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7.1. [locmaHoeka 3aday napamempu4ecKo20 cuHmesa

7.1.1. Mecmo npouyedyp cunmesa 6 npoeKmuposanuu

CyImHOCTh NPOEKTUPOBAHUS 3aKJIIOUAETCS B IPUHATUHU IPOEKTHBIX PELIEHUH, 00eCIIeUynBaOIIUX
BBINIOJIHEHHE OYAyIIMM O00BEKTOM NPENbBISIEMbIX K HeMY TpeOoBaHMUil. CHUHTE3 NPOEKTHBIX PELICHUM
— OCHOBA IPOEKTHUPOBAHMS; OT YCIEIIHOTO BBIIOJHEHHS MPOLEAYPbl CUHTE3a B OINpPEAECISIOUIEH Mepe
3aBHCAT TOTPEOUTENbCKUE CBOicTBa Oynmymeidl mnpoxykiuu. KoneyHo, aHamu3 — HeoOXoaumast
COCTaBHast YaCTh MPOCKTUPOBAHUS, CITyXKallas sl Bepu(puKanuym NpUHAMAEMbIX TPOEKTHBIX PEIICHUI.
VMIMeHHO aHalM3 TO3BOJISIET TIOJNYYUTh HEOOXOAMMYI0 HH(MOpMAIMIO Ui IIeJICHANPaBICHHOTO
BBIMIOJIHEHUS TPOLIEyp CHUHTE3a B MTEPALIMOHHOM IIpolecce MpoeKkTHpoBaHHs. [losTomy cuHTE3 U
aHaJIN3 HEPa3pPbIBHO CBS3AHBI.

CuHTe3 noapa3AensioT Ha MapaMeTpudYecKuil U CTpyKTypHbIH. [IpoekTupoBaHnne HaYMHAETCS CO
CMPYKMYpHO20 CcuHme3d, MpU KOTOPOM T€HEpHUpYeTCs NPUHLUIINAIBHOE pelleHne. TakuM pelieHHueM
MOXET OBITh OOJUK OyAyIIero METaUIOPEXYIIEro CTaHKa, WM (U3WYECKUM MPUHIUI JEHCTBUS
JaTdyvKa, WM OJHA U3 THUIOBBIX KOHCTPYKUMH JBUTarens, WM (YyHKIUOHAJIbHAS CXeMa
MuKpornpoueccopa. Ho 3T KOHCTpYKIIMM M CXE€MbI BBIOMpAIOT B MapaMETPUUECKOM BHJE, T.e. 0e3
yYKa3aHWs YHUCJIOBBIX 3HAUYEHUN MapaMmeTpoB 3jeMeHTOB. [loaToMy mpexkae 4YeM MpUCTYHNUTh K
BEepU(pUKALUU TPOEKTHOIO PEIIeHUs, HYy>KHO 3a/1aTh WIM paccCuuTaTh 3HAUYEHHUS ITHX MapaMeTpoB, T.€.
BBINIOJIHUTD napamempuyeckuti cunmes. llpuMepamu pe3yapTaToOB NapaMeTPUUECKOr0 CHUHTE3a MOTYT
CIIY’)KHTh TE€OMETPUYECKHE DPa3Mepbl JeTajeil B MEXaHHYECKOM Yy3je WIM B IPHUCIOCOOIeHHH, Ma-
paMeTphl PEKUMOB Pe3aHUs B TEXHOJOTUYECKON Orepanuu U T.11.

B cnyuae ecnu mo pesynbTaraM aHaiM3a MPOEKTHOE pEIIeHHEe MPU3HAETCS HEOKOHYATEIbHbIM,
TO HAYMHAETCS MPOIIECC MOCIEA0BATEIbHBIX MPUONMKEHU K IMpUEeMJIEMOMY BapuUaHTy mpoekTta. Bo
MHOTUX TPUJIOKEHUSAX I YIydllIeHUs TpOeKTa ynoO0Hee BapbUpOBaThb 3HAYEHHUS MapaMeTpoB
JJIEMEHTOB, T.€. UCIOJb30BaTh NaApamempuyecKuti cunmes Ha baze mMHoz206apuanmuo2o aunaausza. Ilpn

3TOM 3aja4a MapaMeTPHYECKOro CHHTE3a MOXKET OBITh COPMYIMpOBaHAa Kak 3a/ada OIpPEIeICHHs
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3HaYeHUH MapaMeTpoB 3JIEMEHTOB, HAWIYUIIMX C MO3UIMK YIOBIETBOPEHHUS TpeOOBaHMIA
TEXHUYECKOTO  33JaHusl TpU  HEU3MEHHOW CTPYKType HpoekTupyemoro obObekra. Torma
[apaMETPUYECKUN CHHTE3 Ha3blBAIOT NApaMETPUYECKON ONTHMHU3ALUECH WM IPOCTO OnmuMusayuel.
Ecnu mapaMeTrpudeckuil CUHTE3 HE NPUBOJUT K YCIIEXYy, TO IMOBTOPSIOT IPOLEAYpPbl CTPYKTYPHOI'O

CUHTE3a, T.€. Ha OUYEPEIHBIX UTEPALUIX KOPPEKTUPYIOT WIIH MIEPEBBIOUPAIOT CTPYKTYPY OOBEKTA.

7.1.2. Kpumepuu onmumanvnocmu

B CAIIP npouemypbl mapaMeTpHUeCKOro CHHTE3a BBITOJHIIOTCS JTUOO YEJIOBEKOM B ITpOIIecce
MHOTOBapUaHTHOTO aHalu3a (B MHTEPAKTHBHOM pexXHUMeE), JTUO0 peannsyroTcs Ha 0aze GopMalibHBIX
METOJIOB OINTUMHU3ALMU (B aBTOMAaTHMYECKOM pexume). B mocineaneMm ciydyae HaXoAsT MPUMEHEHHE
HECKOJIBKO ITOCTAaHOBOK 33]1a4 ONTHUMH3AIUH.

Haubonee pacrnpocTpaHeHHOHN SIBIsSieTCS IETEPMUHUPOBAHHAS MOCTAHOBKA: 3a0ambl YC108Us
pabomocnocooHocmu Ha 6vlx0OHble napamempsvl Y U HYHCHO HAUMU HOMUHANbHbIE 3HAYEHUS
NPOeKmMHbuIX napamempos X, K KOMOPbIM OMHOCAMCSA NaApamempsl 6cex UIU YACMU IeMeHmMOo8
npoeKmupyemo2o 0ovekma.

HazoBem 53Ty 3amauy ontumuzanuu 6Oazogoti. B yacTHOM ciiydae, Korga TpeOoOBaHUS K
BBIXO/JHBIM TapaMeTpaM 3a/1aHbl HEUETKO, K YUCIY PACCUUTHIBAEMBIX BEIIMYUH MOTYT OBITH OTHECEHBI
TaK>ke€ HOPMBI BEIXOJHBIX MapaMeTPOB, PUTypUPYIOIIKE B UX YCIOBUSAX PaOOTOCIIOCOOHOCTH.

Ecnu mnpoextupyroTcs wu3fenus Ais JadbHEHMIIEro CepHilHOro MpOU3BOJCTBA, TO Ba)XKHOE
3HaueHUE MpuoOpeTaeT TaKoil IMOKa3aTenb, KaKk MPOIEHT BBIYyCKa TOIHBIX HU3JEIUNA B MpOIEcce
npou3BoJicTBa. OUEBUAHO, YTO YCIIEIIHOE BBIMOIHEHHUE YCIOBUM PabOTOCIOCOOHOCTH B HOMHHAILHOM
peXHMME HE TapaHTHPYET WX BBIIOJIHEHHUS NMPHU yuyeTe MPOU3BOACTBEHHBIX MOTPEIIHOCTEH, 3a/1aBaeMbIX
JOTyCKaMU TapaMeTpoB 3JeMEHTOB. [loaTomy yenvro onmumuzayuu cmaHo8UMCs MAaKCUMUSAYUSL
npoyenma 6vlxo0a 200HbLX, a K pe3yabTaTaM peUIeHHs 3a7aud ONTHUMH3AIUU OTHOCSTCS HE TOJBKO
HOMUHAJIbHbIE 3HAYEHUS IPOECKTHBIX APAMETPOB, HO M UX JOMYCKH.

bazoBas 3aZla4da ONITUMU3AlIHUU CTABUTCA KaK 3ala4a MATEMATUICCKOT'O ITPOTPpAMMHUPOBAHUA
extr F(X),

X<Dx (7.2)
D, = {X| ¢(X)>0,p/(X)=0 |
rne F(X) — neneBas Gpynkiwsi, X — BEKTOp YIpaBisieMbIX (IIPOCKTHBIX) mapameTpos, ¢(X) u y(X) —
¢yHkuu—orpanndenust; Dy — nonyctumast o01acTh B IPOCTPAHCTBE YIPABIISIEMbIX TAPAMETPOB.
3anucek (7.1) uHTEpHpeTHpPYETCs KaK 3a7ada IMOUCKA JKCTpeMyMa IIeeBOW (PYHKIMU TyTeM
BapbUPOBaHUS YIPaBISIEMbIX IAPAMETPOB B IIPEIENax JOMYyCTUMOM 001acTu.

Taxum 00pazom, /Ui BBINOJIHEHUS pacdeTa HOMUHAIbHBIX 3HAaYEHHUI mapaMeTpoB HEOOXOIUMO,
BO—TIEPBBIX, chopMynupoBaTh 3agady B Buze (7.1), BO—BTOpBIX, PEINTh 3a/adyy MOUCKA 3KCTpEMyMa
F(X).

Cno’XXHOCTh TMOCTAaHOBKH ONTHMHU3AIIMOHHBIX MPOEKTHBIX 3a/ad OOyCJOBJIIEHA HATUYHEM Y
MPOEKTUPYEMBIX OOBEKTOB HECKOJBKHUX BBIXOJHBIX MapaMeTpoB, KOTOPbIE MOTYT OBITh KPUTEPHUSIMHU
ONTUMAIBHOCTH, HO B 3amade (7.1) meneBas (QyHKIMA TODKHA OBITH oaHA. [[pyrumu cioBamwu,
MPOEKTHBIE 3aJauyd  SIBJISIIOTCSI MHOTOKPUTEpUANbHBIMH, UM BO3HHUKAeT IMpo0jeMa CBEACHHUS

MHOT'OKPHUTEPHUAIBLHOMN 331a4M K OJTHOKPUTEPHUATBHOM.



[TprMeHSIOT HECKOJIBKO CITIOCOO0B BBIOOpa KPUTEPHS ONTHMAIBHOCTH.

B wacmnom xpumepuu cpeay BBIXOIAHBIX ITapaMETPOB
A O6nactb paboTocnocobHOCTH o
OJIMH BBIOMPAIOT B KayeCTBE LEJIEBOM (YHKIHH, a YCIOBHUSA
pabOTOCTIOCOOHOCTH ~ OCTAJIBHBIX  BBIXOAHBIX  IapaMeTpPOB
OTHOCAT K orpanuueHusiM 3anauu (7.1). Orta mocraHoBka
BIIOJIHE IIpUEMJIEMA, €CJIM JEHCTBUTEIBHO MOXKHO BBIJEIINUTH

OJIMH HanboJiee KPUTUYHBIM BHIXOIHOW MapameTp.

Ho B GosbIIMHCTBE CiTydaeB CKa3bIBACTCS HEJOCTATOK

yacTHoro kputepust (puc. 7.1). Ha »Ttom pucynke

IIPEJICTABICHO JIBYMEPHOE IIPOCTPAHCTBO BBIXOJHBIX Ma-

Puc. 7.1 O6nactu [lapero n
paboTocnocobHoCTH paMeTpoB y1 H Y, A KOTOPBIX 3alaHbl YCJIOBUSA

pabotocriocobHoctr y1 < Th u y; < T,. KpuBas AB sBisiercs
IpaHULIEN TOCTHKUMBIX 3HAUEHUH BBIXOJHBIX IapaMETPOB. DTO OrpaHUYeHHE OOBEKTUBHOE U CBSI3aHO
C CYWIECTBYIOUIMMHU (U3UYECKUMHU U TEXHOJIOTMYECKHMHU YCIOBHSMH IPOHM3BOJICTBA, HA3bIBAEMBIMU
YCIIOBUSIMU PEATTU3YEMOCTH.

Ob6nacte, B Ipeaenax KOTOPOH  BBINOJNHAIOTCA BCE  YCIOBHMS  pEAIU3yeMOCTH U
paboToCIOCOOHOCTH, HA3BIBAIOT 001ACMbl0 pabomocnocodnocmuy. MHOXKECTBO TOYEK MPOCTPAHCTBA
BBIXOJIHBIX I1apaMETPOB, U3 KOTOPBIX HEBO3MOXKHO MEpEMEIIECHUE, IPUBOJALICE K YIYUYIIEHUIO BCEX
BBIXO/HBIX IApPaMETPOB, HA3bIBAIOT O0JIACTBIO KOMIIPOMHUCCOB, WIHU obaacmuio Ilapemo. Y4dacTok
kpuBoit AB (cm. puc. 7.1) otHOcuTes k obnactu [apero.

Ecin B kadectBe ueneBod (yHKUMM B cuTyauuu puc. 7.1. BbIOpaTh napamerp )1, TO
pe3ysibTaToM onTuMu3anuu OyayT mapameTrpbl X, cooTBeTcTByrommue Touke B. Ho 31O rpanuna
o0acTi pabOTOCIIOCOOHOCTH H, CJIEJOBATENbHO, NMPH HECTAOMIBHOCTH BHYTPEHHHX W BHEUIHHX
napamMeTpoB BeJIMKa BEPOATHOCTh BBIXOJIAa 3a Tpeaesibl oOmactu padotocrnocoOHocTH. KoHewHo,
pe3yNbTaThl MOXKHO YJIYYIIUTh, €CIU MPUMEHATh TaK Ha3bIBa€MbI METOJ YCTYIOK, MpPU KOTOPOM B
KayecTBE OTPaHUYEHUs MPUHUMAIOT YCJIOBHE pabOTOCIOCOOHOCTH CO CKOPPEKTHUPOBAHHOM HOPMOH B
BUJIE

Yo<To+A,
rae A — ycrynka. Ho Bo3Hukaer npoOsema BbIOOpa 3HaYEHHUH YCTYIOK, T.€. Pe3yIbTaThl ONTUMHU3ALUU
OynyT UMeTh CYOBEKTMBHBIM xapakTep. OuUeBHIHO, YTO CHUTyallUs HE HW3MEHUTCS, €CIIM LEeJEeBOM
¢byHK1Mel Oyner BEIOpaH MmapameTp )2, — ONTUMHU3ALUS IPUBEJET B TOUKY A.

Aooumusnvlii kKpumeputi 00beIUHSAET (CBEPTHIBAET) BCE BBIXOAHBIE MapaMeTphl (YacTHbHIE
KpUTEpPUHU) B OAHY LENEBYIO (DYHKIUIO, MPEACTABISAIONIYI0O COOOM B3BEHICHHYID CYMMY 4YaCTHBIX
KPUTEPHEB

m
F(X):ijyj(x)
= , (7.2)

m
rze Wj — BecoBoi K03(h(pUIMEHT, m — YKCII0 BBIXOAHBIX apameTpoB. [Ipu uem, ZW ;=1
j=1

Oyukuus (7.2) NOUIEKUT MUHUMH3ALHIH, TP 3TOM €CIIU yCIOBHE pabOTOCIIOCOOHOCTH MMEET

Bun yj > Tj, To w; < 0.



HenocraTku agiuTUBHOTO KpUTEpUS — CYOBEKTUBHBIN MOIXOA K BEIOOPY BECOBBIX
K03 (HUIIMEHTOB U HeyueT TpeOOoBaHUU TexHWYecKoro 3amanus. JledicTButenbHO B (7.2) HE BXOIST
HOPMBI BBIXOJIHBIX ITAPAMETPOB.
AHaNOTUYHBIE HEOCTATKU MPUCYIIU U MYIbMUNIUKAMUBHOMY Kpumepuio, 1eaeBas QyHKIHS
KOTOPOr'0 UMEET BU]I
m
FOO =TTy (X)
= (7.3)

HerpynHo BuaeTh, uto eciu mpojorapudmuposath (7.3), TO MyJIbTHUIIMKATUBHBIN KPUTEPHA
[IpEBpAIIAETCS B a1 IUTUBHBIN.

Bbonee npeanodYTUTENbHBIM SBISETCS MAKCUMUHHBIU Kpumepuii, B KauecTBe 1eeBoi (QyHKIHUU
KOTOpPOr0O MPUHUMAIOT BBIXOJHON MapameTp, HauOojee HeONaromnoiaydHblid ¢ MO3UIHMI BBIIOJHEHUS
yCII0BUil paboTOCIOCOOHOCTH. [y OIICHKH CTEMEHH BBIMOIHEHHS YCIOBUS PabOTOCIOCOOHOCTH j—TO
BBIXOZHOI'O MapaMeTpa BBOJAT 3arac pabOTOCIOCOOHOCTH ATOrO IapaMmeTpa Sj, U 3TOT 3amac MOKHO
paccMarpuBaTh Kak HOPMHPOBAHHBIM j—i BbIXOAHOW mapamerp. Hampumep (3mech W jganee uis
JJAKOHUYHOCTH M3JIOKEHUS MPEANOJIaraeTcsi, YTO BCE BBIXOJHBIE NapaMeTpbl NPUBEIEHBI K BUIY, IPU

KOTOPOM YCJIOBHUS pabOTOCIIOCOOHOCTH CTaHOBSITCS HepaBeHCTBaMU B opme yj < Tj):

T -y,
s;%
J
NJIIN
T __ymm'
sz J 5 1y

rac yHo,Mj — HOMHWHAJIBHOC 3HAYCHUC, a 8j — HCKOTOpasa XapaKTCPHCTHUKaA PaACCCAHUA j—FO BBIXOJHOI'O
mapamMeTpa, HaIpuMmcep, TpeXCI/IFMOBHﬁ JAOITYCK. Torna nenepas (bYHKI_II/IH B MaKCMMHUHHOM KPUTCPHH

CCThb
F(X)=minZ.(X
( ) je[im] J( )

3nech 3amuch [1: M] 03Ha4aeT MHOXKECTBO ILIENBIX YKMCceN B auanazone ot 1 g0 m. 3amaqy (7.1)
MIPU MAaKCUMHHHOM KPUTEPUH KOHKPETUZUPYIOT CIEAYIOMNUM 00pazoMm:
F(X)=max min]Zj (X)

XeDy je[lm
rae aomycrumas obnacte Dy omnpeaenaeTICs TOJbKO IPSAMBIMU OIpaHUYCHUSAMH Ha YIpaBJIsieMbIe
napaMeTpsrl Xi: Xi min< Xi < Xi max-

1 Obnacth 7.1.3. 3a0auu onmumuzayuu c yuemom 00onycKoe
X5 paBoTOCNOCOBHOCTH

COI[Cp)KaTeJ'ILHYIO CTOPOHY OlTUMHU3AIUU C YUCTOM

<7

) JOIIYCKOB TIIOSICHACT PHC. 72, Ha KOTOpOM IIPEACTABIICHLI

oOmactu paboTOCOCOOHOCTH M JIONYCKOBass B JBYMEPHOM

[lonyckosas MPOCTPAHCTBE YMpaBlsieMbIX mapaMmeTpoB. Eciu coOCcTBEeHHO

obnacte JOIMYCKHU 3aJIaHbl 1 HC OTHOCATCA K YIIPABJIACMBIM IIapaMETpaMm,

; TO HECJIb OINTUMH3AlIMH — MAKCHMAaJbHBIM O6p2[30M COBMCCTUTD
1

Puic.7.2.061aCTH JOMYCKOBAS 1 3TH 00JIaCTH TakK, 4YTO OBl BCPOATHOCTL BbIXOJa 3a HPCHCIIbI

DPaboTOCIIOCOOHOCTH obmacti paboToCHOCOOHOCTH OblIIa MUHMMAILHOM.



Pemenne 5Tol 3a7auM HMCKIIOUUTEIBHO TPYJOEMKO, TaK KaK Ha KaXIOM Iiare
ONTUMHU3AIIMN HYXHO BBIIIOJHATE OLCHKY yHOMﬁHYTOﬁ BCPOATHOCTU MCTOAAMU CTATUCTUUCCKOTO
aHaJM3a, a JUIsl CIIOKHBIX MOJeNell OOBEKTOB TaKUM METOJIOM SIBIISICTCS METOJ CTaTHCTUYECKUX
HUCITBITAHM. HOBTOMy Ha IMPAKTHUKE HOIIOGHBIC 3ala4yy pClIar0T, IPpUHUMAA TC WKW UHBIC JOIMYIICHU .

HaHpHMep, €CJIn JOMMYyCTUTh, YTO LCIIb ONTUMHU3AIUKU NOCTHUIacTCAd NpU COBMCUICHHUHN LICHTPOB
obnacteir paboOTOCIOCOOHOCTH D W JOMYCKOBOH Xjoy, TO ONTHMHU3ANMS CBOAWTCA K 3adaue
YeHmpupoeanus, T.e. K OIPEACICHUIO LeHTpa J. 3agady IEHTPUPOBAHUS OOBIYHO PEIIAIOT ITyTEM
MNpeaABapUTCIIbHOTO HOPMHPOBAHHA YIIPABIACMBIX ITapaMETPOB Xi C MOCJICAYIOIIUM BIIMCBIBAHHUEM
THIEpPKy0a ¢ MaKCUMaJIbHO BO3MOYKHBIMHU pa3MepaMi B HOPMHUPOBAHHYIO 00J1aCTh paboTOCIIOCOOHOCTH.

O‘-IeBI/I[[HO, 4TO pPCHICHHUC 3aJa4dd LCHTPHUPOBAHUSA IIO3BOJJACT HE TOJBKO OINTHMU3HUPOBATH
HOMMHAJIBHBIC 3HAYCHUA HNPOCKTHBIX IMAapaMCTPOB, HO U HUX JOMYCKH, €CJIHU IOCIICAHHUC OTHOCATCA K

YIIPABJISIEMBIM ITApAMETPaM.

7.2. 0630p Memodoe onmumu3ayuu
7.2.1. Knaccugpuxauus memooos mamemamuueckozo npozpammuposanus

B CAIIP ocCHOBHBIMH METOAAMH ONTHUMH3AIUH SIBISIOTCS MOUCKOBBIE MeTOAbI. [lomckoBbIE

METO/Ibl OCHOBaHbBI Ha MOIIArOBOM W3MEHEHHH YIIPABIISIEMBIX ITaPAMETPOB

X1 = Xk + AX, (7.5)
r7ie B OOJBIIMHCTBE METOJOB mpupanieHne AXy BEKTOpa yIpaBISIeMbIX MapaMETPOB BBIYHCIISCTCS IO
dbopmyre

AXic = hg(Xu). (7.6)

3nech Xy — 3HaYEHUE BEKTOpA YIpaBIsAEMbIX mapameTpoB Ha K—wm mrare, h — mar, a g(Xg) —

HarpaBiieHue rnoucka. CienoBaTelbHO, €CJIM BBIMOJIHSIIOTCS YCIOBHS CXOJAMMOCTH, TO PEalU3yeTcs
HOIIaroBoe (MUTEPAMOHHOE) MPUOJIMKEHUE K SKCTPEMYMY.

MeToap1 onTUMH3AINH KJIACCUDUIIUPYIOT TIO PSAY IPU3HAKOB.

B 3aBuCHMMOCTH OT 4Mcla YHOPaBISEMBIX MapaMeTPOB Pa3TUYAIOT METOABl O0OHOMEPHOU W
MHO2OMepHOU ONTHMHU3AINK, B TIEPBOM W3 HUX YIPABISEMbIM MapamMeTp €IMHCTBEHHBIH, BO BTOPOM
pa3mep BekTopa X He MeHee NBYyX. PeanpHbie 3amaun B CAIIP MHOrOMepHBI, METOABI OJJHOMEPHOM
ONTUMM3AINH UTPAIOT BCIIOMOTATENLHYIO POJIb Ha OT/IEIBHBIX 3TAllaX MHOTOMEPHOTO TOUCKA.

PaznuyaroT MeToAbl ycnosHou U 0e3)yclo6HOU ONTUMHU3AIUU 10 HAIWYUIO WIH OTCYTCTBHIO
orpaHuueHui. [ peanbHbIX 33/1a4 XapaKTepHO HAJTU4KUe OrpaHUYCHHM, OJHAKO METOAbl 0€3yCIOBHOM
ONTUMM3AINH TaKXkKe MPEICTABISIIOT HHTEPEC, MOCKOJIBKY 3a7aud YCIOBHON ONTHMH3AIMH C MTOMOIIBIO
CHEIHAIbHBIX METOJIOB MOT'YT OBITh CBE/ICHBI K 3a7auaM 0e3 OrpaHuYCHHH.

B 3aBucMMOCTH OT 4HCla SKCTPEMYMOB Pa3lUYalOT 3aJaud OJHO— U MHOTOIKCTpeMallbHBIE.
Ecnu MeTon opueHTHPOBaH Ha OmpejelieHne KaKoro—inubo JOKaTbHOTO 3KCTPEMyMa, TO TaKOW METOJ
OTHOCHUTCSI K JIOKAIbHbIM Memooam. Eciu ke pe3ynbTaToM SBISETCS TNI00ANBHBIN SKCTPEMYM, TO 3TOT
METOJI HA3BIBAIOT MeMmoO0OM 2100aNbHO20 NOUCKd. Y IOBIETBOPUTEIbHBIC 10 BBIUYHUCIUTEIHHOM
3¢ (HEeKTUBHOCTH METOIBI TI00ANBHOTO TMOWCKA A OOIIero ciydas OTCYTCTBYIOT U TOTOMY Ha
npakTuke B CAIIP ncmonb3yroT METO/IbI MOUCKA JIOKATBHBIX YKCTPEMYMOB.

Hakoner, B 3aBUCUMOCTH OT TOT0, HCTIOIB3YIOTCS TIPU MMOUCKE MTPOU3BOIHBIE IENEBON (PYHKITUH

o YymnpasJICMbIM TITapaMeTpaM HWJIHW HET, pPa3jin4ar0T MCTOAbI HECKOJIIBKUX TOPAAKOB. Eciu
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MNPOU3BOJHBIC HC HCHOJIB3YHOTCA, TO HMECT MCCTO MCTOH H)Jl1e6020 nopﬂdka, €ClIn

UCIIOJIB3YIOTCS TIEPBBIE WIIM BTOPBIC NMPOU3BOJHBIC, TO COOTBETCTBEHHO METOJ] 1ep8o20 WU 6MOPO20
nopsioxa. MeToJipl IEpBOrO IMOPs/IKa HA3bIBAIOT TAKXKE I'PAJIMCHTHBIMH, MOCKOJIbKY BEKTOpP IEPBBIX
npou3BoaHbIX F(X) mo X ecTh rpagueHT 11esieBoi HyHKIIMN

grad(F(X)) = (0P/0x1, OP/0x3, ..., OP/0x,).

KoHKpeTHbIE METOIbI OIPENICIISIOTCS CICAYIOIUME (haKTOPaMu:

1) cioco6om BhIuKcIIeHUs HanpasieHus moucka g(Xy) B popmyie (7.6);

2) criocoboM BbIOOpa miara h;

3) criocoOoM orpe/ieNieHUs] OKOHYAHUS ITOMCKa.

OmnpenenstomuM (pakTopoM SBISETCS MEPBbI U3 MEPEUUCICHHBIX B 3TOM CITHCKE, OH MOAPOOHO
OIUCaH HUXE.

[Iar MoxeT OBbITh WIIM MOCTOSTHHBIM, WJIH BBIOUPATHCS MCXOJs U3 OJHOMEPHOH ONTHMHU3AIMU —
MOMCKa MHHUMYMa IIeJIeBOi (QyHKIMU B BbIOpaHHOM HampasieHuu g(Xg). B mocnennem ciyyae mar
OylleM Ha3bIBaTh ONTUMAJIbHBIM.

OKOHYaHHE MOUCKA OOBIYHO OCYLICCTBIISIOT 0 TMPAaBHJIY: €CIM HA TPOTSKECHUH I TOIPST
WIYIIUX [aroB TPACKTOPHS MOKMCKA OCTACTCS B MAJIOW €—OKPECTHOCTH TEKYIEH TOYKHU moucka X, TO

IMOMCK CJICAYCT NPCKPATUTD, CIICAOBATCIIbBHO, YCJIOBHUC OKOHYAHHA ITOUCKA NMECT BHU/
IXk— karl <e.

7.2.2. Memoowt 00HOMEPHOIL OnMUMU3AUUU

K MeromaM OJHOMEPHOW ONTHMH3AIUK OTHOCATCS METOIbl JUXOTOMHYECKOTO JICNICHHS,
30JI0TOTO ceueHus, yrcest DuboHayuH, MOJTMHOMUAIBLHOMN allIPOKCUMAIIMU U P UX MOIH(DUKAIIHIA.

[Tyctpb 3aman oTpe3ok [4, B], Ha KOTOPOM UMEETCsl OJJMH MUHUMYM (B OOIIEM Cilydae HEYSTHOE
9yucio MUHUMYMOB). CornacHo memoody ouxomomuueckoeo Oenenusi (puc. 7.3, a) OTPE30OK IESIT
[OMOJIaM U B TOYKAaX, OTCTOSANIMX OT HeHTpa C OTpe3Kka Ha BEIHYUHY JAOMYCTHMOMW MOTPEIIHOCTH (,
paccunThIBarOT 3HaYeHus mesieBoit Gpyukuun F(C + q) u F(C — q). Eciu okaxercst, uro F(C + q) > F(C
— Q), To MUHEMYM HaxoauTcs Ha otpeske [4, C], ecnu F(C + q) < F(C — q), To muaumym — Ha [C, B],
ecmn F(C +q) = F(C —-q) —na [C —q, C + q]. Takum 006pa3oM, Ha CISIYIOMIEM IIIare BMECTO OTPe3Ka

[4, B] nyxHO uccnenoBath cyxeHHbIi otpe3ok [4, C], [C, B] wu [C —

F) g, C + q]. lllaru moBTOpPSIFOTCSI, TIOKA JAJIMHA OTPE3Ka HE YMEHbBIIHUTCS
\J J10 BEJIMYMHBI IOTPELIHOCTH (.

|
| | [To memody 30momoeo ceuenus (puc. 7.3, 6) BHYTpH OTpe3Ka

[4, B] Beinensirot 1Be mpoMexytounbie Touku C; U D1 Ha paccTosHUM

S = alL oT ero KOHEYHBIX TOYEK, I1ie L = B — A — niuHa oTpe3ka. 3aTem
F(x) \'\'\—// BBIUUCIIAIOT 3HaYCHUs 1enieBoi GpyHkiuu F(X) B Toukax Ci u Dy, Ecnu
! . F(C1) < F(D;), To MunumyMm Haxomautcs Ha otpeske [4, Di], ecim

‘ F(C1) > F(D;), To — Ha otpe3ke [Ci, B], ecmu F(C;) = F(D;) — Ha

\b.-__
o+
=V

6] orpeske [Cy, D;]. CnemoBarenbHo, BMecTo oTpe3ka [4, B] MoxHO
Puc. 7.3. OgHoMepHas paccmatpuBath oTpe3ok [A, Di], [Ci, B] wmm [Cy, Di], T.e. amuna
MHWHHUMMU3A U

oTpe3Ka yMeHbIuiach He MeHee yem B L/(L — aL)=1/(1- a) pas.
a — JUXOTOMHUYCCKOC JACIICHUC,

6 — 30JI0TOE CCUCHHE Ecnmu HO,Z[O6paTL 3HAYCHUC a TaK, YTO B MOJYUYCHHOM OTPC3KC



MEHBIIICH UTMHBI OJTHA U3 MPOMEKYTOUYHBIX TOYEK COBHAJIA OBl C IPOMEKYTOUYHON TOUYKOU OT
npebIAYIIero Iara, T.e. B ciiy4ae Beibopa otpeska [A, D;] Touka D, coBnazer ¢ Toukoii Ci, a B ciydae
BeIOOpa otpeska [Ci, B] Touka C, — ¢ Toukoit D, TO 3TO MO3BOJMT COKPATHTh YKMCIO BBIYUCICHUIN
1[eJIeBOi (DYHKITMHM HA BCEX mIarax (Kpome MepBoro) B JiBa pasa.

YcnoBue MmosydeHus: TaKOro 3Ha4eHUsl a GopMyIupyeTcs cieayromum odpasom: (1 — 2a)ly =
aly+1, otkyna ¢ yueroM Toro, uto Ly /Ly+1 = /(1 — @), umeem a = 0,382. D10 3HAUEHUE U HA3BIBAIOT
30710MbIM CeYeHueM.

Cornacno memody uucen Qudoonayyu, UCTIONB3YIOT yncia PudboHauun R, mocienoBaTeIbHOCTD
KOTOPBIX 0Opasyercst o npaBmwiy Riz» = Rix1 + Ry mpu Rg = Ry = 1, T.e. psan uncen ®ubonayuu nmeer
Bun 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 147.... MeTon aHaJlOTUYeH METOAY 30JI0TOTO CEYEHUS C TEM
OTJIMYHMEM, YTO KOI(PPHUIMEHT a paBeH OTHOWICHUIO Rj,/R;, HayanbHOE 3HAUCHME | ONpPEACISICTCS U3
YCIIOBHS, YTO Rj T0JKHO ObITh HAMMEHBIIUM drcioM OuboHayuu, npesbiarmum Bennuuny (B—A)/E,
rae E — 3ajanHas omycTuMasi MOTPeHoCTh omnpeaeacHus 3kcTpemyma. Tak, eciu (B—A4)/E = 100, To
HavanbHOe 3HaueHue i=11, mockonbky R11=144, u a= 55/144 = 0,3819, na cineayroiiem 1iare OyaeT a =
34/89 =0,3820 u T.1.

[lo memody nonunomuanreHoll annpokcumayuu TIpH annpokcumanuu F(X) KBaapaTHUHBIM
MOJINHOMOM

P(x) = ap + ax + axx’ (7.7)
BBIOMPAIOT MPOMEXYTOUHYIO TOUKY C 1 B To4ukax 4, B, C BBIUMCIAIOT 3HAYCHHS LIETCBON (DYHKITHH.
Jlanee pemarT cUCTEMy U3 TpeX aireOpandyeckux ypaBHEHMM, MOJIY4EHHbIX MOJCTaHOBKOW B (7.7)
sHayeHud A, B, C BMECTO X W BBIYHMCJICHHBIX 3HaueHH (yHKIMH BMmecto P(x). B pesynbrate
CTaHOBSTCS W3BECTHBIMH 3HadeHUs Kod(hduimentoB ax B (7.7) u, ucxons u3 ycinous dP(X)/dx=0,
OINPEAEIAIOT 3KCTPEMalbHYIO TOUKY O moiuHoMa. Hampumep, ecnu Touka C BblOpaHa B cepeuHE

orpeska [4, B], To
5 C+(C-A(F(A)-F(B))
2(F(A)—-2F(C)+F(B))

7.2.3. Memoout 6e3ycnoenoit onmumuzayuu

Cpenu meronoB Hyineoro mnopsiika B CAIIP HaxonaT npumeneHue Mmetozsl PozeHOpoka,
KoHpurypamuii (Xyka—J/lxusca), nepopmupyemoro MHororpanHuka (Hemnepa—Muna), ciydaiiHoro
noucka. K Meronam C UCHOIBb30BaHUEM MPOMU3BOJHBIX OTHOCSATCS METO/bl HAUCKOPEHIIEro CIycka,
COIPSDKEHHBIX I'PaJAUEeHTOB, MeTo1 HhroTOHA.

Memoo Pozenbpoka sBIs€TCs yIy4dlIEeHHBIM BaApUaHTOM MOKOOPAWHATHOTO CITyCKa.

. MeToa mOKOOPJMHATHOTO CITYCKa XapaKTepU3yeTcsi BHIOOpOM
HalpaBJIeHUH TOUCKAa IOOYEPETHO BIONb BCEX 7 KOOPAMHATHBIX
Ocel, Iar pacCYUTHIBAIOT HA OCHOBE OJHOMEPHOM ONTHMHU3ALUH,
KpuTepuii okoH4YaHus moucka |[Xyx — Xyn|< &, Thoe & — 3amaHHas

TOYHOCTH ONPCHACIICHUA JIOKAJIBHOI'O 3KCTpEMyMa, n — pa3MCPHOCTb

POCTPaHCTBA YIIPaBIIIEMBIX apamMeTpoB. Tpaexropus

MMOKOOPAUHATHOTO CITYCKa JIA MPUMCEPa ABYMCPHOI'O IMPOCTPAHCTBA

Puc. 7.4. Tpaexropus
TIOKOOP/IMHATHOTO CITYCKa yIpaBJIsIEMBIX TAPaMETPOB MOKa3aHa Ha puc. 7.4, rae Xk — TOUKH Ha
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TPaeKTOPUH MOUCKA, X; — yIpaBiseMble mapaMeTpsl. LleneBas GyHKIMS npeacTaBIeHa CBOMMH

JMHUSIMH PaBHOTO YPOBHSI, OKOJIO Ka)K/I0# JIMHUH 3alTMCaHO COOTBETCTBYMoMIee et 3HaueHue F(X). Oue-
BUJIHO, YTO D €CTh TOUYKa MUHUMYMaA.

HpI/I HCIIOJIb30BAHUU METOJa IMOKOOPAMHATHOI'O CITyCKa

X2
BCIIMKa BCPOATHOCTh «3aCTPCBAaHHA) IIOMCKAa Ha JHEC OBpara
a

/ / BJIaJIM OT TOYKM dKcTpemyma. Ha puc. 7.5 BumgHO, 4TO mocie
/ 74 / X, IormagaHusd B TOYKY A, pacroJIOKEHHYI0O Ha JHE OBpara,
b /b JlaJIbHEUIIME Iard BO3MOKHBI JIMILb B HANPABJIECHUAX aa WU bb,
HO OHH TNPHUBOIAT K YXYALICHHUIO IeneBoi ¢pynkuuu. CrenoBa-

a TCJIBHO, IIOMCK IPCKPAIIaCTCA B TOYKE A.
Puc. 7.5. «3acTpeBanue» MOKOOPAMHAT- IIpumeuanue. Ospacom Ha3bIBAIOT YacTh IPOCTPAHCTBA YIPABISEMBIX
HOI0 CITyCKa Ha JHE oBpara HapaMeTpoB, B KOTOpOil HaOutogaroTcst cinabble M3MEHEHHS IPOM3BOAHBIX ILIENIEBON
X, (YHKIMY IO OJTHUM HaIlpaBJICHUSIM U 3HAUUTENbHbIE U3MEHEHNS C IIePeMEHOH 3HaKa —

[0 HEKOTOPBIM JPYTUM HallpaBlIeHUsM. 3HAK IMPOU3BOJHONW MEHsSETCS B TOYKax,
MPUHAUISKAIIUX JHY OBpara.

B To e BpeMs mpu ONarompusTHON OpPHEHTAllMU JIHA

OBpara, a MUMCHHO IIPpH ITOJIOKCHUH OI[HOﬁ U3 KOOPAMHATHBIX

OCCﬁ, OIM3KOM K napaJjuiC€JIbHOCTH € AOHOM OBpara, IIOUCK

OKa3bIBA€TCA BECbMa 6LICTpBIM. Ota CUTyalus IIOKa3aHa Ha pHUC.
Puc.7.6. TpaekTopus MOKOOPAUHATHOTO

CIyCKa IPH OJaronpusTHON 1.6.
OPHEHTalluH KOOP/MHATHBIX OCEH Meton PoszenOpoka 3akirodaercs B TakOM IOBOPOTE

T/

'? / KOOPpAWHATHBIX oceﬁ, YTOOBI OdHa HN3 HHUX oOKa3ajlacCb
X KBa3HHapaJ'IJ'IeJ'IBHOﬁ JAHY OBpara. Taxoi IMOBOPOT OCYLICCTBIIAKOT
Ha OCHOBC JAHHBIX, IIOJYYCHHBIX IIOCJIC CCpPUHU U3 n IIAroB

MMOKOOPAUHATHOTO CITyCKa. ITonosxeHrue HOBBIX Ocel Si MOXCT

OBITh MMOJIYy4YCHO JIMHENHBIM Hp606pa3OBaHI/IeM MPEKHUX oceit Xj:

X, X,
OChb S COBMAJAeT MO HAMpPaBICHUIO C BEKTOPOM Xiin — Xi;
Puc. 7.7. Unmoctpanus merona

KOH(UTypartHit OCTAaJIBHBIC OCHU BBI6I/IpaIOT HUCXOId U3 YCIIOBUS OPTOTOHAJIBHOCTHU

K X1 M IPYT K IpYTY.

Hpyroii ynayHoii Monau¢ukanuel MOKOOPAWHATHOIO
CIyCKa SIBJISIETCS Memoo KoHgueypayuii. B COOTBETCTBUU € ITUM
METOZIOM BHAuaJle BBINOJHAIOT OOBIYHYIO CEPHIO M3 7 IIaroB
MIOKOOPAMHATHOI'O CITyCKa, 3aT€M JEJIAl0T AONOIHUTENbHBIN 111ar

B HampasieHUM BeKTopa Xy — Xk n, KaK IOKa3aHO Ha puc. 7.7,

rJe JONOJHMUTEIbHBIN IIar BRIOJHSIOT B HaITpaBJICHUU BCKTOPA

Puc.7.8. UmocTtpauus metona
ne(OpMHUPYEMOTO MHOTOIPaHHHUKA X3 — Xj, 4TO ¥ IPUBOJUT B TOUKY Xy .

[Touck  skcTpemMyMa  memodom  Oepopmupyemoco

MHO202PAHHUKA OCHOBaH Ha TIOCTPOCHHUM MHOTOTpaHHHKa C (n+1) BepIIMHAMH Ha KaKJOM IIare

MOKCKA, TJE€ N — Pa3MEPHOCTh MPOCTPAHCTBA YIPABISIEMbIX MapamMeTpoB. B Havane mowcka 3TH
BEPIINHBI BBIOMPAIOT MPOU3BOJIBHO, HA MOCIICAYIONIMX MIarax BEIOOP MOJUMHEH MPaBHiIaM METO/Ia.

OTu mpaBWia Ha MPUMEPE JBYMEPHOW 3aJaydl ONTUMH3AIMH WLIFOCTPUPYIOTCS puc. 7.8.

BbiOpaHbl BepIIMHBI UCXOJAHOTO TpeyrojbHuKa: X|, Xp, X3. HoBast Bepuimaa X4 HaxOoIWTCsA Ha Jyde,

MPOBEICHHOM M3 XyAlIleill BepumnHbl Xi(U3 BEPUIMHBI ¢ HAaUOOJIBIIMM 3HAYCHHEM LIeJIeBOM (DYHKIMM)



yepe3 1eHTp Tsokectdh LT MHororpaHHuka, npudeM pekoMeHayeTcsi Xs4 BbIOMpaTh Ha
paccrosiauu d ot LT, paHom [T — X;i|. HoBas Bepmmnaa X4 3aMeHsieT XyAmyro BepimHy Xi. Ecin
OKAa3bIBACTCS, YTO X4 UMEET JIydlllee 3HaYCHUE 1IeNIeBON (DYHKIIMHM CPEeId BEPIIMH MHOTOIPaHHUKA, TO
paccrosiuue d yBenuumBaroT. Ha pucyHKe MMEHHO 3Ta CHUTyalusi UMEET MeCTO U yBenudenue d nmaer
TOouKy Xs. B HOBOM MHOrorpaHHuke ¢ BepmiMHamMu Xp, X3, X5 XYALIEH SBISETCS BEpIIMHA Xp,
AQHAJIOTUYHO IOJNY4aloT BepIIMHY Xp, 3aTE€M BEpIIMHY X7 U T. I. Ecim HOBas BEpIIMHA OKaXKETCA
XyALEH, To B MHOTOIPaHHHUKE HY)KHO COXPAHUTB JIYUIIYIO BEPIIMHY, a AJTUHBI BCeX pedep YMEHbIIUTH,
HanpuMep, BIBOE (CTArMBaHME MHOrOTpaHHMKA K Jyuiied BepumuHe). [louck mnpekpamiaercs mnpu
BBIIIOJIHEHUH YCJIOBUSI YMEHBIIIEHUS Pa3MEpPOB MHOIOTPAaHHHUKA 10 HEKOTOPOro IIpeea.

Cnyuaiinvie MemoOvl TIONCKA XapaKTEPU3YIOTCS TEM, YTO HAIPABJICHUS IMOWCKA ( BBHIOMPAIOT
CIIy4aiiHbIM 00Pa30M.

Oco0OeHHOCTBIO MemoOda Hauckopeuuieco Cnycka SBISETCS BBIIOJIHEHHWE IIAaroB IOMCKa B

T'paAUCHTHOM HAIIPaBJICHUU
hgradF (X)

X, =
<7 gradF (X))

mrar h BEIOMpaeTcs ONTUMAIBLHBIM C IIOMOIIBIO OJHOMEPHON ONTHMH3ALIHH.

[Tpu WCMOJIB30BaHUKM METOAAa HAMCKOPEUIIEro CIYCKa, KaK U OOJIbIIMHCTBA JPYTHMX METOJIOB,
3¢ (EKTUBHOCTh TIOMCKA CYIIECTBEHHO CHIKAETCS B OBPAKHBIX CHTYalMAX. T[paceKTOpUs IOUCKA
npuoOpeTaeT 3ur3arooOpasHblii BHJ C MEUICHHBIM IPOJBM)KEHHUEM BJIOJIb JHA OBpara B CTOPOHY
skcTpeMyMa. YToObl MOBBICUTH A(P(GEKTUBHOCTh TPAJAUCHTHBIX METOJIOB, HCIIOJIB3YIOT HECKOJIBKO
IIPHEMOB.

OauH U3 NMPUEMOB, HCIOJB30BAHHBIA B Memooe CONPSNCEHHbIX 2padueHmos (Ha3bIBaeMOM
takke MeTojgoM Preruepa—PuBca), OCHOBaH Ha MOHATHH CONPSHKEHHOCTH BEKTOpPOB. BekTopel A u B
Ha3bIBAlOT Q—COMpPSKEHHBIMHU, €CIH ATQBZO, rne Q — MONOXKUTENBHO OIpeAeNieHHas KBaapaTHas
MaTpHUlla TOTO e Mmopsaka, yTo u pasmep N BekTopoB A u B ("4acTHbIM ciay4ail cOmpsKEHHOCTH —
OPTOTOHAILHOCTh BEKTOPOB, Korja Q sBiseTCsl eMUHUYHOW Mmatpuiei mopsaka N), AT - BEKTOP—
cTpoka, B — BekTop—cronberr.

OcobenHocth compspkeHHbIX Hampasinenudd st Q=I', rne I' — marpuna ['ecce, B 3amayax ¢
KBaJpaTu4HOM 1eneBoit Gpynkuumeit F(X) 3akiarouaercs B cieayromeM: ogaoMepras munumuzaitust F(X)
nocneaoBarenbHO MO N CONMpsSHKEHHBIM HAMpPaBIICHUSM IO3BOJSET HAMTH SKCTPEMANbHYIO TOYKY HE

ooiee ueM 3a N maros.
Tlpumeuanne. Mampuyeii I'ecce Ha3bpIBAIOT MATPHUIy BTOPHIX YACTHBIX MPOHM3BOAHBIX IIENIEBOH (YHKUIUH IO YIPaBIIEMBIM
napameTpam.

OcHoBaHMeM ISl UCTIONIb30BaHMs MOKCKa 10 I'—CONpsKEHHBIM HANPaBICHUSIM SIBIISIETCS TO, YTO
s ¢yakiuii F(X) oOmiero Buza MoXeT ObITh NPUMEHEHA KBaapaTH4YHAs AlMpOKCUMAIMs, 4TO Ha
IIPAaKTHUKE BBUIMBAETCS B BBIIIOJHEHHE NTOUCKa Oosiee ueM 3a N maros.
Memoo Hviomona OCHOBaH Ha HCHOJIb30BAaHUM HEOOXOJUMBIX YCIOBUH 0€3yCIOBHOTO
sKcTpeMyMa 1eseBoit pynkmnuu F(X)
grad F(X) =0. (7.15)
Bripaxxenue (7.15) npencrasiser co0oil cucteMy anredpandeckux ypaBHEHUH, ISl pellieHus
KOTOPOW MOKHO IIPUMEHUTH MU3BECTHBIN YHUCIECHHBIN METOJ, Ha3biBaeMblil MeTo oM Herorona. KopeHb

cuctemsl (7.15) ecTb cTaliOHapHasi TOYKa, T.€. BO3MOXKHOE peIlleHHe HKCTpeMalabHOU 3a1auu. Metoa
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HrroTona siBisieTcst uTepallMoHHbIM, OH OCHOBAaH Ha JuHeapu3auuu (7.15) B okpecTHOCTH
TEKYLIEH TOUKHU IMOUCKA X
grad F(X) =grad F(Xy) + I'(X—X,) =0. (7.16)
Boipaxkenue (7.16) — 310 cucreMa JMHEHHBIX anredpandyeckux ypaBHeHHil. Ee kopeHb ecTb
ouepeHoe MPUOIMKEHHE Xks+1 K peieHuI0 X1 = Xk T F_l(Xk) grad F(XJ).
Ecnu mpouecc cxoaurtes, TO pelIeHUE AOCTUIAETCSA 32 Majoe YMCI0 UTepaluil, OKOHYaHUEM
KOTOPBIX CIIY>KUT BBIIIOJTHEHUE YCIIOBUS
|Xk+1 - Xkl <e.
I'maBHBIN HETOCTATOK METOJA — BBICOKAs TPYIOEMKOCTb BBIYMCIIEHUS U oOpaieHust Mmatpuusl I,
K TOMYy € €€ BBIYMCICHHE YHCICHHBIM auddepeHnnpoBaHNEM CONPOBOXKIACTCS 3aMETHBIMU

MOrpC€IrHOCTAMHA, YTO CHHUIKACT CKOPOCTh CXOAUMOCTH.

7.2.4. Heodxo00umule ycnosus Ixcmpemyma

B 3aaadyax 6e3ycn013H0171 OIITUMMH3AlIN U HeO6XOI[I/IMBIe yCJIoBuUA NPCACTABIIAOT coboit PaBCHCTBO
HYIIIO TpaJlueHTa 11eJeBOi (PyHKIHUU:
grad F(X) =0.
B oOmeit 3amaue wmaremaruyeckoro mporpammupoBanus (7.1) HeoOXoIWMBbIE YCIOBUA
9KCTpEMYMaA, HA3bIBACMBIC YCJIOBUAMU KyHa—TaKKepa, (bOpMy'J'II/Ip}IIOTC}I CJICAYIOIUM 06pa30M: pInb
TOro 4roObl TOYKa I OblIa BKCTpeMaHLHOﬁ TOYKOH BBIHYKHOfI 3agadyu MAaTEMaTHYCCKOI'O

nporpamMmmupoBanus (3MII), Heo6xoarMO HaIMYUE HEOTPULIATENBHBIX KOA(D(HULIMEHTOB U;j TAKUX, YTO

Upi(d)=0,i=1,2, .., m (7.17)
U IIPpU 9TOM COGJ’IIOI[&J'II/ICB OTpaHHUYCHUS 3ada41, a TAKIKE BBIIIOJIHAIOCH YCJ'IOBI/IG
m L
gradF(3) + > u;grade; (3) + > aw,(9) =0 (7.18)
i=1 j=1

TJIE /1 — YUCIIO OTPaHUYEHUH TUIA HEPABEHCTB; L — To ke paBeHCTB; koadduiuents! ; > 0.

3a mpuBeAeHHON aOCTpakTHOW (OPMYTUPOBKOM YCIOBUN CKpPBIBAETCS JIOCTATOYHO IMPOCTO
IIOHUMAEMbII T€OMETPUYECKUM  CMBICH. [IeHCTBUTENBHO, pacCMOTPUM CHAayajlla Ciydal ¢
OTpaHUYEHUSIMU TOJBKO THIA HEPaBEHCTB. Ecu MakCMMyM HAaXOIWUTCS BHYTPU JOMYCTHMOW 00IacTH
R, To, BeiOMpas Bce U; =0, nobuBaemcs BoimoiaHenus (7.17); ecau ke Touka MakCUMyma J JISKHUT Ha
rpanuie obnactu R, To, kak BHIHO W3 JI€BOW YacTU puc. 7.9, 3Ty TOUYKY BCErJa COOTBETCTBYIOIINM
MoA00POM HEOTPHUIATENBHBIX Ui MOXKHO TMOMec-
TUTh  BHYTPh  OOOJOYKH, HATSHYTOM  Ha
rpaaueHTsl neneBoi GpyHkimu F(X) u QyHKIwmii—
orpannuenuit ¢i(X). Haobopot, ecnu Touka He
SBISIETCSL  AKCTpeManibHOM, TO (7.17) Henb3d

BBIITOJIHUTD ITPpH T000M BBI60pC MOJIOKHUTCIBbHBIX

kod¢dunreHToB Uj, (CM. paByIo 4acTh puc. 7.9,
Puc. 7.9. Tlosicuenne yCJ‘IOBI/Iﬁ KyHa—TaKKepa rae paCCManI/IBaCMaH TOYKA X JICKUT BHE
BBIHYKHOﬁ O6OJ'IO‘-IKI/I, HaTHHyTOﬁ Ha FpaIlI/ICHTBI).

Vyer OFpaHI/I‘-ICHI/Iﬁ THUIIa PaBCHCTB OYCBUJCH, CCJIN ,Z[O63.BJI}ICTC}I NOCJICOHAA U3 YKAa3aHHBIX B (718)

CyMMa.
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7.2.5. Memoowl noucka ycioeHvIX IKCHIPEMYMOB

[IIupoko M3BECTEH METOJ MHOXUTENEH JlarpaHixa, OpUEeHTUPOBAHHBI HA MOUCK IKCTpEMyMa

MIpY HAJIMYKU OrpaHuyeHuid Tuna paBeHcTB Y(X) = 0, T.e. Ha pelIeHue 3a1a4u
extr F(X), (7.19)

XeR
rae R = {X | y(X) = 0}.
CyTph MeTOJ1a 3aKJIF0YaeTCs B IPeoOpa3oBaHuy 3aJ1a4l YCIOBHOU ontuMu3anuu (7.19) B 3amauy

0e3yCIIOBHOM ONTUMHU3AIMH C TIOMOIIBI0 00pa30BaHUs HOBOM 1eJIeBOM (DYHKITUH

L
D(X,A) = F(X)+ D 4w (X)
i=1
rae A = (41, A2, A3, ..., An) — BekTOp MHOXHUTENe#H Jlarparka; L — 4nuciio orpaHuueHHi.
Heob6xomumsie ycnoBus axkcrpemyma yraxiun O(X):
L
dd(X,A) _ OF(X) i3 oy, (X)

oX oX ) oX (7_20)
0D(X,A)
—— 2 =y(X)=0
oA w(X)
Cucrema (7.20) comepxutr n+L anrebpanueckux ypaBHEHUH, TJI€ #n — pPa3MEpPHOCThb

IIPOCTPAHCTBA YNPABISEMBIX [1apaMETPOB, €€ PELICHUE JAET MCKOMbIE KOOPAMHATHI IKCTPEMAIbHOM
TOYKHU W 3HaUeHUst MHOkuTenel Jlarpanxa. OnpHako npu ynuciaeHHOM perienud (7.20), 4To MeeT MeCTo
IPU MCIOJIB30BAaHUM AITOPUTMHUUYECKUX MOJIENEH, BO3HUKAIOT T€ K€ TPYJHOCTH, YTO U B METOE
Herorona. Ilostomy B CAIIP ocHoBHBIME MeTofamu pemenus 3MII sBISIOTCS MeTOIBI MITpagHBIX
(GYHKUIMA U POSKIIUU TPAIUCHTA.

OcHOBHasI wues Mmemooos wmpaguelx ¢yukyutl — TPEOOpPa3OBaHUE 33/Ja4U  yCIOBHOU
ONTUMU3AINH B 337a4y O€3yCIOBHOW ONTHMH3ALUU IyTeM (OPMHUPOBAHUS HOBOU IEJEBON (DYHKIMH
®(X) BBeacHHEM B UCXOIHYIO 1eseBy0 ¢yHknuto F(X) crennanbHbiM 00pa3oM BHIOpaHHOM (yHKIMH
mrpada S(X):

d(X) = F(X) + rS(X),
r7e I — MHOXHTEIb, 3HAYEHUsI KOTOPOTO MOYKHO U3MEHSThH B IIPOLIECCE ONTUMHU3ALINH.

Cpenu MeronoB mrTpadHbIX (YHKIUH pa3inyaroT METOAbl BHYTPEHHEHW U BHEIIHEW TOYKH.

CoryiacHO MeToJaM BHYTPCHHEH TOUYKM (MHA4Ye Ha3bIBACMBIM METOAAMHU OAPbepHbIX (HYHKYULL)

UCXOAHYIO JJIsl TIOUCKA TOYKY MOXKHO BBIOMPATh TOJBKO BHYTPU JAONMYCTUMOM 00J1acTH, a AJi1 METOJOB

1

S(x)—

BHEIIHEN TOYKU — KaK BHYTpH, TaK U BHE JOMYCTUMOMN 00JacTH

(BayKHO JUIIb, YTOOBI B HEM (DyHKLMU 11esIeBast U OrpaHUYCHUM

\ ; .
F(x) / ObLTH ompenesneHsl). CuTyalus MosBICHUST Oapbepa y 1eIeBOi

Q GyHkr O(x) U COOTHOLICHUE MEKAY YCIOBHBIM B TOUKE Xp H
= > 0e3ycJIOBHBIM B TOUYKe X1 MHHUMyMamu F(X) B mpocreiimem

‘i',//’ .X2 X
\/\ Lo . OJHOMEPHOM CJIy4dae WILTICTpupyercs puc. 7.10.
g OnycTumasi obaacTtb
Yem Oonbliie k03()PUIMEHT I, TeM TOYHEE pEeLICHHE

Puc. 7.10. IToscuenne metona mrpadHBIX
DyHKIH 3a/lauyd, OJHAKO TIpU OONBIIMX I MOXET YXYyIIaThCs ee

oOycnoBieHHOCTh. [loaTOMy B Havasie TIOWCKAa OOBIYHO

BBIOMPAIOT YMEPEHHbIE 3HAUEHMUSI I, yBEIMUNBas X B OKPECTHOCTSAX SKCTPEMYyMaA.
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OCHOBHOW BapHaHT Memooa npoekyuu 2epaduenma OPUSHTUPOBAH Ha 3aqadu
MaTeMaTU4YeCKOro MPOrpaMMHUPOBAHUS C OTPAHUYEHUSMU THUIIA PABEHCTB.

[Touck npu BBINIOJIHEHUU OTPAHUYEHUI OCYILECTBIISETCS B IOJIPOCTPAHCTBE (1n—7) U3MEPEHUI,
II€ n — 4YUCIO YIPABIAEMBIX I1ApaMETPOB, 7 — YHUCIO OrPaHUYCHUH, IIPU OTOM JIBUJKCHHE
OCYUICCTBIISICTCS B HAIIPABJICHUU NPOCKLMH TpaareHTa 1eieBoil pynkimuu F(X) Ha runepruiockocts,
KacaTeJIbHYIO K TUIIEPIIOBEPXHOCTH OIPaHUYECHUN.

[louck MHUHMMyMa HA4YMHAKOT CO CIyCKa W3 MCXOAHOW TOYKM Ha THUIIEPIOBEPXHOCTH
orpaHuueHuil. Jlamee BBINOJHAIOT LIar B yKa3aHHOM  BBIIE HalpaBieHUM (1Iar BAOJb
TUIEPIOBEPXHOCTU OorpaHuueHuil). I10CKoNbKy 3TOT IIar MOXET INPUBECTU K 3aMETHOMY HapyLICHHIO
OrpaHUYECHUM, BHOBb IIOBTOPSIOT CIIYCK HAa TMIIEPIIOBEPXHOCTh OPAaHUYEHUN U T.J. [pyrumu cioBamu,
IIOMCK 3aKJII0YAeTCsA B BBINOJHEHUU I1ap IIAroB, Ka)KJas Mapa BKIIOYAET CIIYCK HA THIIEPIIOBEPXHOCTH

OrpaHUYECHUH U IBUKCHUE BJIOJIb TUIIEPIIOBEPXHOCTH OIPAHUYCHUMN.

7.3. MlocmaHoeka 3ada4 cmpyKmypHO20 cuHme3sa

7.3.1. Ilpouedypuvl cunmesa npoeKmMHBIX peuleHuil

[IpuHsATHE TPOCKTHBIX PEIICHHWI OXBATHIBACT HIMPOKHH KPYT 3a1ad M MPOIEAyp — OT BHIOOpA
BapHaHTOB B KOHEYHBIX U 00O3PHMBIX MHOXKECTBAaX JI0 3aJa4 TBOPYECKOT'O XapakTepa, HE UMEHOIINX
(hopMaJIbHBIX CIIOCOOOB PEIICHUS.

CootBerctBenHo B CAIIP mpumeHstoT kak cpeicTBa (OpMaTbHOTO CHHTE3a MPOEKTHBIX
pCILICHHIA, BBITIOJIHIEMOr0 B aBTOMAaTHYECKOM pEXHME, TaK W BCIIOMOTaTeNbHBIC CPENICTBA,
CIIOCOOCTBYIOIIME BBIMOJHEHUIO CHUHTE3a IPOCKTHBIX PEIICHHH B HMHTEPAaKTUBHOM pexume. K
BCIIOMOTATEIILHBIM CPEJICTBAM OTHOCSTCSI 0a3bl THIOBBIX MPOCKTHBIX PEIICHHH, CUCTEMbI O0YYCHHUS
MIPOCKTUPOBAHUIO, TPOIPAMMHO—METOJIUYECKUE KOMIUICKCHI BEpU(MUKAIMU TPOCKTHBIX PEIICHHIHA,
YHU(DUIIUPOBAHHBIC SI3bIKU OIMCAHUS TEXHUYECKOTO 3aJIaHHS M PE3YJIbTaTOB MTPOCKTUPOBAHHUS.

3amayn CUHTE3a CTPYKTYp TMPOEKTUPYEMBIX OOBEKTOB OTHOCATCA K Hauboyiee TPYIHO
dbopmanmuzyembiM. CyIliecTByeT psiJi OOIIMX MOAXO0I0B K MOCTAHOBKE ATUX 3a7a4, OJTHAKO MPAKTHUECKas
peanu3anusi OONBIIMHCTBA W3 HHUX Heo4deBHAHA. [loaToOMy UMEIOTCS JHIIb  «OCTPOBKID)
aBTOMATHUYECKOTO BBIMTOJIHEHHUS MIPOLEAYP CUHTE3a CPEId «MOPSI» MPOoOIIeM, KAYIIUX aBTOMATHU3AIINH.

HMenHO 10 3TO# MpUYKMHE CTPYKTYPHBIM CHHTE3, KaK MPABUIIO, BBHITOJIHSAIOT B UHTEPAKTUBHOM
peXHUMe TpU pelaronieil poau HHXKeHepa—pa3paboTuuka, a OBM urpaer BCIOMOTraTelbHYIO pPOJb:
MpPEeIOCTaBlIeHHE HEOOXOIAMMBIX CIPABOYHBIX JaHHBIX, (UKCAMs U OICHKA MPOMEKYTOUHBIX H
OKOHYATENbHBIX PE3yIbTaTOB.

B psige npunnoskeHuid, oJHaKO, UMEIOTCA U TPUMEpPHI YCIENTHOW aBTOMATHU3AIUN CTPYKTYPHOTO
cuHTe3a. Cpeu HUX 3acCIy>KMBAIOT YIIOMUHAHHS B MIEPBYIO OUepe/lb 3314l CHHTE3a TeXHOJIOTUYECKUX
MPOLIECCOB M YIPABJISIIONIMX MPOTpaMM IS MEXaHOOOpaOOTKM B MAIIMHOCTPOCHUU U HEKOTOPHIE
JpyTHE.

CTpyKTYypHBIH CHHTE3 3aKJII0YaeTcs B MPeoOpa3OBaHUM OMHCAHUN MPOEKTUPYEMOTro OOBEKTa:
HCXOJIHOE OMHCAaHUE COACPKUT UH(POpPMAINIO O TPEOOBAHUAX K CBOWCTBAM O00BEKTa, 00 YCIOBUSAX €T0
(YHKITMOHUPOBAHMSI, OTPAHUYCHHUSAX HA DJIEMEHTHBIM COCTaB M T.M., a PE3yIbTUPYIOIIEe OMUCAHHE
JIOJDKHO COJIEPKaTh CBEACHUSI O cmpyKmype, T.e. O COCTaBE AIEMEHTOB U CIOc0o0ax MX COCTUHEHUS U

B3aHMOJCHCTBUS.
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IlocTaHOBKM M METOABl peEUIeHUs 3aJad CTPYKTYpHOTO CHHTE3a B CBS3M C

TPYAHOCTAMHU (opMalv3anvi HE JOCTHIIHM CTEIeHH OOOOIICHUS W JeTalIu3allii, CBOWCTBEHHOM
MaTeMaTHYECKOMY 00ECIIEYeHHIO MPOoLeAyp aHanu3a. JJoCTUTHyTast cTeneHb 0000IICHHS BRIPaXKaeTCs B
YCTaHOBJICHUM TUIIMYHOM MOCJIEIOBATEIBHOCTU JIEUCTBUM M UCIOJIb3YyEMBIX BUJIOB ONUCAHHUM MPU UX
npeoOpaszoBanusix B CAIIP. VMcxonHoe ommcaHue, Kak MPaBUIIO, MPEACTABIAECT COOOW TEXHHUYECKOE
3aJjaHle Ha MPOEKTUPOBAHHE, [0 HEMY COCTABJISIFOT OMMCAaHHE HAa HEKOTOPOM (OPMAIBbHOM S3bIKE,
SBJISIIOIIEMCSL  BXOJHBIM  SI3bIKOM  Hcroyib3yembix — mojacuctem CAIIP.  3arem  BBINOJHSIOT
peoOpa3oBaHus ONMCAHUI, U IIOJy4aeMO€ UTOrOBOE JUIsl JAHHOIO 3Talla OMMCAHUE TIOKYMEHTUPYIOT —
NPEJCTABISIOT B BUJE TBEPAOH Komuu wiM (ailia B COOTBETCTBYIOIIEM (opmare AJsi Iepeiadd Ha
CIEAYIOLIMI ATall.

Baxxnoe 3mauenme s pasButus moxacucreM cuHTe3a B CAIIP ummeror paspabotka wu
YHU(UKAUS S3BIKOB TPEACTaBIeHUS omnucaHuil (cnemudukanuii). Kaxaplii s3bIK, MOAIEPKUBAS
BBIOPAaHHYIO METOJUKY NMPHUHATHA pemieHuid, ¢popmupyer y monb3oBateneii CAIIP — pa3pabordunkos
TEXHUUYECKUX OOBEKTOB OINPECIICHHBIM CTUJIb MBIIIIEHHUS; OCOOEHHOCTU $3bIKOB HEMOCPEICTBEHHO
BIUSIOT HA OCOOCHHOCTH TPaBHJ IpeoOpaszoBanus crenudpukanuid. [Ipumepamu yHUDHIIPOBAHHBIX
S3BIKOB  ONMHMCAHUS TPOEKTHBIX pEHICHUN SBISETCS A3BIK EXPress — yHHMBEpCAIbHBIA SI3BIK

cnienupuKani I IPEICTABICHUS U 0OMeHa HHPOpPMAIIHEeH B KOMITBIOTEPHBIX Cpefiax.

7.3.2. 3a0aua npunamusn peuwienuil

NmeeTcs psaa moaxonoB Uit 0000IIEHHOTO ONMMCAHMSA 33/1a4 NPUHSATHS MPOSKTHBIX PEIICHUN B
nporecce CTPYKTYPHOTO CHHTE3a.

3aoauy npunamus pewenuu (311P) popmynupyrot cienyromum oopazom:

3IIP =< A, K, Mog, IT>,
rae A — MHOXECTBO ajibTepHaTB npoektHoro pemenus, K = (Ki, Ky, ..., K,,) — MHOXeCTBO KpHTEpHEB
(BBIXO/IHBIX MapaMeTpPOB), MO KOTOPHIM OLIEHUBAETCS COOTBETCTBHE aJIbTEPHATUBBI MOCTABICHHBIM
nensM; Mox: A — K — Mozaenb, MO3BOJSIOMIAs A KaKAOH albTEepHATHBBI PAcCUMTATh BEKTOP
kputepues; Il — pemaromee mnpaBwio Juis BblOOpa Haubosiee MOAXOJIIEH albTEPHATUBBI B
MHOT'OKPUTEPHAILHON CUTYaLlUH.

B cBorto ouepenp, KaxJoW albTepHATHBE KOHKPETHOTO MPHIIOKEHUS MOXKHO TIOCTaBUTH B
COOTBETCTBUE 3HAYEHHUs YHOPSIOUEHHOIO0 MHOXKecTBa (Habopa) aTpuOyToB X = < X1, X2, ..., Xn >,
XapaKTepH3YIOLIUX CBOICTBa albTepHATUBBL. [Ipu 3TOM X; MOXKeT ObITh BemumunHOW Tuma real, integer,
Boolean, string (B mocnenHeMm ciyyae BETMYMHY HA3bIBAIOT NPEOMEMHOU WIH JUHSEUCHUYECKOLL).
MHoxecTBO X Ha3bIBaIOT 3anucyvio (B TEOpUU 0a3 NaHHBIX), ¢pelimom (B HCKYCCTBEHHOM MHTEIJIEKTE)
WIH  Xpomocomoui (B TEHETHYECKMX alropuTmax). Moxaenb MoJ Ha3bIBalOT CTPYKTYPHO—
KPUTEPHATIBLHOM, ecli cpen X, UMEIOTCS MapaMeTpbl, XapaKkTepU3yIOIUe CTPYKTYPY MOJETUPYEMOro
o0bexTa. OcHoBHBIMU npoOnemamu 3I1P sBistorcs:

® KOMITAKTHOE MPEJICTAaBICHNE MHOKECTBA BAPHAHTOB (AIbTEPHATHB);

® [IOCTPOCHHWE  MOJEIM  CHUHTE3MPYEMOro  YyCTpoiicTBa, B  TOM  4YHCIe  BBIOOp
CTETIeHU a0CTparupoBaHus JUIsl OLICHKH 3HaYEHUN KPUTEPUEB;

¢ GOpMyNIHMPOBKA MPEANOYTEHUH B MHOTOKPUTEPUAIBHBIX CUTYyalMsX (T.e. MpeoOpa3oBaHHE

BEKTOpPHOTO Kputepus K B CKaIIpHYIO LeNeBYI0 (PyHKIHIO);
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® YCTAaHOBJICHUE TMOpsAKa (NMPEANOYTEHUI) MEXIy ajlbTepHaTHUBAMU B OTCYTCTBHE
KOJINYECTBEHHON OLIEHKU LEJIEeBOM (PYHKIUHU (YTO OOBIYHO SIBISETCS CIEICTBHEM HEKOJINYECTBEHHOTO
XapakTepa BCEX WM YacTH KPUTEPUEB);

® BEIOOp METO/1a MOMCKA ONTUMAJILHOTO BapuaHTa (COKpallleHHue repedopa BapuaHToB).

[Tpucymas NpOEKTHBIM 33JjauaM HEONPEAETICHHOCTh U HEYETKOCTh HCXOHBIX TAHHBIX, @ MHOTa
U MoJeNed, AMKTYIOT HCIIOJNb30BaHUE CIEHUATBHBIX METOJO0B KOJMYECTBEHHOW (OPMYTUPOBKU
MCXOJIHBIX HEKOJMYECTBCHHBIX JAHHBIX M OTHOLICHWHA. DTH CHELUAIbHBIE METObI MO0 OTHOCATCS K
00JIaCTH MOCTPOCHUS U3MEPHUTEIBHBIX MIKAJ, THOO SABISIOTCS MPEIMETOM TEOPUU HEUYETKHX MHOXKECTB.

HsmepumenbHuvle wiKanbl MOTYT OBITh:

1) aOCONMOTHRIMU;

2) HOMMHQJIBHBIMH  (KJIACCU(MKALIMOHHBIMH), 3HAUCHHS IIKAJIbI TPEICTABISIOT  KJIACChI
SKBHUBAJICHTHOCTH, TPHMEPOM MOXKET CIY)KUTh WIKajla I[BETOB; TaKWE IIKaJbl COOTBETCTBYIOT
BEJIMYMHAM HEKOJIMYECTBEHHOIO XapaKTepa;

3) MOPSAAKOBBIMHU, €CIIM MEXAY OObekTamMu A W B YCTaHOBJCHO OJHO W3 CICIYHOLIHX
OTHOIIEHUN: IPOCTOro MOpsiKa, riacdiee, 4ro eciu A aydiie B, To B xyxke 4, U cobiarogaercs
TPAH3UTUBHOCTH; WM cI1ab0To MOpsIIKa, T.e. TH00 A He Xyxke B, b0 4 He nydiie B; Win 4aCTUIHOTO
nopsiaka. s popmupoBanus neneBoit pynkiuu F(X) mpousBoaurcs: oudpoBKa MOPSIIKOBOM IIKAJIBI,
T.c. IPH MHUHUMU3AIUH, eciiin A npennoututeibiee B, To F(Xy) < F(Xp), rae X, u Xp — MHOKECTBA
aTpuOyTOB OOBEKTOB A U B COOTBETCTBEHHO;

4) WHTEPBAIBHBIMHU, OTPAKAIOIMMH KOJIMYECTBEHHBIC OTHOLICHHS WHTEPBAIOB: IIKAaja
CIIMHCTBEHHA C TOYHOCTBIO JI0 JIMHEHHBIX Mpeobpa3zoBanuii, T.e. y=ax+ b, a>0, —o<b<co, nnm y=ax,
a0, unu y=x+b.

B GonpmmHCTBE ciy4aeB CTPYKTYpHOTO CHHTE3a MaTeMaThdecKas MOJETIb B BUAE alrOpUTMA,
MO3BOJIAIONIETO IO 33/JlaHHOMY MHOECTBY X U 3aJJaHHOW CTPYKType OOBEKTa pacCUUTATh BEKTOP
kputepueB K, oxazpiBaeTcs u3BecTHoW. Hampumep, Takue Monenau MHOIy4yarOTCS aBTOMAaTHYECKH B
nporpammax ananusa tuna Spice, Adams wim [TA-9 mist 00beKTOB, UCCICIYyEMBIX Ha MaKpOYpOBHE.
OpHako B psle IpYruX Cly4aeB TaKWe MOJENIM HEU3BECTHBl B CHIIy HEJOCTATOYHOM H3Y4YEHHOCTH
MIPOLIECCOB U HMX B3aMMOCBS3€M B HCCIEIYyeMOW Cpelie, HO H3BECTHA COBOKYITHOCTH pPE3YyJbTaTOB
HaOJIIO/IEHUN WUJIM SKCIIEPUMEHTAIbHBIX HcciaenoBaHui. Toraa /uis mojdydyeHus MoJeNiel MCIONb3YIoT
CHeLHaNIbHbIE Memoobl uoenmugurayuu u annpoxcumayuu (MOJIEIH, MOIYYEHHbIE MTOJOOHBIM IIyTEM,
MHOT/Ia Ha3bIBAIOT (PEHOMEHOJOTUYECKUMH ).

Cpenn wmetofoB (GOpMUPOBaHHMS MOJEIE MO 3KCHEPUMEHTAlIbHBIM JaHHBIM Hauloliee
U3BECTHBI Memoobl NIAHUPOBanus 3Kcnepumenmos. He MeHee NOMyNSIpHBIM CTAHOBHUTCS MOJXO/,
OCHOBAHHBIN Ha UCMOJIb30BAaHUU UCKYCCMBEHHBIX HEUPOHHbIX Cemell.

Ecmm ke maremarnueckast mosiennb X — K ocTtaercs HEM3BECTHOM, TO CTaparOTCsl UCTIOIB30BATh
MOJIX0J] Ha 0a3e cucmem uckyccmeenHo2o unmeniekma (IKCnepmmuulx cucmem).

Bo3MOXHOCTH ~ MpPaKkTUYECKOTOo  pELIeHUS  3a/ad  OUCKPEMHO20  MAameMamuiecKo2o
npoepammuposanus (JJMII) uzyuarorcss B TeOpuu CI0KHOCTHU 3a7a4 BbIOOpA, TJIe OKa3aHo, YTO 3a/1auu
Ja)ke YMEpPEHHOIro pasMepa, oTHocsmuecs K kiaccy NP-TonHbIX 3amad, B oOIIeM ciiydae yhaercs

pelaTh TOIbKO MPUOITHKEHHO.
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[TosToMy OOJIBIIMHCTBO MPAKTUYECKUX 33134 CTPYKTYpPHOTO CHHTE3a pELIAIOT C

MOMOIIBIO MTPUOIMKEHHBIX (3BPUCTUYECKHX) METOJIOB. DTO METO/bI, UCHOJB3YIONUE crienuduyeckue
OCOOCHHOCTH TOTO WJIM HMHOrO Kjacca 3aJad M HE TapaHTHUPYIOLIME IOJY4YEHHUsS ONTHMAalIbHOIO
pemierns. YacTo OHM NPUBOIAT K pe3yabTaTaM, OJIM3KUM K ONTUMAIIbHBIM, IIPU MTPHUEMIIEMBIX 3aTpaTax

BBIYMCIIUTEIIBHBIX PECYPCOB.

7.3.3. Ilpeocmasnenue muoxcecmea aibmepHamue

Pemenuto npobiem ynopsaoueHus U ONMCaHusl MHOKECTBA aJIbTEPHATUB U CBA3CH MEKIy HUMU
B KOHKPETHBIX MPHJIOKEHUAX IOCBAILICHA CIEUalbHAs O0JAacTh 3HAHMS, KOTOPYIO 0 aHAJIOTUU C
HAyKOW OMHCAHUS MHOXKECTB KMBOTHBIX U PACTEHUN B OMOJIOIMHM MOXKHO HAa3BaTh CLUCINEMAMUKOLL.

[Tpocreiimumii croco0 3agaHusi MHOXKECTBAa A — SBHOE IIEpEUHCIIEHHE BCEX AallbTEPHATHUB.
Cemantuka u (¢opMa oOmNHMcaHHsA albTEPHATHB CYIIECTBEHHO 3aBUCAT OT MpuiokeHusd. Jlus
IpEeJICTaBICHUs TaKUX OMHCAaHUW B mamsatu OBM u moctyna K HUM HCHOJB3YIOT UHGDOPpMAYUOHHO—
nouckosvie cucmemsl (UIIC). Kaxnoii anprepnatuBe B UIIC cooTBeTcTBYeT MOMCKOBBIM 00pas,
COCTOSIIMI U3 3HAUEHUH aTpUOYTOB Xj U KIIFOUEBBIX CJIOB BepOaIbHBIX XapaKTEPUCTHUK.

SIBHOE mepedrclieHUe albTePHATUB MPU MPEACTABICHUH MHOXECTBA aIbTEPHATHB BO3MOXKHO
JUIIB IPH Maioil MOITHOCTH A. [ToATOMy B OONBIIMHCTBE CIy4aeB UCIONIB3YIOT HESIBHOE OMUCAaHUE A B
BUJE crocoba (anroputMma win Habopa mpaBui P) cuHTE3a MPOEKTHBIX PEUICHHH U3 OTPaHHUYEHHOTO
Habopa snemeHToB J. [Toatomy 31ech A=< P, D >, a TUMUYHBINA TPOLECC CUHTE3a MPOECKTHBIX PELICHHI
COCTOMT U3 CIEAYIOLIUX STAIOB:

1) popmupoBanue anbrepHaTHBBI Aj (3TO MOXeT ObITh BbIOOp M3 0a3bl manHbIX WIIC mo
c(OpMHUPOBAHHOMY TIOUCKOBOMY MPEANUCAHUIO HJIH TeHEpaIys U3 ) B COOTBETCTBHH C IpaBuiamu P);

2) OIICHKA aJIbTEPHATHBBI [0 PE3yJIbTaTaM MOJICIUPOBAHUS C TIOMOIIIBI0 Mo Mo;

3) npunstue perreHus (BbimosHsercss JIIIP — 1uIOM, NPUHAMAIONIMM pEIICHHUE, HWIH
aBTOMATHUYECKH) OTHOCUTENIBHO Mepexo/ia K CIelyolel aabTepHaTUBE WK MPEKpaIeHHs TOHCKa.

Jnis onucanus MHOXkecTB P 1 D nCnosp3yroT ClieAyIone MOX0/bl.

1. Mopghonozuueckue mabauyvt n anemepuamusHvlie U-HJIH-0epesvs.

2.1IpencraBiieHue 3HAHUM B uHmen1eKmyanoHvlx cucmemax — (ppeiMpl, CeMaHTUUECKUE CETH,
HOPOAYKIMH.

3.T'eHeTnyeckre METOIbI.

4.ba3bl Qusuueckux a¢hpghexmos M 36pucmuyeckux npuemos, IpUMEHsIeMble NP peIIeHUH 3a/1a4

I/I306pCTaTeJ'H>CKOFO XapaxkTepa.

7.4.4. Mopgponozuueckue maoauyot

Mopdghonoeuueckass mabauya (M) mnpencraBiseT co0oil 0O0OOLICHHYIO CTPYKTYpY B BHJE
MHOXXECTBa ()YHKIIMH, BBIMONHSIEMBIX KOMIOHEHTAMH CHHTE3HPYEMbIX OOBEKTOB paccMaTpHBaeMOIo
Kjgacca, W TOJAMHOXECTB CIOCOO0OB uX peanu3ammu. Kaxnod (yHKIUHM MOXHO TIOCTaBUTH B
COOTBETCTBHUE OJIHY CTPOKY TaOJHIIBbI, KKIOMY CIIOCO0Y €€ peaan3aluy — OJHY KJIETKY B 3TOW CTpPOKE.
CnenoBatenbHO, B MOP(OIOrHYECKUX TaOMHMIAX dIEMEHT Mj; 03HadaeT J-i BapHaHT peaau3aluu i—i
(YHKIMH B KJIaCCE€ TEXHUYECKUX 0OBEKTOB, ONMChIBaeMOM MaTpuiiei M.

JlpyruMu CcIOBaMH, MHOXKECTBO allbTEPHATHB MOKHO NPEACTaBHTh B BHJE OTHOIICHHS M,

Ha3bIBa€MOTro MOp(OJIOrHUecKoi Tabauien



16
M=<X, R >,

rae X — MHOXKECTBO CBOMCTB (XapaKTEpUCTUK WM (PYHKIHI), IPUCYIIMX 00BEKTaM PaccMaTpUBaeMOro
TUMA; n — YUCIIO 3THX cBOMCTB; R=< Rj;, Ry, ..., R, >, Rj — MHOXecTBO 3HauyeHHil (crocoOoB
peanu3aliiu) i-To CBOMCTBA, MOIIIHOCTh 3TOT0 MHOXeCTBa Aajiee o0o3HaueHa Ni. [Ipu 3ToM coOCTBEHHO
MHOXECTBO aJlbTEPHATUB A TMPEJICTABICHO KOMMIO3UIMEH MHOXECTB R;, T.e. Kaxjas ajlbTepHATHBA
BKJIFOYAET IO OJHOMY OJJICMEHTY (3HAUCHHWIO) M3 KaXJOH CTPOKH MOP(OIOTHYECKON TaOIHIIBL.
OueBuAHO, YTO O0IIEEe YUCIIO aTbTePHATUB K, peacTaBasieMbIX MOPHOIOTHUECKOM TaOIUIICH, pABHO

n

k=T]N;

i=1

Mopdonorudeckue TabIUIBI OOBIYHO CUUTAIOT CPEACTBOM HEABTOMATH3MPOBAHHOTO CHUHTE3a,
MTOMOTAOIIMM YEJIOBEKY MPOCMATPUBAaTh KOMITAKTHO IPEACTaBICHHBIC albTEPHATHUBHI, MPEO0JICBAThH
MICUXO0JIOTHYECKY0 uHepumio. [locnennee cBsizano ¢ TeM, uro BHuUManue JIIIP oOpamraercs Ha
BapUaHTHI, KOTOPBIE 0€3 MOP(HOIOrHIECKOM TaOJUIIBI OCTABAIUCH ObI BHE €TI0 IOJISI 3PCHHUSI.

CoOcTBeHHO Tabimmia M HE CONEPXKHT CBeACHHM O crocobe cuHTe3a. OmHako Ha 0Oaze M
BO3MOJKHO ITOCTPOCHHE METOJIOB CMHTE3a C AJICMCHTaAMH aJITOPUTMHU3AIMU. B TakuX MeTo/1ax BBOJUTCS
MeTpHu3aus MOPQOJOTHUECKOr0 MPOCTpaHCTBA. MopQOoJIOrHYecKkoe MPOCTPAHCTBO COCTABIISIOT
BO3MOXKHbBIE 3aKOHUEHHBIE CTPYKTYpBI, IPUHUMAETCS, YTO paccTosHue Mexay cTpykrypamu Ci u C;
€CTh YHUCJIO HECOBIAJAIOUINX AJIEMEHTOB (Kaxkaas kiaeTka M ecTh oauH 31emeHT). [losTomy MOKHO
TOBOPHUTBH 00 OKPECTHOCTSX perieHui. Jlamee ucxoaar u3 npearnonoKeHnss O KOMIAKTHOCTH «XOPOIITHX)
pelieHui, KOTOpoe IO3BOJISET BMECTO ITOJIHOIO Iepedopa OrpaHMYMBATBHCS IMEPeOOPOM B Majloi
OKPECTHOCTH TEKyIIeH TOYKM Moucka. Takum oOpa3oM, THUIOTe3a O «KOMIIAKTHOCTU» U METpPU3ALUS
MPOCTPAHCTBA PEIICHUH (PAaKTUYECCKH MPHUBOJAT K MOCTPOCHUIO MAaTEMaTHYECKOW MOJIETH, K KOTOPOM
MOXHO IMMPUMEHHUTh METOJIbI TUCKPETHON ONTUMU3AINH, HAIIPUMEP JIOKAITbHBIC METO/IbI.

K nenocratkaMm M OTHOCSTCS HEyYeT 3alpelleHHbIX COYETaHWM 3JIEMEHTOB B 3aKOHUYEHHBIX
CTPYKTypax U OTPa)KEHHE COCTaBa JJIEMEHTOB B CTPYKTypax 0e3 KOHKpeTH3aluu ux cBsizeid. Kpome
TOro, Mopdororuueckre TaOMUIBI CTPOSAT B MPEANONOKEHHH, 4YTO MHOXecTBa R; B3auMHO
HE3aBHCHMBI, T.€. COCTAaB CIIOCOOOB peanu3aiuy i—i GyHKIMA HEe MEHSIETCs TPH W3MEHEHUH 3HAYCHUI
apyrux ¢yHkuil. OYeBUAHO, UYTO MPEANONOKEHHE O B3aUMHON HE3aBUCUMOCTH MHOXECTB R;
ONPAaB/AHO JHUIIb B CPABHUTEIBHO MPOCTHIX CTpyKTypax. [locneqnuii HeQoCcTaToOK ycTpaHseTcs IMyTeM

0000mIeHnss MeToaa MOp(oIOrHUecKuX TaOIHI[ MPH KCIIOJb30BAaHUM MeToJa anbTepHaTHBHBIX (M-
NJIN) rpados.

7.4.5. Anbmepnamuensie zpagut

JIroOyro Mopdosnornyeckyro TabIMIly MOXKHO NPEICTaBUTh B
Buze nepesa (puc. 7.12). Ha pucynke (yHKIMH TpeICTaBICHBI
BepmimHaMu M (TeMHBIE KpPYKKM), 3Ha4eHHd (QYHKUUH —

BepmHamMu WMJIN (cBernbie kpyxkku). OYeBHIHO, YTO TaOiHIIA

MNpEACTABIACT MHOXCCTBO OOHOTHUIIHBIX O6’bCKTOB, IMOCKOJIBKY BCC

OHHU XapaKTCPUIYHOTCA OAHUM U TEM K€ MHOKCCTBOM (I)yHKL[I/Iﬁ Puc. 7.12. JlepeBo, COOTBETCTBYIOLIEE
Mop¢oornuecKkon Tabnmie
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Jisi pa3HOTUNHBIX OOBEKTOB MPUMEHSIOT MHOTOSPYCHBIE

[Tpunoxenue

anpTepHaTuBHBIC Tpadnl. Hampumep, Ha puc. 7.13 mokaszaH aByX-
Py Tunei cHcTem APYCHBII rpad, B KOTOPOM JJIsl Pa3HBIX THIIOB OOBEKTOB Ipeay-
CMOTpPEHBI pa3HbIe MOJIMHOXKECTBA (DYHKLIUH.

(Q Oykum Eciu  gomycTuth  HEKOTOPYIO  M3OBITOYHOCTH  MpHU

nzoopaxennn M-WNJIN-rpada, To ero MoxHO mpeBpaTuTh B M—

Py 3HaueHus
I pyricunii NJIN—nepeBo, 4TO BEJET K ONPEACICHHBIM y100CTBaM.

Puc.7.13.M-JIW-rpad OueBuano, uro U-NJIM—nepeBo MOXKHO MPEICTABUTh Kak
COBOKYIHOCTh Mopdosioruyeckux Ttadnun. Kaxkmas W BepmmHa nepeBa COOTBETCTBYET YaCTHOM
MOPGOIOTrHUECKOM TAOIHIIE, T. €. MHOKECTBY (DYHKIIMH, TaK, YTO i—s BBIXOSAINAS BETBh OTOOpaXkaeT i—
10 Gynkiuio. Kaxxmas NJIN BepiinHa, HHIKUACHTHAS i—i BETBH, COOTBETCTBYET MHOKECTBY BapHaHTOB
peanu3aiyy i—i QyHKIMH, TPy 3TOM j—1 ucxosimas u3 VJIM BepiuHbI BETBb 0TOOpaKaeT j—i BapHaHT
peanu3alnm.

Anroputmuzanusi cunte3a Ha 0aze U-WJIM-nepeBbeB TpeOyeT BBeACHHS IpaBUII BbIOOpA
aJbTepHATUB B Kaxkaou BepmuHe WMJIM. Oty mpaBuiia yaiie BCEro MMEIOT 3BPUCTHYECKHUM XapakTep,
CBsA3aHBl C TPEOOBAaHUAMU TEXHUYECKOTO 3aJaHMs, MOTYT OTpa)kaTh 3alpeTbl HA COYETAHUS
OTIpeIeIEHHBIX KOMIIOHEHTOB CTPYKTYD.

Tpyanoctn 3(QQeKTUBHOTO pemieHus 3aJaddl  CYIIECTBEHHO BO3PACTAlOT MpPH HAJUYUU
OTPaHWYECHUH, TUIMYHBIMH CPEAM KOTOPBIX SIBJISIOTCS OIPAHMYCHHUS HAa COBMECTHMOCTH CIIOCOOOB
peanu3anuu pa3HbeiX GyHKIUI, T.€. OTpaHUYCHUS BUA

Cjj and Cyq = false, (7.29)
rae Cjj = true, eciii B OLlGHMBaeMBbIil BapuaHT BoIuel dieMeHT Djj, nHade Cjj = false. Ycmosue (7.29)
03HA4YacT, YTO B JOIYCTHMYIO CTPYKTYPY HE MOTLYT BXOJIUTb OJHOBPEMEHHO 3JIEMEHTHI Jjj U Jpg.
CoBoKymHOCTh OrpaHndeHuit Tuna (7.29) MOXKHO IMPEACTaBUTh KaK CUCTEMY JIOTUYECKUX YPaBHEHUH C
HeusBecTHbIMH Cjj. Torma 3amady cuHTE3a MOXKHO pEHIaTh HBOJIOLUOHHBIMU METOJAMHM, €CIIU
MpeIBapUTEeIbHO WM OJHOBPEMEHHO C HEH peliaTth CHCTeMYy JIOTMYECKHUX YpaBHEHUU (3adady o

BLIHOJIHI/IMOCTI/I).

7.4.6. Ucuucnenus

OueBunHO, YTO B OOJBIIMHCTBE CIIYy4aeB CTPYKTYPHOIO CHHTE3a BMECTO HEpPEaIH3yeMOro
SBHOTO IPEICTaBICHUSI BCEr0 MHOXKECTBAa MPOEKTHBIX PEIICHUH 3aJal0T MHOYKECTBO 3JIEMEHTOB U
COBOKYITHOCTh IMpaBWJI OOBEAMHEHUS JTHX DJIEMEHTOB B JIOIMYCTUMBIE CTPYKTYpbl (IIPOEKTHBIE
pelieHus).

OTH MHOXECTBa AJIEMEHTOB U MPABUJI YacTO MPEACTaBISIOT B BHUIE (POpMATbHOU CUCmeMbl
(ucuucnenus), 1.e. 3amaua cuaresa (3C) umeeT BHI

3C =<3; HT; AK; II >,
rae D — andaBut wucumcieHus (andaBUT MPEACTaBICH Oa30BBIMH JJIEMEHTAMH, W3 KOTOPBIX
cuntesupyercsi cTpykrypa); HT — MHOXecTBO OykB, HE COBHAJarONIMX ¢ OykBamMu andaButa I H
CIIy)Xamux JyIsi o0o3HaueHus nepeMeHHbIX; AK — MHOXXeCTBO akCMOM HMCUYUCIEHHUS, MOJ KOTOPHIMU
MOHMMAIOT 3aJaBaeMble HCXOAHbIE (opmysbl (cioBa) B andaBute I (HalpUMep, COOTBETCTBUSA

¢byHkuil u anemenToB); I1 — MHOKECTBO MpaBUJ BHIBOJIA HOBBIX GopMyn B andaBute D U3 aKCUOM U
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paHee BBIBEIEHHBIX KOPPEKTHBIX hopmyi. Kaxayio ¢opMyTy MOKHO MHTEPIIPETUPOBAThH KaK

HEKOTOPYIO CTPYKTYpy, MO3TOMY CHHTE3 — OTO MPOIecC BBIBOAA (OPMYIBI, YIOBICTBOPSIOLICH
UCXOJHBIM TPEOOBAHMSIM U OTPAaHUYCHUSIM.

Jpyrue npuMepbl KOMIIAKTHOTO 3aJaHUs MHOKECTBA aJIbTepHATUB A udepe3 MHoxkecTBa J u Il
CBS3aHBI C UCMOJIB30BaHUEM CUCTEM UCKYCCTBEHHOI'O MHTEIJIEKTA, B KOTOPBIX J ecTh 0a3a gaHHbIX, I1 —
0a3a 3HAHWU, UM YBOJIIOIIMOHHBIX METOJIOB; MM B KOTOPBIX J — Takxke 0a3a maHHBIX, [1 — MHOKECTBO
3BPUCTHUK, IIOCIEAOBATEIbHOCTh IPUMEHEHUS] KOTOPBIX  OMNPEIEISACTCS  3BOJIOUMOHHBIMH U

FCHCTUYCCKUMU IMPUHIUIIAMH.

7.4.7. Ilnanuposanue npoyeccoé u pacnpeoenenue pecypcos

B otnenbHyro rpynmy 3agad CTPYKTYpPHOIO CHHTE3a BBIIENSAIOT IJIAHUPOBAHUE IPOLIECCOB U
pacripesielieHue pecypcoB. B Hee BXOAST CHMHTE3 TEXHOJIOIMUYECKUX MPOLIECCOB B Pa3IMUHBIX OTpacisixX
IIPOMBIIIICHHOCTH, IPOCKTUPOBAHUE BBIUUCIUTENBHBIX MPOLIECCOB Il MHOTOIIPOLIECCOPHBIX CUCTEM U
ceTel, CUHTE3 JOTMCTUYECKUX MPOLECCOB (HanpuMmep, MJIaHUPOBAHUE MEPEBO30K I'PY30B IPU HATMYUHU
MHOYKECTBA 3aKa30B U OTPAHUYEHHOM YHUCIIE TPAHCHOPTHBIX CPEICTB), a TAKXKe IUIAHMpOBaHUE PadoT
IpU YIpaBIECHUM MNPOEKTaMH. ODTH 3aJaud 00bequHseT OOIIHOCTh psAla CBOMCTB M IOAXOJOB K
PELLIEHMIO, KaK 3a]1a4 CUHTE3a PAaCIIUCaHUH.

ba3oBbIM MOHATHEM B CHHTE3€ PACIMCAHUM SBISETCA IOHATHE pabombi — SIEMEHTapHOM
IUTaHUpYyeMOol yacTu nporecca. HyHO cocTaBUTh IUIaH BBINOJHEHUs paboT, B KOTOPOM (UKCUPYIOTCS
00beMbI paboT, paclpesielIeHne pecypcoB BCeX BUJIOB, MOMEHTSHI (J1aThl) Hayajla U OKOHYAHUS KaXKIO0H
paboThl, Ha3bIBacMble coObimusmu (WIH 8examit), CTOMMOCTH paboT. Pecypcul — 00eCICUUBAOIIIE
KOMIIOHEHTBHI JIeSITeIbHOCTH, BKIIOYAIOIUE UCIIOTHUTENEH, SJHEPTUI0, MaTepualibl, 000pyJ0BaHUE U T.JI.

C kaxnoil paboTol MOXKHO CBs3aTh (YHKLHIO NMOTPEOHOCTH B pecypcax. PaznuuaroT pecypcbl
yHapHble U oObeMHble. EnunHuna yuwapnoco pecypca, Ha3bplBaeMas Jlajee CEpBEpOM, MOXKET
OJTHOBPEMEHHO BBINIOJHATH HE OoJsiee OJJHON paboThI, M MO KaXJIOMY BHJIYy pecypca Ha paboTy MOKET
ObITh Ha3HaueH He Oosiee yeM oAuH cepBep. [IpuMepaMu yHapHBIX pPecypcoB MOTYT ObITh TOKapHBIN
CTaHOK, mpoueccop OBM, BoauTenb aBTOMAlIMHBL. 3HaueHHE OOBEMHOrO pecypca (SHEpruu,
(uHAHCOB, MPOMYCKHOW CIIOCOOHOCTHM KaHalla), Ha3HauaeMoe JUIsl KOHKPETHOHW paboThl, MOKET OBITh
BBIOPAaHO B HEKOTOPOM [Hara3oHe MU OT BBIOPAHHOIO 3HAYEHUS 3aBUCAT JJIMTEIBHOCTb U (WJIM)
CTOMMOCTbH BBITIOJTHEHUS paOOTHI.

PesynbpraThl cuHTe3a OOBIYHO NPEACTABISIOT B BUAe Tabuui U auarpamm. PERT—ouaepamma
(Program Evaluation and Review Technique) — cets Tuma BepuIHHa—COOBITHE — OPUEHTHPOBAHHBIN
rpag 0Oe3 KOHTYpOB, MMEIOIIMHA OJHY HCXOJHYIO M OJHY 3aBEpIIAIONIYI0 BEPIIMHBI, B KOTOPOM
BEPILIUHBI TIOCTABICHBI B COOTBETCTBUE COOBITHSIM, a Oyru — paboram. [uaepamma I'amma (Gantt
diagram) — ropu3oHTaNbHas JTUHEHHAs AMarpaMma, Ha KOTOPOH 3aadd MPOEKTa IPENCTABISIOTCS
OPOTSDKEHHBIMH ~ BO ~ BPEMEHM  OTpe3KaMM,  pacHpelesIeHHBIMH  MEXIy  CepBepaMu  H
XapaKTepU3YIOIUMHUCS JaTaMU Havajla ¥ OKOHYAHUS, 3a/Iep>KKaMU ¥ BO3MOXKHO JAPYTUMH BPEMEHHBIMH
napamMeTpamH.

Jns 3ama4 TUIAHUPOBAHMS TPOLIECCOB M YIPABIEHHUS MPOEKTAMU XapaKTEepHBI CIeIyIolIue
YepThI:

1) I_HI/IpOKI/Iﬁ Auarna3oH pasMEpoOB 3aaa4, IPpUICM BCPXHAA I'paHULld JUAIIA30HA MOXKET NOCTHUTATh
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3HaYeHUH B IECATKH ThICSY U OoJiee padoT;

2) MHOTOKPUTEPHAIBHOCTh, OCHOBHBIC KPUTEPUU — BPEMS U CTOMMOCTb BBIIIOJHEHUS ILUIaHA, B
Ka4yecTBe 1eJIeBON (PYHKIIMM 4aCTO BHIOMPAIOT CTOMMOCTD, B YHCJIO OTPAaHUYEHUI BKIIOYAIOT BpEMEHA
OKOHYaHHUs pabOT U, BO3MOXKHO, P/ YCIOBUN MCIIOIB30BaHUS PECYPCOB;

3) pa3HOOOpa3Ke THIIOB YIPABISEMbIX MEPEMEHHBIX, CPEIH KOTOPBIX MOTYT OBITh BEIHYHHBI
BEILECTBEHHBIE, 1I€JIbIE, HEYHCIIOBBIE.

VYkazaHHble 0COOCHHOCTH OOYCIOBIMBAIOT CIOXHOCTh PEUICHUs 3a]ad CHHTE3a PACIUCAHUHU,

SABIAOIIMUXCA 3aga4aMHi HHCerTHOﬁ OIITUMU3AIIUH.

7.4. Memoowvt cmpykmyprozo cunme3a ¢ CAIIP

7.4.1. Memoo éemeeit u cpanuy

Br16op MeTona moucka pelieHus — BTopas npobsieMa nocie popmanuzanuu 3anaun. Ecnu npu
dbopManuzanuu Bce YIpaBiseMble MapaMeTphbl yNaioCh MPEACTaBUTh B UUCIOBOM BHJIE, TO MOXKHO
MOTBITATHCS IPUMEHUTH U3BECTHBIE METO/IbI JUCKPETHOTO MAaTEMAaTUYECKOTO MPOTrPAMMHUPOBAHUSI.

3amaya JUCKPETHOTO MAaTEeMaTHYeCKOro IPOTrPaMMUPOBAHMS OINPEAENSETCS CIEAYIOIUM

obpazoM:
extr F(X), (7.30)

XeD
D ={X|W(X)>0, Z(X) =0},

rae F(X) — nenesast dynakuus; W(X), Z(X) — Bektop—byHKIMH, CBSI3aHHBIC C MPEICTABICHHBIMHU B
TEXHUYIECKOM 3aJJaHuK TPeOOBaHUSIMH M OrpaHndeHusMH; D — qUCKpeTHOe MHOKECTBO. B monydeHHoiM
MOJIEJIN, BO—TIEPBBIX, KaXKIBIi 2JIEMEHT MHOKECTBA PACCMATPUBAEMBIX 3aKOHYEHHBIX CTPYKTYP JOJDKEH
UMETh YHUKAIBLHOE COYETAaHWE 3HAYEHHH HEKOTOPOro MHOYKECTBA YHCIIOBBIX I1apaMETPOB, BEKTOP
KOTOPBIX 0003HauuM X. Bo—BTOpPBIX, HEOOXOIMMO CYIIECTBOBAHHE OJHOW WM HECKOJIBKHX (DYHKIIHIA
®(X), 3HaYCHUS KOTOPBIX MOTYT CIYXXHTh HCUCPIBIBAIOIICH OIIEHKOW COOTBETCTBHUS CTPYKTYPBI
npeabsABIAeMbIM TpeboBauusaM. B—rpetbux, ¢pyukimu @ (X) M0DKHBI OTpaXkaTh BHYTPEHHE MPUCYIIIHAE
JTAHHOMY KJ1acCy OOBEKTOB CBOMCTBA, YTO OOECIEYUT BO3MOKHOCTH Mcmonb30oBanus ®(X) B kadecTBe
HE TOJIBKO CPEJICTB OIIEHKH JOCTUTHYTOTO TP MOKMCKE yCIeXa, HO U CPEICTB YKa3aHUs MEePCIECKTHBHBIX
HAMpaBJICHUN TPOJODKCHUS TMOWCKA. OTH YCIOBHUS BBIIIOJIHHAMBI JajJeKO HE BCerga, 4YTo H
00YCITOBITUBAET TPYAHOCTH (hOpMaTU3aIMK 3a/1a4 CTPYKTYPHOTO CHHTE3a.

Onunako Hamwuwe ¢opmyaupoBku (7.30) erne He O3HAYaeT, YTO YAACTCS MOA00paTh METO.
(anroput™) perenus 3aaauu (7.30) ¢ npueMIEMbIMU 3aTpaTaMHU BBIYUCIIUTEIBHBIX peCypcoB. JpyruMu
CIIOBaMH, TMPHMEHEHHWE TOYHBIX METOJOB MAaTeMaTHYeCKOrO0 IMPOrPaMMHPOBAHHUS  BBI3BIBAET
HETPEOI0JUMbIE TPYAHOCTH B OOJBIIMHCTBE CIy4aeB MPAKTHYECKUX 3a7ad TUIIMYHOTO pa3Mepa H3—3a
UX TPUHAIICKHOCTH K Ki1accy NP—Tpyaubix 3amad. [TosToMy Juaupyroiiee MoIoKeHHE CPeId METOI0B
pemenust 3agaun (7.30) 3aHUMAOT NPUOJMKEHHBIE METOJbI, B YAaCTHOCTH, JICKOMIIO3UI[HOHHBIC
METOJIbI, OTPAXKAIOIIAE MPUHIUIBI OJOYHO—HEPAPXHUUECKOTO MPOEKTHPOBAHUS CIOXHBIX OOBEKTOB.
JIeKOMITO3UIIMOHHBIE METOIbI OCHOBAHBI Ha BBIICICHHH Psjla HEPAPXHUCCKUX YPOBHEH, Ha KaKIOM U3
KOTOPBIX PEIIAIOTCS 384 MPUEMIIEMOTO pa3Mepa.

OcHOBY OOJIBIION TPYIIOBl MaTEMaTHYECKUX METOJOB, BBIPAXKAIONIMX CTPEMJICHHE K
COKpaIIeHHIO Mepedopa, COCTABIISIOT ONepalii pa3Ie/ieHHss MHOYKECTBA BApUAHTOB Ha MOAMHOMXECTBA

U OTCCUYCHHA HCICPCIICKTUBHBIX IMOAMHOKCECTB. Ot MCTOABI OG’BGI{I/IH}IIOTCH 10 Ha3BaHHUCM Mmemooa
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gemeell u epanuy. OCHOBHAs Pa3HOBUAHOCTh METO/Ia BETBEH M I'PaHMI] OTHOCUTCS K TOYHBIM
METOAaM pelIeHuss KOMOMHATOPHBIX 3a7a4. PaccMOTpUM 3Ty pa3HOBHIHOCTb.

[Tycte MMeeTcs MHOXECTBO pemieHuié M, B KOTOPOM HYXHO BBIOpaTh ONTHMAIBHBIN 10
kputepuro F(X;) Bapuanr, rae Xj — BekTop mapamerpoB Bapuanta M; € M. IlycTh Takxke umeercs
anropuT™ JUIs BeIMMCIeHUs HikHed rpaHuubl L(My) xpurepus F(Xj) B mobom nmoamuoxkectBe My
MHOXecTBa M, T.e. Takoro 3mHauenust L(My), uto F(Xj) > L(My) npu mobom j (mogpasymenaercs
muHummzanus F(X)).

Torna ocHOBHAs cxema pemeHus 3a1a4 B COOTBETCTBUU C METO/IOM BETBEH U IPAHUI] COACPIKUT
CJIEYIOIME IPOLEAYPBI:

1) B kauecTBe My npuHHMaeM BCce MHOXKECTBO M

2) BeTBieHUE: pazdoueHre My Ha HECKOJIBKO TOAMHOKECTB Mg;

3) Berunciaenue HikxHUX rpaHul L(Mg) B mogMHokecTBax Mg;

4) BpIOOp B KauecTBe My MOIMHOKECTBA Mp ¢ MHHUMAIbHBIM 3HAaUEHUEM HWDKHEH TDaHUIIbI
KpUTepHs (Cpear BCeX MOIMHOXECTB, MMCIOUIMXCS Ha JaHHOM JTalle BBIYMCICHHI), CBEICHHUS 00
OCTaJIbHBIX MOAMHOKECTBAX Mg M MX HIDKHHMX I'PAaHHLIAX COXPAHAIOTCS B OTJEIbHOM CIIHCKE;

5) eciu [My| > 1, To mepexon k mporeaype 2), HHaYe OJHOIIEMEHTHOS MHOXeCTBO My eCTh
pelieHue.

MerTox BeTBeW M TpaHUI] B CIydae TOYHOTO BBIYMCICHHUS HIDKHUX TPAHUI] OTHOCUTCS K TOUHBIM
METOAAaM PpEUICHHUs 3a/a4 BhIOOpa M IMOTOMY B HEOJArOMPHUSATHBIX CHTYalUSX MOXET MPUBOJIUTH K
SKCIIOHEHIIMAJIbHOM BPEMEHHOM ClI0KHOCTU. OJTHAKO METOJl YacTO MCHOJIb3YIOT KaK MPUOIMKEHHBIH,

IMOCKOJIbKY MOXXHO ITPUMCHATH HpI/I6J'II/I)KeHHI)IC AJITOPUTMBI BBIYHUCIICHHUA HUKHUX I'PAHUII.

7.4.2. Cucmemsl ucKyccmeenHo20 uHmeJsieKma

B Teopun MHTEMIEKTyallbHBIX CHCTEM CHHTE3 PEAIU3yeTCs C MOMOUIbI0 3KCHEPTHBIX CHUCTEM

(30)

IC =<B/J, B3, >,
rne BJl — 0a3a maHHbBIX, BKJIIOYarOImIas cBeAeHHs O 0a3oBbIX aneMeHTax; B3 — 0asza 3HaHui,
colepxkaiias MpaBUjla KOHCTPYMPOBAHUSI  BapUaHTOB CTPyKTypbl; W —  wuHTepmperarop,
yCTaHaBJIMBAIOIINN MOCIEI0BATEILHOCTh TPUMEHEHN npaBui u3 b3.

Cucmemvl  uckyccmeennoeo unmennekma (CUU) ocHOBaHBI Ha 3HAHMSIX, OTAETIEHHBIX OT
MPOLIEAYPHON YacTH MPOrpamMM M MPECTABICHHBIX B OJJHOM U3 xapakTepHbIX ¢opM. Takumu popmamu
MOTYT OBITh MPOYKIUH, PPEUMBI, CEMAaHTUYECKHE CeTH. PeanbHO QYHKIIMOHUPYIOIINE B COBPEMEHHBIX
CAIIP cuctemsl ¢ 6a3amMu 3HaHHI Yaliie BCero oTHOCATCS K kiaccy OC.

IIpooykyus mipencraBisieT coboil mpaBmio Tuma «ecnu A, To B», tme 4 — ycnoBue, a B —
NENUCTBUE WIIM CIEJCTBUE, aKTUBU3UpyeMoe mpu ucTUHHOCTH A. [lpoaykumonnas B3 coxgepxurt
COBOKYITHOCTb MPaBUJI, OTIMCHIBAIOIIUX OMPEIEICHHYIO TIPEIMETHYIO 00IacTh.

@petim — CTPYKTypa JAHHBIX, B KOTOPOU B ONPENEIEHHOM MOPSIKE MPEACTABICHBI CBEICHUS O
CBOMCTBAx OMUCHIBaeMOTro 00bekTa. TunuaHeIil Bua (peiima:

<umMms dpeiima; X1 =p1; Xr = P2; ---; XN =Pn; 91, 92, -+, QM >,
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rae Xj — ums I-ro atpuOyra, Pj — ero 3HayeHWe, i — CChUIKA Ha APYrod QpeiM wim

HEKOTOPYIO OOCITYXHMBAIOIIYIO TpOLEAypy. B KadecTBe pi MOXXHO HCIOIB30BaThb HUMS JPYroro
(BIIOKEHHOTO0) (ppeiiMa, ONUCHIBAsl TEM CAMBIM HE€PapXUUYECKHE CTPYKTYPHI (PpeiiMOB.

Cemanmuueckasn cems — popMa MPEACTABICHUS 3HAHUIA B BU/I€ COBOKYITHOCTH TOHATHN U SIBHO
BBIPQKEHHBIX OTHOLICHUHA MEXIy HHUMU B HEKOTOPOW mpeaMeTHOW obnactu. CeMaHTHYECKYIO CeTh
y100HO MpeACTaBIATh B BUAE rpada, B KOTOPOM BEPLIMHBI OTOOPaKAIOT MOHATHSA, a pedpa Wil IyTH —
OTHOILIEHHS MEXly HUMH. B KauecTBe BEpUIMH CETH MOKHO MCIOIb30BATH PPEHMBI MIIN MPOTYKIIHH.

Oxcnepmuas cucmema SIBIASIETCS. TATUYHON CHUCTEMOW MCKYCCTBEHHOI'O MHTEIJIEKTA, B KOTOPOU
B3 coxmepxut cBeneHUs, MOTYyYCHHBIC OT JIOJCH—OKCIIEPTOB B KOHKPETHOW MPEAMETHON 00JiacTu.
TpynHocTy GopMamu3aiy NpoLeayp CTPYKTYPHOTO CHHTE3a MPUBEIH K MOIMYISPHOCTH MPUMEHEHHUS
skcnepTHbIX cucteM B CAIIP, mockosnbKy B HUX BMECTO BBIIIOJHEHHS CHHTe3a Ha 0aze (opmanmbHBIX
MaTeMaTHYECKUX METOAOB OCYIIECTBISETCS CHHTE3 Ha OCHOBE ONbITa W He()OpMaNbHBIX

PEKOMEHIALIUMN, ITOJIY4EHHBIX OT dKCIIEPTOB.



