamus gas W

Q¢

U3

(s
N2

Uagg

Puc. 18.14. Arperanus mia U

F3
Fo(3
Fi(3
Fy(1
N ! e
Fagg
Fo(3
Fi(3
Fy(1

Puc. 18.16. Arperanust pist F'

293

(Lg*GQ*CQ*EQ)*(Hg*WQ*MQ*Ul)*(‘/},*F4*J3*R3*}/Q*Z3*A3*Bg),
= (Lg*GQ*C3*E2)*(Hg*WQ*MQ*Ul)*(‘/3*F4*J3*R3*}/2*Z3*A3*Bg)’
(Lg*Gg*Cg*EQ)*(Hg*WQ*MQ*Ul)*(‘@*F4*J3*R3*}/2*Z3*A3*Bg).
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J! J? J?
Ja(2 To(1
Js(1 Ji(1
Ja(1 (2
N e

S~
Q

Puc. 18.17. Arperanust aist J

Y3

<
N

A
(=5

Y a99

Puc. 18.19. Arperanust pist Y

Al

R! R? R3
Ry (2
R3(1

N } <
Ra99
Ro(3
Ry (2
R3(1

Puc. 18.18. Arperanusi myist R
Z! 7?2 73

Puc. 18.22. Arperanus g B

Tabsmma 18.11. OnmeHK: COBMECTHUMOCTH

ELE

N

4M]‘M4M4UO‘U1‘U4

3

w

3
2
2

IS
O—= W
wWw N
WWWO W
WWhNWWW
WWhNWWW

SO NDNDWWW

NDWONNDNDWW
WWN WD WWW

Fo| By Fu| Jo| 1| Ja] Js| Ja

3 1 1
2 3 3
2 2 3

R, WP~ W
WWH N
WWHR N WH
WWHLWN O
WWHLWN O
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Tabmumna 18.12. O1eHKH COBMECTUMOCTH

G1‘ GQ‘ Gg‘ 01‘02‘ 03‘04‘E1‘E2‘E3
Ly|2 2 03 210 3 2 1
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
. Sl = [1*01*X1
Sy =1L %01 %Xy
Sg = ]3 * 01 * X1
Meronmoaorust
[:L*G*C*E
[1 3 * G2 * CQ * E2
[2 L3*G2*C3*E2
Ig L4*G3*03*E2
L la lc B
YKuzH. Cucr. Ilpunstue Cucr. pe-
UKJI aHaINU3, pelleHnii, THKEHUPUHT
UL2 ITPOEK-HUE BBIGOD E(2
Ls(1 G1(3 (2 E5(2
L4(2 Go(1 Cy(1 Fs(3
G3(2

Cs(1
Cy
X=VxFxJxRxYxZ7

Xl :%*F4*J3*R3*Y72*Z3*A3*Bg
v lr lp p v |z

Anamus IIporpammer MH% 1EeHTD Viyumenne Kapbepa Wnpec-

xommoperTos £0(3 0(1) und. uenrpa crynenra tumum
%? R3) L) Ro3) Yo(2) Zo(2

7 ITpuksagable TpUMeEpHI/ IPOEKTHI CTYIEHTOB

V(2 Fy(1 Jo(2 Ry (2 Yo(1) Z1(2
Va(1 Js(1 Rs3(1 Yi(2) Zs(1
Jy(1 Z4(3
KombrunaTtopHast onTuMu3anust
CO=H+«xW*MxU h
01 Hg*WQ*MQ*Ul T A TB
paekTopus 2Ku3H. MUK
CUCTEMBI CHCTEMBI
" lW KOMlH(])\Z:{/I I/ISIMlU Ao(3)  Bo(2
E,z}‘g % Ha : % K.HI/IKI;) z[a,]m ngBaunﬂ Ay(2)  Bo(2
) Wl N B
H4 2 W3 M 3 U4

Puc. 18.23. HaACprKTypa /1 arPerupoBaHHOro Kypca (cTpykTypa A)

295
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Tabsmma 18.13. OmeHK: COBMECTHUMOCTH

Ro\ RQ\ Rs\ Yo \ Y, \ Y, \ Zo\ Zl\ Zs\ 24\ Ao\ Ag\ Ag\ A4\ Bo\ Bg\ Bg\ B,
Wwlo 1.1.01 1001 101100T1T1FP0
V|1 333331233032 20322
Vsl1 33333 12330133°0133
o970 01 3103 22001 100T1T1°P0
Frifo 2 2 0331333012201 22
F,l1 33 0330233113311 3 3
Jol0O 1 001 03220071100T1T1F0
Jil0022 1121333032103 21
J10 3 23 331233032103 21
J3!0 2 333 3123312321232
Jil002 333302331 1231123
Ry 211001101 100T1T1F0
R, 2331 2330233¢0233
Rs 23312330133%0T133
Yy 322001100110
Y, 1 33312321232
Y; 023301230123
Zy 01 100110
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 cryneHta

B nanHOM pasjesie IpuBOAMTCS IOCTPOEHUE HEKOTOPOI'o 0A30BOI0 COCTABHOIO ILJIAHA CTY/IEHTA
(B obacTH TEXHUKM, TPUKJIAJIHON MaTeMaTHKM, BBIYUCIANTENLHON Texunkn) (21, 334|. Banaqa
MOCTPOEHUS TOJO00HOTO WHAWBUIYAJTHHOTO TJIaHA WMCIOJIB30BAJACh B KadecTBe JIaOOPaTOPHOM
paboThl B dakyabTeTcKoM Kypce 'lIpoekTupoBaHue cucteM: CTpyKTypHbI noaxon B MOTU
(OPTK, 2004-2008) (22, 343, 348, 351].

Ha Puc. 18.24 npexcrasyiena obmas 6a30Basi CTPYKTYpa PacCMaTPUBAEMOTO IJIaHa. (CTPYK-
Typa, mpoekTHbie ajbrepHaTuBbl DAs, npuopurersl DAs ykazanbl B KDYIJIBIX B CKOOKaxX). 3/1€Ch
He PACCMATPUBAIOTCS JIONOJHUTEIbHbIE OrpaHudeHus (HanpuMep, (bUHAHCOBBIE, BPEMEHHBIE).
3aj1ava BKJIIOYAET CJIeIyIOIIee:

(1) mepapxuueckoe MOCTPOEHUE TIIAHA;
(2) BoisiBsienue y3kux mect no DAs/IC;
(3) dbopmupoBanue akuuii yiaydrieHusi.

Kpurepuu 1151 BUca4nX BEPIIUH pacCMaTpUBaeMoit Moiesin npejicrapiensl B Tadumne 18.14.
Tabsmma 18.15a, Tabmuma 18.15b, Tabumma 18.15¢ comepxkar omenku DAs. Tabsmmpr 18.16,
18.17, 18.18, 18.19, 18.20 coumepxKkaT OIEHKH COBMECTUMOCTH. [Ipu 3TOM, OBLIN yUTEHBI CJey-

orue paKkTOpbl COBMECTUMOCTH:
(a) oburue TeopeTuyueckue pas/essl (HAIPUMED, Y KyPCOB);
(6) oTHOIIEHNE IPUYUHHOCTH WJIM CJIEIOBAHMS;
(B) BO3MOXKHBIE OOIIHE IPUJIOKEHNS;
(r)

T') BOBMO2KHOCTb TOT'O, YTO KOMIIOHEHTBI COCTaBAT HEKYIO IEJIOCTHOCTHYIO CYIIHOCTD.
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®parmeHT S=AxB+xCxDxFE

Kapbepbl S1=A1%*B1xC3% D1 x FE;

SQZAl*Bl*Cg*DQ*El
S3=A1*Bl*03*D1*E2
S4=A1*Bl*03*D2*E2

(1)
(1)
(1)
(1)
(1)
(1)

Bazosbie ,Z[OHO.HH. S5 = Al * Bl * Cg * D1 * Eg BpeM
KypChbl KypChbl S = A1 * B1 xCs x Dy x E3 pabora,
B L e C Uck-vo L p Cropr l E

A
A1 = 05*T5 *Mg(l) 01 = IQ *Jg *KQ(l) Dl = Lg*PQ *Q4(1)
CQ :Ig*Jg*KQ(l) D2 :Ls*PQ*Q4(1)

C3 = I3 *J2 *K5(1)

D u3noi0-
prn. TUYECKUe
WUTPBI
1{ J K L PI Q],
Ont-Bera.  Yupas- | Taaner My3sika TeaTp Ipectmx (Q1(4)
uust HAyKu  gemme | 11(3) J1(4) Ki(4) Li(4) Pi(4)  Q2(4)
01(4) T1(4) M1(4) 12(1) J2(2) Kg(l) L2(2) Pg(l) Q3(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) Pu(3)  Q@s(3)
O4(3) Tu(2) My(2) Ks(1) Ls(1) Ps(2)  Qe(1)
Os(1) T5(1) M5(3)
06(2) M6(1) E1 = X4 * Y:rg * Z7(1)
07(2) E2 = X3 * }/2 * Z4(1)
B1 = G7 % Hg U * Va(1) Es = X3+ Ya*x Z7(1)
Texnuka Ilcuxomorusa 3biku Ucropusi Bauk |Vaus-rer Kommanwus
Zhy G Gho U B Yh b
G2(1) Hy(2)  Ux(l)  Va(l)  X5(3) Y2(1)  Z2(3)
Gs(1) H3(1)  Us(l)  V3(2) X3(1) Y3(2) Z3(3)
G4(3) Hy(3)  Us(2) Va(2) X4(2) Yi(3) Z4(1)
G5(2) H5(2)  Us(3)  V5(1)  X5(4) Y5(2)  Zs(1)
Ge(2) Us(2)  Vs(2) X6(3) Z6(2)
Gr(1) Ur(3) X7(2) Z7(1)
Us(2) Z3(3)
Puc. 18.24. CrpykTypa m1aHa Kapbepbl
Tabauna 18.14. Kpurepun mns DAs
Kpurepun Beca

AN MAHUV || HI HY XY 4450

2.Bo3Mm. BcTpeun
[IOJIE3HOr'O JIMLIA,

Apys3eit

YaCTHOU KU3HUA

1.Cr-mh(-)/3aprmara [ 1 1222222222222222222

33344444

3.Bo3m. BeTpeun 222333333333322222222

4.Boswm. BeTpeun 2223333444 3 11122222
JIpyra/noapyra

5.CooTBercreue 222222222244433333333
CKJIOHHOCTSIM

6.1Tomb3a myst 3334444222 22444444414
Kapbephl

7.Ilonwb3a nnsa 2224414 33333
370POBbST

8.Ilonw3a mas 111133333344422222

297
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Tabsmma 18.15a. Onenku aiug DAs

DAs Kpurepun
1]2]3]4[5]6]7]8

O1Her
(5BeposITHOCTD U CTATHCTHKA

O3 Anass pernennit
O, IMuTanmonsoe MOJeIMpoBaHne
OsMHorokpurep-Hoe IPUHATHAE PeIleHni
OgMaremarideckoe IpOrpaMMHPOBAHIE
O7Ceru u koM6. OnrruMu3aLUs
T Her
15 A3bku nporpamvuposanus u OC
15 Teopusi BEIYUCTICHUH
Ty VIcKyCCTBeHHbIH HHTEJLICKT
T5 Yemn.-mam. unrepdeiic
MHer
MoYupasiienue IpoU3BOACTBOM
M3Ynpapnenue KagecTBOM
M Musecrnnnn
M=Mapxerunr
MeYnpasnenue mpoekTamu
G1Her
2XuMUYEeCKUe TEXHOJIOTUN
3BuorexHosorMst

4Mexanuka
5 DJIEKTPOTEXHUKA

G ¢Crpourenscrso

(7 TIporpammupoBanue
HiHer

H;Bproromuxa,
HsKoraurusanie HayKu
H,Teopus axTuszOCTH
HsBxcnepumenTer

HE R R RO R R R R R FRPORRFRFRREREORRFRERERFRORRERFRFERFREEO
PP R RO R R RR R RO R RPRORRFRRRRORRFRRFRRFRRFREERO
WNWHRORRR R RO R R RFRORRFRRFRRFRORRFRERFRERFRREReEO
NN ORNWHERFREFEFORNNWWORNDNNOEREWWHEN RO
NN WOWNONNUERE O WHERWWORRTIWOWN RN RO

WNH—EHHFOFWNN—EWDO
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Tabsmma 18.15b. Ouenku mas DAs

DAs Kpurepun
1]2]3]4]5]6]7]8

Ui Her 0

U, ®panmysckmit

Us Hemernxuii

Ui Ucnanckuit

5 llopryrajbckuii

6 Adnonckuii
7 Kuratickuit
Us pesuue
V1 Her
V5 CoBpemennas ucropus
V3 Anruunas ucropus
V1 Xpucruancrso

FEFNWORFRNRFROWNOONFNDRFONDNDNNDNDDND W
WO NDNOFRINOFFEFERFENOWNERNDND R WO

0 000 0

1 132 2

1 123 2

1 122 2

2 121 1

1 121 2

2 121 1

2 123 2

0 000 0

1 113 3

1 122 1

1 112 2

Vs Nynamsm 1 123 2
Ve Ucmam 1 1 1 1
I Her 0 000000O0
I Banbubie TaHub 2 122222
I3 Ancam6n 1 1 1 22
1 Her 0 00000O0
J2 Knaccuueckas 2 113222
J3 ka3 1 121212
J4 Tlewue 2 1 1 12
1Her 0 00000O0
KsAkrep 2 131415
K 3Pesxwuccep 4 123233
K Texn. paborank 1 112221
KsAsTop 0 113333
L1 Her 0O 0 0 00
L Backer6on 1 1 1 22
L3 ®yr60m 1 1 2 22
L4 Ber 2 1 1 21
L5 Boneiibo 1 1 2 3 2
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Tabsmma 18.15¢c. Ouenku myusg DAs

DAs Kpurepun
1]2]3]4[5]6]7]8

P\ Her
2 Tennuc
P; Tonsd
P, Asponnan
P5 Topubre bIKI
Q 1Her
o2Kapare
Q3B0Kc
4Ber
5JIbKuT
6'mmuacTuka

XiHer
X50mnepanuonnas padoTa

X3Uupectunmm

X 4Crpaxopanue

XsBazbr maHHBIX
X¢Kovmmyrukarmmu

X7Mat. MomenrupoBaHTe

Y| Her

Y5 Moznenuposanue

Y3 TIporpamvuposanue

Y, ®usnyeckue sKCIIEpUMEHTEI
Y5 Tenxonornaeckue ncenenoBanmus
Z1 Her

75 Ilpou3BoacTBO

/3 Cepsuc

Z4 HUP

/5 YupaBiieHue OnepanusaMy
Zg IpronomMuka

77 MapkeTunr

Zg Texn. obcityKuBaHue

N~ NO

NDWWHRWONRFWNO

RFRPR R RPN ORNDNRONNNRFRRRRFONNNDRRFNNNOWERWRO
NWWHRRFRRPRRPRONRRFRRFRPROORRFRWEARNONRINWWONRFRWWO

RFWHRWWHRRRORRRFRNORFRRFRRFRWERWO
RPN R OR R R FREFONRFR R R R RORRFRNRRRONRFR R —=O

HFNNFR R OWH RO EFENDNDDNDO
H R NWER R R ONFENWOWN RN OFRWWHRFEONRFRRFEDNO

HWNWWHENONFENWORFEFEFWERWONFNDNDNOFE WERERNO

Tabmuna 18.16. OneHkr COBMECTUMOCTHI

T, ‘TQ‘Tg‘TAt‘Tg,‘M]‘M#M#M%M%M
O 12 2 22 2 2 2 2 2 2 2
O 12 3 4 43 235 5 5 4
Os |2 3 3 4 4 2 3 4 5 4 4
Os 12 5 3 35 2 5 3 4 3 4
Os 12 3 35 4 2 4 4 4 4 4
Os |2 3433 2535 3 4
Oz |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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18.5. IIJIAH CTY/IEHTA

Tabsmmma 18.17. OneHKr COBMECTUMOCTH

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

Tabymmna 18.18. OmeHKN COBMECTUMOCTH

P1‘P2‘P3‘P4‘P5‘Q1‘Q2‘Q3‘ Q4‘Q5‘Q6

AN <HD O <H

ANNFHFOANANMMWMNHM

NN <FMOMNANFHD M <H

ANFONFANMMNOMNOM

ANfFfOOMFANFHMNHOM

ANANANANANANANANANAN

AaNNMm oM<t

AN MMM

ANMMHMNM

ANMMHMNM

AN NN

I I I s e aw

Tabmuna 18.19. Onenku COBMECTUMOCTHI
H1‘H2‘H3‘H4‘H5‘ U1‘U2‘U3‘U4‘U5‘U6‘U7‘US‘W‘VQ‘%‘W‘%‘VG

NN TFTMOANANTFTMNMNOANNANANAN 10

NN FAMNITFMOANANANANANN —10

ANFMOMONFTMOANMNFHFFANLOLOLOLO v 1O

NN FNOFMOANNFTFMNNOANNNDM 10

AN <H 1O <F 1O H 1O ANLO <H <H 1O AN 1O 1010 <H 1O <F O

AANANANAANANANANANANANANANANANANANNANNXN

ANMMNMOFHFFANMOMNH™M

ANFNOMNMOMNMANAMNFNM

AN LO O <H <F AN <H < <H

[\ EaplanianNapsihSilianioN NankanNaplas]

[a\NapNaniaplapiapNania\NapianianNas]

A0 ILO M D <F A <H 1O M <H

AN<FONNFHFANMLO M <H

AANANANANANANANANANANAN

AMMHMME ™

AN <A

ANANANANAN <A

AN <H<HFMNLOLO

AANANANANANAN

TETTTSOE T T ESSSSSSSS
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Tabsmma 18.20. OneHK: COBMECTHUMOCTHI

B4\ Cg\ Cg\ 04\ D4\ D4\ E5\ E5\ Es
A |2 333 3 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

Cocrasubie DAs mpencrasienst B Tabaune 18.21, a y3kue MecTa U aKIUH YIydIIeHUs TPET-
cransienbl B Tabsuie 18.22. Vcnosib30Banbl ciieyolire 0003HaAUYeHNS TI0 THITY JIJIsi KWl yJ1yd-
IIeHWS:

(i) renepanust upeanbuoro perenust (1);

(ii) ymyumenne [Tapero-sdpdexruBHoro pemenus (2);

(iii) pacmupenue muoxkecrBa Ilapero-sdbdexruBubix pemennit (3).

Tabmuna 18.21. Cocrasunie DAs

DAs N

A1:O5*T5*M6 473,0,0,0
81:G7*H3*U2*‘/2 4,4,0,0,0
Cy=1IxJsx K, 4;2,1,0,0
02:]3*J3*K2 472,1,0,0
nglg*JQ*K5 472,1,0,0
D, = Ly % Py % (), 3:3.0.0.0
Dy = Ls % Py % Oy 3:3.0,0.0
E1:X4*YB*Z7 571,2,0,0
EQZXg*YQ*Z4 473,0,0,0
E3:X3*Y2*Z7 4,3,0,070
Slel*Bl*Cg*Dl*El 4,5,0,070
SQZAl*Bl*Cg*DQ*El 475,0,0,0
SgZAl*Bl*Cg*Dl*EQ 475,0,0,0
S4:A1*B1*03*D2*E2 4,5,0,0,0
S5ZA1*81*03*D1*E3 4,5,0,070
S6ZA1*81*03*D2*E3 475,0,070

Tabsinma 18.22. Y3kue mecra u akiuu yJiydiieHust

Cocrasabie DAS V3k. MecTa Axnum
DA 1C (w/r) Tun
Og x T Mg (15, 02) 3=4 3
Oy x Ty Mg T 2=1 1
Gox Hyx Uy %V EHg,Ggg 2 = 455; 3
Go*x HyxUs %V, H;, Gy 2= 4(5 3
Cy = Iy % J3x Ky J3 2=1 2
Cy = I3 J3x Ky J3 2=1 2
Cs = I3 % Joy x K K 2=1 2
IQ*JQ*KQ EJQaKQ) 3 = 5 3
Dy = Lyx Py * Q4 L3, Py) | 3=4 2
Xy*xYsxZy Xy 2=1 3
Xy*xYsxZy Ys 2=1 3
E2:X3*}/2*Z4 X3,Z4 4:}5 1
Es = X3 %Yy x Z7 2, Z7 4=35 1
X3 x Yo x Zs 3, Zs 3=4 3
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18.6 BrniBoabI K ri1aBe

B nannoii r;1aBe paccMOTpEHBI HEKOTOPBIE COBPEMEHHbIE aKTYaJIbHbIE€ BOITPOCHI MIPETIOIAaBAHUS C
y9eTOM TOBBINIEHUS TPeOOBAHMII K MHTEIJIEKTYaIJbHOMY YPOBHIO TIOATOTOBKHU PEIIEHUH U CJIOXK-
HOCTHY ¥ MHOT'OJIUCIUILINHAPHOCTHA COBPEMEHHBIX 33/1a4. B KayecTBe OTBETOB HA yKa3aHHbIE “Bbl-
30BbI” IIPUBEJIEHO OIMCAHUE KOMILJIEKCHOM yueOHOM cpe/ibl C YIIOPOM Ha 33/1a4¥ IIPOEKTUPOBAHUS
U JIJIg TpenojiaBaTesnieil, u I CTyAeHTOB. KpoMe TOTO mMOApoOHO OMUCAHBI TPU KOMILJIEKCHBIE
3aja4n u3 obactu npenogaBanust: (1) MOAyIbHOE MPOEKTHPOBaHKEe yueOHOTO Kypca, (2) arpe-
THPOBAHUE TPEX MOAYIbHBIX YIeOHBIX KYPCOB, (3) MOAYIbHOE TPOEKTHPOBAHKE IIJTAHA CTYAEHTA.
YKazaHHble KOMILTEKCHBIE 33/1a9l 1 KOMOMHATOPHBIE CXeMbI UX PelleHuil MOryT ObITh UCIIOIb30-
BaHBbI KaK HeKye 0a30Bble aHajoru. B mesom, npejictaBisgeTcs BaXKHBIM CO3/IaHUE CIIEIHATbHBIX
KOMIIBIOTEDHBIX Cp€Jl, B PAMKaX KOTOPBIX U IpeNnojaBaTe/d, U CTYJAeHThl, U TPYNIIbI CTYAEHTOB
CMOTYT MOJIETUPOBATH, AHAJTU3UPOBATH U MPOEKTUPOBATH YueOHbIE KYPChI U yueOHbIE TTaHBI.
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I'maBa 19

SaKJII0OUYeH!e

B npejcrasiennoii pabore co/lepyKUTCsI IEPEX0J, K HOBBIM MapaJurMaM B JBYX HAIPABJIEHUSX:

1. TexHOJIOTHS YXU3HEHHOTO IMKJIA NMPOAyKuu/cucrem: Baszosas napaduzma: Tpo-
eKTHUPOBAHNE, YIIPABJICHUE U TOJICPIKKA JKUIHEHHOTO IUKJIA TIPOLYKIHH /CUCTEM.

Hosas napaduema: Beiienenne ypoBHS TMOJIEPKKUA MOJIYJbHBIX CHCTEM B BHJie HaOOpa TH-
IOBBIX KOMOMHATOPHBIX CXEM:

(i) mocrpoenune MepapxUUECKOR MOJEIN MOJYJIbHOM CHCTEMBI,
ii) nmpoekrupoBanue (“cHU3y-BBEPX’) MOJYJIBHOW CHCTEMBI,
iii) oneHUBaHNE MOJYJIBHBIX CUCTEM,
iV) BbISIBJIEHHE Y3KUX MECT B MOJYJbHBIX CHCTEMAX,
V) yJydinenue/pacuimpeHue MOJYJIbHBIX CHCTEM,

(vi) MHOrO-CTaIMiiHOE MPOEKTUPOBAHUE MOJYJIbHBIX CUCTeM (IPOEKTUPOBAHKNE TPAEKTOPUil
cucrem),

(vii) KOMOMHATOPHOE MOJIEIUPOBAHUE BOJIIOIUY MOJLYIBHBIX CUCTEM U WX TIPOTHO3MPOBAHMUE.

(
(
(
(

2. TIpoekTupoBaHme HA OCHOBE MOP(OJIOrNUYECKOTO aHAJIA3a:

Basosas napaduema mopposozuneckozo anaruda (u e2o modugurayud): Kommnosuuus jo-
KAJIbHBIX BADUAHTOB (JJIsI TIOJICUCTEM) C Y9€TOM WX OMHAPHON COBMECTUMOCTH.

Hosas napaduema 6 dopme uepaprueckozo mopghorozuneckozo npoexmuposanus: Vepap-
XHYecKasi KOMIIO3UIMs JIOKAJIbHBIX BAPUAHTOB (JJIs TIOJCUCTEM) C YYETOM MHOTOKDPUTEPHAJIb-
HOTO Ka4eCTBa JIOKAJbHBIX BADHAHTOB (MJIM MHTEPBAJBHBIX OIEHOK B BHJIE MYJIBTUMHOMKECTB)
1 COBMECTHUMOCTH JIOKaJIbHBIX BapHUaHTOB (HOpHrZLKOBbIe ]_HKa.HbI).

MHorounc/ieHHbIe TpUMEPhl TPUIOKEHHH ITPeII0XKEHHBIX HOBBIX MOAXOIOB HPEICTaBJISIOT
coboii “OnbamoTeky” 6a30BBIX AHAJOTOB (33aY-TPOTOTHIIOB), KOTOPHIE MOTYT OBITH HCIOIb30-
BaHBI I (DOPMYJUPOBAHUS W PEIeHUs 33734 B PA3JUYHBIX O0JACTAX, a TaK¥Ke B paMKax
y4eOHBIX KYPCOB.
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