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Ha npaktnueckux 3anaTtusax 1o kypcy «HempepbeiBHbIE MaTemaThue-
CKHE MOJICIN» 00CYXIAITCS BOMPOCHI, 3aKPEILISIONINE U PACHIUPSIONINE
Marepual, W3J10KCHHBIA Ha JICKIIMAX. PaCCManI/IBaIOTCH HCKOTOPLIC pac-
YETHBIC 3aa4YU 110 PEIICHUIO NPAKTUYECKUX 3aJa4 U3 COOTBETCTBYIOIIUX
pa3ziesioB yueOHOro Kypca.

Pelienne TUMOBBIX 3a/1a4 Kypca 0a3upyeTrcs Ha Y4eOHBIX MTOCOOUSIX !

1. Bopo6sé C.A. Teopusi urp u mccjieoBaHne omnepamuii.: Yueo.
nocob6ue. Tyna, U3n—Bo Tynl'y. 2012. — 103 c.

2. Bopo6ré C.A. Moaeau U MeTOAbl HCCJAEIOBAHUS ONEPAIMId.
VY4eb. nmocobue. Tyna, U3n—so Tynl'Y. 2007. — 148 c.

B 3T mocoOusx npuBeIeHBI PEIICHHUS MPAKTHYECKH BCEX OCHOBHBIX
M3y4aeMbIX BOMPOCOB. B KOHIIE KaX0M TJIaBbl NIPEAJIATAOTCS UHIAUBUILY-
QJIbHBIC 3a/1a4M JUI KaXKJ10r0 CTYACHTA.

JIOMOJHUTEILHO B Ka4yeCTBE CaMOCTOSTCIBHBIX (aTTECTAlMOHHBIX)
IpeaJiararoTcs TUIIOBBIE 3aJaHUs ¢ UHAUBUAYAJIBLHBIMUA UCXOOHBIMU JaH-
HBIMU.

OTHn 3aJaHUs BKIHOYAIOT B ceos CICAYIOUNEC TCMbI.

1. Tloctpoenue Momese, MPUBOIAIINX K 3aja4aM JTUHEHHOTO TPOrpaMMHUPOBAHHUS
2. Tloctpoenne Mopeneil, MPUBOAAIIMX K TPAHCIIOPTHBIM 3a7a4aM

3. Pemenue 3ama4 11e109UCICHHOTO TPOrPaMMUPOBAHUS METOIOM OTCEUCHUIA

4. PemieHue 3a1a4 1ENOYMCIECHHOTO MPOTPaMMHUPOBAaHUSI METO/IOM BETBEH M Tpa-

HUI]

5. Pemenue 3amay HEIMHEMHOrO NPOTPAMMHUPOBAHUS METOAOM JIOIMYCTHUMBIX
HaIpaBJICHUN
6. TloctpoeHne MapKOBCKUX CETEBBIX MOJEINIEH
7. Tloctpoenue cuctemsbl quddepennuansubix ypasuenuit Konmoroposa. [lonsitue
MPENICNIbHBIX BEPOATHOCTEN COCTOAHUMN
8. Iloctpoenune moaenu u onpeneaeHne OCHOBHBIX XxapakTepuctuk CMO
9. HaxoxneHne onTUMaTbHBIX PEIICHUI MATPUIHBIX UTP
10. Tlomck Touek paBHOBecHsl Mo Homly, MaKCHMHHHBIX CTpaTerWii W CTpaTeruit
yrpo3

11. Tlouck ontumyma no ITapero

12. HaxoxxneHnue pelieHust apouTpa U COOTBETCTBYIOUIUX €MY ONTUMAaJIbHBIX Ha0O-
POB YacCTOT
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IIpakTuueckoe 3ansitue Ne 1.
«MeTpuyeckme 1 NMHeHbIe HOPMUPOBAHHbIE NPOCTPAHCTBaY

BOT HECKONTbKO THIMMMYHBIX 3a7a4, IPUBOISIINXCS K 3a7a9aM JTHHEHHOTO MpoTpaM-
MHUPOBAHUSI:

= EcTb npenmnpusitie, KOTOPOE MOXKET BBITYCKATh MPOAYKIIMIO HECKOJIBKUX Pa3inud-
HBIX TUMOB. JIJIs1 TPOM3BOACTBA SAUHUIIBI KAKIOTO U3 HUX TPeOyeTcsl onpeneaeéHHoe
KOJIMYECTBO CHIPhS U MPOYHMX PECYpPCOB, 3amachl KOTOPBIX OTpaHUYEHBI. V3BecTHA
PBIHOYHAST CTOMMOCTH 3THUX TOBAapOB M OTPAaHMUYEHUS HAa BO3MOXXHBIH 00BEM Mpoja-
xu. TpebyeTcsi Tak COCTaBUTH TUIaH MPOU3BOJICTBA, YTOOBI MOIYIUTh MaKCHMAIBLHO
BO3MOKHYIO TIPHOBLITb.

= M3BeCTHO KOJIMUECTBO OEJIKOB, JKMUPOB, YIJIEBOJOB M MPOUUX BEIIECTB, HEOOXOIH-
MBIX YEJIOBEKY B TCUCHHH CYTOK. JlaH CIIMCOK MPOIYKTOB, MJIS KAXKIOTO U3 KOTOPHIX
yKa3aHO COJIepP)KaHHME BCEX ITHX BEIIeCTB. TpedyeTcs COCTaBUTh CYTOYHBIA PaIlMOH
MUHHAMAJIbHON MacChl (MU CTOMMOCTH).

= EcTb rpymnmna npeanpuaTuii, pa3MeIeHHbIX B pa3HbIX MecTax. UM TpeOyeTcs Chl-
pbe, UICTOYHUKU KOTOPOTO (CKJIAJbl) TOKE HAXOSATCS B pa3HbIX MecTaX. ECTh cucre-
Ma TPaHCHOPTHOTO cooOmIeHus (Tapudbl Ha MEPEBO3KY TOXKE pa3Hbie). Tpedyercs
TakKUM 00pa30M pa3MeCTUTh 3aKa3bl Ha CBHIPHE, YTOOBI 0OECTIEYUTh 3aBOJBI CHIPHEM
P MUHUMYME PacX0JI0B.

OTu 3a1a4u He0OXOIUMO 3aMKcaTh B BUJE MaTeMaTHUYECKUX Mojienelt. PaccMoTpum
ATOT MPOIIECC Ha MPUMEpPE MEepBOi U3 HUX. BBeaEM N mepeMeHHbIX X1,X2,...,Xn — KO-
JUYECTBO MPOAYKIIMH KaXJI0TO BHIA, YTO B COBOKYITHOCTH 00Opa3yeT IUIaH BHITYCKA.
O4eBUIHO, ITU IEPEMEHHBIE YAOBIETBOPSIOT YCIOBUAM X120, X220, ..., Xn20 — He-
BO3MOYKHO BBIITYCTUTH OTPUIIATEIIHOE KOJIMYECTBO MpoayKiuu. [TycTs umeeTcss m
orpaHu4eHui mo pecypcam. O603Ha4MM MaKCUMaJbHOE JOCTYITHOE KOJIMYECTBO
KaXI0T0 U3 HUX Kak D1,02,...,0m. BBenéM xoadduiineHTs! pacxoma 3TUX pecypcoB. aij
MOKa3bIBACT, KAKOE KOJMYECTBO pecypca BUaa | HONWAET Ha M3TOTOBJICHUE €TUHHIIbI
NPOAYKIMY BHA |. [ oNpeieieHrs] HAaWIydIlero miaHa UCIOb3yeM BEeTMYUHbBI
C1,C2,...,Cn — MPUOBLIb, TOJIYHAEMYIO OT PeaIU3aIuU €AUHUIIBI MPOTYKIIMH KaXKI0TO
Buja. O01Iast mpuOBLTE IPH peaTu3alMi KOHKPETHOTO IJIaHA COCTABUT BEITMUUHY
L=C1X1+CoX2+...+CnXn. OUEBUIHO, UTO ONTUMATIBLHBIM pPEIICHUEM 3a7a4u Oy1eT Ha0op
MePEMEHHBIX, JOCTABIISIONIMX MaKCUMaIbHOE 3HAYCHHE dTON QyHKIMU. Kpome Toro,
ATOT HA0OP JOJDKEH YIOBICTBOPATH OTPAHUUCHUSIM

a;, X, +a,x, +a;x;+..+a,x, <b,
Ay X, + X, + Ay X3+ 4a,, x, <b,

a, X, +a,,x, +a, x;+.+a, x <b,

m

T.€. CYMMapHBI pacxoJ1 JI000T0 pecypca He TOJDKEH MPEBOCXOIUTh €r0 UMEIOIIUXCS
3aracos.

Jliist ynoOcTBa METOIbI, TPUMEHSIEMBIE JIJIsI PEIICHHs KAKOTO-TH0O0 Kiiacca 3a/1a4 uc-
CJIEIOBAHUS OTepaIfii, 00BIYHO pa3paldaThIBAIOTCS JIJIS 33/1a4U HEKOTOPOTO CTaH-
JApTHOTO BHJIa, K KOTOPOW B CBOIO OYEPEIbh MOKHO CBECTH JIFOOYIO 3a/1a4y TaHHOTO



kjacca. COOTBETCTBEHHO U JIJISl IMHEWMHOTO MPOrpaMMUpOBaHus (OpMyIUpyeTcs oc-
HOBHas 3aja4ya, cokpaménno O3JII1. E€ rmaBHas 0COOEHHOCTh 3aKII0YAETCS B TOM,
YTO BCE OIPAaHUYEHUS 3aUCHIBAIOTCS B BUI€ paBeHCTB. [103ke Oy1eT nmokazaHo, 4To
U 33]1a4d C OTpaHUYCHUSIMU—HEPaBEHCTBAMH MOTYT ObITh cBesieHbl k O3JII1.

Wrak, nmeercs pa NEPEMEHHBIX X1,X2,...,Xn. TpeOyeTcst HallTH Takue HEOTpULATEb-
HbIE 3HAYEHUS ITUX [IEPEMEHHBIX, KOTOPbIE YIOBIETBOPSIIA ObI CUCTEME JTMHEHHBIX
YPaBHEHUI

a; X, +a,x, +a;x;+..+a,x, = b,
Ay X + Ay Xy + Ay3X3+..4a,,X, = b, (1)

amlxl + am2x2 + am3x3 +"'+amnxn = bn

U, KpOM€ TOro, oOpaliaiyi Obl B MUHUMYM JIMHEHHYIO (DYHKIIHIO

L=CiX1+CoXo+...+CnXn. (2)
Ycaopumcs cuntath donycmumoim peuwtenuem O3JII1 1r00yr0 COBOKYITHOCTD TIEpe-
MCHHBIX

X120, X220, ..., Xn20. 3)

YAOBJIETBOPSIONILYIO ypaBHEHUSM (1). Onmumansvnvim pemieHueM Oy1eM Ha3bIBATh
TO U3 JIOIYCTUMBIX PELICHUH, IPU KOTOPOM JinHelHas GyHKIus (2) oOpamiaercs B
MUHHMYM.

3ameTuMm, 4To raneko He Bce aBTopbl NpuBoaaAT O3JIIT umenHo B Takom Buze. Cye-
CTBYIOT Pa3jM4HbIC B3IJISbI HA TO, KAK OHO JTOJKHO BBITIIsAeTh. Hanpumep, yacto
“cTaHAapTHBIM CUMTAIOT MOUCK MaKCUMyMa (PYHKITUH (2), ObIBAIOT U UHBIE OTIIU-
yusi. Ho, 3Hast MeTOBI perienust 1uist 1o00# U3 “ctaHaapTHBIX GopM™ 3a/1auu, He
MPEACTABISIET TPYIa HAWTU PEIIeHHE JIJIs JTIF0OOU Ipyroi popMel.

O3JIIT He obOs13aTenbHO UMeEET perieHue. Bo3MmoxkHo, ypaBHeHus B cucteme (1) mpo-
THUBOpEYAT IPYT APYTY, WIH K€ OHU UMEIOT PEIIEHNE TOJILKO BHE 001aCTH HEOTPHIIa-
TEJIbHBIX 3HAYEHUI MEPEMEHHBIX, YTO MPOTUBOPEUUT YCIOBUIO (3), WM K€ PEIICHUS
CYHIECTBYIOT, HO CPEIM HUX HET ONTUMaIIbHOTO. [locmennuil ciayyaii BO3MOXKEH, €CITU
oOnacTh gonyctumbix pemenuii (O/IP) He 3aMKHYTa B CTOPOHY YMEHbILIECHHUS LIeJIe-
BOM (DYHKIIMM — B PE3YJIBTATE YETO IS JIFOOOT0 PEIICHMS 3a]a4l MOXKHO HAUTH JPY-
roe peleHue ¢ enié MeHbIINM 3HaueHUeM 3TON (QYHKIUH, T.€. PEIICHHUs], JTyUIIero
BCEX OCTAJIbHBIX, HE MOXKET OBbITh B MPUHIIMIIE.

NuauBuayaabHbie 3agaHusa mo teme Ne 1.
«IlocTtpoenne moaenen, MPUBOAAIIMX K 33/1a4aM JMHEUHOTO MPOTrPaMMUPOBAHUS)

KaxxnoMy cTymeHTy BBIIAIOTCS YCIOBHS 3aJladd: MaTPHIlA PACXOJOB CBIPhS HA BHI-
MyCK TPOJYKIIAN, BEKTOP 3aITaCOB CHIPhS M IIOKA3aTEIN I0X0a OT €T0 MPOJIaXKH.
TpeOyetcs:

1 — cocTaBHThH 3a/1ayy JUHEHHOI'O MPOrPaMMHUPOBAHUS 0 OMPEICICHUI0 ONTHMAIIb-
HOTO IIJIaHa BBIMYCKa MPOIYKIIUH;

2 — MIPUBECTH 3Ty 3a/1a4y K CTaHIapTHOMY BHUIY.



IIpakTn4yeckoe 3ansaTue Ne 2.
«JInHenHble onepaTopbl U NMUHENHbIE PYHKUMOHASbI

Kak y»xe roBopuiiochk panee, 1r00as 3ajada JMHEHHOTO IPOrPaMMHUPOBAHUS MO-
’KET OBITh IPUBEICHA K CTAHIaPTHOMY BHY M PEIIEHa CUMILIEKC-MeTO10M. OHaKO
HE KaXKIyI0 3a7a4y UMEET CMBIC]I PELIaTh BCEr1a MMEHHO TakKuM criocobom. Hekoro-
pBIE 3a0aUd UMEIOT CIEIMAIBHBINA BHI, TO3BOJISIOIIUM PEMIUTEL KX 00JIce OBICTPOIEH-
CTBYIOIIUMH METOIAMHU.

B yacTtHOCTH, K TAKMM OTHOCHTCS TpaHCIIOpTHas 3amada. OHa omrcaHa B Havaje
BTOPOU TJIaBBI — TPETHUH 110 MOPSIKY MPUMEP. DTO O6E3yCIOBHO 3a1a4a JHHEHHOTO
IPOrpaMMHPOBAHKS, HO OHA UMEET JOCTATOYHO CIEHU(YUIECKUN BUI:

B M nyHKTax OTHpaBIeHHs HMEIOTCS 3aachl HEKOTOPOI'O TPy3a B KOJIMYECTBE ai,
az, ..., @m €IUHKI] COOTBETCTBEHHO. DTOT IPy3 TPEOYETCs TOCTABUTh B N IIyHKTOB
Ha3HAYEHMs, B KaXKIbII U3 IIyHKTOB — COOTBETCTBEHHO b1, by, ..., bn emunun rpysa. as,
a2, ..., am HA3BIBAIOTCA 3amacamu, a b, b, ..., bn — 3asgBkamu. B knaccuueckoii nocra-
HOBKE 3a/1a4¥ CyMMa 3asiBOK paBHa CyMME BCEX 3aI1acoB

m

Zai = n bj (1)
i=1 j=1

Ecnu 370 paBeHCTBO HE BBIIOIHIETCS, TO TPUMEHSIOTCS METO/IbI IPUBEJICHUA 3a/1a4
K cTaHapTHoi popme. OHU pacCMOTPEHBI HIKE.

Takxe 7aHa CTOMMOCTb IEPEBO3KH €IMHHULIBI TOBAPA C KAKJAOT0 CKIaka KaXI0My
noTpeduTento (PU3NIECKUil CMBICI JaHHON BEIMUYMHBI MOKET OBITh HE CTOMMOCTBIO,
a pacCTOSIHUEM WJIM BPEMEHEM MEPEBO3KH, ATO JJI1 PACCMOTPEHUS OOLIUX METO/I0B
peleHus 3aJa4u HeMpuHIUNUanbHo). OHa 3aJaHa MaTpUIeil

Gy Cp e c,
Gy Gy e G
Cul  Cpp wevee Con

Heo0xoanmo HallTH TaKoM IJI1aH MEePEeBO30K, UTOOBI BBITIOJIHUTH BCE 3aBKU U TIPH
TOM MUHUMHU3HUPOBATH OOIIYI0 (CYMMapHYI0) CTOUMOCTh BCEX MEPEBO3OK.

Peenue 3amaum npencrapiser coO0i HAOOp NEPEMEHHBIX Xij — KOJTUYECTBO I'Py-
3a, OTHPABISEMOT0 M3 I—0r0 MyHKTA OTIPABIICHUS B |—bIi ITYHKT HA3HAYEHHS — BCETO
MXN IEpEMEHHBIX, U BCE OHU HEOMPUYAmenbHbl.

Ha nepemeHHBbI€ Xij HAJ0KEHBI CIIETYIOUIUE YCIOBUS:

CyMMapHO€E KOJIMYECTBO TPy3a, BBIXOIAIIETO U3 KaKI0TO ITyHKTa OTIPABIICHUS,
PaBHO 3aracy rpy3a B 3TOM IyHKTe. Bcero nosryyaem m orpaHn4eHUA—paBeHCTB:

n

Zx,a. =a,, k=1..m (2)

i=1

CyMmapHO€e KOJIMYECTBO Tpy3a, MPUXOISIIETO Ha KaX /bl MyHKT HA3HAYEHUs, PAaBHO
3asBJICHHOMY 3THM IIYHKTOM KOJIMUECTBY. Bcero noimyyaem N orpaHn4eHui—
PaBEHCTB:



Zxﬂ =b, I=1,.,n (3)

=

[eneBast pyHKIMSI, KOTOPYIO HAI0 MUHUMH3UPOBATH — CTOMMOCTB BCEX MEPEBO30K
L= ZZcﬁxﬁ = min (4)

i=1 j=1
OT0 TUNMYHAS 337a4a JUMHEHHOTO MPOrPaMMHUPOBAHHUS, TIOCKOJIbKY BCE OTPAaHUYECHUS
u 11enieBas QyHKUMS TUHEHHBI.

Ho y nanHoii 3a1auu ecth psia ocoOeHHOCTel. [ TaBHOE U3 HUX — 3TO TO, YTO KO-
»¢duUIMeHTHI TP BceX epeMeHHbIX B yeaoBusx (2) u (3) pasusl 1 (equnuiie). Kpo-
M€ TOT'0, OJJTHO U3 YPAaBHEHHI B 3TOM CUCTEME HE SIBJISETCS HE3ABUCUMBIM U MOYKET
OBITH TIpoMyIIeHO. Beero nmomydaercs cBoOoHBIX iepeMeHHbIX (N-1)(M-1). MmerHO
TaKO€ KOJIMYECTBO 3HAYEHUH Xij JOJKHO 00palaThCs B HyJIb B ONTUMAJIBHOM ILJIaHE
(unu OoJblIe B CIIy4ae BBIPOXKIEHHOTO IJIaHA, HO HE MEHbLIE). DTU IIEpEMEHHBIE OY-
JIeM Ha3bIBaTh IE€PEBO3KAMHU, U IO MIPEKHEMY MbI UCIIOIb3YEM MOHATHUS 00Ny Cmu-
MO020 TUIaHA, ONOPHO20 U ONMUMAILHOZO.

JJ1g morcka ONTUMAaIbHOIO IUIaHa HE TPeOyeTCsl IPUMEHATh CUMIUIEKC-METO,
BCE MaHUITYJISIIUH BBIIIOJIHAEM HEMOCPEACTBEHHO B Ta0JMIIE, HA3bIBAEMOW TpaHC-
NOpTHOM Tabnuieil. B He€ 3anucanbl Bce yCIOBUA 3a/1a4: yHKTHI OTIIPABIEHUS
Y HAa3HAUYEHUS, 3aMachl U 3asiBKU, CTOUMOCTb [IEPEBO30OK.

B: B | ...... Bn 3amacel
ai
A1 C11 c12| ...... Cin ai
A> C21 c2| ..., Cin az
Am Cml Cmi | ...... Cmn dai
3asBKH b1 b2 | ...... bn Ya =30,
bJ i=1 j=1

CTouMOCTh NIEPEBO3KHU €AUHUIIBI TOBAPA MOMENIAEM B KaX0M KJIETKE BBEPXY CIIpa-
Ba. Te siueiiku, B KOTOphIE TOMENTaeM OTIMYHBIC OT HYJISI 3HAUCHUS TIEPEBO3OK,
Ha3bIBaeM 0a3MCHBIMU, a OCTaJIbHbIE — CBOOOIHBIMU. [Ipr 3TOM CymMMa 3TUX AJIeMEH-
TOB TJIaHA TIEPEBO30K Xij B KAXKJIOM CTPOKE paBHA ai, a B KaXJI0M cToJj01e — bj. Sueii-
Ky, COJIEpIKaIIyIo Xij, OyeM 0003Ha4YaTh koopanHaTamu (i,j). 3aMeTHM, 4TO B OTJIH-
gyue ot O3JII, pemenne T3 scecoa cywecmayem.
B siaeiikax OCHOBHOM 4acTH TPAHCTIOPTHOU TaOJIUITHI MCTIONB3YIOTCA BCe 4 yria — B
KQKJIbIN M3 HUX MIOMENIAETCSl KaKoe-HUOYIb 3HAUCHHUE, UCTIOIh3YEeMOE TIPU HaX0XKJIe-
HUU ONTUMAJIBHOTO TJIaHa IEPEBO30K.

Haxoxnenue onopHoro njana. CaMplii IpoCTO# CIOCOO MOCTPOCHHUSI OTTIOPHOTO
IJ1aHa — ““‘MeTOJI CeBEPO-3aMagHOro yria’ . DTOT ““Hay4yHbId TEPMUH MO CYTHU O3Ha4a-



€T, YTO JIBUTAThCs Mbl OYyJIEM CJIEBa HAIMPaBO U CBEpXY BHU3. JleiicTBUTEIBHO, €CTTU
MPE/ICTaBUTh OCHOBHYIO YaCTh TPAHCIOPTHOW TaOIUIIBI B BUJIE reorpaduieckon Kap-
ThI, TO stuekika (1,1) OymeT e€ ceBepo-3amma HbIM yIIIOM, a siueiika (M,N) — e€ roro-
BOCTOYHBIM yriioM. Haunnaem c stueiiku 1,1 1 ynoBiaeTBopsieM OTPEOHOCTH IMTEPBOTO
noTpeduTens 3a CYET nepBoro ckiana. Ecim Ha ckitaje en€ 4To-To mocie 3Toro
0CTaJI0Ch, OHO UJIET Ha MOKPBITHE 3aBKH BTOPOTO MOTPEOUTES, T.€. HAMPABO (AUei-
ka 1,2), ecnu ke 3asBKa MOJHOCTHIO HE YJIOBJIETBOPEHA, TO OCTATOK MNOTPEOHOCTH
YAOBJIETBOPSIETCA 3a CUET CIEAYIOIIETO CKIIaa, T.€. ABUKECHHUE BHU3 K A4ehike 2,1 —u
TaK Jajnee.

BaxxHOo 3aMeTHUTBh, UTO JBUTA€MCsl MbI Ha Ka)KJIOM LIare CTPOro rOpU30HTAIBHO
WIM BEPTUKAIBHO, HUKAKUX JTMArOHAIBHBIX MEpEeMEIleHU ObITh HE TOJKHO. Ecnu y
HAC OJHOBPEMEHHO 3aKaHUYMBAETCS U 3alac HAa JAaHHOM CKJIAJ€ ¥ MOJHOCTBIO yIOBIIE-
TBOpsIETCA 3asiBKa JAHHOTO IOTPEOUTENsI, TO MBI CHauaia JejaeM Iiar BIpaso, K ciie-
AYIOIIEMY MOTPEOUTENIO, YIOBIETBOPSIEM €r0 3asBKY C JAHHOTO CKJIaJa (MepEeBO3KU
PaBHBI HYJII0), U JIUILb MTOCJIE 3TOTO JAEJIaeM LIar BHU3, K CIEAYIOIIEMY CKIIany. Tem
CaMbIM Mbl 00€CIIeYrBaeM MOCTOSIHHO OJTHO M TO K€ YHUCIIO 0a3UCHBIX SYEEeK — MMyCTh
Jake HEKOTOPBIE U3 HUX, BBIPOXKACHHBIC, COJIEPKAT HyJIeBble 3HaUeHUs. MbI ux Oy-
JI€M IPUHIUIHAIBHO OTJIMYATh OT OCTABIIMXCS Y€K, HA3bIBAEMbIX CBOOOHBIMU U
10 OINPEAEIICHUIO BCEr/1a COACPKALIMX HYJIEBbIE 3HAUEHUS TIEPEBO30K, TaK YTO B HUX
HOJIb JTaXK€ U HE MUIIETCS.

PaccMoTpuM 3TOT METOA Ha IPUMEPE — COCTAaBUM ONTUMAJIbHBIN IJ1aH 11 Ta0-
JIULIBL:

B: B> Bs B4 Bs 3ama-
ChI Qi
A 10 8 5 6 9 48
18 27 3
A, 6 7 8 6 5 30
30
As 8 7 10 8 7 27
9 12 6
A 7 5 4 6 8 20
20
3ass- 18 27 42 12 26 125
ku bj

MpI cpa3y noyduiIu IjiaH IepeBO30K, YI0BIeTBOpsronui ycioBusM (2) u (3). On
SIBJISICTCS] OTIOPHBIM, T.K. 0a3uCHBIX (He paBHBIX () MepeMeHHBIX pOBHO I' =N+M-1=8.
OcTainbHble “IycThle” KIETKH COOTBETCTBYIOT HYJIEBBIM IEPEBO3KaM, T.€. CBOOOI-
HBIM TIepeMeHHbIM. Takux y Hac momyumiaock (N-1)(m-1)=12.

DTOT IJIaH HE SABISETCA ONTUMAIIbHBIM. J[eCTBUTENBHO, €r0 CTOMMOCTD MOJTy4a-
ercsa 1039. Ecnu, x mpumepy, neperectu 18 enunun u3 sueiiku 1,1 B 1,2 — a nis to-
ro, YTOOBI COXpaHUTH OanaHc, Te xe 18 exuHuI] mepenecty u3 siaeiiku 2,3 B 1,3. — 1o
MTOJIYYNTCS TUIaH, UMEOIIHNI CTOUMOCTBD yxke 913.



Yuciio HeHyJIEBbIX IEPEMEHHBIX MOXET ObITh MEHbIIE, UeM '=N+m-1, T.e. B 1aH-
HOM CJIy4ae MEHbIIE §, T.€. 4aCTh 0A3UCHBIX MMEPEMEHHBIX Takke paBHa (. DTO 6bi-
poorcoennwlil TiaH. OH BO3HUKAET, KOTJa OJTHOBPEMEHHO 3aKaHYMBAETCS U 3alac Ha
OYepETHOM CKJIaJIe, ¥ 3asBKa OT 0YEPETHOTO MOTPEOUTEINS, U CIACAYIOIIAs 3aT0JTHEH-
Has siueiika OyeT pacmoJiaraThesl He Hibke (“rokHee”) U He TpaBee (“BocTouHee”), a
“roro-BoCcTOYHeE” MOCyeaHeN 3anoHeHHoW. Ho MBI mpeAmnoiaraem, 4To cHavyana
CJeJaH IIar HampaBo, 3aM0JIHEHA KJIeTKa (BeJIMYMHA MIEPEBO3KHU paBHA HYJIIO) U TIOCIIE
ATOTO CleJiaH Iar BHU3. B nanbHeiinieM écezda OyaemM cuuTaTh, 4YTO B IJIaHE TIEPEBO-
30K '=N+mM-1 Ga3uCHBIX KJIETOK, JaXKe €CJIU B KAKUX-TO U3 HUX U MTOMEIIAIOTCS “HY-
JIeBbIe” 3HAYEHUS IEPEBO30K. ITO YIOOHO ISl IOCTPOCHHUSI AJITOPUTMA.

Meroabl TpUBeACHUS K CTAaHJAPTHOMY BUy OYEBUIHO 3aBUCAT OT TOTO, KAKOE
oTJinyre ObUIO y PUBOJUMOM 3aauH.

TpancnopTHas 3a7a4a ¢ H30BITKOM 3aMIacoB

PaccmoTpum cuTyanutio, Korjia noJaHHbIX 3assBOK MEHBIIIE, YEM 3aI1acoB Ha CKJia-
nax. PaBeHcTBO (1) HEe BBINOTHAETCS.

m n
Zai > ij
i=1 j=1

B arom ciyuyae BBoauM emi€ oAuH ((PUKTUBHBIN) MyHKT Ha3HAYEHUS, ‘‘3asBKa’ KOTO-
pOro paBHa OCTaTKy Ipy3a, HEBOCTPEOOBAHHOMY ITOTPEOUTEIIMU:

m
bn+1 = Zai -
i=1

PeanbHO nepesosxu n3 storo 11H 03Ha4aroT, 4T0 Takoe KOIMYECTBO Ipy3a OCTa-
HeTCs Ha JaHHOM ckJiazie. CTouMocTh iepeBo3ok it fanHoro [TH B o6mem cinydae
Oyxer paBHa HYJIO (Cin+1=0, I=1,...,M), XOTS MOXXHO BBECTH IIEHY U OTJINYHYIO OT HY-
JIs1: CTOMMOCTb WUJIM YOBITKU OT XpaHEHUsl eAMHULIBI Tpy3a. [locneqHee nmeer cmbic,
€CJIM 3Ta CTOMMOCTb Ha Pa3HbIX CKJIaAax (MMyHKTaxX OTHPaBJIEHHUS) CYLIECTBEHHO pas3-
JUYHA.

n
b,
1

Jj=

TpancnoprHas 3aga4ya ¢ U30bITKOM 3aIBOK (C HEJOCTATKOM 3aI1aCOB)

DT0 3a7a4a NpsiMO MPOTUBOIIOI0KHA paHEE PACCMOTPEHHOM. 3/1eCh 3a11acoB HE
XBaTaeT Ha BCEX MOTpeOUTENE, TO eCTh

m n
Sa <3,
i=1 Jj=1

EcTb HECKOIBKO CITOCOOOB PEIICHUS TAKOM 3aja4Hu.
Ilepsviii — BBOgUTCS “OUKTUBHBIN M+1-bIil ckiaa, 3amackl HA KOTOPOM PaBHBI

n m
am+1 = Zb/ - zai
j=1 i=1

¥ CTOMMOCTH MIEPEBO30K C ATOTO CKIIaja JI'o0oMy moTpedburento paBHa Hymo. Ha ca-
MoM Jiene nrdpa nepeBo3ok ¢ 3toro [10 kakoMy-To MOTPEOUTENO0 03HAYAET, YTO
MMEHHO TaKO€ KOJUYECTBO I'py3a U3 3asBJIICHHOTO He Oyoem 00CcmasieHd TaHHOMY



noTpeduTenro. DTOT METOJ MPUMEHUM TOT/Ia, KOT/Ia He BaKHO, KAKUM MOTPEOUTESIM
1 B KAKOM KOJIMYECTBE HEJOTPY3UTh TOBap. MOKHO PEIIATH 3Ty 3a7a9y U C YUETOM
CTETNICHU BaXHOCTH TOJTydaTesel rpy3a. B aTom ciydae BBOIATCS pa3IndHbIC CTOU-
MOCTH TIEPEBO3KH €UHUIIBI TPY3a K KAKIOMY U3 MOTPeOUTENeH, MMEIONINE CMBICIT
mrpada 3a HeIOMOCTaBKY €UHUIIBI 3aKa3aHHOTO TOBapa TOMY MOTPEOUTEIIO.
Bmopoii cnocob — “ucnipaBisiem” 3aiBKU, YMHOXKHUB KaXKIyI0 Ha KO3(PPUITHEHT

m n
k=Ya/2b,.
i=1 Jj=1

Tem caMbIM MBI B paBHOM TPOMOPIIMHN HEAOTPY3HIN MoTpeOuTenei. Bo3MokHbBI HHBIE
BapUaHTBI, HO BCE OHM CBOJATCSA K YMEHBIICHHIO 3asBOK JI0 BBIIIOJHEHUS PAaBEHCTBA
(1) u pemenus 3a1a4 ¢ “HOPMaJILHBIM” 0aJIaHCOM.

NuauBuayanbHble 3aaHus 10 TeMe Ne 2.,
«HOCTpOGHI/IG MOIIGJIGIZ, IMPUBOIAIINX K TPAHCIIOPTHBIM 3agavyamM»

KaxxioMy cTyAeHTY BBIAAIOTCS YCIIOBHS 3aJadd: MaTpUIla CTOUMOCTEH TPaHCIIOPTH-
POBKH, BEKTOpa 3aKa30B U 3asBOK. Bce 3a1aun He cOalaHCHPOBAHBI.

Tpedyercs:

1 — cocTaBUThH TPAHCHIOPTHYIO 33J1auy JTUHCHHOrO MPOrpaMMHUPOBAHUS 11O OIpEeIic-
HUIO ONITHMAJILHOTO IIJIaHa BBITYyCKa POy KINH;

2 — IPUBECTH 3Ty 3a/1a4y K CTaHIapTHOMY BHU/IY.



IIpakTn4yeckoe 3ansaTue Ne 3.
«O6006LLeHHble PyHKUMU. HennHenHble onepaTopbh»

B naHHOM paszene paccMaTpUBAIOTCS METOJbI, KOTOPBIE TAKKE€ MOTYT OBITh OTHECE-
HBI K METOJIaM TUCKPETHON ONTHUMH3AIUN. XapaKTePHOW 0COOCHHOCTHIO 3TUX METO-
JIOB SIBJISIETCSI HATMYUE JOTIOJTHUTEIBHOTO TPEOOBAHUS O TOM, YTO BCE MO0 TOJIBKO
4acTh NEPEMEHHBIX B ONTUMAIBHOM PEIICHUH JIOJKHBI 00J1a/1aTh CBOMCTBOM LIEJIO-
YUCJICHHOCTH, WK KaK BapUaHT — ObITh KPATHBIMH HEKOTOPOMY 33JIaHHOMY YHCITY.
NHoraa BcTpeyaroTcsl M MHbIE OrpaHUYEeHUs. JJaHHbIE METO/IBI TECHO CBSA3aHBI C 3a/1a-
YaMu JIMHEMHOTro MPOrpaMMHUpPOBaHUs, OJTHAKO JOTIOJHUTEIbHBIE TPEOOBaHUS Jielia-
10T 3a7a4y HeJMHEHOM. [103ToMy cTaHIapTHBIE METOABI IMHEWHOTO POTPaMMHUPO-
BaHMSI 111 PEILICHUS 3TUX 3a7a4 HEIPUTOJIHBI, XOTS B PsI/I€ CIIyYaeB UCIOIb3YIOTCS B
Ka4yeCcTBE “BCIIOMOTATENIbHBIX B COCTaBE 00JIee CI0KHBIX aJITOPUTMOB PEILICHUS 11e-
JIOUMCIIEHHBIX 3a]1ay.

B kauecTBe npumepa HEeI0YMCIECHHON 3a1a4 MOKHO MTPUBECTU CTAaHAAPTHYIO 3a/1a4y
COCTABJICHHS ONITUMAJILHOTO MO MPUOBLIN TJIaHa BBIITYCKA MPOAYKIUU IPEINPUATH-
€M B YCIIOBUSX OTPAaHUYEHHBIX PECYPCOB — €CIU BCIIOMHUTB, YTO JIFOOOW BUJI IIPO-
OYKIMU Mbl MOYKEM BBIITYCTHUTb JIMIIb B IEIOM KOJMYECTBE IK3EMIUIIPOB. [Ipu 3TOM
OKpyTJIeHHE 10 OMKalIero ejaoro yucia Jajleko He BCera AaéT Hawlydllee 13
LEJIOYHMCIICHHBIX PELICHH, 8 MOKET BOOOILIE 0Ka3aThCsl BHE 00JIACTH JOIMYCTUMbIX
pELIEHU — TOT/1a KaK HAMIYYIIee U3 LEJIOYMCIEHHBIX PEIIEHUN MOKET 0Ka3aThCsl
BECHhMa JIAJIEKO OT HELEJIOYUCIEHHOTO ONITUMYMA, HAJIEHHOTO METOIAMH JIMHEHHOTO
MIPOTPaMMHUPOBAHUSL.

C npyroit CTOpOHBI, CTaHAapTHAs TPAHCIIOPTHAS 3a/1a4a HE COAEPKUT B cebe Tpedo-
BaHMSI LIEJIOYHCIIEHHOCTH, OJTHAKO, €CJIM BCE TPAHUYHbBIE YCIIOBUS LIETTOUNCIEHHBI, TO
MOJIyYEHHBIH CTaHJAPTHBIMU METOJAMU ONITUMAJIbHBIN IUIaH MEPEBO30K TAKKE OKa-
3bIBAETCS LIEJIOYUCIIEHHBIM, HECMOTPS Ha TO, YTO JJIsl JOCTUKEHUS ATOTO HE MpuJa-
raJloCh HUKAKUX CHEIMAIbHBIX YCUITUH.

K TpaHcniopTHOM 3aa4e MOKET OBITh MPUIIOKEHO JOMOJHUTEIBLHOE TPEOOBAHHE HE
LEJIOYMCIEHHOCTH, & AUCKPETHOCTH, TO €CTh KPATHOCTU OJAHOMY WJIM OJHOMY U3 He-
CKOJIBKUX 1eNbIX uncen. [IpencraBum cede TpaHCHOPTHYIO CETh, CBA3BIBAIOLLY IO
CKJIaJbl U ToTpeduTeneil. [lepeBo3Ku 1o 3TOM CETH OCYIIECTBIISIET TPAHCIIOPTHAS
¢bupma, nmeromas Tpy30BUKH OJHOTO MM HECKOJIBKUX HOMUHAJIOB TPY30I10/bEMHO-
cTi. B TakoM citydae cTOMMOCTB EPEBO3KU OT JAHHOTO CKJIaja TaHHOMY IOTpeOu-
TEJI0 JOJDKHO 337aBaThCs HE JUISl €IMHULIBI TPY3a, a JIs OTHOTO perica Ipy30BUKa
(v u1st perica o OTAENBHOCTH KaKI0T0 HOMUHAIIA rpy3onoabéMHocTh). Ham npu-
NETCS N0 KaXKI0My MapIIpyTy OTIPABIATH KOJUYECTBO IPpy3a, KPATHOE IPy30I01b-
éMHOCTH. BO3MOXXEeH BapUaHT OTHPABKU HE MOJHOCTBIO 3arpyKEHHOTO aBTOMOOWIIS,
HO CTOMMOCTb peiica (apeHipl) OyAeT TOUHO TaKOMU Ke, KaK y TMOJHOCTBIO 3arpyKeH-
HOTO.

EcTp eni€ psaa 1enoyncieHHblX WM JUCKPETHBIX TPAHCTIOPTHBIX 3a]1a4, HA3bIBA€MBbIX
3aj1a4ei o prok3ake (paHie), 3agaueit 0 6oMOapaupoBIIMKE U T.M. B Hanbonee cinox-
HBIX CIy4asx “KOHTEHHEp” MOXKET ObITh Pa30UT Ha OTCEKH ONpPEAeIEHHON EMKOCTH,



npeaHa3HaYeHHbIE I EPEeBO3KU Pa3HbIX BUAOB Ipy3a. Hanpumep, “0eH30B03” ¢
OTCEKaMH JIsI IEPEBO3KU TOPIOYETO C Pa3IMUYHBIM OKTaHOBBIM YHCIIOM.

Mo>KHO BCTPETUTh M HECKOJIBKO MHOM THUII 33a]1a4, TAKKE HA3bIBAEMbIN B HEKOTOPBIX
y4ueOHHKax ‘‘3a7adeid 0 prok3ake”. JTo 3ajaya, BHEIIHE CXOIHAs C 3a/1a4el JTUHEINHO-
ro IPOrpaMMHUPOBAHUS, UMEIOIIAsl TUHEHHYIO LIEeJeBYI0 (PYHKIIMIO U JTUHEHHbBIE Orpa-
HUYCHUS BHJIA — HAUTH MaKCUMYM (DYHKIIUU

n
max(min)Z = chxj
=1
C JIMHEHHBIMH OTpaHUYICHUAMHU
Zal.jxi =b, i=1....m

MIPU 3TOM Ha BCE MEPEMEHHBIC HAJIO)KEHO CTAHAAPTHOE YIS 3a]1a4 JIMHEWUHOTO PO~
rpaMMUPOBAHMs YCIIOBUE HEOTPULIATEIbHOCTH
X >0, j=L...,n

1, KPOME TOI'0, Ha BCE IIEPEMEHHBIE HAT0KEHO JTOIIOIHUTEILHOE YCIIOBUE
X, G{O;l}, j=L..,n

TakuM 00pa3oM, Jir00asi IepeMEeHHasi MOXKET MPUHUMATh TOJIBKO OJHO U3 JIByX 3HaYe-
Hui — 0 wm 1, T.e. MBI Kak ObI peliaeM, “KJIacTh B PIOK3aK’ JTaHHbBIM IPEeIMET Uu
HET, HO MOJIOKUTh MOKEM TOJBKO OJIHY IITYKY JIFOOOTO BHAA.

Teneps paccMOTPUM HEKOTOPYIO Kiaccudukanuio. MoXHO BBIICIHUTS:

1. 3amauyu TMHEHHOTO MPOrPaMMHPOBAHUS C JOMOJIHHUTEIbHBIM TPEOOBAHUEM LIETIO-
YUCJIEHHOCTH, MPUYEM OHU Pa3JIEISIOTCS Ha MOJHOCTBIO 1EJIOYUCICHHbIE U Ya-
CTUYHO LIEJIOYHUCIICHHbIE (TpeOOBaHKE LETOUYMCICHHOCTH KacaeTcs He BCeX nepe-
MEHHBIX, a TOJIbKO YacTH);

2. TpaHCHOPTHBIE 3a1ayl (OPMaIbHO K LEIOYMCIECHHBIM HE OTHOCATCS, HO €CIU

UCXOJHBIE JTaHHBIE LIEJIOYMCIICHHBI, TO MOJYYUM M LIEJIOYMCIECHHBI ONTHMAJIb-

HBIN TIaH;

3amaun ¢ HEACTUMOCTBIO (C KPAaTHOCTBIO HEKOTOPOMY YHCITY, OOBIUHO LIEJIOMY);

4. KomOunaropHsie 3a7a4u (HarmpuMep, 0 KOMMHUBOSDKEPE) UCIONB3YIOTCS ISl pe-
LIEHU 33]1a4, B KOTOPBIX YHCIIO BO3MOKHBIX PEIIEHNN 3aBeoMO KoHeYHO. Crona
K€ OTHOCATCSA 3a/layu ¢ OyJIeBBIMH MEPEMEHHBIMU, T.€. IPUHUMAIOIIMUMU TOJIHKO
3HaueHus 0 u 1. Hampumep, kakoe-To JEHCTBUE WM Ha3HAYEHHE MOXKET JTMOO
COCTOATHCS, TMO0 HEeT. XOTsI UHOT1a KOMOMHATOPHBIE U OYyJIeBbl 337]a4l OTHOCST
K pa3HbIM TPYIINaM U TPUMEHSIOT METO/bl PEUIEHUsI OTAEIBHO — TOJIBKO KOMOMU-
HATOPHBIN WK TOJIBKO OYyJIEBBIN.

JIro0ast knaccudukaiys B HEKOTOPOH Mepe yCJIOBHA, T.€. KaKyr-JIM00 3a1a4y U Me-

TOJI MOKHO 0€3 0O0JIbIION HATSKKM OTHECTH K HECKOJIBKUM Pa3HbIM rpynmnam. Tak,

CUMILIEKC-METO/] MIIET ONTUMAaJIbHOE pelieHue He Ha Bcell O/IP — MHOTOrpaHHuUKE C

OECKOHEYHBIM YHCIIOM TOYEK, & HA KOHEYHOM MHO>KE€CTBE BEPIIUH 3TOI0 MHOTOTpaH-

Huka. [loaToMy ero uHoraa oTHOCAT K KOMOMHATOPHBIM METOAAM U UCIOJIB3YIOT KaK

COCTaBHYIO 4YaCTb KOMOMHATOPHBIX aJITOPUTMOB.

w



Jlis pemieHust noJ0OHBIX 33714 UCIIOJIb3YIOTCA METO/Ibl: OTCEUYEHHUs, BETBEH U Ipa-
HUL, TpUOIMKEHHBIE U P Apyrux. Jlanee paccMOTpUM HEKOTOpBIE HanOoJIee yo-
TPEOUTENbHBIE U3 LEJIOUYNCIECHHBIX U JUCKPETHBIX MOJIENIEH U METOJIOB.

NuauBuayaabHble 3aaHus 10 TemMe Ne 3,
«IlocTpoenue moaenen, MPUBOASIIIMX K 3a/1a4aM JIMHEWHOTO MPOrpaMMHUPOBAHHUS C
JOTIOJIHUTEIbHBIMU OTPAHUYCHUSIMI)

PaccmarpuBaercs 3aava, noxydeHHasi cTyJeHTOM Ipu uzydeHuu teMbl Nel. EE tpe-
OyeTcsi TOMOJHUThH YCIOBHEM LEJIOYUCIIeHHOCTU. [IoCKONMbKY TIaH MOKET COCTaB-
JISITh JIMIII [IETI0€ KOJIMYECTBO BBIMYCKA JIFOOOTO BH1a TIPOTYKIIHH.



IIpakTn4yeckoe 3ansaTue Ne 4.
«MeToabl NOCTPOEHUS HENPEPBIBHLIX MaTEMaTUYECKUX MOAENEN

BbIBalOT MpakTUYEeCKUE CUTYaIlMH, KOTJa BMECTO oJiHOTo Tlokasareins W tpebyercs
o1ieHuBaTh 3 (HEKTUBHOCTH OomNepaluu 1o meiaou rpynmne nokazareneint Wi, Wa,...,Wk.
HexoTophkle U3 HUX HA/l0 YBEIUYUTh, HEKOTOPBIE YMEHBIINTD. Pelienust 00bIYHO
HECOBMECTUMBI, TO €CTh €CJIM MAKCUMU3UPYEM OJIUH KPUTEPUH, APYTrOll MOKET
CUJIbHO YXYIIIUTHCA U T.1. KoJIMuecTBEHHBIN aHAU3 MOXKET 3/16Ch TOMOYb BBIOPO-
CUTb SIBHO HEpaI[MOHAIbHBIE BAPUAHTHL. DTH CUTYyaIlUU TAK)KE€ HA3bIBAIOTCS 3aJja4yaMu
MHOTOKPUTEPUATILHON ONTUMU3AIIUN, TAKXKE OHU PACCMATPUBAIOTCSA B 33]]a4aX BbI-
0opa ¥ NPUHATHS pEeIICHUM.

PaccMoTpuM reoMeTpruecKyto HHTEPIPETAMIO: MyCTh TPEOyeTcs COCTaBUTh CyTOY-
HBII pallvoH, COJEPKAIUNA BCe HEOOXOAUMBIE VISl YeJIOBEKA MUTATENbHbIC BEllle-
CTBa, U3 3a/IaHHOTO Habopa MpoyKToB. [1ycTh 3Ta 3amaya pemena. O4eBUIHO, YTO
Ha0OpOB MPOYKTOB, OTBEUAIOIINX ITOMY TpeOOBaHHUI0, OyneT Heckobko. [1o kKakum
KPUTEPHUSIM BBIOpATh W3 HUX Hawyuuii? J{s mpumepa BO3bMEM JBa KPUTEPHUS:
CTOMMOCTD paruona S u ero Bec M. O0a 3Tu KpUTepus KeJaTeJIbHO MUHUMH3UPO-
BaTh. Ho, Kak BUUM, SKCTPEMYMBI 3TUX KPUTEPUEB HE COBIIAJIAlOT, CaMbIil JIETKUHN U3
HUX HE SIBJISIETCS CaMbIM JICIIEBBIM. TakuM 00pa3oM OKOHUYATENIbHBIA BBIOOD CEIACT
YeJI0BEK, U ATOT BHIOOP OyAET KOMIIPOMHUCCOM MEXK]Ty STUMHU JIByMsI KPUTEPHUSIMHU.
Bo3MoxHO, Ha BEIOOp MOBIUSIOT U Apyrue coodpaxkenus. Tem He MeHee OYEBHJIHO,
YTO MPHU STOM B JIFOOOM citydae OyJIeT BIOpaH OJMH U3 YETHIPEX PallMOHOB, PACIIO-
JIO’KEHHBIX clieBa BHU3Y. OHU pa3auyaroTcsi 1 MacCoi, U CTOUMOCTBIO, HO TI0 000UM
ATUM KPUTEPUSIM IPEBOCXOIAT OCTaIbHBIE 15, KOTOPBIE MBI OTOPOCHUM KaK 3aBEJIOMO
HEBBITOJIHBIC, TOCKOJIBKY JJI KKIOT0 U3 HUX IIPH TOM KE BECE CYIIECTBYIOT OoJiee
NICIEBBIC, a TP TOU KeE CTOMMOCTH — OoJtee JIETKHUE.

S
°
° ®
e o ° o
° °
o ° °
° °
o °
°© o

m

>

Pucynok 1.1. Onepauus ¢ 1ByMs moka3aTensiMu

[TosryuyeHHOE MOAMHOKECTBO PEIIEHNN Ha3bIBacTCs MOBEPXHOCTHIO Ilapero. UneHsl
ATOTO MHOKECTBA YJIOBJICTBOPAIOT CIEAYIONIEMY YCIOBHIO: HEBO3MOXHO YIIYUYIIUTh
3HAUYEHHE OJHOTO U3 MoKa3aresel 6e3 Toro, 4ToObl MPU TOM HE YXYITHIOCH 3HAUE-
HUE XOTs ObI KAKOTO-TO M3 OCTABIIMXCS MMOKA3aTEICH.

PaccmoTpum enié onun npumep. [lycth ecTh 2 mokasaTessi — BEpOATHOCTh BBINOJIHE-
Husl 33724 P u ctoumocts S. Hac uHTEpECyeT MakCUMyM TIEPBOTO KPUTEPUS TIPU
MHUHUMYyME BTOPOTO, HO OHM SIBHO HE CcOBMaiatoT. [IycTh ecTh HAOOp KpUTEpUEB.
N300pa3uM ux Ha MII0CKOCTH, B ocsax koopauHaT W u P. OueBuaHO, 4TO Mpero-



4ECTh Ha/I0 BBIACIICHHBIE pelIeHns. Te, 4To JIe)KaT CleBa OT HUX, UMEIOT IIPHU TOM XK€
CTOUMOCTH 00Jiee HU3KYIO BEPOATHOCTD BBITIOMHEHUS 3aaun. OcTaéres nmpoaHaim-
3upoBatTh 3TU 6 BapuanToB BMecTO 30. HukHUI — caMblii A€IIEBBIA, HO C HEOOIBILION
BEPOATHOCTHIO. BepxHuii — Oosiee BEpOSITHBIN, HO camblil 1oporoi. TyT yxke Oynet
pa30HpaThCs MPUHUMAIOLINH PEIICHIS YCTOBEK.
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Pucynok 1.2. BapuaHTsl oniepaiuii Ko BTOpOMY IIpUMEPY

Pazymeercs, kputepreB MOXKET ObITh U 00JIbILEe ABYX. [I[puHIMN yaaneHus 3aBe1oMo
HEONTHUMAJbHBIX PEIICHUN IIPU 3TOM HE U3MEHUTCS, HO IPU 3TOM He OyAeT TaKux
HAarJISHBIX T€OMETPUYECKUX HHTEPIPETAMI. MaTeMaTu4ecKux METOA0B AJIsSl 3TOTO
CYILIECTBYET JOCTATOYHO MHOTO, OHH U3BECTHBI KakK “‘“Teopus BbIOOpa” U “Teopust
NpUHATHUSA perieHnii”. KopoTko paccMOTpuM Haubojee 4acTo NPUMEHSIEMbIE METOIbI
OKOHYATENIbHOTO BbIOOpa. [Ipy 3TOM HAMOMHKUM, YTO JOCTATOYHO YacTO 3aJauH,
IIPUHAJIEKAITUE K OJHON U TOM K€ TPYNIE, MOKHO PEIIaTh PAa3JINYHBIMA METOIAMM.
MBI 5TO yBUAMM IO MEPE U3YUEHUS COOTBETCTBYIOIIUX PA3IAEIOB.

[TocTpoeHnne 0000IMIEHHBIX KPUTEPUEB

[Tocne TOro, Kak MHOKECTBO BapHAHTOB COKPAIICHO, HAJIO BBIOPATh U3 HUX OJIHH.
DT0 MOXXHO C/IeNIaTh IBYMs CIIOCOOaMHM — JINOO MPUHUMAET PEIICHUE YEIOBEK, PYKO-
BOJICTBYSICh UHTYHUIIMEH U PSAIOM JOTIOJTHUTEIBHBIX COOOPaKEHUH, HE BKIIFOUEHHBIX B
MOJIEIb, JINOO CTPOUTCS 0000WEHHDLI Kpumepull, KOTOPBIM BKIIIOYAET B Ce€0s BCE
JacTHBIC KpUTEpHH. PaccMOTpUM 3TOT Citydaid moipoOHee.
[Tycts umeercs K xpurepueB W1, Wa,...,Wk, 4acTh U3 KOTOPBIX TpeOYyETCS MaKCUMHU-
3UpPOBaTh, & YaCTh — MUHUMHU3UPOBaTh. [IyCTh MAaKCUMU3UPOBATH HAJ0 TIEPBBIC M
KPUTEPUEB, a OCTAIbHBIC MUHIMH3UPOBAThH (MHAUE KPUTEPUU MOXKHO ITPOCTO Iepe-
HyMepoBaTh. B kauecTBe 0000MIEHHOTO KPUTEPHUS UCTIOJIB3yeM IPO0b

U= Wix..xW,

W % X W

3/1eCch B UUCIUTENE T€ MTOKA3aTENIH, KOTOPhIC HY)KHO YBEITMYHTh, & B 3HAMCHATEIIC —
T, KOTOPbIE HY>KHO YMEHBIIUTh. HemocTaTok Takoro moaxojia — pa3HOPOIHBIC MTOKa-
3aTejI MOTYT B3aHMHO KOMIICHCHPOBAThCS, HAIPUMEP, 110 0000IIEHHOMY KPUTEPHIO
OyZeT BBIOpaH BapHaHT C MAJIOH BEPOSTHOCTHIO OCYIIECTBICHHUS, HO 3aTO OYCHb JIC-
IIEBBIN.
CytiecTByeT u dpyeou cnocob oCTpOoeHUsI 0000IMIEHHBIX MTOKa3aTene, 0oyee ruo-
KU 1 MO3BOJISIONINN y4eCTh 00JbIle 0COOCHHOCTEN 3a1aun. Tak, mpu BEIOOpE palu-
OHa KpOME PaCCMOTPEHHBIX KPUTEPHEB — MACChl U CTOUMOCTH — MOXHO HUCIIOJIB30-
BaTh U S/ APYTUX, HAIPUMED, TJIUTEILHOCTh XpaHEHUs, BpeMs U TPYA0EMKOCTh



[IPUTOTOBJICHUSI, CTOMKOCTb K TPAHCIIOPTUPOBKE U NIOTOAHBIM YCIIOBUSAM U P APY-
rux. O4eBUIHO, 3TU KPUTEPUHU UMEIOT HEOJIUHAKOBOE 3HAUEHHE, HO X CPABHUTEIb-
Hasl 3HAYMMOCTh CHJIBHO 3aBUCHUT OT psfa ¢pakropoB. Hanmpumep, ecnu pariionsl Ha
J0CTATOYHO OOJIBIION CPOK TpeOyeTcs HECTH Ha cede, TO HanOOBITYI0 BaXKHOCTD
HMMEIOT BEC U CTOUKOCTB K TPAHCIIOPTUPOBKE. ECIM X HCIOJIB3YIOT HE ITEPEMEIIASICH
— Ha NEPBBIN IJIaH BBIXOAAT APYTHE KPUTEPUHU.

B Takux ciydasx o000IIEHHBIN MOKa3aTeNlb CTPOUTCS KaK JUHEHHAss KOMOMHAIIHS:
U=at W1+, Wo+...+axWk. 31ech ko3 puImeHTs! ai,az,...,ak MOI0KUTEIBHBI PU
TEX MOKa3aTeNsAX, KOTOPbIE HAJI0 YBEJIMYUTh, U OTPULATENbHBI ITPU TEX, KOTOPHIE
HaJ0 yMeHbIINTh. CTENEeHb BAXKHOCTHU MTOKA3aTelsl ONpeeseTcs adCOMIOTHON BEIu-
YHHON COOTBETCTBYIOMIEro eMy kodddunuenta. Hemocrarok y storo croco6a — ToT
e, 4TO U y paHee PAaCCMOTPEHHOTO.

B psine npakTudeckux ciiy4aeB 3aJlady MHOIOKPUTEPUAIBLHOIO BEIOOpa CBOJAT K 3a-
Ja4ye ¢ OJTHUM TOKas3aTeneM. Beiaensercs riaBHbIi M0Ka3aTellb, 10 KOTOPOMY U IPO-
BOJUTCS ONITUMU3ALMSA, IIPH 3TOM OCTAJIBHBIE ITOKA3aTENIN NPEBPALIAIOT B OTPAHUYE-
HUs1, KOTOPBIE BXOJAT B KOMIUIEKC 33JJaHHBIX YCIIOBU.

MGTOI[ IMOCJICAOBATCIIbHBIX YCTYIIOK

3T0 cocob MOCTPOCHUSI KOMIIPOMUCCHOTO PEIICHHUS /111 MHOTOKPUTEPUATBHOMN 3a-
nauu. [Ipennonaraercs, uro nokazarenu Wi, Wz, Ws,..., pacrionoxensl B yObIBaromen
MOCJIEIOBATEILHOCTH 10 3HaYMMOCTH. CHavasia uaeT caMblii OCHOBHOM MOKa3aTelb
W3y, 3atem W2, Ws,... o crenenn yobsIBaHUs 3HAYMMOCTH. [Ipeanonoxum, 4To Bce
9TU KPUTEPHUH HAJI0 MAaKCUMHU3UPOBaTh. ECM 3TO HE Tak, TO COOTBETCTBYIONTUE KPH-
TepUu YMHOXaeM Ha —1.

Ha nepBom miare pemlaercs 3aaada ¢ oqHUM kpurepueM 3¢ dextuBnoctu Wi,
OCTaJIbHBIE TIOKA3aTeNu TI0Ka HE paccMaTpuBaroTcs. HaxoauTes pemenne, KoTopoe
MaKCUMU3HpPYET riaaBHbIi noka3zarens Wi. Teneps, Korja oHO HallJIeHO, Ha3HAYAETCs
BenmmuuHa yemynku AW1, TO €CTh BeTUYMHA, Ha KOTOPYIO MBI COTJIACHBI OTKIIOHUTHCS
0T MakcuMyMa B noka3areinie Wi, 4To0b1 MaKCUMU3UPOBATh Moka3arenb W2, BBoaum
ATO OIPaHUYEHUE B KAUECTBE €IIE OJTHOTO YCJIOBUSI OTIepaIiu.

Ha cnenmytromem mare ¢ 7100aBJICHHBIM OTPaHUYCHUEM PEIlaeM 3a/1aqy ONTUMHU3AIIN
JUTSI HaXxOJIUM pEIIeHHE, 00SCIIeUnBAIONee MAKCMYM BTOPOTO MOKa3aTes, 3aTeM
onpenensercsa BenuunHa yemynku AW> B mokazarene Wo, 9To0bI 3a CUET He¢ MaKCH-
MU3HUpOBaTh nokazatenb Ws. [Iporiece nmpomomkaercs 10 Tex mop, moka He OyayT
PaCCMOTPEHBI BCE KPUTEPHUH.

HamomMuuM, 4TO BCe 3TH CIOCOOBI OCTAIOTCS HE JI0 KOHITA (POPMaTU30BaHHBIMU, TO
€CTh OKOHYATEIBHBIN BRIOOP BCE PABHO CBSI3aH C BOJICBBIM PEIICHUEM YEJIOBEKA.
JlaHHBIE METOIBI IPEAOCTABIIAIOT JIUITh BOZMOXXHOCTH OLICHUTH MPEUMYIIIECTBA U HE-
JOCTAaTKU KaKI0TO BapraHTa BBIOOpA.

MeTtona naeanbHON TOYKHU

DTOT METOJT BEIOOpA OKOHYATEILHOTO PEIISHUS U3 BCETO MHOYKECTBA TTIOBEPXHOCTH
[TapeTo, OH TakXe Ha3bIBACTCS METOJAOM TOYKH yTOMUU. METOI MPUMEHUM, SCITH B
npoctpancTBe kpurepue Wi, Wz, Wi,...,Wh Bce «ocu KoopiuHaT» MOKHO CUMTATh
PaBHOIIEHHBIMH, TO €CTh B 3TOM IPOCTPAHCTBE MOYKHO OIPEACIUTH (BBECTH) METPH-



Ky, T.€. IOHSITUE paccTOsAHUA. TakuM 00pa3oM, Mbl HE TOJBKO MOJIyYaeM JJisi KaK10-
ro UCXOJa ONepalnu 4ETKO ONpeAeEHHYIO TOUKY B IPOCTPAHCTBE NMPU3HAKOB, HO
emi€ u 3a1aéM Mepy OJM30CTH ITUX UCXOJIOB.

B npousBosbHOM ciiyyae Mbl JOJDKHBI JIS1 KaXKI0TO KpUTEpHs BEIOpATh COOTBET-
CTBYIOIIHUNA MacIITad TakKuM 00pa3oM, 4TOOBI OJJUHAKOBOE PACCTOSIHUE IO JTI000H U3
ocell COOTBETCTBOBAJIO ObI paBHOM CTEMEHU 3HAUUMOCTH YIIyUIIEeHUs (WU yXy/IIie-
HUs1) o01el cutyanuu. [[puMeHUTENbHO K TEOPUU UTP CUTYaIUsI HECKOJIBKO YIIPO-
miaeTcs. 37eCh KaXKIblid U3 KPUTEPUEB COOTBETCTBYET OJJHOMY U TOMY K€ MOHSTHIO —
BBIUTPBIIILY, IPOCTO OTHOCSITCSL ATH BBIMTPHIIIN K Pa3HBIM UTpoKaM. Takum oOpa3zom
METpPHKA B IPOCTPAHCTBE KPUTEPHUEB ONpeIEsieTcss 6€3 KaKuX-In00 T0MOJIHUTEIb-
HBIX JEHCTBUM.

Teneps paccMoTpuM cam MeTol. MBI 3HaeM, 4TO «Y TONUEN» Ha3bIBaIM rOCY1apCTBO,
MMEBIIEE MHOXKECTBO JOCTOMHCTB U TOJBKO OJIMH HEIOCTATOK: B PEAIbBHOCTH OHO HE
CyIIECTBOBAIIO. Takke U «ueanbHas TOUKa», OHa K€ «TOYKa YTOIUMUY -- SBIISETCS
UJeaTbHBIM, HO HETOCTHKUMBIM JIJISI JAHHOW CHCTEMBI OTIEPAIHA HCXOIOM.

[IycTh nMeeTcss MHOTOKpUTEpHalbHas 3aa4a ¢ HabopoM kputepueB Wi, W,
WS3,...,Wh, npruéM Ha mpocTpaHCTBE ATUX MOKa3aTelel onpeaeneHa Metpuka. He
OrpaHMYuBas OOUTHOCTH BOMpPOCca, OyJeM CUNTATh, YTO BCE ATH MOKA3aTEIH CIEAYyET
MaKCUMU3HpOBaTh. Halii€m Mo OTIeIbHOCTH MaKCUMYMBI KQXKIOTO U3 3THX TOKa3a-
TeJel, He oOpaiiast BHUMaHus Ha octanbHbie: W1 max, Wz max u 1.1. OueBuaHo,
YTO ITU 3HAYEHUSI HECOBMECTHBI.

Touky ¢ koopaunatamu (W1 max, W> max, W3 max,...,Wn max) Oymem Ha3bIBaTh
ujeanbHON TOUKOM 1 0603HauaTh Ut. OueBUIHO, YTO PEIICHUEM 3a/1aud TaKasi TOUKa
HE SIBJIICTCSA, TOCKOJIbKY HE MPUHAJJICKUT 00JIaCTH JOIMYCTUMBIX PEIICHUH — KaK U K
noBepxHoctu [lapero. OgHaKO OHA MO3BOJISET JIETKO CAENaTh BEIOOP U3 TOCTUKU-
MBIX BapUAHTOB: OKOHYATEIIbHBIM PEIIeHreM OyeT Ta Touka moBepxHocTH [lapero,
KOTOpasi OJIMKe BCETO K UICATbHON TOUKE.

PaccmoTpum aBymepHyto 3aaady (puc. 1.3.):

W,
W, max A .Ut
B
D
C
W max W,

Pucynok 1.3. Touka yronuu Ut u Onmxkaiiias k Heil Touka Ha moBepxHocTH [lapeto



Tpebyercs makcumusupoBats kpurepun W1 u We. I'eomerpuueckas ¢urypa Ha pu-
CYHKE — 00JIaCTh JIOMYCTUMBIX pelieHui. MBI BUIUM, YTO MAaKCUMyMaM TI0 TIEPBOMY
u BropoMy kputepusm W1 max u W2 max cooTBETCTBYIOT pa3jIMyHbIe TOUKH -- A U
C. loBepxuocts [1apeto cocrout u3 18yx orpeskoB — AB u BC. Touka yronuu Ut
He npuHamiexut OJ[P. Mmem 6mmkaiinryro k Hei Touky nmoBepxHoctH [Tapero. Kak
BHUIUM, 3TO Touka D Ha otpeske BC. OHa u OyieT OKOHYATEITLHBIM PEIICHUEM.

NuauBuayanbHblie 3a1anus mo teme Ne 4,
«MHorokpurepuaibHbie 3aaaun. [loctpoenne 00001EHHBIX KpuTEpUEB. MeTo mo-
CJIEIOBATENbHBIX YCTYNOK. MeTo n1eaabHOW TOUKU.)

PaCCManI/IBaeTCH MHOMXCCTBO pCHICHI/Iﬁ Ha IINIOCKOCTH. I[JUI HCTO CTPOUTCS IMOBCPX-
HOCTb HapeTo N HAaXOOUTCA pCUHICHUC MCTOIOM H,Z[CEIJIBHOﬁ TOYKH.



IIpakTn4yeckoe 3ansaTue Ne 5.
«3agauu npusoasime kK AuddepeHLmanbHbIM YpaBHEHUSAM))

[Tycth MeeM cTaHIapTHYIO 3a/1a4y JUHEWHOTO MPOrPaMMUPOBAHUS - IIOMCK MAKCH-
MyMa QyHKIIHU

n
max(min)Z = ZCJ.x ;@
=1
C OTpaHUYCHUSIMU (JTMHEHHBIMH )

Z;al.jxl. =b, i=1...,m (2)
F

IIpU 3TOM Ha BCE MEpEeMEHHBIC HAJIOXKEHO CTaHIapTHOE TS 3a/1a4 JTMHEHHOTO MPO-
rpaMMHUPOBAHMS YCJIOBUE HEOTPHUIIATEIILHOCTH
x;20, j=1...,n(3)

U, KpOME TOT0, Ha BCE MIEPEMEHHBIE HAJIOKEHO JIOTIOIHUTEIBHOE YCIOBHE

Xj — uensie, j=1,...,n 4)

J11st OONBIIMHCTBA “TIETIOYUCIICHHBIX METOJIOB TpeOyeTCsl, 4TOOBI BCE AIIEMEHTHI B
CUCTEME ypaBHEHHH (2) ObUIH LIETOUYUCIEHHBI. DTOT0 HETPYAHO JOOUTHCS YMHOXeE-
HUEM COOTBETCTBYIOIINX YPaBHEHUH Ha MOJIXOIAIIEE 1[EJ0€ YUCIIO, TaK YTO B MPUH-
ITUTIC JTFOOYI0 CUCTEMY JTMHEHHBIX YpaBHEHUH MOKHO TIPHUBECTH K COOTBETCTBYIOIIIC-
MY BUY.

Pemienue 3Toit 3a1a4M HAXOAUTCS CIEAYIOIIMM 00pa3oM:

1. Craauana pemraeM OOBIYHYIO 3a7a9y JUHEHHOTO TPOTPAMMHUPOBAHUS ISl yCIIOBUN
(1)—(3), urHopupyst TpeOOBaHHE ILETOYUCICHHOCTH (4) — HaNpPUMEp, CTaHIAPTHBIM
CHUMILIEKC-METO/IOM.

2. TlomyuuB onTUManIbHOE pelieHue (€CIM OHO CYIIECTBYET), IPOBEPSIEM €T0 Ha Iie-
JIOYUCTEHHOCTH (4). BO3MOXHO, MOTyYeHHOE pelieHue “caMo’” 0Ka3aloch IEI0YHC-
JICHHBIM, U HaMm He TpeOyercs mpuberaTth K KaKUM-JIHOO TOTOJHUTEIHLHBIM MEpaM.
Ecnu nnst Bcex nmepeMeHHBIX OHO BBITTOJIHSETCS, TO TOIYUYEHO ONTUMAIBHOE PEIICHHUE
3anaun. Ecim 3amada (1)—(3) He uMeeT pelieHus, TO ero He uMmeeT u 3aaayda (1)—(4).

3. Ecam x0Tk 07Ha U3 MEPEMEHHBIX B MOJYYEHHOM ONTUMAIILHOM PEIIeHUH — HE Tie-
JI0O€ YHCIIO, TO CTPOUTCS JTOTIOJHUTEIHHOE OTPAHHMYECHHUE, KOTOPOE OTCEKAET YacTh
00J1acTH, B KOTOPOW COAEPKUTCS oNTUMaibHOEe peuieHue 3agauu (1)—(3) u He co-
JEP>KUTCSL HU OJTHOTO JOMYCTUMOTO 3HaueHus 3a1auu (1)—(4), T.e. HM OTHOTO LIEJIOTO
«BEKTOPaY.

4. Bo3sspamiaemcs k 3agade (1)—(3) u pemaem e€ ¢ yuéToMm MOSBUBILETOCS AOMOIHU-
TEJIBLHOTO OrpaHnyeHus. Eciu onsaTh moaydeHo qpoOHOe pelIeHre, TO ONSATh BBOIUM
JIOTIOJTHUTETPHOE OTPAaHUYCHHE M TaK JI0 TeX MOp, MoKa He OyAeT MOIyd4eHO Ielo-
YUCJICHHOE PEIICHHE.

D710 TaK Ha3bIBaeMbIi anropuT™ ['omopu. OH 03BOJISET 32 KOHEYHOE YMCIIO MIAroB
MPUATH K ONTUMAIBHOMY TIEJIOYUCIICHHOMY PEIICHUIO, €CIIM OHO CYIIECTBYET.
OcHoBa ATOTO0 METOJIa — COCTABJICHUE JIOTIOJTHUTEIILHOTO OTPAaHUYCHUS, TAK HA3bIBA-
€MOro “paBUIBLHOTO OTCe€YeHUs . OHO JIOJKHO:

a — OBITH JIMHEHHBIM;



0 — orcekatb oT OJIP HailleHHOE ONTUMAJILHOE HELEIOYHCIEHHOE PELICHUE 3a]auH;
B — HE 3aTparuBaTh HU OJHOM U3 LENbIX “TOYEK HMCXOJHOM 3aJ1ayu.

[Tyctb 3agaua 6e3 yuéra yclnoBuUs LIEIOYUCICHHOCTH penieHa. O6o3HaunM B MHOMXKe-
CTBO MHJIEKCOB MIEPEMEHHBIX, COOTBETCTBYIOIUX OA3UCHbIM TIEPEMEHHBIM OITH-
MaJIbHOTO peteHus. COOTBETCTBEHHO 0003HAYMM R MHOXKECTBO MHJIEKCOB |, KOTO-
pBIE COOTBETCTBYIOT €80000HbIM TIEpeMEHHBIM. [loce kaxaoi nTepanuu cuctema
OTrpaHUYEHUI, KaKI0€ U3 KOTOPBIX COOTBETCTBYET CTPOKE TAOIUIbI CUMILIEKC-
METOJ]a UMEET BUJ

xi:bi—Zaijxl., ieB (5)
JjeR ‘

B ClIydac, €CJIM BBIIIOJHACTCA YCIIOBUC OIITUMAJIBHOCTHU, HAXOJUM OIITUMAJIBHOC pC-
IMCHHC, B KOTOPOM BCC CBO60,ZIHI>I€ IMCPCMCHHBIC PABHBI HYJIIO, a4 BCC Oa3uCHBIC paB-

HbI COOTBETCTBYIOIIUM CBOOOJHBIM wieHaMm X, =0, jeR; x, =f, ieB. Ecmu

IIOJIyYEHHOE PEILICHUE LIEJIOYMCIIEHHO, TO 3a/laya pelieHa. PaccMoTpuM cuTyauuro,
KOTI'/Ia 9TO HE TaK, T.€. XOTA OBl OJIUH 2JIEMEHT PEIICHUS IPUHUMAET HEIIeIOUHCIICH-
HOE 3Ha4YCHHUE.

[TycTh kakue-To bi — Henensie. Hanpumep, bio.

PaccmoTtpuM o — oe paBeHCTBO crcTeMbl (5). [Tpr 3TOM MBI TOMHHM, YTO JUIS JAHHOM
CHCTEMBI BBIIIOJHEHO YCIIOBUE ONTUMAJIbHOCTH.

xio = bio _Zaiﬂjxj (6)
JeR

O003Ha4MM 1IeNTyI0 U ApoOHYI0 YyacTh uyKcia a kak [a] u {a}.

Hamomuaum cBolicTBa 11e10it 1 ApoOHOi yacTu. Llenas yacTh MOXKET OBITh KaKOM
YTOAHO, HO IpoOHas Bceraa HeotpuiaTenbua. Hanpumep [7,3]=7 u {7,3}=0,3. Ho [-
7,3]=——8u{-7,3}=0,7. -8+0,7=-7,3.

OueBunHo, uto a=[a]+{a}. Cnaraemsle B ypaBHEHHUH (6) pa3aesiiM Ha IEJIbIe U APO0-
HbIE YacTH H rpynmnupyem. [Tomyanm

X, = [bl.o]—;[al.oj]xj + {bi”}_jzex;{ai”j}xj @)

BripakeHre B JIEBBIX KPYTJIBIX CKOOKaAX — II€JI0e, a JAJISl TOTO, YTOOBI Xio OBLIIO IICITBIM,
HEO0O0XO0IMMO, YTOOBI ObLIa IIE€JION U BEJIMYNHA

Lio = {bio } o Z{aioj }xj
JeR
TAaKXEC 6BIHa HeHOi/’I. A HOCKOHBKY Xio — KOOpJ:[I/IHaTa OonycmuMOZO, T.€. UCJIOUYUCIICH-

Horo peuieHus 3anayu (1)—(4), To L, — Bcerna nemnoe yucno. OueBuaHo, uto L, <0,

B camom pnene, BennunHa Z{% j}x , HE MOXeT OBITh OTPUIIATEIIBHOM, 0 < {bio} <1. Tak
jeR

Kak Lio — [IeJI0€, TO U3 NPCATIOJIOKECHU L s 0 cienyer {b,.o} >1, 4YETO HE MOXET

OBITh, T.K. 3TO APOOHAs 4acTh yncia. Mrak, modoe JoImycTUMOe pelIeHUe 3a1a9u
(1)~(4) nOMKHO yIOBJIETBOPATH HEPABECHCTBY

{bi} —Z{aij}xj <0

JjeRr



DTO COOTHOIIICHUE U OMPEICIIACT MPaBUIbLHOE OTCeUeHHE [ oMOpH (€ro Ha3bIBAIOT
TaKXKE nepevim MPaBUIbHBIM oTceueHueM ['omopn).

[Ipu3HaKOM OTCYTCTBUS IIEJTOUYNCICHHOTO PEIIECHUS CITY)KUT TOSIBJICHUE B TAOIHIIS
XOTS ObI OJTHOM CTPOKH C APOOHBIMHA CBOOOHBIMH YJICHAMH U IIEJTBIMU OCTATbHBIMU
Kod(hpUIMeHTaMu, max Kax 8 Smom ciyiae coOomeemcmayowee ypasHeHue He ume-
em peuleHusl 8 Yeawblx YUCiax.

TeopeTndecku BCE MOJIy4aeTCs JOCTATOYHO HA/IEKHO, HO BOT IIPU MPAKTUYECKOH pe-
aJM3aly AITOPUTMOB, PEATH3YIONMINX JAHHYIO CXEMY METO/1a, BO3HUKAET P Mpo-
OeMm.

llepsas npobiema COCTOUT B TOM, YTO KakoBa Obl HM OblJIa TOYHOCTh BBIYMCIICHUH, B
J000M clTydae KOJIUYECTBO pa3psI0B MO/ 3allUCh YKMCIIA “C MJIaBaloIed TOUYKOn
OTPAHUYCHO, BHIYMCIICHUS BBIOJHSIIOTCS ¢ HEKOTOPOH KOHEUYHON TOYHOCTBIO, T10-
ATOMY JAPOOHOE YHCIIO MOXKET BOCIIPUHUMATHCS KakK 11eJioe 1 Hao0opoT. Criocod
OOpBOBI C TAKMM HEJOCTATKOM — MpeAcTaBlieHne K03 GUITMEHTOB B TaOJIUIIE CUM-
MIJIEKC-METO/1a B BUJIE TPOCTHIX APOOEH, T.€. KAKI0€ YUCIIO 3alUChIBACTCS B BUJIC
JBYX IIEJIBIX YUCEN, OTJICTbHO YUCIUTENS U 3HAMEHATEIIS.

Bmopas npobrema cocTOUT B TOM, 4TO MOCJIE PEIICHUS HELIEIIOYMCICHHOM 3a/1auun
MBI MOEM TOTYUYUTh HE OJTHO, @ HECKOJIBKO HEIIEJIOUMCIECHHBIX 3HAYCHUM B CTOJIONE
CBOOOHBIX WieHOB. OHAKO HA KaXOM IlIare ajJirOpUuT™Ma Mbl JI0JDKHBI BBECTH TOJIb-
KO OJTHO MOBOE OTCEUEHHUE, T.€. BIOPATh U3 BCEX CTPOK TAOIMIILI C HEIEIBIM CBOOO/I-
HBIM 4JICHOM TOJIBKO OJIHY CTpOKy. Kak srydrie cienars Takoi Be10op? Ha npakTrke
OKa3bIBAETCS, YTO OT TAKOTO BHIOOPA CYIIECTBEHHO 3aBUCUT CKOPOCTh CXOJIUMOCTH
anroput™a. ['oMopu NnpeyIoKuII 1Ba crnoco0a BeIOOpa CTPOKH TaOIUIIBI IS TTOCTPO-
C€HHUS OTCEUCHMS.

[TepBerit cioco6. Ecnu onTuManbHbIN T1aH COAEPKUT HECKOIBKO JPOOHBIX KOMITO-
HEHT, TO JOTMOJHUTEILHOE OTPAHNYCHUE PEKOMEHIYETCS 3alIMChIBATh IS KOMITO-
HEHTbI ¢ HAaUOOoJbILIEeH IPOOHOM YaCThIO (T.€. AJIA CTPOKU C HAaMOOJbIIeH 1poOHOM Ya-
CTBIO CBOOOJIHOTO YJICHA).

max{bi }

Bropoii cioco6 — BeIOMpaeTcs Ta CTpoKa, B KOTOPOM JOCTUTHYT MaKCUMYM JPOOHOM
YaCTH OTHOIIICHUS CBOOOHOTO WICHA K CyMMe BceX KO3 (HUITMEHTOB JaHHOK CTPO-
KH.

max bi/Zaij

JjEeR

BTtopoii crioco6 obecrnieunBaeT 60Jiee OBICTPYIO CXOJIUMOCTb.

3aMeTUM TakxKe, 4To TpeOOBaHUE IEIOUMCICHHOCTH B IAHHOM aJITOPUTME Pacipo-
CTpaHsIeTCsl Ha BCE MEPEMEHHbIE — KaK MIepeMEHHbIe UCXOIHOM 3a]]aui, TaK U BHOBb
n00aBIIIeMbIe B TIPOIIECCE PEIICHHUS.

IIpumep. PaccmoTpumM npuMeHeHHE 3TOr0 METO/1a Ha MPaKTUYECKOM MpUMepe, pac-
CMOTPEHHOM B pazzene 2.4. — TOIbKO JOTOJIHUM €ro TpeOOBaHMEM 1IEJI0UMCICHHO-
ctu. B urore nomyuum 3anauy:

Haiitn makcumyMm nieneBoit GyHKIUU



Z = 70x; + 30X = max
IIpU OTPAHUYCHMUSIX

10x, +4x, <40
6x, +4x, <36
x, 20, j=12

X, —yenvle, J= L2

BunHo, 4To 3aa4a MIMEET HECTAHIapTHBIM BUJT — LesieBast (PYHKIHS CTPEMUTCS K
MAaKCHMYMY, OTPaHMYCHMS 3alMCaHbl B BUJIe HepaBeHCTB. [IpuBeném 3anady k cran-
naptHoMmy Buay. CHavana npeodpasyeMm 1eneByto QyHKIUIO TaK, YTOObI OHA CTPEMHU-
J1aCh K MUHUMYMY

L =—2z=—(70x; + 30x2) — min

Teneps mpeodpazyeM orpaHUYCHUS U3 HEPABSHCTB B PaBEHCTBA, JIJIS1 YeTO K MTPaBOi
JaCTH Ka)JI0T0 U3 HEPABEHCTB JOOABHUM I10 JOTOTHUTEIPHOMY HEOTPUIIATEILHOMY
MIePEMEHHOMY

10x, +4x, +x, =40

{6xl +4x, +x, =36

x,20, j=1..4
Temeps HaO peHINTH ATy 3a/1a4y CUMIUIEKC-METOAOM 0e3 yuéTta TpeOoBaHuUs 1eN0-
YUCJIEHHOCTHU. JTa 3aja4ya Oblia perieHa B pasnene 2.4. B utore Oputa nojsydeHa taod-
JUIa BUA

Tabnuna 5.1
basucasie | CpobGox- | CBoOoIHBIC TEpEMEH-
HBIC
[IEPEMEHHBIE| HbIW YJICH X3 X4
L —295 —25/4 -5/4
X1 1 1/4 -1/4
X2 15/2 -3/8 5/8

HaiinenHoe onTuManbHOE pELIEHUE UMEET BHUI:

CB0OOIHBIC TIEPEMEHHBIE PABHBI HYJIO X3=X4=(0, 0a3MCHbIE TEpeMEHHBIC PaBHBI CO-
OTBETCTBYIOIINM CBOOOIHBIM uieHaMm X1=1, X2=7,5. IleneBas ¢ynkus L = —295.
Bcnomuum Teneps TpeboBaHKE HENOYHCISHHOCTH U TIPOBEPUM TOTyYEHHOE pellie-
Hue. TpeOboBaHuE HE BBITIOJIHACTCS, TAK KaK NEPEMEHHas X2=7,5 HeleI0YHCIeHHA.
CrnenoBaTenbHO, Mbl IOJKHBI IOCTPOUTH TOTIOJTHUTENbHOE OTceueHue. Bribepem B
TabJIMIe KaKyl0-HUOYIb CTPOKY C HEIEJIOUUCICHHBIM CBOOOAHBIM ujieHOM. OHa Tam
OJIHa, caMasi HWKHSA (BBIZICJICHA), CO CBOOOHBIM WieHOM 15/2. COOTBETCTBEHHO TIO
pPacCMOTPEHHOMY IPaBUILy CTPOUM IMpaBUiIbHOE oTceueHne ['omopu

1 (5 5 5 5 1
5 §x3+§x4 <0 wm §x3+§x425



3aMeTHM, 4TO XOTS B CTPOKE MPH MEPEMEHHBIX X3 U X4 pa3ianyHble K03()PUueHTs! --

—3/8 u 5/8, HO B OTCEUEHMHU TOJTy4aeM OJIMHAKOBbIE K03 PuIMeHTsl 5/8. DT0 CBA3aHO
CO CBOMCTBOM JPOOHOM YacTH OTPHUIIATEIHFHOTO YKCIIA — IIeT1ast U IpoOHas 4acTh Yuc-
7a —3/8 COOTBETCTBEHHO PaBHBI

2 il

HOJIyIIeHHOC JOIIOJTHUTCIIBPHOC OIrPaHNYCHHUC 3aIIMCaHO B BUJC HCPpABCHCTBA. Heo0-
X0auMo Hp€O6pa30BaTB €ro B CTAaHJAAPTHOC OTPAaHUYCHUC - paBCHCTBO. I[JISI 3TOT0
BBEJIEM JOIIOJIHUTEIIbHYIO HCOTPHUIIATCIIbHYIO IICPEMEHHY IO Xs. HOJIy‘lHM

5 5 1

§x3 +§x4 — X5 = E
BpraBI/IM OTCHOJIa HOBYIO IICPEMECHHYIO , KOTOPYIO GyﬂeM HCIIOJIB30BAaTh B KAYECTBE

Oa3uCHOM
1 ( 5 5 j
Xg=—7—|—=X;—=X,

2 8 8

3aMeTHM, 4TO 3Ta MepeMEHHas BbIpaXKeHA uepes3 Te ke CBOOOHbIC IEPEMEHHBIC X3 U
X4, UTO ¥ OCTAJIbHBIC TIEpeMEHHBIE B TabuIe 5.1. TakuM 00pa3zom HaM He TpeOyeTcs
BO3BPAIATHCS K CAMOMY Hadyaly PEIIeHUs, JOCTATOYHO JIUIIIH T00aBUTh HOBYIO
CTpOKyY K Tabiuie 5.1. B pe3ynbrate norydum

Tabnuua 5.2
basucueie | CBoboxn- | CBoOoaHbIE EpeMEH-
HbIE
[IEpPEMEHHBIE| HbIW YJICH X3 X4
L —295 —25/4 —5/4
X1 1 1/4 -1/4
X2 15/2 -3/8 5/8
Xs -1/2 —-5/8 -5/8

PaccmoTtpum nosrydennytro tadauiry. Cpasy 3aMeTHM, 4TO CTOJ0e1] CBOOOAHBIX UJie-
HOB COJIEP>KUT OTPULIATEIIBHBIN 3JIEMEHT —1/2, TO €CTh 3TO pelIeHUE HE SIBISETCS J10-
MYCTUMBIM. DTOTO U CJIEJOBAJIO OKUAATh, TOCKOIBKY JIOMOJHUTEILHOE OTPpaHUUYCHUE
otrcekaet or O/IP HailieHHOE Ha MpEeABIIYIIEM [Iare ONTUMAIbHOE HELETOUYHCIICH-
HOE pellCHHE.

OmnsaTh pemmm 3a7a4dy, He oOpalnas BHUMaHUs Ha YCIOBUE TEJI0YUCICHHOCTH. BriOe-
peM B TabJHIle pa3perniaroniuil aIeMenT. [IJist 9Toro paccMoTpuM CTPOKY € OTpHUIia-
TEJIbHBIM CBOOOTHBIM WICHOM —1/2 1 HaliaéM B HEH oTpHUIaTeIbHbIC KO PHUITUCHTEHI.
Nx nenwix nBa, 06a —5/8. PaccmoTpum 00a cTom611a, copepranux 3T Kodhpuimen-
ThI, B KQUECTBE KaHAUJAATOB B Pa3pellaroIre CTOJIOIHI.

B xaxxnoMm u3 cTon61oB Haii1éM K03¢hPHUITMEHTHI, UMEIOIINE OJIMHAKOBBIN 3HAK CO
CBOMMHM CBOOOJIHBIMU 4ujieHaMHU. Takux Bcero uethipe (BblAeIeHbI B Tabauie 5.2). B
CTpOKe X1 3T0 Kod(puniueHT 1/4, B ctpoke X2 3T0 k03P UIIMEHT 5/8, 1 HAKOHEI B



CTpOKe Xs 3T0 00a koahduimenTa —5/8. Haiiném teneps OTHOIIIEHUE COOTBETCTBYIO-
IIMX CBOOOHBIX WICHOB K KXKIOMY M3 3THX K03 PHIreHToB. B iepBoii cTpoke mo-
ayuum 1/(1/4)=4, Bo BTopoii (15/2)/(5/8)=12, B TpeTbeli a1t 000uX KO3 HUITUESHTOB
(—1/2)/(-5/8)=4/5, TO ecTh HAMMEHBIIIEE OTHOIICHUE TTOTYUYEHO I 000uX K03 dHH-
IIMEHTOB TIocyiegHel cTpoku. [Tockoapky 00a 3Th K03 duIHeHTa “paBHONPABHEI, TO
IIPOM3BOJILHO BEIOEpEM, HAIPUMEDP, BTOPOU U3 HUX — COOTBETCTBEHHO IOJIYYIHM Pa3-
PEIIAONIYI0 CTPOKY U pa3pelaronuil cronderr.

Tabmura 5.3
basucueie | CB00OOI- CB0OOIHBIE TIEPEMEH-
HBIC

[IEPEMEHHbBIE| HBIN YWICH X3 X4 —> X5
L -295 —25/4 —5/4
X1 1 1/4 -1/4
X2 15/2 -3/8 5/8
X5 —> Xa -1/2 -5/8 -5/8

[Tepemennyto X4 OynieM nepemeniaTh B 6a3ucHbIe, a Xs HA000pOT — B cBOOOIHEIE. [1e-
pecuntaeM K03 OUITMEHTHI IO U3BECTHOMY HaM (pacCMOTpEHHOMY B pazjedie 2.4.)
ANTOPHUTMY, B PE3YJIHTATE IMOTYIUM

Tabnuua 5.4
basucueie | CBoOon- | CBoOoaHble EpeMeEH-
HBIC

NepeMEHHbIE| HbIN YWIeH X3 X4 —> Xs
L —295 —-25/4 —5/4
X1 1 1/4 -1/4
X2 15/2 -3/8 5/8
X5 —> X4 -1/2 -5/8 -5/8

[Tepemennyto X4 OynieMm nepemeniaTh B 6a3ucHble, a Xs HA000poT — B cBoOOHEIE. [1e-
pecunTaeM K03 GUIUESHTHI IO U3BECTHOMY HaM (pacCMOTPEHHOMY B pazzene 2.4.)
AITOPUTMY, B PE3YJIHTATE MOTYUYUM

Tabmuna 5.5
basucursie | CBoOOn- CB0OOIHBIE TIEPEMEH-
HBIE

[IEpEMEHHBIE| HbIN YJICH X3 Xs

L —-294 -5 -2

X1 6/5 1/2 -2/5

X2 7 -1 5/8

X4 4/5 1 -8/5




[Ipoananu3upyem pe3ynbTar. B cTond1e cBOOOJHBIX YJICHOB (HE CUUTAs IEIeBOH
(GyHKIIMH) BCE YUCIIa HEOTPHUIATEIbHBI, 3HAYUT PEIICHUE OCTAIOCH JOITYCTUMBIM
(omopHbIM). B cTpoke nieneBoit ¢GyHKIMH (He cunTas CBOOOAHOTO WieHa) Bce Kod (-
(UIIUEHTHI OTPHUIIATEIHHBI, 3HAYUT PEIICHHE ONTUMaILHO. [I0CKOIBKY B 3TOM CTpOKE
HET HYJICBBIX 3JIEMEHTOB, JICJIaeM BBIBOJ] — HAlJICHHOE ONITUMAJIEHOE PEIICHNE UH-
CTBEHHO.

3anuiiem 3To onTuMalbHOE peneHrne. CBOOO HBIC TIEPEMEHHBIC PABHBI HYJTIO
X3=Xs=0, 6a3uCcHBIC IEPEMEHHBIC PAaBHBI COOTBETCTBYIOIINM CBOOOTHBIM YJICHAM
X1=6/5, Xo=7, X4=4/5. lleneBast pyukuus L = -294.

OnsTh MpoaHATU3UPYEM PEIIeHUE C TOUKH 3PSHHUS 1ET0YNCICHHOCTH. MeeM menmbix
7IBa HEIIEJIOYNCIICHHBIX TIEPEMEHHBIX, X1=6/5 1 X4=4/5. Hago BeIOpaTh U3 3TUX IBYX
CTPOK OJIHY, TTO KOTOPO# MPOBECTH OTCeueHne. B mepBomM cirydae ApoOHas 4acTh
cBOOOIHOTO WieHa paBHa 1/5, Bo BTopoM 4/5, To ecTh Gouibiiie. BeibepeM 3Ty cTpoKy
(B Tabnune 5.5. BoigeneHa). [loctpoum orceuenue. Y cinoBue Oy1eT UMETh BU/T

4 2
g— Ox3+§x5 <0

[Tpu nepeMeHHOM X3 B cTpoKe ko3P duiueHT 1, T.e. 1es10e 4uciio, 3HaUuT B HEPaBEH-
CTBO X3 BXOJIUT C HyJIeBbIM Koa(unrienToM. [IpeoOpa3yem orpannuenue-
HEPaBEHCTBO B PaBEHCTBO, JJI YErO BBOJUM JOMOIHUTEIBHO HEOTPULIATEIBHYIO TTe-
PEMEHHYIO X6. B pesynbrare nosyuum

4 2
5 Ox, +§x5 +x,=0

WJIM B IPE0Opa30BaHHOM BHUJIE

4 2
Xg=—%~ Ox, ~5%s

JloGaBnsem k nmocneaHei Tabnuie eni€ oaHy cTpoky. [lomydaem



Tabmura 5.6

basucusie | CBo6oa- | CBoOonHbIe mepeMeH-
HBIE

[ICpEMEHHBbIE| HBIM YJIEH X3 X5
L —294 -5 —2
X1 6/5 1/2 —-2/5
X2 7 -1 5/8
X4 4/5 1 -8/5
X6 —4/5 0 215

OTy 3aa4y OISTh HAJ0 PELINTh CUMILJIEKC-METOI0M 0e3 yuéTa TpeOOoBaHus 1eJI0-
YUCJIEHHOCTU. PaccCMOTpHUM MOJTy4YEHHYIO Ta0JIUIly. 3aMETUM, YTO CTOJI0EL CBOOOI-
HBIX YIEHOB COAEPKUT OTPULIATEIbHBIN 37IEMEHT —4/5, TO €CTh 3TO PEIICHHE HE SB-
JSIeTCA JOIYCTUMBIM, KaK M MOCje T00aBIeHUS NPEIbIIyLIIEr0 OTCEUECHHUS.

Tak xe, Kak U B IPEJBIIYIIEM CIIydae, BHIOEpPEM pa3pellaolInii 3JIEMEHT U COOTBET-
CTBEHHO Pa3pellaouly0 CTPOKY U pa3pelIaroni CTOI0EL.

Tabmuia 5.7
basucasie | CpobGoa- | CBoOonHBIE ITEpEMEH-
HBIC

epeMCHHBIC| HBIHM YIcH X3 X5 —> X6
L —294 -5 -2
X1 6/5 1/2 -2/5
X2 7 -1 5/8
X4 4/5 1 -8/5
X6 —> X5 —4/5 0 -2/5

[Tepemennyto Xs OyieM repemeniaTh B 6a3ucHbie, a X HA000pOT — B cBOOOIHEIE. [1e-

pecunTaeM K03 (GUIUEHTHI TI0 TAOJIMYHOMY aJITOPUTMY MpeodpazoBaHus Kodhduim-
€HTOB, B pe3yJIbTaTe MOJIy4YUM

Tabauma 5.8
basucurie | CBoOOn- CB0OOIHBIE TIEPEMEH-
HEIC

[IEPEMEHHbIE| HBIN WICH X3 X6

L -290 -5 -5

X1 2 1/2 -1

X2 3) -1 5/2

Xa 4 1 -4

Xs 2 -5/2




[Ipoananusupyem pe3ynbrar. B cTos011e cBOOOAHBIX UJIEHOB (HE CUMTAs LIEJIEBOM
(GyHKIIMH) BCE YUCIIa HEOTPHUIIATEIIbHBI, 3HAYUT PEIICHNUE OCTAIOCH JOITYCTUMBIM
(omopHbIM). B cTpoke nieneBoit ¢GyHKIUH (HE cuuTas CBOOOIHOTO WieHa) Bce Kod(-
(UIIUEHTHI OTPUIATENBHBI, 3HAUUT PEIICHUE ONTUMaTLHO. [I0CKOIBKY B ATOM CTpOKE
HET HYJIEBBIX 3JIEMEHTOB, JICJIa€M BBIBOJ — HAZIECHHOE ONTUMAJILHOE PEIICHUE EAUH-
CTBEHHO.

3anuieM 3T0 onTUMaabHoe perieHue. CBoOOHbIE IEPEMEHHbBIC PABHBI HYIIIO
X3=Xs=0, Oa3uCHBIEC IEPEMEHHbBIE PABHBI COOTBETCTBYIOIIMM CBOOOHBIM UJieHAM
X1=2, X2=5, X4=4, Xo=2. llenenas ¢pynkuus L = —-290.

PaccmoTpum nostydeHHOE pelieHre ¢ y4€TOM yCI0BUS LIEIIOYUCIEHHOCTH. Bee cBo-
00JIHBIC YJICHBI LIETIOUUCIIEHHBI, TAK YTO Mbl HAKOHEII MOJTYYWIH 1IEJI0UUCIICHHOE pe-
neHue ucxoaHou 3agaur. C yu4€ToM TOro, 4TO UCXOIHAS 3a/laya COAepKayia BCEro
JIBa TIEPEMEHHBIX U IPEOOPA30BAHHYIO HAMU IEJIEBYI0 (DYHKIIMIO, MOKHO 3alUCaTh
HAWJICHHOE PEIICHUE B BUJIE:

X1=2, X2=5, nenesas pyukmusa Z = 290.

3HaueHue 1eneBor (PYHKIMH Ha 5 €IMHUI] MEHbIIIE, YEM Y ONTUMAJILHOTO HELEN0-
YUCJIEHHOTO PEIIEHUs — 3TO Ta IIeHa, KOTOPYIO MPUIILIOCH YIIJIATUTh 3a BHITIOJIHEHUE
yCJI0BUSA LiesI0urciaeHHOCTH. [lomyyenHas Touka (2; 5) 10CTaTOYHO aJIeKO OTCTOUT
OT TOYKH ONTUMAIBHOTO LEeT0UKCIeHHOTo pemeHus (1; 7,5), Tak 4To moJy4duTh pe-
[IEHUE MPOCTHIM OKPYTIECHUEM JI0 OJIMHKANIIEro 1EeJIOro Yucia IBHO HE MOJYy4HIIOCh
OBbI.

3aMeTUM TaKXke, 4YTO B JAHHOM IPUMEPE BTOPOE OTCEUYEHUE MbI CTPOUIIH IO CTPOKE
JUTsl IEPEMEHHOM X5, KOTOpas B UCXO/HYIO 3a/1a4y He BXOJuia, a Opuia qo0aBieHa
P MPeoOpa30BaHUM YCIOBUS TIEPBOTO OTCEUCHHUS K CTaHIapTHOMY BHUay. Tem He

MEHEE K 9TOM MEePEeMEHHON TaKKe MPEAbSIBISIIOTCA TPEOOBAHUS IIEJIOYUCICHHOCTH.
X2

HY

X1

Pucynok 5.1. 'eomeTpuueckas UHTEpIPETALNS PACCMOTPEHHOM 3a/1auu U €€
pELIEHNUS] METOAOM OTCEYEHU M

Ha pucynke mana reomeTpudeckas HHTEpIIpeTalys pereHus 3aaaqn. [Tokazansr
TOYKA X *y; HEIEJIOUNCICHHOTO ONTUMAJIBHOTO PEIICHHMS, IMHUS, OTCEKaroImas €, u
TOYKA X *; ONTUMAJIBHOTO IEJIOYMCIICHHOTO penieHus. BUuaHO, 94TO 3Ta TOYKa HE MOT-
J1a OBITH TIOJIyYeHA OKPYTIICHHEM X ¥y 10 OJIMDKAMIIETo 11eJI0T0 3HAaYCHUSI.



NuauBuayaiabHble 3aaHus 1o Teme Ne 5,
«Perienue 3a1a4 HCJIOYUCICHHOI'O IIpOorpaMMHUpOBaHusd METOAOM OTCECUCHUN

38,,[[&‘{8,, COCTaBJICHHAs B pas3nacic 3, pemacTCss METOAOM OTCCUCHHH. HOJIy‘{CHHOG
peUICHUC CPABHUBACTCA C OIITUMAJIBHBIM PCIHICHUCM HCHCHO‘{HCHeHHOﬁ 3aJa4H.



IIpakTn4yeckoe 3ansaTue Ne 6.
«Pemienue 3a1a4 NETOYUCICHHOTO MTPOTPAMMHUPOBAHUSI METOJIOM BETBEH U FPAHUIDY

[IycTe uMeeTcst cTanAapTHad 3aJa4a HEJI0YMCIEHHOrO JINHEWHOT O MTPOrpaMMHUpOBa-
HUS — TpeOyeTCsl HAUTU SKCTPEMYM (sl ONPEIeIEHHOCTH IMyCTh Oy1€T MaKCUMYM )
1eaeBoi PyHKIMU

n
max Z = Z:‘ijj
J=

C JIMHEWHBIMH OTpaHUYICHUAMHU

IIpU 3TOM Ha BCC IICPCMCHHBIC HAJIOKCHO YCJIOBUC HCOTPULATCIbHOCTHU

X; >0, j=1...,n

U YCJIOBHE LEI0YUCIIEHHOCTH
Xj — mensle, j=1,...,n

Bynewm pemiats 3Ty 3a7a4y ¢ UCHOJIb30BaHUEM OOIIEH CXeMbl METO/1a BETBEH U Tpa-
HUll. B 0OCHOBY MeTO/1a MOJI0KEH TOT YK€ 3aMEUYEHHBII HAMU [IPU PACCMOTPEHUH Me-
TOJOB OTCEYEHUH (aKT, 4TO LiejeBas PyHKIUS I LETOUUCIECHHOTO PEIICHUS MTPHU-
HHUMaJa “Xyzamee” 3HaYCHUE, YEM JJIS1 HEIIETIOUYHNCIEHHOTO — 3TO MO3BOJISIET HAXOAUTh
BEPXHHUE IpaHUlIbl HA TOJAMHOXKeCTBaxX. Kak v mpu pernieHuu 3aj1ad MeToJjlaMu OTCe-
YEHUI, CHavajia periaeM 3a/1auy JMHEHHOTro MPOrpaMMHUPOBaHUsI, HTHOPUPYS TpeOo-
BaHUE IEJIOUYUCICHHOCTH, KAKUM-HUOY b CTAaHAAPTHBIM METOIOM PEIICHUS — HapHU-
Mep, CUMILIEKC-METOIOM.

Ecnu B pe3ynbrare Mbl MOJTYYUIIN MOJTHOCTBIO 1IEJIOYUCIIEHHOE PEIIEHUE, TO 1aJlb-
HeWImX maroB He Tpedyercs. Eciu 3a1a4a He UMeeT ONTUMaIbHOTO PEIIeHUs, TO U
[[EJIOYMCIICHHAs 3a/laya TaKKe HE UMEET ONTUMAIIbHOTO petieHus. Eciu sxe xoTs Obl
OJIHA U3 KOMIIOHEHT IJIJaHA UMEET OTJIMYHYIO OT HYJISI IPOOHYIO YacTh, TO OyJIeM HcC-
KaTh LEJOYHUCICHHOE PEILICHHE.

[TycTh B HAaliZIECHHOM ONITUMAJILHOM HEIICJIOYUCICHHOM TIJIaHe X* UMeeTCsl HEKOTOPOe
HEIeJI0€ Yucio X*j, st kotoporo {X*i}>0. [lockonbky u camo 3HaueHue X*i>0, To
OYEBUIHO, YTO ATOT HEIEJIOUYMCIICHHBINA 2JIEMEHT PELICHUS 3aKIIIOYEH B IPOMEKYTKE
Mexay aByMs tenbiMu unciaamu Ki<x*i<Ki+1, raoe Ki=[x*;] — nenas gactp uncia X*
OueBHIHO, YTO B IEJIOUYHUCICHHOM PEIICHUH JTAaHHOM 3aJ]auu ATa IEpeMEHHAas IPUMET
6o 3Hauenue K; u mensiie, mu6o 3Hauenue Ki+1 u 6omnbmie. pyrux nenodnciieH-
HBIX 3HAYEHUW IPOCTO HE CYLIECTBYET. Pazeemeum Halle MHOXKECTBO perieHuit. Jlo-
0aBUM K CHCTEME OIpaHUYEHUI B OJJHOM ciydae yciioBue X *i<Kj, a BO BTOpOM —
ycaoBue x*i >Ki+1. B 1Byx nmojiydeHHbIX 3aJja4ax JIMHEHHOTO MTPOrpaMMHUPOBAHUS HE
OyZeT HU OJTHOTO OOIIETo IEeTOYNCICHHOTO PEIISHHUs, TTPU 3TOM HU OJTHOTO IEJ10-
yuciieHHoro pemreHus u3z OJIP ucxoaHoi 3agauu Mbl HE IOTEPSIEM, T.€. OCHOBHOE
ycioBHe pa3OueHUs Ha MOJMHOKeCTBa BhIoaHeHO. [Ipu aTom, mpaaa, u3z OJIP wuc-



XOJIHOM 3agaun OyneT yaaneHa nojoca Ki<x*; <Ki+1, Ho oHa He COepPKUT HU OJHO-
o HeaourciaeHHoro pemenus. C 3Toi mojaocoi OyIeT yaaJeHo TakKe HallICHHOe Ha
MPEABIAYIIEM IIare ONTUMATbHOE HEIEIOUYHUCIIEHHOE PeleHre, TAKUM 00pa3oM
Ha0JI10/1aeM HEKOTOPOE CXOACTBO C MeToAaMu oTceueHuid. OJIHaKo HapsAy ¢ OTceye-
HHUEM HEIEJIOUYHUCICHHOTO PelIeHus MbI AenuM octaBinytocs OJ[P Ha aBe ywactu. Ho
Kakoe-HUOYAb U3 JIBYX MOJAMHOYKECTB MOXKET 0Ka3aThCS ITYCThIM.

Tenepp pemmM yxe B MOJIyUYEHHbIE 33/1a4M JIMHEHOTO TPOrpaMMUPOBaHUs Ka-
KUM-JIMOO CTaHJIapTHBIM METOJIOM, HE YUUTHIBAS YCIOBHS IieiounciieHHocTH. [Ipo-
aHAJIM3UPYEM MOJIyUYCHHBIE pelieHus. Bcero BO3MOKHBI IECTh BAPUAHTOB UCXO0/A:

1. O0e moJy4yuBIIMECs 3aJa4d HE UMEIOT ONTHMAJILHOTO perieHus. BbIBOI: MCX0-
Has 3aja4a uMea ONTUMAJIBHOE HELEJIOYUCICHHOE PEIICHHEe, HO ONTUMAIIBHOTO I1e-
JIOYUCIICHHOTO PELICHUsI OHA HE UMEET.

2. OnHa U3 3a7a4 HE UMEET PEIICHUS, Apyras UMEET ILEJIOUHUCICHHOE ONTUMAIbHOE
pemenue. [locnenuee v ABisieTCS pelIeHUEM UCXOTHOM 3a/1auH.

3. OnHa u3 3a7a4 HE UMEET PElIeHUs, pyras UMEeT ONTUMAIbHOE, HO OISATh Helle-
JIOYMCIICHHOE pelieHue. BriOupaem kakyro-1uO0 U3 HEUEIOYUCICHHBIX KOMIOHEHT
ATOTO PELICHUS U ONAThH pa3OMBaeM 3ajauy Ha JIBE 3a/1aud, aHAJIOTUYHO OMMCAHHOMY
panee. Pemraem ux 0e3 yuéra yCcrnoBuUs 1IEJIOYUCICHHOCTH U aHATIU3UPYEM pe3yJibTarT.
4. O0e 3agaull UMEIOT pelieHue, U 00a pelieHus LEeJIOYUCIeHHB. B »ToM ciydae
CpaBHMBAeM HalJIEHHbIC 3HAYCHMUS 11€JIeBOM (DYHKIMU U BBIOMpPAeM TO, Y KOTOPOTO
OHO OOJIBIIIE.

5. O0e 3aaun UMEIOT pelieHrue, U 00a perieHUs UMEIOT HEIEI0UYUCICHHBIE KOMIIO-
HeHThl. CpaBHUBaeM IieieBble (PYHKIIMM MOJYyYEHHBIX peleHui. Beioupaem 3amauy,
JUIS KOTOPOM OHa OOJIbIIIE — ¢ Haubobuell 8eposMHOCMbI0 ONITUMATBLHOE PEIICHUE
HaxoauTcs TaM. Pa3BeTBisieM €€ Ha JIBE 3a/1a4M U PEIIaeM HX.

6. O0e 3a1aun UMEIOT PEIICHHUE, OJHO M3 KOTOPBIX IEIOYHCICHHO, a IPyroe MMeeT
HEIIeJIOYUCIICHHbIE KOMITOHEHTh. CpaBHUBAeM IieJieBble (DYHKIIMU TOJYYEHHBIX pe-
meHuid. Eciin 6omblie neneBast GyHKIUS 1ETOYUCICHHOTO PEIISHUSsI, OHO U SIBJISIETCS
pelieHueM ucxoaHo 3anaun. Ecnu sxe Oonbliie meneBas GyHKIUS HEI[EI0UHCICHHO-
IO PEIICHUS, TO BO3MOMCHO UCKOMOE PEIICHUE HAaXOAUTCs TaM. BriOupaem oaHy u3
HEIIEJIOYMCIICHHBIX KOMIIOHEHT TIJIaHa U TTPOU3BOJINM Pa3BETBICHUE dTOM 3a/1auHu.
3aMeTHUM, 4TO B CIy4ae BapUaHTOB 3, 5 1 6 mocCIie MOJy4eHus HETOUUCIEHHOTO pe-
IIEHUSI HAaM HE00XO0UMO OYJIET BBIMOJHUTH MPOLIEYPY 00paTHOTO X0/1a, TO €CTh
CpPaBHUTH 3HAYCHHUE IIEJICBON (PYHKIIMN HAKWICHHOTO IIEJIOYMCISHHOTO PEIIeHUs C IIe-
JIeBBIMH (QYHKIMSAMHU paHee OTOPOIICHHBIX 3a/1a4. Bo3M0oXkHO, MpUIETCS BEPHYTHCS K
KaKoM-Tn00 U3 ITHX 3a/1a4y M Pa3BETBISATh yKe e€.

NuauBuayaiabHble 3aaHus Mo TeMe Ne 6.
«PelieHue 3a1a4 1eI0YMCISHHOTO TPOrPAMMUPOBAHUSI METOJIOM BETBEH U TpaHUID)

3agady U3 NpeapIAyLIed TEMBI pEIIaeéM METOJIOM BETBEN U rpaHul. CpaBHUBAEM pe-
3yJIbTAThl U TPYILOEMKOCTD PEILICHUS.



IIpakTn4yeckoe 3ansaTue Ne 7.

«3nNeMeHTbl BapnaLmMOHHOIro NCHUCTIEHNS

Benymiee mecto cpenu mpsIMBIX METOJIOB PEIICHHS] SKCTPEMAJbHBIX 3a/1a4 3a-
HUMAET 2padueHmmuulli Memoo (TOUHEee, CEMENCTBO I'PaJUEHTHBIX METOJIOB) MOMCKA
CTaIMOHAPHBIX ToueKk nuddepenmmpyemoin ¢ynkiuu. Hamomuum, 410 cmayu-
OHAPHOU HA3BIBAETCS TOUKA, B KOTOPO Vf(x)=0 M KOTOpass B COOTBETCTBHH C HEOO-
XOJIUMBIM YCJIOBUEM ONTUMAIBHOCTH SIBJSICTCS «IOJI03PUTEIbHOW» HAa HAJIUYHE JIO-
KaJIBHOTO AKCTpeMyMa. Takum 00pa3om, IPUMEHsISI TpaJueHTHBIA METOJ, HaXOMIAT
MHOKECTBO TOYCK JIOKAJbHBIX MAaKCHMyMOB (WJII MUHUMYMOB), CPEId KOTOPBIX
OTpEeIEIISIETCS. MAKCUMYM (MM MUHUMYM ) TJI00QJIBHBIM.

WNnes nanHOrO METOa OCHOBaHA HA TOM, YTO TPATUuEHT (YHKIHUH yKa3bIBACT
HaIpaBJICHUE €€ Hauboiee bbicmpo2o 603pACmMAaHUs B OKPECTHOCTU TOW TOUKH, B KO-
TOpoil OH BBIUMCIEH. 1109TOMY, eciM U3 HeKOoTopol Tekymel Touku xY mepeme-
aThCs B HampasieHud Bekropa Vf(x)=0, to ¢ynkuus f Oymer Bospacrarth, Mo
KpaiiHelt Mepe, B HekoTopoii okpectHoct xU. CnemoBarenbHO, U TOUKM
x? = xW 4 avf (x(l)), (1>0), nexarueil B Takol OKPECTHOCTH, CIIPABEIINBO HEPABEH-
CTBO f(xl)s f((z)). [Ipooikas 3TOT MPOIECC, MBI MMOCTENEHHO Oy/1eM PUOINKATHCS
K TOYKE HEKOTOPOTO JTOKAIHLHOI0 MaKCuMyMa (cM. puc. 2.1).

OpmHako Kak TOJBKO OMpPEAeNsIeTCS HalpaBiICHUE NBIKCHHS, Cpa3y e BCTAeT
BOIIPOC O TOM, KaK JaJIeKO CJIEAYET JBUTAThCS B OTOM HANpPaBICHUU WM, IPYTHMHU
CJIOBaMH, BO3HUKAET IpobjieMa BpIOOpa I11ara A, B peKyppeHTHOU (GopmyJie

X = x@ 4 2vf (x) (2.8)
3a/IAI0MIeH TTOCIeIOBATEIBHOCTh TOUCK, CTPEMSIIUXCS K TOUKEe MAKCHUMYyMa.
B 3aBucumocTH 0T crioco0a ee peleHus pa3InyaloT pa3InyHbIe BapHaHTHI Ipa-
AUEeHTHOTro MeTona. OcTaHOBUMCS Ha HanOoJee U3BECTHBIX U3 HUX.

MeTtoa HauCKOpenero cnycKa

HaszBanune meTo1a MOKHO OBLIIO OBl MIOHUMATh OyKBaJIBHO, €CJIU ObI peyb IIia O
MUHUMU3aLUU 1eneBoil Gpynkuuu. TeM He MeHee, 10 TPaJAULIMK TaKoe Ha3BaHHUE UC-
MOJIb3YETCS U MPU PELICHUH 3a/1a4l HA MAKCUMYM.

[Mycte f(X) = f(x1,X),...Xn) — muddepenupyemas ¢pyHkmus, 3amganHas Ha R", a
x(q)z(xl(q) X\ x(q)) — HEKOTopasi TeKkymass Touka. OToBOpPHMCS, YTO KaKUX-JIHOO

1 A2 s A
OOIIMX peKOMEHAIMI, Kacalomuxcs BHIOOpa MCXOAHOM TOUKH (MM, KaK elle FoBO-
paT, HadansHOro npubmmkenus) X©, e cymecTsyer, 0HaKO MO BO3MOKHOCTH OHA
JIOJKHA HAXOAUThCS OIM3KO OT MCKOMOIO ONTHUMAJIBLHOrO IaHa x . Kak yke roso-
punock Beiine, e X@ — Hectauuonaphas Touka (T. €. [Vf (x(qq >0), TO IIPH JBUKE-

nuu B Hanpasiennu Vf(x@) Gyrxims f(X) Ha HEKOTOPOM MPOMEXyTKe 06A3aTETHHO
Oyzmer Bo3pactath. OTCIOJa BO3HHMKAET €CTECTBEHHAs Hjes TAKOTo BHIOOpa Iara,
4TOOBI JBUKEHUE B YKA3aHHOM HANPABICHHH MPOJIOIIKAIOCH 10 TEX MOp, MOKa BO3-
pacTanue He npekpatuTcs. s 5TOro BEIPa3MM 3aBUCUMOCTH 3HadeHus f(X) ot maro-
BOro MHOXHTENSA A > 0 , monarast x = x + AVf (x(q))



()= £ (<9 + 29 (@)= p(2) (2.9)

WU, B KOOpAUHATHOM (hopMme,

o(1)= f( uaf(giq)),...,xgq)m%m))j (2.10)

YT100BI JOOUTHCS HAUOOJIBIIETO W3 BO3MOXKHBIX 3HAUYCHUH f MpU IBMKEHHHU TI0
Hanpasyienuio Vf(x¥), HyHO BBIGPATh Takoe 3HAYEHHE 1 , KOTOPOE MAKCHMH3UPYET
GyHKIHIO P(4) ((p(/l)znano(/l)). JIsIst BBIYHCIICHHST A , UCTIOJB3YETCSl HEOOXOAUMOe

>0

YCIIOBHE DJKCTpPEMyMa dgo(ﬂ: )/ dAi=0. 3amerum, uYto ecau maia Joboro A >0
d(p(Z )/d/l >0, To ¢pyHkuus f(X) He orpaHndeHa cBepxy (T. €. HE UIMeeT MakcuMyMa). B
IPOTUBHOM cjydae, Ha ocHoBe (2.10) moxydaem

dp _of(x) dx  — of(y) dx, (2.11)

di  ox, di 7 ox,  di
4YTO, B CBOIO OUEpE/ib, JACT
(@) (@)
do_ot(x), of (), +af(x)><af(xq):Vf(x)Vf(x(q)) (2.12)

di  ox, ox X,  OX,
Ecnu cuurars, 4To cieayromas Touka x(@) COOTBETCTBYET OIITUMAIbHOMY 3HA-
YEHUIO A=A, TO B HEM JOJDKHO BBINIOJHATHCA YCIIOBUE d(p(/l)/ di=0, nu A caenyer
HAXOJUTh U3 YCIOBHs Vf (x(q“))Vf (x(‘“):o WIN

vt (X + IV (x ) (x (2.13)

VYcaosue (2.13) o3HayaeT paBEHCTBO HYJIO CKaJsiPHOTO MPOU3BEICHUS TPav-
entoB Qpynkiuy f Toukax x4 u x@ T'eomeTpuueckn OHO MOKET OBITH HHTEPIIPETH-
POBaHO KaK MEpHEeHIUKYyIIPHOCTh BEKTOPOB IpajueHToB (yHKIMHU f B yKa3aHHBIX
TOUKAX, 4TO M MOKa3aHO Ha puc. 2.2. IIpomoskas reoMeTpHIECKyI0 HHTEPIPETALUIO
MeTOIa HAMCKOPEHIIEro Crycka, OTMETHM, 4To B Touke x4+ pextop Vf(x(), 6y-
Jy4d TpajUeHTOM, NepHeHIUKYISpeH JUHUM YPOBHS, NMPOXOJAIIEH depes3 JaHHYIO
Touky. CTano GeITh, BekTop Vf(X¥) sBNsieTcs kacaTembHBIM K 3Toi mummH. MTak,
JIBIUKEHUE B HATPABJIEHUH rpajienta Vi (x@) creyer mpoiomkars 10 Tex nop, noka

OH TepeceKaeT JMHUU YPOBHS ONITUMUZUPYEMOU (QYHKITHH.

ITocne Toro kak Touka x9*Y Haiinena, oHa cTaHOBUTCS TeKylieil Ul ouepe HOM
utepauun. Ha npakTuke npu3HaKoM JOCTHKEHUS! CTAlMOHAPHOM TOYKHU CIY>KHUT J10-
CTaTOYHO Majio€ MU3MEHEHHE KOOpJMHAT TOYEK, pacCcMaTpPUBAEMbIX Ha IOCJEI0Ba-
TeNbHBIX uTepanusax. OJHOBPEMEHHO C 3TUM KOOPJIUHATHI BEKTOpa Vf (x(q)) JIOJI>KHBI
OBITH OJIM3KU K HYJIIO.

Metoa apodJeHus mara

JIns HaxoXkAeHUs 11ara A, B METOJ€ HAUCKOPEHIIIETro cycka TpeOyeTcsl pelmnTh
ypaBHeHue (2.13), KOTOpoe MOXKET 0Ka3aThCsl TOCTATOYHO CIOXKHBIM. [loaTOMy yacTo
OrPaHUYUBAIOTCH IIOA00POM» TAKOro 3Ha4eHus A, uto ¢(1)>¢(0). g sroro 3aga-



IOTCSI HEKOTOPBIM HauyaJbHBIM 3HAaYCHUEM A1 (Hampumep, A1 =1) ¥ MpoBEpSIOT yCIO-
Bue ¢(4,)> ¢(0). Ecim 0HO He BBIOJIHSETCS, TO HOJIAratoT

1
A==
=5
U T. I. A0 TEX II0P, IIOKAa HC YAACTCA HaWTU HOI[XOI[)IH.IHIZ mar, ¢ KOTOPbIM IICPCXO AT

K cnenytonieii Touke x*Y, Kpurepuii 3aBepiieHus aaroputMa, o4eBUIHO, OyaeT Ta-
KM e, KaK ¥ B MeTOJie HauCKOpelilero crycka.

NuauBuayanbHblie 3a1aHud 10 Teme Ne 7,
«MGTOI[LI FpaI[I/IeHTHOFO IHOMUCKaA»

Crynenrty npennaraercs (yHKIUS ABYX EPEMEHHBIX, SKCTPEMYM KOTOpO# TpedyeT-
Csl HAUTH. ITO TpeOyeTcs MpoJIeaaTh J0ObIM U3 U3YUYEHHBIX TPAIUEHTHBIX METOJI0B —
Ha BBIOOD cTyeHTa. CaenaHHbIi BEIOOP TpeOyeTcsi 000CHOBATD.



IIpakTn4yeckoe 3ansaTue Ne 8.
«YpaBHeHUs runepbonuyeckoro, napabonmyeckoro 1 ANIUNTUYECKOrO TUMOB,
MOCTAHOBKA OCHOBHbIX 3a4a4 U METOAbI UX UCCIIe40BaHMUs»

MeTton 10ImyCTUMBIX HalpaBJIeHUU. JlTaHHBINM METOJ TaKK€ HA3bIBAETCSI METOAOM
BO3MOKHBIX HAIPaBJICHUI WK € M0 UMEHU aBTOpa — METOJI0M 30UTEHJIEHKa, CM.
[16]. Ero ocHoBHYIO uaeto OyaeT yaoOHO mpoaeMoHCcTpupoBaTh Ha ipumepe 3UII ¢
OTrpaHUYCHUSAMHU B (hOpME HEPABEHCTB:

f(x)—> max, D= {x e R"|g, (X, X, X, )< 0,i e1:m} (2.16)

B yKka3aHHOM MeTOJie TaK ke, KaK U B IPaJHEHTHBIX METOaX, HAXOAUTCS MO-
cnenoBarenbHocTh Touek x© x@ .. x®, . Takux, uTo f(x(q*l))z f(x(‘”)l. ITpu TOM TIE-
pexon oT Touku x@ K Touke MPOMCXOMHUT MO HEKOTOPOMY BHIOPAaHHOMY HarpaBJie-
Huto S ¢ waroBbIM MHOXHUTENEM A,

(@) _ y(a) +ﬂqs(Q) (2.17)

ITo OTHOLIEHHIO K BEKTOpAM, 3a/Iaf0IIUM HalpaBJIeHUs IepeMeleH s, BBOAATCS
1Ba QYH/IAMEHTANBHBIX OHATHS.

» Hanpaesnenue S nazvieaemcs AONMYCTHMBIM (603M0dCHbIM) 6 mouke X eD,
ecu cywecmgyem maxoe A>0, umo XY =x94+seD.

» Hanpasnenue S Hasvléaemcs NPOrPecCUBHBIM ¢ mouke X9 eD, eciu cywe-
cmeyem maxoe >0, umo f(X@ +1s) > f(x@) ona 3a0auu maxcumyzayuu u F(x@ +15s)
< f(x) ona 3a0ayu munumuzayuu.

Ha ocHoBe maHHBIX ompeneseHui T0CTaTOYHO MPOCTO CHOPMYTUPOBATH KPUTE-
pUii MPOBEPKHU ONTUMAIBHOCTU TOUKH (TaK HA3bIBAEMbIN KPUTEPUM ONITUMATIBLHOCTH B
TEPMUHAX JIOMyCTUMBIX U TIPOTPECCUBHBIX HATIPABJICHUH ):

» mouxa x~ sensiemcs onmumanvHoiv nianom 3aoaqu (2.16), eciu 6 neii Hu 00-
HO 00NYCMUMOe HaANpasieHue He s615emcs NPocPecCU8HbIM.

B anropuTMe MeTO/a JI0OIYCTUMBIX HAIIPABJIEHUI MpaBuia Bioopa Touku xY
KOTOPOM MPOUCXOAUT OYEPEIHOM MEPEXO, Pa3INdarOTCs B 3aBHCUMOCTH OT TOTO,
r7ie HaXoAuTcsl TeKymas Touka X, [I[pUHIUITHAIEHO BO3MOYKHEI JBE CHTYAIlUH.

1°. Touxa x@ mesut BHYyTPH obaactu D, 1. e. s Beex | € 12 m g,(x¥)<0

(c™m. puc. 2.4). OueBuaAHO, YTO ISl BHYTPEHHEH TOYKM Jr000€ HampaBiieHUe OyJneT
JOMYCTUMBIM (MpU BBIOOpPE JOCTAaTOYHO MAaJIOrO Iara), MO3TOMY €CTECTBEHHBIM
MIPEICTABIISICTCS JIBM)KCHUE B CTOPOHY «TapaHTHPOBAHHOTO» BO3pACTaHUS 3HAYCHHUS
(QYHKIUM, 2 IMEHHO B HaNpaBJIeHUH IpajdeHTa. 3Ha4uT, JUIs BHyTpeHHeil Touku x¢
nesecoobpasso BeiGpath 5@ =vf (W),

! Tak Kak B JaHHBIX METOAX HPH HEPEXO/E K OUEPETHON PACCMATPUBAEMOI TOUKE IIPOUCXOAUT yIydlIeHHE 3HAUEHHS
1esieBoi (GyHKIMHU (B YACTHOCTH, [UIS 337a4d MUHUMH3AINN — YMCHBIICHHUE), UX TAK)KE HA3BIBAIOT PelaKCAYUOHHBIMU
Memooamu.



[IlaroBelii MHOXKHUTENL A, BBHIOMPAETCA TaK, YTOOBI, C OJHOH CTOPOHBI, HOBas

touka x“Y mpumamnexana D, a ¢ apyroii — 3HadeHMe LENeBOM (YHKIMM B HEil
f (x%Y) OBIIO KaK MOKHO OOJIBIINM.

XoA

g4(x)-0

)
v
X

Puc. 2.4

Xoh

v

Puc. 2.5
C oToil Lenmpl0 CcHAa4Yana HaljeM IPOMEXYToK [0,A] w3  ycrnoBus

[0,A]= {ﬂ‘(x(q) +/1$(q))e D}, I 4ero HeOOXOAUMO PEIUThH CHCTEMY HEPABEHCTB:

gi(x(q)+ﬂs(q))£0,iel:m (2.18)
3Has mpoMexkyToK [0,A], ompejensieM 3HAaUCHHE MIATOBOIO MHOXHTEISA A, W3
YCIOBHUS MAKCHMMHU3ALMK 3HAaYeHUs (PyHKIMHU B HanpaBiaeHun s

f(x@ + lqs(‘”): max {f (x@ + 4s@ )} (2.19)

2€[0,A]



BHOBb HaiifieHHas Touka XY MOKeT HaXOoauThes WM BHYTpU obmactu D, nmm

—(a+1)
Ha ee rpanuiie. B nmepBoM ciydae (Ha puc. 2.4 eMy COOTBETCTBYET TOUKa X ) Iepe-

XO0AUM K HadaJly JaHHOI'O IIYHKTa W IIOBTOPACM BbIIICOIINCAHHLBIC HCﬁCTBHH, a BO
(a+1)

BTOPOM (TOYKa X " Ha puc. 2.4) — necTByeM 10 paccMaTpUBAEMON Jajiee cXeMe.
2°, Touka x@ maxomurTces Ha rpanuue obaacTu (cM. puc. 2.5). DTo 03HAUAET,

YTO OJIHO WJIM HECKOJIbKO HEPABEHCTB M3 CUCTEMBbI OrpaHuueHuil 3aaauu (2.16) BbI-

TOTHSIOTCS KaK CTporue paseHcTsa: g,(x¥)=0. Hanpumep, Ha puc. 2.5 g,(x)=0 u

gs(x(q)) =0.

OrpaHuueHre, KOTOPOE B TEKYIeH TOUKe BBIIOIHAECTCS KAK PABEHCTBO, HA3BI-
BAIOT aKkmugHbiM. MHOXKECTBO HOMEPOB aKTUBHBIX OIPaHMUCHHIl B Touke X9 Oymem
o6o3Hauath kak N(x¥). B mpumepe, usobpaxenHom Ha puc. 2.5, 1(x@) = {l, 3}.
Taxoke U3 PUCYHKA BUAHO, YTO BCE JOMYCTHMbIE HANIPABICHUS, UCXOIAIINE U3 TOUKH
X"\ oJKHBI 06PA30BHIBATH TYIBIE YITIbI C BEKTOPAMH T'PaJHeHTOB (DYHKIHiA, 3a/1a-
IOIIMX AKTHBHBIE OTPaHUYEHUs B JaHHOH Touke. IlocieqHee yCIOBHE MOXKET OBITH
BBIDXKEHO uepe3 3aJaHHe OrPaHMYEHHH HAa 3HAUECHHs CKAJIAPHBIX IPOU3BEICHUI
BEKTOpA HAIPABICHUS S HA IPaJUEHThl QYHKIMH OrpaHUUYEHHMIL:

svg, (x@)<0,i e 1(x9)1, (2.20)
svg, (x¥)<0,ie 1(xV)A1, (2.21)
rae |, — MHO)KeCTBO HOMEPOB MHJIEKCOB JIMHEHHBIX OrpaHuyeHuii, |, — MHOXKe-

CTBO HOMEPOB MHAECKCOB HEJIMHEMHBIX OTpaHnYeHHl. COOTBETCTBEHHO, I(x(‘”)m I, —
HOMEpA JIUHEUHBIX aKTUBHBIX OTPAHUYEHUN, a I(x(‘”)m |, — HOMEpa HEIMHENHBIX AK-

TUBHBIX orpaHmdyeHuil. Otnuune ycnosuil (2.20) ot yciosuii (2.21) 3akmrouaercs B
TOM, 4TO B Clydae JIMHEHHOrO OrpaHMYEHHUs HAIpaBjeHHe, 00pasyrollee MpsAMOii
YIoJl ¢ FPaji€HTOM OrpaHUUMBaIONIeH QYHKIMH (T. €. MX CKAIAPHOE IPOU3BEICHHE
PaBHO HYIII0), OY/IET 3aBEOMO JOMYCTHMBIM, a B CJIy4ae HEJIMHEHHOrO0 OrpaHUYEHHUs
— BO3MOKHO, HET.

Bce BO3MOXHBIE HAampaBleHus B Touke X 06pa3yroT Tak Ha3bIBAEMBINA KOHYC
OonyCcmumblx Hanpaenenutl, © U3 HAX JUIS CIIEAYIOIIEro IePeXo1a, OYEBUIHO, HY/KHO
BBIOpATh MporpeccuBHoe. ECiM TaAKOBOrO HE CYINECTBYET, TO COITIACHO ChOpMyIUpO-
BAHHOMY BBIIIIE KPUTEPUIO Touka X' sBIseTcs onTuMaibHOM! JIIs yCKOpEHHsT MaK-
cuMH3anid (yHKIMH HKETATENBHO, YTOOBI YTOIl MKy HCKOMBIM JIOIMYCTHMBIM HPO-
IpecCHBHBIM Hanparienuem s U rpajuentoMm nenesoit Gpynxumu Vf(x@) bt Kak
MOYHO MEHBIIE HUIIH, 4TO TO JKE CAMOE, KaK MOKHO OOJIbIIeH Oblia Obl MPOEKIMS S Ha
Vf(x@) (pu ycnosusix Hopmupoku BekTopa ). IHBIMH CIIOBAMH, KeJIaTeIbHO,

4TOOBI HepaBeHCTBO s YVf (x("))+o-20 BBIIOJIHAJIOCh ITPY MUHHMMAJIbHO BO3MOKHOM

oceR. Torma 3agady OTBICKAHHS HAWIYYIIEro JOIyCTUMOIO IPOIPECCHBHOIO
HanpaslieHus s MOKHO CBECTH K 3a7aue MUHUMU3ALUH IapaMeTpa o :

o — min (2.22)



IPU YCIOBUSIX

svf(x@)+o >0,
ngi(x(q))S Oie I(x(“))m I

S:{seR",0eR - 2.23
svg, (x¥)+ro<0,ie 1(x@)A1,, (2.23)
SZ+S2+.+87<1
rae s2+s.+..+52<1 — yCIIOBHE HOPMHPOBKH, OOECICUHBAOINICE OrPaHH-

YEHHOCTH PEIICHUS;
T — HEKOTOPOE€ MOCTATOYHO MAaJI0€ YHCJIO, XapaKTEPHU3YIOIIEE «CTPO-
FOCTBY» BBIIIOJIHEHUS HEPABEHCTB.
B otnruune oT Bcex ocTanbHBIX, MOCIEAHEE YCIOBHUE B cucTeme (2.23) sBisiercs
HEJTMHEWHBIM, YTO CYILIECTBEHHO YCJIOXKHSET Mpoliecc pemeHus 3aaauu (2.22)-
(2.23). [ToaToMy Ha IpaKTHUKE JUIS OTIPEICIICHHS HallpaBIeHUS s (BO3MOXHO, HE
JYYIIEro) MepeXo T OT JaHHOM 3a/1auu K 3a7a4e JJMHEHHOTO MPOTPaMMHUPOBAHUS
IyTEM 3aMEHBI YKA3aHHBIX BBIIIE YCIOBAUM HOPMUPOBKH HA OTPAaHUYECHUS BUIA
-1<s, <I:

o —> min (2.24)

C,S, +C,S8, +...4+C,S, +0 =0,

i (Q))
§JseR" o eR aiylsl+ai’252+...+ai’nsnso,leI(x al

3 (2.25)

a;,S; +;,5, +...+a; ;S +ms0,iel(x(“))mIH,

i,n°n

-1<s; <l jel:n

rae  (cuCpnt,)=VE(x®), (a,,8,5,..a;,)= Vg, (x?).

ITocne TOro Kak IporpeccuBHoe HampasieHue S@ HaiineHo, maroBblii MHOXY-
TEJIb ONPEAENSAETCA 110 METOLY, OIIUCAHHOMY B 1I. 1°.

B 3akitoueHue OTMETUM, U4TO NPH MPAKTUYECKUX pacyeTax ajJrOPHUTM 3aBepliia-
eTCs IIPU JOCTHIKEHMU TAKOW TOYKH X , B KOTOPOM ‘Vf (xl <&, TAe & — JOCTAaTOYHO

MaJIo€ 4YHCJIIO.
HpeI[CTaBJIHeTCH MMOJIC3HBIM OﬁpaTI/ITL BHHUMAHHUE 4YUTATE/JIA U HA | TO, 4YTO

NpPUMEHSeMbIH /ISl pelleHus 3a4a4 JMHEHHOro NMporpaMMHPOBAHUSA CHM-
IUIEKC-METO MOKeT ObITh PACCMOTPEH KAK YACTHBIH CJOy4Yal MeToJa J0ILy-
CTUMBIX HampapjeHuil. B yacTtHocTH, 3Tan BhIOOpaA €TOJI0LA, BBOAMMOIO B

o4YepenHOi 0a3uc, COOTBETCTBYET ONpeAeICHHI0 J0NYCTUMOr0 MPOrpeccCuBHO-



ro HampasJieHusi. bosiee mogpoOHO 0 Takoii KOHIENIMU CUMILIEKC-METOAa

MOKHO NpoyecTsb B [1].

2.1.6. Ilpumep pemenuss 3HII MeTrogom nomycTuMbIX HanpasJeHuii. Pac-
CMOTPHUM IPOLECC NMPUMEHEHUSI METO/IA JOMYCTUMBIX HANPABICHUN HA KOHKPETHOM
npumepe. [lycts gana 3HII:

f(x)= X, + X, — max (2.26)

D:{XGR{

9,(x)=x2 +x2 -25< O,} (2.27)
g,(x)=x,-3<0 '

Urepanus 1. B xauecTBe HayanbHOro MpHOIMKeHHs Bo3bMeM Touky X =
(0,0). HetpyaHo 3aMeTUTh, YTO OHA YJOBJIECTBOPSET CUCTEME HepaBeHCTB (2.27), T. e.
xYeD. Jlna x» Bce HepaBeHCTBA BBINONHAIOTCA KAaK CTPOTHE, T. €. MHOKECTBO HH-
JIEKCOB aKTHUBHBIX OTPaHUYCHUUN I(x(l))z . Cnenosarensho, B x) moboe Hampase-
HUE SBIICTCS TOMyCTHMBIM, U HAM OCTAETCS ONPEICTUTh, C KAKUM IIIaroM 4, , MOYKHO
JIBUTAThCS BIOJB Tpajmenta nenesoi dymxmmn s® =vf(x¥)=(11). Cucrema Hepa-
BeHCTB Tuma (2.18), U3 pelieHuss KOTOPHIX OMPENesseTcs WHTEPBAN JOIMYCTUMBIX
3HAYEHUM IS A, JUIs1 JAHHOW 3a/1a4y IPUMET BU/L:

A+ -25<0 |A<4125
1-3<0 <! 1<3 =1¢[03]
) )

Torna

max (x® + 25 )= max (x® + 259 )+ (x& + A )) = max ((0+ A x1)+(0+ A x1)) = max (24)

2€[0,3] 2€[0,3] 2€[0,3] 2€[0,3]

nocturaercs npu A4, =3. OTcroga nojiy4yaeM Cleayouyo TOUKy

0+3x1 3

Urepauus 2. [lytem noacTaHoBku koopauHaT Touku x B (2.27) onpenenum
MHOXECTBO aKTHBHEIX orpanmuenuii B Touke x?:1(x?)={2}. CoorsercTBEHHO, 3a1a-
ya (2.24) - (2.25), koTopyto TpeOyeTcs: peluTh IS ONPEACIICHHsI TOMyCTHMOTO TIPO-
rpeccuroro Hanpasienus s? ¢ yuerom Toro, uro Vf(x®)=(11) u vg,(x?)=(01),
IPUMET BUJI:

o — min,



sVf(x?)+ o =s, +s, +0 >0,
~ svg,(x?)=0xs, +1xs, <0,
S:{seR?o0eR 92( ) S Riahe:
-1<s, <],

-1<s,<1

B manHOM ciiydae onTuMaibHbli miad 3JII1 HaXoAMTCs JOBOJILHO IPOCTO M pa-
BeH (o,s,,5,) =(-110). OTOPOCHB JIOMOJHUTENBHYIO TIEPEMEHHYIO G, TIOJIy4aeM BEK-
top $@ = (1,0), T. €. ouepeaHas ToUKa OYAET ONPENETATHC KaK

3+Ax0 3

JIeHCTByYsI 10 aHAJOTUH C MPEIBIAYIIEH WTEpAalHen, JUIsl ONPEIEIICHUS TPOMe-
KYTKa JOIIyCTUMBIX 3HAYEHHUM IIarOBOIO MHOXKUTEINA A COCTaBJIsIEM CUCTEMY Hepa-
BeHCTB (2.18):

g, (x? + 1s?)=3-3<0

0, (x? + 4s?)=(3+ A +32 —25<0 (
-]
220

3+1Y§16:>—4£3+1£4
220 220

OkoHYaTenpHO uMeeM A e [01].
Torna
e f (x2 + 1s%)= %]((xfz) + 252 )+ (x?) + 2s?))= %]((3 +A)+(3))= %](i +6)
jlocTUraeTcs npu 4, =1. Otcrona noiaydaeM cieaytontyio Touky X&) = (3,4).
Urepanus 3. B Touke x® MHOXECTBO aKTUBHBIX OrpaHUYeHHII OYyJET UMETH
BHJL 1(x®)=1,2}. Haiizem 3HAUEHMS IPaJUEHTOB: v (x®)=(11),
v, (x®)=(2x%,2x%)=(86) u Vvg,(x?)=(01).

3aaua onpenesieHUs J0MyCTUMOTO IPOTPECCUBHOTO HampaBieHus (2.24)-(2.25)
OyzleT UMETh BU/I;

o — min,
sVE ()t o =5, +5,+0 20,
S~Z seR’ o€ RSVgl(X(s))+TG:8Sl+6sz +70 <0,
’ Sng(X(3))=O><sl+1x s, <0,
-1<s5,<1-1<s,<1

3HaueHUE T U3 MPAKTHUYECKUX COOOpaKEHUH CieyeT OpaTh JOCTATOYHO MAJIbIM,
Hanpumep T = 0,001 . Omyckas pelieHre JaHHOM 3a7a4u, IPUBEIEM UHTEPECYIOLIUE
Hac KOMIIOHEHTHI ee onTumainsHoro miana: & = (0,0). UTak, He cymiecTByeT Hpo-
IPECCHBHOIO HampaBieHus, ucxosdmero u3 touku x&. Takum 06pa3oM, ONTHMAb-



HBIM TIaH paccMmaTpuBaeMol 3amaun (2.26)-(2.27) x™ = (4,3), a MakcUMalbHOE 3Ha-
yenue neseBod Gpynkiuu - =x +x¥ =7,

I'paduueckas wuIrOCTpalys MPOBEACHHOIO IMpolecca PEUIeHUs IpeCcTaBIeHa
rpaduuecku Ha puc. 2.6.

Puc. 2.6

HH}II/IBI/II(yaJILHbIe 3a1anud mo reme Ne 8.
«Pelienue 3a1a4 HETMHEMHOTO POTPAMMUPOBAHUS METOAOM JOIYCTUMBIX HAIIPaB-
JICHUN

Brima€rcs 3amada HemMHEWHOTO mporpammupoBaHus. llemeBas GyHKmus nuHEIHAa,
OJIHO U3 OTPAHUYCHUI JIMHEHHO, BTOPOE HEJIMHENHHO (KBaapatudHo). Tpedyercs pe-
IWTh 33J]a4y METOAOM JIONMYCTUMBIX HampaBiieHuu. [Ipu 3ToM mpeanonaraercs wuc-
MOJIb30BaTh KOMITHIOTEP C JIFOOBIM M3BECTHBIM CTYJICHTY MAKETOM JIsl MaTeMaTHde-
CKOT'0 aHaJIN3a.



IIpakTnyeckoe 3ansaTue Ne 9.
«HenvnHenHble ypaBHEHNS B YAaCTHbIX NPOU3BOOHbIX)»

[Tepexoapl cHCTEMBI U3 COCTOSIHUS B COCTOSIHUE MOXKHO paccMaTpUBaTh Kak
MIPOUCXOIAIINE TT0]T BIUSTHUEM HEKOTOPBIX TOTOKOB COOBITHIA.

[ToTok cOOBITHI HA3bIBACTCS PEryJasipHBIM, SCIIH COOBITHS CJICIYIOT OJIHO 32
JAPYTHM 9epe3 CTPOTO ONpeeIICHHBIC TPOMEKYTKH BPEMEHHU.

[ToTok COOBITHI HA3BIBACTCS CTANMOHAPHBIM, SCJIM BEPOSTHOCTDH IOSBICHUS
TOTO WJIM MHOTO YHCJIa COOBITHH Ha yJacTKE BPEMEHH JTTMHOW At 3aBHCHT TOJIBKO OT
JUTMHBI yYacTKa ¥ HE 3aBUCHUT OT TOTO, TJI¢ MMEHHO Ha OCH { pacrojio’KeH TOT yda-
crok. Ecau 0003Hauuth P, (t, t + At) BeposTHOCTH HOsBICHHS N TpeOoBaHMM (3a-

SIBOK, COOBITHI) B TIPOMEXYTOK BpemeHu (t,t+ At), To CBOHCTBO CTaIlMOHAPHOCTH
MO’KHO 3amucath Tak: P, (t,t + At) = P, (At). CranuoHapHOCTb OTOKa COOTBETCTBY-

€T HEM3MEHHOCTU YCIOBUH, MOCTOSHCTBY PabOThl CUCTeMbl. B 3TOM ciydae mioT-
HOCTh (MHTEHCHUBHOCTB) MOTOKa (CpeHee YUCIOo TpeOOBaHUM B €IMHUILY BPEMEHHU)
nocrosiHa: A(t) =const.

[ToTok coObITHII Ha3bIBaeTCA MOTOKOM 0e3 MOocJedelCTBUs, €CIIU BEPOsT-
HOCTh TIOSIBJICHUSI Ha JIIOOOM ydacTKe BPEMEHHU TOTO WJIM MHOTO YHCIia COOBITUN He
3aBUCHUT OT TOTO, KAKO€ YKCIIO0 COOBITUH TMOMajo Ha JPYrue y4acTKH, HE MepeceKaro-
IIMecs C JaHHBIM. JTO CBOWCTBO COCTOUT B TOM, YTO BeposiTHOCTH P, (t,t+ At) He

3aBUCHUT OT MOPSAAKA U MHTEHCUBHOCTHU MOCTYTUICHHS TpeOOBaHUM O MOMEHTA 1, T.e.
B TaKOM ITOTOKE TEKYIIHE TPeOOBAaHUS MOCTYITAIOT B CUCTEMY HE3aBHCHMO OT TIPE/I-
IIIECTBYIOIITUX.

[ToToK cOOBITHIF HA3BIBACTCS OPAMHAPHBIM, €CITH BEPOSATHOCTH TIOMAIaHUS Ha
AJIEMEHTapHbIH y4acToK At nByx wiam Oojee COOBITHUH TpEeHeOpeKuMo Maia TIo
CPaBHEHUIO C BEPOSITHOCTHIO TOMAIaHUS OJHOTO COOBITHS. DTO CBOMCTBO COCTOWT B
TOM, YTO TIPAKTUYECKA HEBO3MOXKHO OJIHOBPEMEHHOE IMOCTYIUIEHHE Ha 00CIyXKHBa-

HUe JBYX WM Gonee TpeboBanuii. Eciu 0603HauuTh P (At) BeposATHOCTH HOCTYII-
JIeHUs B cuUcTeMy 3a BpeMs At Oosiee olHOTO TpeOOBaHUs, TO ITO CBOMCTBO MOKHO

. P*(At)
BBIPA3UTh CieayomumM oopazom: |jm ————=0.
At—0 At

OpauHapHbIi MOTOK O€3 MOCIeACHCTBHUS HA3bIBACTCS MyacCOHOBCKUM. Eciu
COOBITHSI 00pa3yIOT IMyacCCOHOBCKHUM ITOTOK, TO YHCJIO COOBITHHA M, TaJaroniuX Ha
moboit  yuactok Bpemenu (t,t+ At), pacnpengeneno mo 3akoHy Ilyaccona:

am
P, (At) =We"a, € a — MaTeMaTHYECKOE OKMIaHME YHClIa TOYEK, IMOMaaronX

t+At
Ha yuactok (t,t + At): a= [A(t)dt.
t

Ecnu mnotHOCTh moToka A(t) = CONSt, To mMyacCOHOBCKHI MOTOK Ha3bIBAETCS
“cTaMOHApHBIM ITyaCCOHOBCKUM~ WJIM MPOCTEHIINM MOTOKOM.



B mapkoBckoM ciydaiiHOM mpouecce Bce MOTOKU COOBITHH, MEPEBOASAIINE
CHUCTEMY U3 COCTOSIHHS B COCTOSIHUE, SBJISIFOTCS TyaCCOHOBCKUMU.

Jljisa mpocTeliero moToka 4ucio COOBITHH, MONMaAaoIuX Ha 000 ydJacTok
TUIMHBL At, pacrtipeneneHo no 3akony Ilyaccona ¢ mapamerpom a = AAt.

Paccrossane T Mexmay ABYMS COCETHMMH COOBITHSIMH B TIPOCTEUIIIEM MOTOKE
€CTh HEIpEepbIBHAS CIIydalHas BEIMYMHA, PACIPEIEICHHAS 0 MOKa3aTEIbHOMY 3a-

KOHY ¢ IIIOTHOCTBIO f(¢) = de ™ (¢ > 0) u mapamerpamu m, =o; = 'R

[Tpu cymmupoBaHuM (B3aMMHOM HAJOKEHHH) OOJBIIOTO YUCIIa OPAMHAPHBIX
CTallMOHAPHBIX MOTOKOB (IIPU YCJIOBUH, YTO CKJIAJbIBAEMbIE MOTOKH OKAa3bIBAIOT HA
CYMMY NpPHUOJU3UTEIBHO PAaBHOMEPHO MajoO€ BIMSHUE) C MPAKTUUYECKU JIFOOBIM IO-
CJIEICHICTBUEM MOIYyYaeTCs IOTOK, CKOJIb YTOJHO OJIM3KUH K IpOCTEUIIEMY.

Eciau npomMexyTok BpeMeHH I paclpenelieH IO II0Ka3aTeIbHOMY 3aKOHY, TO
JM00bIe CBEIEHUS O TOM, CKOJIBKO BPEMEHHU YXKE JJIHIICSA 3TOT MPOMEXKYTOK, HE BIIUS-
I0T Ha 3aKOH paclpelesIeHus OCTaBLIerocsi BpeMeHU. 11oka3aTenpHbIi 3aKOH — €IUH-
CTBCHHBIHN, 00J1aTaI0IIUHA TAKUM CBOMCTBOM.

Ecnu noTok coObITHI HECTallMOHAPEH, TO €T0 OCHOBHOW XapaKTEPUCTUKOM SB-
JSIeTCSl MTHOBEHHAs TUIOTHOCTh A(t), ABISAIOMAsACS MPEAETIOM OTHOUICHHS CPEIHETO

qucaa COOBITHIA, MPUXOSIIETOCs Ha AIIEMEHTApHBIN ydacTok BpemeHu (t,t+ At), k
JUTMHE 3TOTO yYacTKa, KOTJIa MOCICIHSISI CTPEMHUTCSI K HYJIIO:
. m(t+ At) —m(t)
A(t) = lim =m'(t),
At—0 At
rae m(t) — maremaTudeckoe oxkuganue yucia coobrtuii Ha yuactke (0,t).

OpauHapHBIN TOTOK OJTHOPOJHBIX COOBITUN HA3bIBACTCS MOTOKOM C OTPaHU-
YeHHBIM nociaeneiicrBueM (vav morokom Ilanmbma), eciu MPOMEKYTKH BPEMEHU
MEX/1y MOCIeN0BaTEIbHOCTAMU COOBITUN T4, T, ... IPENCTABISAIOT COOON HE3aBUCH-

MbI€ CIy4YalHbIC BeIMUYNHbI. OUE€BUIHO, MPOCTEUIIINAN MTOTOK ABISECTCS YACTHBIM CITy-
gaeM notoka [lanema, B HeM paccTrosiHMs [; NpPEICTaBIAIOT cO0O HE3aBUCHMBIE

CIIy4alHbl€ BEJIMYMHBI, PACIpEeleICHHbIE IO IOKa3aTelbHOMY 3akoHy. Hecranumo-
HapHBIN TyaCCOHOBCKUM MTOTOK HE ABJISIETCSA MOTOKOM [lanbma.

JIns HecTalMOHApPHOrO MOTOKa (OpAMHAPHOTO, 0€3 MOCIeNeHCTBUS, C Tepe-
MEHHOH TUIOTHOCTBIO A(t)) 3aKOH pacmpeneicHus MPOMEXKyTKa BpeMeHU I MEexXIy
COCETHUMH COOBITUSIMU BBIpaXkaeTcs MIIOTHOCTBIO paCIpeIeICHUs B BUJIE

to+t
fi, (t)=A(to +t)exp| — [A()dt| (t>0).
to

IMoToxkoM DpJaHra K-ro mopsiika Ha3bIBacTCs MMOTOK, MOJTy9IaeMbIil U3 MPO-
CTCHIIIEro MmyTeM “‘paspexeHus”’, T.€. €CIi COXpaHuTh Kaxaywo (K +1)-to Touky, a

OCTaJlbHbIE yAAIUTh. OUEBUAHO, TPOCTEUIIHI MOTOK MOKHO pacCMaTpuBaTh Kak Io-
TOK OpJlaHra HyJIEBOTO IIOpsIKA.



[Tpu yBemmuenun mopsinka kK (k=0,1,2,...) (¥ OIHOBPEMEHHOM YMEHBIIIe-
HUW MaciTada 1o ocu t, genenneM Ha K +1) moTok Dpianra npuOImKaeTcs K pery-

1
JEIPHOMY IIOTOKY C IIOCTOAHHBIMHU HMHTCPBAJIaMH, paBHbBIMU ;

Ecan P”(k) — BEPOATHOCTHh MEPEXO0Ja CUCTEMBI U3 COCTOAHUA X; B COCTOAHUE

Xj Ha K -M mare, To BEpOSITHOCTb TOTO, 4TO cucteMa X OyzeT HaxomuThcs mocne K

I1aroB B COCTOSIHUM X; BBIPAYKAETCS (POPMYJION:

n k
Pi(k)=> P (k-DPY; i=1n.
j=1

NuauBuayanbHble 3a1aHust o Teme Ne 9.
«ITocTpoeHnne MapKkOBCKUX CETEBBIX MOJEIICI

[To onucanuio cucteMbl (MarasuH, 3alpaBOvHasi CTAHIMS, PEMOHTHOE MPEIPUSITHUE)
Y JAaHHBIM IO CPEAHEMY BPEMEHHU T€X WM HHBIX MPOLECCOB TPEOYeTCs] CTCTaBUThH
Mapkosckyro moaens CMO.



IIpakTnueckoe 3ansaTue Ne 10.
«MapkoBckue crnyyariHble NpoLecchl AN HENPEPbLIBHOTO BPEMEHW)

JIJis onrcaHusl Cy4aifHOro Tporiecca, MPOTEKAIoIIero B CHCTEME C JIUCKPET-

HBIMU COCTOSIHUAMHU Zg,...,Z,, YacTO IOJIb3YIOTCA BEPOSATHOCTSIMU COCTOSHUU

Py (t), R (), ..., P,(t), rne B (t), (k :ﬁ) — BEPOSATHOCTH TOTO, YTO B MOMEHT t cu-
creMa OyJeT HaXOJUTbCS B COCTOSHUM Z . .

n
OueBugno, uto Y B (t) =1.
k=0

Ecnmu mpouece, npoTekaeMsblil B CUCTEME C TUCKPETHBIMU COCTOSIHUSMU U HE-
MPEPBIBHBIM BPEMEHEM, SIBJISIETCSI MAPKOBCKHUM, TO JUISI BEPOATHOCTEW COCTOSIHUMN

B (1), (k =0,N) MOXHO COCTABUTH CHCTEMY JHHEHHBIX AH(QEPCHIMUAIBHBIX YPaB-

Henu Konmoroposa.

Ecniu umeercs pasmedeHHbldl rpad coctostHuit (puc.4.3) (3mech HaJ Kaxaou
CTpPEJIKOW, BEAYILEH U3 COCTOSHUSA B COCTOSIHUE, POCTaBJI€HA UHTEHCUBHOCTh MOTO-
Ka COOBITHIA, IEPEBOSIIETO CUCTEMY U3 COCTOSIHUS B COCTOSIHUE MO JAHHOM CTped-
Ke), To cucteMy nuddepeHInanbHBIX YpaBHEeHHH 11t BepositHocTeit B () mMoxHO

Cpa3y HaIMcCaThb, IMOJIB3YACH CICAYIOIIKUM IIPOCTHIM IIPABUJIOM.

y dP, (t
B neBoi yactu KaXXIO0I0 YpPaBHCHHUA CTOUT IIPOU3BOAHAA % , 4 B IIpaBOHU

YaCTH — CTOJIBKO YIEHOB, CKOJIBKO CTPEJIOK CBSI3aHO HEITOCPENCTBEHHO C JIAHHBIM CO-
CTOSIHUEM; €CJIM CTPEJKa BEAET B JIAHHOE COCTOSIHHME, YJIEH UMEET 3HAK IUIKOC, ECIIH
BEJIET U3 JAHHOTO COCTOSIHUS, YJIEH UMEET 3HaK MUHYC.

Kaxaplii usieH paBeH MIIOTHOCTU MOTOKA COOBITUM, MEPEBOASAIIETO CUCTEMY
0 TAHHOW CTPEJIKEe, YMHOKEHHON Ha BEPOSATHOCTh TOI'O COCTOSIHUS, U3 KOTOPOTO UC-
XOJIUT CTpeJIKa.

HavanbHble ycnoBus st MHTETPUPOBAHUS OTPAKAIOT COCTOSIHUE CUCTEMBI
B HavyaJbHbIM MoMeHT. Ecnu, HanpuMep, cucrema npu t =0 Oblna B cOCTOSIHUM Z;

TO IIOJIATAIOT
P(0)=1 R (0)=0 (k=i).

IIpeaeJbHBIM pPeKMMOM U1 CUCTEMBI X Ha3bIBAECTCS CIy4YalHBIM IIPOLIECC,
YCTAHABIIMBAOIIMKCSI B cucremMe npu t —oo. Ecau B yucie COCTOSHUM CUCTEMBI
UMEIOTCS COCTOSIHMSI 0€3 BBIXOJla, TO MpH ! —> 00 cucTteMa ¢ MpaKTHYECKOH T0CTO-
BEPHOCTBIO OKAJKETCS B OTHOM U3 HUX.

Ecnu Bce mOTOKM COOBITHIA, IEPEBOSAIINE CUCTEMY U3 COCTOSIHUSL B COCTOSTHUE,
craroHapHs! (A; =Const), ob1ee Y1cao COCTOSHII KOHEYHO U COCTOSHUN Oe3 BbI-

XOJla HET, TO MPEIEIbHBIA PEXUM CYIIECTBYET U XapaKTePU3yeTCsl MpeaebHbIMH
BeposiTHocTsimu B, (k =0,n).



NuauBuayaabHble 3aganus mo teme Ne 10.
«IToctpoenne cuctemol auddepenimaibubix ypaBHeHut Kommoroposa. [lonstue
MPEICIIbHBIX BEPOSITHOCTEN COCTOSTHHUI)

Jlns nonmyueHHoi B mpeabiaymieit Teme monenn CMO coctaButh cuctemy audde-
peHIHAIBHBIX ypaBHeHUM Konmoroposa. Haiitu npenenbHble BEPOSTHOCTH COCTOS-
1502078



IIpakTnueckoe 3ansaTue Ne 11.
«[MoTokun cobbiTnn. MogennpoBaHme nx ¢ NOMoLLbL MapKOBCKUX MOAENEn»

Knaccudukanuio mupokoro paznooopasusi CMO MOXHO MpPOBECTH MO pas-
JUYHBIM TIpU3HaKaM (Tabm.4.1).

CucremMbl MaccoOBOr0 OOCITYKMBAaHUSI C OKHJIAHHEM OBbIBAIOT PA30MKHYTBHIE U
3aMKHYyThIe. Pa30MKHYyTas1 (OTKpPBITasi) CHCTEMA — 3TO CUCTEMA C HEOTPAHUYEHHBIM
MCTOYHHUKOM MOTOKa TpeOOBaHMM (Hampumep, MOKyIMaTeIu B Mara3uHax, MacCcaxupbl
B METPO U T.J1.).

3amMKHyTasi — 3TO CHUCTEMa, B KOTOPOW MOTOK TpeOOBaHUN OrpaHUYEH. 3a-
MKHYTBIE CUCTEMbI OOCITY>KHMBAIOT KOHEUYHOE uncio TpeboBanuii. Kak Tonpko Tpedo-
BaHUs 00CTY)KEHBI, OHH BO3BPAIIAOTCS B HCTOYHHUK (puc.4.2).

3amayn TaKOro THUIMA YacTO BCTPEUAIOTCA MPHU SKCIUTyaTaluu MamuH (00opy-
JIOBaHUA), KOTJa OTPEMOHTHPOBAHHBIC MAIIMHBI BO3BPAIIAIOTCS B 1I€X M CTAHOBSITCS
HMCTOYHUKOM HOBBIX TPEOOBaHUIA.

VICTOUHUK KaHajer

TpeGoBanuA Ouepens oBCHIyXMUBaAHUS

A 4
A 4

BbIX01HOM NMOTOK TPeOOBAHMA

Puc. 4.2. Cxema paboThI 3aMKHYTBIX CUCTEM

CMO Ha3pIBaeTCs CHCTEMOM € OKMJAAHUEM, €CJIM 3asBKa, 3aCTaBIlas BCE Ka-
HaJlbl 3aHATHIMHM, CTAHOBUTCS B OuYepelb U JKIET, NOKa HE OCBOOOJUTCS KaKo-
HUOYIb KaHAaI.

Ecnu oxunanue 3asiBKM B 04epelv HUYEM HE OTPAHUYEHO, TO CUCTEMA HA3bl-
BACTCSA ““YMCTOM CHCTEMOM € O0KMJAAHMEM WM C HEOTPAHUYEHHBIM OKHIAHUEM.
Ecnu oxxnnanne orpaHM4eHO KaKMMHU-TO YCJIOBHSIMH, TO CHCTEMa HAa3bIBAECTCS ‘‘CH-
CTEMO# CMEMIAHHOI0 THIA . DTO NPOMEKYTOUHBIM CIydaill MEXIy YUCTOM CHCTeE-
MO C OTKa3aMHu U YMUCTON CUCTEMOM C OKHMJIaHUEM.

OrpaHuyeHnsi, HAJOXKEHHbIE HA O0XHUJAAHUE, MOTYT ObITh Pa3IMYHOTO THUIA.
Yacto ObIBaeT, YTO OrpaHMUYCHUE HAKJIAJAbIBAETCS HA BpEMs OXKUIAHUS 3asBKU B OYe-

eqU, T.€. OHO OIrpaHHUYECHO CBEPXY KAaKUM-TO CpPOKOM 7’ KOTOPBIN MOET OBITh
’ 0o1C °

KaK CTPOro OMNpEAETICHHBIM, TaK U CIydailHbIM. [Ipu 3TOM orpaHuumBaeTcsi TOIbKO
CPOK OKHMJIaHUS B OYEPENIH, & HaYaToe OOCITyKMBAHUE JOBOJIUTCA A0 KOHIIA, HE3aBU-
CUMO OT TOTO, CKOJIbKO BPEMEHM MPOJO0JDKAIIOCh OXKWJaHUE (HAmpuMmep, KIUEHT B
MapuKMaxepCcKoM, CEB B KPECI0, OOBIYHO yKe HE YXOIUT 0 KOHIA OOCITYKUBAHUS).



B npyrux 3agagax BO3MOKHO OTPaHMYEHHUE HE HA BPEMsI OKUIAHUS B OUEPEH,
a Ha oO1ee BpeMs IpeObIBaHUS B CUCTEME (HAIpUMEp, BO3AYIIHAS 1I€JIb MOXKET MPO-
OBITh B 30HE CTPENBOBI JIUIIb OTPAHUYCHHOE BpPEMs U MOKUIAECT €€ HE3aBUCHUMO OT
TOT0, KOHYMJICS 00CTpen WK HeT). YacTo BCTpevaroTcss OrpaHUYEHMS Ha JITTMHY O4e-
penu, T.e. 3asiBKa CTAHOBUTCS B OYEpEb TOJBKO B TOM CJIydae, €CIU JJIMHA O4Yepen
HE CJMIIKOM BEJIHMKa (TOProBbIE MPEANPUATHS, PEMOHTHBIE MAcCTEPCKUE C OrpaHu-
YEHHBIMH IUIOIIAIAMH U T.I1.).

NuauBuayanbHble 3aaanus mo teme Ne 11,
«IlocTpoeHne MOJENH U OnpeiesieHne OCHOBHBIX XapakTepuctuk CMO ¢ oTkazamm»

Jl1st mocTpoeHHOM B pazaene 9 Moaenu HauTu xapakrepuctuku CMO ¢ oTkazamu.



IIpakTnueckoe 3ansaTue Ne 12.
«MogennpoBaHne CUCTEM C MNOTOKaMM COBbITUI, OTSIMYHBIX OT MPOCTENLLMX»

Ecnu o0cnykuBaHue Npon3BOAUTCS MTO3TAITHO HEKOTOPOH MOCIE10BATEIBHOCTHIO
KaHaJI0B, TO Takyto CMO Ha3bIBatoT MHOT0()a3HOIA.

B CMO co «B3auMONIOMOIIbI0» MEXKIy KaHaJIaMH OJHA U Ta K€ 3asiBKa MO-
KET OJHOBPEMEHHO OOCIyXHBaThCs ABYMs M Oosee kaHaidamu. Hampumep, ogun u
TOT K€ BBILIEANINN U3 CTPOsI CTAHOK MOTYT OOCITy>KUBaTh ABa pabouux cpaszy. Takas
«B3aMMOITOMOIIb» MEXAY KaHaJIaMH MOYKET UMETh MECTO KaK B OTKPBITBIX, TaK U B
3aMKHYThIX CMO.

B CMO ¢ omu0kamMu 3asiBKa, IpUHATas K OOCIYyKHUBaHHUIO B CUCTEME, 00CITy-
’KUBACTCS HE C IOJHOW BEPOSITHOCTBIO, a C HEKOTOPOM BEPOATHOCTBIO P #1; npyru-
MU CJIOBaMH, MOTYT UMETh MECTO OLUMOKHU B OOCIYKHBAHUHU, PE3YJIbTATOM KOTOPBIX
ABJIIETCS TO, YTO HEKOTOpbIE 3asBKH, nomenimre CMO u axko0bl «00CITy)KEHHBIE», B
JEHCTBUTENBLHOCTH OCTAIOTCS HE 00CITYKEHHBIMU U3-3a «Opakay B pabore CMO.

[TpumepaMu TakUX CUCTEM MOTYT OBITh: CIIpaBOYHbIE OIOPO, MHOTAA BbIIAIO-
1€ HENPaBWIbHbIE CIIPABKU U yKa3aHUS; KOPPEKTOP, MOTYLIUI MPOMYyCTUTh OLIUO-
Ky WIM HEBEPHO €€ WCIPABUTh; Tele(pOHHAs CTaHUUWsA, MHOTJA COeIUHAomas ado-
HEHTa HE C TEM HOMEPOM; TOPrOBO-NIOCPETHUYECKNE (PUPMBI, HE BCET/1a KAYECTBEHHO
U B CPOK BBINOJHSIONINE CBOU 0043aTENbCTBA, U T. 1.

Jnsa ananmusa npouecca, nporekaromero B CMO, CyniecTBEHHO 3HATH OCHOB-
Hble MapaMeTpbl CHCTEMbI. YUCJIO KaHAJOB N, HHTEHCHUBHOCTh MOTOKA 3aBOK A,
MIPOU3BOAUTENILHOCTD KaXKJI0r0 KaHana 4 (CpelHee Yncio 3asBOK, OOCIYKUBAEMOE B

EAMHUIYY BPEMEHHU KaHAJIOM), YCIIOBUS 00pa3oBaHus 0Yepe/Id, MNHTEHCUBHOCTh yX0/1a
3asBOK U3 O4YE€PEAUN MU CUCTEMBL.

a
OtHomenne K, =—=— Ha3bBaloT KO3Q(PULMEHTOM 3arpy3KH CHCTEMBI.
un n

Yacro paccMaTpUBarOTCs TOJNBKO TAKHE CUCTEMBI, B KOTOPBIX K, <1.

Bpems ob6cnyxxkuanust B CMO MoeT ObITh KaK CIIy4ailHOM, TaK U HE CIy4ai-
HOW BennuuHOW. Ha mpakThke 3TO BpeMsi damie BCEro MPUHUMAETCS PACIIPEICIICH-

_ 1
HBIM 110 TTOKa3aTeIbHOMY 3aKkoHy f(t) = e " (t>0), wu=—

t06c
OcHoBHbIe XapakTepucTUkn CMO cpaBHUTEIBHO MaJIO 3aBUCST OT BHUJa 3aKO-
Ha pacnpenesieHus BpeMEHH OOCTY>KMBaHMsI, a 3aBHCIT TJIABHBIM 00pa3oM OT cpel-

Hero 3HaueHus t,;.. [loaToMy 4acTo MONB3yrOTCS JOIMYNICHUEM, YTO BpeMs 00ciy-

YKUBAHUS PACIIPECIICHO MO MTOKa3aTEIbHOMY 3aKOHY.

JlomyieHusi 0 MyacCOHOBCKOM XapakTepe MOTOKa 3asBOK M IMOKa3aTeIbHOM
pacripeqieieHud BpeMeHHM OOCIIyXKuBaHUs (KOTOpble Mbl OyJeM mpeanojaraTh
BIIPE/b) LEHHBI TEM, YTO MO3BOJIAIOT MPUMEHUTH B TEOPUU MACCOBOr0 OOCITYKHBa-
HUS armnapaT TaK Ha3bIBAEMbIX MAPKOBCKUX CIIyYailHBIX MPOLIECCOB.

O¢ddexTuBHOCTD cucTeM 00CTYKHMBAaHUS B 3aBUCHUMOCTH OT YCJIOBUW 3aJay U
HeJle MCCIeOBaHusI MOXKHO XapaKTepHU30BaTh OOJBIIMM YHCIOM Pa3HBIX KOJIWYe-
CTBEHHBIX TOKA3aTEJEH.



Haubonee yacTo NpUMEHSIOTCS CIAEAYIOIUE MOKA3ATEIH
1. BeposTHOCTB TOTO, 4TO OOCITy)KMBaHHEM 3aHATHI K KaHayoB — B .

YacTHBIM CilyyaeM SIBIETCS Py — BEpOATHOCTB TOTO, YTO BCE KaHAJIBI CBOOOIHBIL.
2. BepoaTHOCTB OTKa3a 3asBKH B 0OcayxuBanuu P, .

n
3. Cpennee uucino 3aHsAThIX KaHamoB N, = ) kP, Xxapakrepusyer cTeneHb 3a-
k=1
Ipy3KU CHCTEMBI.
4. CpemHee 4yuCIIO KaHAIOB, CBOOOHBIX OT 00CITYKUBAHUS:

n-1
Ny=2(n—-k)B,=n—-N,.
k=0

N
5. KosaguumeHt (BeposiTHOCTh) IPOCTOs KaHanos P, , = 9
n
6. Koapunuent 3arpy3ku 060pyoBanus (BEpOSITHOCTh 3aHATOCTH KaHAJIOB)
N
P,=—".
n

7. OTHOCHUTEIBHAS IIPOITyCKHaA CITOCOOHOCTH q — cpeansa Q01 MOCTYIIMBIINX

3as1BOK, OOCITy’KMBaeMasi CHCTEMOM, T.€. OTHOIIEHUE CPEAHEro Yucia 3asiBOK, 00ciy-
KUBAEMBIX CHUCTEMOW B €MHUITY BPEMEHH, K CPETHEMY YHCITy TOCTYMAIOIINX 32 3TO
BpEMS 3a51BOK.

8. AGcomtoTHas MPOIyCKHAs CHOCOOHOCTH A, T.e. YHCIO 3asiBOK (TpeboBa-
HUI1), KOTOPOE MOXKET OOCTYKUTh CUCTEMA 34 €AUHUILY BPEMEHU:

A=11-P,.)=10.
9. Cpennee BpeMst IpOCTOs KaHaja
ey
HP,
Jljis cucTeM ¢ 0KHAAHUEM HCTIONb3YIOT JOMOIHUTEIbHO XapaKTePUCTUKU:

10. Cpennee BpeMs okuaaHus TpeOoBaHUM B ouepeau

ooc*

11. Cpennee Bpems npeObiBanus 3aaBku B CMO 7. =1, . +1,;..
12. Cpennsist nnuHa ouepenn N, =Af ..

13. Cpennee uucio 3asBok B chepe odcayxkuBanus (B8 CMO)

o0
N, => kR =N, +N, =4t .
k=1
14. BeposATHOCTh TOTrO, YTO BpeMs NpeObIBaHUS 3asBKM B OYEpEIM HE IIPO-
JIMTCS OOJIBIIE ONPEEIEHHOTO BPEMEHH.
15. BeposATHOCTB TOTrO, 4TO YMCIO TPEOOBAaHHI B OYEPEIU, OXKUIAIOIINX HAYa-
71a 00CTy>KUBaHMS, O0JIbIIIE HEKOTOPOTO YHUCIIA.
Kpome nepeunciaeHHbIX KPUTEPUEB NPH OLIEHKE d()(HEKTHBHOCTH CHUCTEM MO-
I'yT OBITH MCIIOJIE30BaHBI CTOMMOCTHBIE MIOKA3ATEJIN .
C,s — CTOMMOCTB OOCITy’KMBAHHUS KaKI0T0 TPEOOBAaHHS B CHCTEME;

CO.?!C — CTOUMOCTD IMOTEPb, CBA3AHHBIX C O KUJAHHUEM B CAMHUIY BPCMCHH,



Cy — CTOUMOCTD Y6I>ITKOB, CBA3aHHBIX C YXOI0M TpC6OB3.HI’II>i N3 CUCTCMBI,

C, — CTOUMOCTB 3KCIUTyaTallud KaHalla CUCTEMBbI B €IMHUILY BPEMEHH;

C,, — CTOUMOCTb €IUHHIIbI IIPOCTOS KaHAJIA.

ITpu BBIOOpE ONTHMANILHBIX IIAPAMETPOB CUCTEMBI 110 3KOHOMUYECKUM I10Ka3a-
TEJISIM MOXKHO UCIIOJIb30BaTh CICIYIOUIYI0 GYyHKIHMIO CTOMMOCTH NOTEPh!

a) JUI CUCTEM C HEOTPAaHHUYEHHBIM OKHIaHUEM

c,=C,.N,,+C, Ny+C.N,)T, rne T —UHTEpBaI BPEMEHU;
0) st cucrem ¢ otkasamu C, =(C, N, +C,, Ny +C,F,, AT
B) 1t emetnansbix cucrem C, =(C, Ny +C,, N, + C N, A+ CN )T .

0oHC™ " 04
BapuaHTbl, B KOTOpBIX MpeayCcMaTpUBAETCS CTPOUTEILCTBO (BBOJA) HOBBIX
AJIEMEHTOB CHUCTEMBbI (HAapUMEpP, KaHAJIOB OOCIYKUBaHUS), OOBIYHO CPABHUBAIOTCS
10 NpuUBeACHHBIM 3aTpatam C,, .

IIpuBeneHHbIE 3aTpaThl MO KaKIOMY BapHaHTy €CTh CyMMa TEKyIIMX 3aTpaT
(cebecTOMMOCTH) M KalMTaldbHBIX BIIOKEHHM, MPUBEICHHBIX K OJUHAKOBOM pa3Mep-
HOCTH B COOTBETCTBHH C HOPMAaTUBOM 3(P(PEKTUBHOCTH, HAIIPUMED:

C,p =Cn + E,Cy,, (IpUBEICHHBIC 3aTPATHI 32 TOX);

H ™~ Kan

Cnp =C,I,+C

'an (IPABEICHHBIE 3aTPAThI 38 CPOK OKYIIAEMOCTH),

rie  C, — TeKymme 3aTparsl (ce0ECTOMMOCTB) M0 KaKA0MY BapHaHTY, P.;

E, — oTpacieBoii HOpMAaTUBHBIN KO3((GULIUEHT SJKOHOMHUYECKOHN 3P (PEKTUBHO-
CTH KaIlUTaIbHBIX BiIOKeHu# (00braHo E, = 0,15 - 0,25);

C. ., — KallUTaJIbHBIE BJIOXKEHUS MO KaXXJI0MY BapHUaHTY, p.;

T,, — HOpPMaTUBHBIN CPOK OKYIIAEMOCTH KAIIUTAJIbHBIX BJIOKECHUN, JIET.

Beipaxxenune C,,, +C,T, ecTp CyMMa TEKylIMX U KalWTaJbHBIX 3aTpaT 3a

onpeeCHHBIM nepro. X Ha3bpIBalOT MPHBEIEHHBIMH, TaK KaK OHHM OTHOCATCS K
(MKCUPOBAaHHOMY OTpPE3Ky BpEMEHH (B JaHHOM CJIy4ac K HOpPMAaTHUBHOMY CPOKY OKY-
ITaeMOCTH).

okasarenmu C, u C,, MOIyT IPUMEHSTBCS KaK B BUJE CYMMBI KallUTAIbHBIX

BJIO)KEHHM U ce0E€CTOMMOCTH TOTOBOM MPOJIYKIIMU, TaK U B BHUJEC yAeJbHBIX KaNu-
TAJbHBIX BJIOKE€HMI Ha €UHUILY TPOIYKIIMU U CEOECTOMMOCTU €IUHUIIBI TPOIYK-
LIUH.

NuauBuayanbHble 3a1aHusi o Teme Ne 12,
«ITocTpoenne Mozieniv U ONpeAeIeHUE OCHOBHBIX XapakTepucTuk CMO ¢ KOHEUYHBI-
MU AU 6CCKOH€‘IHBIMI/IOLI€pe)1$IMI/I»

JIns mocTpoeHHOM B pazaene 9 monenu Haltu xapakrepuctuku CMO ¢ ouepensmu.



IIpakTnueckoe 3ansaTue Ne 13.
«Cunctema audpdepeHumanbHbix ypaBHeHun Konmoroposa. NoctpoeHue un
cnocobbl peLeHnsa»

IIpumep Ha cranHuuio Tekyiiero peMoHTa aBTOMAIMH TMOCTYIMAET MPOCTEH-
M TOTOK 3asBOK ¢ MHTEHCUBHOCTHIO A =0,5 Mamuubl B yac. Umeercst oiHO T10-

MEILIeHHE JUIsl peMOHTa. Bo IBope cTaHIIMK MOTYT OJJHOBPEMEHHO HAXOJUThCS, OKHU-
nast B oyepenu, He Oosee Tpex MamuH. CpegHee BpeMs peMOHTa OJTHOM MaIIuHbI 2 4.
JIist yydmieHus: o0Cy>KUBaHUS OBUTH CICTIaHBI 1BA MIPEAJIOKCHUS:

1) TOMOJHUTENBHO MOCTPOUTH OAHO MOMEIICHUE JJIsl PEMOHTA;

2) IOMOTHUTEIBHO TOCTPOUTD JIBA TOMEIICHUS JIJI PEMOHTA.

CTpoHTENbCTBO OJHOIO NMOMEMICHMS Uil peMOHTa aBToMamuH ctouT 200
ThIC.p. [loTepu OT 0TKa3a B CBOEBPEMEHHOM OOCIIYKMBAaHUU OJTHON MAaIllMHBI COCTaB-
nst0T 400 p./roa. IToTepu ot mpocTost OHOTO MOMeEIeHUs (KaHada) cocTaBisaoT 20
p./4. I3 Tpex BO3MOXXHBIX BapHaHTOB CHUCTEMbI (OJHO, JBA, TPH MOMEIICHHUS) HEOO-
XOJIUMO BBIOpATh JIYYIIMH 10 KPUTEPUI0O MHUHUMAJIBHBIX IPUBEJASHHBIX 3aTpar
(Eyq =0,2).

Pemrenne. Bce BenmmumHbI IpUBEAEM K TOAOBOMY NEPUOAY BpeMeHH. MMeem
0,5 nmocryruieHuit (3asBOK) B 4ac, ClIe0BaTENbHO, 3a CYyTKH ux Oyaet 24-0,5=12, a 3a
roa 12:365=4380. Imeem CMO cMmenaHHOTO THUIIA ¢ OTPAaHUYCHUEM I10 JIJIMHE OYe-
peau. Ee xapakrepuctuku: A=0,5, u=0,5 a=A/u=1;, m=3; n=1.

1. OnpenennM BepOSTHOCTH OTKA30B B PACCMAaTPUBAEMBIX CITydasiX:

n ml o, k nom s
a) n=1: PomK:Pn+m:a_(g) ZOZ_—I'OZ_Z(ZJ # 092;

T 14143

n! \ n i—o k! n! ;S\ n
1
0)n=2: P, . =P5= 116 :i=0,021;
1+1+1/2+1/4+18+116 47
1/162 1

_ — = -0,0022.
1+41+22+16+16(1/3+1/9+1/27) 445

2. OnpeaesuM MPOCTOM CUCTEMBI:

-1

) n gk " ma)
a) n=1: Pl’lp = PO = gOF-FFSZ:;L[Fj —0,2.

I"onoBoii honx paboyero BpemeHu coctaBut 7, = 36524 =8760.

IIpocrtou 3a rox coctaBsat 8760-0,2 = 1752 u.
0) N=2. 3aech MpocTOM MOMENIEHUH 3a TOJ OYyJIyT CKIIaIbIBATHCSA CIETYIO-
mum obpasom: T, = (2R, + P)T,.



HNmeem F) = i—7 =0,34;

R="F=034.

[Totepu 3a rox coctaBsat 8760-(2:0,34 + 0,34) = 8760-1,02 = 8935 u.
B) n =3. [Ipoctou 3a roja B 3TOM ciay4yae OyayT paBHBI

81

162, , _a, _ 162,
TR VT
T :8760.(3-162_F2-1624_
P 445 = 445

445

KoHeuHble pe3ynpTaThl pacyeToB cBeAeM B Ta0.4.10.

Pe3ynbTaTel penienus 3aaauu

81 )__891-8760

445

=17540.

Tabmuua 4.10

Kon-so | Bepo- |IIpoctom | Komu- |Ilorepu |Ilorepu | domon- | [Ipuse-
nome- ATHOCTbH | IOMENIE- | YECTBO | OT OTKA- | OT MPO- | HU- JICHHBIE
HIEHUHA | OTKa3a | HUM 3a OTKa30B | 30B 3a CTOEB TEIb- 3aTpa-
g pe- | B 00- rof, 4. 3aron | rox, pyo. | mome- HBIE 3a- | THI,
MOHTA CITYKH- HIeHW#, | TpaThl, | pyo.
BaHHUH pyoO. pyoO.
1 0,20 1752 876 350400 35040 0 385440
2 0,021 8935 93 37200 178700 | 200000 | 255900
3 0,0022 | 17540 9,64 3856 350800 | 400000 | 434656

BoiBoj: 11€71€6C000pa3HO UMETH JIBA MOMEIICHUS JIsl PEMOHTA.

NuauBuayaabHbie 3a1aHust mo Teme Ne 13,
«ITocTpoeHue Moaenu 1 ONpEaEICHUE OCHOBHBIX XapaKTePUCTUK 3aMKHYThIX CMO,

PCIICHUEC ONITUMHU3ALIMOHHBIX 3a1a9)»

Jlyist paHee pacCMOTPEHHOMU 3a/layd BHIOpaTh ONTUMAILHOE KOJWYECTBO KaHAIOB 00-
CITYKUBaHUSI




