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I'nmaa 7. 3AJJIAYHN OITUMU3AIINHU
B KOHCTPYUPOBAHUMHU U TEXHOJOI'MAU
PAJIMODJEKTPOHHBIX YCTPOHCTB

7.1. IllousaTHe 321249 ONTHUMHU3ANUHA

JIro6oe KOHCTPYKTOPCKO-TEXHOJOTHYeckoe pemeHue POY omnpe-
NENAEeTCS COBOKYIHOCTBIO ITapaMeTpoB. B KadecTBe Takux ImapaMeTpoB
MOTYT pacCcMaTpUBaThCs NapaMeTpbl JJIEKTPOPAJAHUOIIEMEHTOB, UX
cBOlicTBa, rabapuThl, Macca, CBOMCTBAa HMCHOJb3yEMbIX B KOHCTPYKIIHHU
MaTEPHUAJIOB U T.II.

[TapameTpsl, onmpeaensiomue KOHCTPYKIMIO, IMO3BOJSIOT TOCTH-
raTb ONPEJEIEHHBIX 3HAUYEHUU TEXHUKO-IKOHOMHUYECKHX IMOKa3zaTeiei
POVY. B sTom kauecTBE MOTyT paccMaTpUBaThCs HAJIEXKHOCTh, Macca,
rabapuTsl, CTOUMOCTH H T.II.

Takoe KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE pEIIeHUEe, NMpU KOTO-
POM JOCTUTAETCS AKCTpeMalbHOE (HO JIydyllee) 3HaAYEHHUE HHTEPECYIO-
IIEr0 TEXHUKO-d3KOHOMMUYECKOrOo IoKa3aredass (OJZHOrO0 HJIH HECKOJb-
KHX), Ha3bIBAlOT ONTHUMaJbHBIM.

TeXHUKO-I3KOHOMHYECKUM NMoKa3arenab (OJUH MM HECKOJIBKO), MO
3HAYEHUI0O KOTOPOTO CYASIT 00 ONTUMAIbHOCTHU pPEHICHHUs, Ha3bIBAIOT
nenepoi ¢pynkuueit. Muorma Bmecto TepMuHa "ueneBas GyHKIuUs" uc-
NOJIb3YIOT TakKXe€ TaKuhe TEPMHUHBI, KakK "KpUTEpUH ONTHUMHU3ALUU",
"kputrepuanbHad GyHknua", "PyHkuus kadecTBa" U T.II.

[TapameTppl KOHCTPYKTOPCKO-TEXHOJOTHUYECKOTO pPEIIEHUSA, OT
3Ha4Y€HUH KOTOPBIX B 3HAYHUTEIbHON CTENEHH 3aBUCHUT IiejeBas (YyHK-
nusi, pacCCMAaTPpUBAIOTCSA KaK ONTUMHU3UpPyEMbIe mapameTpbl. X 3Haue-
HUs, oOeclneynBamIIue dKCTPEMYM ILeleBOil (QpyHKIMHU, HA3bIBAIOT OII-
TUMAaJbHBIMU 3HAYECHUSIMH ONTUMHU3UPYEMBIX TapaMETPOB.

Nuorpa BMecTo TepMuHA "ONTHMalbHOE pemeHue" ynorpeOiasoT
TEPpMHUH "KBAa3UONTHUMAJbHOE pelieHue" MU "MCeBIOONTUMAIBHOE pe-
nmeHue", uMes BBUAY, YTO HCTUHHOE 3HA4Y€HUE ONTHUMyMa JOCTHYb
CIIOKHO M Ha MPAaKTHKE MOJYy4yaroT HEKOTOPOE €ro NpubImKeHue.

O6o03HayuM 1€JeByI0 QYHKIHIO F, a mapaMeTpbl, XapaKTepHU3yIo-
M€ KOHCTPYKTOPCKO-TEXHOJOTUYECKOE PEUIEHUE U B TO )K€ BPEMs 3a-
METHO BJIMAIOLIME HA 3HaueHUEe QyHKuuu F, Kak x, .., x,. Torga yciuo-

BHE OIITHMAJbHOCTH MOXHO 3aIllMCaTh KakK
F(x, ..., x,)—>ext, (7.1)
rae ext — MUHUMYM JIHOO MAaKCHMYM 3HauyeHHUS QYHKIIHUUA B 3aBUCHMO-
CTH OT TOTO, UTO SBJISCTCS JIYUIINM,
n — KOJHWYECTBAa ONMTUMHU3UPYEMBIX TapaMeTPOB.

B pCaJIbHBIX 3aaaydax HOTpC6I/ITCJ'I$I HHTCPCCYIOT MHOI'MC TCXHH-
KO-PKOHOMHUYECKHE MNoka3zaTelu. YacTh M3 HUX MOXKET BOWTHU B COCTaB
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nejseBo QyHkuuuM F, Ha OCTaJbHBIE X€ MOTYT OBITh HAJIOXKEHBI OTpa-
HU4YeHUs. Bug 3Tux orpaHuyeHuid 0OBIYHO TAKOB:

Qj SQj)lon; (72)
Q_j 2 Q_jz[on s (73)
rac quon_ AJOIIYCTHUMOC 3HAYCHHUC j-FO TCXHHUKO-D3KOHOMHYCCKOTO IIO-

Ka3zaTeJis, He BOIIEANIEro B COCTAaB 1eneBoil pynknuu F.

B 3agavax ontuMu3anuu Ha mapamMeTpbl, XapaKTEPU3YIOIIHUE KOH-
CTPYKTOPCKO-TEXHOJOTHUYECKOE PEMIEHUE, MOTYT TAaK)K€ HAKJIAIbIBAThCA
OTPaHUYCHUS, UCXOMSI M3 KOHCTPYKTOPCKO-TEXHOJOTUUYECKUX HJIU (PH-
3UYECKUX 0COOCHHOCTEH mapaMeTpoOB. DTU OTpaHUYCHUS UMEIOT BU]

xlmin S xl S xlmax

............................ , (7.4)
<x,<x

nmin nmax

THE X;ins> X o MUHUMaJIbHOE U MAKCUMAJIbHOE JONYCTUMbIEC 3HaYE-
HUS [-TO ONTUMHU3UPYEMOTO napamerpa; i = 1, ..., n.

B oramenpHBIX ciyyasix OrpaHUYEHHUSs, HaKJaJblBAa€MbIE Ha OII-
TUMHU3UPYEMbIe TapaMeTPhbl, MOTYT OBITH OJHOCTOPOHHHUMHU.

Cnenyetr MOMHHUTH, YTO KOTJla TOBOPSAT 00 ONTUMalbHOM pelie-
HUM, 3TU CJIOBAa Hago0 0053aTENIbHO CBA3BIBATH C IEJIEBOW (PyHKIIHEH,
KOTOPYI0 UMEIOT BBUAY. MO0 onmTHUManbHOE pPEIMIEHHE C TOYKH 3PEHUS
ONHOU 1eneBOW (YHKIMHU, HApUMEp, YPOBHS HajexHocTu POV, mo-
JKET OKa3zaThCs JAJNIEKO HE JYYIIMM C TOYKH 3PECHHUS APYrou LEeIeBOU
GbyHKIUU, HAmpUMEep CTOMMOCTH, HAa 3HAUYEHHE KOTOPOW OKAa3bIBAIOT
BIUSHHUE TE€ K€ ONTUMH3UPYEMBIC MMapaMeTpPhl, YTO U B CJIy4yae NEPBOU

GyHKIIHU.

7.2. O0muA MOPAJOK PEeUICHUA 3a1a4 ONTUMHU3ALMNHU

[Topsgok pemeHus 3aga4yv ONTUMHU3ALUU B KOHCTPYUPOBAHUU U
TexHojoruu POY 3aBucut ot ee cnenudpuueckux ocodbennocrei. Onu-
HAKO MOXHO CHOPMYJIMPOBATH NPUMEPHBIN OOIWMN TOPAAOK 3TON Npo-
HEAYPBl IPUMEHUTENBHO K POYVY.

l. BeIsBASIOTCS TEXHUKO-DKOHOMHUYECKHE TMOKa3aTelu, Bax-
Helmue a8 JaHHoro Buaa POY ¢ mo3uuui co3gaHus 3TOro0 yCTPOUCT-
Ba U €0 MCIIOJIb30BaHHU 10 HA3HAYCHUIO.

2. 3 BBISIBIEHHBIX MOKa3aTejael BbIOMparwTca BaxHelmue (0quH
UM HECKOJbKO). Ha ux ocHoBe cTpouTcs oOmMNA BUJ 1eTeBOU (QyHK-
nuu F. Ha ocranbHble TEXHUKO-DKOHOMHUYECKHE MmoKazarenu Q ,, u3

yucjga He BKIIOYEHHBIX B IeJeBYI0 (YHKIHUIO F, HakIaJablBalOTCs Orpa-
Hudyenus Buga (7.2) unu (7.3). [IlpyueM HEOOXOAMMO YTOUHHUTH, KAKOU
KOHKPETHO BHUJ OTPAaHUYECHUS JOJKEH OBITh HAJOXEH Ha TEeXHUKO-
DKOHOMHUYECKHMH moKazarens Q,, j =1, ...
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3. Ha ocHoBe aHanu3a KOHCcTpykuuu PDOY BeisBAsStOTCS mapa-
METPbl KOHCTPYKTOPCKO-TE€XHOJOTUYECKOTO pEIIeHUs, KOTOpble B HaW-
OoJiblIe CTENMEHW BIMUSIIOT Ha IeleByl (GYHKIUIO F U Ha TEXHUKO-
PKOHOMHUYECKHUE MOKa3aTeau (J;, HE BOLIEAIINE B HEE. DTHU NMapaMeTphl B
NalibHEUIIEM pacCMaTPUBAIOTCS B KAUECTBE ONTUMU3UPYEMBIX.

Cneayer TMNOMHHUTH, 4YTO B JajibHEHUIIEM KOHCTPYKTOPCKO-
TEXHOJOTHUUYECKOE pelieHrue OyJIeT BOIJIONAaThCsd B pealibHOE YCTPOUCT-
BO 3HAUYEHHUSMHU CBOUX ONTUMHU3UPYEMbIX mHapaMeTpoB. Ha »sTom xe
Tane HeoOXOJAMMO BBISIBUTh OTPAaHUYEHUS, HaKJIaJblBaeMble HAa OINTH-
MU3UPYEMbIE MapaMeTpbl, HMCXOAS H3 HX KOHCTPYKTOPCKUX U ¢H-
3UYECKHX OCOOCHHOCTEH.

4. IlpoBomsT paboTy MO MNPEACTABICHUID B MaTeMaTHYECKOU
dbopMe mneneBor QYHKIMHU F M TEXHUKO-DKOHOMHYECKHX ITOKa3aTeJeH
Q; yepe3 ONTUMU3UPYEMbIE MapaMeTpbl, TO €CTh HAXOAST BbIPAXKECHUS
BUJA

F=¢(x...x,)

= Xy, X,
0, =0,(x, , (7.5)

.......................

Q,=¢;,(x. .. x,)

e ¢1,02,0+1 — CUMBOJBl QYHKIUOHAIBbHBIX CBA3CH;
/ — KOJIMYECTBO  TEXHUKO-d3KOHOMHYECKHUX IOKa3a-
TeJIel, IPUHATHIX BO BHUMaHHE, HO HE BOLIEAIINX
B 11€J1€BYI0 QYHKLUIO;

X1, ...y X, — ONTHMH3UPYEMBIEC MapaMeTpbl U3 YHUCJIAa KOHCTPYK-
TOPCKO-TEXHOJOTHYECKUX napamerpon POY;
N — KOJHMYECTBO KOHCTPYKTOPCKO-TEXHOJOTMYECKUX Ma-
paMeTpoB, paccMaTpUBAEMBbIX B Kadye€CTBE ONTH-
MHU3UPYEMBIX.

Heo0xoauMo 3aMeTUTh, UTO HE 0053aTEJbHO B KaXXJ0€ MOCTPO-
€EHHOE MaTeMaTHueckKoe BbIpaxkeHue Buua (7.5) AOIKHBI BOUTHU Bce
ONTUMHU3UpYyEMBIE mnapamMeTpbl. OQHAKO KaXAbld U3 HUX AOJXKEH
NPUCYTCTBOBATh XOTA Obl B OJHOM M3 BbIpaxeHUW. B mpoTuBHOM
cilydyae ImapaMeTp HE€ MOJXKET pacCMaTpUBATHCA B KAYECTBE ONTHUMMU-
3UPYEMOTO.

5. BbIsICHS€TCS YCIOBHUE ONTUMAJbHOCTU PELIEHUS, T.€. B BbI-
paxenuu Buaa (7.1) yTouHSIOT XapakTep dKCTpeMyMa.

Cnenyetr 3HaTh, 4YTO OOJBUIMHCTBO MaTEMaTHYECKHUX METOJOB
ONTHUMHU3AIMU TpeanojiaraeT MUHUMH3ALUIO LejleBOH (yHKuuum F.
Eciau B KOHKpeTHOM 3ajauye HEOOXOAUMO UCKATh MAKCUMYM (YHKIHUHU
F, To ycnoBue noucka onrumyma F(x;, ... , x,) — max 3aMEHSIOT
YCIIOBUEM

—F(xy, ..., x,) — min.
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6. BpiOuparoT maremMaTuyecKH METOJ pEIIEHHUS 3ajJadyd OINTH-
MHU3aIUU C yYETOM OTpaHUYEHUMH, HaAKJIaJbIBA€MbIX KaK Ha TEXHUKO-
PKOHOMHUYECKHUE MOKa3aTesliM, He BOIMIEANIUE B MeJeBYI0 (QYHKIIMIO, Tak

U Ha CaMHU ONTHUMHU3HUPYEMBIE MapaMeTPhl X1, ..., X,.
PemuB MaremMaTWyeckH 3ajadyy OINTUMHU3AIHMH, MOJTYYAKOT OITH-
MaJIbHBIEC 3HAYCHUS ONTHMH3UPYEMBIX MapaMETPOB X, ..., X,:
F(x1onty oos Xponr) = Xt F(x1, ..., X,).
7. BeimonHsAeTCS MHTEpIpeTanus  pe3yJbTaTOB  pEIICHHS C
y4eTOM  OCOOCHHOCTEH paccMaTpuBaeMoOTO KOHCTPYKTOPCKO-

TEXHOJOTMYECKOTO PEUICHHUS.

Ha sTom 3Tame BO3MOXHa KOPPEKTHUPOBKA ONTHUMAJbHBIX 3Ha-
YEeHUU ONTUMH3UPYEMBIX MapaMeTpOB C YYETOM HUX (PU3HMUYECKUX O0CO-
6enHocrteil. OgHAKO clielyeT MOMHUTbh, UTO KOPPEKTUPOBKA HE JOJKHA,
C OJTHOW CTOPOHBI, 3aMETHO YBECTH Hac OT ONTHMyMa, a C APYrod —
HapyLWUTh OTpaHUYEHUs, HAJIOXEHHbIE Ha TEXHUKO-dIKOHOMHUYECKHUE
nokaszarenu Q;, ¥ caMu ONTHUMHU3UPYEMBbIE TapaMeTPbl Xi, ..., X,.

7.3. CiocoObI mocTpOCeHHUA HeaeBOM GQYHKIIUH

B uHXeHepHOW NpakTUKE MHUPOKO HCHOJB3YIOT CM0c0o0, Ha3bI-
BAaE€MBId METOJOM TJIaBHOTO KPUTEPHUS WM NPUHIUIIOM TJIABHOTO KPH-
Tepus [6].

CyTh €ro COCTOUT B TOM, 4YTO U3 M BaXHEUIIUX TEXHUKO-
PKOHOMHUYECKUX TMOoKazaTreneil BbhIOMpaeTcs OJAUH, Hauboliee BaXHBIU
(rmaBHBIM). OH UCHOJB3yETCS B KaUECTBE 1eJeBOU PyHKIUHU, T.€.

F= Ql-

Ha ocTanbpHBle TEXHUKO-dKOHOMHUYECKHE mnokazatenu (,,...,0,

HaKJaAbIBaloTcsa orpanuuenus suga (7.2) unu (7.3):

QZ <> QZZ[OH

Qm < sz{on

B Bripaxenusax (7.6) 3Hak <> 03Ha4yaeT, YTO KOHKPETHBIH BUJ CO-
OTHOIIEHUS YTOYHSAETCS C Y4eTOM (PU3UYECKHX OCOOCHHOCTEH TEXHH-
KO-3KOHOMHUYECKOTO IOKa3aTeJids M €ro Jy4yllero 3HadyeHusd s pac-
cMatpuBaeMoro Buaa POYVY.

Kak ormeuaeTrcs B pabore [6], IpakKTU4YEeCKU BBIAECIUTH TJIaBHBIN
TEXHUKO-IKOHOMHUYECKUN MOKa3aTeldb U NPOPAHXKHUPOBATH MOKA3aTEIH,
HE BBINIEJIINE B I[eJieBYI0 PyHKIHUIO F, BeCbMa 3aTpyAHUTEIbHO. YCTa-
HOBUTH, KaKHe M3 HUX HaubojJee TOUYHO XapaKTepHU3YIOT KauecCTBO
POV, kak npaBuno, HerpyaHo. CinoxxHee MOJYYUTh KOJUYECTBEHHYIO
MEpy UX BJIUSHHUA Ha KadyecTBO. PemieHue 3agady ONTUMHU3ALUMU B

(7.6)



239

TaKUX CIy4assX MOXET OCYILIECTBIATHCSI C NOMOIIbIO NPHUHIMIIA B3BE-
NIMBAaHUS MOKa3zaTened. DTOT NpUHUUN Oa3upyeTcs Ha NPUBEIEHUU TO-
Ka3zaTeJeil K OTHOCUTEJNbHBIM BEJIMYMHAM (OTHOCUTEJIbHO allpUOPHO Ha-
3HaYE€HHOTO HEKOTOPOT0 MX ypPOBHS, UCXOJs M3 (PYHKIHMOHUPOBAHUSA U
norpeburenbckux cporictB PDOVY). Haubonee mpocThiM sSBIASETCS MOJ-
X0J, Ipu KoTopoM 1eneBass GyHkuus F popMupyercs B BUJIE BbBIpaKe-
HUS

m
— (&) aj
F=T1Q7/Q,0) ", (7.7)
j=1
rae QY — 3HaueHme j-ro mokasaTels B TEKylieM (i-M) BapHAHTE;
J
Qjo — PKCTpeMaJibHOE, HO pealibHO JOCTHXXMUMOE 3HAUYCHUE j-TO
nokasartens;
o, — BecoBO# kodddunueHT j-ro mokazarens (0 < o < 1);
m — YHUCJO0 NPUHSATHIX BO BHUMaHHUE MOKa3aTeneH.

BecoBbie k03P PULUEHTH 0; HA3HAYAIOTCSA, KaK MPaBUI0, HA OCHO-
BaHUM 3KCIEPTHBIX olleHOK. HenoctaTtkom BeipakeHus (7.7) sBasercs,
TO, 4YTO DJKCTpeMalbHBIe (Jydlline) 3HAYEHHUS BCEX TEXHHUKO-
SKOHOMHMUYECKHUX MOKa3aTejeil, BXOASIIue B HEro, JOJKHBI COOTBETCT-
BOBAaTh JIUOO MUHUMYMY, TM00 MAaKCUMYMY.

YkazaHHOTO HCOOCTAaTKa JIMIICHO BBIPAXKCHUC

inaj (7.8)
j=1

rae q; — Oe3pazMepHOEe HOPMUPOBAHHOE 3HAUCHHE j-TO MOKa3aTes.

3HaueHue ¢; MOTYT OBITh ONPEJIETICHBl, HAIPUMEP, C UCIOJIb30BA-
HUEM COOTHOIIEHUSA

*

(1 _
q;= e -9 (7.9)
Qje - Qj
rae Qj(.i) — Tekymee (B i-M BapHaHTE) 3HAUYCHUE j-TO MOKa3aTes;
Q; — KpUTHUYECKOE (IOMYyCTUMOE) 3Hau€HHUE j-TO MOKa3aTes;
Q) — OKCTpeMalbHOE, HO PEalbHO NOCTHXUMOC 3HAYCHHE j-TO

nokKaszarens.

JlocTOMHCTBOM BBIpakeHuil (7.8) gABiaseTcd TO, YTO NOKA3aTENUu (;
u3MeHsawTcs B auanazone (0...1), mpuduem nydmiee (dKCTpEeMalibHOE)
3HA4YE€HUE COOTBETCTBYET TOoUke ¢; = 1. [loaTOMYy npu UCHONB30BaHUU B
KayecTBe IeJeBOM (YyHKIUHU BbIpaxeHuil (7.8) yciaoBueM ONTHUMAalb-
HOCTH pELIEHUS ABISETCS

F—max.
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Ecnu Ha BecoBEIC KOC—)(i)(bI/IHI/IeHTBI 0; HAJIOXKCHO YCJIOBHUC BHUa

TO IKCTpEMalbHOE 3HauUeHHue 1ueyseBo GyHKIuU F paBHO
F=1.

7.4. KpaTkass XapaKTepUCTHKA MATEeMAaTHYECKHX
METO/I0B PpelIeHUus 3aJa4 ONTHUMHU3ALNUU

[IpakTuueckoe pemeHue 3axady ONTUMHU3ALUU NIPEANOIATAET BHA-
yajie MOATOTOBKY HCXOJHBIX JAaHHBIX U MOJYYEHHE MATEMAaTUYECKUX
BBIPDAXKCHUMN I 1eeBOW QPyHKIUMU F ¥ IS TEXHUKO-IKOHOMHUYECKUX
nokazateyied Q;, He BomeAmux B neineByw ¢yHknuio F. Ilocae sToro
BO3HHMKAET BOMPOC O BHIOOpE MAaTEMaTHUYECKOTO METOoJa pELIeHHs 3a-
Ja4v ONTHUMHU3ALHUH.

Bribop aTOoro merona, mpexae BCEero, 3aBUCUT OT Halu4dusi JubO
OTCYTCTBHUSI OTpaHMYEHUUN, HAKIAAbIBAEMBIX HAa TE€XHUKO-3KOHOMHUEC-
KHe Tmoka3zatenun (J;,, a TakKK€ Ha CaMH ONTUMHU3HPYEMbIE NIapaMeT-
PBL X1, ..., X,

BTopeiM BaxkHelmum (akTopom, OompenenasiomuM BeIOOp MeToaa
peUIeHUS 3aJa4u ONTUMHU3ALMUU, ABISICTCSA JUHEUHBIN WU HEJIUHEUHBIU
BUJ YPaBHEHUM, 3aJal0NIUX MaTeMaTHUYECKUE BBIPpAXKEHHUS IJs (YHK-
nuii F u Q;. Ecau xota Ob1 onqHa u3 Gyakuuit F unu Q;, UMEEeT HEIH-
HEWHBIH BHUJ, TO 3TO moTpedyeT BHIOOpPAa OJHOTO U3 METOJOB, OPH-
EHTUPOBAHHBIX Ha pEUICHHWE 3a1a4 HEJIWHEWHOT0 MaTEMaTHYECKOTO
nporpaMMHUPOBAHUS.

HamomHuM, 4TO MaTreMaTH4eCcKO€ NMPOrpaMMHUpPOBAHUE — pas3iell
MaTeMaTUKHU, 3aHUMAKOIIUNCS pa3pabOTKOW METOJO0B pelIeHUs 3aaau
ONTHUMHU3ALUH.

Pa3znuyarT nUHENHOE M HEJIWHEWHOE MAaTEMAaTHYECKOE IMpPO-
rpaMmmupoBaHue. JIMHEMHOE paccMAaTpPUBAET pELICHHUE 3a7ad4 ONTHUMHU-
3alluu B cliydyae, korja mneneBas GyHkuus F u dyHkuuu Q; , 3ajgaminue
OrpaHUMYEHUS, UMEIOT JUHEUHBIN xapakrtep. Henunennoe paccmarpu-
BAaE€T pECLIECHMUE 3a4a4 ONTUMHU3ALNN B CIy4yac HEJIMHENHOTO BHJIA XOTS
O0b1 oaHou u3 pyukuuit F u Q;, j=1, 2, ... TperbuM BaxkHeHmum ¢pax-
TOPOM, OMpPEeNSIOINUM BHIOOp MAaTEeMaTUYE€CKOTO METO/a PEIICHUs 3a-
na4 ONTUMU3ALUU, SBIACTCA KOJIUYECTBO ONTHUMHU3UPYEMBIX MapaMerT-
pPOB, YUAaCTBYKOUIIMX B 3aJa4ye ONTUMHU3ALHH.

YerBepThlii pakTop — Hanuume uiau orcyrcrsue DBM Oonpmoi
NPOU3BOAUTEIBHOCTHA, YTO ONPEAEIAECT BO3MOKHOCTh MCHOJb30BaHUSI
YUCJIEHHBIX METOJOB ONTUMHU3ALUU.

B cnydae orcyTcTBUS KakuUX-IuM0O OTpaHUYEHHUU, HaKJajblBae-
MBIX Ha GYHKIOUIO F U Ha ONTUMU3UPYEMBbIE MapaMeTphl Xi, ..., X,,
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a TakXe oTcyTcTBHe GYyHKHUN Q;, 3amadya ONTHUMHU3ALUU MOXKET OBITH
pelieHa KJIAaCCUYECKUMHM MpUEMaMU MaTeMaTudyeckoro ananuza. s
ITOTO HEOOXOJAUMO PEIIUTh CUCTEMY YPaBHEHUM

OF

.............. . (7.10)

OaHako mpu 3TOM HAaJ0 JI0Ka3aTh, 4YTO JAJS pelIacMON 3aJadu
IKCTPEMYM (PYHKIHUU COOTBETCTBYET ONTUMYMY.

[Ipu nuHelHOM BHIE LeENeBOW QYHKIHU F Ha MpaKTHUKE HIHPOKO
UCIOJB3YIOT TaK Ha3blBAa€MbI CUMIIJIIEKCHBIN MeTOod [32].

Jns pemieHus 3aaady ONTUMU3ALMUMU B cliydyasX Haludusg QyHKIUU
O, u n1060oM BUAE 3TUX QPYHKUUHN U 1HeneBOU QyHKIUH F IHUPOKO HC-
MOJIB3YIOT YHUCJIEHHBIE METOABl ONTHMH3ALMUH, SBIAKIIHECS pPa3HO-
BUJAHOCTBIO METOJOB HEJIMHEWHOro mnporpaMMmupoBaHus. M3 Hux Ha
NpaKTHUKE IMUPOKO MCHOJb3YIOT METOAbl WITPaGHBIX QYHKIUN, METOBI
CJIy4allHOTO MOUCKA, TPAJUECHTHBIE METOBI.

Yka3zaHHbIE METOIbl MMEKT MHOIO Pa3HOBUJAHOCTEH, 4TO HAXO-
IUT CBOE OTPAXECHUE aXe B UX HA3BAHUAX.

Ocoboe mMecTO cpenu METOAOB ONTUMH3ALUMU 3aHUMaeT TaK Ha-
3pIBA€EMOE JUHAMHUYecKoe nporpamMmMmupoBaHue. OHO HAaIOMHUHAET MpPO-
CTO mepebOp BapuUaHTOB pelIeHHsA, OJHAKO sBIsiercs Oonee 3ddexk-
TUBHBIM.

7.5. MeTtoa AMHAMHUYECKOIr0 NPOrpaMMHUPOBAHUSA

OTOT METOJA OTJAHMYAETCs OT MPOCTOro mepedopa TeM, YTO MpoMe-
KYTOUYHBIE 3aBEJIOMO HEyJauHble pelleHuss OTOpachiBalOTCS €Ie Ha Ha-
YaJbHBIX ATaNaXx ABUKEHUS K ONTUMYMY.

JluHaMu4eckoe NporpaMMHpPOBaHUE — IIAroBbI MpoIecc.

PaccmarpuBaeMoe ycTpoOWCTBO MJIM mpoliecc pa3dUBalTCs Ha CO-
CTaBHbIE YacTH (KOMIIOHEHTHI), U Ha Ka)XJOM IIare NpUHHUMAKTCS BO
BHHMAaHUE JIMIIb 1BE€ KOMIIOHEHTHI.

Ha nmepBoM miare Ha OCHOBE aHanu3a JABYX B3SThIX KOMIIOHEHT
BBIICTSIOTCS BapUaHThl (CUTyalMH), KOTOPbIE NPEANOTOXKUTEIbHO €IIe
MOTYT MPUBECTU K MOJYUYEHUIO ONTHUMAJIbHOTO PEUICHHUS B IEJIOM. DTH
BbIJICJICHHBIE BapHUaHThl HAa BTOPOM Ilare yxe pacCMaTpUBAIOTCS Kak
OJlHa HOBasg KOMIIOHEHTa, a B KadyeCTBE€ BTOPOM K HUM AoOaBiseTcs
cieayromias COCTaBHas 4acTh yCTPOMCTBAa MM mpouecca. Tak Kak HO-
BbIX KOMIIOHEHT MOCJ€ MEePBOro Iara MoOXeT OBITh HECKOJIbKO, TO Ha
BTOPOM, a Jlajiee W Ha MOCIEAYIOUMX IIarax 4Mcjio paccMaTpUBaeMbIX
nap KOMIIOHEHT TaK>e pacTerT.
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[IponnnrocTpupyeM METOA Ha NMPUMEpPE 3aJadyd ONTHUMAaJIbHOTO pe-
3epBUPOBAHHUA.

Ipumep 7.1. POY BkiwuYaeT TpU COCTaBHBIX djeMeHTa (PyHK-
UOHAJIbHBIX Y3J0B, OJOKOB U T.m.). TpeOyeTcs onpeaenuTb KOIUYECT-
BO PE3E€PBHBIX 3JIEMEHTOB KaXJ0ro BHJa, 00eCHeyuBaOIUX 3aJaHHBIN
ypOBEHb HalexHocTu POV, a MMeHHO: a1 BEpPOATHOCTH OTKa3a ¢
NOJIKHO BBINOJHATHCA ycioBue ¢g< 0,025, HO cymmapHas CTOUMOCTbH
pe3epBupyemoro yctpouctsa Il momkHa OBITh MUHUMAIBHOM.

[Toka3zaTtenu HaLEeXKHOCTU B BUJAE BEPOATHOCTEH OTKa3a dJEMEHTOB
KaXJO0ro BHJIa M HMX CTOUMOCTbH, NPUXOASAIMIMECA HAa OJHUH DIEMEHT
(yHKUMOHANBHBINA y3eJ, 0JI0K), NpuBeaAeHBl B Tabx. 7.1

Ta0onuma 7.1
BepodarHocTh OTKa3a CrouMocTh daeMenTa, L;
DIeMeHT
3JIEeMEeHTa, ¢; yCi. en.
1 0,2 5
0,1 4
3 0,15 3

Pemenue. Cxema pacueTa HaJeKHOCTH YCTPOMCTBA C YUETOM pe-
3epBUPOBAHUA NMpPUBEAECHA Ha puc. 7.1.

1 2 3

Puc. 7.1. Cxema pacueTa HaJeKHOCTH yCTpoiicTBa

N3 ycnoBus npuMepa BUJAHO, YTO B KayecTBE IeJeBOd GyHKIUU F
paccMaTpuBaeTCs CymMMapHas CTOMMOCTb pE3e€pBUPYEMOro yCTPOUCTBA,
T.e. F=11.

OntumanbHOMY pelmeHu OyJIeT COOTBETCTBOBATH YCJOBHE
F —min.

TeXHUKO-D>KOHOMHUYECKUM IOKa3aTrejleM, HE BOLIEAIIMM B Leje-
Byl (yHKHUIO F, sBIIE€TCS ypOBEHb HAJEKHOCTU PE3EPBUPYEMOTO
ycTpolicTBa. B 3TOM KadecTBe paccMaTpuUBaeTCs BEPOATHOCTh OTKasa
YyCTPOWCTBA, IPUYEM JIOJIKHO BBIIIOJNHATHCA ycaoBue g=< 0,025.

IIpu peanusanuum MeTona JUHAMHYECKOTO NPOTPaMMHUPOBAHUS HA
NEPBOM IIare B aHAJHU3 BKIKYAEM DJJIEMEHTHl |-ro M 2-r0 BHUIOB.
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I[anee paCcCMaTpUBAlOT BApPHUAHTHI pelﬂeHI/Iﬁ, IMMOCTPOCHHBIX U3

DJIEMEHTOB 1-T0 U 2-TO BUJOB, U CTPOSAT Tabna.7.2.
Tabnumna 7.2
BapuaHnThl pemieHnii Ha mepBOM IIare
(c yueToM 3JIeMEeHTOB 1-Tr0 U 2-TO BUJIOB)

XapakTEepUCTHUKHU AJIA 3JI€MEHTa BUaa 2
XapaKkTEepUCTUKH
s 3aeMedTa Bumga 1 r,=0 r=1 =2
1/4 0,01/8 0,001/12
rir=0 0,2/5 0,3/9 0,21/13 0,201/17
ri=1 0,04/10 0,14/14 0,05/18 0,041/22
ri=2 0,008/15 0,108/19 0,018/23 * 0,009/27 *

B sueiikax Tabn.7.2 uHPopmanus 3anuMcaHa B BUJE NPOCTOU ApPO-
Ou, 03HavaeT cieAylollee:

YUCIUTENb — CyMMapHas BEpPOATHOCTh OTKa3a 3JIE€MEHTOB 1-To U
2-TO BUJIOB C YYETOM pe3epBUPOBaHUs, 0003HAYUM KaK ¢ 7;
3HaMeHaTelb — CyMMapHasi CTOMMOCTH 3JIEMEHTOB l-ro u 2-ro

BUJOB C yUE€TOM pe3epBUpPOBaHUsA, 0003HauuM Kak I ».
3Havyenus q;, u I, moacuutansl mo hopmynam

_ K/t n+l  _on+l _n+l o n+l 7+l
9,=49 *4, 9 9, =4, *T4q, ;
W, =0,d+n)+L,(1+nr),
rjae ry, ¥, — KOIHYECTBO PE3EPBHBIX DJIEMEHTOB COOTBETCTBEHHO 1-TO

U 2-TO BUJOB.

N3 tabn. 7.2 BUAHO, 4TO B aHAAU3 Ha 2-M LIare cjieayeT BKIIIO-
YUTh sYEeWKkH (CUTyamuu), MoOMedeHHbIe 3HakamMu "*". Kaxmas m3 3TUX
CUTyallui Ha BTOPOM Iare OyJeT paccMaTpuUBaThCAd KakK OJHA KOMIIO-
HEHTA.

Ha BTOpoM miare B aHaiau3 BKJIIOYAEM D3JEMEHT BHUJAa 3 U CHOBa
paccMaTpuBaeM KOMIOHEHTBI, & MMEHHO: COBMECTHOE pELIEHHUE II0
aeMeHTaM 1 u 2 u 31eMeHT Buaa 3. 3aTeM CTPOUM TabJIHUIy C yUETOM
ATUX JABYX KOMMNOHEHT (Tab6mn.7.3).

Tabnuma 7.3
Bapuantel u3 tabn. 7.2
XapaKTEepUCTUKH
IUIST DJIeMeHTa Buaa 3 r=2rn=1 ri=2r =2
0,018/23 0,009/27
rs;=0 0,15/3 0,168/26 0,159/30
rs=1 0,023/6 0,041/29 0,032/33
r3=2 0,003/9 0,021/32 0,012/36




244

I/IH(I)OpMaLII/IH, npeacTaBJICHHAA B Ta6JI.7.3, ImojaydcHa C HCIIOJIb-
30BaHUECM (bOpMYJI
7y +1 r3 +1 r3 +1 .

Q23 =9y =G12T495 — 41295 =g, +495
I, =Ly =1, +U;(1+r),

re r3 — KOJUYECTBO PE3E€PBHBIX DJIEMEHTOB 3-TO BH/A.
N3 T1ab6n.7.3 BUAHO, 4YTO ONTUMAJIbHOMY PEIIEHUIO OTBEYAIOT CH-
Tyauus
ri=2, r,=1; rz;=2.
IIpu 3TOM cyMMapHass CTOMMOCTb PE3EPBHPYEMOTO YCTPOWCTBA
COCTaBIAIOT 32 yci. €, a BEpOATHOCTh OTKa3a ycrpoiictBa g= 0,021.

7.6. AJITOPUTM ONITUMHU3ANUN METOIOM
CJAY4YallHOIO0 MOMCKA

Haubonee mpocToil ajJropuTm cilydalHOro moucka g ciayyas

MUHUMU3ALUUU 1eJeBOW (GyHKIUU F 3amaeTcss UTEpAaTUBHBIM BbIpaxKe-
HUueMm [33]

hs.r,,ecnn F[xl.(k) + hSiri]S F[xl.(k)]
x4 =y

1

(7.11)
0, ecnu F[xl.(k) + hSi”i]> F[xl.(k)] ’

rne k — "HoMep urepanuu (NIpUOIHKEHUS K ONTUMYMY);

x*) — 3HaueHWe  i-r0  ONTHUMHU3MPYEMOIrO  IapaMeTrpa B

k- nuaTEerpanuu;

k+1 .
x*™ — 3pavemwme  i-ro  ONTHMH3HpPYEeMOTro  IapaMeTpa B

k+1 uHTerpauuu;

h — 1Iar nNoucka onTuMyma

ri — cly4alHOE YHMCJ0 C paBHOMEPHBIM 3aKOHOM paclpeaene-
HUs B nuamnaszoHe (—1... + 1), ucnoas3dyemoe ajisi onpeae-
JEeHUs 3HA4YCHHUS U HANpaBJECHUS cMelleHus (pabdodero
miara) i-ro ONTUMHU3UPYEMOTO MapaMeTpa;

S; — mpupameHue, yCTAaHOBJIEHHOE AJS [-TO ONTUMU3UPYEMO-
ro mapameTpa, Ha3blBaeMoe€ TaKXe MKaJlbHBIM K03 du-
UEHTOM.

I xanpHble KOYPPUIUEHTH S; ONPENEAAIOT O BBIPAKEHUIO

B xi min

C, ’

1

X;
S == (7.12)

rne C; — KOHCTaHTHI, B 00mEeM clydae pa3JIMYHbIC MO 3HAYCHHIO IS
Kaxjgoro ontumusupyemoro napamerpa (C;= 5...30);
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Ximax » X imin — MaKCHMalbHOE€ U MHHHMAaJIbHOE OTPAHHUYEHUS, Ha-
KJIaJblBa€Mbl€ Ha [-i ONTUMHU3UPYEMBIH IapaMeTp.

X min < Xi < Ximax - (7.13)
Ecaum npu onTtumMu3zanuu 3HA4YEHHUE I-TO ONTUMHU3UPYEMOIrO Iia-
paMeTpa BBIXOAUT 3a JONYCTHUMBIC TPAHULBI (Ximin ... Ximax), TO DTOMY
napamMeTpy IPUCBAWBAETCS IPAHUYHOE 3HAUECHHUE
X = Ximin » cCn Xi <ximin
Colx eClu X, > X, (7.14)

imax imax
B peaJ'IBHBIX CI/ITyaHI/IHX Ha TCXHUKO-D2KOHOMHUYUCCKHUX ITOKa3aTc-
JHU, HC BOIICAIINHUEC B HGJICByIO (bYHKI_[I/IIO F, MOFYT HaKJaAbIBATBCA OI-

pPaHHUUYCHHUA BUOA

g (xypy x,)< b5 j=1., (, (7.15)
WIN
g (xypy x,)2b;; j=1., ¢, (7.16)
rae g; — TEXHUKO-DKOHOMMYECKHMHW NOKa3aTellb, SBISAIOMMUNUCA HEKO-
TOpOU (YHKIUEH ONTUMHUZUPYEMBIX MAPAMETPOB; X1,...,X,;
b, — nomycTuMoO€ 3Ha4Y€HHUE j-TO TMOKa3zaTelss, MpeCcTaBsouee
co00l KOHCTAHTYy, HE 3aBUCAUIYIO OT HAPAMETPOB X, ..., X,;
[ — KOJIHYEeCTBO IoKasarelieH, Ha KOTOpBIE  HAJO-

dEHbl OTPaHUYCHUS.

Ecnu wa nwo0oit urtepanuu nenaercs HNOApsA] m HEyAadyHBIX IO-
NBITOK, TO MIAr TOUCKA /# yMEHbIIAETCSA M JalbHEUIIUN MOUCK BEAETCSH
C HOBBIM ImaroM. HeymadHbIMHU CUUTAIOTCS MOMBITKH B CIHEAYIOIIUX
clydasx:

neneBas QpyHkuus F He yObIBaeT, T.€. HE MUMEET MECTO MpoIlecc
NPUOINKEHUS K ONITUMYMY;

3HAYE€HUS BCEX ONTHUMHU3UPYEMBIX MapaMeTPOB BBIXOIAT 3a JO-
MyCTUMBIE TPAHUIIBI X;min, Ximax;

HapymawTcss orpanudeHus Bupaa (7.15) unu (7.16), HakIangbi-
BaeMble Ha TEXHUKO-dPKOHOMHUYECKHE MOKa3aTeJNu, HE BOMICAIIHNE B I[C-
neByt GyHKIuIo F.

[Ipounecc onTumMu3amuu MNpEKpamaeTcsi, €ClIM BBINOJTHIETCS YyC-
JOBUE

h<h (7.17)

rae hmin — 3aJaHHasg KOHCTaHTa, ONpeaessiomas KOHEl U TOYHOCTh
ONMTUMHUBAIUH.
UtoOBl pemiuTh 3agadyy ONTHUMHU3AINHUU C MOMOIUILI0O OMHUCAHHOTO
QJIropuTMa, HadallbHbIE 3HAUYEHUS ONTUMUBUPYEMBIX MapaMeTpOB B
uTepanuu ¢ HomMepoM k = 0 He MOJKHBI HAPYWIAaTh OTPaAHUYEHUS

min
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Buaa (7.13), (7.15) nam (7.16). CtpykTypHas cxeMma ajlropurma OII-
TUMHU3ALUHA METOAOM CIYy4YallHOTO MOUCKA MPUMEHUTEIBHO K PEUIEHUIO
3ajlay C yKa3aHHbBIMM OTpaHUYEHUSIMHU mpuBeneHa Ha puc. 7.2. Ilosc-
HEHHUS HEKOTOPhIX (YHKIHOHANBHBIX yacTed (OJOKOB) CTPYKTYPHOM
CXeMbl TpuBeJeHbl B Tabn. 7.4. B cTpykTypHO#l cxeMme alroputrMa H
tabx. 7.4 ucnonabp3oBaHbl 0003HAYEHUS MEPEMEHHBIX (apryMeHTOB),
NPUHSITHIE MPU ONUCAHUM BBIYHCIUTEIBHOTO aJTOPUTMA CJIYYaWHOTO

NOHCKa.
Ta0Onuna 7.4

[TosscHeHUS PyHKIIMOHANBHBIX YaCTEH CTPYKTYPHOM CXEMBI alropuTMa

Howmep
GyHKIMOHAIBHON [Tosicuenue
qacTu
1 BBox MCXOOHBIX HAaHHBIX: 1, M, h, Amin,
BBOJl MACCHUBOB Ximin, Ximax;
BBOJI BBIOpAHHBIX HAa4YaJbHBIX 3HAUYEHUH ONTUMHU3UPYEMBIX
napaMeTpoB x;; i=1,...,n.
2 [Togcuer ueneBoW (PYHKIUU AJId HaYaJbHBIX 3HAYCHHU
ONTUMHU3UPYEMBIX NTapaMETPOB (B HYJIEBOM UTEpaLUH).
3,20, 21 Opranuzanus cyeTa u MPOBEPKH KOJINYEeCTBA
HEyJa4HbIX MONBITOK B k- UTEepanuH.
4,10, 13 Opranu3anusa cyeTta U MNPOBEPKUM KOJHUECTBA ONTHMHU-
3UpYyEeMBIX IapaMeTpOB, BBIEAIINX B k- UTepaunuu 3a
JOMYCTUMBIE TPAHULBl Ximin, Ximax -
5 dopMuUpOBaHHE (reHepupoBaHue) pPaBHOMEPHO
pacnpeaeleHHOro caiy4yailHOro yuciaa B [uamna3oHe
(-1...+1) u onpeneneHue 3HAYEHUS ONTUMHUZHUPYEMOTO
napaMeTpa B kK -U UTEpaIHU.
6-9 [IpoBepka BBIOJHEHHUsS orpaHuueHuit Buna (7.13)
U KOPpPEKTUPOBKA (MpU HEOOXOMIMMOCTH) 3HAUYEHUHN OINTHU-
MHU3UPYEMBIX TapaMeTpPOB B k- UTepanuu.
14 [IpoBepka BBIMONHEHHS oOTrpaHuueHW Buga (7.15) unum
(7.16).
15 [Toncuer 3HadeHus 1eneBOd (GYHKUUHM B k -H uUTEepamuu
(k#0).
16 IIpoBepka XxapakTepa U3MEHEHHMs MLeleBOM (QyHKIUU.
22,23 [IpoBepka ycinoBHsS NpeKpalleHUs MOUCKA, H3MEHEHUE
nara NOMcKa ONTUMyMa.
11, 12,18, 19 Opranu3anus MUKIOB MO MEPEMEHHOM i; i — CUETYHUK OT-
TUMHU3HUPYEMBIX TapaMETPOB.
24 [TedyaTp pe3yJbTaTOB MOKUCKA ONTUMYyMaA.
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I[Iporpamma nng 9BM ponkHa nmpenycmarpuBaTh BBOJ B HEE Ma-
TEMaTHYECKUX BBIPaXEHUN meneBod QPyHknuu F u QyHKIOHNA, 3a-
naromux orpanndenus Buga (7.15) u (7.16). C onucanueM NpoTrpaMMBI

N €€ HUCIOJIIB30BAHUCM OJIA IICPCOHAJIBbHBIX 9BM MOXHO O03HAKOMHUTHCH
B [34].

7.7. llpumepsl pemieHUs 32124 ONTUMU3AIUU

IHpumep 7.2. llpennpustHe NOJNYydYMIO 3aKa3 Ha HM3TOTOBJIICHUE
1000 mewaTHBIX maaTt. DTH U3AEIHS MOTYT OBITh M3TOTOBJEHBI JBYMS
TEXHOJOTM4YeCKuMHU cnocobamu. [Ipu M3roTOBIEHUHU MEPBBIM CIOCOOOM
3aTpaTsl S I NPEINPUITHS PaBHBI

2
S, =2+0,4x, +0,3x; ycu. en., (7.18)
a IpU U3TOTOBJIEHUM BTOPHIM CIIOCOOOM
2
S, =1+1,2x, +0,1x; ycu. en., (7.19)
rie Xj, X, — KOJIMYECTBO MEYATHBIX IJIAT, U3TOTOBIEHHBIX COOTBETCT-

BEHHO MEPBBIM U BTOPHIM crioco0amu.

Tpebyercs ompenenuTh, CKOJBKO MiaT CIEAYET H3TOTOBUTH Ka-
XKJIBIM M3 CHOCO0O0B, YTOOBI CyMMapHBIC 3aTpaThl MPEANPHUITUS OBLIU
MHUHHUMAaJIbHBIMH.

Pemenne. 1. U3 ycnoBus nmpumepa BHIHO, YTO B KayeCTBE Ile-
JeBOM (PYHKHHUHU F BBICTYMAalT CyMMapHbI€ 3aTpaThl MPEANPUITHUS Ha
M3TOTOBJICHHE MAapTUM NMedYaTHbIX miaaT B koauuecTtBe 1000 mt. [Ipuuem
JIOJI)KHO BBIMOJIHATHCS YCIOBUE

F=S1+Sz—>min.

2. TeXHUKO-DKOHOMHUYECKHX TOoKa3aTenel, Ha KOTOpPHIE HaKJa-
NBIBAIOTCs orpanudeHus Buaa (7.2) unaum (7.3) B JTaHHOM ciydyae HeT.

3.0nTUMH3UPYEMBIMHA  TIapaMeTpaMu  SBISIOTCA X; H©  Xj.
CornacHo yclIOBHIO MpUMepa Ha mapaMeTphl X; U X, JOJKHBI OBITh Ha-
JTO0XEHBl OTPAaHUYCHHUS

X1+ x2 = 1000, (7.20)
X1, x2 > 0. (7.21)

4.C yuetom 3atpat S; u S, neneBas ¢byHKkuus F npenacrtaBusieTcs
yepe3 ONTHUMHU3UPYEMBIE TapPAMETPhI X| U X, BRIPAKEHHUEM

F= S+ §,=2+0,4x,+0,3 X} +1+1,2x,+0,1 x2 =
=340,4x,+0,3 X +1,2x,+ 0,1x2. (7.22)
S.Maremarnueckas MOCTAaHOBKA 3aJa4d COCTOUT B OIPEACICHUHU

TAaKUX 3HAYEHUHU X| U X,, IPU KOTOpPBIX HeyneBas QpyHkuusa (7.22) mu-
HuMaJibHa npu yciaoBusax (7.20) u (7.21).
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6.CHavana HalijieM pelIeHHe 3aJadydl YMCTO AHAIUTHYECKHUM CIIO-
coboM, cBOJSI MCCIEeNOBaHWE Ha yCIOBHBIN 3KcTpeMyM ¢(GyHKmuum F K
UCCIIEIOBAHUIO HA 0€3yCIOBHBIN AKCTpeMYyM (QYHKIIUU

Fi=3 + 0,4x,+ 0,3 X + 1,2(1000 — x;) + 0,1(1000 — x,)>.

@®yHKkuus [ moiydyeHa nyTeM nNoACTaHOBKH B QyHKUIUM (7.22)
BeIpaxeHus x, = 1000 — x;, Halinennoro u3 ycaoBus (7.20).

Halinem cranmoHapHyI TOYKY xl* byukuuu Fy U3 ycinoBus
dF,/dx, =0
dff,/dx, =0,4+0,6x,-1,2-0,2(1000 —x,) =0 wnm
0,8x, —200,8=0.
OTKyJa X1*=251.

* *
Cnenosarensno, X, =1000—x, =749
a
* * (V)
Tak kak —2(x1 ,X,)>0, To QyHKuMs F B HaliJEHHbIX TOYKAX
X1
UMEEeT MUHUMAJILHOE 3HAUYECHHUE.
7.Hauipgem peuieHwe 3agadyd METOJIOM CJIYy4YaMHOTO IIOMCKa Ha
OBM [34] .
PesynabsTathel pemenus npu mare noucka 2 = 0,0001:

x1=251,06; x,=748,94; F =76002,6.

C yyeToM LIETOYHUCIEHHOCTHU BEJUYUH X| U X, IPUHUMAEM
Xlontr = 251, X2OHT:749'

Kak BuIMM, 3TH 3HAaYE€HUS COBIMAJAIOT C pe3yJbTaTaMU pPEIICHHUS,
NOJYYEHHBIMU PACYETHO-AaHATUTUYECKHUM CIIOCOOOM.

HHpumep 7.3. POC nerarenpHOro ammnapara BKIIOYAEeT YEThIPE
6moka. OTka3 xoTs Obl OJTHOTO M3 HUX MPUBOIUT K 0TkKazy POC B 1e-
aoM. J{ng moBelmieHUss HajexxHOCTH POC MoXkeT Mcnoiab30BaThCs pas-
JIeIbHOE pe3epBUPOBAHUE MO TUNY 3aMelleHHe Iid Kaxgoro 6moka. C
no3unuii 3akazuuka (morpebutens) POC BaxHeHmuMHu SBIAIOTCS Ta-
KHE€ TEXHHMKO->KOHOMHUYECKHE MOKa3aTelH, KaK HaJeXHOCTb (BEpOST-
HOCTh 0€30TKa3HO# palboThl 3a 3agaHHOe BpeMsa P), macca M, rabapu-
Tel V' 1 ctouMocTh C. 3HAYUMOCTh HAJI€)KHOCTU COCTABISIET NPUMEPHO
100%, maccer — 80%, rabaputoB — 60%, ctoumoctu — 30%.

Tpebyetcsa onpenesinTh, KaKO€ YUCIO PE3E€PBHBIX OJOKOB KaXJO0-
ro TUIAa HEOOXOUMO MPEAYCMOTPETh, YTOOB B COBOKYIHOCTH obecrme-
YUTh ONTUMalbHBIE (JydllWe) 3HAYEHUS YKa3aHHBIX TEXHUKO-
PKOHOMHUYECKUX mokazateneit ans POC B menom. B tabn. 7.5 mpuse-
neHa uHpopmanus o O6J0Kax.
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Ta0Onuua 7.5
3HaYeHHUS XapaKTEPUCTHUK, MPUXOISANIHECS HAa OJUH OIOK
bnok 3HaYeHUEe XapaKTEePUCTUKH, IPpUXOJsIIeecss Ha OTUH OJIOK
Hagexunocte(p;) |Macca(m;),kr O6weM(V;),AM" Croumocts (C;)
1 0,93 2,3 3 75
2 0,80 1,0 5 45
3 0,99 2,5 3,5 35
4 0795 1)5 452 62

B T1a6n.7.6 yka3aHbl KpUTHYECKHE (MpPeAeIbHO JOMYCTUMBIE)
3HAYE€HUS TEXHUKO-2KOHOMHUYECKHUX Moka3zaTteneil Q;.

TaOnuua 7.6
Kputnueckue 3HaUYeHUS TEXHUKO-3KOHOMHYECKHUX MOKa3aTeecu
IToxazaTennb P M, xr V,nm C, ycn.en.
3HaueHHE 0,9 30 50 1000

Pemenune. 1. Tak kak 0o ycjaoBUIO NpUMEPA B TOW UM MHOU CTe-
IIEHU BaXHBI BCE YETHIPE TEXHHUKO-DKOHOMHYECKHME NOKa3aTelss, TO
chopmupyem neneByo (GYHKIHUIO B BHJE MEPBOTO KPUTEPUS U3 YHCIA
BbIpaxeHuil (7.8), T.e. B BUE

F=a,P+a, M,+a0,V,+0a.C,, (7.23)
rjie o, — BECOBOi ko3 dunueHT j-ro nokazarens, j— P, M, V, C .

Nupexkc "0" o3Hayaer, 4TOo OepyTCs HOPMUPOBAHHBIE 3HAYEHUS
COOTBETCTBYIOIMX TEXHUKO-IKOHOMHYECKHX MOKa3zaTeliel. DTU 3Haue-
HUS Ui Tekyuiero (i-ro) BapuaHTa pelleHus OyJaeM omnpenensTh Mo
BeipakeHuto (7.9). Texymumu Oynem Ha3blBaTh BapUaHTHI, KOTOPHIE
paccMaTpuBalOTCs B MpOIecCe NOUCKA ONTUMYyMaA.

HopmupoBaHnHble 3HadYeHHUs TEXHUKO-DIKOHOMHUYECKHX IOKa3a-
tene P, M, V, C BkiwueHbl B 1eneByto Gynkuuto (7.23). OnHako Ha
camu nokazatenu P, M, V' u C noixHbl ObITh HAaJOXEHbl OTPAaHUYECHUS.
C yuetoM (QU3HYECKOW CYIMIHOCTH HATUX I[OKa3zaTeJded U JaHHBIX
TabJs.7.5 BUJI 3TUX OTPAHUYCHUU JOJXKEH OBITh TAKUM:

P>0,9; M<30kr; V <50am’; C <1000 vyci. exn.

2. BecoBrie koddpuuuentsr & ; ¢ynkuuu (7.23) onpenenum, uc-

X0 M3 3HAYMMOCTH TCXHHKO-3KOHOMHUYCCKHX HOKaSaTGHGﬁ, YKa3aH-

HOM 3aKa34YMKOM, U YCJIOBUS
4

Zocjzl.

J=1
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)_—[J'I}I moacucTa 3HAYCHUU 0; BOCIIOJIB3YCMCA BBIPDAKCHUCM

o
Ll
J 4 ;
0
2o [%]
j=1
rae o, — 3HAYUMOCTH j-TO ITO0Ka3aTelsd, yKa3aHHasd 3aKa34UKOM.

[Tonyuum: ap = 0,37; oy =0,3; op=0,22; oac=0,I1.

3. JIns moacuera HOPMHUPOBAHHBIX 3HAYEHUU NOKAa3aTeJled BOC-
nojb3yemcs Beipaxkenuem (7.9). Ilng storo onpeaenum Q. A KaxJa0-
ro u3 Hux. ns nokazareneid M, V u C npumMeM 3Ha4Y€HHUA, COOT-
BETCTBYIOIIHE CIYyYal OTCYTCTBUS PE3CPBHBIX OJOKOB.

[Tonp3ysch naHHBIMU Taba. 7.5 HAXOAUM:

M.=7,3 xr; V.=15,7 nm3; C, =217 ycu.en.

Jns mokasatenss P (BeposSTHOCTU 0€30TKa3HOU pabOTHI) mpuMeM
P.=1.

4. HeTpyaHO YyCTAaHOBHTH, YTO ONTHUMHU3UPYEMBIMHU MapaMeTpaMu

B JTaHHOM MpHUMEpe OYAYT SABISATHCA ¥; — KOJIUYECTBO PE3CPBHBIX OJI0-
KOB Kaxjoro tuma, i = 1, ..., 4. YcranoBum Ha 7y, ..., 'y OTpPAaHHUUYCHUS
Buna (7.4).

N3 ¢usnyeckux cooOpakeHUM SICHO, UYTO 7iyin = 0. 3HAUCHUSA jmax
HalWJeM HMCXOJs M3 TOTO, 4TOOBI HE OBIIIM MPEBBINICHB 3HAuUCHUS M*,
V*wu C*, ykazanusie B Taba. 7.6 monydum

oy _ M*-M, 30-73

rlmax -

=987=9.

m, 2,3

AHaJIIOTUYHO I’I(QX =11; l”l(rggx = 10.

B kauectBe /i NpPUHUMAEM MEHbBIIEE 3HAYEHHUE M3 TPEX IO-
JYUYEHHBIX, T.€. Nmx = 9.

[IpumeHsiss pacCMOTPEHHBIN MOAXOM, HAXOAUM ©yp. =65 Fpa = 9;

r4max = 8.

5. IllpeacraBum Tekymee 3Hauenue P, M, V' u C yepe3 onTuMu-
3UpyEMBbI€ MapaMETPHI ¥y, ..., I4.

Jlornueckas cxema (Mozaenb) pacuera HagexHocTu POC ¢ yuetom
pE3epBUPOBAHUSA UMEET BUJ, MOKAa3aHHBIN HA puc.7.3.

byneM cunTarh, 4TO OCHOBHBIE U PE3E€pPBHBIC JJIEMEHTHl OJUHA-
KOBBI, @ p€3€pB HAIPYKECHHBIU.

HNcnonb3ysa npuembl, pacCCMOTPEHHBbIE B moApa3n.5.30, noayuyum

4

P=(1-Q0-p)""H.(d-A-p)"*"H=T1a-00-p)"*".

i=1
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1 23E4

7 r r3 ra
P et e

Puc 7.3.Jloruueckasn cxema pesepsupyemoro PIC

g noka3atened M, V' u C 04eBUIHBIM SBIISAETCS CIEAYIOIIEE:
4 4 4
M= mA+r);, V=2V,0+r); C=>c(+r)
i=1 i=l1 i=1

6. YTO4YHs€M YCJIOBUE ONTUMAJIBHOCTH s BbIpaxeHus (7.23).
Tak Kkak B HEM HCNOJb30BaHBI HOPMUPOBaHHbIC 3HaueHus P, M, V u C,
TO yCJIOBHUEM ONTHMAaJbHOCTH, KaK OTMEYAJOCh B mojapasn.7.3, sB-
nserca P — max.

7. B coorBeTcTBUH C [34] peanu3yeM METOJ CIYy4YalWHOro MOHUCKA,
paccMOTpPEHHBIA B moapas3n.7.6.

Pesynbrarel pemenuss Ha O9BM ¢ ydeToM LENOYUCIEHHOCTH Ma-
paMeTpoB 7y, ..., 'y TAKOBBI:

r\= 1, 1”2:2; 7”320; 1’4:1.

Hpumep 7.4. [Insd HU3TOTOBIAEHUS HECYWMIUX KOHCTpyKHuit PIY
Tpex TUnoB (A, B, C) HE0oOX0OAUMO BBINMOJHUTh MEXaHUUYECKHUE, DJIEK-
TPOXUMHUYECKUE U MOHTaXXHO-cOOpouHbie paboThl. CpenHue 3aTpaThl
BPEMEHM, NPUXOAANIMECS HA OJHO M3JIEJHE KAaXKJAOT0 THUIA O KAXKIOMY
BUAY paboT, yka3aHbl B Taba. 7.7. B Heil ke yka3aH oOmuil MecauyHbIi
dbonn pabodero BpeMEHH MO KaXJOMy BHIY paboT, a Takke MPHUOBIIbL
OT peaJu3alMy OJHOTO U3EIus.

TpeOyeTca ompenenuTh, CKOJBKO HM3JIEIUM M KaKOoro BUAa cie-
IyeT U3TOTOBUTH MPEANMPHUITHIO B JTaHHOM MecCsIe, 4TOOBl NPUOBIIb OT
peanu3zanuu Oblia MakcuMmanbHOW. [lo rocszaka3y mpeanpusaTue JOJTK-
HO U3roToBAsATH He MeHee 100 uzgenuit tuna 4 B mecsn. Ha u3roros-

JE€HUE APYTHUX U3JICTUN HE UMEETCS HUKAKUX OTPAHUYECHHUM.
TaOnuma 7.7
BanaTBI BpeMCHI/I, HpI/IXOI[HH_II/IGCH Ha OAHO U3ACIUC B
3aBUCUMOCTH OT BUAa padboT

3atpatrhl BpeMeHHU (4en.-u),npu- | O6muil MmecsauHbIi
Buna pa6oT XOoAAUIMecs HAa OJHO U3Jene ¢bonxa pabouero
A B C BpeMEHHU (uen.-4)
1. Mexanuueckue 5 1 3 1408
2. DIEKTpOXUMHUYECKHUE 4 2 1 704
3. MoHTa)XHO-COOpOUYHBIE 3 4 2 880
[Mpubsins (ycu.en.) 10 14 12
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Pemenue. 1. [Ipenqnonoxum, 9410 OyAeT U3TOTOBIEHO X| CAUHHUI
u3genuu tuna A, x, — tuna B, x3— tuna C. Torga gas U3roTOBJICHUS
TAKOTO KOJHMYECTBA HU3ACIUN moTpeOyrTcsa 3aTpaTuTh S5x; + x,+ 3x3
YyeJl.-4 Ha BHITIOJIHEHUE MEXaHUYECKHUX padorT.

Tak kak oOmuil MecsdHbil GoHA pabodyero BpEeMEHHU IJsI UX BBI-
MOJIHEHUSI HEe MOXeT mnpeBbmaTth 1408, MOJIKHO BBINOJHATHCS OT-
paHUYEHUE

5X1 + X2 + 3X3 < 1408.

AHaJOTUYHBIE PACCYXJIEHUS OTHOCUTEIHLHO BO3MOXHOCTHU BBI-
NOJTHEHUS JJICKTPOXUMHUECKUX M MOHTAXHO-COOPOUYHBIX PabOT mpu-
BEJIYT K HEpaBEHCTBaAM

+ +
4X1 + 2.X'2 X3S704, 3X1 + 4X2 2.X'33880

[ToCKOJIBKY €XEeMECAYHO MPEANPUSTHE 00513aHO U3TOTABIMUBAThH HE
MeHee 100 uzmennit Tuna A U KOJINYECTBO U3TOTABINBAEMBIX U3JIEIUN
HE MOXET OBITh OTpULATENbHBIM, TO [JOJKHBI BBIMOJHATHCS
yCJIOBHU S

X = 100, X2>O; X3>0.

CymmMmapnas npu6siab Il ot peanuszanmuu x; u3genud tuna A4, x,

U3JIenud Tuna B u x;3 uznenui tuna C
I1=10 X1 + 14 X2 + 12 X3.

Takum 06p330M, MarTeMaTH4YCCKasad IIOCTAHOBKaA 3aJa4YM TaKOBa:
HMCCTCA CUCTCMA

5x, +x, +3x, <1408;
4x,+2x, +x, <704;

\
x, <100 )
YCThIPCX JIUHEHUHBIX HCPABCHCTB C TpEMA HCU3BCCTHBIMH X, ..., X3

1 JIMHEWHas OciacBasil (bYHKIII/IH OTHOCHUTCIBbHO 3THUX XK€ INICPCMCHHBIX

F=T1=10x, + 14 x,+ 12 x;. (7.25)

Tpebyerca HallTU Takue HEOTPHUIIATEIbHBIE 3HAUYCHUS MEpeMEH-
HBIX, paccCMaTpHUBAEMBIX KaK ONTHUMHU3UPYEMBIEC IMapaMeTpbl, NPH KO-
TOpbIX QyHKIHA (7.25) mpuHUMaeT MaKCUMajlbHOE 3HAaY€HUE, HO MpPHU
STOM BBINIOJHSIOTCA orpaHudeHus suna (7.24).

Tak xkak ¢yHknus (7.25) conep UT TOJbKO JIMHEHHbIE HEpaBEH-
cTBa, chopmMynupoBaHHAS 3agaya ABISIETCS 3ajJadyeidl JUHEWHOTrO Mpo-
rpaMMUPOBAHUS U MOXET OBITh peleHa MEeTOJOM JHHEHHOTO Mpo-
rpaMMHUpPOBAHUS.
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OnHako mompoOHBIE 3a7jayM MOTYT OBITh pEIIEHBl U METOJaMU He-
JUHEWHOTrOo mporpamMmmupoBaHusa. Pemum chopMmynupoBaHHylo 3amauy ¢
NOMOUIbI0 METOJa CIIy4allHOro nmoucka Ha DBM.

[leneBas ¢byHkmusa ompenensercs Boipaxkenuem (7.25). OyHkuuu,
3a/lal0lllMe OrpaHUYEHUS OMNHCHIBAIOTCA TMEPBBIMU TpeMs Hepa-
BeHCTBaMu cuctembl (7.24). AnanoruydHo npumepy 7.3 omnpenpensiem
OrpaHHYEHUS, HaKJaJblBa€Mble Ha ONTUMHU3HUPYEMbIE MapaMeTPhl Xi, X;
n Xs3.

PesynabTaThl pemieHUuss ¢ y4YeTOM LEJIOYUCICHHOCTU ONTUMHU3HU-
pyeMBIX MapaMeTpoB Xi, ..., X3 TAKOBBHI:

X1= 100, XZZO; X3 = 290.



