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Bnapumup APTEMbEB

OTHOCHTEeNbHbIE
¢ yYHKUUOHaNbHbIE NOKa3aTenu

ITpu cumTese udPOBBIX GUILTPOB METOLAMU
HeJIMHEeHHOT0 IPOrpaMMUPOBAHIS 34Ty [IPO-
eKTUPOBAHUsI HEOOXOAUMO IePeBeCTH B KIIAcC
9KCTPeMAJIbHBIX MaTeMaTHIeCKUX 3a1ad [1], aTo
IIPAKTUIECKU PeaansyeTcs: IyTeM popMUpOBa-
HISL OTHOCUTETBHBIX (DYHKIIMOHAIBHbIX [I0Ka3a-
TeJIel IPOEKTUPYeMOTro (HUIbTPA KAK IPUHIIN-
[IMATHHO IKCTPEMAIBHBIX (DYHKIIHIL.

BekTop Texyurero GyHKIMOHUPOBAHUS
uudposoro ¢punsrpa Y; (puc. 1), onpenesnsio-
LM Ty WIK UHYIO aCTOTHYIO XapaKTePUCTH-
Ky IIPOEKTUPYeMOro (PUIBTPA, HMEET CBOUMHU
KOMIIOHEHTAMH MHIUBUIYaIbHbIe a0COTIOTHBIE
[I0Ka3aTeJu KauecTBa QyHKIMOHUPOBAHUS
¥, i = 1,m, KoTOpBIe B 061LIeM CIydae MOTYT
OBITb IPOTHBOPEIUBEIMU 1 HEOTHOPOLHBIMH,
TO €CTh UMEeTb Pa3IUIHYI0 PU3UIECKYIO IPH-
pony, pasiuYHyI0 Pa3MepHOCTh U NUANA30H
namenenus. Takue moKa3aTeay Helb3sl HEIO-
CPefCTBEHHO UCIIOIB30BATh AJISI TOCTAHOBKU
1 pelleHusI IKCTPeMaNbHOM 3afadl MHOTO-
KPUTEPUATLHOTO (BeKTOPHOro) cuHTe3a. s
9THUX IeJiell HeoOXOaUMBbI Ge3pa3MepHBIe, HOp-
MUPOBAHHbIE I HEIPOTUBOPEIUBbIE BHIXOHBIE
XapaKTePUCTUKY, KAKIMU B KBAJIUMETPUH SIB-
JIIIOTCST OTHOCUTE/IbHBIE TOKA3aTe/ N KadeCcTBa
¢yuxiuonuposanus k;(X), Takke UMeHyeMble

SIN,, Vil Yi(y1, Y2, -y Ym)

Lindpoeon
dunbTp

X(Xq, Xg, -0y Xy) YY1, Y72 s Ym)

Puc. 1. CtpyKTypHO-hyHKLMOHAbHOE OnHcCaHKe hunbTpa

npoeKTupoBaHHe pybpHxa

MouckoBblie TeXHOJZIOrUU
NPOEKTUPOBAHHUA LI€/IOYUCII@HHbIX
LU poBbIX PUNBLTPOB.

Yactb 2

Bo BTOpOI4 cTaTbe U3 LUKNA, NOCBALLEHHOr0 ONUCAHUIO KOMNbIOTEPHOM TeX-
HONOrMU CUHTE3a LieJIOUUCEHHbIX LU pOBbIX GUNLTPOB, pacCMaTPUBAIOTCSA
OCHOBHbI€e 3Tarnbl NOCTAHOBKH 3afjla4i CUHTE3a KaCKaAHbIX PEKYPCUBHbIX pHb-
TPOB MOUCKOBbIMU METOAaMH LI€/IOUUC/IEHHOIO HETMHEHOrO NPOrpaMMMUpo-
BaHuA. [puBOAUTCA NOCTAaHOBKA TaKOMU 3afauM, aeTCA OUeHKA PasfMuHbIX
cnoco6oB hpopMUpoBaHHUsA LieneBbiX PYHKLUH U KpaTKoe ONUCaHHE a/iITOPUTMH-
4ecKoro KoMnsieKca NOMCKOBO MMHUMHW3aL MU MHOFOMEpPHbIX MOJIMMOAANIbHBIX
ueneBbiX GYHKLUH B LeNIOUYUCIEHHOM NPOCTpaHCTBe Nnapametpos. MokasaHa
BO3MOXXHOCTb PeLIE€HUsA CJI0XKHbIX 3aa4 MHOrOYHKLMOHAIbHOFO CUHTEe3a
LLeNIOYUCNIEHHDbIX PEKYPCHUBHbIX (PUNALTPOB NOUCKOBbLIMU METOAAMM.

JaCTHBIMU KPUTEPUIMHU KadecTBa. JacTHbIE

KPHUTEPHH CBSI3aHBI C aOCOMIOTHBIMHU [TOKa3aTe-

JISIMU HEKOTOPO# (PyHKI[HOHAILHOMN 3aBUCHMO-

ctu k; = ¢,(y;), IpuIeM COBOKYIIHOCTD JaCTHBIX

KpHTepueB 06pasyeT BEKTOP JaCTHBIX KPUTEPH-

eB K(ky, k, ... k,,), cooTBeTcTBYyIOIIIMIT TOM MK

MHOU XapakTepucTrke GuibTpa. I1paBuibHbIil

BBI6OP (DYHKITMOHATBHOMN 3aBUCUMOCTH (; —

9TO OTBETCTBEHHBIII MOMEHT IIPH IOCTaHOBKE

3a/[auu CHHTE3a, BO MHOIOM OIPe/eIsIOI i

yCIIeX ee pelleHusL.
dopmupoBaHUe YaCTHBIX KpuTepues k;(X)

B 3aJjadaX MHOTOKPUTEPHATbHOTO CUHTE3a Iie-

nounciIeHHbIX U poBbx Guasrpos (LID)

OCYLIeCTBILIETCS HCXOAS U3 CIENYIOIUX Tpe-

6oBaHmMIL:

o ObecredeHe HOPMUPOBAHUS IACTHBIX KPH-
TepueB, IpUBefieHIe UX K Oe3pasMepHOMY
BHLY.

o 3aBHCUMOCTD ©;(y;) JOJDKHA OTPAXKaTh IIpa-
BUJIO IIPEAIIOUTEHNS OfHOTO BAPUAHTA CHH-
Te3UPyeMOTro GUIbTPa APYIOMY, TO eCTh
aKcTpeMyM k; (06BIYHO MHHUMYM) TOJDKEH
IOCTaBIATh 0OBEKTY HEOOXOIUMOE Ka9eCTBO
(TpebyeMble 3HAUEHIMS JACTHBIX AOCOMIOTHBIX
noxasateseit y;'). Takum 06pasoM, IMEHHO
Ha JAHHOM JTalle 3aiada CHHTe3a I[u(pOBOro
¢uIbTpa IMepeBOAUTCS B KIIACC IKCTPeMalb-
HbIX MaTeMaTUIeCKHUX 3214
B macrosimee BpeMst 111 GOpMHUPOBAHUS

YaCcTHBIX KpuTepues HanboJjee IMIUPOKO UC-

TI0JIb3YeTCsl HeTMHEIHAs 3aBUCUMOCTD @;(¥;) —

3aBUCHMOCTS B Bufie &-miapabor [2—4]:

kz(X) =

X)—"[*
il )Ty, ’ n

1

rae y;' — tpebyemoe 3HaueHMe aGCOTIOTHOTO
JaCcTHOTO IMOKasaTesst GuiabTpa; & — mokasa-
TeJIb CTeIIeHH, TOJIOXKUTENHOE L[eJI0e TUCIIO.
3aBucumocTh (1) XapakTepusyer cTelneHb
6:1130CTH a6COMIOTHOTO TIOKA3aTeNs J; K €T0
Tpebyemomy 3Hadenuo y;'. [lpu y;f = y; qacr-
HBIII KPUTEPHil k; IMeeT MUHUMAIbHOE 3Ha-
JyeHHe, paBHOe Hymo. Ha puc. 2 mpuseseH Bup
¢dyHKIOHANBHOI 3aBUCHMOCTH k; = ¢(y;), IO~
CTpOeHHOI“/I IIPpY PA3INYHBIX 3HAYEHUAX I1apa-
Merpa &. Kax BUIHO, IOKa3aTeslb CTETeHN OIIpe-
[eJIseT XapaKTep U3MEeHEHNUst YaCTHOTO KPHTe-
pHst CHHTe3a BOIM3K TOYKA MUHUMYMaA. [1pu
& =1 KpyTH3HA CKJIOHOB YaCTHOTO KPUTepPUs
HOCTOSIHHA, 4 YCIOBHe HelpepbhIBHOM mudde-
PeHIUPYeMOCTH QYHKIIUU B TOYKE MUHAMYMa
He BoimonHsieTcst. [Tpu & > 1 kpyTusHa CKIOHOB
HapacTaeT U B OKPECTHOCTU TOYKU MUHUMYMa
o6pasyercst IIOCKas IUIOIIA/IKa TeM OOJIbIIIas,
deM 6osbire & DTUM 06Jerdaercs peleHue
MHOTOKPUTEPUAILHOM 3a/ja4H, OJHAKO IIPU BO3-
pacranun E., YBEJIMIUBAETCA U IIOTPENTHOCTD 10~
CTIDKeHUS TpebyeMbIx 3HaUeHU Ay; (TO ecTb

f—f

Ayi Y Yi

Puc. 2. 3asicumocts ki(y;) B Buae E-napabon
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BO3PACTAET MOTPEITHOCTh CHHTE3a TPeOyeMbIX

xapakrepuctuk). Hauboiee nemecoobpasuo

B pP€AIbHBIX IIPOCKTHBIX 3aJa4ax BLI6I/IpaTb 3Ha-

4eHus & B IIpefesax ot 2 7o 5.

PaccMoTpuM HekoTOpBIe cirydan (popMupo-
BaHUs YaCTHBIX KPUTEPUEB, UMeIoIHe 60JIb-
I110€ TPAKTHYeCKoe 3HaUYeHHe:

1) B 3agagax ¢ OMHOPOJHBIMU KPUTEPUSIMU,
hopMUPYIOIIUMY ONHY U3 XapaKTEPUCTUK
¢dunbrpa (Hanpumep, AUX mwiu PUX), gacto
HCIIONB3YIOT HEHOPMHUPOBAHHYI0 GOpMY KpH-
tepus (1), Tak HasbIBAaeMBIil KBaIPATHIHBIN
KpUTEpHUIA:

ki(X) = [y(X)=y' 1% (2)

2)B Tex ciydasx, KOrjfa B Ipoliecce CHHTe3a
He06XOIMMO TOCTUTHYTh He TpeGyeMoro
3HaYeHs1 aGCOMOTHOTO TT0Ka3aTeIs y;', a ero
HarOOJIBIIIEro 3HAYCHHS Y™, YaCTHBIE KPH-
Tepur GOPMHUPYIOTCS CIIETYIOIHM 06pasoM:

max é
yi =y(X)

max
i

ki(X) =

3) Ecnu MakcuManpHOe 3HaUeHUe y™ 3apaHee
He MOXXeT OBITh OIPeLIeNIeHO, TO HCIOIb3YeT s
crenytomast popMa 3amUCK JaCTHOTO KpUTe-
pust:

1
kX)=n——o,
20 n'y,-(X)

I 1;— HOPMUPYIOLIHI MHOKUTEIb.

4) Kpurepuit tuma He Boiie ;' popmupyercs
IJISL Y9aCTKOB YaCTOTHBIX XapPaKTePUCTUK
¢bunbTpa, B KOTOPHIX TEKyIast XapaKTepu-
CTUKa He JI0JDKHA IPEBOCXOAUTH TpebyeMyio
XapaKTePUCTHUKY:

g
0. 7
k(X) = ylo 3)

03 yi<y;r

5)Kputepuit Tuna He Huke y;' popmupyercs
I7I51 Y9aCTKOB XapaKTePUCTHUK, B KOTOPBIX Te-
KyIIas 9aCTOTHAS XapaKTePUCTUKA JODKHA
JIeXaTh BBIIIIE TpeOyeMOoli:

g
YRyl
k(X) = A (4)

09 yi>y[T

Taxum 06pa3oM, pacCMOTPEHHBIE BBIIIE
BapHaHTHl (OPMHUPOBAHUSI OTHOCUTEIBHBIX
ToKasaTeJel ONpenensdloTCsa 3alaHHOM CXO0-
IMMOCTBIO TEKYIIUX a06COTIOTHBIX MOKa3a-
TeJel K UX Tpe6yeMLIM 3HAYCHUAIM, TO €CTh
CXOJUMOCTHIO TEKYIIeH XapaKTePUCTUKH
K Tpe6yeMOli B pa3HbIX y4aCTKaX 3aTaHHOTO
9aCTOTHOTO AMamna3oHa. [Ipaktudeckoe 3ajia-
HHe TPeGyeMOil CXOMUMOCTHU OCYI[eCTBIISETCS
B (OYHKI[MOHATHHOM PeIaKTOpPe MaKeTa CUH-
Te3a [udposoro punbTpa.

pybpuka | pOeKTupoBaHue

OTHOCHTENBHO BEKTOPA YACTHBIX KPUTEPUEB
3a/1a9a MapaMeTpUIECKOTO CUHTE3a IIUPPOBOTO
(buIbTpa 3aNUCHIBAETCA KAK 3aa9a BEKTOPHOM
onTUMU3ALMHA [3-5]:

minK(X), (5)

rne K(k, k, ... k,,) — BekTOp JacTHBIX PyHKIH-
OHAJIBHBIX Kputepues; X(x, X, ... X,) — BEKTOP
BapbUPYeMbIX ITapaMeTpoB (k03 dunneHToB)
¢bunbTpa; D — pomycruMas 06J1acTh U3MeHe-
HIS TAPAMETPOB.

Kax usBectHO, POPMaTbHBIM pelleHneM 3a-
mauu (5) sIBJIseTCst TaK Ha3bIBaEMOE ITAPeTO-OII-
THMaJbHOe, unu 3 dexTuBHOE, pemenne X',
KOTOpPO€ MOJKeT OBbITh IaJIeKO He eIMHCTBEH-
ubIM. COBOKYIIHOCTb TAKUX PelLIeHuit 06pasyer
MHOJKECTBO IIapETO-OINTUMATIbHBIX, UJIN 3(:1)‘
¢dextuBHBIX, pemtenuit. [TousTue «addexTus-
HOe pellleHue» sBIsteTCsl GyHIaAMEeHTAIbHBIM
B TEOpUU PEIICHUS BEKTOPHBIX IKCTPEMATIbHBIX
3amad [3, 4]. DddexrusHoe perterne hopMab-
HO, 6e3yCIOBHO, He Xy/lIlIee PelleHne Cpen
IPYTUX pellleHuit B 061act D, HO MeXAY cO-
6011 adpbexTuBHBIE peleHNs yxKe GOpMATLHO
HeCpaBHUMBI, IOCKOJIbKY He CyIIecTByeT ¢op-
MAaJIbHBIX IIPU3HAKOB, I10 KOTOPBIM UX MOXXHO
651710 651 cpaBHUBATE. [Tonck appekTUBHBIX
PpelleH T BEKTOPHOI 3amadn (5) OCyIecTBIs-
eTCsI, KaK M3BECTHO, IIyTeM €€ CKaJIIpHU3aIiu
C IIOMOIIIBIO BBEACHNUS CKAISIPHON YHKINY
xadectBa (unenu) F(X) mpoektupyemoro ¢puib-
Tpa, cHOPMUPOBAHHOIM TeM WIH HHBIM CII0CO-
6om u3 gactHbIx Kputepues ki(X). [Tponenypy
(hOpMUPOBaHMUS CKAILIPHOI LieIeBOM (yHKIUY
9aCTO HA3bIBAIOT CBEPTHIBAHUEM BEKTOPHOTIO
kpurepust K(ky, k, ... k,,). OTHOCuTeNBHO IeTTe-
Boit ¢pyukuun F(X) ucxonHas BeKTOpHas 3afada
(5) 3amuChIBaeTCS yKe Kak 3aada MaTeMaTnie-
CKOTO IIPOrpaMMupoBaHus [5-8].

MocraHoBKa 3agauu
LeJIOYUCJIEHHOTO HeNlMHelHoro
nporpaMmMupoBaHUsA

Kak 6p110 okasano B pabore [1], cunTe3
PEeKYPCUBHBIX I[€TOYUCIEHHBIX QUIBTPOB
II0 COBOKYIIHOCTH HEOGXOI[I/IMBIX XapaKkTepu-
CTHK C y4eTOM TpeGOBaHUI UX YCTOMIUBOCTH
1 IPAaKTHIECKOH pealn3yeMoCTH, Hauboee 1je-
71ec000pasHO OCYIIECTBIATh METONAME HeJlH-
HEHHOr0 MaTeMaTU4€eCKOro IporpaMMHUpOBa-
Hus. B o6Ieit TpaKTOBKe IIOCTAaHOBKY 3aiadn
HEJIMHENHOTO MaTEMATUYEeCKOTO IIPOrPaMMH-
POBaHUsI (IACTO IPHMEHSIOT TePMUH «CMeEIIIAH-
HO€ IIPOrPaMMUPOBAHIE» ) MOXKHO 3aITHCATh TaK
(6, 8]:

P(X°) =minF(X), Xe PX,  (6)
PX=PEvw PDuU PBU PI, (7)
xE<x<xffi= Lv, (8)

1 1

g(X)>0,j=1Lp. )

ITpexpe Bcero, K XapaKTePHBIM 0COOEHHO-
CTsIM 3a1a4u (6) ciemyeT OTHECTH ee BBICOKYIO
Pa3MepHOCTh, HEIHHEHNHOCTD, IIOIUMOAIIb-
HOCTb ¥ 00bI9HO HemudbepeHIIpyeMOoCTb Iie-
J7eBO¥ (PYHKIIH, HEOTHOPOITHOCTH CYMMapHOTO
IPOCTpPaHCTBA NapaMeTpoB PX, a Taxke HaMu-
qre CUCTEMBI HeJIMHeMHbIX (QYHKIIMOHATbHBIX
orpaHmdeHuit (9), OIpenensIoIInX KOHKPETHbIE
(yHKIIMOHATBHEIE 0COOCHHOCTH PeIIaeMoit 3a-
mauu. CooTHorrenue (8) ompenessieT IpsMble
OrpaHUY€HU Ha 3HAYEHUA HE3ABUCUMBIX I1a-
pameTpoB (koMIOHeHTOB BekTopa X). Bexrop
X', MUHUMUSUPYIOLINI CKATISIPHYIO LEJIEBYIO
¢dyukumo F(X) Ha MHOKeCTBe TOITyCTUMBIX pe-
IIeHU, sIB/IseTCs 9 HeKTHBHBIM (IapeTo-oI-
THMAJIBHBIM) PellleHHeM 3a1a9u.

Kax BuHO, CyMMapHOe IPOCTPAHCTBO Hapa-
MeTpoB PX He 0THOPOJIHO, @ COCTOUT U3 Helepe-
CEKAIOIINXCS MTOIMHOXKECTB (7) IepeMeHHBIX
pasnuunoro rtuma. Obuiee IKUCIO0 TAKUX IOJ-
MHO>KeCTB MOXKET OBITH JI0OBIM, OHAKO BCE
OHU MOTYT IIPUHAIUIEIKATH TOJIBKO 9YE€TBIPEM T€-
OpeTUYeCK! BO3MOKHBEIM THam. Harmpumep:

1) HenpepbIBHOE BelleCTBEHHOE MOIMHOXe-
cTBO nepeMeHHBIX PE = E" pa3MepHOCTBIO 1,
KOTZIa KaK[asl IIepeMeHHast 9TOr0 IMOIMHO-
xectBa X; € PE, i = 1,r Moxer IIPUHUMATh
m060e 3HaYeHIe Ha HHTEPBaJe CBOETO OIIpe-
nenenus (8).

2) JuckpeTHOE Bell[eCTBEHHOE IIOIMHOXECTBO
nepemeHHBIX PD = QF pa3MepHOCTBIO p, KOIa
KasK[asi lepeMeHHas IOIMHOKeCTBa qx; € PD,
i=1,p MOXeT UMETh TOJHKO CIETHOE YUCIIO
BEIIIECTBEHHBIX 3HAYeHU Ha UHTEpBaJIE CBO-
€ro OIIpefieNIeHNs.

3) CueTHOE IIOYUCIEHHOE IOMHOXECTBO
nepeMeHHBIX PI = [¢ pa3MepHOCTBIO g, KOT-
la Ka)kaas IepeMeHHast 9TOr0 MOfMHOXKe-
ctBa ix; € PI, i = 1,4 Ha UHTepBaje CBOETO
OIlpefeieHusd NPpUHUMAET 3HAYEHU HATY-
PAJIBHOTO Psifa THCelL.

4) CuerHOe TOIMHOKeCTBO OyJIeBbIX [EPEMEHHBIX
PB = B" pazamepHOCTBIO f1, B KOTOPOM Kakaast
nepeMeHHas bx; € PB, i= 1,h Ha uHTepBaJte cBO-
€ro onpeneeHuss MOXET IIPUHUMATD TOJIBKO
nBa sHavenus: «0» wmn «1» (false wmu true).
ITpu 9TOM pasMepHOCTb CyMMapHOrO IPo-

CTPAHCTBA IIaPaMeTpoB V = r+p-+g+h. VimeHHo

K 3a7a4e (6) B 0011[ell CBOEI TPAKTOBKE CBOJIHIT-

cia 60J'[I)IJ_II/IHCTBO COBPEMEHHBIX IIPUKJIAAHBIX

3a/1a4 CUHTE3a, IPUHATHS PEIIeHUH.

IToxaskeM 9TO Ha IIPUMepe 3a1aTl IeIOTHC-
JIEHHOTO HEJTMHEHHOTr0 IPOrpaMMHUPOBAHMUS
(ITHIT) mpu MamMHHOM CHHTE3€e LeJI0YHCIIeH-
HOTO peKypcuBHOTO GuibTpa B HopMe Kackaj-
HOTO COeIUHEHNSI 11 3BeHbEB BTOPOTO IOPSKA.
ITocTaHOBKy TaKOU 3a1a4K MOYKHO 3aIIMCATh TAK:

FYIX°) = minF(IX), IX € I°",  (10)

2Vl <a, <M d=12 i=Lm ()
2Vl < g, <2 d i

1,m

dg; € {29}, q=0,W;—1, i (12)

3

| Z,] <1,i=1,m, (13)
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Kmin< | Ki(e) | <K, i=1,m, (14)
IJie 1 — YHCIO 3BeHbeB BTOPOTO MOPsiKa; d —
nHaeKc Koadduiuenta mepegaToaHo QyHK-
nuu 3BeHa; IX — BEeKTOp IeJI0YHCIeHHBIX Ta-
pameTpoB (K02 bHIIEHTOB) IPOEKTHPYEMOTO
¢unbrpa; Wk — nmHa 6UTOBOTO CIIOBA IIEJI0-
4HCIIeHHBIX K03 duunentos; K, K — no-
IIyCTHMBble IPAHUIBI H3MeHeHNs Ko duIeH-
Ta YCWIEHUS i-TO 3BeHa (HIbTpa.

Kax BupHO, 9KCTpeManbHas 3ajada CUH-
Te3a (10) 3ammMcaHa OTHOCUTENBHO LIeJ0YHUC-
JIEHHOTO MPOCTPaHCTBa [°" mapameTpoB (Ko-
addunnentoB GpunbTpa) pa3mMepHOCTHIO 611.
Orpanngenust (11) 3a1al0T TPaHAIIBI U3MEHEHHST
9THX IIeJIOYUCIEHHBIX K03 DUIIEHTOB, a CO-
orHoIIeHue (12) ompenesseT NPHHAMIEKHOCTD
k09 PULKEHTOB ay; 6MHOMUATLHOMY PSIAY.
OyHKIEOHATbHBIE OrpaHudeHus (13) KoHTpomH-
PYIOT B IIPOLIecce CHHTE3a YCIOBUE YCTONINBO-
CTU PeKypPCUBHOTO (HUIBTPA IO BCeM IIOTI0CAM
koadduienTa mepenadn, a CooTHoIeHus (14)
MacIITabUpPYIOT K09 HUIMEHTD! YCHICHNUS 3Be-
HbeB (pUIbTPa B 3aIaHHbII HHTEPBATL

ITorckoBOe UTEPATUBHOE PEIIeHne IKCTPe-
mainbHoit 3anaun 1THIT (10) B 3amaHHOM 1IpO-
CTPAHCTBe MapaMeTPOB OCYIIEeCTBISIET IPO-
TPaMMHBII AITOPUTMHUIECKHI KOMILIEKC, 06-
PAIIIasiCh K MOTENBHOMY OJIOKY IPOrPaMMBbI [JIsI
pacdeTa TekyImnux (pyHKIHOHAIbHBIX XapaKTe-
pucrux ¢unsrpa. Bexrop IX’, Munnmusupy-
IOLUH CKAJLSIPHYIO LeeByo dyukuuio F(IX)
Ha MHOXXECTBE Oy CTUMBIX I[eJIOINCIeHHBIX
pemtennii (11) u (12), sBisiercst apPexTHBHBIM
pelleHreM 3a[jadl TAPAMETPUIECKOTO CUHTE3a
PEKYPCUBHOTO LIEJIOIUCIEHHOTO (QUIBTPA.

Bce mombITKY ¢ JOCTYIIHOM HaM DIy GHHOI II0-
HCKa HAlITH 3apyOeXKHbIe WIM POCCHICKIIE AHATIO-
T He IIPUBEJIH K yCIexXy: B TpakToBke (10)—(14)
3aady IPOeKTUPOBAHUS [HU(PPOBHIX (PUILTPOB
He pellaeT HUKTO, IPAKTUIECKOTO IPUMEeHeHHs
IAHHOTO IIOAXOAa B IPOEKTHPOBAHUN He 0OHa-
py>keHo. [T03TOMY CHHTe3 I[eJI0OIHCIEHHBIX -
poBbix ¢punbTpoB Metonamu ITHIT Ha ceropust
obazaer Ge3yCJIOBHOI HOBU3HOIL.

®PopmupoBaHHUe LeneBor PyHKLHUH

B Teopuu BeKTOPHOI OLITUMU3ALUE pa3pado-
TaH LENBIA PSIL MeTOOB (POPMUPOBAHHUS IieJIe-
BBIX (DYHKIIMI B MHOTOKPUTEPUAIbHBIX 3aa9aX
HeJIMHeMHOTO MaTeMAaTUIeCKOro IPOrpaMMu-
poBaHus. DTo, IPeXe BCEro, METOMBI [IABHO-
IO KpUTepHsl, 0000IEHHOTO KPUTEPUsI, MUHU-
MAaKCHOTO KPUTEPHsI, METOJ, [OCIe0BATeIbHbIX
yCTYnoK [2-6, 9], a Tak)ke KOMOMHUPOBAHHBIE
moaxonsl. IIpudeM B 3aBUCHMOCTH OT 0COOeH-
HOCTe! KOHKPETHOM 3aJla4yl CMHTe3a (umcita
(GyHKIMOHANBHBIX [TOKa3aTeseil GUIbTpa, UX
3HAYUMOCTH, UX OZHOPOIHOCTH) AJIS OTBICKA-
Hus 9¢(HEKTUBHBIX PELIeHUI MOKET ObITh HC-
[I0JIb30BAH TOT WX UHOM cI10co6 dhopmuposa-
Hus 1eseBoit pyHkimu. OLeHIM BO3MOXKHOCTD
IIpUMEHEHHUs YKa3aHHBIX ITOXOI0B K HopMu-
poBanuio menesbix ¢pyukuuit F(IX) B 3agauax
MHOTOKpHUTepuaabHoro cunresa [I1O.

npoeKTupoBaHHe pybpHxa

Memod znabnozo kpumepus

DTOT METOJ, 3AKIII0YAETCS B TOM, UTO HCXO/HAS
MHOTOKPHUTepHasIbHAs 3a/iada CBOIUTCS K 3ajiade
ONTHMHU3AIIH 10 OJTHOMY OCHOBHOMY KpHTe-
puio k, TIpU YCIIOBHH, UTO 3HAYEHNS BCEX OCTaITh-
HBIX KPHTEPUEB He JOJUKHBI IIPEBBILIATh HEKO-
TOPBIX YCTAHOBJICHHBIX YPOBHEl (ITOPOTOBBIX
3HadYeHuit A)):

F(IX) = k(IX), ki< A, i#p.

DKcTpeManbHas 3a/laua MaTeMaTHIECKOTO
IIPOrpaMMUPOBAHUS B JAHHOM CJIy4ae 3aIlHChl-
BaeTcs Tak:

F°aX°) = mink (IX).
xeD M
k<4, (15)

DddexTUBHBIM CYUTAETCS BCIKOE pellle-
uue IX° aToit 3amaun.

MeTop IJ1aBHOTO KPUTEPUS UCIONb3YeTCs
KakK IIpU ONHOPOJHBIX, TaK U IIPU HEONHO-
POIOHBIX KPUTEPUAX, IPUIEM UX IUCIO MO-
XKeT ObITh TI00BIM. TOBOPSI 0 XapaKTepHCTHKe
9TOTO METOJIA, CJIELYEeT OTMETHUTh, UTO B Psifie
CIIydaeB OH aeT Pe3yJIbTaThl, KOTOPbIe ¢ Pu-
3UYECKOU TOUKU 3pe€Hud HEJIb3d HA3BaTh OII-
THUMAaJIbHBIMH. TaK, 30€Cb MOXKET IIOJTYYUTHCA
60JIBIIION 3aIIac IO IOPOTOBOMY 3HAUEHUIO
IUISL OJTHOTO YaCTHOTO KPHUTEPHS, B TO Bpe-
Ms KaK JpyTHe 9acTHble KPUTEPHH BOOOIIE
He UMeIOT 3aImaca u T. I [IpakTudeckas peanu-
3aI[¥sI METOJA OCYI[ECTBISLETCS C IOMOIIBIO
mrpadusx GyHKIMIL:

k(IX), k<4,

F(IX) = ,
FS =169, k>4,

e FS — ¢dyuxuus mrrpada.

Ecnu ycnoBue mrpacda BBIIIOIHEHO, TO Iie-
neBast pyuxnust F(IX) = FS He3aBHCUMO OT Te-
Ky1e# Touku. [ToaToMy MeTop I11aBHOTO KpH-
Tepusi OUeHb KPUTHIEH K BHIOOPY HaYaIbHOM
TOYKH HOHCKa. Ee skematenpHoO 3anaBaTh B pa-
6odeit 30He, TO eCTh TaM, I7ie YCIoBHe mTpada
BBIIIOJIHSETCS, TUO0 IO BO3MOXHOCTH OJIMKe
K 9TOH 30He. B MpOTHBHOM CiTy4yae IOMCKOBBII
QJITOPUTM MOKET He HalT! paboteil 30HBI 1 [0~
HCK 3aBePUINTCSI Ge3pesyIbTaTHO.

Bapuant MHOTO(YHKIIMOHATBHOTO CHHTE-
3a B U/IOJIOTUU [JIABHOTO KPUTEPHsI IPAKTHU-
4eCKU HeJb3sl Pealn30BaTh, HOITOMY C yUe-
TOM YKa3aHHbBIX HETaTUBHBIX OCOGeHHOCTeﬁ
NpUMeHEeHUE METONA IIAaBHOIO KPUTEPUL
K cuaTte3dy LII® mo coBOKymHOCTH GyHK-
IUOHAJbHBIX XapaKTEPUCTUK COBEPIIEHHO
Heleslecoo6pasHo.

Memod 0606uennozo kpumepust

CyuHOCTh METOa COCTOUT BO BBEIEHUU
0600111eHHOTO KPUTEPH s, KOTOPBIN B TAHHOM
CIIydJae XapakTepusyer KauecTBO CHHTE3Upye-
moro LI ® B mexom. B 3aBucumMocTu ot TOTO,
KaKUM 00pa3oM 4acTHbIE KpUTepUu 00be/u-
HSIIOTCS B CKJIIPHOM (DYHKIMK Ka4ecTBa, pas-
JIMYAOT:

® aIUTUBHBIE 0000IIIEHHBIE KPUTEPHU:
FOIX) =Y axk(IX), (16)

i=1

I7ie o, — BecoBble K09 UIHeHTHI;
® MyJIbTUIUIMKATHBHBIE 0000IIEHHbIE KPUTEPUH:

FOX) = [ [ £#(X). (17)

i=1

Munumusanust neseBbix GyHKiuit Buna (16)
u (17) mpuBoauT K 9¢(PeKTUBHOMY peIIeHUI0
9KCTpeMaIbHOM 3afadn cuHTe3a. B HacTosmee
BpeMst MeTol 06001[eHHOrO KPUTEPHUS HAX0-
IUT IIXPOKOe IPaKTHIeCKoe IpuMeHeHne. Kax
U METOJ IJTaBHOTO KpuUTepusi, oH 3pdexTuBen
IpH GOJIBIIOM THCIIE X OTHOPOIHBIX, I HEOTHO-
POJHBIX YaCTHBIX KPUTEPHEB; IIPEUMYIIECTBO
0600111eHHOTO KPUTEPHUS COCTOUT B TOM, 4TO
37eCh pellleHue 3aadll BeJETCS C yIeTOM BCex
KPUTEPUEB, YTO U OLpeIeIsieT ero OOIbIIYI0
a¢bbekTUBHOCTL. AITUTHBHBIM KpuTepuit (16)
PEeKOMeH/yeTCsI MCIIOIb30BaTh IIPU MaJIOM pas-
6poce 3HaYeHUIT YACTHBIX KPUTEPUEB B JOIIY-
cTHMOI 061acTH moucKa D, a My/IbTHIIINKA-
TUBHBIN (17) — U HOCTATOYHO CHIBHOM HX
pasbpoce. Bropast 0c06€HHOCTb COCTOUT B TOM,
9TO MeTOf] 0600IIIEHHOTO KPUTEPHUS OLIPefIesieT
CXOHUMOCTbD ¥; K y;' B CpefiHeM, TaK KaK MUHU-
musupyercst cymma k;(IX). Texyiue 3Hadenus
y;(IX) 6ynyt duykryupoBats BOKpyT y;', mpu-
4eM MaKCHMallbHOe OTKJIOHeHue (omunbKa):
8;=max |y,(IX)-y;"| HuKak He KOHTpOIHpYeTCSL.

OcHOBHast TPYAHOCTH Impu pabore ¢ 0606-
[IEHHBIM KPUTEPHEM COCTOHUT B IIPABUIBHOM
BBIGOpE 3HAYEHHIT BECOBBIX KOA(DPHUIUEHTOB,
HOCKOJIBKY 0600IIIeHHBIIT KPUTEPUIT KOJTHIe-
CTBEHHO IIPAaBUIBHO OTPaXKaeT KaueCTBO IPO-
eKTUPYeMOro (UIbTPA TOIBKO IPU KOPPEKTHO
BBIOPAHHBIX 3HAYEHHSIX BECOBBIX K0adduru-
€HTOB O;. DTO 0COOEHHO TPYLHO CeNaTh, KOTAa
JacTHBIE II0Ka3aTenu GUIbTPa HEOTHOPOIHEI
10 cBoeit pusnueckoil npupope. 13 u3BecTHIX
HOJXOIIOB K OIIpe/ieIeHUI0 3HaYeHu T Koaddu-
IIMeHTOB Beca IS 3aad CUHTe3a MOXKHO BbIfe-
JIUTH CIIeLYIOIIYe:
® BHIGOP OTHOCHTENIBHOM BaXKHOCTU TaCTHBIX

KpHUTEPHUEB KaueCTBa C TOYKH 3PEHUS BBIIIOJ-

HEHUsI TEeXHIIECKOT0 3aIaHus Ha CHHTE3HPY-

emblit GuIbTp. OpHEHTALNS Ha TEXHUIECKOe

3amanue npu GOpMUPOBAHUE 060OIIIEHHOTO

KpUTepHs KaueCTBa SBJISETCS OMHUM U3 OC-

HOBHBIX IPUHIIUIIOB ONTUMHU3AIINH B 3a/[adaxX

[IPOEKTHPOBAHUS;
® OKCIIepTHAs Ol[eHKA, OCHOBAHHAs Ha OIIpefe-

JIHUU CTEIIeHH BA)KHOCTH KaKOTO IaCTHOTO

KpuTepust 1160 QYHKIIMOHATBHON XapaKTe-

PHCTHKY TIPH PellleHHH KOHKPETHOM 3a1a4u

CHHTe3a.

Heo6xonumo oTMeTUTD, 4TO Haubosiee 1e-
71ec006pas3HO IpH OIpeNeIeHIN BECOBBIX KO-
2 PunneHTOB COYeTaTh KCIEPTHYIO OLIEHKY
C IIOAXOaMU, OCHOBAHHBIMH Ha UCIIONB30Ba-
HUM 0ObeKTUBHBIX UCXOIHBIX IAHHBIX U IaH-
HbIX TeXHUYeCKOTO 3a[aHUs U YTOUHSITH paHee
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OIpefie/ieHHbIE 3HAYEHUSI B XOJI¢ PeIIIeHHs] 9KCTPEMAIbHOM 3a1adi, a TaK-
Ke 10 Mepe pa3paboTKu, IPOU3BOACTBA U OKCIIyaTallu CO3LAHHOTO
YCTPOMCTBA.

B 3amagax MHOrO)YHKIIMOHATBHOTO CHHTE3a, TO eCcTh cuHTe3a [P
110 COBOKYIHOCTH (PYHKI[HOHAIbHBIX XaPAKTEPUCTHK, /IS KaKIOU TaKoM
j-#1 XapaKTepHCTUKY U3 COOTBETCTBYIoIuX Kputepues k;(IX) dopmupyercs
JacTHast 1eseBast QyHKIus fj(IX), OIpeNeNsIoLasi BhIONHEHHE Tpe6oBa-
HUM 10 TaHHOU JacToTHOH xapakrepuctuke 1. [Tpu ncrmons3oBanun
MeTozia 0000IIIeHHOrO KPUTEPHs OUeHb JaCTO TaKasl afAUTHBHAS (PyHKILS
COOTBETCTBYET CTAHIAPTHOMY CpelHeKBagpaTudHoMy oTkioHeHuo (CKO)
TeKyIIeil XapaKTePHCTUKY 1 pOBOro puiabTpa OT TpedyeMolt XapaKTepu-
cruxu (HeHOpMupoBarHas (18) wiu HopmuposarHast (19) dopma):

00 =3 kX = DS T o

2
T
-1,

£,(X) = : (19)

rre Y,(IX) — Texyiee 3sHaUYeHMe XapaKTePUCTUKY GIIBTPA HA 1- AUC-
KPeTHOH 4acTOTe IUala3oHa onpeneneHus; Y," — Tpe6yeMoe 3HaueHHe
9aCTOTHOI XapaKTePUCTHKIL.

B KoMIIbIOTepHOM IaKeTe CUHTE3a YacTHble Hestesble pynkiun f;(IX)
dbopmupyer rpadaeckuit MHOTOOKOHHBII (DYHKI[MOHATBHBIIN PeIaKTOP.

Takum 06pasom, uneosorust 06001eHHOr0 KpuTepus Hanbosee ecre-
crBeHHa 1 3 dexTuBHa npu MammHHOM cuHTe3e [[II®. Bo MHOrOM
9Ta UJEOJIOTHS COOTBETCTBYET KpUTepuio p-ourn6xu [10], xoporio us-
BECTHOMY M3 T€OPHH AMITPOKCUMAIINY XaPAKTEPUCTHUK IJIEKTPUIECKUX
tereit. [Ipu 9TOM [1/151 CHHTe3a II0 COBOKYIHOCTHU (DYHKIIMOHAIBHBIX Xa-
PaKTEPUCTUK YaCTHbIE IieJieBble PYHKIUH 11e1eCO00PA3HO 00beIuHSITh
B 0000IIIEHHBIN KPUTEPHIl Ka4eCTBa C IOMOIIbIO METOIA KOMOMHHUPO-
BAHHOTO KPUTEPHSL.

Memod munumaxcrozo kpumepus

CyIIHOCTD JAaHHOTO METOJa COCTOUT B TOM, UTO Ha Ka)KJOM IIIare pe-
IIIEHUS 3a1a9H [IOMCKA B Ka9eCTBe 1[e/1eBON (DYHKIUH BHIOMPAOT MAKCH-
MAJIBHBII (HAUXY/IILINIT) M3 BCEX YACTHBIX KPUTEPHEB:

F(IX) = max{k, k,, ..., k,} = max{k,(IX)}. (20)

Torma 3amaua OKCTpeMaJIbHas 3a/la4a CUHTE3a 3aIIUChIBAECTCA TAK:

F'(IX) = minF(IX) = min max {k,(1X)} (21)

xXe

Munumusanus menesoit GyHkiuu (20) mpuBonut K apdexTuBHOMY
pelIIeHHIO.

MeTox MUHUMAKCHOTO KPUTEPUs HAXOAUT Bce 60JIee MIMPOKOe IPH-
MeHeHHUe IIPU pellleHNH MHOTOKPUTEPHAIbHBIX 3a[ad CUHTe3a Iudpo-
BbIX GUIBTPOB. B MuHnMaxcHOM Kputepun (20) Ha 1ieseByIo QyHKIHIO
OKa3bIBAeT BIUSHUE TOJIBKO TOT YACTHBIA KPUTEPHI, KOTOPBINA B JaHHOI
TOUKE SIBJLIETCS. HAUXYALINM, I09TOMY B TAKOM CJTydae IPOOIeMbl BbI-
60pa BECOMOCTH JaCTHBIX KPUTEPHEB He BO3HUKAET.

MOXHO OTMETHUTSH CIeRYIOIIHe OCOOCHHOCTH MUHUMAKCHOM IIOCTAaHOB-
KU 3a7a4L:
® IIpH pelleHny 3aiauu cuHTe3a L1 O MUHIMaKCHBI! KPUTEPHIA I1e/1eCo-

06pa3sHO UCIOIb30BATH B CIyYae OTHOPONHOCTH YaCTHBIX KPUTEPUEB

noncka. [1py HeOMHOPOXHBIX KPUTEPUSIX IACTO He YHAeTCS IOy IUTh

IIPUEMJIEMOTO PEIIIeHH s 13-32 PA3IMIHOMN 1y BCTBUTENLHOCTH JaCTHBIX

KPHUTEpHEB K NU3MEHEHHIO BEKTOPa [IepeMeHHBIX;

o nenesas pyuknus F(IX) B cIydae MUHIMAaKCHOTO KPUTEPUS He SIB-
JISIeTCSI JIAfKOM U YCIOBHE ee HelpepsIBHOM nuddepeHupyeMocTu
006BbIYHO He BHITONHSIOTCS. [ToaTomy st pertenus 3anaqu (10) Heo6-
XOJIIMO KCIIOJIb30BaTh AJITOPUTMBI IOUCKA, AJISI KOTOPBIX YKa3aHHast
0COOEHHOCTH HE CYIIeCTBEHHA;

pybpuka | IPOEKTUPOBaHHUE 85

® METO/l MUHIMAKCHOTO KPUTEPHs rapaHTHPYeT MUHUMMU3AI[HIO MaK-

CHMAJIHOTO BBIGPOCA, MAKCHMAIBHOM omubku §; = max | y;(IX)—y/"|,

yCTh JIa)Ke IIEHO POCTa MEHBIINX OIIUOOK.

YacrHble 1jenesble GYHKIUH, ONMPEEISIONIHe Ty WIK HHYIO 4aCTOT-
HYIO XapaKTepUCTUKY HUPPOBOro GUIbTPa B 3a/jadaX MHOTO(DYHKI[IO-
HaJIbHOTO CUHTE33, B CTyYae MHHUMAKCHOM CTPaTeriu PelieH s 00bI9HO
¢dbopmupyIoTcs mo cooTHoeHno (20), UCIOIb3YsI HEHOPMUPOBAHHYIO
¢dopmy gactHoro kpurepus [11]:

£,(IX) = max {k,(IX)*} = max{|Y,(IX)-Y,'[*}.
n n (22)

Memod nocnedobamenvhvix ycmynox

BTOT IIoaxon HpI/IMeHHeTCH B TOM C.Hy‘{ae, KOorga 94aCTHBIE KPI/ITepI/I‘
AJIbHBIC CbYHKIII/II/I MOXHO paH)KI/IpOBaTI) II0 UX BAaKHOCTH, HaHpI/IMep:
k (IX) > k,(IX) > ... > k,,(IX), To ecTb cauTaercss, 4T0 Haubosee BaXKHbIM
ssisiercst kputepuit k, (IX), 3atem k,(IX) u T. 1. B Takom cinydae 3ana-
9a BEKTOPHOTO CHHTE3a CBOIUTCS K 111 OCIEI0BATEIbHBIM CKaJISIPHBIM
(omHOKpHUTEpHANBHBIM) 3a1a4aM [9], KOrja Ha KaXKIoM JTarie [eIeBoi
(dyHKIzel SBISIETCS TOCIeI0BATEIbHO KXKIBIN U3 YaCTHBIX KPUTEPH-
€B PAHKUPOBAHHOTO psifa, HauuHas ¢ k, (IX). [Tpu 9T0M Ha KOKIOM i-M
arane peutenus {F;(IX) = k;(IX)} BBoguTCs yCTyIKa HIH IOPOTOBOE
3HaYeHHe A;, XapaKTepuaylolllee JOIyCTUMOe yXy IlleHne IpeabIayIe-
ro, k;_;(IX)-ro KpuTepus OT ero MUHIMAJIBHOTO 3HAYeHNs. TeM caMbIM
Ha i-M arare, s k;(IX)-ro kpurepust popMupyeTcs cBOst 06J1aCTh MOKCKA
Di’ OHpeﬂer{eMaf{ KakK HpHMbIMI/I OFpaHI/I‘{eHI/IHMI/I Ha 3HAYCHUA HepeMeH‘
HBIX X € D, TaK 1 CI)YHKIII/IOHaTIbeIMI/I OFpaHI/I‘{eHI/IHMI/I THIIA HepaBeH‘
CTBA HA 3HAYCHUEC HpeﬂbIILyH_[I/IX KPI/ITepI/IeB:

npui=1—D,=D.

TakuM 06pa3oM, IpH MOCIETOBATEILHOM PEIIeHUH 3aTaYH TUCIO0
OTPaHUYEHUH IIOCTOSHHO BO3PACTAET, TO €CTh 00JIACTD IIOMCKA HEYKJIOH-
HO Cy’KaeTcs.

[ToaTranHOe pelnreHre MHOTOKPUTepUaNbHOMN 3afaun cunTe3a LI P
METOJIOM IOCJ/IEIOBATEILHBIX YCTYIIOK MaTeMaTHIeCKN 3aIIChIBAETCS
CITeyIoIIuM 00pasoMm:

RIX)=k(IX)  F(IX))=mink,(X)
FIX)=k(IX)  F'(IX})=mink,(X)

FAX)=k,(X) £ (X})=mink,(IX)
B xagectBe 9¢pdeKTUBHOrO pelreHus 3aJadd MPUHUMAETCSI TOU-
kaIX, " € D, ABisiomascs peleHneM Ha IOCIeHeM, 1-M JTalle.

Mertop moc/IejoBaTeIbHBIX YCTYIIOK 11e7eCO00Pa3HO UCIIOIb30BATh ISt
morcka 3¢ eKTHBHBIX PEIeHHI B 3a[ja4aX ¢ YeTKOM HepapXueil YaCTHBIX
KpHUTepUeB KadeCTBa 110 UX 3HAYUMOCTH. [I1s1 GOJIBIIMHCTBA IIPaKTHIe-
CKHIX 3a/]a4 CHHTE3a P/l IPHOPHUTETOB YACTHBIX KPUTEPUEB BCET/Ia MOYKET
OBITH 3aIKCaH JIMOO Ha OCHOBAHUM TEXHUYECKOTO 3aflaHus, THO0 UCXOIsd
13 HU3HIECKIX 0COOEHHOCTEN KOHKPETHO 3aiadn. [Ipu 3T0M HCII0Ib30-
BaHHe METOMIA [OCIE0BATENbHBIX YCTYIIOK ITIO3BOJISIET B XOJIE OCIEN0BA-
TEJILHOTO PellleHs 3a/jadl CHHTEe3a TOCTHYb [IPEIBAPUTEILHO 3aTaHHbIE
3HAYeHHsI [IOKa3aresell KayecTBa 00beKTa (IIyTeM COOTBETCTBYIOIErO
BBI6OPA IOIYCTUMBIX ITOPOTOBBIX 3HaYeHNIt A;). MeTox IprMeHNM B CIIy-
Jae KaK OfHOPOIIHBIX, TaK ¥ HEOTHOPOIHBIX KPUTEPHEB MU XapaKTepH-
CTHK, OJTHAKO 0011[ee YKCIIO YaCTHBIX KPUTEPHEB He OJDKHO ObITh BETUKO,
HOCKOJIBKY WHade 06JIaCTh MOUCKA T10 HOCTETHUM KPUTEPHSIM IIPUOPHU-
TETHOTO Psifia 3HAYMTETHHO CY)KAETCsL, YTO He IMO3BOJISIET OCYI[eCTBUTD
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9 bEeKTUBHBII MTOUCK TI0 JAHHBIM KPUTEPUSIM.
ITpu 6OIBIIIOM YKCIIe YACTHBIX KPUTEPHEB Iie-
71eco06pasHO 06beIUHATH KPUTEPUHU B IPYIIIIBL
10 HePapXUIeCKOMY IPU3HAKY U IPUMEHSITD
LIS PelleHus 3a0a98 MeTOL KOMOMHIPOBAHHO-
IO KPHTepUsL.

OueBHIHO, YTO B CUIIY PACCMOTPEHHBIX 0CO-
OEHHOCTEl METO ITOC/IEIOBATEIbHBIX YCTYIIOK
HUKAaK He MOXKET ObITh IIPUMEHEH IIPY CUHTe3e
LI® naske no opHOM Xapakrepucruke. OgHAKO
HJIE0JIOTYsI TOCTIeIOBATEIbHBIX YCTYIIOK BIIOJIHE
3¢ deKTUBHO KCIONIB3YeTCs B OTHOLIEHUH YaCT-
HBIX IIeJIEBbIX PyHKIUI ]‘}(IX), OTIpeNesISIIOIINX
BBIIIOJIHEHYE (DYHKIIMOHAIbHBIX TPeOOBAHUI
10 COBOKYIIHOCTH YaCTOTHBIX XaPaKTEPUCTUK
¢dunbTpa.

Memo0 kombunupobannozo kpumepus
[TpuMeHseTcs B IPAKTHIECKUX 3aadax Ia-
pamerpudeckoro curresa I[P ¢ 6onprrmm
YUCJIOM KPpUTEPUEB U ABJIAETCA 110 CBOeH CyTH
06006111eHreM BBIIIEPACCMOTPEHHBIX METO/IOB
Ha 3a/jadi MHOTO(YHKIIHOHAIBHOTO CHHTE3d —
cunresa LI 1o coBokymHOCTH TpeOyeMBbIX Xa-
pakrepucTuK. CyIHOCTh KOMOMHIPOBAHHOTO
METOJIa COCTOUT B TOM, ITO U3 BCEH COBOKYIIHO-
cru 9acTHbIX Kputepues k;(IX) dbopmupyercs
HECKOJIBKO HePapXUIeCKHX [0 BKHOCTH IPYIIIT
JKeJIaTeNIbHO OTHOPOMHBIX KpuTepues (puc. 3).
Kaxpas rpynma (BekTop) oTo6paxkaeT Ty HiIn
HHYIO YaCTOTHYIO XapaKTePUCTHKY IPOEKTHUPY-
emoro ¢unbrpa. B pyHKIHOHAIBHOM penakTo-
pe TaKera CHHTe3a Ka)KIOM BbIJEIEHHON IPyIIIe
COOTBETCTBYET CIIeNUATbHOE JACTOTHOE OKHO.
Jlaee 3amada MHOTOKPUTEPHAIBHOTO CHHTE3a
pelaeTcst 0 OTHOIIEHHUIO K 9TUM PaHXUPO-
BAaHHBIM I'DYIIIIaM 9aCTHBIX KPUTEPUEB — Ya-
croTHBIM Xapakrepuctukam I ®. Jlng xaxmoi
nepapXuIecKoi Ipymnnsl GopMUPYETCs, KaK
yKe OBUIO CKa3aHO, YacTHast (OKOHHAS) I1este-
Bast pynkuus f;(IX) onnum us paee paccmo-
TPEHHBIX CHOCO6OB. 3aTeM OTHOCHUTEIHHO ITUX
YaCTHBIX IeJeBbIX GYHKIMIT popmupyercs 06-
11as 1eneBast GYHKIWsE OOBIYHO B A IUTHBHOM

¢dopme:

FIX)=)"Bxf(IX), (24)
J
re B; — Bec (3HAYMMOCTD) XapaKTePUCTHKA
(okHa).
I[Tpu cunbHO rPyNINIOBOH HEPAPXUU XapaKTe-
pucTuK GUIbTPA NHOTA BHITOLHO IPUMEHSTD
UJIE0JIOTHIO METO/a I10C/IeJ0BaTeNbHBIX YCTY-

AYX dYUX B3

HIX) = BIX) = f(IX)

Puc. 3. DopmM1poBaHHe YaCTHbIX LeNEBbIX (PYHKLMA

npoeKTupoBaHHe pybpHxa

IIOK. DTO MMO3BOJISIET HOTYIUTh KaK ObI «rapaH-
THPOBAaHHOE» PellleHre B OTHOIIIEHNH Hauboree
B@XHBIX TPYII (XapaKTePUCTHK) H 110 BO3MOXK-
HOCTH YJIYYIIUTh 3HAYEHUSI BTOPOCTEIICEHHBIX
XapaKTepUCTHK IuPPoBOro GpuibTpa.

Taxum 06pa3om, UIeoIOrust KOMOMHUPOBAH-
HOTO KPUTEPUS SIBIISIETCS €CTeCTBEHHOM He-
osorueit paboTsl I060T0 GYHKINOHATLHOTO
pemakTopa B IaKeTax MHOTO(YHKI[MOHAILHOTO
cuntesa LI11D.

MouckoBoe NnpoeKkTUpoBaHHe.
MounckoBbli anroputTm

DKCcTpeManbHas 3a/1a4a MaTEMaTHIeCKOTO
MIPOrPaMMHUPOBAHHUS B IIPHHIINAIIE MOYKET OBITH
pellleHa aHATUTHIECKUME METOIAMH, U3BECT-
HBIMH B MaTeMaTHYeCKOM aHajlu3e U B Bapua-
[UOHHOM HMCYHCIEHUH (METON CTAl[HOHAPHBIX
TOYeK, MHOXKHTeJel JIarpamKa, CHMIUIEKC-Me-
TOJL B IMHEIHOM IIPOTPAMMHPOBAHUH H [Ip.).
OnHAaKO KIaCCUYeCKHe aHATUTUYECKUE METOIbI
MPaKTHYeCKH HePUEMJIEMBI IS PeIIeHus 3a-
mag BekropHoro cuHresa [{II® B m060it dop-
Me 3aIHCH 9KCTpeMalibHON 3amadu (15, 21, 23).
B nmaHHOI cuTyanuyu HEOOXOMUMO IIPUMEHSTh
MTOMCKOBBIE TTOXO/IbI, OCHOBAHHBIE HA IIPH-
OIMKEHHBIX YMCIEHHBIX METOJAX PelIeHUs
9KCTpeMANbHBIX 3a1ad [2—4, 12]. [Tpu ucnoss-
30BaHUU MOUCKOBBIX METOIOB ONITUMAIbHOE
[IPOEKTHPOBAHHUE YACTO HA3bIBAIOT IIOUCKOBBIM
MPOEKTHPOBaHNEM. XapaKTEPHBIM OTIHIHEM
MTOMCKOBON ONITUMMBAIUY OT aHAJTUTUYECKOTO
peLIIeHNs SBISETCS TO, 9TO OlpefieieHue 3¢-
¢dexrusHoOro pemenus sagasu [JHIT ocyrecr-
BIISIETCSL He IIyTeM II0CIIE0BATENBHOTO €T0 pac-
9era [0 HEKOTOPBIM aHATUTHIECKIM IIPaBIIaM
u bopMyIam, a myTeM ero Bei6opa (IouCcKa)
Ha HEKOTOPOM KOHEYHOM ILeJOYHCIEeHHOM
MHOKeCTBE BAPHAHTOB CHHTE3UPYeMOro ud-
poBoro GuabTpa, ONpenensIeMoM 0061aCThIO
[IPOEKTUPOBAHUS MK 061acThIo Ioucka D € I,
Kpurepuit Berbopa (uenu) hbopmanusoBaH ie-
nesoit dyukuueit F(IX), ube 3HaueHUe IPH 110~
HCKe HeOOXOIUMO MUHUMHU3UPOBATE.

[Tpu 9KCIIEHHOM peIlleHHH SKCTPEeMATbHOM
sapavyu [THII mouckoBsI#l aIrOpUTM B AHC-
KPeTHOM IIeJIOYHNCIIEHHOM [POCTPAHCTBE CTPO-
UT MEHUMH3UPYIOIIYIO TOC/IE0BATETbHOCTD,
TO €CTh TAKYIO IIOC/IE0BATETbHOCTH BEKTOPOB
{IX*}, mpu KOTOPOI COOTBETCTBYIOLIAS TOCIIE-
nosarenbHOCTh Qyuknuit {F(IX*)} cxonures,
yObIBast K MUHUMYMY LiesteBoit pyuxmuu F(IX).
ITOMCKOBBII QITOPUTM CTPOUT MUHUMHU3UPY-
JOIIYIO [TOCIENOBATENHHOCTh UTEPAIIMOHHO —
TaK, YTO KK/bII 9JIEMEHT [IOCIIe0BATeIbHOCTI
{IX*} BbIYMCIIsIETCS O TIPENBIY UM dIIEMEH-
TaM Ha OCHOBE eIMHOTO IS TAHHOTO aJITOPUT-
Ma mpaBuiia. B o61eM BHIe 9TOT HTepPAI[HOH-
HBIIT [IPOIIECC MOYKHO 3aIIUCATh KaK:

IXk! = IXk 4+ n, PK, (25)
e P¥— BexTop, Onpenenson il HanpaseHne
nBwxkeHns ot Touku IX* x Touke IX*! B MHOTO-
MEPHOM IeJIOYMCIIEHHOM IIPOCTPAHCTBE, a KO-

D — uerno4mncrieHHoe NpocTpaHCcTBO
napametpos

Puc. 4. TpaeKTopHs NomucKa 3KCTpeMyma

addunmenT 1, 3aKaeT AIKUHY IIara B HaIpaB-

neruu Pk,

YcnoBHOe 0TOOpaXkeH e JINHIH, COeUH,-
IO1Iel TOYKY MUHUMUSUPYIOLIEN IIOCIEN0Ba-
TEJILHOCTH B IIPOCTPAHCTBe Ioucka D (To ecTb
TPAaeKTOPHUHU MOUCKA IKCTPEMyMa), IPUBEIEHO
Ha puc. 4.

JI1s1 HaXOXKIEeHUS 1) U P* Ppa3yInYHbIE A0~
PHUTMBI HCIIOJIB3YIOT Pa3HbIe CBEICHUS O Iie-
7eBOi GYHKIUH. AJITOPUTMBL HYJIEBOTO 110~
psioKa IOUCKA IPEIyCMAaTPUBAIOT [ 9TOTO
TOJIKO 3HaUeHUs caMoll QyHKIUH, & aJIro-
PHUTMBI 11-TO HOPSIAKA TPEOYIOT BHIYUCTEHUS
HPOM3BOJHBIX Ie1eBOI PYHKIUH BIIOTH
IO n-To HOPsKa BKIIOYUTENbHO. B coBpe-
MEHHBIX KOMIIJIEKCAX I_[eJIO‘{I/ICJIeHHOﬁ MUWHHU-
MU3anuy NpuMEHAITCA IIOUCKOBbBIE AJITOPUT-
MbI UCKJIIIOUYUTEIBHO HYJI€BOI'O IIOPANKA, TaK
Kak ycroBus auddepeHnnpyeMocTa neIeBoi
¢dyuknun B peanpHbIx 3agadax [THIT-cunTesa
O6bI‘{H0 HE BBIIIOJHIAKTCA.

K ocHOBHBIM XapaKTEPUCTUKAM YUCIEHHBIX
UTEPANUOHHBIX AJITOPUTMOB MUHUMUIANIUU
MHOTOMEPHBIX IIeJIeBbIX (DYHKIHI MOKHO OT-
HeCTH:

e Hapesxnocts anroputma. Ilo aTomy npu-
3HAKY BCe aJTOPUTMBI OAPA3AEISIIOTCS
Ha JIOKaJIbHBIE, TO €CTh CIIOCOOHBIE MUHU-
MU3UPOBATH TOJIBKO YHUMOJAJIbHbIE (OI[HO'
9KCTpeManbHble) (PYHKIMH, U T106aTbHbIE
AJITOPUTMBI, CHOCO6HLIC MUHUMHU3UPOBATH
[OJMMO/IaIbHbIE (MHOTO3KCTpeMaIbHBIE)
1esieBble QYHKIIUM.

® D dexTUBHOCTD AITOpUTMA (BpeMs perire-
HUA 3a7a4d MUHAMH3anuu). Bo MEOrom
OIpeNeIeTCst CKOPOCTBIO CXONUMOCTY HTePa-
LIMOHHOI ocenoBareabHocTH (25). O6BbI9HO
6ospIireit 3 GeKTUBHOCTBIO 06TAIAI0T AJIT0-
pUTMBI 60JIee BHICOKOTO MOPSIAKA.

o ToYHOCTD perteHus 3agadn. PasgHbre KIacch
AJITOPUTMOB UMEIOT PAa3HbI€ BOSMOXHOCTU
YTOYHEHUS II0JIOKEHUSA MUHUMYMa L[eJIeBOﬁ
¢yuxuun. Tak, ceTouHble AITOPUTMBL [2]
IUCKPETU3UPYIOT UCXOLHYIO HEIPEPBIBHYIO
06s1acTh OoMCcKa D ¥ MOTYT yTOYHSATD 110~
JIOXKEeHIe IKCTPEMYMa TOIBKO C TOYHOCTBIO,
He IpeBbIIIAONIeN 11ar JUCKPETHON ceT-
KH, B TO BpeMA KaK aJITOPUTMBI, CTPOAIINE
MUHUMHSHPYIOLIYIO IOCIET0BATENbHOCTD
HEMOCPEeICTBEHHO B MCXOHOM HelpephIB-
Hoit o61actu D € E", uMeI0T BO3MOKHOCTh
YTOYHATH KOOPAUHATBI OKCTPEMYMaA 3HAYU -
TeJIbHO JIyUIIIe.

e MUHUMYM WIHU IOJHOE OTCYTCTBHE allpHOPU
HACTPaNBaeMbIX TAPaMETPOB.

KOMIMOHEHTbI U TEXHOJIOTWN « Ne 10 '2014



JI71s1 9MCIIeHHOTO PellleHusl 9KCTpeMaabHOMI
sagaqu ITHIT (10) mpu npoextuposanuu LI1TD
ncnonb3yercst 9O PeKTUBHBIIL METO/, CHHTe3a
C TIOUCKOM IT06AIBHOrO 9KCTPeMyMa Ha JIHC-
KpeTHOI! ceTKe kofa I'pest, mogpo6Hoe omucarHue
U IIpUMeHeHHe KOTOPOTo MPUBENEHO B pabo-
te [2]. laHHBII MeTOJ aIAIITUPOBAH K IIOUCKY
PeLIIeHN B [[eIOYHCICHHOM IPOCTPAHCTBE Ma-
pamerpoB (koaddurnuentos puibTpa), KOraa
OKCKJIIO3UBHBIN IIOMCKOBBIM aJITOPUTMUIECKUIA
KOMIIJIEKC MUHUMH3AITUH HeﬁCTBYeT B pe&Xume
IUCKPETHOTO L1eJIOYHCIeHHOTO IPeACTaBIeHIUs
MHOToMepHoIt ob1actu moucka D € I,

ITpu pa3paboTKe HAHHOTO IIOUCKOBOTO KOM-
IUIeKCa HeOOXOMUMO ObLIO BBIOIHUTD CIEAYIO-
1117 YCIOBHSE:

o PasperieHne CHCTEMbI HETMHENHBIX (PYHKIU-
OHAJIBHBIX OTpaHUYeHNH ycToiuuBocTh (13)
u MaCLHTa6I/IpOBaHI/IH YCUJIEHUA KaCKaloB
¢dunprpa (14) meronoM mrpadHbIX HyHK-
uit [2].

e PaspaboTka 6a30BOr0 UTEPATUBHOTO AJIFO-
purma L[eJ'IO‘IHCJIeHHOI?I MMHHUMHU3ANMN Ha 1€~
TEPMUHMPOBAHHOMH ceTke Kofa ['pes.

o Pazpaborka 061IIeit MOLETBHOM CTPATEruu 110~
nckoBoro pemterus 3agadu [IHIT na ocHOBe
6a30BOr0 AITOPUTMA U IOLIOTHUTETBHBIX Op-
MaJIN30BaHHBIX WU OBPUCTUIECKUX METOIOB.
Ba3oBbIil TOMCKOBBINM AJITOPUTM JTAHHOTO

KOMILTEKCa OTHOCHTCS K KJIACCY II0OATBHBIX aJl-

TOPUTMOB HAIIPABJIEHHOI'O CKAHUPOBAHUA HA [1€-

TePMHUHUPOBAHHOI ceTke. [I1s1 mpeobpasoBaHust

MaccuBa MUCKPETHBIX LEJTOINCIIEHHBIX 3HAYEHU

Ka)KZIO¥ i-¥ IIepeMeHHOM B KOJTOBOE IIPOCTPaH-

CTBO UCIIOJIB3YeTCs KO, I'pest, KOTOPBIIT [I03BOJISET

OCYIL[ECTBUTH HepasphIBHOE KOTUPOBAHIE MaC-

CHBa, TO €CTb TaK, UTO KXK[As COCEHSII KOTOBast

KOMOHMHAIHS OT/IMIAeTCs He 6oJIee 1eM Ha ONUH

CHMBOJI. DTO IO3BOJLSIET OPraHU30BaTh IIOUCK

Ha IUICKPETHOI CeTKe IPHU IIOMOIIY TaK Ha3bIBa-

eMbIx cep moncka. Kaxxpast cepa mpefcrasiser

MHOKECTBO TOUeK IIPOCTPAHCTBA IIOUCKA B BHUIIE

Y3JIOB CETKH, PACIONIOXKEHHBIX BOKPYT HEKOTOPOIL

L[eHTPATIBHOM TOUKY (pHC. 5). JaHHble cepsl Hc-

IIOJIB3YIOTCS IS IOUCKA IOOAIHHOTO IKCTPEMY-

Ma II0 OIPENEIEHHOM CTPAaTerum.

ITporecc moucka HauuHaercs co cepst C,
MHUHUMAJIBHOTO pafuyca r = 1 ¢ neutpom O;;
a 3aTeM IPOUCXOAUT ABTOMATUIECKOE yBe-
nudeHue papuyca r cepsr noucka (cdepa C,
Ha PHC. 5a) C MOCTENYIOIINM aBTOMATHIeCKIM
Cy)KeHMeM pafiyca 10 MUHUMAaNbHOro (r= 1)
C ePEHOCOM I[eHTPa B JIYUIIYIO TOUKY Ha che-

C2 C4
~Cs

(] [e]

Puc. 5. YnpolueHHoe oTobpaxkeHHe cTpaTteriu noucka:
a) HyNeBoM pexkuM; 6) NepBbiit PesxxUM

pybpuka | pOeKTupoBaHue

pe, Ha KOTOPOIt TaKast TOYKa HalneHa (Hampu-

Mep, Touka O; Ha cdepe C,). [list HyIeBOrO pe-

JKHuMa pa6OTbI AJIrOpuTMa MUHUMU3ANUN Xa-

PaKTepHBI KOHIIEHTpHYecKHe C(hepbl OUCKA.

Jlanee MoKeT IPONOJIKATHCS HYJIEBOK PEKUM

PabOTBI WK OCYLIECTBISATHCS [IEPEXOL B IIep-

BBIi1 pexxuM. Kak BULHO, U1 IEPBOTO peXXuMa

XapaKTepPHO HEKOHI[EHTPHYECKOE PACIIMPEHHe

cep HmouCKa IpU HANUYKUA Ha c(epax TOUeK

nyuaie nestpa. I[Tycts chopmuposana cdepa Cs
papuyca r =1 ¢ neurpom O; (puc. 56). Eciu

Ha cdepe C; Hartach Todka O, € Cj ¢ Tydmmm

(MeHBIIINM) 3HAYEHUEM 11€JIeBOI PYHKIHH,

geM B Oj, TO LIeHTp Houcka nepeHocurcs us O,

B O, 1 BOKpyT Hero ¢popmupyercs cdepa C, ya-

BOeHHOro paauyca 2r. [Ipu orcyrcrBun Ha ce-

pe C, Toukn sy4qie, ueM O, OCYyIIeCTBISAETCS

nepexon oT cdepsl C, k cepe C; HauMeHbIIIe-
ro paguyca c TeM xe 1eHTpoM O; O,. ITepexon

K HyJIEBOMY PEXXIMY OCYLLECTBIISIETCS B CIIyYae,

ecnu Ha cepe C; HAUMEHBIIIETO Pafuyca He Ha-

IIJIOCH Jy4Iiei Touku. Takum o6pasoM, npu

[OC/Ief[OBATEeIbHOM aBTOMATHYECKOM PaCIlIi-

peHUu U CyxxeHUu cep MOUCKA IPOUCXOLUT

HaIIpaBJIeHHOe CKAHUPOBAHHeE BCe 06JIACTH 10~

ucKa, 6e3 mosHoro ee mepebopa.

JlaHHBII aITOPUTM HAIIPaBJIEHHOTO CKAHUPO-
BaHMs Ha ceTKe Kofa I'pest o6amaeT ykasaHHOM
paHee COBOKYIIHOCTBIO TpeOyeMBIX CBOWCTB,
a IMEHHO:
® SBJIAETCA AJITOPUTMOM HYJIEBOI'O IIOPAIKA;
® HE€ UMECT HACTPpauBAE€MbIX IIAPAMETPOB;

e o6magaer paboTOCIIOCOOHOCTHIO B IIEJIOYHC-
JICHHOM IIPOCTPAHCTBE OOMBIION Pa3MePHO-
crit (mo 1000 epeMeHHBIX)

® yMeeT Maible IOTePU Ha IIOKCK, 00ecriednBast
CyILIeCTBEHHOE COKpaIl[eHIe IOIHOTO Iepe-
6opa (nampumep, BMecto 10" BapuanToB —
Bcero 10° BapuaHTOB IpuU 16 IepeMeHHBIX);

® UMeeT BBICOKYIO HaJeKHOCTD IIOMCKA IKC-

TpeMyMa, KOTOpas COCTaBJIAeT He MeHee 75%

" UMEET MAJIYIO YYBCTBUTEIbHOCTD K XapaK-

Tepy LeeBoi QYHKIUN.

IMonpob6Hoe omucanue 6a30BOTO AITOPUTMA
[IOKCKA Ha ceTKe Kofa I'pest mpuBeneHo B pabo-
Tax [2, 13, 14].

AJITOpUTMIYECKUI KOMIIIEKC LeI0UHCIIeH-
HOU MUHUMHU3ANUY, B COCTAB KOTOPOTO BXOAUT
PaccMOTpPeHHBII 6a30BbLIT AITOPUTM, OCYIIIECT-
BJISIET HpHMOﬁ IIOUCK FJIO6aHbHOrO MUHHUMYMa
MHOTOMepHOI (DYHKIIMH eI B COOTBETCTBUH
C BHIOPAHHOI MOJIEJIbIO, CTPAaTerteil IOUCKa.
AJNropuTM U3 3aIaHHOJ [I0JIb30BaTeJEM Ha-
JaJbHOU TOUKM (HaYanbHOE IPUOIMKeHUE)
OCYILIECTBIISIET I0C/IE0BATEIbHBIE [IATH K TOY-
ke rio6ansHOro MuanMyma FO(IX?), obecre-
YUBAIOLIEN COBIAJEHNE TEKYIEN XapaKTepu-
cruxu I ¢ Tpe6yeMbIME XapaKTePUCTHKAMI.
I'padpuku XapaKkTepUCTHK Ha KaXKOM LIIare CHH-
Te3a 0TOOPAKAIOTCS Ha IKPaHe.

st 9pdeKTUBHOrO U Ha/IE)KHOTO PEelIeHUS
9KCTPEMAIBHOI 3a/Ia4H IOIB30BATENIO He06X0-
IMMO 3aJiaTh MOJIeJIb CHHTe3a, B COOTBETCTBAN
C KOTOPOIi 6yzeT paboTaTh MOUCKOBBIN KOMILIEKC.
Mopenb noucka (cuHTE3a), KaK CKa3aHO BBIIIIE,
ompeiessieT OOIIYIO0 CTPATETHIO [eIOHCIICHHOM

MHUHHUMU3aI U HpI/I IOBMJKEHUHU OT HavaJIbHOUI
TOYKH K TOUKe [I06aipHOro Muaumyma. [epexorn
K MojieJtHt ¢ 6ostee BRICOKOIT (CJIOXKHOI) CTpaTeru-
el TOHWKAeT BEPOATHOCTD TIPOITYCKa IIOGATBHO-
TO BKCTpeMyMa, X0THA BpeMﬂ peLLIeHI/IH HpI/I 3TOM,
eCTeCTBEHHO, Bo3dpacTaer. CTPYKTypa KaXKIoi
MOJIENU MOKCKA OTIPENIENAETCS PagpaboTINKOM
TIOMCKOBOTO KOMIUIEKCA [IPUMEHUTENBHO K KIAcCy
MPUKIIATHOM 3a11a49H, PEIIAEMOI € ero OMOIIBIO.
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Puc. 6. MaHenb HacTpoek nakeTa cuHTE3a

B nporpaMMHOM KOMILIEKCe ITapaMeTpude-
cxoro cunTesa IO 06baBIEHO 1IECTh MOJe-
Jeii. VI3 HUX mepBble IATH SBISIOTCS hopManu-
30BaHHBIMU (ITAKETHBIMH ), HE TOMYCKAIOIIMMHE
BMeIIIaTeIbCTBA B ITporecc cuHTe3a. [Tocmenss
MOIE/Ib I/IHTepaKTI/IBHaf{ u 06ecneqHBaeT TaKyIO
BO3MOYKHOCTb. BRIOOD MOJIeITH 11e/I09HCIIeHHOM
MUHUMHU3ALUHN OCYH.[ECTBJIHQTCH Ha I1aHeJIX Ha-
CTpOeK makeTa cuHTe3a (puc. 6). [IpuBenem kpa-
TKO€ OIMCaHKe TaHHBIX MOJIeJIer:

e MuHuMmanbHas Mofenb. Onpepnenser pe-
meHue 3agaun cuaTesa LIII® mo ycnosHO
MUHHAMaJIbHOU CTpaTeFI/II/I IIOMCKa, COOTBET-
CTByIOLIEi 6a30BOII CTpaTeruu ria06anbHON
MUHUMM3AIUHA Ha ceTKe Kozia I'pest, mpuse-
IIeHHOM BbIIIIe. DTO camast ObICTpast MOIENb
o kputepuio 3G PeKTUBHOCTH IOUCKA,
OJHAKO B HeKOTOprX CHY‘{aHX HaJIeXHOCTh
OT/IeNeHHs II0OATBHOTO SKCTPEMYMa MOYKET
OBITH HEIOCTATOYHOIA.

o Pacmupennas mopesns. OmpefesiseT pelleHue
3a/jauyl CHHTe3a 110 PACIINPEeHHON CTPaTeruu
roucka. [ToBblIIIaeT HaIEKHOCTD PEILIeHHs 3a-
magu [ITHIT-cuHTe3a 3a CYeT UCIonb30BaHUs
Iporenyps! (MeToa) MOBTOPHOTO IOUCKA
U3 HOBOI CTeHepHPOBAHHOM TOUKH (IOCTIe
TOMCKA U3 HAYaJIbHOM TOYKHU, 3aIaHHOM IT0JIb-
30BateseM). Bpemst ciHTe3a [py 3TOM BO3pac-
TaeT NpUMepHO B 1,5-2 pa3a (31ech u ganee
10 CPABHEHHUIO C MUHIMAIBHOU MOJIENBIO).

e ApanrtusHas Mojenb. OpeneseT pelleHue
3aJlauy CHHTe3a [0 afJalITUBHOM CTPaTeruu
IIOYICKA, KOT/Ia Hale)KHOCTh PelIeHus 110~
BBIIIIAETCS 32 CIET KaK IOBTOPHOTO ITOMCKA
u3 Tpex CI‘eHepI/IpOBaHHI)IX HAYaJIbHBIX TO-
Y€K, TaK U UCIIOJb30BAHUSA NOIIOJTHUTEIIb-
HOl 9BPUCTUIECKOI IIPOLenyphl (MeToaa),
YCKOpS{IOH.IefI JOBHUKCHHUE 110 BBIYUCIIUTEIIb-
HOMY «Ipe6e3ry», CBOMCTBEHHOMY I[eJIeBBIM
(byHKL[I/IHM, paCC‘II/ITaHHLIM 110 YU CJII€HHBIM,
HpI/I6HI/I)K€HHbIM aJIFOpI/ITMI/I‘IeCKI/IM MaremMa-
THIECKUM MOJIeJISIM 00beKTa ChHTe3a. Bpems
CUHTe3a Bo3pacraeT B 3—4 pasa.
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e MakcumanpHasi Mozens. Onpenenser pe-
ILIIeHUe 33/IaYl CHHTE3a [0 YCJIIOBHO MAKCH-
MJIBHOM CTpaTeruu noucka. MakcumaapHas
MOJIeJTb CYII[eCTBEHHO ITOBBIIIIAET Ha/Ie)KHOCTh
IIOUCKA 32 CYeT UCTIOIb30BAHISL:

— IPOIENyPhI IOBTOPHOTIO IIOMCKA U3 IEBATU
HOBBIX CI'€HEPUPOBAHHBIX HAYAJIbHBIX TO-
Y€K, KBa3UPaBHOMEPHO pacIIpefie/IeHHbIX
B 00JIaCTH TTOUCKA;

— IOIIOJIHUTEIBHOTO METOJIA, YCKOPSIOIIeit
IBIDKEHHE 110 BBIYUCIUTENBHOMY «pe6es-
Ty» LeeBoit QyHKINN;

— OOIIOJIHUTEJIBHOIO METOJAa MUHUMMHU3A-
LMY OBPA’KHBIX LIE€JIEBBIX (byHKL[I/H?I, qacTo
BCTPEIAOINUXCA IIPU PEIIEHUN IIPAKTHYE-
ckux 3agad cuaresa L1 O.

Onrako 310 HanboJIee TPyIOEMKAs MOJIEb.

Bpemst cunTe3a MokeT Bo3pacTu B 7—10 pas;

o HenpepsisHast Mopietb. OmpesiensieT akeTHOe
pellleHHe 3alaun CUHTe3a B HENPEPBIBHOM
pexxume (non stop), KOTaa OCyIeCTBIsSeTCs
HeIIPepBIBHBIN IUKII IIOMCKA U3 HOBOM, CIIy-
YaliHO CreHepUPOBAaHHOM HAYaJbHOU TOY-
KH 11O UO€0JIOTUN MUHUMaJbHOU MOIE/IN.
[Tpomecc cuHTE3a MOKET OBITH OCTAHOBIIEH
TOJIBKO HOJIb30BaTesneM. [Ipu mocTaTouHOM
9KCIIO3UIIUY HelPePhIBHAsI MOJIENIb II03BOJISI-
€T pear30BaTh PEXXUM, OJIH3KUIL K IIOTTHOMY
nepe6opy, 4T0 obecredrBaeT HAUBBICIIYIO
HaJEXKHOCTD ITOMCKA OIITUMAJIBHOI'O PEIIEHUSA
L[EHOI1, eCTECTBEHHO, CYIIIeCTBEHHbBIX BPEMEH-
HBIX 3aTpaT Ha IIpOIeCcC MUHUMU3AIIUU.

e Jlnanorosas Mofiesb. Peanusyer nHTepakTUB-
HbI# pexxuM cuHTesa LIII®. B aToit mopenu
paboTaer «OTKphITask» MEHUMAIIbHASI MOJIEITb,
Kormga CbOpMaJIbHaF{ CTpaTerusd MUHUMU3A-
LMK COYETAETCH C IIEPCOHAIbHOM CTpaTernein
nosb3oBatens. [Ipu pab6oTe B [UAIOrOBOM
MOJIe/IM Ha KaK/IOM IIare CHHTe3a I10JIb30-
BaTeJIb UMEET BOSMOXHOCTb IIPUOCTAHOBUTDH
IIPOL[ECC, CKOPPEKTUPOBATH TEKYII[¥e JaHHbIe
(IoMoKeHNe TOYKU OCTAHOBA, TPAHMIIBI 110~
HCKA ¥ T.11.), & TAK)Ke MCCIIEOBATD LIEJIEBYI0
(yHKIMIO B TOYKe OCTAHOBA ITyTEM HOCTPO-
eHUs ee KOOP/IMHATHBIX pa3pe3oB. YcIiex pe-
LIIeHNUS 33/1a9U CHHTe3a (2 TAKKe 1 BpeMs ee
PEILeHYIst) OLPeeNIeTCS] OMBITOM I10JIb30Ba-
TEJIA. HPI/I HJIMYUU ONIPpENIEJIEHHOr0 HaBbIKa
paboTsl B nuanore 3G HeKTHBHOCTD pereHus
3amaun cunTesa L[11P MoxeT OBbITh IOBBIIIIE-
Ha B lecsiTKHU pa3. OIHAKO eCIIM [0JIb30BaTeIh
He MMeeT TO0CTaTOYHOTO OIIbITA JUAJIIOTOBOTO
[IPOEKTUPOBAHUS, EMY JIy4llle HAYATh C Ia-
KETHBIX MOJIeJIell CHHTE3a.

Hccnedobanue yeneBoii pynxyuu

[Tpy MOMCKOBOM IPOEKTUPOBAHUH IIO CO-
BOKynHocTu xapaktepuctuk I menesrie
yukun sxcrpemansueix 3agas IIHIT moryT
HMMETh BECbMa CJIOKHBIN, IIOJUMOJAIbHBINA Xa-
pakTep. B anropuTMudeckoM KOMIUIEKCE TIpef-
YCMOTpPeHa BO3MOKHOCTb UCCIIEOBAHUS TIPO-
st nenesoit pyrkIuu B 110601 TOUKE ITOUC-
ka (HavYaabHOI, MPOMEKYTOIHON, KOHETHOIT).
DTo ucciefoBaHNue OCYLIeCTBISAETCA IyTeM
TIOCTPOEHHSI KOOPIMHATHBIX Pa3pe3oB Iesie-
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Puc. 7. Pa3pe3 Li® no napametpy: a) a;[3]; 6) b[7]; 8) a,[2]; r) b,[3]

BOU (pyHKIIME — 3aBHCUMOCTHU 0011elt PyHK-
I[UY IIeJIU OT BHIOPAHHOI IHepeMeHHOM F(ix,)
npy GUKCHPOBAHHBIX 3HAYEHUSX OCTATbHBIX
mapaMeTpoB 3anauu. [lepemerHas paspesa ix,,
[IPY 3TOM M3MEHSIETCS B Ipefiesiax 3alaHHbIX
rpaHuI 06JacTU MOUCKa (MPOEKTUPOBAHUA).
[TpuMepoOM MOTYT CIIYKUTh KOOPJUHATHbIE
paspessl meneBoil GyHKIME (puUC. 7) 3a7adn
MHOro(YHKIIHOHAIBHOTO CHHTE3a 8-GUTOBOTO
pexypcusHoro III1® mectHapaToro nopsuxa,
OCYIIIECTBIISIOIIET0 KOPPEKIIUIO AMIUTUTYJHBIX
UCKa)KEHWI TMIPOAaKyCTHYeCKOro TpakTa [15].
Ha pucyHKax mpuBefieHa 9rucTast 3aBUCHMOCTD
1es1eBoro GyHKIMOHAIA TAHHON 3a/jadr OT YKa-
3aHHBIX [IJIOYUCIIEHHBIX KO3 DHIIIEHTOB 3Be-
HbeB (HOMep 3BeHa yKas3aH B CKoOKax) 6e3 Ha-
noxerust GyHKuuu mrpada.

Kak BupHO, rpaduky KOOpIMHATHBIX paspe-
30B TOBOPSAT O MOJTUMO/IAIBHOM XapaKTepe Iie-
7eBbIX (PYHKIMI OKCTpeManbHbIX 3amnad [THIT,

Tononornyeckuii
penakTop
1
PyHKUMOHANBHBIN
penakTop
i
ANropuTMUYECKUIN KOMMNEKC
pelueHus 3agayun LIHT
v

Mopaynb aHanusa
u pacyeta L|®

AHanu3 onTumanbHoro
peLueHus

!

| MpoTokon cuHTe3a |

Puc. 8. Brok-cxema nporpammbl cutTesa LD

O HAJIUYHUHU JIOKAJTIbHBIX pemeHHﬁ (SKCTpeMY‘
MOB), YTO HeOGXOIUMO YIUTBIBATH IIPU BBIOOpE
obmien CTpaTeruy peleHns CJI0KHBIX MHOTO-
(YHKIHMOHAIBHBIX 3a[a4 IIOUCKOBOTO CHHTE-
3a [IL®. TTo rpadukam paspe3oB MOKET OBITH
IPOBeieHa OL[eHKA TyBCTBUTEIBHOCTH OOIIIel
1ejaeBou (byHKLu/II/I K Bapualuy, U3MEHEHUIO
COOTBETCTBYIOLIEro mapamerpa (koaddurimer-
ta) npoextupyemoro LITT®.

TaxuM 06pa3oM, pacCMOTPEHHBIN KOMILIEKC
eJIOYNCIEHHON IMTOMCKOBOY MUHUMU3AIUH 110-
3BOJIsIET 0OECIIEIUTD BHICOKYIO HANEKHOCTD OT-
JeJIeHNs NI0OaIbHOTO 9KCTPeMyMa B BeChbMa IIIH-
poxoit obmactu mpoextuposarwst IO mpaxtu-
4eCKH U3 JIF0O0M HaYaIbHOM TOYKH. XOPOIIero
HAYaJIbHOTO IIPHOIIDKEHNS 37eCh He TpebyeTcs,
9TO CBOMCTBEHHO aITOPUTMAaM [I00AIbHON MU~
HUMU3AIUHY B IIPOKOI 00JIACTH ITOKCKA.

Crpykrtypa
NporpamMMHOro Kommnjaekca

KoMmbioTepHast IporpamMma mo3BoJsieT ocy-
IIeCTBIISATH MapaMeTPHIECKHIl CUHTe3 KaK pe-
kypcusHbIx (IIR), Tax u HepexypcusHbix (FIR)
IeJI0YUCIIeHHBIX [IU(POBIX GHIBTPOB PA3IH-
HOTO IOPSIIKA B IIUPOKON 06JIACTH HOMYCTH-
MBbIX M3MeHeHHI ITapaMeTPOB (LIe0INCIeHHbIX
k03¢ unueHToB) GUILTPA, IPOBOAUTD IO~
POOGHBII aHAIH3 IOy IEHHOTO OLMTUMAIBHOTO
pellIeHNs B JaCTOTHOI 06IaCTH, UCCIeI0BATh
qyBCTBUTENBHOCTh OINTUMAIBHOTO PeIleHNUs
K U3MEHEHHIO IIapaMeTpoB (k0aduIieHToB)
cunTe3upoBanHoro I11d, BBIBOIUTH Ha Ie4aTh
rpadUKU YaCTOTHBIX XapaKTePUCTUK CHHTe-
3upoBaHHOrO GUIbTPa 1 GOPMUPOBATH (Haiil
IPOTOKOJIA PEIIeHNs TeKyIIel 3ajadn CUHTe3a.
Biok-cxemMa KOMIBIOTEPHOI IPOrPaMMBI IIPH-
BeJleHa Ha puc. 8.

31ech TOMOIOTMIeCKHIL PeNAKTOP IpeIHa3Ha-
eH 7151 BBOJIA CTPYKTYPBI M [IapaMeTPOB CHHTe-
3upyeMoro 1upoBOro GuIbTpa B IPOrpaMmy.
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Puc. 9. DyHKUMOHANbHBIM PEaaKTOP C OTKPbITON NaHE/bIO 3aaHusl THNa XapaKTePUCTHK
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Puc. 11. Uccnegosanue AYX asyxnonocHoro rayccosa LILID

Pepaktop mo3Bossier chOpMUPOBATH TEKCTOBBII (Hailsl, ONpeeIIOIHit
BCe He0OXOMMBble TaHHbIe st mpoBeneHust cuaresa LILIO: mopsmox
CHHTe3UPYeMOro pHIbTPA, YACTOTY AUCKPETUIAINHU, HAYAIBHYIO TOUKY
I10 BCEM LeJIOYHCIIeHHBIM K03 HUIIHeHTaM [TepefaToIHOi PyHKIUH, 10-
ITyCTUMBbIe TPAHUIBI U3MEHEHUS! 3THX K03(p(PUIIMEHTOB, a TAK)Ke YCITOBHS
uX Ay6IMpOBaHUS B CITydae HEOOXOMMMOCTH.

pybpuka | IPOEKTUPOBaHHUE 89

DyHKI[MOHAIBHBII PeIAKTOP OCYIIECTBILSIET BBOX B IPadUIeckoM pe-
sKuMe TpebyeMbIX (PyHKIMOHAIbHBIX XapaKTePUCTHK U (popMupyer 06-
LM [eTeBOil PYHKIMOHAT 3ala9i CHHTe3a B aiUTHBHOI (opme (24).
Ha nanenu GyHKIHOHAIBHOTO pefakTopa (puc. 9) MpencTaBIeHbL:

e rpacduraeckoe mose BBofia rpadrka TpedyeMoit XapaKTepUCTHUKY (PUIBTPa;
® 3JIeMEHTBHI YIIPaBJIeHNUS, 3aAIOIINI TUII XapaKTePHCTUKY U HOMep 4a-

CTOTHOTO OKHa;
® 110151 BBOJIA BeCa XapaKTEePUCTHKY U JIOITYCTUMOI ee HePABHOMEPHOCTH;
® 3JIEMEHT yIIpaBJICHHUS IS 3alaHUs TUIIA CXOOUMOCTHY YaCTHBIX KpHTe-

pueB B KOXOH TOUKe OLUPPOBKY;
® 9JIeMeHTHI IPaUIeCcKOro PeIaKTHPOBAHMUS TEKYIIIEro OKHA PeIaKkTopa.

ITpumep BBoga Tpedyemoit AYX momocosoro IIII® B Moxyre yHKIm-
OHAJIBHOTO PEIAKTOPA IIPOrPAMMBI ITPEICTaBIIeH Ha puC. 9.

[TporpaMMHBIIT aITOPUTMHYECKUI KOMIIEKC OCYIIECTBIISeT IOUC-
KOBOE HUTEePaTHBHOE pellleHue dKcTpeManbHoi 3anauu LIHIT B saganHOM
IIPOCTPAHCTBE LeIOTUCICHHBIX [IaAPAMETPOB, 0OPAIIAsCh K MOIEIBHOMY
6JI0Ky IIPOTpaMMBl /IS pacdeTa TeKyIuX (QyHKI[MOHAIbHbIX XapaKTepU-
CTUK CHHTe3UPYeMOro (IIBTpA [0 3aTAHHOI €T0 MOMIEIH.

Bce 3akasaHHBIe XapaKTePUCTUKU CHHTE3UPYeMOro GpuIbTpa 0Tobpa-
KAIOTCS Ha ITaHeJIU CHHTe3a KOMIIBIOTEPHOI IPOTPaMMBI Ha KaKIOM UTe-
paTUBHOM IIare pernenus 3afadu. Ha puc. 10 B KayecTBe nmpuMepa Ipu-
BEJIEHO COCTOSIHUE TIaHe M Ha TeKyIleM UTePaTHBHOM IIIare MOMCKA IIPU
cuHTese 10710c0Boro 1II® ¢rrbTpa Mo YeThIpeM ero XapaKTepHCTIKAM.

ITocie Haxoxpenust apdexrusroro pertenus sagadu LTHIT ocymect-
BILIETCS IIOAPOOHOE €r0 UCCIefOBAHNe B MOLYJIe aHAIN3a C IOCTPOSHUEM
rpaduKOB BceX XapaKkTepUCTHK GUIBTPA, UX PacledaTKoil u popMupo-
BaHMEM CTaH/IAPTHOTO IIPOTOKOJIA PEIlleHNs 3aa4y CUHTe3a. [IpuMep
uccnenoBanust AUX nByxmomnocHoro 8-6mroBoro rayccosa LIL® B Monyie
aHaJIN3a IIPOrPaMMBbI IIPeCTaBIIeH Ha puc. 11.

bornee yeM fecATHIIETHUI ONBIT IpuMeHeHust Metopostoruu LIHIT mis
peleHus 3a1ad MPOKTUPOBAHNUS [[eJIOIUCIeHHBIX HUGPOBHIX HUIb-
TPOB IIOKA3a]I ee BHICOKYIO HaIeXKHOCTD U 3pdpextrBHOCTS. C IOMOIIBIO
pa3pabOTaHHOrO IPOrPaMMHO-AJITOPUTMUYECKOTO KOMIUIEKCA IIOHC-
koBoro cuHTe3a LII]® 66110 perreHo MHOKECTBO MTPAKTUYECKHX 3a1adY,
KaK THIIOBBIX, TAK I BeCbMa CJIO>KHBIX, TPUMEPBI KOTOPBIX MOXHO Haii-
TH B paborax [8, 11, 15, 16]. ITpakTudeckas peasusanus moayIeHHbIX
pellleHuiT Ha [[e0YUCIeHHBIX TUPPOBBIX IIAT(HOPMaX MOJHOCTEIO
MOATBEPXK/AeT CHHTe3NPOBAHHBIE XaPAKTEPUCTUKH IIeJI0YHCIEHHBIX
11upoBbIX GUIBTPOB.

B Hacrosiiriee BpeMsi IPOrpaMMHO-aJITOPUTMIYECKUIT KOMIUIEKC OHC-
koBoro cunresa [P sABIIsIeTCst SKCKIIFO3UBHOI aBTOPCKOM Pa3pabOTKOIL.
JIuneHnsupoBaHue JaHHOTO KOMILIEKCA 1 KOMMePUYECKOe er0 paCIIpoCTpaHe-
HHE ellle TOJIbKO HpepcTout. OJHAKO 3aMHTePECOBAHHBIE YUTATEA MOTYT
yoKe ceffdac 00palaThCst K pa3paboTINKaM KOMILIEKCa II0 BOIIPOCAM peltie-
HUSI KOHKPETHBIX 3a/1ad MHOTO(YHKIIMOHATBHOTO CHHTE3a 11e0UHCIIeH-
HBIX [I1(POBBIX HUIBTPOB. |
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