CIIeIUTe B3a OOHOBIEHUAMU HA

http://fitu.narod.ru

CkaHupoBan u npaBun KoHgpaToB Ceprein aka Serra

e-mail: serra@tut.by
COJIEPXXAHUE

JlabopatopHasipaboraNe 1. [TpoekTupoBaHue
M QHAJIU3 CUCTEM OOCITYKMBAHMSL ... ... 3

JlabopatopHas padora Ne2. O1ieHKa U BBIOOpP BapUaHTOB
CJIOXKHBIX CHCTEM Ha 3TaIe MPOSKTUPOBAHMSL ... ... 15

JlabopaTopHast padora Ne3. MoaenrpoBaHue OpraHU3alMOHHON
CTPYKTYPBI YIPABASHUS IPEATIPUSITHEM. ... ... 26

JlabopaTopHast pabora Ne4. [1naHupoBaHMe BKIaaa
CPEICTB B ITPOUMBBOMCTBO. .. ...\ oo 36

JlabopaTtopHasi pa6ota NeS. MeTonbl peleHust

3a7a4 KaJCHAAPHOTO TIAHUPOBAHMSL ... 42
JlaGopaTtopHas padora Ne6. OnrTMaibHOE 0TOOpaKeHME
MHOXeCTBa (OYHKLIMI CUCTEMBI 10 €€ DJIEMEHTAM. ................................................. 48
JlabopaTopHast pabora No7. AHaJIM3 U pelleHue
3a0a4 PACTIPEAETCHMS PECYDCOB. ... o 56
JlabopaTopHas padora Ne8. ITocTpoeHue, MoaeMpoBaHue
M aHaJW3 IUCKPETHBIX MPOM3BOACTBEHHBIX CUCTEM...................................... ' 64

JIATCDATYDA. ... o 78

MunuctepcTBo obpasoBaHusi Pecnyonuku Benapych

BEJIOPYCCKUW TOCYJIAPCTBEHHBIN YHUBEPCUTET
UHPOPMATHUKN W PAAWOBIEKTPOHUKN

Kadenpa nHpopMallMOHHBIX TEXHOJOTUI

Bb.B.Hukynbimx, A.A.MBanunkos, O.H.CuBupeHuena

JIABOPATOPHBIN TTPAKTUKYM
no Kypcy " OCHOBbI aBTOMATM3WPOBAHHOIO YIpaBJIeHUs "

JUIS CTYAEHTOB CIIELUATIbHOCTU
"ABTOMaTU3UPOBAaHHbIE CUCTEMBI 00pabOTKM MHMOpMaLUu"”

Munck 1999



VK 62.50

Hukynpmiun b.B., WBaHuukoB A.A., CusupeHuesa O.H. JlaGopatopHbiii
NpakTUKyM Mo Kypcy " OCHOBBI aBTOMaTU3WPOBAHHOIO YIpaBJieHUS "IUISI CTYIEHTOB

crelMaibHOCTU "ABTOMATU3MPOBAHHbIE CHUCTEMBbI 00pabOTKM uHMopMmauuu”, MH.:
BI'YUP, 1999.- 80c.

[TpakTUKyM coOOepXXUT ONMucaHue JabopaTOpHbIX paboT Mo Kypcy "OCHOBbI
aBTOMAaTM3MPOBAHHOIO yMpaBJICHMs ', KOTOPbIA YMTAeTCs CTYIAEHTaM CIIeLMaJIbHOCTH
"ABTOMAaTU3MpPOBAaHHbIE CUCTEMbI 00pabOTKM MHMOpMauuun”.

IIpenHa3HayeH masi WM3ydyeHMs TPUKIAAHBIX METOOUK M IPUOGPETeHUSs
NPaKTUYECKUX HAaBBIKOB MPOEKTUPOBAHUS aBTOMATM3UPOBAHHBIX CHCTEM OOPabOTKU
nHboOpMaLlMM W YIpaBlieHUs MoOeldeld W METOAOB TNPHUHSTUS pelleHWid B
aBTOMAaTU3UPOBAHHBIX CUCTEMaX 00pabOTKU MH(OpMaLIu.

JlaGopaTopHble paboThl BbIMOJHEHBl Ha Oase [IDBM corpynHuKamu Kadenpsl
MCKYCCTBEHHBIX  MH(MOPMALMOHHBIX TEXHOJOrMid  beropycckoro — rocymnapCTBEHHOIO
YHUBepCcHUTeTa UHGOOPMATUKY U PATUOJIEKTPOHUKMU.

Wn. 37, Tadn. 10 , ciucok autepatypbi-23  HasB.

© b.B.Huxkynpmun, A.A.MABaHUYUKOB,
O.H.Cusupenuesna, 1999



JIABOPATOPHASY PABOTAN 1

IIPOEKTUPOBAHUE I AHAJIN3 CUCTEM
OBCIIVKVIBAHUSA

1.1. Leap paGoThl

1. O3HakoMJieHUE c MeTolaMu MMUTALOHHOTO MOJEJUPOBaHUS,
NPUMEHSIEMBIMH B TIPOLIECCE PAHHETO MPOEKTUPOBAHUS CUCTEM OOCITYXKMBAHUS.

2. TlporpamMHasi peaqu3alusl airOPUTMa MOJIEIN CUCTEM OOCIYXKUBAHMUSI.

1.2. O0ume cBeaeHust

1.2.1. Mogenb, MoaeaMpPOBaHUE

B Hacrosiiiee Bpemsi Helib3sl Ha3BaTh 00JACTh YENIOBEYECKOM NEesITENIbHOCTH, B
KOTOPOW B TOW WJIM WHOW CTEMEHU HE UCIOJb30BAIUCH Obl METONBl MOIEIUPOBAHUSI.
OCO0EHHO 3TO OTHOCUTCS K cdepe MpOEKTHPOBAHHUSI, aHalM3a M yIpaBIeHUs
Pa3INYHbBIMU CUCTEMAMU, II€ OCHOBHBIMU ABJIAIOTCA IPOLECCCHI MPUHATUS pemeuuﬁ Ha
OCHOBE ToJly4aeMoii MHGhOPMALIUHU.

lunote3bl ¥ aHaMOTWM, OTpaxalollue peaibHbI, OOBLEKTUBHO CYIIECTBYIOLIUI
MUD, JOJIKHBI 06na[u/m> HArJIsIAHOCTbIO UJIU CBOOUTLCS K y[lO6HbIM IJI1 UCCieJOBaHU ST
JJOTUYECKUM CXEMaM: TaKME€ JIOTUYCCKHUE CXCEMbI, VYIPOLIAIIUE PpaCCyXIACHUA U
JJOTUYECKUE TTOCTPOCHUSA MU IMO3BOJAKIINUEC IMPOBOANUTL SKCIICPUMCHTDI, YIIPOLIAIOLINEC
NpUPOY SIBICHUMN, Ha3bIBAIOTCS Modeaamu. JIpyrumu cioBamu, moneib (nar. modulus
- Mepa) - 3T0 OOBEKT-3aMECTUTENb O0BEKTa-OpUIMHANA, O0eCTeynBaAIOUINI U3yyeHue
HEKOTOPbIX CBOICTB OpUIrMHala.

3amellieHre ONHOTO OOBEKTa OPYTMM C LEJbl0 MOJydeHusT WHdopMauuu o
BaXXHEMIMX CBOWCTBaX OOBEKTa-OpUTMHANA C TOMOLIbIO O0BEKTAa-MOJEIN Ha3bIBAETCsI
Mmodeauposanuem, TaxuMm o00pa3oM, MOIEIMPOBAHUE MOXET ObITh OMNpENENeHO Kak
npejacTaBieHUe 00beKTa MOJEIbIO sl TOJNydYeHUs MHDOpMaUUU 00 3TOM OOBEKTE
MyTeM MPOBEICHUs SKCIIEPUMEHTOB C €r0 MOJIEIbIO.

CnenyeT OTMETUTb, YTO C TOYKM 3peHust Guiaocoduu MOAEIUPOBAHUE -
3dexTBHOE CcpencTBO MO3HAHUS MpUpoabl. [Ipoliecc MOAENTUpPOBAaHUS Mpennojaraet
Hajiuyue: OOBEeKTa MCCIeIOBaHUS; MCCleIoBaTeNisd, Tepel KOTOPbIM —TOCTaBleHa
KOHKpeTHasl 3ajaya; MOJeNu, CO3laBaeMoi JJisl MOoJaydeHus] MH@opMmaluu o0 oObekTe.



I[prueM 1O OTHOWIEHWIO K MONENU WCCIENoBaTeNlb SIBISIETCS IO CYTU Jiejia
SKCIIEPUMEHTATOPOM, TOJBKO B IaHHOM CJlyyae SKCIEPUMEHT IIPOBOIUTCS HE C
pealbHBIM OOBEKTOM, a C €ro MoeNiblo. Takoil 9KCHepUMEeHT [UIsi WHXeHepa-
CHCTEMOTEXHHUKA - €CTh WHCTPYMEHT HEMOCPEACTBEHHOTO PEelIeHUsT OpPTraHu3alliOHHO-
TeXHUYEeCKUX 3a/1a4.

Hcropuuecku TIepBBIM  CIIOXWUIICSI  aHaAumu4eckuili nooxod K WCCIIeIOBaHUIO
cucteM, korma DBM wucnonb3oBaiach B KauyecTBE BBIYMCIUTENSI 1O aHATUTUIECKUM
3aBUCUMOCTSM. AHAIN3 XapaKTepUCTUK TIPOIeccoB (YHKIIMOHUPOBAHUS OOJBIINX
CHCTEM C TIOMOIIBIO TOJIBKO aHAJTUTUYECKMX METONOB MCCIEeNOBAHUS HATAIKUBACTCS
OOBIYHO Ha 3HAYUTEIbHBIC TPYAHOCTH, TIPUBOISIINE K HEOOXOMUMOCTH CYIIECTBEHHOTO
VIPOIIEHUsT MoJeneid Tubo Ha dTane WX TMOCTpoeHwus, Jubo B Tpoliecce paboThl ¢
MOJIENTBIO, YTO MOXET MPUBECTU K MOTYYEHUIO HEJOCTOBEPHBIX PE3YJIbTaTOB.

[Moatomy B Hacrosiiiee BpeMsl Hapsily C TOCTPOCHUEM aHAJIMTUYECKUX MOIeseit
GoJIbIlIoe BHUMAaHME yAEJSeTCsl 3amadyaM OIIeHKU XapaKTepPUCTUK OOJIBIIMX CUCTEM Ha
OCHOBE UMUMAUUOHHbIX MOOedell, PEaTN30BAaHHBIX HA COBPEMEHHBIX YHUBEpPCAJTbHBIX
OBM. [Ilpy UMUTALMOHHOM MOJEIMPOBAHUM DPEAIU3YIOLUIMA MOIEIb  AITOPUTM
BOCIIPOU3BOAUT TpollecC (GYHKIMOHUPOBAHUS CHUCTEMBI BO BpPEMEHM, TIpUYEM
UMUTUPYIOTCST JIEMEHTApHBIEC SIBJICHUSI, COCTABJISIIOIINME TPOIECC, C COXPaHEHUEM WX
JIOTUYECKON CTPYKTypbl U  TIOCTENOBATENBHOCTA TIPOTEKAHWS BO BPEMEHHU, YTO
TO3BOJISIET 1O WCXOAHBIM NAaHHBIM TIONYYUTh CBENEHUS] O COCTOSTHUSIX TIpoliecca B
omnpeneeHHbIe MOMEHTHI BPEMEHW, NAIOlIe BO3MOXHOCTb OLIEHUTh XapaKTePUCTUKU
cucteMbl. B Hacrosiee BpeMs WMUTAIIMOHHOE MOJAEIMpPOBaHWE - Haubomee
3¢ DEeKTUBHBI METOIl WCCIeNOBaHMS OOJBIIMX CHUCTEM, a YacTO W eIUHCTBEHHBIM
MPaKTUIECKU MOCTYMHBIM METON TOJydeHUss WHGOPMAlMd O TIOBENEHUU CHUCTEMEI,
0COOEHHO Ha 3Tare ee MPOeKTUPOBAHUSI.

Korma pesynbrarel, TONydyeHHBIE TIPU BOCIPOU3BEIEHWM HAa WMUTAIIMOHHOW
MOJIeJH Tipotiecca GYHKITMOHUPOBAHUSI CUCTEMBI, SIBIISTIOTCS PeaTn3alisiMU CITydailHbIX
BeJIUYUH U PYHKIMI, TOTAA IJIsT HAXOXICHUS XapaKTepUCTUK TIpoliecca TpebyeTcst ero

MHOI'OKpaTHO€ BOCITPOU3BCACHUE C nocneﬂy}omeﬁ CTaTUCTUYECKON 06pa60n<0ﬁ

uHdopmMauu.

1.2.2.MaremaTtuyeckasi cxema CUCTEM MacCOBOTO OOCTY>KMBaHUSI
3HauYUTEIbHOE MECTO B TEOPUM MMUTAIIMOHHOTO MOICIMPOBAHUS 3aHUMAIOT
cucmembl maccogoeo oocayyucusanus (CMO). CMO (queuing system) TIpenCTaBISIIOT

coboif KJlacC MaTeMaTU4eCKuX CXEM, pa3pa60TaHme B TCOpUM MACCOBOIO



OOCTYyXMBaHMS M  pa3IMYHBIX TPWIOKEHUAX A  GopMaau3aldd  IPOLIECCOB
(YHKIIMOHMPOBAHUS CHUCTEM, KOTOpble II0 CBOEil CYTHM SBISIIOTCS IpoIlleccaMK
obcayxuBanus [17].

B kauecTBe mporecca 00CTy>KMBAaHMSI MOTYT OBITh IPEICTABICHBI pPa3IUYHbIEC IO
CBOE Mpupoae Mpouecchl QYHKIIMOHUPOBAHUSI SKOHOMUYECKUX, TTPOU3BOACTBEHHBIX,
TEXHUYECKUX W JIPYTUX CUCTEM, HAIpUMEp: ITOTOKM ITOCTABOK IIPOMYKIIMU HEKOTOPOMY
MPEANPUITUIO, TIOTOKHU JeTalell U KOMIIEKTYIOLINX U3IeInii Ha cOOpOYHOM KOHBeliepe
1exa, 3asiBKM Ha 00paboTKy MH(MOPMAIIMU cepBepaM OT YAaJIEHHBIX pab0OYnX CTAaHIIMN 1
1.a0. I[lpy 3TOM XapakTepHBIM [UISI pabOThl TaKMX OOBEKTOB SBJSETCS CJydaiiHoe
MOSIBJICHUE 3asBOK Ha OOCIyXMBaHWE M 3aBepllieHHe OOCIYXMBaHUS B CIydallHbIC
MOMeHTHl BpeMmeHH. OctaHoBMMCS Ha OCHOBHBIX TIOHSITUSIX TEOPHMU MAacCOBOTO
o0CnyXMBaHUSI, HEOOXOAUMBIX IS HKcnodb3oBaHusi cxeM CMO kak npu
aHAJIMTUYECKOM, TaK U [1py1 MMUTALIMOHHOM ITOIXOJIE.

B moboM seMeHTapHOM akTe OOCHYKMBAaHUS MOXHO BBIIEJIUTH BE OCHOBHBIC
COCTABJISIONINE: OXHIAHUE 3asBKOM OOCHYKMBAHUS M COOCTBEHHO OOCITyXHMBaHUE
3aBKM. OTO MOXHO M300pa3uTh B BUAE HEKOTOporo Iipubopa oOciayxuBaHus P
(puc.1.1.), cocrosiero u3 HakomnuTteyas 3asiBOK H, B KOTOpoM MOXET OQHOBPEMEHHO
HaxonutTbesi 1 = 0, ... L 3aaBok, rae L - eMKOCTb HaKOMUTENSI, M KaHajla 00CIyKMBaHUS
3aaB0OK (M mpocrto kaHama) K. Ha kaxnablii snemeHT mnpubopa oOciyxuBaHus P

OoCTYyNarT IMMOTOKU coObITUI: B HakonuTeab H morok

ur
T . ! 3as1BOK W, Ha KaHai K - TOTOK 0OC/Iy>XUBaHUU U.
I K ! .
W) | Ilomoxom cobbimuii Ha3bIBaeTCs
re—— .
I JY MOCJIeIOBATEeIbHOCTh COOBITU, IPOMCXOASIINX OIHO
Lo e e e e —

3a IPyTUM B KaKKWe-TO CilydaliHble MOMEHTbI BPEMEHH.
Puc.1.1. I1pubop obcayxu-

BaHUA 3asBOK

[MoTtox coObITHIT Ha3BIBAETCS 00HOPOOHBIM, €CITU OH
XapaKTepu3yeTcsl TOJbKO MOMEHTaMHU HACTYIUICHUS
9TUX COOBITUN (BBI3BIBAIOLIMMHU MOMEHTAMM) W 3alaeTcsl TO0C]eqOBaTEeTbHOCTHIO
{t.} = [0=ststy << ...}, rme t, - MOMEHT HACTYIUIEHUMsI N-TO COOBITUS -
HeOTpUIaTeTbHOE BEUIeCTBeHHOe 4ucio. OTHOPOMHBIN TOTOK COOBITUN TakKXe MOXET
OBITH 3a/laH B BUIE TOCJIEN0OBATENILHOCTU TIPOMEXYTKOB BPEMEHU MeXay n-M u (1-1 )-m
COOBITUSIMU {Ty}, KOTOpasi OJHO3HAYHO CBSI3aHA C TIOCIIEIOBATENBHOCTHIO BBI3BIBAIOLINX
MOMEHTOB {t }, TIe T = ty-tyy, n21,t, =0, T8, 1, =4,.

Tlomoxom HeoOHOpOOHbIX cobGbimuil Ha3bIBaeTCs TOCIEN0BATeIbHOCTD iy, fi},
rie t - BbI3bIBalOLIME MOMEHTHI; f - Habop mnpusHakoB coObiTusd. Hampuwmep,

n

NPUMEHUTEIIBHO K IIPOLECCY O6CIIy)KI/IBaHI/IH JJI1 HEOAHOPOAHOI'O IMOTOKA 3as1BOK MOXKET



ObITb 3aJaHa NPUHAMLICKHOCTh K TOMY MJIM MHOMY WCTOYHMKY 3asBOK, HaJllyue
NPUOPUTETA, BO3MOXHOCTb OOCIYXUBAHUS TEM WM UHBIM TUIIOM KaHaja u T.1. [17].

OObBIYHO B NPUJIOXEHUSIX TMPU  MOACIUPOBAHMM  PA3JIUYHBIX  CHUCTEM
NPUMEHUTENbHO K DBJIEeMEHTapHOMY KaHalay oOciayxuBaHuss K MOXHO cuuTath, 4TO
MOTOK 3assBOK W (MHTEpBaJibl BpEMEHM MEXIy MOMEHTaMU ITOSIBJICHUS 3asiBOK Ha BXOIE
K) oOpasyer moaMHOXECTBO Heynpagasemvlx HnepeMeHHbiX, a TOTOK oOcayxuBaHusi U
(MHTEepBaJIbl BPEMEHU MEXIy HauajaioM U OKOHYaHUEM OOCITy>KHMBaHUS 3asiBKM) 00pasyeT
MOJMHOXECTBO ynpasisemvix nepemernvix. [lepeMeHHble Ha3bIBAIOTCS YIPABISIEMbIMU,
ec/iM Ha UX 3HauyeHUE MOXET BO3JAeHCTBOBATb PYKOBOIUTEIb (JIMIO MPUHMMAIOIIEE
pelieHue).

3asiBKM, o0OcayxkeHHble KaHaioM K, W 3asgBKM, MOKUHYBIIUE Npubop P u mo
pasIUIHBIM NpUYMHAM  OCTaBLIMECS HEOOC/Ty>XeHHBIMU  (HampuMmep, u3-3a
nepernosHeHus Hakonurtenss H), oOpasyioT BbIXOAHO TMOTOK Y.

[Ipouiecc dyHKUMOHUPOBaHUS MpUbopa oOCayXuBaHUS P MOXHO MpencTtaBUTh
KaK MpoliecC U3MEHEHUSI COCTOSIHUI €ro 3JeMeHTOB Bo BpeMeHu z(t). [lepexon B HoBoe
cocTosiHue isi P o3HauaeT u3MeHeHHe KOJMYECTBa 3asiBOK, KOTOpPble B HEM HaXOMSITCS
(B kaHase K u B Hakonutene H).

Takum obpasoMm, cxema CMO, onuchiBawolnas mpouecc GyHKIIMOHUPOBAHUSI
CUCTEMBI JII000# CJIOXKHOCTH, ONHO3HAYHO 3aaaercsa B Buge CMO = <W, U, H, Z>.

IMpenmeTom rcclieIoBaHUA npu MOJIEJIMPOBAaHUM CMO SIBJISTIOTCSI
pacnpeneseHus] CUCTEMHBIX BEJMYMH, 3aBUCSILIMX OT MOTOKa 3asiBOK W U MOTOKa
Oo6cayxuBanus U. HekoTopble U3 3TUX MEPEMEHHBIX MEPEUMCICHbBl HUXE.

1. Yucno 3asiBOK, MpUOBIBIIKMX Ha OOCIYXMBaHME 3a 3alaHHbIi MPOMEXYTOK
BPEMEHH.

2. Yucno 3asgBOK, KOTOpble MOMaNX Ha OOCTYXMBaHUE cpasy Xe MO MPUObITUH.

3. CpenaHee BpeMsl IpeObIBaHUS 3asiBOK B OUYEpEIHU.

4. CpenHsisi AaMHA OYEPeIH.

5. MakcumanbHasi JJMHa OUYepei.

6. Harpyska mnpubopa (KodP®dUUUEHT ero HCMOJIb30BaHMsI), SIBISIOLIASCS
(yHKIIMENl BpeMEeHM, KOTOpoe IIOTpayeHO Ha OOCAyXHUBaHUE B TEYEHUE 3aJaHHOTO

NPOMEXYTKA BPEMEHHU.

1.3. IIpocTasa mogenr CMO



PaccmoTpuM cuctemy, COCTOSIIYIO M3 OJHOIO <«IpUOOpa», BBIMOJHSIOIIETO
00CIyKMBaHUE OIpPEAeNIEHHOr0 BHUAA. ODTOT <«IPUOOpP» MOXET OBbITh KacCUpOM,
NpPOJAIOIIMM OMJIETHl Ha CTAHIIMU, MaPUKMaxepoM MM Xe KIaTOBIIUKOM. «KIIMeHThI»
NPUXOIAT K TAaKOMY «OOC/IyXXUBalolleMy MpuOopy» B CilydyailHble MOMEHTbl BpPEMEHH,
XKAYT CBOEH ouepeau Ha OOCIyXMBaHUE, WX OOCIYXXMBAIOT MO MPUHLMUMY <«MEepPBbIi
npulleNa - IepBbIM 00caykeH». [locie 3Toro oHU yXonsT.

Hcnonb3yst nmpolienypHblii MOIXOM, pa3padboTaeM JOTMYECKYIO CXEMY MOJIEIU Ha
OBM, kotopass OyneT HUMUTUPOBaTb CUCTEMY OOCIYXMBaHMUS C OJHUM MPUOOPOM,
IBYMSI TUIIaMU 3asiBOK W odepenblo. Cxema AOJKHA YAOBJIETBOPATH CJEHYIOIIUM
YCJIOBUSIM.

1. Cnyuaiinble mnepemeHHble IntAl, IntBl, IntA2, IntB2, npeacraBisiomiue
coboif MHTepBaJl NPHUOBITHS 3asiBOK, SIBJISIIOTCS PABHOMEPHO paclpeleieHHbIMUA U
NPUHUMAIOT TOJBKO ILieJIble 3HAYeHUSI.

2. Bpemena oOcayxuBaHus 3asiBOK npubopoM ServAl, ServBl, ServA2,
ServB2 Takke SBASIIOTCS PaBHOMEPHO pachpeiefeHHbIMU CAyYalHBIMU BeIUYMHAMU,
MpEeACTaBIeHbI LEJIBIMU YUCIaMU.

3. Ectb BO3MOXHOCTH OOpallleHMsI K TeHepaTopy CJAy4allHBIX YHCell,
OpraHuM3oBaHHOMY B BuJe GYHKIMU, BO3Bpallalolllell lieJble ciydyaiiHble 4uciaa B
nuHmnazonel...n-1.

4. Bce mnpuObiBalonive 3asiBKU JOKHBI ObTh OOCHYXXEHbl HE3aBUCUMO OT
IJIMHBL ouepenn Queue.

5. B Hauane mopenupoBaHus ouepeab MycTa Mpuoop CBOOOACH.

6. MopnenupoBaHue IPOMOJIKAETCS 10 TeX Iop, MoKa He OymeT JTOCTUTHYTO
3HaUYE€HHUE MOJEJbHOIO BpeMeHM Stop, 3agaHHoOe Ui Moneiu B KayecTBe ONHOTO M3
BXOAHBIX AaHHBIX. Kak TOJIBKO 3TOT MHTEpBaJ] BPEMEHM WCTEYET, MOIeIMpPOBaHME
Oyaer 3aBepuieHo. B oOuiem ciyyae, Koraa MOJAEJIMPOBaHME — 3aBepILACTCH,
00CIyXMBAOIINIA MPUOGOP MOXET OBbITh B COCTOSIHMM OOCTYXWBaHUS 3asiBKU U B
ouepead MOXET HaXoJUTbCd oOHAa WM Oonee 3asiBOK. OOHAKO MOIYT OBITh
MCIIOJIb30BaHbl M IPYrve CTpaTeruu OKOHYaHHUs MozaeaupoBaHus. [1o omHON M3 HUX
npubop 3aKaH4YMBaeT pabOTy He B MOMEHT BpeMeHu Stop, a rocjie 00CIyXUBaHUsI
3asiBKu. [1o BTOpoii cTpareruu npubop He HaYMHAET 00CayKMBaHUE OYePEIHOM 3asIBKHU,
ecJiv NJIaHUpPpyeMoe BpeMsl OKOHYaHU S ee 00pabOTKHM MPEBBICUT 3HaUeHue Stop.

7. B mpouecce MoaeaupoBaHUsI Bcid HeoOxomumas HHbOpMalus AO0JXKHA
(ukcHupoBaThCs, a 0 OKOHYAHUU MOJICJIMPOBAHMS BbIIABAThCSI HA 9KPaH.

PaGota Mozenu HampsIMylo CBs3aHa C ITOCJIEAOBAaTEIbHBIM BO3HUKHOBEHHEM



COOBITUI U TaiiMepOM MOIEIBHOTO BPEMEHH.

1.3.1. CoObiTUs

Bce coOBITHSI, BOHMKAIOIIME B CHCTEME, MOXHO Pas3lejuTh Ha IBE KAaTETOPHH,
Ha3bIBAEMBIE OCHOGHbIMU U 6CHOMo2amenbhbiMu cobbimusmy. OCHOBHBIM Ha3bIBAETCS
TaKoe COOBITHE, BPEMs BO3HMKHOBEHMSI KOTOPOTO MOXHO 3aIlJIJaHMpOBaTh 3apaHee, T.C.
paccyutaTh €ro 10 (PaKTUYECKOTO BO3HMKHOBEHMS. BcromMorareIbHBIMUA — COOBITHSIMIA
ABIISIIOTCS  TaKWe, BPEMS BO3HMKHOBEHMSI KOTOPBIX HEBO3MOXHO 3aITAHWPOBAThH
3apaHee.

B paccMarpuBaeMoil cHCTEME OCHOBHBIE COOBITHSI - 3TO TaKHWe, KaK ITPUXOL
3asBKM ¥ OKOHYaHWe OOCIIyKMBaHUS 3asIBKM; a BCITOMOTaTeIbHBIE - TOCTAHOBKA 3asIBKI

B O4YCpPEIb U MOCTYIUICHUE 3asBKH Ha 06CIIY}KI/IBaHI/IC.

1.3.2. Taiimep

Korna HaumHaeTrcss MonmenwpoBaHMe, TaiimMep wMopeiabHoro BpeMeHH Clock
MpPUHUMAaET HYJEBOE 3HaueHME, a 3aTeM, B Ipolecce paboTbl MOJEIU, €ro 3HaueHue
MOCTOSIHHO yBennuuBaercs. [lpennonoxum, 4To MoaeIupyeTcsl HeKoTopasi cuctema, 1
COCTOSIHME CUCTEMbl H3MEHUJIOCh TpU TEKYIIEM 3HAaY€HUM MOJEJbHOTO BpPEMEHHU.
CrienyoumyM JOTUYECKUM IIIaroM SIBJISIETCS YBeJMYeHHMe 3HadeHWs TaiiMepa. Ho Ha
KaKyl0 BEJWYUHY IOJKHO OBITh yBeJMYEeHO 3HadeHUe Taiimepa? CyIlecTBYIOT aBa
METOJa pelIeHUs] 3TOro BOIpoca.

IlepBBIili. YBeaAUUUTh 3HAUEHUE TaliMepa Ha ONHY EAWMHMILY BpeMEHM. 3areM
MPOBEPUTH COCTOSIHME CHUCTEMbl M OINPEASJUTb T€ M3 3allJJaHUPOBAHHBIX COOBITHIA,
KOTOpbI€ JOJKHBI TTIPOU30UTH TP HOBOM 3HaueHUU TailMepa. Eciu TakoBble MMEIOTCH,
TO BBIMOJHUTH UX 0OpabOTKY, a 3aTeM BHOBb M3MEHUTb 3HAYEHHE TaliMepa Ha OJHY
enuHuny. Ecau e [mjisi HOBOrO 3HAYeHUs TailMepa HM OJHOIO COOBITHSI paHee
3alJlaHUPOBAHO HE ObLIO, TO TMPOCTO MPOU3OUIET MPOJABUKEHNE TaliMepa HA €IUHUILY
BpeMeHu. Takoil MeTol OCHOBaH Ha KOHLENUUM (HUKCUPOBAHHOTO TMpPUPALIEHUS
3HAYEHUM TaliMepa.

Bo BTOpOoM ciyyae MMeeT MeCTO KOHILEMUMS TEepeMEHHOro TpupalleHus
3HayeHu# Taiimepa. [lpy TakoM TmoAXolde YCAOBMEM, BbI3bIBAIOLIMM TMpHUpallleHue
TaliMepa, SIBJISIeTCS HACTYIJIEHUE COObITUST, BOSHMKHOBEHME KOTOPOTO 3aIlJIAaHUPOBAHO
HaOMXXaW MK K TEKYIIEMY 3HaUE€HUI0 TaliMepa MOMEHT BpEMEHU.

beccriopHoe MNpeMMylIECTBO TEPEMEHHOTO TpUpallleHus 3HauyeHUi Talimepa

00BSICHAETCA 4YeM, UTO NMPU HEM MOXHO M36eXaTb 00pabOTKM B MPOMEXYTOUYHBIE
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MOMCHTBI BpEMCHHU, KOrJa HE IJIaHUPYETCA BBIIIOJHECHNUEC HUKAKNUX COOBITHIA ", 3HAYMUT,

HEC OKa3bIBACTCAd HUKAKOI'oO BJIMAHUA Ha COCTOSHUEC MOICIIN.

1.3.3. HaTtuuk ciydyailHbIX YUCEN

I[lpy MonmenupoBaHUM B CBSI3U CO CJyYailiHBIM XapaKTePOM M3yYyaeMbIX
MpPOLIECCOB BO3HMKAET HEOOXOAMMOCTb pPa3birpblBaTh 4YKMCJIa B COOTBETCTBUM C
HEKOTOPbIM pacmnpeneneHueM. i paccMaTpuBaeMoll MOMENIM HEOOXOAUMO WMETh
LHeJble 3HAYECHUS U3 Bbl60p0K PAaBHOMEPHO pacnpeacJICHHbIX cnyqaﬁmmx quceslr ajast
3aJlaHUs] WHTEPBAJOB IpUXoJa 3asiBOK W MHTEPBAJOB OOCIYXMBaHUS. YHZOOHBIM
CrocoOOM OmpefieieHUss TaKWX BBIOOPOK SIBISIETCSl YKa3aHWE HAMMEHbIIETO U
HauOOJNBILIEro LEAbIX YMCeN, colepxkaluxcsi B BblOopke. [ljisi ompeneneHusi Takoro
pola BBIOOPKHM UCIMOJb3yeTcs 3anuch [A...B]. Yacto ucrnonb3yercss U BTOpOil croco0.
Hampumep, HeoOXOOMMO yCTaHOBUTb, UYTO BpeMsl OOCIYXMBAHUSI PaCIpeaeCHO
paBHOMepHO M 3aKkioueHo B uHTepBaje [18..30]. CpemHuM B 3TOil BBIOOpPKE SIBJISIETCS
24, a pasMmax coctaBisieT 6. Takoil pasmax Mexay CPeIHUM U KpaiHUMM 3HAYEHUSIMU
Ha3bIBAIOT 10406UHOL noas donycka. CrenoBaTeNlbHO, MOXHO JUIS OMUCAHUSI BBIOOPKU
yKa3aThb cpefHee 24 ¥ MOJOBMHY I0Js nomycka 6. HemocTaTkoM Takoil 3amucH, OOIIMiA
BUJ KOoTopoil [AtLB], siBisieTcsi HEBO3MOXHOCTb 3alaHUsI YETHOTO YHMcCJa 3HAYEHWUIA.
IToaTomMy mpennmoyTeHUe OTHAETCS TEPBOMY CIOCOOY OMpeaeseHusl clydyailHO#
BbIOOPKM PABHOMEPHO pacrlpeieIeHHbIX YHCE.

Ecnu roBOpUTH O KOHKpPETHOI MPOrpaMMHOU peanusalii, TO HCTOYHUKOM
CﬂyqaﬁHbIX YUCEJT MOXET SBJISTHCHA q)yHKLll/lH, BO3Bpaljamiiasa 3a Ka)K,[lblﬁ BbI3OB
ouepeqHOe CilydyailHOe YUCIO B 3aJlaHHOM MHTepBaie. Takas (YHKIIMSI Ha3bIBaeTCs
T€HEPaTOpOM CJYYaillHBIX (MJIM, TOYHEee, TCEeBOOCAYYaiiHbIX) uMcen. Yaiie Bcero mpu
MPOBCACHUN MOJCIBbHBIX 3KCIICPUMEHTOB OJUH M TOT XK€ I'CHEPATOP cnyqaﬁﬂmx quces
WCTIOJIb3YeTCs JJIs1 OMpeesIeHUsT Pa3IMUHbIX IMapaMeTpoB cUCTeMbl. BcrencTsue atoro
HEOOXOOMMO  MMETh  IPOMEXYTOUHYI  (DYHKUMIO,  TpeoOpasylollyl0  WHTEpBal
CﬂyqaﬁHbIX YHCCJI K HYXHOMY B [laHHblﬁ MOMCHT. KJ'[}O‘-IeBbIM BBIPDAKCHUEM TaKou
byHKku MU OyeT

A + random(B-A+]),
rae hbyHkius random(n) Bo3BpaliaeT ciyvyaiiHoe yucio B uHTepBaie ot () jo m-1.

1.3.4. AnropurMusauusi MoaeIu
Ha puc.1.2. npencraBmeHa Oyok-cxema ajroputMa pelleHuUsl 3agayu
MojeaupoBaHus paccmaTpuBaemMoit CMO.
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Puc.1 2. bnok-cxema anropurma o0paboTKU B cucTeMe 00CTYXKMBAHUS C
OIHUM HPHOOPOM U 0UEPEIbIO

B T1abn 1 1 mepeurclieHBl M OIMCAaHBI BCE MCIOJIb3yeMble B OJIOK-cxeMe
nepeMeHHbIENDYHKIIN U
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Taoauna 1 1

IlepemeHHas OnucaHue
(dyHKumst)
Clock Texyuuii TaiiMmep MOAEIbLHOTO BpeMEHU

IntAl, IntA2

3HayeHWe A MHTePBAJIOB MpeMEeHU MPUXOIa 3asiBOK 1-T0 1

2-TO TUIIOB

IntBl,IntB2

3HaueHue B MHTEPBaJIOB BPEMEHMU IpUXoaa 3adBOK l-ron

2-TO TUIIOB

ServAl,ServA2

3HayeHUe A BpeMeHU O0CIY:XKMBaHUS 3asIBOK 1-ro u 2-ro

TUIIOB

ServBl,ServB2

3HaueHue B BpeMeHM 0OCyXMBaHUS 3a4BOK 1-ro U 2-TO

THUIIOB

FlagS ®unar cocrossHus npubopa (True - cBobomeH, False - 3aHsT)
TimeS Bpemst KoH1a 06cykuBaHusl 3asiBKU ripudopom. Eciu
npubop cBoboneH, TimeS ycraHaB/IMBaeTCsI B 3HAYCHUE
Stop+1
Stop Bpemst 3aBepilieHHs] MOIEIUPOBAHUS
Queue JliviHA odepeny - YMCIIO 3asiBOK, HAXOMSAIIMXCS B odepeay B
TEKYIIMii MOMEHT BpEeMEHHU
QueueM MakcuMalibHask JJIMHa O4epean
Gol,Go2 BpeMms nipuxopna 3agBoK 1-ro 1 2-ro TUIOB
RndInterval DyHKLMS, TpUHUMAaOIIast mapaMeTpol A v B u
BO3Bpalllafomas caydyailHoe YKuCIo B auama3oHe A...B
Min4 DyHKLIMS, TPUHUMAKOLIAs] YEThIPE LEIbIX YMCIa U
BO3Bpalllaolas MUHUMAJIbHOE U3 HUX
Max2 DyHKIMS, TPUHUMAOIIAs ABa LEIbIX Yuca K
BO3Bpalllaolasi MaKCUMaJIbHOE U3 HUX
PushQ DyHKIMS, TOMENIaas 3asiBKy B o4epeb (TUIT 3asIBKU
nepeaaeTcst  mapaMeTpoM)
PopQ DyHKIIKS, BO3BpALIAOIIasl TUI YIAISIEMOM 13 Odepenn

3asdBKHA

AJ'[I‘O]I)I/ITM beHKL[I/IOHI/IpOBaHI/ISI MOIE/IM JOCTATOYHO ITPO3pavY€H U MOXKET OBITH

OIMIMCaH CJICAYIOIIUM 06pa30M
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Bnok 2 (cm. puc. 1.2): unTaloTcs HeyrnpapisieMble TIepeMEHHbIE MOJIEIH.

briok 3: MHUIMATU3UPYIOTCS CIYXeOHbIe MEePeMEHHbIC MOMEIH.

Brok 4: BEIMUCISIOTCS BpeMeHa Iprxoaa 3asiBOK 1-ro v 2-ro TUIIOB.

bnox 5: ompenensercst BpeMsi OJMXKaiIlero coObITUSA.

biok 6: oueHuBaeTcs TUI  COOBITMS, U MPOLECC HAMpaBisieTcs 110
.OOTBETCTBYIOILIEMY PYCIy.

brox 7: onpenensercs Hanuuue KakMx-JIM0O 3afBOK B Ouepend Ha
o0cCyXHUBaHUE.

brok 8: mpuimenmas 3asgBKa MoOMeNIaeTcsl B OYepelb W IJIAHUPYETCS BpeMms
MpUXoJa clenylouieil 3asdBKM AaHHOTO THIIA.

brok 9: u3 ouepenu ynansieTcs omHa 3asBKa.

Bnox 10: ecnu ouepenpb mycra, mpubOp 0CBOOOXKIAETCS.

brok 11: onpenensieTcss 3aHATOCTb MpHOOpa.

Bbnok 12: B cinyyae eciu npubop cBoOOAEH, OH 3aHUMAETCsI.

Brnok 13: eciu B MOMEHT Npuxoaa 3asiBKA MPUOOp 3aHSAT.

brox 14: 3agBka mnoMelnaeTcsi B ouyepedb M IIJIAHUPYETCS BpeMsl KOHIIA
00CIyXXUBaHUS 3asBKU.

Bbnok 15: nnanupyeTcs BpeMsi KOHLIA 00CIyXXMBaHUS 3asiBKU.

Biiok 16: ompenensieTcss MaKCUMasibHast JIMHA OYEePEIH.

AJITOPUTM peanu3yeT TOJbKO 6a30Bble (YHKLUMU MOAETU, U B HEM OTCYTCTBYIOT
0JIOKM, TIO3BOJISIONIME DPACCYMTHIBATH CPEAHIO JJIMHY ouepenu, KodhduUUEeHT
MCHOJb30BaHUsSI MpuOopa, 0J0KMU, yIpaBIIsIole MPUOPUTETOM 3asiBOK, a TAKXKe OJ0KU

omnpeaeseHUsI HEKOTOPBIX IPYTMX mapameTpoB momenu (cM. pasgen 1.2.2).

1.3.5. PaciumpeHue CyliecTBYIOLIEro ajiropuTMa

CpenHee BpeMs MpeObIBaHMS 3asBOK B OYEePedd MOXET ObITh PACCUMTAHO IBYMS
cnocobamu. IlepBblii  cnoco®0  yuyuThIBaeT 3asgBKM, KOTOpbIe  IIOCTYMAalOT  Ha
o0CllyXMBaHUEe MTHOBEHHO (0e3 MOMeIleHUs] B oOdYepeab), BTOPOW - HeT. B mobom
clydyae B MojeJb BBOOUTCS MepeMeHHass QueueSumm, cymMMmupyioliasi Bce BpeMeHa
npeObIBaHUS 3asdBOK B ouepend. I[lo OKOHYaHMM MOMAEIMPOBAHMS  YACTHOE
QueuueSumm/CountA OyneT SBASTbCS MCKOMBIM cpedHUM BpeMeHeM (CountA -
KOJMYECTBO MOCTYNHMBIIMX B OdYepeab 3asiBOK). [Ipu momelleHMM 3asiBKU B O4Yepelb
BpeMsi ee¢ IOCTYIUIEHMS 3allOMHUHAeTCsl B CIELMaJbHOM MaccuBe GYHKIIUEIH,
HanomuHawomei PushQ. B MoMeHT, Korga 3asiBKa MOKUIAET O4Yepedb U CTaBUTCS Ha

oOcayxuBaHue, GyHKIMA, moxoxas Ha PopQ, usBiekaeT BpeMs MOCTYMJICHUS 3asIBKU
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ClockOld u 1o pasHoct Qlock-QlockOld ompenensiercss BpeMs HaXOXICHUS 3assBKHM B
oyepeu.

Jlnst  BBIYMCIEHUS CpefHel JUIMHBI oOuepead HeoOXOomUMMO 4Yepe3 paBHbIE,
OTHOCHUTEJILHO HeOoJbllIne, MPOMEXYTKM BPEMEHM OLEHMBATh JUIMHY ovepenu Queue,
cymmupys 3HadeHue Queue B mepemeHHoOi QueueMedSumm. /[l 3TOro B IporpamMmy
BBOJUTCS TOTIOJHUTENIbHOE COOBITHE (OMPOC OYepean) C MHTEPBAIbHBIMUA 3HAYEHUSAMU
BpemMenu HactyrieHus A...A. Tlo okoHuaHum MogenupoBaHusi  YacTHOE
QueueMedSumm/CountMed OymeT mpeacTaBIdITh COBOIl 3HAUCHUE CPEIHEH IIMHBI
ouepenu (rmepeMeHHass countMed - KOJIMYECTBO OIPOCOB OYEPEIN).

Koadpduument wucmonp3oBaHusI INpuOOpa  BBIYUCIAETCS KaK  9acTHOE
TimeWork/Stop, rme TimeWork - cymmapHoe BpeMsi pabOThI CTaHKa, KOTOpOE
MOJCYMTHIBACTCS CYMMMPOBaHUWEM BpeMeH TimeS B MOMEHT MOCTAaHOBKM 3asiBKM Ha
00CIyXBaHUE.

[Mpuoputer B 0OCTYyXMBaHMM 3asIBOK YYMTHIBAETCS COPTMPOBKOW MaccuBa
ouepeny Ipy IOMEIIeHUHN Tyaa 3asiBKu pyHKuueir PushQ.

1.4. ITopsimox BEITTOTHEHUS pabOTHI

1. M3yyutb BOmpochl, CBSI3aHHBIE C UMUTALIMOHHBIM MonearpoBaHruemM CMO.

2. JlockoHanbHO pa3zobparbes B anroputMe momean CMO M B COOTBETCTBUU C
BBIODAHHBIM BapUaHTOM WHIMBUIYAJIbHOTO 3alaHUsl OIMCATh MCIIONb3yeMble B
aIropuTMe IepeMeHHble (Tabm.1.1).

3. Paspabotath M Ha JOOOM SI3bIKE MPOrPAaMMUPOBAHUS HAIMCATh MPOTPaMMYy
MonenrpoBaHus BeiOpanHoit CMO.

4. Pacumpurth mporpaMMy HEOOXOOMMBIMM BCTaBKaMM IUISI cOOpa M BBIBOIA
BCeil TOJTHOM cTaTUCTUKK (pasmen 1.2.2).

HHI[I/IBI/II[Y&UII)HHE 3alaHusl.

1. B mapukmaxepckoil MOIYT HaxXOOUTbCA KIMEHTH 2-X TUIOB. KimeHTHI
MepBOTO THIA XeJaloT TOJNbKO CTPUUbCS. PacrpeneneHWe WHTEpPBATOB WX IpUXOIa
25..45 wwuHyt. KiuMeHTHI BTOPOro THUIIA XENTAIOT IIOCTPUYLCI M IOOPHUTHCH.
Pacnpenenenne mntepBanoB ux mpuxoma 40..80 mmHyT. Ilapukmaxep oOciyxuBaeT
KJIMEHTOB B IMOpsiaKe uX mpuxona. Ha cTpmkky yxomur 12...24 MUHYTBI, a Ha OpUThE
8...12 munyr. Hammcats Momenb paboThl IMapMKMaXepcKoil B TedyeHHE 8 4acoB IS
OJIHOTO ¥ JBYX MacCTepOB.

2. Ha nexoTopoii ¢abprke B KiIamoBoii padoTaeT onMH KaagoBInuK. OH BbIIaeT
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3aMacHble YacTU MeXaHMKaM, OOCHyXHBalOUIMM CTaHKUA. Bpems, HeoOxomumoe sl
YIOBJETBOPEHMSI 3alpoca, 3aBUCUT OT 3alacHOM YacTuh. 3ampochl OBIBAIOT JBYX
KaTeropuii. 3a meTajsiMM IEpPBOM KaTeropum MeXaHUKU MNpuxomsaT Kaxiablie 60...780
cekKyHI M obciayxuBaioTcsa B TedyeHue 210...390 cexkyHn. 3a geransiMu  BTOpOM
KaTeropum MeXaHUKu mnpuxomar kaxnabie 120..600 cekyHn u OOCIyXUBAaIOTCS B
teueHue 70...130 cexynn. Ilpocroii MexaHuKa B ouepenu MpUHOCUT yObITOK 0,25 11eHTa
B cekyHny. Omnpeneautb, YBEIUUYUTCS YOBITOK (haOpMKU WJIM YMEHBIIMUTCS, €CJIu; a)
3aMpochl BTOPOW KaTeropuu OyayT HMeTh MPUOPUTET Iiepell 3arpocamy IepBOii
Kareropuu; 0) BMECTO MEPBOro KJaaoBlIMKa, Mojydyawllero 4 gojjgapa B 4ac, Oyaer
paboTtath Apyroii, mojydaimoiiuii 4,5 qoiapa B 4ac M BBIMOJHSIIOMIUI 3asiBKM pabOYnX
1o TepBOil KaTeropuu 3aka3oB ¢ uHTepBajioM 220...320 cekyHa, a BTOpOii KaTeropuu -

¢ uHrtepBaiom 230.. .430 cexyHn.

1.5. CoxepxxaHue oTyeTa

1. Lleab paGoThbI.

2. YcioBue peliaeMoit 3agadu.

3. OmnpeneneHue MepeMeHHbIX Mojaeu (Tadu. 1.1) B COOTBETCTBUU C BbIOpaHHOM
3aja4eit.

4. Xapakrtepuctuku paccmarpuBaemoit CMO mno pe3syjiabTaTaMm IpPOBEIEHHBIX
MOZEJIbHBIX 3KCIIEpUMEHTOB (pa3zaen 2.2).

5. BeiBombl 1o pabote, copepxkalllie KOHKPETHbIe pPe3yJbTaThl pellaeMbIX

3ajaad.

1.6. KoHTpoJIbHBIE BOIIPOCHI

1. Yro Takoe MoAeNUpOBaHME, M B KaKHUX OOJACTIX 4YeJOBEUYECKOil
AEATEJIbHOCTU OHO ﬂpl/lMCHﬂeTCH?

2. Yto npeacrtasisieT coboit CMO u KakoBbI €€ OCHOBHbIE XapaKTePUCTUKU?

3. CMBICJI OCHOBHBIX U BCITOMOTaTeIbHbIX COOBITUI B MOAETUPYEMOI CUCTEME.

4. Yrto npencrasiseT coboil TaiiMep MOAEIbHOIO BpeMeHu?

5. Kakwue crparerud posbIrpbillia CAydyalHBIX YMCEJ MOIYT NMPUMEHSITbCS B
MUMUTALMOHHOM MOL[C.HV[I)OBB.HI/II/I?

6. Yto nmpencraBiaser CcOOOM  aJrOpuUTM  MOMAEJMPOBAHMSI  IMPOLIECCOB,

npotekatomux 8 CMO?

14



JJABOPATOPHAA PABOTA Ne2

OIIEHKA 1 BbIBOP BAPMAHTOB CJIIOXKHbIX CUCTEM
HA BTAIIE ITPOEKTUPOBAHUA

2.1. Ueab paboTbl

1, O3HakoMJIeHHME C 3TallaMd BbIOOpa pallMOHAJbHBIX BAapMaHTOB CHUCTEM Ha
paHHUX 3Tarax uX MPOEKTUPOBAHU.

2. MHOroKpuTepHUaJIbHbI BHIOOP PallMOHAIBHOTO BapHaHTa MHMOPMAIMOHHO
noacucteMbl (MIT) ACY BoznymubsiM aBuxeHueMm (ACY BJ/l) B nuama3zoHe ycloBuii ee

(DYHKIIMOHMPOBaHMUS.
2.2. O61ue cBeaeHUs

HUI1 ACY BJl npemHasHauyeHa Ui TOJIydeHUs, 0OOpaOOTKM M  BBbIJAYM
MmoTpeduTensIM WHGOpMaIMM O BO3AYIIHBIX 00bekTax (BO), Haxomsmuxcs B 30HE
OTBETCTBEHHOCTH cucTeMbl. DnemMeHTamMu MII SBAAIOTCS TeppUTOPUANBbHO pa3HECEHHBIE
WCTOYHUKM PaJAMOIOKAIIMOHHON WMHMopManuu - pamuonokanvoHHsle craHmuu (PJIC),
3aMBIKaIOIIMeCs Ha MYHKTHl 00paboTku nHbopmaiu (I[TOM) ¢ moMoInbo TeIeKOIOBBIX
TPaKTOB Tepenayu NaHHbBIX. [ MHGOPMAalMOHHOTO OOECTIeYeHUsT CUCTEMBI CO3AETCS
HenpepbIiBHOEe paaunojiokaimoHHoe mone (PJIIT) myreM palmoHaJbHOTO pa3MelleHMs
CTAaHIIMM B 30HE OTBETCTBEHHOCTM, LIEHTPAJIBHOTO YIpPaBJIeHUS UMH U OObeAMHEHHEM
nHdopmauum ot Bcex PJIC na [TOU.

Hoctizkenue ocHoBHoit 1enmu  MII - momydyeHuwe, oOpaboTka U BhIgaya
uHpopmarium o BO ¢ TpebyeMbIM  KauyecTBOM. JTO  OCYIIECTBISETCS
aBTOMAaTU3MPOBAaHHBIM pellleHreM BO Bcex 3BeHbaX MII craemyromux 3amad: moaydyeHue
nHdpopmaumu Ha PJIC o BO wu ee nmosenenme no I1IOU; obpabGotka M 0000IIEHME
uHbOpMaLlMM ¢ TOMONIbI0 KoMmIuiekca cpeactB apromatusaumu (KCA) TIOU or
pasznuuHbix PJIC ¢ nenpio mosydyeHus 6oee TOCTOBEPHBIX M KaU€CTBEHHBIX TaHHBIX 00
BO; mepemauya monydyeHHBIX HaHHBIX Ha BhimecTosmuii KCA 1eHTpaabHOTO MYyHKTa
00paboTK MHGOpPMAUMU IS TOJYYeHHUS TOJHOM WHOOPMAIIMOHHONK KapTHHBI O

MHoxecTBe BO Ha BceM BpeMeHHOM MHTEpBajie YIPaBJIeHHUS; YIIPaBIeHUE CUCTEMON C



1IeJIbIO pallioHaIbHOTO pactpeneneHus pecypcoB PJIC. KadecTBo pernreHus atux 3amaq
obOycioBnuBaeTKadecTBO hyHKIMoHMpoBaHus NI uBeimaBaeMoit uHbopmarmu|8].

WII oTHOCUTCS K cUCTeMaM C MPOCTPAHCTBEHHO pacIpenesieHHON CTPyKTYpOid,
ompenesieHre CTPYKTYPHl KOTOPBIX 3aKiovaeTcss B BbIOope uumcna y3noB (uucna PJIC),
WX PACMOJIOXEHHUS, B OMNpPENCJEHUU B3aMMOCBSI3M MEXIY Yy3JaMM, paclpenejeHuu
GyHKIMIA cUCTEMBI 110 y3JaM (pacipeneseHue 3TarnoB 00paboTKU paaroOKallMOHHON
nHpopmamuu mexay PJIC u [TON), onpenenernun gucia u tunos PJIC, 3aMbIKafommxcst
Ha [1OW.

Beibop panMoHaIbHOTO CTPYKTYPHOTO BapuaHTa 0asupyeTcsl Ha aHajlu3e
BIMSHUS  €ro  0ocobeHHOCTel  (CTPYKTYpHBIX  ITapaMeTpoB) Ha  KadeCTBO
(DYHKIIMOHUPOBAHUS CUCTEMBI B 3aJaHHBIX YCIOBUAX QYHKIIMOHUPOBAHUS.

Bri6op mokasartens kadecTBa (GyHKIIMOHUPOBAHUS OCHOBBIBAETCS HAa aHAJIM3e
1IeIEBOTO Ha3HAYeHWs] CUCTEeMBl M COIIaCOBBIBAETCSI C 3aKa3dMKoM. OCHOBHBIM
MPUHIUIIOM (GOPMUPOBAHUS KPUTEPUsI BHIOOpA albTePHATHUB SIBISICTCSI BO3MOXHOCTH
KOJIMYECTBEHHOW OILEHKU TMPOEKTHBIX DPELIEHW C YYeTOM YacTHBIX ITOKaszaTelsei
KavyecTBa (DYHKIMOHMPOBAHMS, 3aTpaT W CPOKOB cozmaHus cucteMbl {14]. Cpoxm
CO3/IaHUS CUCTEMBI MOTYT OBbITh TEpeBENE€HBbl B pa3ps] OrpaHUYEHUI. YUeT BeKTopa
rnokasaTejieii MpU CpaBHEHUMM BapMaHTOB HauOojee ymoOeH, WMHOTrga W eIWHCTBEHHO
BO3MOXEH, €CJIM BBOJUTCS OOOOIIEHHBIN MMOKa3aTesib KauecTBa GyHKIIMOHUPOBAHUS i-

To BapuaHTa CHUCTEMBI Q, Ha Oase YACTHBIX rnokasatesei

Q;‘=Q(R}‘,...,R:-j‘.,...,R:.f}},i=l,...,l',u=1,...,U. 3necb Q' - oueHKa 0GOOIIEHHOTO

IIoKasaTeyjad KadyeCTBa (I)yHKHMOHI/IpOBaHHH 1-ro BapyMaHTa CHUCTCEMbI B YCJIIOBUAX U,

{ R;i,...,R;},..., R:“} }- BeKTOp roKasaresieil KauectBa GyHKUMOHMpoBaHus i-ro (i=1,...,1)

BapuaHTa cucteMbl B ycioBusix U, u= 1. .U.
Cy1miecTByeT JOBOJBHO MHOTO METOJIOB ITOCTPOEHUSI 0000IIIEHHOTO TToKa3aTes.

J
B Hauboiee MPOCTHIX HCITOJIb3YIOTCS aIIUTUBHBIC Q:‘ = Z aj* RY H

7= if
a .
i J . y
MYJbTUIIIUKATUBHbBIE Q: = [1 Rff npeoOpa3oBaHusl HajJ BBIOPAHHOW CUCTEMOW
J=l
YaCTHBIX TIOKasaTeiei, rme a, j = 1..J - Koo(pdUIMEHTH, YJUTHIBAIOIIME Beca

nokasaTteneid. Yame Bcero TMpM  OMpPENETICHUM BECOB  YUUTBIBAETCSI  CHUCTEMaA
MpeANoYTeHU Jauua, npuHuMmawmero pemeHue (JIIIP), a Takkxe 0OBEKTUBHBIE

dakTopbl, OTpaxalollhie OTHOCUTEJIbHBIM pa3dpoc OIIEHOK IOKa3arejaed Mo



(bakTopbl, OTpaxkalolre OTHOCHTEJBHBIA pa3dpoc  OLEHOK IoKaszaTesield  Io
anpTepHaTUBaM [15].

®opMupyeTcsl KpUTepuil BbIOOpa albTepHATUB HA OCHOBE OOOOILEHHOTO
rmokasartenst u 3atpar. Ilom KpuTepreM BbIGOpa MOHMMAeTCsl MPHU3HAK (IIPaBUIIO), IO
KOTOPOMY TPOU3BOIUTCS CPABHUTEIbHAS OLIeHKA aTbTEPHATUB 1 BLIOOP Hauydieii. B
KJIaCCUYECKOM  ITOCTAaHOBKE  "3((eKTUBHOCTh-CTOMMOCTE'  KpUTepHMeM  BbhIOOpa
BBICTYIaeT Kakoe-1mbo cootHomenue F=F (@, C), u=1, ..., U, e C, - 3aTparsl Ha
pa3paboTKy 1-ro BapuiaHTa CMCTeMBbl. B ciydae, Korma BapMaHTBI COIIOCTAaBUMBI IO
BaXHOCTM C JAPYTMMM YacTHBIMU T[IOKa3aTelsIMM WJIM K€ MaJopasIndMMbl 10
aIbTepHATHBaM, LenecoodpasHo BKmounTth C, Ha MpaBaXx 4YacTHOTO IOKasaTensi B
00O0OIIIeHHBIT W (OPMUPOBAaTh KPUTEPUN BHIOOpA C YYETOM aHajau3a YCIOBUM
(yHKIIMOHMpPOBaHUS cucTeMbl. Ha 3Ttame TNpoeKTHpoBaHWS B JIydlIeM ciydyae
pacronaraloT pacrpefe/ieHMeM BEepOSTHOCTE BO3MOXHBIX YCIOBMIA, B KOTOPBIX
TIPEACTOUT (BYHKIIMOHMPOBATh CHCTEME, HO Yallle BCETrO M3BECTEH JIMIIbL MX AMana3oH. B
IepBOM CJIlydyae KpUTEepUil BBIOOpa ajJbTePHATUB OICPUPYET CO "B3BEIICHHBIMU'
OlIeHKaM¥ 0000IIEHHBIX MTOKa3aTesIel (¢ MX MaTeMaTHIeCKMMU OXUIaHUSAMU):

F= F{Q.): mgx[m}n] % p)-OF,

' u=l

rae p(u) - BEPOSITHOCTb TOTO, YTO CHCTEME TPENCTOMT (BPYHKIIMOHWUPOBATH B
ycIoBUsX M. Bo BropoM citydae MpHMBIIEKAIOTCS CIIeMaTbHble KPUTEPUU U3 TEOPUU UTD
- Banbpna, Jlarnaca, I'ypuiia, CaBumxka u apyrue [16]. ITpu 3ToM BEIGOP paliiOHaIbHOM
CTPYKTYPBI OCYIIECTBIISIETCSI Ha OCHOBE aHajiM3a WIPOBOM MATPUIIBI, B KOTOpOIA
CTpaTerusMU SIBJISTIOTCST BAPUAHTBI CTPYKTYPHI M YCIOBUS (DYHKIIMOHUPOBAHUS, a MEpOit
IIaTexa - 000OIIeHHbIE ITOKA3aTe/Id KayecTBa (PyHKIIMOHUpoBaHus (Tabdm.2.1):

Ta6mma 2.1
BapuanTtst ycnositt
Vl | . u e 8]
\'/ Q' Q" QY
\/ Q! Q' Q"
" Vi Ql' e Q:u aes QIU




2 3 IlocraHoBKa 3amauu BbIOOpa palMoHaibHON CcTpykTypbl MII Ha paHHuUX
CTagUSATIPOCKTUPOBAHUSI.

3agaua ctpyktypHoit ontumuzauuu WIT ACY BJl Ha paHHUX cTagusix
MMPOCKTUPOBAHMUS paccMaTpuMBaeTcsl B IIIaHe BhIOOpAa pallMOHAJIBLHOTO BapHaHTa
pacnonoxenus crtaHuuit u IIOM B 30He orBercTBeHHOCcTM WIT (3amauya BbIOOpa
tunojiorun UIT) ¢ yaeTroM KadecTBa TPaKTOB Mepeaadn.

AHanu3 ajabTepHATHMBHBIX BapuaHToB MWII ocymecTBiasercs B Ouama3oHe
yciaoBUii  (YHKIIMOHUPOBAHMSI  CHCTEMBl.  BapuaHTBHI  YCIOBUH  OTJIMYAIOTCS
IJIATEJIbHOCTAMM M OpUEHTAallMell B  TPOCTPAHCTBE OTHOCUTEJIBHO  CTAHIIMI
obcnyxuBaembix MapuipytroB BO B 30He orBeTcTBeHHOCTM MII, a Takxke mMoromgHbIMU
yCIoBUSAMU (PYHKIIMOHUPOBAHUA cucTeMbl. B TepMuHax ciayx6 ACY B/l ati ycinoBus
MHTEPIIPETUPYIOTCS TpeOyeMbIMU BpeMeHeM ciexeHus 3a BO cucremoit T, u=l,...,U u
BEPOSITHOCTBIO MPaBUIbHOTO 06HapyxeHust BO kaxnoit uz PJIC UIT P, ™ , m=1,...,M,
rae M - 4MCJI0 CTAHILIMIA CUCTEMBI.

Mecto pacnonoxenusi PJIC ompenenser PJIIT WUII. IMom PJIII moHumaetcs
MPOCTPAHCTBO C OMNpeNeJeHHBIMM BBICOTAMU HMXXHEH W BepxHell TpaHul, rme BO
oOHapyXuBaeTcss CTAaHUMSIMM C 3aJaHHOW BeposITHOCTbIO. MHorocnoiHocTh PJITT
omnpenaensgercss KoadduuueHToM Tmepekpbitusg K, ducieHHo paBHBIM yuciay PJIC
"BuAsAIux" B JaHHOW 30He mpocTpaHcTBa BO ¢ 3amaHHOI BeposATHOCTHIO. B cBolo
ouepenb PJIIT Hapsigy ¢ npyruMu (akTopamu OKa3bIBaeT CYILIECTBEHHOE BJIMSHME Ha
OIHY W3 BaXHEWIIUX XapaKTepucTHK GyHkunoHupoBanuss WII - BeposTHOCTH
ciaexeHus 3a BO cucreMoit cranuuit B reuenue spemenu T W(T).

Ananu3 BapuaHToB MII mpoBoauTcsi ¢ MOMOIIBIO OOOOLIEHHBIX MOKa3aTeei
kauecTBa QpyHkunoHuposanusa UI1

Qlu(Knh wl“(Tu)! Cl)- i= ll"'!I! u=l!"‘!U!

chOpMUPOBAHHBIX Ha OCHOBE AIIUTUBHBIX IPeoOPa30BaHMIA  YACTHBIX
mokasartejeii. Beca 4YacTHBIX TIOKasaTelell ONpeNeNsilOTCS Ha 0ase  CHCTEMBI
npennourenuit JITIP.

Boibop pauuoHanbHoro BapuaHTa MWII 0asupyercss Ha aHajiu3e WrpoOBOM

MaTpUlbl C IOMOLIbIO KPUTEPUEB Banbaa u Jlannaca.

2.4 Metonuka oueHku appexkrusHoctu UITAC YB]],



B kavectBe cpencTB monydeHUss WHGOPMALUM O HAXOMSIIMXCS B BO3MyXe
camMojieTax B  pPa3NMYHBIX KOHTYpax ¥  KOMIDIEKCAX WCIIONB3YeTcsl  CUCTeMa
PanIMONIOKAIIMOHHBIX CTAHIWU. AJTOPUTM JEHCTBUIA, OCYIIECCTBISEMBIA C TMOMOIIBIO
9TOll cucTeMbl, cienyiomwii: 1o nmaHHeIM PJIC cnemyer compoBOXIAaTh KaXKIbIit
HaxO[SIIIUICS B BO3MyXe CaMOJIET B TeuyeHUe BpeMEHW, HEOOXOAMMOTo I WX
LenepacnpeneieHus, HaBeAeHUS WU COMPOBOXAEHUS. DTO BpeMsl Ha3bIBaeTCs
BpeMeHeM ucrnionHeHust (T), mox ucroTHeHreM TIOHMMaeTCsl CIIeXXeHHe 3a CaMOJIETOM B
TedyeHrue TPOMEeXYTKa, paBHOTO wiau Gonbiiero T. BpemeHHOI MHTEpBak, MPU KOTOPOM
TPOVICXOAUT CPBIB TIPOLIECCA CIIEXEHWsI, HAa3bIBAETCS WHTEPBAJIOM MUCKPETHOCTU U
obosHauaercss dT. 3amaueil sBNsIeTCSl OMpeseNieHNEe BEPOSITHOCTH TIPOBOAKU CaMoJjieTa
Wrip (BepOsITHOCTb CJIeXEeHUSs! B TeueHUe BpeMeHU T uiam Oosbllero) B 3aBUCMMOCTU OT
napametpoB cuctembl PJIC u Benuuun T u dT.

Cucremy PJIC, opMupylOIIMX  PaAMOIOKALMOHHOE oJie, MOXHO
oXapakTepru30BaTh CyMMapHOM YKCJIOM OOHApyXeHWii A OJHOTO caMojieTa 3TUM TIOJeM

B €AMHUIY BpDEMCHU:
1= Y mplm)
m=] 0

e M - komuuectBo PJIC, dopmupylomux mosue;v™- uyucio Jokauuii camonera m-it

(m)

PJIC B emuHuuy BpeMeHu;P '™ - BeposATHOCTE OOHapyXXeHMSI ONHON JIOKaUUU m-i

PJIC.

nsa cimydasi, Korna Iuisi corpoBoxaeHuss BO mocratrouHo Ha 0030pe MOJTYYUTH
XOTSl Obl OJHY OOHY OTMETKY W3 BO3MOXHOTO WX 4ucia M, Ui BBIYUCIEHUS A
UcTob3yeTcs hopmyna

P AT I (1-135’")-;»5(#0),

m=l m=1
rne P ™- BeposATHOCTb HEMCKaXXEHHOTO NoBeaeHUs1 MHdopmaun ot m-it PJIC k TIOU
10 TeJIEKOJIOBOMY TPAKTYy Mepeaaur JaHHBIX.
PaccmarpuBaeM 3mech TakMe CUCTEMBI, B KOTOPBIX Ha NMPHEMHBIX YCTPOMCTBAX
PJIC noMuMo [AeTEeKTMPOBAHUS OCYILECTBISIETCS] TepBUYHAsi 00pabOTKa JAaHHBIX

uHbOpMaLVKU, a HA LEHTPAJbHBIH MYHKT 00paboTKM WHOOpMAILMs TiepenaeTcsl mocie

NPpUHATUA PpEIICHUA O HaJlWYuM CUIrHajla Ha Kaxaomn BpeMCHHOﬁ no3uuumM M

19



00paboTKe CHTHAJ0B, a A B 3TOM CJIy4yae sIBJSIETCS IIOTHOCTBIO MOTOKA OOHAPYXEHMUSI
eIMHMYHOM 1LieJM Ha Bxole yedoiicTBa BTOpUYHON 00paboTku wuHpopmauuu. Ha
OCHOBaHMM TIPEJENbHBIX TEOpeM IS pEeNelolMX M CYMMAapHBIX IOTOKOB MOXHO
yTBEepKAaTh, YTO IOTOK, IUIOTHOCTb KOTOPOro A, OJM30K K MHpOCTeilleMy, Io eCTh
UHTEpPBal  MEXOy JABYMS  COCEAHMMM  OOHApyXeHMsIMM  pachpeieseH  IIo
9KCIMOHEHUMANTbHOMY  3aKOHY f(r)=Ae™

BeposiTHOCTh TMPOBOAKM OJHOIO caMoJjeTa OMpenesseTcss MeTodaMu Teopuu
MaccoBoro obciayxuBaHus. Bcio coBokynHocTs PJIC, wmHbopmamus 0T KOTOPBIX
o0benuHseTCS A COMPOBOXICHMS caMojieTa, MOXHO paccMaTpuBaTh KaK KaHal
00CTy>XMBaHMSI, Ha BXOA KOTOPOrO IMOCTYMAaeT MOTOK 3asBOK C MHTEHCHMBHOCTbIO K
Kaxnas 3asBka - omHO oOHapyxeHue. Eciau 3asBKuM CleayloT ¢ HWHTepBajaMHu,
MeHbIMMK dT, TO COMPOBOXIEHUE CUMTAETCSl HEMpepbiBHBIM Eciu MHTepBan Mexmiy
3asiBKaMu 0oJjbie uiau paBeH dT, TO IPOMCXOOUT CPBIB CONMPOBOXIeHUsS. BeposTHOCTh
ciaexeHus: cucreMoil 3a BO B TeueHue BpemeHu Tu omnpenensieTcs mo gpopmye

W:‘('I;‘)=exp{—,1 T, 4T,

[Ipy mpoeKTHpoBaHMM HE paclojiaraloT B IMOJHOM Mepe BO3MOXHBIM YHUCIOM
conpoBoxaaeMbix BO ¢ MX BO3MOXHBIMM MapLIpyTaMM, NMPOXOASIIMMM IO 30HAM C
pa3nuyHbiMU Kodddunuentamu Kn (puc.2.1). B cBsi3u ¢ aTuM I1enecoodpa3Ho MpH
CPAaBHUTCIBHOM aHaJIn3e BapuaHTOB
onepupoBaTh ¢ ycpeaHEHHBIMU 1o 30HaMm PJITT
C KOHKPETHbBIMU Kn OLCHKaMU BEPOSITHOCTU
cexXeHus CUCTEMOIA 3a BO,
pacCUYUThIBACEMbIMU JJIA NMpeaACIbHBIX

3HayeHuii T, u=1...U:

AASEHARY

e V - mHoxectBo PJIII ¢ pasnuyHbIMU Ko3(h@UIMEHTaMU MepeKphITUs; S(V) -
riomanb v-3086l ¢ Kn = Kni{v}, S - o6was miomans PJIIT B 30He OTBETCTBEHHOCTH
WII, Bxiatovast u "He mpocMmaTtpuBaembie” 30HbI K = ().



HII. Bxirouast u "He mpocmarpuBaeMbie” 30HbI K = 0.
Koadpduuuenr nepexkpoituss PJIIT B 30He orBeTcTBeHHOCTH MII MOXET OBITH

orpeneseH mo hopmye:

d S}
K .—_-%K () =+
i i S
OneHka TJIoIIaei MOJTy4aeMBbIX "30H" TPOU3BOIUTCS METOIOM
o nl(v
CTATUCTMYECKMX UCIHbITaHui. [lpu 3TOM S(v)=—Q. rae n-obluee  YMCIIO
n

CTeHEepUPOBAHHBIX TOUYEK C TOMOIIBIO NAaTUMKa CIyYalHBIX YUCEN, n(V)- YUCIO TOYEK,
MOMABIINX B V-30HY

OueBUAHO, YTO TIPU TAKOW METOAMKE OIEHKU TUIOIIANeil 30H BaXXHOE 3HAYEHUE
IUIsT OoJiee KaUeCTBEHHOM OIIEHKM MMEeT KOJIMYECTBO CTATUCTUIECKUX UCTIBITAaHUN. Yem
Oosblue ux OyaeT MpoBeAeHO, TEM KaueCTBEHHEH olieHKa OyaeT roJiyyeHa.

CronMocTh Pa3pabOTKHU i-ro BapuhaHTa PacCUMUTHIBACTCS IO (hopMmyIie

Ci=Cppe-M+Cpoy +Cp - Ly,
me C,, u C, - coorBercTBeHHO cToMmocTh onHoi PJIC m TIOU; C, - croumocTsb
eIUHULIbl JIMHBI TejaekonoBoro Tpakra Ilepemaun uH@opmauuu;L, - anumHa TpakTa
nepeaayu JaHHBIX B €IMHULIAX UIMHBI TPAKTA JJIS1 i-T0 BApUAaHTA CUCTEMbI

CpaBHUTeNbHBINM aHanmu3 BapuaHToB MII mpoBoauTcs ¢ moMoIbo 00001IeHHBIX
rmokasaTeneii kadectBa ¢yHKuuoHupoBanusi WII, chopMupoBaHHBIX Ha OCHOBE
alIMTUBHBIX TIpeoOpa30oBaHMII YACTHBIX ITOKasaTelsiell. Beca dacTHBIX IToKazaresei
omnpeaessoTcs Ha 0ase HedopManbHbIX TpeanodyreHuit JIITP.

Jlist  ompeneneHUs] BECOB YACTHBIX IIOKa3aTeieil WCIMOJIb3yeM OmHY U3
BO3MOXHBIX MOAMGUKALIMI METOIa TAPHBIX CPABHEHUI:

1) cocraBnsieTcsl MaTpula OWHApPHBIX TMPEANoOYTeHui (1adm.2.2), B KOTOpOii

Tabmuua 2.2
Matpnya GunapHbIx npennoyrenuit
R/R, R, R | Ryt .. R, fi
R, #E T o | 01 .. 0,5 fi
R, 1 By 1 1 f;
R, 1 0 |#ER | .. 0 f,
e | 1 HH
R TTos o [ 1 T i




npeanoututenbHee, yeM R,; 0 - B oOpatHoM ciyyae; 0.5 - ecam oba mokasartesst
paBHO3HAYHBI,

2) onpenensercss “UeHa" ToKasatens f
IeEpEMEHHBIX B CTPOKE;

, j = 1,..,J nmyreM cyMmupoBaHUs

3)ucxoma u3 "LeH" TIOKasaTeieil BBIYMCISIOTCS MCKOMBIE Beca YaCTHBIX
rnoxasareyeu:

i
5
=
O060061meHHBIN TTOKa3aTesb KadecTBa yHKImoHupoBanus UIT dopmupyercst mo
aJITOPUTMY:

l)bopmupyercst MaTpuila "ToKasaTeld - CTPYKTYpBI', TIpeACTaBIeHHas B
ra6mn.2.3;
Tabnuua 2.3
Martpuua “nokazaTenu-cTpykrypel’
R, BapugHthl cIpyKTYp
1 s i s I
Rl R| | s R. 1 aen R“
Rj Ry o Ry % Ry
RJ RJ ] v R.j e R| }

2) OLIEHKW MAaTpHIlbl "TTOKa3aTeld - CTPYKTYPHI TPUBOIATCA K OGe3pasMepHOMY

BULY:
u
= R‘j jed
¥ maxR¥’ ’
c Y
i
Ru
J‘“ j eJ":
y mmR?' ’
roe J'- MHOXeCTBO TOKaszaTesel, TMOoIJIeXalldXx MaKCUMM3anuu, J' - Tomiexkalimx
MUHUMU3ALNN;

3) bopMupyeTcs MaTpuriia Mep KadecTBa GyHKIIMOHUPOBAHUS

22



3) dbopmupyeTcst MaTpHIia Mep KauecTBa GYHKIMOHUPOBAHUS

Fl=a, r, =150

gy
4) BeIYUCHSIOTCS 00001IeHHbIe TToKazaTenu UIT:
QY=Y rt~ T Y,

' jet’ b jEJ"’j

T.e. HaXOOUTCS Pa3HOCTh CYMMapHBIX Mep KadecTBa (DYHKIIMOHWUPOBAHUS TIO
MOKa3aTeJsIM, TTOJIEXAITM COOTBETCTBEHHO MaKCUMU3AIINU 1 MUHUMU3aIl U Y.

Beibop panumoHasbHoro BapuaHta WMII 0GasupyeTcs Ha aHaau3e UIPoOBOM
MaTpUIlBI C TIOMOIIbIO KpuTepueB Bampma m Jlammaca, B KOTOpO#l CTpaTerHsMu
SIBJISIIOTCSL BAPUAHTHI CTPYKTYPHI U YCIOBUM (GYHKIIMOHWPOBAHUS, a MEpPOil TiIaTexa -
0000ITIeHHBIE TTOKa3aTeu KadecTBa GYHKIIMOHNPOBAHUS [2].

Kpurepuii Banbna, uiv Kputepuii 0CTOPOXHOTO HabIt0maTeNs,

u

F= men}}nQi
TapaHTUpyeT  ONpEAEICHHBIM  BBIUTPHIII  TIPM  HAMXYOIIMX  YCIOBUSIX.

OnTuManbHas CTPYKTYpa ONpenelisieTcsl clienylomuM oopa3om. [locTpouHo mo Tab6m.2.4
S

OTBICKMBAIOTCS MWHUMAIIbHBIE OUEHKH ming; , i=1,...,] m1a Bcex crpykTyp.

[IpenmoyreHne MMeeT albTepHATHBA ¢ MAKCUMAaJTbHBIM CTPOYHBIM MUHUMYMOM.

Kputepuit Jlanjmaca  (mpenmmosiaraeTcsi, 4TO  BCE  BapUaHThl  YCJIOBHUIA

PaBHOBEPOSITHBI):

|
F=m?x-[-]- g Q:’

=l

[IpenmouTuTenbHee CTPYKTypa C MaKCUMaJbHOM  cpenHel  IOCTPOYHOM
OLICHKOM.

2.5. Topsimok BHITIOJHEHMS PabOTHI
[IporpamMmmHOe obecriedeHne, WCIIONb3yeMoe TpY BBHIITOJHEHUU PabOThI, UMeeT
pa3BUTOE MEHIO, COIPOBOXJAAIONIEE TIOJIb30BATENs B TIpolecce TMpopaboTKu

aJIbTCpHAaTUB B PEXMUME aKTHMBHOIO JMajora. IC1\0) OCBOOOXIaeT TOJb30BaTeNsl OT

PYTUHHBIX IIPOMCXKYTOUYHBLIX pacy€TOB II0 aHaAJIM3y BapUaHTOB I/IH(I)OpMaL[I/IOHHOVI
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omnpeneseHusl YCIOBUU (PYHKIIMOHUPOBAHUS CHUCTEMbl U HUCXOAHBIX NAHHBIX JUIS
pacuetoB, (opMupoBaHus cucteMbl peanouteHuit JIIP, ynpapieHus ucciaeioBaHueM
U aHAJW30M MX PE3yJIbTaToB.

Becp mporecc uccnenoBaHusl aqbTepHAaTUB OTPAXaeTcss Ha 5KpPaHE MOHUTOpaA C
(dukcauueit Gopmupyroniero kaapa A0 KoHIla pabotel. Ha skpane Bcsg uHbopmaiius
pacrionaraeTcsi B COOTBETCTBYIOIIMX OKHAax: OKHO IJIs1 rpadW4ecKodl WIUTIOCTpalu
TOIMOJIOTUM pa3MEIEHUs] BapUaHTOB WHGOPMAIMOHHOW TMOACUCTEMbI; OKHO IS
yCa0BUI OYHKIIMOHUPOBAHUS; KOHTEKCTYaIbHO-3aBUCUMOE OKHO TIOJICKa3Ku; pabouee
OKHO /il TIPOBEACHUSI PACUETOB U BBIBOJA PE3YJbTaTOB CPABHUTEJIbHOIO aHaau3a
ajbTepHATUB.

B cooTBeTcTBUU € pa3pabOTaHHBIM MPOTPaMMHBIM OOecliedyeHUueM B Mpollecce
HUCCJeIOBAaHUS BapUaHTOB WHGOPMALMOHHON TMOACUCTEMBl MPUHSTHL CJEAYIOlINe
OrpaHUYEHUS:

1) yucio paaroIOKAIIMOHHBIX CTAHI[MI KaXJOr0 BapuaHTa MOXET MEHSAThCS OT
OITHOTO JI0 TISITH;

2) OMHOBPEMEHHO MOXHO aHAJIM3UPOBaTh He Oosee yeThipex BapuaHToB UII mpu
TpeX BapUaHTaxX yCJIOBUU GYHKIIMOHUPOBAHUS CUCTEMBI.

JUTsl OLleHKM TUTOIAAeil 30H pPafAMONIOKAlMOHHOTO TMOJISI WCMONb3YETCS METOL,

CTAaTUCTUYECKUX UCTIBITAHUU - METOT MOHTC—KapJ'IO.

JlabopaTopHasi paboTa BBITIOJHSETCS B CIEyIONIEH MOCAeI0BaTeIbHOCTH.

1. U3yuutph obuue mnosoxeHusi npoektupoanuss UIl AC YBJ u coctaButh
Habop anbrepHaTtuB UII, Bapbupys uuciom u pacnoioxenuem PJIIC u I[TOU B 30He
OTBETCTBEHHOCTH.

2. CohopmupoBatb Heckoiabko BapuaHtoB HWII  AC VYBI, Bxiiouas
GopMupoBaHUS  30HBI  OTBETCTBEHHOCTM  (CTaHOapTHas Wi omnpeneisiemMast
MOJIb30BaTeIeM) U PACCTAaHOBKY B 30HE OTBETCTBEHHOCTU CTaHIIVU,

3. ChopmupoBaTth BHellHHE ycioBus (yHkimonupoBanus WIT AC YBI:
BeposITHOCTb oOHapyxeHust BO m-PJIC BycnoBusixu - P" ;u= 123 m=1,.,5T,
u=1,..,3; dT, u= 1,...,3.

4. Paccuurars xapakrepuctuku WII: xoabduiiieHT nepekpoiTusi; BEpOSITHOCTh

ou?

HENPEPBIBHOTO COMPOBOXIEHHUSI; CTOUMOCTb.
5. TlpoBectn cpaBHUTeNbHBIN aHanu3, BapuantoB WII AC YBJ u BbIOOD

Haubonee NpEANOYTUTCIILHOTO.
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Haubosee MPENNOYTUTELHOIO.
2.6. CocraBiieHHEe OTYETA

1. Llenb paGoOThbI.
2. CnucoK U XapaKTepUCTUKU aJIbTEPHATUB, YCIOBUI UX DYHKIIMOHUPOBAHMSI.
3

Dranbl aHaJIM3a aJIbTePHATUB U Pe3y/IbTaThl PACUETOB IO 3TaraM.
4. UrpoBasg martpulia Uisl ONpeAefeHUus palroHalbHOU CcTpyKTypsl MIT u
pe3yJIbTaThl aHAIM3A.
5. BbIBonbl 10 paboTe.

2.7. KOHTpOJIbHBIE BOMPOCHI

1. Yem 0OBSICHSIETCST HEO00XOIUMOCTb ONTUMU3ALIUI TMPOLIECCOB
MPOEKTUPOBAHUS CJIOXKHbBIX CUCTEM Ha paliHUX dTarnax uX pa3padoTKu.

2. Ormpeaenure LeaecoO00pa3HOCTb BBoAa OOOOILICHHBIX IMOKa3aTeseil KauyecTBa
(GYHKIMOHUPOBAHUS CJIOXKHbBIX CUCTEM Ha 3Tarle aHar3a MPOEKTHbBIX PEIICHUIA.

3. TlpuBenute OCHOBHbIE MeTOAbl (POpMUPOBaHMSI OOOOIIEHHBIX MOKa3aTeseil
KauecTBa GyHKIIMOHUPOBaHUs cucTeM. JlaliTe UX CpaBHUTEIbHbIN aHAIU3.

4. OcHOBHbIE 3Tambl BbIOOpa pallMOHAIBHBIX BAPMAHTOB CHCTEM Ha DPaHHUX
9Tarnax MpoeKTUPOBaHUS B JAMANa30He BO3MOXKHbBIX YCJIOBUNM MX (DYHKIIMOHMPOBAHUSL.

5. B ueM cMmbichn KpuTepueB BblOOpa anbTepHaTtMB Banbaa, CoBumka, ['ypuiia,

Jlannaca?
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JlaboparopHas pabota No3
MoaeaupoBaHue OPraHM3alMOHHON CTPYKTYPbI yNIpaBJeHUA
npeanpusiTueM

3.1. Lenp paboThI

1. O3HakoMJieHHMe C  MeTomMKaMH  (OpPMHUPOBAHUSI
OpPraHM3allMOHHBIX CTPYKTYP YIPaBJIeHUS MPEITPUITUEM.

2. OmpeneneHre ONTUMAJIbHOTO  KOJMYECTBA YPOBHEH JIMHEWHOTO W
(YHKIIMOHANBHOTO YIIPaBIeHUS OPTaHU3AIIMOHHOM CTPYKTYPHI.

3. OrmpeneneHre ONTUMAIBLHOTO Pa3OMEHUs] CTPYKTYPHOTO MOAPA3ACNCHUsT Ha
OTZIENbHBIE TPYIIIIHL.

3.2. Obmue cBeaeHMs

OpraHu3allMOHHas CTPYKTypa VIpaBIe€HHUS - 3TO COCTaB, B3aMMOCBSI3H U
COMOMYMHEHHOCTb ~ COBOKYITHOCTM  OPTaHWU3AIMOHHBIX  eIWHMII  (TIoapa3neIeHuin)
ammapara yIpaBjieHUs, BBITOJTHSIONMX pPa3IuyHble GYHKIUU TI0  YIPaBJICHUIO
0Tpaciiblo, MPOU3BOICTBEHHBIM OObeOMHEHWEM (TIPEANPUATAEM), LIEXOM.

BaxueiimmumMu 3amadyaMyd TIipu (GOPMHMPOBAHWU OPTAHM3ALMOHHON CTPYKTYDBI
SIBISIOTCSI, BO-TICPBBIX, OMpeNeieHue ONTUMAIbHOTO KOJTMYeCTBa YPOBHEW yIpaBieHNU,
W, BO-BTOPBIX, ONTUMAJIBHOTO pa3bWEHUs] CTPYKTYPHBIX  TIOHpasieNieHWii  Ha
CaMOCTOSITEIbHBIE TPYIIBI Ha KaxkIOM U3 YPOBHEH.

OpraHu3allMOHHAs CTPYKTypa amnmapaTa YIpaBJIeHUS TPEINpUATAEM HMeEeT
NMUpaMUAATbHBIA  XapakTep, T.. CONEPXUT HECKOJbKO YPOBHEH  yrpaBieHHs
(MepapxXu4ecKMx), 4TO  COOTBETCTBYeT  TPUHLMINAM  CHCTEMHOTO  TMOCTPOCHMS
opraHu3anuu. MepapxuyHOCTb OpraHU3allMOHHON CTPYKTYphl —obecrieynBaeT e
YCTOMYMBOCTL K  BO3MYILIAIOIIMM  BO3ACHCTBUSM,  CIOCOOCTBYET JIMKBUIAIIUM
BO3MOXHBIX KOH(MIUKTHBIX CUTYAIWil TyTeM COOJIONEHHUST CTPOTON COMOTYMHEHHOCTH
pPabOTHUKOB M PYKOBOIUTEICIA.

HayuHoe o6ocHOBaHME pPallMOHAJIBLHOTO KOJWYECTBA YPOBHEM YIpaBleHUS W
pacmpenieieHUsl TI0 HUM YIpaBJIeHYeCKUX PaOOTHUKOB - BaXKHBIM (haKkTop, OT KOTOPOTO
3aBUCUT 3(PGEKTUBHOCT pAbOTHI ammapara yhpaBieHMs. Ma3nuiiHee KOJUYECTBO
VPOBHEH YIpaBiIeHMs 3aMelIsieT OBMXKCHME yIpaBieHUYecKod WH(pOpMaluu, B TO XKe
BpeMsl KOPOTKHE MepapXuyecKue LEeMOoYKd WJIM HEIOCTaToYHass YUCICHHOCTD
pabOTHMKOB Ha KaKOM-TMOO YpOBHE YIpaBJeHUsS NPUBOAAT K HH(OOPMAIMOHHOM
neperpy3ke pabOTHUKOB Ha BBIIECTOSIINX YPOBHSX.

Hepapxuveckoe TIOCTpOEHWE armmapara YIpaBJeHHS TECHO CBA3aHO C
LEHTpaJu3aldell  yImpaBJIeHUS -  COCPENOTOYCHHMEM  OpPTaHM3allMOHHBIX U
pacmopsauTeIbHBIX QYHKIINIA Ha BHICIIMX YPOBHSX YIIPABICHUS U UCTTOTHUTETbCKHX -
Ha HMXHUX ypoBHAX. I[IpewMyllecTBa LEHTpaNM3allMu: YETKOE pacrpeaeieHue
00513aHHOCTE! B OpraHU3aluM, UCKII0UeHNE Mmapajuieu3Ma B paboTe; ero rjaBHBI
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HEJIO0CTAaTOK - CHUXEeHWEe TMOKOCTH U OTepPaTUBHOCTH pabOTHI ammaparta yrnpaBieHUs.
JlenieHTpanu30BaHHOE YIpaBJieHUE MO3BOJSET HAXOAMTh ONTHUMAJbHBIC pPEIleHUS Ha
BCEX YPOBHSX YIpaBJeHUs, YMeHbIIaeT obbeM WHMOpMaINuu, mepepabaThiBaeMoil Ha
BEPXHUX YPOBHSIX; €r0 HEIOCTATOK - 3aTpyIHEHWE KOOPAWHAIUU, PEeTYyIUPOBAHUSI U
KOHTPOJIS TPOIIECCOB YIPaBICHUS.

Mpumenenue 9KOHOMUKO-MaTeMaTUIeCKOI MO uepapxun
Op!aHU3aIMOHHON CTPYKTYPHl TO3BOJISET ONTUMU3MPOBATH ONWUH W3 BaXHEUIIHMX
MmapaMeTpOB OPTaHW3ANMOHHOW CTPYKTYPHl - CTEMEeHb LEHTPaIW3alliy yIpaBIeHUS -
MyTeM OTpeleIeHHs] ONTUMAaJbHOTO KOJUYeCTBAa YPOBHEW JMHEWHOW (Hampumep,
ITVPEKTOp - HaYaJbHUK IleXa - MacTep) ¥ QYHKIMOHAIbHOTO (HAampuMmep, TIaBHBIN
WHXeHep - TJaBHBI KOHCTPYKTOpP - HavyaJlbHUK OHOPO - PYKOBOAMTEIb TPYIIIHI)
yIIpaBJIeHUs M pactpeeieHuss pAGOTHUKOB YIPABICHUS MEXITy HUMH.

PykoBomutenb,  OCYIIECTBISASE  PacMOPSITUTETbHO-KOHTPOJBHYIO  (DYHKIIWIO,

OTJAeT  pACMOPSXKEHUS  TOAYMHEHHBIM W  KOHTPOJUPYET WX  BBIMOJHEHUE.
PacniopsinuTenbHO-KOHTpOJNbHASE (YHKUMS KOJMUYECTBEHHO BbIpaxaeTcs 4UCIOM
pacrnopsixeHuii (yKazaHuil, UHCTPYKIIMI) 32 OMpeNeNeHHbII MPOMEXYTOK BPEMEHU U
3aTpaTaMKd BPEMEHU Ha BBHITIOJHEHUE DPACMOPSIKEHUS U ero KOHTPOJb. Takue JaHHbIE
MOTYT OBbITh MOJyYeHBbl MPU MPOBEAECHUU CMELUATBHOTO WUCCIENOBAHUS WU 1leJeBOi
(ororpacueit padouero BpeMeHU PYKOBOAUTENEH U HMCIOJTHUTEIEH.

Ecnu uccnenoBaHue mnpoBoAMTCSt B (popMe aHKETUPOBAHUS DPYKOBOIUTEIEH U
HUCTIONIHUTENeH, TO pPYKOBOAMUTEIM B CBOMX aHKeTaX YykKa3biBaloT [loguMHEHHBIX |
pacopsiAMTEIbHO-KOHTPOJbHYIO GYHKIMIO A KaXJIOro M3 HUX B aOCOJIOTHBIX U
OTHOCUTEJIbHBIX BeJWuYMHax. [lomymHeHHbIe B aHKeTaX YKa3blBaloT pPaOOTHUKOB
BBILIECTOSIIETO YPOBHS, OT KOTOPBIX OHW IMOJYYalOT PACTIOPSIKEHUS, U BEJIUYMHY 3TOM
CBSI3M B aOCOJIOTHBIX WM OTHOCUTENbHBIX I[IOKa3aTeJsX [IJs BCeX Ha3BaHHBIX
PYKOBOIUTENEH.

CBelleHUsT MO0 KaXJOW CepUU TaKMX aHKET MOTYT OBITh TpeACTaBIeHB B (opme

Pynxocodurenu
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MPSIMOYTOJBHBIX MaTpull Atn m A'tn (puc.3.1), Tie t W I - COOTBETCTBEHHO YHCIIO
pYKOBOIUTENell W TIOMIMHEHHBIX, a KaXAbIi JJIEMEHT aij ompelensieT CBsI3b TI0
PaCTIOPSIINTENTEHO-KOHTPOJIBHON  (DYHKIIMM MeXIOy i-M pabOTHUKOM, yKa3aHHBIM B
KpaliHeil BepXHell CTpOKe MaTpUIIbI, U j-M paOOTHUKOM, YKa3aHHBIM B KpaiiHEM JIEBOM
cronbne. Marpuiia Atn cOCTaBIIIeTCSl PYKOBOAMTEISIMU, A'tn - MOMIMHEHHBIMH. JIjist
YCpemHEeHUsT TOJTYYeHHBIX BEJMYMH W ydeTa B3aUMHOW OLEHKW PYKOBOIUTENIEH W
UCMOJHUTENIelt HeoOXoouMO OO0BeIMHUTL 00e Matpulibl Atn u AYnB omHy Btn,
MEepEMHOXUB MEXIy COo0Oi ONHOMMEHHBIC 3JeMeHThl Matpull (aij*a'ij=bij). Takas
TpoIleaypa YCUJIMBAaeT OCHOBHBIE CBSI3M MEXIy pPAaOOTHUKAMU DPA3UIHBIX PAHTOB U
ocnabiisieT cayJailHble CBSI3M WJIM OIMMOOYHBIE CBENEHUs, TaK KaK €CU OIWH U3
COMHOXWTENIel paBeH HYJII0, TO U WX TPOU3BEIEHVE PaBHO HYJIO, W CBSI3b OCTaeTCsl He
TMOATBEPXKACHHOM.

IMoctpoenne Tpada GakTUUECKON UepapXUIecKoil CTPYKTypHl —ammapara
yopasieHuss U Ha OCHOBe OOBCAMHEHHOW Marpullbl Btn mpousBomuTcs myTemM
pacmnpenejieHUusi paOOTHUKOB IO TIOAPA3NeIeHUsIM, a MOAPA3IeNICHUIl - MO yPOBHSAM
VIIpaBJIeHUsI, COOTBETCTBYIOIIMX paHTy UX pyKoBomutemeir. Wcxomnwiii rpadp U
COTIOMUMHEHHBIX CBSI3ell B almapare YIpaBIeHUs SIBJSIETCSl, KaK TPaBWIO, CBSI3HBIM
rpahoM ¢ HEKOTOPHIM KOJMYECTBOM LUKIOB. YTOOBI TIOJTYYUTh U3 HETO MCKOMBIN Tpad
tuma "mepeBo” G , OTOOpaalolIMii ONTHMAJBHYIO MepapXU4ecKylo CTPYKTYpy
yripaBjieHusi, HeoOxomumo u3 Tpada U ymanuth He MeHee v pebep. BenuuuHa v,
Ha3bIBaeMast IUKJIOMAaTUIeCKUM YUCIIOM Tpada, onpenesnsieTcsl U3 COOTHOIIEHUS

V=N-n+l,
rae N - konumuyecTBO pebep rpada (4ucio COMOMYMHEHHBIX CBs3eii); M - YMCIO BEepLUUH
rpada (KOJ1M4ecTBO paOOTHUKOB B arlriapaTe yrpaBjieHusI).

PanmonansHOl Wepapxuu armrmapara YIpaBlIeHUsI CTaBUTCS B COOTBETCTBHE
Takoe nepeBo G, Kotopoe oOGsamaeT oOlIeld MaKCMMaJbHOW CyMMOI BecoB pebep U
WMeeT HaMMEeHBINYIO TMHY LM OT KOPHS JepeBa 10 Haubosee ynajJeHHON BUCSYE
BepmuHbl. [lom BecoM pebpa TIOHMMAaeTCs KOJWYECTBEHHAs XapaKTepUCTUKa
pacTiopsiIUTeIbHO-KOHTPOJIBHOM  (DYHKIIMM MeXay OBYMs pabOTHUKaMU (KOTOpBIE
YCIOBHO TPEACTABIISIIOTCS B BUIe BepIIWH Tpacda), MpUHAUIeXXalluMu TaHHOMY pedpy
rpada.

BapuaHTBI MepapXu4eckoil CTPYKTYpbl CPaBHUBAIOTCS 1O  KPUTEPUIO
ONMTUMATBbHOCTH Q, KOTOPBI YYMTHIBAET CYMMY BECOB BCEX
pebep rpaa bi M MakCUMaNbHYIO UIMHY LIEMU OT KOPHS
nepesa G 1o ero Haubosiee ynaaeHHOUN BUCSYeil BEPIIMHBI:

1 g .
=_— Y bi—»max ,
Riz)

rie R - MakcuManpHas miuHa 1enu oT KopHs aepeBa G 1o
ero HamboJsiee ymaJleHHOU BUCSYEN BEpUIMHBI, BBIpaxkeHHast
KOJIMuecTBOM pebep; bi- Bec i-ro pebpa rpada G, T.e.
M0KAa3aTeNbPacTIOPSAIUTETbHO-KOHTPOILHOU OYHKITNY MEXTY
PYKOBOJUTENEM U UCTIOTHUTEIIEM.

Puc.3.2, Uexonuutit rpad U



Tor BapuanT Tpada G, KOTOpBIi oOOecreYMBacT MaKCUMaJbHOE 3HAYeHUE
KpuTepuss Qmax, SABISeTCS MCKOMBIM, OTKyAa JUIS JAHHBIX YCIOBMIA OIpeaensieTcs
BeMurHa R, mokaspiBaromasi palMoHaJIbHOE YUCIO YPOBHEH WepapXuu B armapare
VIIPaBJICHHUS.

PaccMoTpyM  mpuMeHeHWe  MONEIM Ha  TMpUMepe  pallMOHAIM3aIUuu
HMepapXUIecKOr CTPYKTYPBI CIYXOBI TEXHOJOTMYECKON TOATOTOBKM MPOM3BOIACTBA Ha
MAaIIMHOCTPOUTESIbHOM TIPSANpUsATAU. B cocTaBe TompasnencHUil uMmeeTcs GOpo
ITAHUPOBaHMS TIPOM3BOICTBA B COCTaBe S5 4YeJOBEeK. Pe3ynbTaThl  00CIeNOBaHUS
COTTOIYMHEHHBIX CBSI3eH MO PACIOPSIIMTETbHO-KOHTPOIbHON (GYHKIIMM MEXIy 3TUMU
paboTHMKaMy TIpeACTaBlIeHBl B Bume ucxomHoro rpaga U (puc.3.2). Ero
HUKIOMAaTHIeCKOe YUCIIO

v=7-5+1=3,
@ T.e. U MOJydeHusT uckomoro rpada G ciemyer ynaauTh
He MeHee Tpex pebep y daca U.

IepBbIil BapraHT TMEPeCTPOMKN HMCXOTHOTO rpada
U B mepeBo O (puc.3.3) xapakTepusyeTcsl CJIeIyIONIMUI
02 04 roKa3aTeIsIMU: MaKCUMabHasl ITMHA OT KOpHs aepeBa G
IO ero Haumbojee ymTaJeHHOW BEepPIIMHBI, BbIpaXKeHHasI
quciaoM pebep, RI=3; cymmapHas KoJudecTBEHHast
Puc 3.3.R=3;Thi=1,8;Q=0.6 XapaKTepUCTUKa pacrpeaeuTeIbHO-KOHTPOJIbHOM
byHKIMM TIOICYMTHIBaETCS KaK CyMMa BECOB Bcex pebep
rpada G um cocraBmsger bl=04+0,8+0,2+0,4=1,8; xputepuii >(PGEKTUBHOCTH IS

TaHHOTO BapHMaHTa TIOCTPOCHUST Mepapxudeckoi ctpykTypbl Q1=1,8/3=0,6.
AHAJIOTUYHBIM 00pa3oM TPOM3BOAMTCS OIIEHKA BCEX BO3MOXHBIX BapHaHTOB
IIOCTPOCHUST MEPApXUIECKOM CTPYKTYPHI ISl JAHHBIX MCXOOHBIX ycioBuii(puc.3.4-3.8).

0,4
0.8

Puc.3.5. Ucronnafi rpad Puc3.6.R=3.Zbi~1 8116
Gopt  R=2;Ebi=2,(:Q=1,0

Pre.3.7 R=3:Zhi=2.2;
Q=0.73 Pric.3 8. R=4:Ibi=2,0:0~0,5
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Kak BUIHO U3 pUCYHKOB, UCKOMBIM TpachoM Gopt, COOTBETCTBYIOIIUM PallMOHAILHOMY
BapUaHTY MOCTPOEHUSI MEPAPXMUECKON CTPYKTYPHI, sIBAseTCS Trpad, MOKa3aHHBIA Ha
puc.3.5, mAS  KOTOpPOTO YCTAHOBJIEHHBIH  KpuTepuit  3PGEKTUBHOCTH  MMEET
MakcuManbHoe 3HaueHue Q=I1,0.

Ha ocHOBe MpOBENEHHBIX PACUYETOB 0 MOIEIM HEPAPXUUYECKON CTPYKTYDHI
MPEeACTaBIsIeTCS 1eNecoo0pa3HbIM i OpO TIAHMPOBAHUSI MPOM3BOACTBA BbIACIECHUE
OT/IeIbHOM Tpynnbl (paboTHUKM 3, 4, 5) ¢ yCTAHOBJICHUEM JAJISI HUX CAaMOCTOSITENIHOTO
Kpyra BOIPOCOB.

Bropast 3amaya ¢GopMHMpPOBaHUS OPTAaHWU3ALMOHHBIX CTPYKTYp COCTOMUT B
dhopMupoBaHUM 000COONEHHBIX TPYNN pabOTHUKOB YMpaBIeHUS C YYEeTOM UX
KOOTIEpUpYeMOe Npv pelleHMM KOHKPETHBIX 3amay ympasieHus. [lpuy aToM
HEOOXOOMMO  CTPeMHUThCS K  QopManu3aluu  Tpolecca CTPYKTypU3alUM U
KOJMYECTBEHHOMY CpDaBHMTEJIbHOMY aHaluM3y BapuaHTOB pa3OueHus. Hwuxe
pPacCMOTPUM OJMH U3 METOMOB pelieHus 3Toit 3amaun [1].

MogenupoBanue (dopMupoBaHUA CaMOCTOATETbHBIX CTPYKTYPHBIX
MoxpasfeleHdii  ammapaTa  yIpaBieHWsS  OCHOBHIBaeTCA  Ha  (hopMaim3alnu
MIPOM3BOICTBEHHBIX B3aMMOCBS3€ i MEXIY pPabOTHUKAMU VIIpaBIeHu,

npodeccnoHanbHO-KBATU(MUKALMOHHOTO COCTaBa pPaOOTHMKOB, XapakTepa U CTETIeHM UX
3arpyXeHHOCTHU BHITIOJHEHMWEM paboT HO TaHHOW QYHKLMY YIpaBIeHUS.

HcxomHoe MHOXECTBO {Mo} 3JIEMEHTOB mg{Mu}, oToOpaxarollee COoCTaB
pabOTHWKOB ammapaT yrpaBlieHUs, pa30MBaeTCs Ha HEKOTOPOE KOJMYECTBO HEMYCTBHIX
MOJIMHOXECTB - CAMOCTOSATEIbHBIX CTPYKTYPHBIX TOApa3eNeHUit {M.}S{Mu}a npuYeM

n
[Ml}at@. Cymma ¥ nmepeceyeHMe 3THX IIOAMHOXECTB P a XM, :{Mu} u
1=1

{M.liﬁh\du}:@ npu il=i2 (Hu oaMH pabOTHMUK HE BXOAUT OJHOBPEMEHHO B JBa

HOApa3ieIeHNUs).
DeMeHTH UCXOLHOTO MHOXECTBA {Mo} HaXoIATCA BO B3aMMOCBA3M. B KauecTse

nmoKasaTeseil CBSI3M BBICTYMAIOT KOJIUYECTBEHHbBIE XapaKTEPUCTUKM TTPOU3BOJCTBEHHBIX
B3aMMOCBSI3eil MeXIy paboTHMKAMM B TMpollecCe WX COBMECTHOro Tpyna. K Takum
B3aMMOCBSI3SIM OTHOCSITCS: B3AMMHBIN 00MeH MH(pOpMaLneil, KOHCYIbTalluU, CIIPaBKHU,
OTYETHI, COBEIAHWS. DBOJBIIMHCTBO 3TUX B3aMMOCBS3EHl MOXET OBITH OLIEHEHO
KOJIMYECTBEHHO: YIEIbHBIM BeCOM B OajaHce pabo4yero BpeMEHH, TPYAOEMKOCTbIO WU
YacTOTO# MOBTOPEHMUS 32 OMpPEAETIEHHBIN MPOMEXYTOK BPEMEHHU.

PanuvoHanbHast — CTPYKTypM3allusl —ammapaTta yhnpaBleHUs JOJXHa ObITh
HampaBjieHa Ha yBeJMUYeHUE U YKpeTJeHUe KOONepupoBaHHBIX B3aMMOCBsA3ei. B To ke
BpeMsl, pa3BuMBasg W YrayOJsds KoOOMepaluuio Tpyla B arnmapare yIpaBieHUs U
obecrieunBasl  ycloBUSL [T 3TOTO B BUAe (YHKIMOHAJIbHOTO  0060CcOOMEHMS
KOOMEPUPYEMbIX PAOOTHUKOB B CAMOCTOSATEJbHBIX CTPYKTYPHBIX MOApa3eeHusx,
cleayeT MMeThb B BHOY, YTO OTOT TMpollecC MPUBOAUT K JpoOJNeHUI0 ammapara
yrIpaBJeHUs Ha Bce Oonee MeNKUe CTPYKTYPHBIC eIUHUIIBI, YTO HEM30EXHO MOPOXIACT
TPYIHOCTU B ero GyHKuMoHuMpoBaHuM. CiemoBaTesbHO, HEOOXOAMMO CTPEMHUTHCS K



TPYIHOCTH B ero ¢yHKunoHupoBaHuu. CiemoBarelibHO, HEOOXOAMMO CTPEMUTBCS K
TOMY, YTOOBI CTPYKTYpW3alldsl armapara YIpaBJIeHUs OCYIIECTBISUIACh B MUHMMAIbHO
HeOoOXOMUMBIX TIpeenax, obecrieunBasi 3¢ OEKTUBHOE BHIMOTHEHNE 3alaHHBIX QYHKIINN
YIIpaBIECHUSI.

LeneBas pyHKIMS A, COOTBETCTBYIOIASI STUM YCIOBUSIM, OyleT UMeTh BUJL

A= mii [[n(t'l + 1)]--) max,

1=
=

1j=1

.
]

A€ II- KOJIMYECTBO IJIEMCHTOB MYy B IMOAMHOXECTBE lM'},T.e. YUCJIICHHOCTb pa6OTHI/IKOB
(l)OpMI/IpyeMOFO roapasaeiieHud; t - KOJIMYECTBO MMPOU3BOAHBIX TIOAMHOXECTB {M‘}; Ty -

BeJMYMHA 3a(pUKCUPOBAHHON CBSI3UM MEXIy O3JIeMeHTaMu 1 u j; ti — uwucio
CaMOCTOSITETbHBIX CTPYKTYPHBIX TOApA3JesieHWii B ammaparte yIpaBJIeHUs, paBHOE
KOJIUYECTBY MPOU3BOIHBIX MOAMHOXKECTB [M.} Boipaxenue (n+1) BbiOpaHO ucxonsl U3

CBOMCTB JIoTapudMUUECKON (PYHKLIMU, Y KOTOPOM €IMHCTBCHHBIM HYJEM SIBISICTCS
Touka I=I.

[MokazaTenn B3aMMOCBSI3U Ty MEXIY OJ€MEHTAMU HCXOTHOTO MHOXECTBa
{Mn} 00pa3yloT KBagpaTHYIO MAaTpUILY umij" rIe KaXIblil DJIEMEHT XapaKTepusyeT
BEJIMYMHY TTPOU3BOICTBEHHOU B3aUMOCBSI3M MEXIy i-M 3JIEMEHTOM BEPXHEIl CTPOKU U j-
M 3JIEMEHTOM JIEBOTO CTOJIOIA MaTPUIIBI ﬂminl

OmnpeneneHne ONTUMATbHOU CTPYKTYpU3allMW arapara yrpaBlieHUSI Ha OCHOBE
MOJIEJTUPOBAHUS Pa3lesieHrs] U KOOTepalnyl YIpaBIeHYeCKOTO Tpylda OCYIIECTBISIETCS
MyTeM TepeCcTPOKM MCXOMHOW MaTpULbl B3aUMOCBS3EH fmd M OLEHKM CyMMapHOI
BEIMYMHBl KOONEPUPOBAHHBIX CBA3ell B M cloxHOCTM ¥ oOpasyeMoli IIpu 3TOM

OPTaHU3aIIMOHHOW CTPYKTYphl. PaccMOTpUM TIpaKTUYECKYIO pealn3aluio JaHHOUN
MOJeN Ha TpuMepe (parMeHTa OpPraHU3aNUOHHONW CTPYKTYpHI armapara yrnpaBJIeHUs,

€ B KAYECCTBC MCXOAHOI0O MHOXKECTBA {Mﬂ} B34TbI YETBHIPE YIIPABJICHYECCKUX pa6OTHI/IKa.

YcTaHOBIIEHHBIE BEJIMYMHBI IPOU3BOICTBEHHBIX B3aUMOCBSI3ei MEXITy HUMU OTPaKEHBI
B ucxogHoit Marpuue (puc.3.9). Jns ynobcTBa pacyeToB WM HALJSIHOCTU BEJIUYMHBI
KOOTIEpUPOBAaHHBIX CBsI3ed (CPEmMHEromoBasi TPYHOEMKOCTh B HOPMO-4Yacax) HECKOJBKO
OKPYTJICHBI M B3SIThI C MacIITaGHBIM KoahduiimernTom 1/100.

CyMMapHBIil TTOKa3aTelb KOOTIEPUPOBAHHBIX CBsizelt P st wcxomHou

MaTpUILIbL MO =ﬂmi1l COCTaBJISIET
Bo=5+2+3+1+1+2+4+1+2=24.
ITokaszaTeab CIOXHOCTUM MCXONHOW OpraHMW3alMOHHON CTPYKTYpPhl Vy

omnpeeNsieTcsl M3 COOOpakeHWsI, 4YTO B JAaHHOM CJIy4ae KOJMYECTBO ITPOM3BOIHBIX
MOIMHOXECTB t=1, cIemoBaTeIbHO,

yo=In(1+1)=In2=0,693.
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A0=24+0,693=16,632.

_Hexonuay g_a_gpgu% M% 4-#i Bapuapt(1}(2.3.4)

pabor |10 |28 13- ' pasmjl - EH 34 t4-n

L EHKH | i

-8 XI5 2 3 g=24 1-A X |- - - fi=6
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“ J4 13 12 |x | i - 11 f2 Ix |
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Puc.3.9. ITpumep peanusai MOae U BbIIEICHUS CAMOCTOSTEIbHBIX
CTPYKTYPHBIX TOAPA3neIeHUIT

[lepBblii BapuaHT CTPYKTYpU3allMM MCXOAHOTO MHOXECTBa {Mo} U BbIAEJCHUS B

HEM CaMOCTOSTEJNbHBbIX MOApa3ieieHuil MmokasaH Ha puc.3.9. IlepectpoeHune HCXOmHOI

MaTpMIlbl  B3aMMOCBSI3Ei Mpr-'mlll JaeT  cledylollee:  MepBoe  MPOM3BOIHOE
HOHMHO)KCCTBO[MJ i oOpasyercsi myreM OObEAMHEHUSI MEPBOI0O U BTOPOro pabOTHUKOB,

a BTOpoOE {MJ— TPeTbero M yeTBepToro. [IpM 3TOM HCKIOYAIOTCS M3 PacCCMOTPEHMS

KOOTepUPOBaHHBIE B3AMMOCBI3U MEXIY 2JIeMEHTaMU TOAMHOXECTB {M,] u {M,}



a BTOpOE {Mz}_ TPEThEro W 4eTBepToro. IIpM 3TOM HCKIIOYAIOTCS U3 PacCMOTPEHHUS

KOOTIEPUPOBAHHbBIE B3AUMOCBA3U MEXIY 3JIEMEHTAMU MOAMHOXECTB {MJ u {Mz}
BenununHanokasaress [J u3 00pa3oBaHHON MaTPULIbI B3aMMOCBsI3Ei Miz"mh‘i

B1=5+3+2+2=12.

[TokaszaTeab CIOXHOCTU 00Opa3yeMoil OpraHM3allMOHHOW CTPYKTYpbHI Y MpU t=2
COCTaBUT

vi=In(2+1)=in3=1,091.

Kpurepuit a3¢ppekTuBHOCTM A TaKOro BapMaHTa MOCTPOCHMSI OpraHMU3aLMOHHOM
CTPYKTYPBI

A1=12:1,091=13,092.

CormocTaBieHre BeTUMYUH Al<AD CBHIETENBCTBYET O  HEIEJIeCO00pPasHOCTH
dbopMupoBaHus ABYX CaMOCTOSTEJIbHBIX MOAPA3ICIeHMIA IPU PACCMOTPEHHOM COCTaBe
PaGOTHUKOB.

Crnenyomas marpuua M2 =ﬁm"n nosnyyeHa M3 MCXoaHoi Mo &Hm,]" nyTeMm
00pa3oBaHUS JBYX IOAMHOXECTB: {Mr}- 00bEIMHEHMEM TIEPBOTO M  TPETHETO
PabOTHUKOB U {Mz}- BTOPOTO M YETBEPTOro pabOTHMKOB U MCKIIOYEHMEM M3 PACUETOB

B3aMMOCBSI3€il MeXy BbIAeJI€HHbIMM MOAPA3ACICHUSIMU.

IMokasatenb [ BTOPOro BapuaHTa CTPYKTYPU3aLUUM HCXOJHOTO MHOXECTBA
Pa=2+1+1+1=5.

[TokazaTenb CIOXHOCTHY 00pPa3yeMbIX MOAMHOXECTB MpPU t=2 COCTaBUT

y2=In(24 D=in3=1,091.

KputepuiiapdextusHocT A 115 BTOporo Bapuanta  A2=3¢1,091=5455 rTe.
Ar<Ar<<cho.

AHAJTOTUYHBIM 00pa3oM MPOM3BOIATCS pacyeTbl IO BCEM  BO3MOXHBIM

BAPMAHTAM TEPECTPOEHMS] UCXOLHOM MaTpuLbl B3auMocBaseii Mo =um““. Kak BunHo u3

pPUCYHKA, MakKCHMMaJbHBIM 3HaueHUeM Kpurepus 3GbOEKTUBHOCTU XapaKTepu3yeTcs
LIECTOIA BapUaHT. [MosTomy  mpencraBiasieTcss  1ie7ecO00pa3HbIM BbIIEJICHUE
CaMOCTOSITEJIbHOTO CTPYKTYPHOIO TIOApasfelieHdss B paccMaTpuBaeMoil ciayx0e B
coctaBe TpeX pabOTHUKOI (MepBOro, BTOPOrO M YETBEPTOro), a TPeTUH pPaOOTHUK IO
(DyHKIIMOHANIBHON MPUHALIEXKHOCTH TITOTEET, BEPOSITHO, K JAPYrod TIpymme, He
BolIeAlield B (DparMeHT paccMaTpMBAeMOro IpUMepa.

3.3. TlocraHoBKa 3amayu

3amaya  GOpPMUPOBAHMUS  ONTUMAJbHOM  OPraHU3allMOHHOW  CTPYKTYPHI
yIpaBJeHUs] paccMaTpuBaeTcs B IJaHE BBHIOOpPA PAlMOHATBHOTO YPOBHS MepapXuu
yOpaBJeHUs IS pealu3allud ONpeAeJ]eHHOT0 Habopa GYHKIMU YMOpaBICHUS U
palMoOHaJIbHOTO pa30UMeHUs CTPYKTYPHOTO MOApa3[eeHUs] Ha OTACIbHbIC TPYIIbI MPU



yrpaBieHUs (BepIIUHBI rpada), U CBI3U MEXIY GYHKIIUSIMHU IJIS TOCTUXKEHUSI KOHEYHOI
menu ynpasieHus(pedpa rpagda). Beca pebep oTpaxarT cTerieHb B3aMMOCBSI3U MEXIY
GyHKIUSAMU B Tipoliecce GYHKIMOHUPOBAHUS CHUCTEMBI. B 3aBUCMMOCTM OT Lienu
CHCTEMBI YIIPaBJIEHUS ISl OHOTO M TOTO X€ COCTaBa (YHKIIMI MEHSIIOTCS CBS3U MEXIY
HUMM, U B KOHEUHOM UTOTe Kaxmasi U3 1eJieil onpenessieT CBOI pallMOHaIbHbBIN BapUaHT
ONTUMAJILHOW MepapXvu CTPYKTYpBl. 3agavya 3aKJIIo4yaeTcss B OIpeAe]eHMH TaKoi
vepapXruu CUCTEMBI YIIpaBJIeHUsI, KOTopast Obl CoXpaHsja NnpueMiaeMyto 3G (GeKTUBHOCTD
IUTSL TMaTia3oHa 1iejiell YIIpaBIeHUsI CUCTEMBI B 1IEJIOM.

Crenytomieil 3amaveil mociie OINpeneieHusT pallMOHAJIbHON HepapXuu CUCTEMBI
yIpaBlieHUs  SIBISETCS pa30MeHuWe KaXkaoil W3  CTPYKTYPHBIX EIMHMII Ha
CaMOCTOSITeJIbHBIC TPYIIbI, peaau3yIole KOHKPETHbIEe 3amadyu (GyHKIIMU, 32 KOTOPYIO
HeceT OTBETCTBEHHOCTh JaHHasl CTPYKTypHasl envHuia. Kak m B mepBoM ciydae, CBSI3b
MEXIy 3aJayaMMd 3aBUCHT OT KOHEYHOW IIeIM CHUCTeMbl ympaBieHus. Lleabio
MOJIEIMPOBAHUSI Ha 3TOM 3Talle SABISETCS HAaXOXIEHWE TaKOTO pa3OMeHUs] CTPYKTYPHOM
eIVMHUIIBI Ha CaMOCTOSITEJIbHBIE TPYMIIBbI, KOTOpoe OBl 00ecTeurBaio IMPUEMIIEMYIO
3(hGEKTUBHOCTD pellieHUsI 3a7a4 NP U3MEHEHUM CBSI3ei MEXIy HUMU B OITpeIeIeHHBIX
npeaesax.

3.4. ITopsmoK BbIMOJTHEHUS paOOThI

JlabopaTopHasi paboTa peaquM3oBaHa B BHUIE IPOTPAMMHOTO ITPOAYKTA,
BBITIOJTHSIEMOTO B BRIYMCIUTENbHOM cpene WINDOWS 95. B cooTBeTCTBUM ¢ TTyHKTaMK
MeHI0O (OPMUPYIOTCS MaTPHUIIBI B3aMMOCBSI3€ MEXIYy CTPYKTYPHBIMU €IUHUILIAMHA
CHCTEMBl YIIPaBJICHUS WM  MEXAYy CaMOCTOSITSIbHBIMM TPYIIIaMU CTPYKTYPHBIX
enuHunl.  KonmyectBo  Marpuil  (KOJMYECTBO — LieJield  yMpaBJeHUs)  3amaeTcs
mojib3oBaTeeM. B mporiecce paGoTHI MporpaMMa TeHEpUpYyeT Ui KaXIOoW TaOIMIIbI
ONTUMANbHBIA Tpad M €CTh BO3MOXHOCTH ITOJTYYEHHUS BCEX BO3MOXHBIX BapHMaHTOB
MmepecTpoiikin  uMcxomHoro  rpacda. [lporpamMma  MO3BOJSIET  MPOaHaIW3UPOBATh
MmoJiydeHHble Tpadbl IS BCeX MaTpPUIl W BbIOpaTh pallMOHAJIBHBIA BapUaHT
OPTraHU3alMOHHON CTPYKTYpPhl Ha MHOXECTBE MaTPHII.

3.5. CogepxaHue oTyeTa

1. Lenp paGoThI.

2. HcxomHble maHHbBIE TSI pacyeTa: YMCI0 BEPIIMH UCXOMHOTO rpada, MaTpyIlbl
B3aMMOCBSI3el MeXIy BepIIMHAMU [UIST KaXIoW M3 Liejell CHUCTEMBbI YIIpaBJICHMS,
YCJIOBUS peIlleHUs 3aJauH.

3. Jlng Kaxmoi MaTpullbl ONTUMAJbHBIM BapuaHT Tpada M Ba-TpU BapuaHTa
rpada ¢ XxapakTepucTUKaMu, OJU3KUMU K ONITUMAaJIbHBIM.

4. OkoHYaTe/JbHBIN BapuaHT Tpada OpraHM3alMOHHON CTPYKTYPHI B 3aJIaHHBIX
YCIOBUSIX pEIICHUs 3a1auu.

5. BbiBombl.

3.7. KoHTpoJIbHBIE BOMPOCHI
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4. OxoHYaTeNnbHBI BapUaHT rpada OopraHM3alMOHHOM CTPYKTYphl B 3aJaHHBIX
YCJIOBUSIX pelLlIeHUs 3aauu.
5. BBIBOAHI.

3.7. KOHTpOJIbHBIE BOIPOCHI

1. OcHoBHBIE 3amauv TpU (HOPMMPOBAHWUU ONTUMAILHOW OpraHW3alMOHHOMK
CTPYKTYpBI YIIpaBIeHMS.

2. Meronsl  ompeneaeHUs]  ONTHMAJbHOW  MEpPapXUU  OpraHM3alMOHHOMK
CTPYKTYPBl YIpaBIeHUS W ONTUMAJIbHOTO pa30MEHWs] CTPYKTYPHBIX €IWMHUII Ha
CaMOCTOSITEIbHBIC TPYTIIIHI.

3. Tlopsimoxk BbIOOpa pallMOHAIBLHOTO BapMaHTa OPraHU3allMOHHOM CTPYKTYpPHI B
YCJIOBUSX HEONMPEAEIEHHOCTU LEeJIeil ynpaBlieHUs CUCTEMBI.
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JlabopaTopHas pabdora Ned
IInanupoBaHue BKJIaja CPeJCTB B IPOU3BOJACTBO

4.1. Uenp paboThl

1. O3HaKOMJIEHHE C AITOPUTMOM AMHAMUYECKOTO MPOrpaMMUPOBaHUS MPU
MIAHMPOBAaHUUMHOTO3TaITHBIXOITEPALIMIA.

2. TlnaHupoBaHMe BKJaga CPeaCTB B MPOM3BOACTBO C LIEJbIO MOJYyYeHUS
MaKCHMaJIbHOTO IOXO/IA.

4.2. Oobume cBeneHus

3anaya o MJaHMPOBAHUM BKJaJa CPEICTB B MPOM3BOACTBO C LIEJbIO MOJYyYEHUS
MaKCUMaJIbHOTO JOXOJa OTHOCUTCS K TUIMMYHOW MHOrOS3TalHOM orepaiuu, KOTOpYIo
MOXHO IJIAaHUPOBATh C MOMOIIBIO annapara JMHAMUYECKOro MporpaMmMupoBaHus (3, 4].
ITpu 3TOM ynpaBjiieHUE Ha KaxIOM Illare BbIOMPAIOT C y4EeTOM OydyllIero, a camo Takoe
ynpaBjieHUEe Ha3bIBaIOT YCJIOBHBIM  ONTUMAaJbHBIM  YyMpaBAeHUEM. AJTOPUTM
JUHaMUYECKOTO MPOrpaMMUPOBaHUS BKIIOYAET CIEAYIOIIUE MYHKTHI.

1. Ha BbiOpaHHOM 1mare 3agaeM Habop (ompenensieTcss  YCJIOBUSIMU-
OrpaHUYEHUSIMU) 3HAYEHUN TIEPEeMEHHOM, XapaKTepu3ylollleii MOocJeIHUI 1iar,
BO3MOXHBIE COCTOSIHUSI CUCTEMBbI Ha MpearnocieaHemM iare. Jias Kaxknoro BO3MOXHOTO
COCTOSIHMSI W KaXJOTo 3HAayeHUsl BBIOPAHHOW MEpEeMEHHON BBIUMCISIEM 3HAYeHMUS
ueneBoid GyHkuuu. M3 HMX U1 Kaxooro Mcxoia TMPEANocyeNHero Iiara BblOMpaeM
ONMTHUMaJbHble 3HAUYEHUs 1eJeBOi (YHKIMU U COOTBETCTBYIOIIME WM 3HAYEHMUS
paccMaTpuBaeMoii mepeMeHHoil. s Kaxmoro ucxoda MpeArnocienHero  Imara
3allOMUHaeM ONTUMajbHOe(ble) 3HauyeHMe(s) TepeMEHHOM M  COOTBETCTBYIOLLEE
3HaueHue HeneBoit GyHkiuu. [Toayyaem Tabauiy.

2. TlepexomuM K ONTUMM3ALMM Ha CJIEAYIOLIEM Iare Npu JIO0O00OM 3HAYEHUMU
YOBOl MEpeMEHHOW W MpU ONTUMAJbHBIX 3HAYEHMSIX CIEAYIOUIMX TepPeMEeHHBIX.
OnTuMasibHOE 3HAaYeHWe 1ieJeBoil  (YyHKIMM Ha  TOCHeAyloluMX 1iarax  (mpu
ONMTUMAJbHbIX 3HAUYEHMSIX TOCIEAYIOUIMX MEePEMEHHBIX) CUMTHIBAIOT U3 MpEabLAyILei
Tabauibl. Eciv HOBas mepeMeHHasi xapakTepu3yeT MepBblii 1iar, To nepexoauM K m.3. B
NPOTUBHOM cJlyyae MOBTOPsIeM I1.2 JUISl Clenyloleil TepeMeHHOM.

3. Ilpu 3agaHHOM B 3ajaye HCXOMHOM YCJIOBUHU s KaXJOrO BO3MOXHOIO
3HAYeHUS TepBOI MEPeMEHHOI BBIUMCISIEM 3HayeHUe 1iejeBoil pyHKuMu. Beidupaem
ONMTHUMaJbHOE 3HaUYECHUE 1IeJIeBOi (YHKIMU U COOTBETCTBYIOIIEE(Me) ONTUMaIbHOE(bIE)
3HaYeHUe (Us1) ePBO IEPEMEHHOM.

4. Tlpu u3BECTHOM OINTMMAJbHOM 3HAYEHUU IEPBOM IMEePEeMEHHOI ompenesieM
UCXOJAHbIC JaHHBIE JUISI ClAeAyIOLIero(BTOporo) Iiara M IO MOCHeIHel Tabiauue -
onTuMabHOe(ble) 3HaueHue(1s1) clieayloieil (BTopoii) mepeMeHHOI.

PaccMoTpuM Ha npumepe cxemy 3TOi npoueaypbi|S].

[TnanupyeTcs nesITebHOCTD LIEXOB (HanmpuMep, HIBEIHOTO U 110 PEMOHTY 00YBU)
CPOKOM Ha 5 JeT (m=35). DyHKL MY BKJIaa B IPou3BoacTBo cpeacts ®(x) = 0,75x, yiy)
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[lranupyeTcst AesITeNTbHOCTh LIEXOB (HAlpUMep, IIBEWHOTO U IO PEMOHTY
00yBM) CpOKOM Ha 5 yieT (m=5). OyHKIMU BKJIama B MPOM3BOACTBO cpelcTB <p(x) =
0,75x, y(¥} = 0,3y, T.e. eciM cpeacTBa z BKJIAAbIBATb TOJIBKO B IPOAYKLUIO IEPBOTO
Lexa, TO IO TomaM CpeACTB OydeT BKIamwbiBaThest z*0,75; z*0,75%; z*0,75°,
COOTBETCTBEHHO, €CJTM CPENCTBA Z BKJIAABIBATH TOJHKO B BBIMYCK MPOMYKIIMU BIOPOTO
nexa, moayanmr*0,3; z*0,3%z%0,3° . . . .

OyHkuu noxoma Kak (YHKUMU OT oObeMa BKIAIBbIBAEMBIX CPEICTB X # ¥
VIMEIOT BUJL

fo=1-¢%
g =1-¢e”.

Tpebyetcst pacrpenenTb UMEIOMIMECS] PECYPCHI T = 2 MeXAy LeXaMU IO rogam
TaK, YTOOBI MOJYYUTh MAKCUMAJIbHBIN TOXOI.

Pemenue 3amaun He ymaetcs MOJYYUTh IMOJHOCTHIO B aHAJIUTUYECKOM BUIE,
pemuM ee rpaduyecKu.

[Myctp X Hayamy msSITOro roma KOJUYECTBO
CPEICTB paBHO z, MU Ha NATHII ['01 BBIAETIEHO CPENCTB
1epBoMy LieXy X, , TOrJa BTOPOMY Liexy Oyner
BblIeNeHO Y5 {3 = Z4 - x5).. UTOOBI HAWTH YCIOBHOE
ONMTUMAaJIbHOE YIpaBJieHWE Ha MATOM wIare Xs(zq),
HYXHO JIJI51 K&XI0ro 24 HailTh MakcuMyM GYHKIUHA:

f5= l- e-xs+ {- e-!(ll-:d) =7. [e—x5+ e-Z{zd-xS)].
0 0102030485066 B¢ . [Ipu ¢)HKCI/IpOBaHH.(:MZAMaKCI/IMYM byHKUUU

. jocturaercst 1n6o npu xj=0, 1M6o BHYTpU OTpe3Ka
Puc.4.1. Janucumocts f*s 1 x*s (O, Z4). MakcumyM BHYTpU OTpe3ka OyneT B TOUKe
0T Z4 X 3, KOTOPYIO HaXOAST U3 YCIOBUS

ofy/oxs=0; e™- 2% )=,

To ectb mpu z4 > 1n2/2 = 0,347 MakCUMyM
JNOCTUTAETCSI B TOUKE

X s(z4) = 13224 - In2).

IMpu z4 £ In2/2 makcumym OygeT B Touke
x',(zﬂ = 0 MWrak, yCIOBHOE ONTUMAJILHOE
yIpaBIeHWY HA TISITOM Ilare

fo npu 74 < In2/2;
x's(z)= 4

{1/3(224 - In2) nipr 24 > 1n2/2.
IToctpoum Ha rpacduke (puc.4.1)

3aBUCHMOCTB X 5 = x',(z,) u byHkumig™s=*szy).
IMpu moctpoennn f*s(Zg} Mosb3yeMcs 3aBUCHMOCTBIO
1 I " i (DI/IC42)
0 620400608 X MepeitneM K ontuMusauuu Ha wmare 4:
HailleM ONTHUMaJbHblE COOTHOLUGHUS Mg BKJIana
cpencTs Ha 1uare 4. 3amac cpeicTB Iocie wiara 3

Puc.4.2. 3aucumocts fas
OT X4
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MOXKET U3MEHATHCA Z,. Hawubonbliiiee 3HaueHue Z, 6y,[[€T JOCTHUTHYTO, €CJIM BCE CPEACTBaA
BJIOKWTDL B HCpBbeI ex:

Zax = Z * 0,75%=2 % 0,75 = 0,844,

Haumenpuiuit 3amnac CpEIACTB COOTBETCTBYET Cjly4yal0, KOrJa BCE€ Cp€ACTBa Ha
TPEX 1LIarax BKJaAblBaJIUChb BO BTO]C)OI‘/JI ex:

Zyam = 2 ¥ 0,3%= 0,054,

Bbynem paccmarpusathk Teneps Habop 3HaueHuil z, ot 0,1 mo 0,8 ¢ marom 0,1 u
ISl KaXJO0ro 3HaueHusl z, HaiileM YCJIOBHOE ONTUMMAaJlbHOE YIpaBlleHUe Ha liare 4
x*,(z,) 1 yCIIOBHBII1 ONTUMAJIbHBII 1OXO/ Ha IBYX MOCIEeNIHUX 1arax f*,(z,)

JUss 3TOro IOCTPOMM CEPUI0 KPMBBIX, OTPAXalOIIMX BBIUIPHIIL Ha IBYX
IIOCJIEIHUX LIarax IpY JIIOOOM YIpaBJE€HUM Ha YETBEPTOM M IIPU ONTMMAIbHOM Ha
MSTOM:

Jis = fal23, X4) +f 5(242) ”ﬂ(zs.x-f) +1°5[0,75%, + 0,3(25-x,));
filzsx)=2-[e™+e

T s . f*(z,) Gepem u3 puc. 4.1.
ast 16 Ti(es) 3naveHus f* (z,)IpUBeaEHBI HA PUC.
PYINT, f.: i (z5) 4.2. Hnsa KaXJI0ro 3HaUCHUsl  Z,
MaKkCUMaylbHas ~ OpOVHATAa  OIpenemsieT
62 [:W VCJIOBHBINI MaKCHMAJIbHBIM BBIUTPBIII Ha
a1tay IOByX ToOciegHumx 1marax f*,.(z,) a
- o abciyicca - YCIOBHOE — ONTHMAllbHOE

0 0f gz 43 0% 45 8§ 07 08%; ynpasieHuex*,(z,)
. Ha puc.4.3 JTaHbI rpacduku
PHC.4.3.3&B"CHMOCTB f‘l‘s HX40T 2] 3aBUCUMOCTEN f*“(z}) u X*4(Z3)
AHaJIOrMYHO pelIalT 3amady ISt
maroB 3 u 2. PesynbTaThl nmpuBegeHbl Ha

J. =
343 L1 Hapuc. 4.4 - 4.7.
201 .9 CmianupyeM mar 1. Ilpu 1o6om
15 /"\0’7 ' YIIPaBJIEHUU Ha 1uare | ¥ ONTUMAaJIbHOM Ha
' MOCJIEAYIOIMX JOXO/ Ha IATY 1Iarax
whe” ¥ L (w,rx.) = fite, %)+ [ rsastz) =2 -
p /'No’j -fe™ +e etz
I =0,75%,+ 0,3(z - x,).
48183 85 8708 11 X, Ha mare 1 umeromuecss pecypcsl

MU3BCCTHbI M3 YCJIOBUA 3aJauyu:. zZ = 2.

Moatomy f,,,(X,) MOXHO OMUCATb ONHOI
Puc. 4.4. 3aunciimocTh f345 oT X3 123453
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muHuei (puc. 4.8). U3 puc.4.8 BuaHO, yTo Ha mare 1 MaKCMMAaJbHBIN BBIUTPHIII OymeT

I S T N I T N T S O N
g 82 0% 06 08 10 2,
Prc.4.5. 3anucimocts 345 1

x*3 01 22 o 8% I 17 %
Puc.4.6. 3anucumocTs
Bass o2
L] L
xZ f2345 f
12b 12993
4L
1,0} x;rzl }
08} 3t
06
] * 2 -
0,4 Srzes(2) ;
22
6 070406081012 14 3, 0 05 Lo L3 20x%
Puc.4.8. 3aBHCHMOCTE
4.7,
Puc.4 3aa:tcnmocrb P*23a5 1 fi2345 OT X1
X"20T Z)|
Sms— 4,35, 1 coOTBEeTCTByIOIIEE €My ONTUMAIbHOE yIpaBiaeHue (pemeHne) x*, = 1,6.

ITo u3BecTHOMY ONTUMAaJILHOMY YIIPaBJIEHUIO HA TIEPBOM IIAre Mbl MOXEM OTPEICIUTh
3amac CpelIcTB K KOHILy 3TOro Iiara, 4To OIMPENEeJUT ONTUMAalIbHOE YIpaBieHUE
(pellieHre) Ha CJICAYIOLIEM IIare.

3arac cpelcTB K KOHIY 1mara 1

z\=0,75%" +0,3(z- x" ) =1,32.
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Torna ontumanbHoe ynpasienne Ha mare 2 (puc 4.7) x, = 1,02. Ocratok
CPeICTB K KOHILy Iiara 2

z,= 0,75, + 0,3(z, - x,) = 0,86.

Awnanornyno x,=0,62; z,=0,54; x,=0,30; z,=0,30; x,=0.
[onyyuM OMNTUMATbHOE YIpaBlIeHHe, MOKA3bIBAIONIee, KAKOe KOIMUYECTBO
CPEICTB HAZO BKJIAABIBATH B MIEPBBIH LiEX:

X ={X, X, X, X,, X} = {1,6; 1,02; 0,62; 0,3; 0}.
HaiizneM KOIMYecTBO CPENCTB, BKJIAALIBAEMBIX BO BTOPOii LieX:

Y:l =Z- X*l*: 07403

y,=z,-x,=0,30;
y,=2,-x,=0,24;
y,=z,-x,=0,24;
y,=2,-x,=0,30;

OmnpenenumM ocrartok cpeacts: 0,3*0,3=0,09.
4.3 TlopsimoK BHITTOJHEHUS PabOThI

3amaHue CONePXMT BUI (YHKIMI JOOXOmAa IUIT KaXIOro W3 JIBYX IIEXOB,
GYHKIMKM BKJIaga CPeACTB B MPOM3BOACTBO IO BCEM TOHaM S-JIETHEro Iepromna
MJTaHUPOBAaHUS, 00bEM PaCIpeaeNsIeMOro pecypca. B COOTBETCTBUY ¢ MHCTPYKIIUSIMU
Ha KaxIOM Liare TOAb30BaTeNb OINpeiesseT AMamna3oH 3amaca cpeacts [z..Z..J.
BEJWYMHY [I1ara pa30MeHus Inana3oHa, MaKCMMa bHbIe 3HAYSHUSI (DYHKIIA M BHIMTPHIIIA
C yYeTOM TIOCNeIHUX M TeKyIIero Imara. [locie onTMMU3alMK BCeX IIaroB HaXOTUTCS
ONTHMAaJIbHOE YIpPaBJICHWE Ha KaXIOM W3 HUX, coflepxaliee oObeMbl BKJIaIbIBACMBIX

L} L3 " L] ¥ L L] * . L * *
CPEICTB B MEPBbII U BO BTOPOJ liexa ¥ = {t.,xzsxasx.’xs} ny = {yl ,yl,ya,y‘,ys},

OCTAaTOK CPEACTB, OXMUAAEMBbIH TOXOA OT BIOXEHHbIX cpeacTB. CormocTaBisisi 0CTaTOK
CpPeICTB M OXHUAAeMbI IOXOA, MOXHO CcJelaTb BbIBOA 00 Leaecoobpa3HOCTH
KoppeKUMKu GYHKIMU BKIaaa CPeICcTB B KaXAbI M3 LIEXOB U OMpENeIUTh BEIUUYMHY
3TOM KOPPEKLMH.

JlabopaTopHasi paboTta BBIMOJHSETCS B CEMyIOLIEN MOCAeN0BaTeIbHOCTH.

1. 3apaloTcs MCXOiHbIE AaHHBbIE U pacyeta: (DYHKUMU BKJIaga CpPEACTB B
MPOM3BOACTBO ISl KaXA0ro M3 ABYX LexoB ¢(x) u P(x), dynkuuu moxoma f(x) u g(y),
BEJMYMHY UMEIOILETrocs pecypea z.

2. OntuMu3anus S5 mara ¢ MOUCKOM YCIOBHOTO ONTUMAJbHOTO YMpaBjieHUs

Xs(Z,)-
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3. Onrtumu3sanusa 4 mara ¢ MOMCKOM YCJIOBHOIO ONTHMMAaJbHOIO YIpaBlIeHUS
x4(z3). Tpu arom ompenensercs [z3max, z3min]|, mar pa3bveHus auamnazoHa, B
aBTOMaTMYECKOM PeXHuMe CTpouTcs cepus KpuBbiX f,(x4). [lonb3oBarenb ¢ MOMOIIbIO
Kypcopa (GUKCUpYeT JOKalbHble MaKCUMYMBI KpUBBIX f,(X4) © aBTOMaTHYeCKH

crposarea rpadukn ', (z3)m X,
4. AHAJOTMYHO pelIaloT 3afady s maros 3 u 2.
5. Tocne nnaHupoBaHuss wwara | ¥ mojyuyeHUs 3aBucumocTu f,,.(x1)

ONpefeNAT abcuyuccy MakcMMyMa TpaduKa U HaxomsT TaKUM 00pa3oM X

6. ITocnenoBarenbHO ONpEACHAI0TCA 3amacbl CpPEIACTB Z*l, mocjae 4ero ¢

nomompo puc.d.7 - X, , Z, ¢ nomompbio puc.4.5 - X, U T.I

N L . L
7. Honyuns X =[xl'x2’xs’xa’xs} vy ={ya’y1’y3’y4’yi}’ OCTATOR
CpEaCTB, O)KI/IHaCMbIﬁ JOXO0I4 OT BJIOKCHHBIX CPECACTB, OIPCACIACTCA HCO6XOHHMOCT]>
Koppekunrd (GYHKIMA BKJIaga MO KaxXIOMy M3 LEXoB. B ciyuae Heob6XxommmocTu
KOPPEKLIHMHU BO3BpalIalOTCA K ITYHKTY I n IIOBTOPAIOT BECH LIMKII BBIUMCJIEHUH C yy€TOM

HOBBIX (DYHKIMII BKIana.
8. TlpoaHanu3upoBaTh MOJYYEHHBIE PE3YIbTaThl M COCTABUTH OTYET.

4.4. CoaepxaHue OoTueTa

1. WcxomHble TaHHBIE MJIS PEIIEHUs 3a0a4y ONTHMMU3ALMN BKJIaga CPEIACTB B
MTPOU3BOICTBO.

2. TI'padpuku u pacueTbl PYHKLUUNA YCIOBHBIX OXHIAEMBIX JOXOI0B
(GYHKIIMOHUPOBAHUS 1LIEXOB MO KaXJAOMY rOAy IJIaHUPYEMOTo MepHoa.

3. OxoHYaTeabHBIN BapWaHT paclpeneeHns BKIaIbIBAEMbBIX CPEICTB 110 HEXaM
¥ WTOTOBasl OLIEHKA IOJYYEHHOTO J0XOAa.

4. BbIBOOBI.

4.5. KOHTpOJIbHBIE BOMPOCH

YcaoBus TPpUMEHUMOCTH TMHAMMYECKOTO MTPOTrPaMMUPOBaHMS.

AJNTOPUTM TMHAMHUYECKOTO MPOTPAMMHUPOBAHMS.

OCHOBHBIE 3TaNbl MeTo/la TUIAHMPOBAHUS BKJIala CPEACTB B MPOM3BOACTBO.
4. Kak u3MeHMTCS TIpolieypa BBIYMCIICHWIA, €CIi BBECTU TIEPEMEHHBIC IO

rogaM GyHKIHUM 1oxona, GYHKIMKM BKJaJa CPEACTB B MPOM3BOACTRBO.
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JIabopaTopHas padora Ne5
Mertoapl penmieHus 3a1a4 KaJE€HIAPHOr0 IJIAHUPOBAHUS

5.1. Lenb paboTel

1. O3HaKOMJIEHHE C TIPOLIECCOM OTIEPATUBHOTO YIIPABIEHUSI IIPOU3BOACTBOM.
2. O3HaKOMJIEHHE c MOJETISIMU KaJIeHIAPHOTO TUIAHUPOBAHUS,
YIOPSIIOYMBAIOIIMMHY BO BpEMEHU PabOThI TN COOBITHUSI.

5.2. OCHOBHBIE TTOJIOXEHUS
5.2.1. [TocTraHoBKa 0O0IIIEl 3a7aYM KaJeHAapHOTO IJIaHNPOBAHMS

HMmeeTcs MHOXeCTBO aeraneil wiu maptuii peraneit {Zi}={Z1,72,...,7i,...Zm},
TOJJIeXAIAX obpaboTke; MHOXECTBO TPy 000pyIOBaHUS
{Bj}={Bl1,B2,...,Bj,...Bn}, Ha KoTophIX mpenroiaraeTcsi o0pabOTKa 3TUX IeTajlei,
yuciao eaMHuL obopymoBaHus Kaxmoii rpymmel {Pj}°{ P1, P2,..., Pj,... Pn}. [usa
Kaxmoil JeTanyd 3agaHa TexHojorus obpaborku peranu {Si}={Zij, Zil,...,Zik},
j,i,k€n, i=1,2,...,m, moka3sIBaloIas MOCIeI0BATEIbHOCTb 00PAOOTKH i-i1 meTany Ha
craHkaxj,l...,k, MaTpulia AIMTEeIbHOCTH orlepanuii {ti}={tij, til,...,tik}, i=1,2,...,m, tme
tij-BpeMst 00pabOTKH i-i JeTaju Haj-M CTaHKeE.

B kauecTBe ympaBisieMbIX ~ TapaMeTpPOB BBICTYIIA€T MATpPHIlA PACTUCAHUS
G=|tijl|l, i=1,2..m, j=1,2 .. n, rme Tij-BpeMs Hayana omnepauuu ij (oOpaboTka i-ii
JeTaliu Haj-M CTaHKe).

OrpaHuyeHus 3a0a4u

1) Ha omHOI emuHMIIE OOOPYIOBAaHMSI HE MOXET 00pabaThIBATHCS OOJbIIe
OJHOM NeTaiu,

2) Kaxpnas IeTaab B JaHHBIII MOMEHT MOXET 00pabaThiBaThCsl TOJIHKO HA OTHOM
eANHUIE 000PYIOBAHUS;

3) ecnu oOpaboTka AeTand Ha CTaHKe HAYMHAETCSl, TO OHA MPOJOJDKAETCS M0
KOHIIa OMepaluu;

4) mocnenyiomasi onepainusi HayMHAETCS TIOCIE IOJIHOTO  3aBEePLIEHMUS
MPEABIIYIIEH.

Kputepuii ontumanbHOCTH UMeeT Bua T = minmax tij, rae t-BpeMs 3aBeplIeHUsT

ij
pabot 1o o6paboTKe BCcex Aeraseit, tij-BpeMsl 3aBeplleHMsI caMOl MO3AHEN OMepaluu ij.

Bce MeTonpl pemeHus 3aqay KaJeHIAPHOTO MJIAHWPOBAHUS MOXHO pa3OUTh Ha

TpU TPYMIBI: TOYHBIE, NMPUOIMXKEHHBIe, dBpucTHYeckue [12]. K TouHBIM MeTomam

OTHOCSITCSI, B YaCTHOCTHU, MeTon JIKOHCOHA, METOI IMHEWHBIX nuarpamm [anta, mMeron
Diikepca.

5.2.2. Meton JI>koHCOHa
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Anroputm Merona JI)xoHcoHa aJist 2-X CTaHKOB.
*
1) minty =¢ >
L &
* * . . .
2) ecin t =t s1 A Kakoii-11bo omHoit neranu Zi (B mepBOM CTOJOLIE
o

HaXOAUTCS ONMH MUHMMYM), TO AeTab Zi TIOMENIaeTCcsl B HaYaao paclucaHus;

* # . . .
3) ecn t =g 2.2 IUISl Kakoi-nubo omHoW netanu Zi (BO BTOPOM CTOJIOIE
-

HaXOJIUTCSl OAMH MUHUMYM), TO AeTab Zi MOMeIIaeTCsl B KOHELl paclMCcaHusl;

. * .
4) ecin t =¢ g1 A 2-x u Oonee peraneir Zi (B MepBOM CTOJOLE HAXOAMTCS
.

HECKOJbKO MUHUMYMOB), TO HaXOIUTCS min{tzztz |2,}. Ta neranb, oIS KOTOpOit
o2 bz 2

MUHMMaJIbHO BpeMsl 00paOOTKM Ha BTOPOM CTaHKE, CTaBUTCS B KOHEIl paclucaHus, a
Ipyras - B Hayajo;

¥ - . .
5) ecau t =1 72 s 2-x v Oonee nmetaneir Zi (BO BTOPOM CTOJIOLIE HAXOAMTCS
v

HECKOJIbKO MI/IHI/IMYMOB), TO HaXOOMUTCA min{tz l'tz 1,}. Ta eTallb, IS KOTOPOM
LRt

MMHHUMAaJbHO BpeMsi 00pabOTKM Ha MEpBOM CTaHKE, CTABMTCS B HAayaJo paclucaHMs, a
JIpyras - B KOHeII;

*
6) ecnu ¢ =t*z =t g 2-X ¥ 6onee aetaneid Zi (MMHUMYMBbl HaXoAsITCS B
.

*
Zo2
pa3sNIMYHBIX CTOJOLIAX), TO OeTalu, Yy KOTOPbIX MMHHUMAaJbHO BpeMsi 00pabOTKM Ha
MEPBOM  CTaHKE t*Z,,l’ CTaBITCA B Hayajo paclucaHus, a JAETald, Y KOTOPHIX

MUHKMMaJbHO BpeMsi 00pabOTKM Ha BTOPOM CTaHKeE t*z, 5+ CTABATCS B KOHEIL;

7) M3 TabJaULIBI BHIYCPKUBAIOTCS ACTaIU, BKIIOYEHHbBIC B paclMcaHue Ha JaHHOM
mrare. [Iporiecc moBTOpsieTCs 10 TeX IMOpP, MOKa BCe AeTaau He OymyT YmopsiioYeHBI.

Ha pwuc.5.1 nmnpuBeneHa wmaTpuiia UIMTEIbHOCTH ONepaluil W TIpUMEp
MOCTPOEHUsI MO Heil pacmucaHus MeTonoM JIXKoHCOHa.

CTAHKH

JieTaiun 1 2
1 4 6 aetaitl

2 8 3 XD! 1 | 5 ) 6 2 ) 4

3 13 17 ] 1 1 j >
4 3 2 2 k! 4 3 2 b waru

5 7 8

6 5 4

Puc.5.1. Ilpumep IloctpoeHus pacnucanusi MetogoM JIXXOHCOHa

5.2.3.Meron Diikepca
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Merton cocraBnsier pacrnucaHue O pabOTBHI CTAaHKOB, KOTOphbIe 00OpabaThIBAIOT
nee aeranu Z1 v Z2 1o 3agaHHOMY TEXHOJIOTMYECKOMY MaplipyTy.

Meron Diikepca siBiaseTcs rpaduyeckuM MerogoM. Ha KoopamHAaTHBIX oOcsX
HaHOCATCS BpeMeHa tij oOpaGoTku aetaseit Zi B COOTBETCTBUM C TEXHOJIOTUYECKUM
MapupyTom {Si}. [Monyuyennas ITOJIYTNIOCKOCTD pazouBaeTcs MPSIMBIMU,
MpOBEIeHHBIMU TapajyieibHO OCSIM uYepe3 TOYKHU, COOTBETCTBYIOIIME BpeMeHam
o0paboTku trj [IpsIMOYroibHUKKM C OQHOMMEHHBIMU CTOPOHAMM ILITPUXYIOTCS. 3amadya
MOCTPOEHMST ONITUMAJIbHOTO paclMCaHUs 3aKJI0YaeTcsl B OCTPOEHUU JJOMaHOW JTUHUU
MAHUMaJIbHOUW JUIMHBI, COCAWHSIOIIEH JIEBBIM HUXHWIA W MPaBblii BEPXHUN YIJIbI
MOJYIJIOCKOCTH U HE 3aX0s11Iei B3alITPUXOBAaHHbIE TPSIMOYToJIbHUKK. Eciii ToMaHy10
MOXHO IPOBECTU TOJIbKO BEPTUKAJbHO MM TOPU3OHTAJIBHO, TO 3TO COOTBETCTBYET
TOMY, YTO OJHA JeTajlb 00padaTbiBaeTcs, a Apyrasi MpojexXuBaeT, T.K. 3aHSAT TpeOyeMblii
craHok. Eciu nomMaHas uAeT Mo AuMaroHaau, TO 3TO COOTBETCTBYeT TOMY, 4TO 00e
JeTaau o0padaThiBAIOTCS OAHOBPEMEHHO.

Meton  xapakTepusyeTcsi  IPOCTOTOW U HAIJSAHOCTbIO  MOCTPOEHUS
pacniucaHus. B To e BpeMsi OH NPUMEHUM JIUIb ISl TTIOCTPOSHUSI pacliUCaHUs s
NBYX-TpeX JeTajeil 1 CPAaBHUTENbHOTO aHaI13a BapuaHTOB.

Ha puc.5.2 npuBeaeH npumep MOCTPOEHUS] paclucaHus ISl ABYX HeTajleil 1o
Metony Diikepca.

Nocnenasa- __j
=
= TebHOCTs 0f- Al Bl G D c -
ot nalotky
- Bpesn ofipa- —
v Gorew, £l 214} 51 A
1 | Nocnenose- -
TEABHOCTS Ofi- D BAC B —
21 paborid -1
Bpean o0pa-
Gorem, 12 . 2{4]2]3 D {"

Puc.5.2. TlpuMep mocTpoeHus: paclmucaHuii MeTomoM Diikepca

5.2.4.Meton nuHelHbIX guarpaMm [aHTa

CyTh MeTOma COCTOMT B TOM, 4YTO (DOPMHUPYIOTCS BCE BO3MOXKHBIE BapUaHThI
pacnucaHus U IJIsI KaXI0TO U3 HUX cTpouTcs auarpamma I'anTa (puc.5.3).

ISl TIOCTpOCHUST JepeBa BapMaHTOB WCIIOJAB3YETCS CICHYIONUM aJITOpUTM
KOHGQIUKTHOro nepebopa {10}. B MOMEHT OKOHYaHMA KaXIOil ONMepaluy CUTYalMsd
MOXET ObITb KOH(MJIMKTHONW M HeKOH(IuKTHOU. IlycTb B MOMEHT BpeMeHM t Ha
obopynoBanue BJ mnoctynuio Ha o0pabotky kI omepauuit u k2 onepauuii
BoInosTHsIeTcs, a k3 oxunaer oopadotku. Eciu kl+k2+k3>Pj, To cutyamuio Oymem
Ha3blBaTh KOHMJIUKTHON B MOMEHT t Ha obopynoBaHuu Bj.
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1. AHanu3upyeM TMepBBIA CTONOEIl MATPUIBl TEeXHOJOTHil. BriOupaeMm
SJIEMEHTBI, COOTBETCTBYMOIME OOpabOTKe Ha IepBOM oOopymoBaHuu. I[Ipu 3TOM
BO3MOXHBI 1Ba ciaydast: ecid K1<Pl - HeKOHMJIMKTHAas CUTyallusl, TOTIa Bce OMepaluu
Ha3HayaeM Ha o0pabotky; eciau k1>Pl - kondaukrHas cutyauus. KoHGaukT nmeer

crankivh M= Cf]' (k1-PIY cnoco6os
j=1 Ll itz paspeuieHus. BbiOupaem U3 uyucia
KOHOIUKTYIOIMUX K omepamuit  mis

j=2 3aHECEeHUsI Ha 00pabOTKY, I OCTaJbHBIX
] k-Pl1 onepanui ycTaHaBJIMBaeM

" Ll " nmpuopuTeT Ha 00paBGOTKY U BBICTpaUBaeM
J=n I UX B ouepenb. IIpu OCBOOOXIEHUU

Inpem‘ 6 "
> o0OpyroBaHMs TIepBOWl  TpYIINbl  Ha

T 00paboTKy 3aHOCHUTCS TepBasi ornepaius B
HUTOroBas IMTCIbHOCTDH OqepeI[I/I.
MEpPBOro BapHaHTa pPacnUCaHUA
AHaOrMYHO MooYepeHO
BbIOMpPAaEM BJIEMEHTBI, COOTBETCTBYIOIIME
00paboTke Ha APYTUX rpynmnax
000pyI0OBaHUs, U Ha3HAYaeM JIJIs HUX olepaluy Ha o0paboTKy.

B pesynbrare mnepBoro Iara Bce o0OpyaoBaHUE AeNUTCS Ha cBobomHoe Kj<Pj,
3aHsATOE Oe3 ouepenu kj=Pj; 3aHsaTOe M mMMmelolee ouepens kj>Pj.

2. B pesyabrare OKOHYaHUs KaKOW-JIMOO omepaluu OCBOOOXIAeTCS eaMHULA
obopynoBanusi U3 B 1-il rpynnbl ¥ TOSIBAsSETCS MPETEHICHT Ha obopymoBaHue Bj-it
rpynmnel. Ha Bj-it rpynme obopymoBaHusl, KOTOpylo TpeOyer Zi geTtaib Ha 2-M IIare
00paboTKM, MOXET BOBHUKHYTh KOH(MJIMKTHAS CUTyaLUs.

Takum o0Opa3oM ajiroput™M CBOAMTCS K Ha3HAuYeHMUIO oOlepauuMii  Ha
COOTBETCTBYIOLIME T'PYIIbI 000PYIOBAHUS U pa3pellieHnI0 KOHMIUKTHBIX CUTYaLIUIA.

[Tpumep noctpoeHus JIMHEHHBIX AMarpamm [aHTa.

HMmeercss  MHOXecTBO HeTajeil wiaM rnaptuii  geraneit  {Zi}={Zl1,Z2,7Z3},
noajiexamumx o0paboTke; MHOXecTBO rpynn obopynoBanus {Bj}={Bl, B2}, Ha
KITONBIX MoOeJIrojaraercsi o0paboTka 3TUX JeTalleid, YMCI0 eIVMHUI O0OpYyAOoBaHUS

Puc 5 3 Tlpumep raHT-KapThbl

1 2
kaxpoit rpynnel {Pj}={2,1}. 3amana TexHonorus o6pabOTKM meTalH lSi|=| 2
1 2
13
MATpULIA [JTUTEIBHOCTH  OMepaIuii h«llzg sl TpebGyercsi COCTaBUTH OITHUMAIbHOE
3 2

pacrnucaHue.

Crenyst NpHUBEIEHHOMY BBIIIE AJITOPUTMY, CHadaja aHaJlIU3UpyeM IepBbIi
cTo6eIl MaTPUIIBI TEXHOJOTMiA. BbpIOMpaeM 3JeMEHTHI, COOTBETCTBYIOILHE OOPabOTKE
Ha MepBoil Tpymie obopymnoBaHMs. Tak Kak TakKHMX 3JEMEHTa TPU, a YHMCIO CIMHMIL
000pyI0OBaHUS MEPBOI TPYIIILI - 1Ba, TO BO3HMKAaeT KOHGIUKT. KOHGIMKT paspemum
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JeTALL T
Foy 2
! T
j=2 ] l 2 .
! ~
12 5
j=3 0T I -
} T 9 14-
WTOTOBas [IITENBHOCTE
Dacmicanns

Puc.5.4. T'aHT-Kapta, MOCTPOEHHAS C YU4ETOM
BekTOopanpuoputeroBaeTaneit{ Pr}={1,2,3}.

heTAML

j“'jl LI B .
T |
=2 ] [ 2
! 1
} I 2 } ~
j=3 I 1 i
]
v 314 5 6 9 .
HTOFORAK AIHTEALHOCTE
PaCTIHCEILHA

Puc.5.5. l'anT-Kapra, MocTpoeHHAs C YIETOM
BekToparpuoputeroBaeraieii { Pr}={3,2,1}.

ASTRAY

id R T , -
-+ 1 >
=2 1 ; 2 I
I T P
1,2 o
=3 f—t >
1 34 8 10 13-
HTOrUBAN ARHTEMLHOCTR

paChUCAHNA

Puc.5.6. TaHT-KapTa, IIOCTPOCHHAS C YYETOM
BeKTopa mpuoputeToB aetaneit {Pr}={3,1,2}.

C32(3—2)! =3 cnocobamu. Beioupaem us

yucaa  KOHGMIUKTYOIWUX,  HANpUMep,
MEepPBYI0 ¥ BTOPYIO JETald IUISl 3aHECEHUS
Ha 00paboTKy Ha IEepBOM CTaHKe, MJs
OCTAJIbHBIX (B HaIllleM CJIydyae - TpeTheit
JIeTaln) ycTaHaBIMBaeM IPUOPUTET Ha
00pabOTKy M BBICTpaMBAaeM UX B OYEpElb.
IIpu OCBOOOXKIEHUN o0opyIoBaHUS
[lepBoit rpynmnbl Ha 00pabOTKY 3aHOCUTCS
nmepBasi jaetanb U3 odepenu. IlepBas u
BTOpasg  JAeTalud  Tocje  OKOHYaHUS
00paboTKu’ Ha IepBoi rpyrnrme
obopynoBaHUsl TpeOyIOT 0O0pabOTKM Ha
00opynoBaHUM BTOpOro THUIMa. I[loaTomy
Ha 00OpyIOBaHMM BTOPOTO THMIA TaKXe
MOXeT BOBHUKHYTh KOH(MIUKTHAs
CUTyalMsl, eCii Ha 00pabOTKy Ha OIHOM
eqMuHuLe  OOOpYAOBaHUS  TPETEHAYIOT
OJIHOBPEMEHHO M TIepBasl U BTOpas JeTaju.
B wHamem ciyyae mepBoli 3aKaHUMBAeT

00pabaThIBaThCS nepBas JeTab,
Ha3zHaueM ee Ha 00paboTKy
000pyIOBaHMEM BTOPOTO THUIIA, 3aTeM

Ha3zHavyaeM BTOpYIO IeTanb. B pesynbraTe
OKOHYaHUSI 00pabOTKM TpeThel IeTaiu
ocBoOOXJaeTcsi eAuMHMLA OOOpYyIOBaHUS
U3 1-i TpyNIBI ¥ MOSIBIASETCS NMPETCHACHT
Ha oOopymoBaHue 2-ii rpynmbl. Ha 2-i
rpynme ob6opynoBaHUsA, KOTOPYI TpeOyeT
TpeThsl OeTajlb Ha 2-M Imare oOpaboTKu,

MOXeET BO3HUKHYTh KOH(MJIUKTHasS
CHTyalus, KoTOopast paspemiaercst
aHaJloTMYHBIM  oOpasom. Ha pwuc.5.4
MpUBeIcHA raHT-Kapra,
WUTIOCTpUpYIOIlasi 3TOT TIpuMep, OHa

HATJSIIHO OTPaXaeT IMPOLECC TMOCTPOCHUS
pacrmucaHus c y4eToM BEKTOpa
MPUOPUTETOB pa3penieHUsI KOHMOIUKTHBIX
cutyauuii  {Pr}={1,2,3}. AHaJOTMYHBIM
o0pa3oM  CTPOSITCS ~ TaHT-KapThl IS

IPYTUX BEKTOPOB IMPUOPUTETOB pa3pelieHNss KOHMIUKTHBIX CUTYallnil (HampuMep, 1Ist

NMpUBEACHHBIX Ha puc.5.5 u puc.5.6).
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Bbl6l/lpalOT OIITUMAJIBHOC paCnMCaHuEe, KOTOPOE€ COOTBETCTBYET HAMMEHbBIIEMY BPEMCHU
OKOHYaHMSI nocieaHeit onepauuu( B HalleM ciydae - Men.).

Metoa MO3BOJISIET MOJYYUTh TOYHOE pacluMcaHue U YYyecTb MPUOPUTET
00paboTku neraneii. B To ke BpeMsi ¢ yBeJIMYEHUEM Pa3MEepHOCTU 3ajadyd BO3HUKAET
npobGiemMa nepebopa BceX BO3MOXHBIX BAPUAHTOB PacIMCaHUsI.

5.3. [TopsnoK BEIMOTHEHUS paObOThI

JlabopatopHast paboTa BbINOJIHSIETCS B CJASAYIOLIEH MOCIe10BaTeIbHOCTH:

1. B COOTBETCTBUU C 3aJaHHbBIMU UCXOOAHBIMMU JaHHBIMU C TIOMOILIbBIO
npodaMMbl, peanusyolieit meton JIKoHCOHa, COCTaBsSIeTCSl ONTUMAaTbHOE pacliucaHue
Kak sl 2-X, TaK ¥ JJIsi 4-X CTaHKOB. Py4yHBIM pacueToM COCTaBJIsIeTCS ONTHUMallbHOE
pacrnucaHue U CpaBHUBAETCS C pe3yabTaTaMu paboThl MpohaMMBbl.

2. Tlpu pabore ¢ meromoMm Diikepca 3alaloT AMana3oHbl BpeMeH 00pabOTKu
ueTaﬂeﬁ Ha KaXaI0M H3 CTAaHKOB. Bapbylpyﬂ 3HAaYCHUAMU BpPEMEH M3 AMaIlla30HOB,
HaXo[ST pacrlucaHue, YAOBJETBOpsIOIEe 3aAaHHOW MPOMOKUTENbHOCTH TOJHOM
00paboTku 3TuX netaneit. [Ipu sToM ompenensioTcs KpUTUUYECKUE U HEKPUTUUECKHUE
orepaluy ¢ TOYKU 3pEHUS BBIITOJIHEHUs 00pabOTKM JeTalieil 3a KOHTPOJIbHOE BPeMs.

3. Crpostcs nuHeliHble quarpaMMbl ['aHTa ¢ yueToMm u 6e3 yyeTta MpUOPUTETOB
npu obpabotke neraieit. Ornpeaensercss MNPUOPUTET, TMO3BOJSIONIMKA  TOJYYUTh
pacrniicaHue, 6J13K0oe K ONTUMaJbHOMY, M MPU 3TOM U30eXaTh MOJHOTrOo mnepedopa Bcex
BO3MOZKHBbIX BApUAHTOB pacliMcaHusd.

5.4.ConmepxaHue oTyeTa

1. I/]CXOILHbIC JAaHHBIC NJ1d COCTABJICHUSA paclIMCaHUA IO KaXXK10My M3 METOIOB.

2. OuepenHOCTb 00PAabOTKU JeTalieid, MoJydeHHas: MeToaoM JIxKoHCOHa.

3. TanT-Kapra pacrucaHusi 00pabOTKU AeTajieid.

4. TI'paduk pacnucaHusi oOpabOTKU AeTajleil, MOJyYEeHHBIN C MOMOIIbIO METOAA
Diikepca.

5. BbIBOnbI.

5.5. KoHTposibHBIE BOMPOCHI

1. OG61as mocTaHOBKA 3a4ayu KaJeHAAPHOTO TJIAaHUPOBAHMS.
2. OcHoBHbIe 3Tanbl MeTonoB JI>)koHcoHa, Diikepca, ['aHTa.
3. npOBCﬂVlTC CpaBHl/lTCJ'll)Hbll\/)l aHaJIu3 JOCTOMHCTB MW HEAOCTAaTKOB YKa3aHHBIX

METOJIOB PEIlleHUs] 3aay KaJleHIApPHOTO TJIaHUPOBAHUS.
4. B uyeM cyTh TOYHBIX METOJOB COCTaBJIEHUS pacmucaHus: GaaueHTHOTO

MEeTOJla, METOJa BETBE U IpaHMUII.
5. TlpuBeaute mpuMepbl NMPUOTUKEHHBIX U IBPUCTUUECKUX METOIOB
COCTaBJIEHUSIPACTIUCAHMSI.
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JIaGopaTopHas padora Ne 6
OnTuMajbHOE 0TOOPAKEeHHE MHOXKECTBA (DYHKIMIA
CHCTEMbI 10 ee 3J1eMeHTaM

6.1. Llenb paGoTH

I/I3y‘I€HI/IC YaCTHBIX 3ajay 0T06pa)KCHI/I$I (I)yHKLII/Iﬂ CUCTEMbBI 110 3JIEMCHTaM
CUCTEMBI.

6.2.00111e CBEenEHUS

Ha srtane o6uiecucTeMHOro MpOEKTUPOBAHUS OAHOW M3 TJaBHEHMINMX 3amady
SIBJIIETCS 3aJ1auya MPOEKTUPOBAHUS CTPYKTYDHI.

[MpuMeHuTenbHO K YeJ0BEKO-MaIlUHHbBIM cucteMaM Hauboinee
pacmpoCTpaHEHHBIM SBISETCA cJydyail, Korma MPUHLMIBL TMOCTPOCHUS CUCTEMBI,
BBITIOJIHSIEMble GYHKIIMU U KOMIIOHEHTHI CUCTEMBI, OKa3biBatoTcs 3afaHHbIMU [7]. Torna
3ajlaya CUHTe3a ONMTUMaJbHOI CTPYKTYpPHI 3aKJI0YaeTcs B OMpeAeSeHUU ONTUMAaTbHOTO
0TOOpaXXeHUs MHOXECTBA BBIMOJHSEMbIX QYHKIMI Ha MHOXECTBO B3aUMOCBSI3aHHBIX
9JIEMEHTOB, YYUTHIBAsg OTPaHUYEHUs Ha Pecypchl, Ha TEXHUYECKYIO peaau3alluio, Ha
3arpy3ky TEeXHUYECKHUX CpEICTB, Ha CBOEBPEMEHHOCTb pelleHuUs 3amad. 1T.e.
HEOOXONMMO HAWTH OMTUMAJbHBIA COCTaB y3JI0B CHUCTEMBl M CBSI3€il MEXAy HUMHU,
BO3JIaTaeMble Ha TEXHMYECKME CpeNCcTBA 3aJayd UM BapUAHTBl UX peElIeHUS,
pacmpejeneHue UX MO YPOBHSAM M y3J1aM CUCTEMBbI M BBIOOD KOMILJIEKCA TEXHUYECKUX
CPEICTB, MPU KOTOPBIX MaKCUMU3UPYeTCcs 3DHEKT OT BHEAPEHUS 3a1ay.

[TockolbKy MHOXECTBO BO3MOXHBIX KOMOMHALMU KOHEYHO, TEOPETUYECKHU
CYIIECTBYET BO3MOXHOCTb OTBICKAHUWS ONTUMAJbHOTO BapuaHTa pachpeneieHus. B
JIeACTBUTENBHOCTU PEaTu30BaTh 3TY BO3MOXHOCTb JOBOJBHO 3aTPYAHUTEIbHO, TaK KakK
B peaJbHBIX 3ajJayaX KOJUYECTBO Y3JIOB CHUCTEMbI, KOJMYECTBO BAPUAHTOB pEIIECHUS
3aa4y OOBIYHO BEJIUKO, WU3-32 HAJIUYUS OTPAHUYEHUU anroputMbel (HOPMUPOBAHUS
KOMOMHAIIMA UM OLEHKU 3TUX paclpeieeHUil J0CTaTOUHO CJIOXHBI, 3G(OEKTUBHOCTD
cUCTeMBI BJsieTcsl GYyHKIMENH OueHb OOJBIIOro KoJuuyecTBa GakTopoB.

B HacTosiiee BpeMsi He CYIECTBYET €IMHOTO METO/a PEIEHUS SKCTPEeMalTbHBIX
3ajay  nopoOHoro Ttuma. CIOXHOCT pEIIEHMs] 3aJauyd CUHTe3a ONTUMAaJbHOM
CTPYKTYpPhl MPUBOAUT K TOMY, UTO Ha TMPAaKTUKE CTAaBIT M pEIIAIOT Oojiee YacTHbIE
3ajaud CUHTE3a, HalpuUMep, TaKhe, KaK OMNpeleleHHe ONTHMAJIBHOTO paclpeneeHus
BO3JIaTaeMbIX Ha cucteMy GYHKIMU TO 3aJaHHbIM YPOBHSIM M y3JlaM CHUCTEMBI,
ompeJeieHle ONTUMAJIbHBIX BapUaHTOB peanu3allMd GYHKIUA B CHUCTEME, BBIOOD
KOMITJIeKCa TEXHWYECKUX CpeacTB, OOECMEeUMBaAIOLIEr0 KayeCTBEHHYIO pealn3aluio
byHKUMit, 1 T.A.

PaccmoTpuM HeKOTOpble YacTHble TOCTAHOBKM 3anad (GHopMail30BaHHOTO
pacnpefie/ieHUss MHOXECTBA pellaeMbIX 3aJay MeXAy DPa3IUYHBIMU y3J1aMU CUCTEMBI

TIPU PA3IMYHBIX KPUTEPUSX I OTpaHUueHuUsIX [6, 8.
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6.3.TlepBas yacTHas 3aJaya CUHTE3a ONMTUMAIbHOM CTPYKTYPHI CUCTEMBI

HeoOxomumo Tak pacnpenenuTsh i 3amay, i=1,I, mexny j ysmamu, j=1,],
4T0OBl 00ECIIEYNTh MUHUMYM OOIIMX 3aTpaT WA MUHUMYM OOLIETO BPEMEHM peLIeHUs
MPU BBIMTOJIHEHUM OTPAHMYECHUI HA 3arpy3Ky KaxIoro M3 y3JI0B, WJIM Ha 3aTpaThl B
KaXIOM j-M y3Je.

Marematuyeckass MOIENIb 3TOM 3aJayd MOXKET ObITh 3amycaHa CJIEAYIOLINM
00pa3oM: HalTu

min g: é aijj Xij (61)

=lj=1

npu
iaijxﬁﬁb]’s i=L1; 6.2)
i=1
i .
Ixj=1, i=T1; (63)
j=1
0
Xij= R
B 3TuxX cooTHOIIEHUSIX aij-3aTpaThl (BpeMsl pellieHus1) i-i 3anauu Bj-M y3ie; bj-
JIONyCTUMBbIE 3aTpaThl (3arpy3ka) B j-M y3je; mepeMeHHas Xij=Il, eom i-s 3amaya

pemaercs B j-M y3ne, U Xjj=0 -- B IPOTUBHOM ciydae; yciaoBue (6.3) o3Ha4yaeT, 4To
KaxJas 3a7a4a J0JIKHa PelaThCsl TONLKO B OMHOM Y3J1e
WUrak, 3aganel Matpuia [|aij| u Bektop |bj|

HaubGosnee ymoOHBIM ISl pelleHMs JAHHOTO Kjacca 3ajay SIBISICTCS METO[,
"BetBeii M rpaHuu’. [IpUMeHUTENbHO K JaHHOW 3ajaye OH 3aKJoyaeTcss B
HalnpaBieHHOM JIBUXEHUHU IO BEpLIMHAM JepeBa, MOJYYeHHOro MyTeM (UKCUPOBaHUs
qyacTu epeMeHHbIX Xij(xij=0 uiu 1).

BepuiyHbl mepBoro ypoBHSI MOJy4yaloT, MOOYEPEAHO 3aKperissa and j-1,2,3...
npui=1.mepByo 3agauy 3a MEPBbIM y3JIOM, BTOPBIM U T.1., T.€. PuKcupys xij'=1

BepiirHbl BTOpOro ypoBHM nosyvator, hbukcupys xij"  mis j=1,2,3. . npu i=2

U T.0O.
JIisi KaxX 0¥ Be pIIMH bl HAXOAST OLEHKY

% ant T ai (64)
s dyT &oan
ity
rae i* - 4Kucao paccCMOTPEHHbBIX YPOBHEH BETBICHMUS
aij =~ minaj
J
Crpaterusi BETBJEHUsI MOXeT OBbIThb YyJyyllleHa 3a CYeT MCMOJb30BaHUS

crneuuduyeckux CBOMCTB paccMaTpUBaeMOM 3aauu, YTO CYILIECTBEHHO MPU PELICHUU
3afay 00JbIION Pa3MEPHOCTH.
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Buavane u3 marpuisl KosdduimeHtos |aij| cucremsr (6.1) MckimodaeM Bce
9JIEMEHTHI, JUISI KOTOPBIX BBIMONHSIETCS ycioBue aij>bj, i= 1,1, j= 1,J. Tlpu stom
BO3MOXHBI CJIEIYIOIIMe clyyau, KOrla B HEKOTOPOM CTPOUKeE:

HUCKJIIOUYEHBI BCE 3JIEMEHTHI aij, TOraa pelieHue OTCYTCTBYET;

ocTajlicd JIUIIb ONMH 3JIEMEHT aij, OH 00s3aTeJIbHO BXOAUT B ONTUMAaJbHOE
pellieHre, ecii OHO CYILECTBYET; 3HaueHue bj 3aMeHsieTcsl Ha bj-aij U 3TOT 2JIEMEHT B
JNATbHENIIEM TTOUCKE HE YYacCTBYET;

OCTAJIOCh HECKOJIbKO 3JIEMEHTOB, OHU YYacTBYIOT B [JajibHeillleM TOUCKe
ONTUMATBHOTOPEIIEHUS.

[Tpumep penieHus.

Haiit min iaijxij TIpY OTPAaHNYEHUAX
1= J:l

4]
{aij)‘ijs bj» Exj=1, xy=1v0;
i=1 j=1

B 5 6
5 3 2 2

= 5 3 o b=P 25 3
2 )3 8 5§

1. B COOTBETCTBUM C paHEE PACCMOTPEHHBIM AJITOPUTMOM IIPOU3BOAMM
yrpomieHre |aijl|, mrsa dero McKIOYaeM 3J€MEHTHI, UIST KOTOPHIX BBITTOJHSIIETCS

ycioBue aij>bj. IlepBasi cTpouka TocC/e WUCKIIOYEHUS! HE COACPKUT HU OJHOTO

QJIEMEHTa, T.€. II€pBad 3aladya HE MOXET OBbITh peiuIcHa, 3HAYUT PECHICHUC
OTCYTCTBYCT.

2. Mycts bj ~ |3 6 5 3. Torma mocie COOTBETCTBYIOIIETO HCKITIOUEHUS
||laij|| umeeT BuT  ©

- 5 . .
32
L [T T
3 - .

[NepBast cTpoyka COMEPKUT TOJIBKO ONUH 3JIEMEHT 4, =5, CJIe0BaTeJbHO, OH
obsi3aTenbHO Bounmer B pemeHue. Mrak, x,=1. Pecypc Ha Bropoii ysen 6,
cllefloBaTellbHO, ocTaercs pesepsb,—a,,=6-5=1,tenepp bj =3 1 5 3|

3. Jlaiee mpolieypa aHAJIOTMYHA PACCMOTPEHHOU BBINIE, HO KaXIbIi pa3

WIIIEeM MUHUMaJbHbIC 3JIEMEHTHI B CTOJNOLIAX W MpoOBepsieM, He TeperpyxXeH Ju
TTAHHBIA y3el.
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ap=|l = 3 < p=Pp b5}
b - - -
4. BoiOMpaeM MUHUMaJbHbIE 2JIEMEHTHI B KaXXI0i CTpOKe
1 - 3 -
aij=? _ __=b_|=|3 13 J‘Vbj=l3 1 5 l'

Xp=lvxn=1i
S.oa=2 = = p=R 1 3 Jvp=R 15 Nixa=l

6. 3arpyska He IpeBbIlIaeT 3agaHHy0. OKOHYATEIbHO

0 1 0 01 0

bo1g o001

XiTh g 0 g X7 9 ¢ g
1 6 0 0 100

3HaueHue 1eNeBoil ¢GyHKIUM B MmepBoM ciydae (xij) 5+2+1+2=10, Bo

BropoM (xij') 5+2+1+2=10.

6.4.BTopas yacTHas 3amavya CUHTE3a OINTUMAJIbHOM CTPYKTYPHI

HeobOxomumo Tak pacmpeneauTh i 3amad, i=ﬁ, MEXIy j y3JaMH, j=rJ,
YTOOBI 00€CMeYnTh MUHUMYM OOIIMX 3aTpaT MJIM MUHUMYM OOILIEr0 BpEMEHU peIIeHUS
MpU BBIMOJHEHUM OTpaHMYEHU Ha oOllee BpeMsl pelIeHUs WM OoOIlue 3aTpaThl
COOTBETCTBEHHO.

MatemaTtuyeckass MoOAeIb 3TOM 3aJayu MOXeT ObITh 3alKcaHa CAedyIOIIUM
00pa3oM: HalTU

11
min X, ¥ aij Xjj (6.5)
i=lj=1
npu

] i ,

i=lj=1

J . T

Zxjj=1, i=1,1; 6.7)

0
Xij=

B »aTuX cooTHomeHUsIX aij-3aTpaThl (BpeMsi pelleHus) i-il 3amaud B j-M Y3Ie;
bjj-BpeMsi pewieHust (3aTpathl) i-if 3amaud B j-M y3ne; B - oOuiee Bpemsi perieHust
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(3aTpaThl) BCeX 3amay; mepemMeHHas Xjj 1, ecnmu 1-9 3agava pelnaercs B j-M y3ie, U
xjj=0 - B MPOTUBHOM cJlyyae.

Jlns pelIeHMs 3TOi 3a1a4u MPEXAE BCEro 6epyTcss MUHUMANbHBIE SJIEMEHTHI B
KaXI0il CTpoKe MaTpHilbl KOG bUIMEHTOB |[aij|| 1 mpoBepseTcss BHIMOIHEHUE YCIOBHUS
(6) IS COOTBETCTBYIOLIMX 3JIEMEHTOB MaTpHLIbl K03 duimeHTos [bij]

Ecnu ycnoBue (6.6) BBIMOJHSIETCS, TO 3TO U OyIeT ONTUMAJbHBIM pPELICHUEM.
Ecin ycnosue (6.6) He BBINOJHSAETCS, TO U3 Marpuiibl Koadduimenros |aij|| u [bij
MCKJTIOYAIOT T€ 3JEMEHTHI, KOTOPbIE HE MOTYT BOWTH HU B OJHO JOIYCTHMOE PELIEHHE.
Jlist 9TOro IMOC/IeA0BAaTEIbHO pPACCMATPMBAIOTCS BCe 3J1eMEHTHl Martpuibl ||bij|| u

NpOBEPSIETCS YCIOBUE
TP w<B, 1=11, j=1,3, (6.8)
:g]bu_] blj ij;-lbu J

TIE by - MMHUMAJbH bII1 DJIEMEHT B COOTBETCTBYIOIIIEH CTpOKe; blj- paccMaTpuBaeMblit

aneMeHT, j#

HMHaue roBops, Kaxaast U3 3a1ay IMOCIEAOBATEbHO 3aKPEIIISIETCS 32 KaXIbIM 13
y3JI0B U MPOBEPSICTCS BHIIOJHEHKE YCIOBUS (6.6) B JIydllieM ciydae.

Ecnau (6.8) Hapyiiaercs, TO COOTBETCTByIOIIMii sneMeHT blj He Bxomur B

JOIYCTUMOE pEIleHWe M OH HUCKIoYaeTcs u3 Marpuisl |bijf- M3 martpuusl |[aij|
UCKJIIOYAeTCs COOTBETCTBYIOLIMIA 2JIeMeHT alj.

U3 ycnosus (6.7) ciemyeT, YTO B KaXXIOM CTPOKE MOXKET OBITh TOJbKO OIWH

9JIEMEHT, [03TOMY mintliaijxij 6e3 ydyera BbIpaxeHus (6.6) paBeH imin iaijxij
i= _|=] i=l _|=l
Ortciona, ecnu Ajsl 3JIeMEHTOB OJHOBPEMEHHO BBIMOJIHSIETCS YCIOBUE
aij>alj H bijzb]j %) 6.9)

TO 9THU DJIEMEHTbLI MOI'YyT 6blTb UCKIIOYEHbI U3 PACCMOTPEHMUA.

XOTH NCKIIIOUECHHNE 3JIECMECHTOB HE BCeraa IPpUBOIUT K OINTUMaJbHOMY
pelleHn0, 00beM BBIUMCIECHUI PE3KO COKPALIaeTCs.

Hanee ucnonb3yeTcss MeToa "BeTBeil W rpaHui”. B oTiuuue oT mpenblayuieit
3a1a4M BETBJICHME OCYLISCTBIISIETCSI C y4eTOM orpaHudeHus (6.6), 4TO CyIIeCTBEHHO
COKpallaeT YMCJI0 paccMaTpuBaeMbiX BapuaHTOB. OlieHKa IJisl KaXIOi BepIIMHBI

HAXOOUTCSI IO BJIEMEHTaM Matpuibl (6.5) aHaJoOrMyHo mpenbiayuiein 3amade (6.4).
OrpaaneHMe IIPpU 3TOM UMECT BUL

2 bij+i§_§w (6.10)

ia*

rae 1*-ypoBeHb BETBJIEHHUS; bij = mjn bij
J

PaccmoTpum 4yucioBoil mpumMep pelieHus 3ana4y MUHMMU3al MK O0LIMX 3aTpaT
NpY OrpaHUYEHUSIX Ha oblee Bpems peuieHus. [Tycts
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372 4 1,53 2 9
4813 2 6 51
a=|5 9 6 2 py=[3 7 6 11;Bs20.
6 10 7 1 4 8 7 12
75131 4 98 5

1. CHayaja HaX0JAMM MUHMMaJIbHbIE 3JIEMEHTHI B KAXKIOM CTPOKe MaTpuilbl |aij||
M TpOBepsieM, YIOBJIETBOpsieTCs JiM yciaoBue (6.6) MO OOHOMMEHHBIM 3JIEMEHTaM
Matpuusl || bijl|:

5
bﬁi=2+5+1 1+1245>20.
1==]

YcioBue He BBIMTOMHSIETCS, U 3a[a4y Cpa3y PeLUUTb He YIaeTcs.
2 [pucTynuMKynpoiueHuo Matpuisl. s Marpuusl | |1 1.3 || nocienosatensHo

IJIST BCEX DJIEMEHTOB IpoBepsieTcs ycaoBue (6.8):

1,5¢243+444=14,5 2+1,5+3+4+4=14,5
——————t e ———
13 i2,5
i=1; 3+13=16 i=2 6+12,5=18,5
2+13=15 5+12,5=175
9+13=22 10+12,5=22,5
uT.0., i=3, 4, 5.

DnemeHTHl bl4, b24, b34, b44 He ynosieTBopsiloT yciaoBuio (6.8), oHHM
MCKIIIOYAloTCsl U3 MaTpuilbl |[bij|| ¥ OZHOMMEHHBIE 3SIEMEHTHI MCKIIOYAIOTCA U3

MaTpHULI |[aij||:

37 2 - 1,5 3 2 -
4 8 1 - 2 65 -
aij=5 9 6 -|; =3 7 6
6 10 7 4 8 7 -
7531 4 9 85

HaxomuM MUHMMajbHbIE 3JEMEHTH B KaXaol cTpoke Marpuubl [aij|| u
MpoBepsieM, YIOBIETBOpsieTCsl Ju  ycioBue (6.6) MO OJHOMMEHHBIM 3JIEMEHTaM

matpuisl  ||bij|
5
l2=2+5+3+4+5<20. CrenoBarejbHO, HaAWICHO OINTUMAJbHOE pEIIeHUE.
j =

Ecnu peilileHue He HaiineHo, cliefyeT MPOMOJIKUTh MPOLECC YIPOLIEHUST MaTpUIL.
3. T.K. B KaXIOil CTpOYKE MOXET ObITb TOJBKO OAMH 3JIEMEHT U B 00EUX
MaTpuliaX OCYLIECTBJISIETCS] MUHUMM3ALMSI, TO €CJAM OJIHOBPEMEHHO BBIMOJHSIIOTCS
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ycaoBus (6.9), TO 3TU 3JeMEHTHI MOTYT OBITh MCKJIIOUEHBI M3 paccMoTpeHus. [locie
COOTBETCTBYIOIIMX YIPOIIEHU MAaTPUILIBI UMEIOT BUI

3 -2 - 5 - 2
4 -y - 2 -
aij={5 - - -l bij=(3 - -
6 - - - 4 - -
75 3 1 4 9 8

5

Ycnosue (6.6) BeimoaHsieTcsl. Ecium Obl OTBET HAWTU HE yAajloCh, MPUIIIOCH ObI

BECTU BETBJICHME U KaXIblii MUHUMAaJIbHBII BapHMaHT MPOBEPATh Ha ycioBue (6.6).

OrTBerT:

6.5. TpeTbs yacTHas 3aJaya CUHTE3a ONMTHUMAJIbHOU CTPYKTYPhI

Heobxonumo Tak pacmpeneiuTh i 3amad, 1=ﬁ. MEXIy j y3J1aMu, j=-1—,—J,

yTOOBl 00ECTIEYUTh MUHUMYM OOLIMX 3aTpaT MJIM MUHUMYM OOIIEro BpeMEeHU pelieHus
MPU BHITTOJIHEHU M OIpaHUYEHUI Ha olluee BpeMsl pelleHusl U 3arpy3Ky y3JoB, J1M00 Ha
0011IMe 3aTpaThl U 3arpy3Ky Y3JIOB COOTBETCTBEHHO.
MatemaTtuueckasi Mojelb 3TOM 3aJauyd MOXET ObITh 3alucaHa CleaylIIuM
o0pa3oM: HalTH

npu

(b
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. J
min é', ¥ ayj Xij
i=lj=1 .

pod
L IbjxjjsB,

i=lj=1
i N .
Tejxijscy, j=1LJ;
p=1
) .
Lxy=h i=LL
j=1

0
=1,

Z[IISI pelleHus 3TOM 3aJayd IPEeXIe BCEro M3

u |cij| wckIIOYAOTCS 2MEMEHTBI, KOTOpPBIE

(6.10)

(6.11)

(6.12)

Marpuil Koddduuurentos ||aijl|.

3aBEIOMO HE€ MOIYT BOUTU B



ONTUMAaJIbHOE peleHne. McKmoueHne 3IeMeHToB by u cy u3 maTtpuil cuctem (6.11) u

(6.12)  ocylecTBisIeTCSl  aHAJIOTMYHO PACCMOTPEHHOMY  BBIlIE  MPpUMEpY, T.e.
WCKJTIOUAIOTCS BCE BJIEMEHTHI, JJIsi KOTOPbIX HE BBITIONHSIETCS ycioBue Tumna (6.8).
OueHka s MaTpuibl (6.10) HAXOOUTCS aHAIOTUYHO OLIEHKE B IIEPBOIi 3amade.

6.6. TTopssmOK BBIMIOJTHEHUS pabOTHI

JlabopaTopHasi paboTa BBITIOIHSIETCSI B CIEYIOIIEi TTOCTIe0BATeTbHOCTI

1. B cooTBeTCTBUU C TMOJTYYEHHBIM 33TaHMEeM KaXXIbIM W3 METONOB TMOJIYYUTH
TOJIb30BATEIbCKUI ~ BapwaHT pacmpeneneHus GyHkumit 1o y3nmaM. OuLeHuTh
3 hEKTUBHOCTD TAKOTO pacripenesieHUsI.

2. C momomIplo TporpaMMm TPOAyOGIUPOBATh pellleHWe 3aJadyu U CPaBHUTH
TIOJTy9eHHBIE PE3YJIBTaThl C TOb30BATEIbCKUM BapUaHTOM.

3. CpaBHUTb pe3yabTaTbl OTOOpakeHWs (YHKUMI MO y3jgaM TO0 KaXmon u3
METOIWK U OLEHUTH 3P HEKTUBHOCTh KAXKION METOIVKU.

6.5. ComepxaHue oTdeTa

1. WcxonHble qaHHBIE.

2. BapuaHTbI pellieHus TpeX YaCTHBIX 3a7a4 CUHTe3a CTpyKTyphl AC,
TIOJTyY€HHBIX C TIOMOIIIBIO PYYHBIX PACUYETOB.

3. BapuaHThbI pelieHusT TpeX YaCTHBIX 3a/1au CUHTe3a CTpyKTypbl AC,
TIOJTyYeHHBIX C TOMOUIBIO MTPOTPAMMHOIO TaKeTa.

4. BpIBOIBI.

6.6. KOHTpOJIbHBIE BOMPOCHI

1. HepeqnchTe OCHOBHBIC 3aa4M CHUHTE3a ONTUMAaJbHOU CTPYKTYPbI
OpPraHMU3allMOHHO-TEXHUYCCKHUX CUCTEM.
2. TlocraHoBKa U MeTON peUICHUA HepBOﬁ YaCcTHOW 3amayud CUHTE3a

ONTUMAJILHON CTPYKTYPHI.
3. TlocraHoBKa ¥ METOA pEUIeHUsI BTOPOW YACTHOW 3aJayu CHUHTE3a

OTITUMAJIBHOY CTPYKTYPHI.
4. TlocTaHOBKAa W METON peIIeHUsI TpPeThbeld YacTHOW 3amadyMl CUHTEe3a

ONTUMAJILHOM CTPYKTYDHI.
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JIABOPATOPHAS PABOTA Ne 7

AHAJIN3 U PEITEHUE 3AJAY PACIIPEAEJTEHUA
PECYPCOB

7.1. Lenb paboThI

1. O3HakoMJieHHE ¢ alropuTMaMu pellieHus 3aJa4y Ha rpadax.
2. TlporpamMmHasi peajau3alusi ajJropuTMa peLIeHUs 3aauyd OINTUMAabHOM
Harpy3ku rpada.

7.2. O6uIMe cBeneHMs

B coBpeMeHHOM MHpE CYILIECTBYeT MHOXKECTBO peaJibHbIX CUCTEM, TaKMX, KakK
3JIeKTPpUYECKasl CeTh, XKeJe3HOMOPOXHasi CUCTeMa, KOMMYHUKAIMOHHAsI CeTh U JIro6ast
Ipyrasi pacmnpenejeHHasi cUCTeMa, IS pacyeTa KOTOPBIX HMCIIOJb3yeTcsl —arapar
Teopun rpadoB. IlepBble 3amauum Teopuu rpacdoB ObLIM CBSI3aHbI C peElIeHUEM
MaTeMaTUYeCKMX pa3BieKaTeJbHbIX 3ala4 U TOJIOBOJIOMOK, OJHAKO CO BPeMEHEM OHU
BbIpacTajJii B Cepbe3Hble HayuyHble MCCleqoBaHus. Tak, IMOIMBITKM HaWTH pelleHue
3aJauyd O KEHWUTCOeprCKMX MOCTaXx IIPUBENM K BO3HMKHOBEHMIO 3amady o0 obxomax
rpaoB; pelleHUe 3amayd O IEPeBO3KaxX MajJl0 MOIIHBIA TOMYOK K  CO3TAHUIO
3(pGEKTUBHBIX METOIOB pELIeHUS TPAHCIOPTHBIX 3aaay; IOIBITKU  PEIIUTh
chopMynupoBaHHYI0 B cepeauHe XIX Beka 3amauy yeThbIpeX KpacoK CTaayd NMPUYUMHON
LleJICHAaNpPaBAeHHBIX ~ MCCIeoBaHUA  rpadoB,  MMEIOIIMX  TEOpeTHYeCKOoe U
NpPUKJIATHOE 3HAYEHUE.

B nmaHHOil paGoTe paccMaTpMBaeTCsl peajibHasi MpakTUYecKas 3amada C
UCIIOJIb30BaHMEM B3BellleHHOro rpacda. 3amaya MoxeT ObiTb chopMyaupoBaHa IIO-
pasHOMY, a ee pelleHUsI UMEIOT IIUPOKYIO 00J1acTh TPUMEHEHMUSI.

IIpearnonoxym, 4YTO HMMeEETCSI CUCTeMa BOAOIPOBOAHBIX Tpyo (puc.7.1,a).
Kaxpas ayra mnpeacraBiser coboit TpyOy, a 4YMCIO Haa Ayroil - TMpPOMYyCKHYIO
CITIOCOOHOCTDb JaHHOMU TPYObI. Y3JIbl SIBISIIOTCS MECTaMu coeAMHeHUs TpyO. Y3iabl S u F
€CTb COOTBETCTBEHHO MCTOYHMK BOIbI M CTOK. Boma m3 y3na S moskHa ObITh NepenaHa
10 BOJONPOBOIHOM cucTeMe B y3ea F. Boma TeueT 1o BOmONPOBOAHOM CHUCTEME TOJBKO
B OJHOM HaIIpaBJICHUU, NIPUYEM B y3€J1 S HE€ BXOIUT, a U3 y3Jja F HE€ BBIXOJAWUT HU OOHA
Tpyba. HeobxoaumMo MakKCMMM3UPOBaTh 00BEM BOJBI, NMPOTEKAIOLIMII OT UCTOYHUKA K
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Puc.7.1. 3agaua pacnipeneneHust pecypcoB Ha rpade:
a - GyHKIUS IPOIMYCKHOM CITOCOOHOCTH; O, B - IB€ BO3MOXHBIE PYHKIIUU
TTOTOKOB

cTOKy. B3BelieHHbII opueHTUpOBaHHBIN Trpad (puc.7.1,a) mpencrapiseT uiaealbHYIO
CTPYKTYPY HaHHBIX AJISI MOIEJIMPOBAHUU TTOJOOHOW CUTYalluu.

XOTSl MCTOYHUK MOXET TPOU3BOAUTL OOJNBIION 00beM BOIOBI, a CTOK -
MOTPeONATh TPUMEPHO TaKOW e oO0beM, BOAOIMPOBOMHAS CHCTEMAa MOXET He
obecreynBaTh JOCTATOUYHYIO MPOITYCKHYIO CITOCOOHOCTh. CTano OBITh, KPUTUUECKUM
akTopom Bceil CUCTeMBI SIBISIETCSI TIPOITYCKHAsI CIIOCOOHOCTH BONOMPOBOIA.

DyHKIUS MPOMYCKHON crocobHocTu c(a,b) mIs OBYX y3JoB a M b paBHa
MPOITYCKHOM CTIOCOOHOCTY TPYOBI MeX Iy 9TUMU JIByMsI y31aMU, €CJTM TAKOBasi UMeeTCsI,
u 0 B IIpotBHOM ciyuyae. Yepe3 Kaxmyro TpyOy MpOTEKaeT OrpenesieHHbIE 00beM BOMIbI
(MoxeT OBITh HyeBol). ®PyHkuusa nmorokaf(a,b)mis aByx y31oB a u b paBHa 0, eciu
y3eJ a He CMEXEeH C y3JIoM b, 1 00beMy BOIBI, MpOTEKaoIeMy o Tpyde U3 y3ia a B
y3en b, mHaue. fAcHo, uto f(a,b)>0 mus M0OOBIX y3710B a U b. bonee Toro, anst MOOBIX
y3J710B a U b BhITIOJNIHsIETCSl cooTHoleHue f{a,b)<c(a,b), TTOCKOIbKY MO TpyOe HE MOXKET
MpOoTeKaTh BOIBI OOJbIIe, YeM OOecreuyrnBaeT ee MPOIYCKHas CrocoOHOCTh. [lycTh v
o0o3HavaeT 00beM BONbI, KOTOPBIN MPOXOAUT IO cucTeme TpyO oT y3na S k y3ny F.
Torma obuiMit 00beM BOIBI, BbITEKaWIIeH U3 y31a S Mo BceM TpybaM, paBeH o0lleMy

00beMy BOIBI, TIOCTyTaoIIel B y3en F depes Bce TpyObl, M 00a 3TUX 3HAYEHUS] PABHBI
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v. DTO MOXeT ObITh BhIPAXXEHO PABEHCTBOM

Sum{f(S,x)) = Sum(f(y,F)} =v,

IJIe X U Y Y3Jbl COOTBETCTBEHHO CMEXHbIE C UCTOKOM U CO CTOKOM.

O0beM BoOIbl, BbITEKAOIE M3 JI0O0ro y3jia, He COBMAJAIOIIEro ¢ y3jJaMu S U
F, paBeH 00beMy BOIbI, ITOCTYMAIOLIEI B 3TOT y3e:

Sum{(x,y)} = Sum{f(y,z)},

e Y - y3eJ1, He SIBASIOUIMICS HA y310M S, HU y3JioM F.

Jns paHHoro rpada M JaHHOM (YHKIUM MPOMYCKHON CIIOCOOHOCTH (CM.
puc.7.1,a) MOXeT CylLeCTBOBaTh HeCKOJbKo (pyHkuwmii ITotoka. Ha puc.7.1,6 u 7.1,B
NpUBEIEHbBI 1BE BOBMOXHbIE PYHKIIM U ITOTOKA.

B  pesyabrare peunieHUsi  HEOOXOAMMO ~ HaWTM  (YHKIMIO  TOTOKA,
MaKCHMHU3UPYIOLIYIO 3HAaYeHUE V - 00beMa BOJbl, IIpoTeKaloliero u3 ysia S B ysen P.
Takas GyHKIMS MOTOKA Ha3bIBa€TCs ONTUMANIbHOU. SICHO, YTO (PYHKILMS MOTOKA Ha
puc.7.1,6 nyuiie, yeM YHKLUS MTOTOKA Ha puc.7.1,B, MOCKOJbKY AJIsl MEPBOM U3 HUX V
paBHO 15, a nns Bropoii paBHo 13. Ho Henb3sl, ogHako, 10 MPOBEACHMUSI BHIYMCICHUIA
yTBEPXKIaTh, YTO (PYHKIMS MOTOKA Ha puc.7.1,6 sIBIsIeTCS] ONTUMAIbHOM.

CrpaTterusi HaxoXJAeHUs ONTUMAaJbHOW (DYHKIMM IMOTOKA TakoBa: HayaTh C
HyJeBON (YHKIIMU MOTOKA U MOCJIeA0BATEIbHO yIyylllaTh €€ A0 TeX Mop, oKa He OyaeT
JOCTUTHYTa ONITUMaJbHas GyHKIIMS MOTOKA.

[lpu 3amaHHOIl (GYyHKIIMMU MOTOKA CYIIECTBYET ABa MyTU ee yiaydlueHusi. Bo-
MePBbIX, MOXHO CTapaTbCsl HAWTH TaKOW MyTb S—X,— x,—* ...->X —F u3 y31a S B y3en
F, yTo moTok mo Kaxmaoi ayre MmyTu CTPOTO MEHbIEe €€ MPOMYCKHON CIOCOOHOCTH, T.€.
f(x, ,x)<c(x,,,x) aasa Bcex i=[2,n]. [ToTok MoXeT ObITb yBeJMYEH Ha Kax ol ayre
TaKoro MyTH Ha BEJMYMHY, PABHYI0O MUHMMaJbHOMY 3HAYEHUIO BBIPAXEHUS C(X, ,X,)-
f(x,,x)ms1  Beex i=[2,n].

Takoit mMeTom MOXET ObITb NMPOMJLIIOCTPUPOBAH rpadoMm Ha puc.7.2,a, rae s

Puc.7.2. llytu ynyuieHus GyHKIIMY TIOTOKA: a - HaYaibHas GYHKIMSI IOTOKA;
0, B - 1Ba BO3MOXHBIX YJIy4IllleHUsI GYHKIUU TTOTOKA
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KaXJI0i Iyru yKa3aHbl COOTBETCTBEHHO MPOMYyCKHasA CMOCOOHOCTh U TEKYIUIi TOTOK.
CyuiecTayeT aBa yTH U3 y3ia S B y3en F.c mojioxXuTeJlbHbBIM 3HaUeHUEeM ToTokKa: (S, A,
C, F)u (S, B, D, F). OnHako Kaxablii U3 HUX cofepkuT oaHy nyry ([A, C] u [B, D]), B
KOTOPO# MOTOK paBeH MPOIYCKHON crocoOHOCTU. CTajio ObITh, TMOTOK IO 3TUM IMYTSIM
He MOXeT ObITh yiayuiieH. B To xe Bpemsa myTh (S, A, D, F) TakoB, uro nmponyckHas
CIOCOOHOCTh KaXJOW AYrM IyTW OOJjbllle, YeM TeKylluii MoToK. MakcumasbHas
BEJIMYMHA, Ha KOTOPYIO MOXET ObITh yBEJIWYEH TOTOK IO 3TOMY MyTH, paBHa 1,
MOCKONbKY MOoToK Mo ayre [D, F] .He moxer mnpesbimiath 3. [lonyuyuBiiasics B
pe3yabTaTe (PyHKILMST TOTOKA IMoKa3aHa Ha puc.7.2,0. OOIMii MOTOK U3 y37a S B y3en
F tenepsb yBenuueH ¢ 5 10 6. Ha puc.7.2,B moka3aHa (QYyHKIUS TOTOKa, MOJYYUBIIASICS
B pesyJsbrate yaydumeHus nytu (S, B, A, D, F) ucxonHoro rpada. Ora byHKuMs Takxke
obecrieurBaeT BEJIMYMHY CyMMapHOTO ToToka W3 y3na S B ysen F, paBHylo 6, u,
clieIoBaTe/IbHO, He JIydllle U He XyXe (DYHKIMU MOoToKa Ha puc.7.2,0.

Jlaxe ecau He CyLIECTBYET MYyTH, MOTOK MO KOTOPOMY MOXET ObITh YJIYyYIlEeH,
MOXHO HalTU JPyroi METON YJAy4YlllEeHUSI CYMMapHOIO MOTOKA OT UCTOYHUKA K CTOKY.
Meton npowsuttocTpupoBaH Ha puc.7.3. Ha puc.7.3,a He cyllecTByeT MyTd M3 y3jia S B

y3en F, moTok 1mo koTopomMy MoxkeT ObITh yiryutiieH. HO eciv yMEeHbIIUTE TIOTOK U3 y3J1a

Puc.7.3. Iyt ynydiieHust GyHKIMU TTOTOKA: a-HavalbHas
GyHKIIMS MOTOKA; 6 - yaydllleHHas GyHKIIMS TOTOKA

X B y3en Y, To MOXeT ObITh YBEJUUEH TMOTOK U3 y31a X By3en F. [Ina koMmreHcauuu
YMEHbIIEHUST BXOIHOTO TTOTOKA B y3ed Y MOXET ObITh ybeandeH IMOTOK M3 y31a S B
y3en Y. Pe3ynbraTroM 3THX U3MEHEHUH SIBIISIETCS YBeJIUYEHME OOIIero moToka u3 ysia S
B y3en F. Tlouwk u3 y3na X B y3ea Y MoXeT ObITh MepeHanpaBieH B y3ea F Tak, Kak
MoKa3aHo Ha pwuc.7.3,6, W CcyMmMMapHBIii TOTOK U3 y31a S B y3enr F Moxer,
clieoBaTeIbHO, ObITh YBeJWYEeH ¢ 4 1o 7.

Bropoit Meron MOXHO 000OIIUTL cleayouM obpaszoM. [lpeamnonoxum, 4yTo

CYIIECTBYIOT: MYTh U3 y3Jia S B HEKOTOPHI y3e y, MyTh U3 HEKOTOPOTO y31a X B y3en F
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U IIyTh M3 y371a X B y3eJI Y C TTOJOXMUTENbHBIM MOTOKOM. Toraa moToK 1mo m>TH I y3JIa X
B y3ell y MOXeT ObITh YMEHBIIIEH, a TIOTOKM W3 y37a X B y3ed F m u3 y3ma S B y3en y
MOTYT OBITh YBEJIMUEHBI Ha Ty K¢ BeJIMYMHY. BennunHa U3MeHEeHUS paBHA MUHUMYMY
M3 TOTOKA W3 y3ja X B y3ed y M Pa3HOCTEW MeXIy MPOIYCKHOW CIIOCOGHOCTBIO U
MOTOKAMM Ha TYTSAX U3 y371a S B y3eq y U U3 y3/1a X B y3en F:

min (f(x,y), c(S,y) - f(S,y), c(x,F) - f(x,F)).

7.3. AJITOPUTM OINTHMMHU3ALUKU TOTOKA

[lycts maH B3BelleHHBIN rpad (Marpuila mpomyckHoit crocobHocTu Weight) ¢
HUCTOYHUKOM S U cToKoM F. ANrOpuTM HaxoXIeHUs ONTUMaJbHON (YHKIIMU MOTOKA
JUISL 3TOTO rpacda MOXET ObITh OMUCAH TaK:

1) uHuManu3upoBath GyHKIKIO MOoToKa flow ast kaxnoit nyru B 0;

2) mombITaTbcs HaWTH Takoil myTh U3 S B F, Kotopslit yBennuuBaer notok B F
Ha plan>0;

3) ecnu Takoii MyTh HE MOXET OBITh HaliZieH, TO BO3BPAaTUTh plan;

4) yBeJIMYUTH TIOTOK MO KaXIO#l Myre MyTHM Ha BEJWYMHY plan;

S5) mepeidTu K mary 2.

Snpo anroputMma - war 2. PaccMOTpUM peKYpCHBHBIN aJTOPUTM HaXOXAECHMUS
MmyTu Oosiee MOAPOOHO:

1. ycTaHOBUTD MepeMeHHYI0 plan (Koppeklus miaHa Ha TekyuieM miare) B Oxffff
(MakcUMaJIbHO BO3MOXHOE 3HAUEHMUE);

2. yCTaHOBUTb yKa3aTesb TEKyLIel BEpUIMHEL B 1;

3. yCTaHOBUTH yKa3aTelsb TeKYyLIed Iyru 115 TeKylleil BepluHbl B 1;

4. oTIpeNeNuTh, eCTh JIU CBSI3b 110 IyTe: €CTh - MMYHKT 5, HEeT - MyHKT 6;

S. ompeaeauTb, MOXET JIU ObITh YBEJMUYEH MOTOK MO TeKYyIIel ayre; Aa - MYHKT
8, HET-MyHKT 6;

6. YBETMIUTH CUYETIMK TeKyIIel MYTW U MepedTH K MyHKTY 4, B ciiydae, eciu
He BCE JYTU MPOCMOTPEHBI; €CIM XK€ y TeKYIlleil BEpIIMHBI CMEXHBIX BEPIIMH OOJIbIIIE
HET MepeiiT K MyHKTY 7;

7. BepHYTH 0;

8. TpUCBOMTH YyKazaTeNlo TeKylllell BEPIIMHBI HOMEP KOHEYHOro y3ia
paccMaTpuBaeMou nyTu;

9. MOAKOPPEKTUPOBATh 3HAUEHUE TEepeMEHHO plan:
plan = Min(plan, flow);
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10 ecnm ykasaTenb TeKyllel BepLIMHBI COOTBETCTBYeT y3i1y F, BepHyTh plan,
HHayYe MePerTH K MyHKTY 3;

DTOT MeTON pellieHMs 3aayd O II0TOKAX Ha3biBaeTCs II0  MMEHU  ero
coanaleneii amoputmoM ®opaa-DynkepcoHa. [IpuUBENEHHBIN aJrOPUTM MOXET OBITh
peanM3oBaH OMHUM M3 JBYX KJIacCOB IPOTPaMMHBIX CXEM: OIEPaTOPHOI
(TpoLeaypHOii) U peKypPCUBHOM.

Peiienre maHHOW 3amayd  MOXKET ObITb KPacUMBO BBIIIOJHEHO Ha OCHOBE
PEKYPPEHTHOTO ajaroputMma. B aToM c.iyyae pekypcuBHasi QYHKI[MS BBI3BIBAETCS W3
TOJIOBHOM (YHKLIMM MHOTOKPAaTHO, BO3Bpalllasi 3a KaXAbld  BBI30B  OYepEIHOE
yaydlleHHe IMJIaHa.

Jlist Toro 4tobbl MaTpulla MPOMYCKHO# crmocooHocT Weight xapakrepuzoBaia
HamnpaBJeHHOCTb AyT, IPUHSITO AJIs 3adaHusl IPSIMOrO HaIlpaBJIeHUs IYyT'U UCIIOIb30BaTh
LIeJIOe YMCJIO - TMPOMYCKHYIO CIIOCOOHOCTh, a 0OPaTHOrO HAMpaBJICHUS - MAKCHMMaJIbHO
BO3MOXHOe 1ienoe 6e33HakoBoe Oxffff.

IIporpaMma, paccyMiIBaolias ONTUMAIbHBIA IUIAaH, MOXET OCYLIECTBIATh
BBIBOJ PE3yJbTaTOB B Buiae Tabauibl. Tak, mis rpada, mpeacTaBieHHOTo Ha puc.7.1,a,

pe3yabTaThl paboOThl MoKa3aHbl B Taba.7.1 u Ha puc.7.4.

Ta6muna 7.1
Koneunas
HavanbsHas IMponyckHas
BeplLIMHA OYTU BepLIHa CITOCOOHOCTD Morox
OYTU

1 2 13 13
1 3 8 8
1 4 13 9
2 5 7 7
2 6 8 6
3 5 4 2
3 0 5 3
3 7 3 3
4 6 8 2
4 7 7 7
5 8 9 9
6 9 11 11
7 10 13 10
8 9 5 3
8 11 6 0
9 11 19 19
10 9 6 5
10 11 9 5
Inan 30
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Puc. 7.4. Pemenue 3amauu pacripefefieHusi pecypcoB

7.4. TlopsimoK BBITTOJTHEHUST PabOThI

1. M3yumTh BOIIPOCHI, CBSI3aHHBIE C OTNpeeIeHUEM U CTPYKTYpoii rpada.
2. J1ocKOHAJIbHO pa306paThCsl B AITOPUTME ONITUMU3ALINY (YHKIIMU TTOTOKA.
3. PaspaboTath ¥ Ha JIOOOM SI3bIKE MPOTrpaMMUPOBAaHUS HAIKCATh MPOTPaMMYy,

PacCUMTHIBAIONIYIO ONTUMAJIbHBII MOTOK Ha Tpade.

MHZ[I/IBI/II[yaI[beIC 3aJaHuAg:

1. HaiiTu onTHMaibHBIA MOTOK, MPOXOASAIIMI yepe3 rpad, M300pakeHHbIN Ha

puc.7.5.

2. HaiiTi onTUMaJbHBIA MTOTOK, MPOXOASINMIA Yepe3 rpad, M300paxxeHHbBIN Ha
puc.7.6.
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7.5. ComepxaHue oTyeTa

1. Lleas paGoThI.

2. YcinoBue pelraeMoit 3amadau

3. TlocnenoBarenbHOEe — yAydlleHHWE TIOTOKAa, IO  pe3yjabTaTaM  paboOThHI
MPOTrPaMMBI.

4. BeiBompl 10 paboTe, comepxXallllie KOHKPETHBIE pe3yJIbTaThl pelIacMOii

3a7auu (Tabnuiia ¥ u3odpaxeHue rpada ¢ MpornyckKHON CIOCOOHOCTHIO U TIOTOKOM).

7.6. KOHTpOJIbHBIE BOIIPOCHI

1. Yro mpencraBnsieT co00ii B3BeLIEHHBII Ipad?
2. Kako#i moTok Ha3bIBaeTcsl ONTUMATbHbIM?
3. B uem cytb anropurma @opa-Dynkepcona?



JJABOPATOPHAA PABOTA Ne 8

ITOCTPOEHUME, MOJAEJINPOBAHUE U AHAJIN3
JAUCKPETHBIX ITPOM3BOACTBEHHBIX CUCTEM

8.1. Lleab paboThl

1. O3HakoMJIeHHWe C  MeTomaMM  HMMMTAIlMOHHOTO  MOJIEJIMPOBAHUS,
MPUMEH 1€ MbIM WIS MOACTIMPOBAHUS AUCKPETHBIX TPOU3BOACTBEHHBIX IIPOIIECCOB.

2. PaccMoTpeHHMe accollMaTMBHOTO WHCTpyMeHTa MojaenupoBaHus - ceTeit
[eTpu.

3. IlonyyeHue HaBBHIKOB (opMannM3aly TMPOIECCOB, IPOTEKAIINX B
MPOU3BOICTBEHHBIX CUCTEMaxX Ha OCHOBE MeXaHM3Ma Kiaccuueckux cereil Ilerpm.

8.2.001ue cBeaeHus

8.2.1.JIucKpeTHbIE TPON3BOICTBEHHBIE MTPOLIECCHI

Onepayus, peanusyeMmasi B TEXHOJOTMYECKOM OOBEKTE - 3TO pa3BEpPHYTOE BO
BpPEMEHHM IleJIcHANpPaBICHHOE IEWCTBME, KOTOPOE XapaKTepHM3YeTCsSI CBOEH LENbl0 W
CIIocOO0OM TOCTHMKEeHHUS 3Toi 1enau. Orepalis 3aBepliaeTcsl JUO0 IO TOCTHXKEHUU
MOCTAaBJICHHOM 1IeNMM (HOBeNeHWEe TapaMeTpoB OOBEKTa JO 3aJaHHBIX 3HAYEHWH,
nepeMelieHrne paboynx OpraHoOB B TpeOyeMble MOJTOXEHUS U T.J.), JIMOO 10 UCTEUEHUH
OTBEICHHOTO [UISI Hee BpeMEHHW, JUOO0 TOA BIMSHUEM BHEUIHUX COOBITHIA,
MpepbIBalOIIMX ornepanuio. MHOXeCTBO pasJWYHBIX OIlepaluii, pealnu3yeMbIX B
TEXHOJOTUYECKOM OOBbeKTe, KOHe4HOo. [Ipym 3TOM omepamuu MOTYT TOBTOPSATHCS
HeoTpaHUYEHHOE YK CIIO Pas.

Ha MHoXecTBe omepanuit BBOOATCS OUHADHblE OMHOUIEHUS CAe008AHUA U
napaaneauzma, oTpaxaroliue BpeMEHHBIE CBSI3M MeXIy omepauusaMu. e omepaunuu
HaxXomsATCS B OTHOIICHWW CIENOBaHUS, €CIM OHM HHUKOTIa HEe BBITIOJHSIOTCS
ONHOBPEMEHHO, T.. MOMEHT Hayaja JIo00i W3 HUX CABHUHYT IO OCH BPEMEHH
OTHOCHUTEJIbBHO MOMEHTa KOHIIA IpPYToii.

YacTHBIM  CJIy4yaeM  OTHOIIEHUS  CIIEIOBaHUS  SIBIAETCS  OTHOIIEHME
HETIOCPENCTBEHHOTO CJIEIOBaHMS, KOTa Hayajao OIHON OIepaly COBMAIAeT ¢ KOHIIOM
npyTii. Eciu nBe omepaliu He HaXOmATCS B OTHOIIEHWUW CJIEIOBaHUSA, T.e. MOTYT
BBITIOJIHATHCS OMHOBPEMEHHO (Ha pa3HOM 00OpPYIOBaHMM TEXHOJIOTMYECKOTO OOBEKTa),
TO OHM HaxXOASTCS B OTHOLIEHWU Mapasllein3Ma.

Takum  oOpa3som, ecid JBe OMNEpaldy  HAXOAATCS B OTHOLIEHUU
HETIOCPEICTBEHHOTO CJIe[IOBAaHUs, TO OHU HAXOAITCI B OTHOIIEHUU CJIeIOBaHUS
(obpaTHOE B OOIIIEM CIydae He BEPHO); €CJIU JIBE OTepalli He HaXOASITCA B OTHOIIEHUM
CJIeIOBaHUS, TO OHU HaXOISATCS B OTHOILIEHWH TTapajuleu3Ma.

Juckpemusim  npoyeccom,  pealn3yeMbIM B TEXHOJOTMUYECKOM  OOBEKTE,
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Ha3blBaeTCsl KOHEYHOE MHOXECTBO oOIllepalldii, Ha KOTOpOM 3alaHbl OMHapHbIE
OTHOUIEHMSI CJIeIOBaHUS U Mapajieansma. JJucKpeTHbII Mpolece Beeraa MMeeT Hayaao
U KOHEL, M COO!BEeTCTBEHHO B HeM (UKCUPYETCsS MOIMHOXECTBO HayalbHBIX U
MOAMHOXECTBO  (UHaNbHBIX  omnepauuii. Juckpemuwii  npouyecc  Ha3blBaeTCs
yukmueckum, €CM J00asi HavyaldbHas omepalMsi B HEM HEMOCPEACTBEHHO ClenyeT 3a
(brHaTbHBIMM U, KPOME TOTO, BBIMOJHSETCS YCIOBUE: €CJIU IBE ONepallui HaXOaATCs B
OTHOUIEHMM TMapajjenu3mMa, TO OHM TNpUHALIeXaT TaKuUM 4YacTsIM Mpolecca
(monmpoiieccam), KOTOpble OMIHOBPEMEHHO HauMHaloTCs U 3aKkaHuuBaroTcd. Ecnu ke B
mpolecce ¢ OTMEUYEHHBIMU BbILIE CBOMCTBAMU HayajlbHble OMNEpallMUd MOTYT
WHULIMUPOBATLCS A0 3aBeplIeHMs] Mpolecca, T.e. HEMOCPEACTBEHHO CleoBaTh 3a
He(dUHANbHBIMU ONEpPALMIMU, TO OUCKpemHblil npoyecc Ha3bIBACTCS KOHBElepHbIM.

CyuiecTByeT IBa YCJOBUSI, KOTOPBIM JOJIKE€H YIOBJIETBODPSATbH AUCKPETHBIN
TEXHOJOTUYECKUIA MPOLIeCC, KAKIITUKINYECKUI, TaAKUKOHBE e PHBIA.

1. Jlrobas omepauusi MOXET ObITb MOBTOPHO HayaTa TOJIbKO IIOCIE CBOEro
3aBepUICHUS, T.6. MCKI0YAaeTCs MHULMUPOBAHUE ONEPAaLlMK BO BpeMs €€ BHIMOJHEHMS.

2, JIucKpeTHBII Mpoliecc, HayaBIUIMCh, BCETAa MOXeT ObITh IOBEJEH A0 KOHIIA:
B XOJi¢ €r0 BBIITOJHEHUS HE JOJKHO BO3HMKATDH «TYIMMMKOBBIX» CUTYallUil, HE MMEIOIINX
MPOIOJKEHUS

[Iponiecc cuuTaeTcss KOPPEKTHBIM, €ClMd, BO-TEPBBIX, OH COOTBETCTBYET
MPUBEAEHHBIM BBILIE ABYM YCJIOBUSIM, M, BO-BTOPBIX, COIJIACOBaH C BO3MOXHOCTSIMM
TOTO TE€XHOJOTUYECKOTO 00bEKTa, B KOTOPOM MPOTEKAET.

LeHTpanbHbIMU  TpoOJeMaMu  TEOPUM  JMCKPETHBIX  TEXHOJOTMYECKUX
MPOLIECCOB SIBJISIIOTCS  3a7avyM:

1) anaauza, cBsI3aHHBIE C YCTAHOBJIEHHEM KOPPEKTHOCTUM 3adaHHOTO
rpotecca;

2)  cuHme3a CUCTEMbl YIIpaBJAeHUS 3aJaHHbIM MPOLIECCOM.

PemeHne 3amay aHanuM3a M CMHTE3a OCHOBBIBAETCS Ha MCIOJb30BaHUM
(opmanbHbIX onucaHuii (MaTeMaTuyecKux Mojeeii) 00beKTa U peasu3yeMoro B HeM
npoiiecca, OTOpaXxaroUIMX COOTBETCTBEHHO BCE BO3MOXHbBbIE BapuWaHThl MOBEACHUS U
KOHKpEeTHOe ToBedeHUe oO0bekTa. [lpu aHamM3e MpPOBEPSIOTCS KOPPEKTHOCTh U
COIJIACOBAaHHOCTbh 3TUX MOjJEJeil, MpM CHUHTE3e MOJeIb Ipolecca UCIONb3YeTCs Kak
3allaHie, Ha OCHOBE KOTOPOrO YCTaHaBAMBaeTCs CTPYKTypa YMNpaBisioIllero
JIOTUYECKOTI0 YCTPOMCTBa, BBHIOMPAIOTCSA COOTBETCTBYIOLIME CPEACTBA M TMPOBOIUTCS
peanusaums ynpasJsiolero JOrMyeckoro ycTpoicTaa.

B nmaHHO# paboTe paccMmaTpuBalOTCSl BOIMPOCH (opMalu3alldd W aHaau3a
JNUCKPETHBIX TMPOLECCOB.

B HacTosimiee BpeMsl M3BECTHO HECKOJbKO JECSATKOB PasHOBUAHOCTEH
MaTeMaTUYECKUX CXeM OIMCaHMsl JAMCKPETHBIX IPOLECCOB, Haubojee 4acTo
MPUMEHSIEMbIMU U3 KOTOPBIX SABJsIOTCS ceTH [leTpu ¥ ux pacmivpeHus.

Mogaenupytome Bo3MoxHocTu ceteir Iletpy u ux 3dpdekTMBHOCTH B
MPUIOXKEHUSIX OOBSICHSIOTCS Mpexae BCero TeM, yto ceTb IleTpu - 3T0 MHTerpauus
rpada ¥ AMCKPETHON TMHAMUYECKON CUCTEMbI, OHa MOXET CIY>KUTb, TAKUM 00pa3oM, 1
CTaTUYEeCKOW ¥ JMHAMUYECKOW MOeblo MPEACTABASeMOTrO C €ro MOMOUIbI0 OObEeKTa.
OcobeHHy10 poJib cetu [leTpu UrpaloT Npu MOAEIMPOBAHUHU TapaielbHbIX TPOLECCOB.
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30eCh O3TO e€aABa JM He caMblii YIOOHBIH M MHOrooOeHAUIUi HWHCTPYMEHT
nccaenoBaHuii. HemanoBaxHoe 3HaUeHUE MMEET M3BECTHOE MPEUMYIIECTBO 3TUX CeTeit
— yno0CTBO MporpaMMUpoOBaHus ux Ha DBM.

8.2.2.0npenenenne cetu Iletpu

Cemu I[lempu - MTHCTPYMEHT MCCJIENOBAaHUS CUCTEM U MpUMeHsIoTcs ceTu [letpu
HCKII0YUTEeNbHO B MomenupoBaHuu. Certu I[lerpu paspabaTbhiBaiMcCh CIEIMAIbHO AJIS
MOJEJIMPOBAHUS T€X CHCTEM, KOTOPbIE COAEPKAT B3aMMOAEHCTBYIOLIME MaplINeabHbie
KoMmoHeHThl. Teopus cereit IleTpu menaer BO3MOXHBIM MOMAETMPOBAHUE CHCTEMbI
MaTeMaTUYeCKUM MpeacTaBicHueM ee B Bume ceti [letpu.

B ocHoBHOM cetu [leTpu paccMaTpuBalOTCS Kak BCIIOMOTATEIbHBIA HHCTPYMEHT
aHajM3a, a Mg IOCTPOCHHUSI CHCTEMbl MCIOJNB3YIOTCA OOIIENPUHSATBIE METOIbI
npoektTupoBaHus. I[locTpoeHHas cucTeMa Mopeaupyercss cetbio IleTpu, U Momenb
aHanusupyetrcs. JlioOble TPyIHOCTH, BCTpedarolMecs IpU aHalu3e, YKa3bhlBalOT Ha
HU3bSHBL B MpPOEKTe W IJISI MX MCIPaBICHHUS HEOOXOMMMO MOAMMUIMPOBATH MPOEKT.
MoaudpuuupoBaHHBIN MPOEKT 3aTEM CHOBAa MOJIECIUPYETCA W aHAJIU3UPYETCs. DTOT
LIMKJI TIOBTOPSIETCSI 0 TeX JIOP, MOKa MPOBOAMMBINM aHaAJIMU3 He MPUBEIET K ycmexy [22].
Takoit moaxoa MIIIOCTpUpPYyeETCs Ha puc.8.1.

Cerp [Iletpu COCTOMT M3 4eThIpeX 3JIEMEHTOB. MHOXECTBO nosuuuii P,
MHOXEeCTBO nepexodos T, BxomHas ¢dyHkuus | u BeixogHass dyHkuus O. Bxodnas
@yuxyus 1 oTrobpaxaeT mepexos tj B MHOXeCcTBO mo3uuuii I(tj), HazpiBaeMbIX BXOIHBIMU
MO3ULUAMU Tepexona. Beixoonas ¢ynkyus O oroOpaxaeT Tepexoi tj B MHOXECTBO
no3uuuii O(tj), Ha3pIBaeMBbIX BHIXOJHBIMU MTO3ULIUSIMU MTEPEX0/A.

Mopesposatute
CHcrema i # Cers lletpu
Momtpuxapes Caoficsa Anamo
CHCTeMB!

Puc.8.1. Cerpb [letpu anst MomenupoBaHusl U
aHaIM3a CUCTeM

Jlnst wiamocTpauuu MOHATHI Teopun ceteil [letpu ynoOHo paboTath ¢ ux (ceTeit
Ilerpu) rpadpuyeckum mnpencraBieHueM. Crtpyktypa cetu Ilerpu ompenensieTcss ee
MO3UILMAMM, NTEPEX0JaMM, BXOIHOM U BHIXOAHON (YHKIMAMU. B COOTBETCTBUU ¢ 3TUM
gpagp cetu Ilerpu oOsiamaeT AByMsl TMIIAMU Y3J0B: KPYXXOK SIBJSIETCS IMO3MLIMEH, a
IJIAHKa - IEPEXOIOM.

Opuenmupogantvie dyeu COCOVHSIOT TO3UIMM M TIEPEXOAbl, TpPH  OTOM
HEKOTOpbIe AYTM HAampaBjieHbl OT MO3MIIMI K Mepexojam, a APYrMe - OT MEepPeXoloB K
MO3ULUAM.

I'pad cetu IleTpu Ha3bIBaeTCS OpueHMuUpoanHviM, TaK KakK €ro OYT'U SIBISIOTCS
HalmpaBJeHHbIMU. BepinnHbl rpada MOXHO pa3aeauTh Ha IBa MHOXeCTBA (IO3ULUU U
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Tepexoabl) TAKUM 00pa3oM, UTO Kaxkaasl ayra OylaeT HalpaBjieHa OT 3JIeMeHTa OIHOTO
MHOXECTBA K 3JIEMEHTY JPYyroro MHOXeCTBa (OT MO3MIIMM K TIEPEXOIY MJIM OT Tepexona
K mo3uiuu). CremnoBatenbHo, rpad cetn [leTpu MOXHO TakXe Ha3BaTh 08Y00.1bHbIM
OpPMEHTUPOBaHHBIM Tpacdom (puc.8.2).

Cerp [letpu ompenensercss He TOJNBKO CTPYKTYpOH, HO M MapKHUPOBKOM.
Mapkuposka M - 3710 pacnpeneieHue Guirek MO MO3UIUAM ceTh. DQuuka -
NMPUMUTUBHOE TIOHSATUE ceTh [leTpu, KOTOpoe MCIONb3yeTCs I OIpeaeIeHUS
BbIMOJIHEHMST ceTh. [lomoxeHue uimek Tpu BHITOJHeHUU cetu [leTpw MoXer
MEHSTBCS, YTO TTPUBOJIUT K U3MEHEHU IO MAaPKUPOBKH.

Cerp [leTpu BBITIOJNHSETCS TIOCPENCTBOM 3allycka mepexomoB. [lepexom
sanyckaemcs (akmuseusupyemcs) ynaaeHueM OGUIIEK W3 €ro BXOMHBIX ITO3MIIMIA.
[lepexon BBHITTOTHSIETCA B TeUYeHWE 3aJaHHOTO BPEMEHH, ITOCJIE YEro HACTYIaeT ero
naccueusayus. MOMEHT TaCCMBHM3allMM TIepexola CBs3aH ¢ 00pa3oBaHUEM HOBBIX
duirex, moMenaeMbIX B €ro BBIXOIHBIC TTO3UIINH.

[Mepexom MOXeT OBITH 3aMyIleH TOJbKO TOT/A, KOTJa BCe €r0 BXOMHbIE MO3UIIUK
UMeIoT GUINKKW; B 3TOM Cllydyae TOBOPSIT, 4TO nepexod paspeuleH. AKTUBHU3ALWS
repexona B 1IEJIOM 3aMeHsIeT MapKupoBKy M cetu [leTpu Ha HOBYIO MapKHMpoBKY M1
(M| > [M1]). Tlo ucreyeHWr BpeMEHMW BBITIOJIHEHUS TIEpPEXOna, OH MaCCHBU3UPYETCH,
mpu 5ToM MapkupoBka Ml cetu IleTpu 3aMeHsteTcst Ha MapKupoBKy M2 (M| < [M2)).

[IpocToe mpencraBneHre cUCTEMBI ceThio [leTpu OCHOBaHO Ha ABYX MOHSITHSX:
coObITUAX M ycnoBusax [22]. Cobbimue - 3TO NEWCTBUE, MMEIOIEe MECTO B CHUCTEME.
Bo3HMKHOBEHMEM COOBITHII YIIPaBISET COCTOSIHME CHUCTEMBI, KOTOPOE B CBOIO OuYepelb
MOXET OBITh ONMMCAaHO MHOXECTBOM YCJIOBHUI. JYca06ue - 3TO JIOTMUECKOE OIMMCaHUE
COCTOSIHUSI CHCTEMBI, OHO MOXET IPUHMMATh 3HaueHWe "UCTMHA" MO0 3HAYeHHE
"0XB".

Tak Kak COOBITHS SIBJISIIOTCSI NEWCTBUSIMU, TO OHU MOTYT MPOMCXOAUTH. s
TOTO YTOOBI COOBITME TPOM3OIUIO, HEOOXOAMMO BBITIOJHEHWE COOTBETCTBYIOIIUX
YCIOBU. DTU YCIOBUS Ha3BIBAIOTCA Hpedycaoguamu coObiTus. Ilocme Toro Kak
COOBITHE TTPOM3OIIIO, BHITIOJHSIOTCS UHBIE YCIOBUS - HOCIMYCAOBUS.

B kauecTBe TIprMepa pacCMOTPUM 3a1ady MOIEIMPOBAaHUS MPOCTOrO aBToMaTa-
MpojaBiia. ABTOMAT-TIPOAaBeI] HAXOAUTCS B COCTOSTHUM OXHWIAHMS O TeX Top, MOoKa He
[MosiBUTCS 3aKa3, KOTOPBII OH BBHITIOJHSIET W TOCHUIAET Ha JOCTaBKY. YCJIOBMSIMU IS
TaKoOi CHCTEMBI SIBJISIIOTCS: aBTOMaT-TipolaBel] cBoboneH M Xxaet (Caw); 3aka3 MpHOBLT
u xnet (Cpw); 3aka3 BeimoiHeH (Cpm). CoOwbiTsamu OymyT: 3aka3 moctymaet (Tpc);
aBTOMAaT-TIpoAaBell BhIMoaHseT 3aka3 (Tam); 3aka3 mocbkutaercd Ha mocTtaBKy (Tpt).

CoObITHSI, YCIIOBUSI M TIOCTYCJIOBMSI MOIENM CHUCTEMBl aBTOMaTa-TpoJaBIia
npuBeaeHbl B Tabm.8.1.

Tabauua 8.1
Cobpitue | IpemyciaoBue IloctycnoBue
Tpc Her Cpw
Tam Cpw, Caw Cpm, Caw
Tpt Cpm Her
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Takoe mpeacTaBieHUE CUCTEMBI JIETKO MojeaupoBaTh cetbio [letpu. B cetu
[MeTpu ycnoBUS MOACTUPYIOTCS MO3UIIUSIMU, COOBITHS - TIEPEXOAAMU, TIPU STOM BXOJIBI
mepexofa SIBISIIOTCS  TMPEAYCIOBUSIMU  COOTBETCTBYIONIETO COOBITUSI; BBIXOIOBI -
mocTycinoBusiMu. Bo3HUKHOBEHME COOBITUSI PABHOCUIIBLHO 3aITyCKY COOTBETCTBYIOLIETO
nepexona. BeITloHeHWE  yCHIOBUS — TIpENCTaBiseTcsl  (QUINKOW B TMO3UIINH,
COOTBETCTBYIOIIEH 3TOMY YCIOBUIO. AKTUBU3ALMS TMepexoda yaaisieT paspellarolive
bumku, mpencTaBAAIONINE BHIMOTHEHUE TMPENYCIOBUIA; MACCUBU3ALUS Tepexona
00pa3yeT HOBble (DUIIKU, KOTOPBIE MPENCTABISIOT BHITOJTHEHNE TTOCTYCIOBUI [22].

Cetb Iletpu Ha puc.8.2 umocTpupyeT Mojenb ONMMCAaHHOTO BbILIE aBTOMAaTa-
MpOAaBLa.

Cow

F—O—4—0O—

Tpe Cpw Tam Com Tht
Puc.8.2. Cets [leTpu, Mmoaeaupyromas
paboTy aBTOMara-IMpoaaBIia

8.3. MHTepripeTaTop ceTeBbIX Mojeeit

8.3.1.Anroput™ byHKuroHUpoBaHus cetu [letpu

Jns o0paboOTKM Mojeneit cUcTeM, BBINIOJHEHHBIX Ha ocHoBe cereit [letpwu,
HE0oOXOMUMO  CcO3MaTh  TPOTPaMMY-WHTEPIPETaTop, CIIOCOOHYI0  BOCIPOU3BOAUTH
IMHaMuKy mniporieccoB Ha cetu [lerpu. KiroueBoit ujeeil Takoro MHTepriperaropa Oyaet
00paboTKa TIOCAEACTBUII CBepIIEHUsT OCOObIX CcOObITHMI Ha ceTu. Ocoboe coObITHE
HATMPSIMYIO OTIpe/IesISIeTCSI MOMEHTOM IMacCUBU3AIINY KaKOTO-TH00 TTepexoa.

O0paboTKa MOCHENCTBUII 0COOOr0 COOBITUS TOTPEOYeT HaJIUUMS CIEAYIOUIMX
npolenyp:

passiveTransition (cokpameHnHo pT) - MoxmenupoBaHuWe NeWCTBUI Tiepexona
MpU Tepeaade METOK B €ro BBIXOAHBbIE Mo3WIMU. [lepenady MeTOK HEOOXOIMMO
BBIITOJTHUTH [0 PAacCMOTpeHUsl Apyrux (a3 mpolecca Ha cetu [leTpy ¢ 1ienbio
OTOOpakeHWs] ONHOBPEMEHHOCTM WM3MEHEHUST pa3METKU B BBIXOJHBIX IMO3UIIHIX
nepexoaa;

pastPassive (pP) - opranuzanust 00padbOTKM MOCAESACTBUN U3MEHEHUST pa3MEeTKU
B BBIXOJHBIX TMO3WIMSAX MAcCUBU3MpPYeMOro mepexoma. [lociemoBaTenTbHOCTD
MPOCMOTpPa TaKWUX TO3UIUN OTpeNeNsseT MPUOPUTET OUYePETHBIX COOBITHI Ha CeTH
[etpu;

possibleActive  (pA) - mpoBepka BO3MOXHOCTM aKTHBU3AllUU TEPEXOJIOB,
HaXOJISIIMXCS Ha BBIXOMHBIX IYTaxX MO3UIINN, C TOJBKO YTO U3MEHUBIIEICST pa3MEeTKOM;

activeTransition (aT) - akTuBu3alus nepexona, e€ciu HEOOXOAUMOCTb B 3TOM
yCTaHOBJIEHA TMpoueaypoil possibleActive. AKTUBU3a1MS TTepexoa TpeOyeT U3MEeHEeHU s
pa3MeTKM B €ro BXOJHBIX MO3UIMIX U TJAHUPOBAHUS B MOMEHT time+d(t) (time -
TeKyllee MoaeabHoe BpeMsi, d(t) - BpeMs BBITIOJHEHUs Tepexona) MacCUBU3ALUU
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nepexona t, T.e. HOBOrO 0COGOr0 COOBITHS;

fixed Event (fE) - ¢ukcanusi ocodboro cobwbiTusi Ha cetu Iletpu B crnucke
COOBITHIA;

directEvent (dE) - BbIOOp OyepeaHOro ocobOro coObITMS Ha CeTM M Hayalo
HOBOTO 1lIara MOAEJMUPOBAHUS, €CJIU CITUCOK COOBITUI HE MYCT;

Ilocne ompeneneHuss HEOOXOOMMBIX TMPOLEAYP MOXHO 3alucaTbh aJrOPUTM
MOJIEJIMPOBAaHUSI IPOLECCOB Ha cetd IleTpy a peKyppeHTHOM BMAE, YyKa3bIBasi
BJIO2KCHHOCTDb NEPECUYMCIICHHBIX MMPOLEAYD:

Event(tt1) = dE(T(pP(pA@T(fE(Event(t))))))),
rae Event(t) - ocoboe coObITHE, COOTBETCTBYIOLEE IMEpexoay t.

PaccmaTtpuBaemMasi peKyppeHTHas CTPYKTypa ajropuTMa OTOoOpaxkaeT OJHY H3
3¢)¢)CKTI/IBHbIX, HO HE€ €IMHCTBCHHLIX CXEM €TI0 IOCTPOCHUSA.

[Ipexxne yeM MOPOJOJKMTL OOCYXAEeHHWE aJropMT™Ma, OCTaHOBUMCS Ha
HEKOTOPLIX OCHOBHLIX MIOHATUAX TCOPUU MOACIUPOBAHUA.

8.3.2.CnircoK 3aniaHMpOBaHHBIX COOBITUI

Jlnst onTHMMAJbHOM peaju3aliid KOHUEMUMU TEepeMEHHOro IpupalleHus Bce
MJIaHUPYeMble 0COObIe COOBITUS MTOMEIIAIOTCS B AMHAMUYECKY U3MEHSIEMbIIA 1M H e i H bl i
CIUCOK CO CBSI3aHHBIM pacmpeneseHueM. [Ipy NJIaHUPOBAHUU 0COOOrO COOBITUS
BbIUUCIACTCA BpEMA €ro HaCTYIJICHMA, B CIUCOK LlO6aBJ19[€TCﬂ HOBBIH QJICMEHT,
9JIEMEHT paclojiaraeTcsi B CIMCKE B COOTBETCTBUM CO 3Hauye€HUEM BpEMEHU
Hactynnenuss coObiTusg (YeM MeHbIle 3TO BpeMsi, TeM OJIMXe K Hayaly CIUCKa
pacnojioxeH 3JieMeHT). st BbIOOpa OuepeaHOro 3arjaHUPOBAHHOIO 0COOOTo COOBITHUSI
JIOCTAaTOYHO JIMIb OOPAaTUThCS K MEPBOMY DJEMEHTY CMKCKa, M Mocjie BceX 00paboToK
yIaJIUTh €ro.

CHucoK €O CBSI3aHHBIM paclpeneieHueM OpraHu3yeTcsi B J1000M  s3bIKe
BBICOKOI'O YPOBHSI C IOMOLIBIO CTPYKTYPUPOBAHHOIO THUIA HAaHHBIX, [A€ Hapsay C
I/IHq)OpMaLII/IOHHblMI/l IMOJIAMM HaXOJUTCA yKasaT€Jb Ha CMCXHBIC 3JIECMCHTbLI CIIMCKa

[23].

8.3.3.0nucanue cTpykTyphl cetu Iletpu

Tax kak rpadp cetm Ilerpu  mpeacraBiaseT  coOOM  NBYIOJbHBINI
OPMEHTUPOBAHHBIN TIpad, g ero (ukcaluyd IOCTaTOYHO OMNpPENeJUTbh JBa MacCUBa.
[lepBblit M3 HUX XPaHUT CIMUCKUM HOMEPOB BXOAHBIX TMO3ULMI TMepexoaa, BTOPOU -
CMUCKY HOMEPOB BBIXOMHBIX MO3ULIMi mepexona. OnucaHue cetu [letpu 3aBepiuaeTcs
onpeJe/ieHeM CIIMCKOB BPEMEHHbIX 33Iep>KeK B BBIMOJHEHUM MEPEXOJ0B U HaYaJbHOM
pa3MeTKu MOo3ULMi ceTu. B cBsSI3M ¢ 3TUM, CTpyKTypa ucrnojb3yemoit cetu [letpu aist
padotsl MHTepnperaTtopa pukcupyercs:i B Bune .INIl-daiina (Petri.ini) co ciaeayoimmumMu
paznenamu: Transition - CIMCOK MMEH MEpPeXomoB M MX BpeMeHHBIX 3aaepxkek, Condi-
tion - CHNMCOK MMEH MO3UIMK M MX HayaldbHOW pa3meTku, Transition-Condition -
CIMCOK CBSI3HOCTU MepexoaoB ¢ no3uuusaMu, Condition-Transition - CMUcOK BEIXOAHBIX
nepexonoB s no3uiuii, ModelTime - obiiee Bpemsi MoaenupoBanus, FirstTransition
- WMS Tepexola, KOTOPBIA JOJXKeH BBIMOJHUTbCS MepBbiM. Popmar daiina
npeacTaBieH Ha puc.8.3.
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W Ms nepexoa: BpeMEHHas 3aIEPXKa | HaYaJIbHOE 3HaUEHKE - KOHEUHOE 3HAYEHME;

UMs nepexoma: BpeMeHHas 3alIepXKa | HauaJlbHOE 3HAYEHUE - KOHEYHOE 3HAYEHUE;
Condition:
WNmst mo3uumu;

Nmsinosuuum;
Transition-Condition:
Wwms nepexona [, Rand]: umst nosuuuu 1, umsi mozuuum 2,...;

Wwms nepexoaa [, Rand]: ums nosuuuu 1, ums nosuuuu 2,...;
Condition- Transition:
Wwms mosunuu [. Rand]- ums nepexona 1, ums nepexona2,...;

Nms nosunuu [, Rand]: umst nepexona 1, ums nepexomaa2,...
ModelTime:

Tpebyemoe Bpemsi MOAEIUPOBAHUS:

FirstTransition:

WmMs mepBoro mepexona MOJIEIH.

Puc.8.3. ®opmar ¢aiina Petri.ini

KntoueBoe cioBo Rand CUTHAJIU3UPYET O TOM, YTO d)I/ILLIKI/I oCJI€ maCcCUBU3allMn
nepexoia MNMOMEIIAOTCA B BbIXOJAHLIE MO3ULMKW B MNPOU3BOJIBHOM IIOPAOKE (HODHI{OK
BJIMACT Ha MOPAAOK 3allyCKa BbIXOOHBIX MEPEXOI0B JaHHBIX H03I/IL[I/II71). Ecnu xioueBoe
cioBo Rand He YKa3aHoO, TO TIOPAAOK MU3MEHEHUA pPasMETKU B IO3ULUAX 6yILCT
COOTBETCTBOBATb MOPANKY MX HNEPECUYUCTICHUA. Daiin WHULMAIU3aUUU  A0JKEH
NOMEIIAaTbCA B TEKYIIEM KaTaJore U UMETb UM Petri.ini. O,[[HaKO MO2KHO MCITIOJIb30BaTh

U Ipyrue uMeHa. B aToMm ciyyae mHTepmpeTaTop 3amyckaeTcs ¢ mapaMeTpoM - UMEHEM
(baiina MvHULIMANTU3ALIM.

8.4. Ilpumepbl TIOCTpOeHUs Mojieeil Ha ocHoBe ceteii [leTpu

BBeneHue mapanigenuama TMOJE3HO TOJBKO I TOM Ciiydyae, KOraa KOMIOHEHTHI
MPOLECCOB MOTYT B3aMMOAECHCTBOBAThL TIPU TMOJYyYEHUM pelleHusT 3amauu. Takoe
B3aMMOJEHCTBUE TpeOyeT paclpelelieHus pecypcoB Mexnay mnpoueccamu [21]. as
rapaHTMM TPaBUJIbHOCTU pabOTbl CHUCTEMBbl B LIEJIOM paclpeieJeHrueM Heo0X0auMOo
ynpaBiasaTh. [IpoGaemMbl CHMHXPOHM3AalMK, BO3HUKAIOIIME TIPM B3aMMOIEHCTBUM
MPOLECCOB, WIJLTIOCTPUPYIOTCS MHOTOUYMCICHHBIMU  mpuMmepamMu. Cpeam  3amaqy
CUHXPOHUM3AIMU: 3adaya O B3aMMHOM WCKJIIOUEHWH, TPOM3BOIAUTENIE/TIOTpEOUTENE,
ofemaImuX Myapelax, YTeHWH/3alMucu U Ap. DTU 3adauyd CTalu KJIacCUYEeCKUMH B
001aCT CHHXPOHM3ALIM U ; KAXI0€ HOBOE MPEIJIOXKEHME TI0 MEXaHU3MY CUHXPOHHU3ALIM U
IOJKHO pemiath ux. U xots cetu IleTpu mpencTaBisioT coboil cXxeMy MOAEIMPOBaHUS,

a HE MCXaHHU3M CHUHXPOHHM3allMMW, OHMU OIPEACTICHHO CMOCOOHBI MOACIMUPOBATH
MPOLECChl CMHXPOHU3ALlUNU.
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PaCCMOTpI/IM HCII0JIb30BAaHUE CCTU HeTpI/I JJIs1 peIICHUA 3a1ayv: 00 obemaronmx
MyIpeuax U KypujabliUnKax CUTapeT.

8.4.1 3amaua o6 obeparouIMX Myapelax

3agmaua 00 oOematomux Myapeuax Obuta TpemnoxeHa Jeiikctpoit  [22].
3akiouaeTcsi oHa B cienyiouieM. [IaTh MyapeloB cumsdT 3a KPYIJIBIM CTOJOM, Ha
KOTOPOM HaxoJsTcs Onofa KUTAHCKON KyXHU. Mexmy cocesiMu JIeXXKUT OIHA TMajoyka
s ensl. OgHako A1l MpueMa MWLM HeoOXOOMMO JBE MajovykKM, CJIEeI0BaTENbHO,
KaXJblil MyZpell J0JKeH B3STh MaJOYKy ClieBa U Majodky crpasa oT ceds. [Ipobnema,
KOHEYHO, 3aKJII0YaeTcsl B TOM, UTO €CJIM BCe MYIPEIbl BO3bMYT MaJOYKHU CJIeBa U 3aTeEM
OymyT XmaTh, KOTAA OCBOOOMSTCS MAJOYKM C TMPaBOW CTOPOHBI, TO OHM OYyIyT XIaTh
BEYHO, T.e. BO3HUKHET cocTosiHue Tynuka. Ha puc.8.4 mokazaHo peleHue 3Toi 3a1auu
¢ momomibio cetu [lerpu. [osunum C1...C5 npencraBnsaior nanodku LI eabl. Kaxmsrit
MYyIpell TpeacTaBieH ofgHoi mosuuueir Mi m ogHum mnepexonoMm Ei ans coctosiHus
Pa3MBIIICHUS ¥ TIPUHSATUS UM COOTBETCTBEHHO. IJ1s1 TOTO YTOOBI aKTUBU3UPOBAJICS
nepexon E, T.e. Myapell nepeiien B COCTOSIHUE MPUHATUS TUILK, 00¢ Majouyku (cnea u
CIIpaBa) OOJIKHBI OBITh CBOOOIHEI.

Puc.8.4. Pemenue 3amaun o Mympelax ¢ IOMOIIbIO
cetu [letpn

CoOBbITHSI, YCIOBUSI M MOCTYCIOBHMSI MOJETM 3alaud 00 obGemarolmx Myapenax
MpUBEAEHbI B Ta01.8.2.

Tabmua 8.2
Cobbite | TIpeayciosue | IMoctyciosue
Ei Ci-1,Ci,Mi | Ci-1,Ci, Mi
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JlioGas cerp [letpm nmpencrtaBuMa B cmandapmuoli  ¢opme. BBemeHmue
CTaHIAPTHON (OPMBI TO3BOJISIET ONPEAETUTHh TMpollecC (GYHKIMOHUPOBAHUS CETH
OTHOCHUTEJIBLHO €€ HayaJbHOM M KOHeUHO pa3meTok. CtaHmapTHas ¢hopMma cetu [letpu
ompenesseTcs BBOAOM, TaK HasbiBaeMblX, craptoBoro (Ts) m ¢uHumHOTO (Tf)
nepexonoB. Beemenue mepexomoB Ts m Tf o3nauaer, yto mpoiecc Ha cetu [letpm
HayMHaeTCs B HyJIeBOW MOMEHT BpEMEHM aKTHBHU3allMeil mepexona Ts M 3aBeplraeTcs
naccuBloanueir nepexona Tf. Ilepexom Ts B obmieMm ciaydae ¢GOpMHUpPYET HadalbHYIO
pasMeTKy wucxomHoi cetm Iletpu, akTMBu3auus mnepexoma Tf BosBpamaer ceThb B
HMCXOIHOE COCTOSTHUE.

Jlns mpencTaBiIeHUs TMOCTPOeHHOM paHee ceTu IleTpu B craHmapTHOU ¢hopme
BBOIMTCA Tepexon Ts ¢ BpeMeHHOM 3amepxkkoir ( eauHuIl. BBIXOmHBIMU Tyramu
NaHHBIH nepexoa coeauueH ¢ mo3uuusamu C1...C5 u M1...MS5.

Korma peuyb mmer o GyHKIIMOHMPOBaAaHUM ceTH [leTpu B TeueHHE KaKOTro-Jmbo
BpeMeHu Tend, To 1enecoo6pasHO B KauyecTBe (UHUIIHOIO IepexoJa BBOIMTH
bukTuBHBII nepexon Tf, aAKTUBU3MPYEMBIi B HAYATbHBII MOMEHT BPEMEHU U UMEIOTIIM I
3aiepXKy, paBHylo Tend. MonenupoBaHue, TaKUM 00pa3oM, MPOAOJIKAETCS O TEX TIOp,
MmoKa He HaCTyNUT accuBu3anus nepexona Tf.

B mpouecce dyHkumoHupoBaHMA ceTd IleTpu MOTryT BO3HUKATh OCOObBIE
cuTyalnumu, Korma  Hekoropas  Mo3uMIMsl  TMOPOXHAaeT  B3aMMOMCKIIOYAIOIIMI
aNbTePHATUBHBII mpoiecc  aKTUBU3ALMU HECKOJbKUX  TIEPEXOIOB. Hns
paccMaTpuBaeMoit 3agaun, Harpumep, mo3umusa C1 ¢ pa3MeTKON MOXeT 3alyCTUTh KakK
nepexon E1, tak u mepexon E2 (mpu HaAMYMKM METOK B OCTAJIbHBIX BXOTHBIX TTO3ULIMSIX
MepeymrciIeHHbIX  TepexomoB). B Takux  cuTyauusix  Ha3HayaeTcs  MPUOPUTET
aKTUBU3ALMMKOHKYPHUPYIOIIUXIIEPEXONOB.

Ha ocHOBaHMM OTIMCAaHHOTO BHIIIIE YCJIOBUS 3aa4y U MOCTpoeHHO# cetn [letpu
dopmupyercs ¢aitn mHMUMadM3auuMu  Mouenu (puc.8.5). MHrtepmperatop HdOJIKeH
MOJEIMPOBaTh TMOBeAEHUE O00eNaoIMX MyIpelloB B TeuyeHHe 480 enMHUI BpeMEHU
(uMeeTcs B BUAY MHUHYT, T.. TIPOAOKUTEIbHOCTh pabouero nHs). Cuuraercs, 4Tto Ha
elly cpelHecTaTUCTHYEeCKOMY Myapeny Tpedyercs 30+15 MuHyT.

B mporiecce paboThl MporpaMMbl Ha 3KpaH BBIBOAUTCSA MHGOPMAIUS O TEKYLIEM
COCTOSIHMM CHCTEMBI, KaK TO: TEKYIIEe MOJAEJbHOE BpeMsi, obllee BpeMsi paboThl BCeX
MepexoaoB, WMs aKTUBU3MPYEMOTO TIepexola U 3alUlaHUPOBAHHOE BpPEMS €ro
naccuBu3auuu. I[locme paboThl MporpaMMbl KO BCEM IMEPEUYMCIEHHBIM JaHHBIM
nobapnsgeTcss emle M KodGh@ULIMEHT pabdoThl JUIS Kaxmoro rmnepexoaa (Ko3h@uiueHT
3aHATOCTU MyJApena). DTOT KO3DOUIMEHT BHIYMCIAACTCS KaK OTHOLICHWE BPEMEHM, B

Ta6muua 8.3
ITepexon | Bpewms Koadduiment
paboTh
El 184 38%
E2 189 39%
E3 211 44%
E4 188 39%
E5 188 39%
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TeYeHHWEe KOTOPOro Iiepexol ObUI 3amylleH K oOlleMy BpeMeHU MOIeIMpOBaHUsI,
BBIpaXXeHHOe B TpoleHTaX. OlleHuBasi JaHHbIe, MOJYYeHHBIE B pe3yJbTaTe PabOThI
nporpammbl  (pe3yJabTaThl OMHOIO M3 3allyCKOB IpOrpaMMbl IOKa3aHbl B Ta0/1.8.3),
MOXHO KOHCTAaTMpOBaTh, 4r0 paccMaTpuBaeMash MOIedb CHHXPOHM3UPYET IPOLECCHI
TaKMM 00pa3oM, YTO KaXIOMy MYAPEIy OTBOIUTCS, IO BO3MOXHOCTHM, OZMHAKOBOE
i-peMsi Ha IPUHSTHE TTUIIH.

Transition.

TO: 0;

El- 15-45;

E2.15-45;

E3: 15-45;

E4: 15-45;

ES: 15-45;

Condition:

MI;

M2;

M3;

M4;

M5;

Cl;

C2;

C3;

C4;

C5;
Transition-Condition:
TO, Rand: M1, Cl, M2, C2, M3, C3, M4, C4, MS, C5;
El,Rand:M1,C1,C5;
E2,Rand:M2,C1,C2;
E3, Rand: M3, (2, C3;
F4, Rand: M4, C3, C4;
E5, Rand: MS, C4, C5;
Condition-Transition:
MI1: El;

M2: E2;

M3: E3;

M4:E4;

M5: ES;
Cl,Rand: El, E2;

C2, Rand: E2, E3;

C3, Rand: E3, E4;

C4, Rund. E4, ES;
C5,Rand:ELES;
ModelTime:

480;

FirstTransition:

TO

Puc.8.5. ®aiin nHUIIMATK3aIM¥ MOIEIIU 3a1a4u 00 00eIaloNInX Myapenax
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8.4.2.3ama4a 0 KypuJblIMKaX CUTapeT

[Ipu HemocpeICTBEHHOM pellleHUH OOJIBIITMHCTBA 337a4 CUHXPOHU3AIUY CETIMHU
[leTpy BO3HUKAIOT TPYIHOCTH, KOTOPBIE MOTYT OBITh pa3pellieHbl Ha OCHOBE M3BECTHBIX
MEXaHM3MOB CHUHXPOHM3alMUM. B 4YacTHOCTM, OZHMM U3 CaMbIX MOMYJISIPHBIX
MEXaHM3MOB CUHXpOHM3AIINU SBIsIOTCSA P- 1 V-omepaiiuu Han ceMacdopamu, BIiepBbIe
omnpeneneHusie Jleiikcrpoit. Cemagop - 3TO 3JIEMEHT HaHHBIX, KOTOPBIM MOXKET
MPUHUMATh TOJBKO HEOTpPHUIIATeNIbHBIC 1IeNble 3HAYeHWS. V-oIepalusl YBETUYMBAET
3HaueHue Ha 1, a P-omeparus ymeHbInaer ero Ha 1. P-omepaiinio MOXHO MPUMEHSITh
TOJBKO B TOM Cllydyae, Korma 3HaueHuWe ceMadopa OCTaHeTCsl B pesyjbTare
HEeOTpUIATeIbHBIM; €CIM XK€ 3HauyeHue cemadopa paBHo 0, To P-omepaumsa mosskHa
XKIaTh, MOKa KaKoW-HUOYAb Apyror mpouecc He BBHIMOJHUT V-omepauuio. P- u V-
oTepalnu onpeaeseHbl Kak IPUMHUTHUBHBIC, T.6. HUKaKasi Ipyrast onepaius He MOXeT
M3MeHsATh3HaueHUeceMahopaoTHOBPEMEHHOCHUMU.

Taxkue ornepalnuu Jerko MoAeIUPYIOTCs ceThio IleTpu, Kak moka3aHo Ha puc.8.6.
Kaxnpiit cemacdop Momenupyercsl TO3MIMEH, KOIUYECTBO (QUINEK B TO3ULIUHU
MmokKa3plBaeT 3HaueHue cemacdopa. P-omepaiusa ucmonbdyeT mosuiuio cemadopa B
KauecTBe Bxoma, V-omepauufl - B KayecTtBe BbIxoma. Takum oOpasom, cetu I[letpu
TTO3BOJISIIOT MOJIEIMPOBATh BCE T'€ CUCTEMBI, KOTOpPbIE MPOCKTUPYIOTCS M OMMCHIBAIOTCS
¢ nomolikio cemadopos [22].

Puc.8.6. P- u V-onepannn

Opnnako cetu [leTpu cripaBisSIIOTCS M C TEMM 3a7adyaMU, KOTOPbIE HE MOTYT OBITh
YCTEIIHO pelleHbl ¢ ToMoliblo ceMadopoB. [latum B 1971r.  mpemioxun
JI0Ka3aTeJIbCTBO TOro, 4to P- m V-omepaluu - HEIOCTATOYHO MOIIHOE CPEACTBO IS
pelreHusT Bcex 3amady koopauHauuu. OH chopMyauMpoBai 3amayy CUHXPOHU3AIIUM,
KOTOpass He MOXeT ObITb pellleHa ¢ mnomowplo P- w V-omepaumii, - 310 3amaya o
KYPMJIBIIIMKAX CUTapeT.

3amaya O KypWJbIIMKax CUTapeT BKIoyaeT (MO0 MEHbIIei Mepe) 4YeThpe
npoiiecca, KOTOpbIe MOIEIUPYIOT areHTa U TpeX KypUIbIIUKOB. Kaxknplii KypHuIbIINK
HETPEePBIBHO M3TOTaBIMBAET CHUTapeTy W KypuT ee. s 3Toro HeoOXOAMMBI TpHU
COCTaBJIAIONINE YAaCTH: Tabak, Oymara u ciuuyku. OQuH U3 KypUJIbIIMKOB BCEraa UMEET
OymMmary, Ipyroi - Tabak, a TpETUM - CIMYKU. ATeHT 00Ji1agaeT 0eCKOHEYHBIMH 3ariacaMu

BCEX TpPEX COCTAaBHBIX yacTeil. ATeHT KJageT JBE COCTaBHble 4YacTW Ha CTOJ.
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Kypunpimuk, uMewmomuii TpeTuil HEeNOCTAlOLIMil WHIPEAUEHT, MOXET claejaThb U
3aKypUThb CUTApPETY, CUTHAJIU3UPYS 00 3TOM areHTy. Torga areHT moMeLaeT Apyrue apa
U3 TPEX UHIPEAUCHTOB, U HUKJI ITIOBTOPACTCA.

Ecnu cemadop mocTaBUTh B COOTBETCTBUE KaXA0il COCTABHOW yYacTu, 3ajaya o
KypuabliMKax GopMmynupyercss B TepMuHax cemadopoB. Cemadopbl mepBoHAYaIbHO
paBHbI HYJI0. ATeHT YBEJMYMBAET ABa U3 Tpex ceMadopoB ¢ Mmomollblo V-onepanuii, a
3ateM XaeT cemadopa «caenaHo». COOTBETCTBYIOUIMI MPOLECC KYpUJIbLIMKA
yMeHbIlaeT aBa cemacdopa (c momolubio P-onepauuii), 3atem, mpousBens AeicTBUE
«clleNaTh CUTapeTy» M <«3aKypuTb cHUrapeTy», yBeJuuuBaeT ceMadop, yKa3biBas
«chenaHo». 3amaya 3aKjiio4yaeTcss B TOM, YTOOBI pa3paboTaTh IpPOrpaMMy MpPOLECCOB
KYPUJIbLUIMKOB IJIS1 OINpeaeeHUss KaKoW M3 TpeX IpPOLECCOB AO0JKE€H NeiCTBOBAaTh B
ouepeaHoi MOMEHT. [leiicTBUs areHTa GUKCUPOBAHbBI U HE MOTYT OBbITh U3MEHEHBI.

[Matun mokasaj, 4To HUKaKas MOCIea0BaTeIbHOCTh P- u V-onepaliuii He MOXeT
KOPPEKTHO PElIMTh 3Ty 3aJady. DTo ObLIO MOKa3aHO C TOMOILbBIO 10Ka3aTeJbCTBa TOTO,
ytro Bce P- u V- «pemeHus’» MoOryr ObITb NpoMoJenupoBaHbl ceTsiMu [letpu
ONpeeeHHOro BUAA - KaX/blil mepexol uMeeT He Oosiee ABYX BXOJOB.

OnHako B JaHHOM cliydyae pellleHreM sIBJsieTCs ceThb [leTpu Ipyroro Buaa, XoTs
M HeT crocoba mnpeobpa3oBaTh ceThb [leTpu OmHOro BUAa B CeThb APYroro BuOa, He
J0oMycKasd BOBMOXHOCTU BOBHUKHOBECHUATYIIMKA

Ha puc.8.7 nokaszaHa cetb Ilerpu, pelaionias 3aaady o KypubliMKax cUraper.

Puc.8.7. PenieHue 3agaum o KypuJiblMKax CUrapeT

OKOHYaHMSl B Ha3BaHUSX MEPEXOAOB U MO3UIIMI COOTBETCTBYIOT: M - KYPUJBIIUKY CO
cnUMYKaMH, t - KypUJIbLIUKY C TabakoM, p - KYypWIbIIMKY ¢ Oymaroii. B Mmomenu
NPUCYTCTBYIOT cienytoimue no3uuuu: CR - KypuibliMkK TroToB M oxupaer, CI -
roTOBHOCTb K KypeHMIo, CH -B Haiuyuu uMeeTcsl UHTpeaueHT (T -CIUYKH, t - Tabak, p
- Oymara), Cra - TOTOBHOCTb areHTa K BbIACJEHUIO MHIpenueHToB. PaccmaTpuBaemas
cetb Iletpu conmepXuT craeaywouime rmnepexoapl: TSm - mnpouecc kypeHus, Tti -
nojydyeHue KypUJIbLUIMKOM UHIpeAueHTOB, TO - areHT BbIKJIaAbIBA€T MHIPEAUEHTHI (pt
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- Oymary u Tabak, pm - Oymary ¥ CuMuyku, tm - Tabak U CIUYKK).
CoObITHS, YCIOBUST U TOCTYCIOBUS MOJENH 3aMauyl O KyPUJIBIIUKAX, C yIETOM
CTapTOBOIO Tepexona, NMpuBeaeHbl B Ta0.8.4.

Tabauua 8.4
Cobbitne | [IpenycnoBue [Toctycnosue
T0 CRm, CRt, CRp, CRa
TGpt CRa CHt, CHp
TGpm CRa CHm, CHp
TGtm CRa CHm, CHt
TTim CHt, CHp, CRm Clm, CRa
TTit CHm, CHp, CRt ClIt, CRa
TTip CHt, CHm, CRp Clp, CRa
TSmm Clm CRm
TSmt Clt CRt
tSmp Clp CRp

B Ta6:1.8.5 mpuBeneHbl pe3yabTaThl pabOThl MPOrpaMMbl TOC]AE OTHOTO U3
3aMyckoB (Mpy yCTaHOBJIEHHOM BpeMeHU MoaearpoBaHust 180 enuHULl BpeMEHN).

Ta6nuua 8.5
ITepexon Bpewms Koadbduiment
paboThI
TSmm 130 72%
TSmt 140 78%
TSmp 124 69%

8.5. TTopsimok BHIMOJTHEHUST pabOThI

1. U3yuutp BOMpOCHI,
JIMCKPETHBIX TIPOIIECCOB.

2. JlocKOHaJIbHO pa3o0parbCst B aJIropuT™Me (GYHKUMOHUPOBAHUS
WHTEPIIPETaTOpa CeTeBBIX MOJIeIell M B METOJUKe TocTpoeHus ceTeil [letpu.

3. B cooTBeTcTBUM C BBIOpAaHHBIM BapUAaHTOM WHIWBUIYaJbHOTO 3aTaHUS
OTIPE/IETUTD YCIOBUSI U COOBITHSI MOJIENIN, OTIMCATh TIEPEXOIBI U TTO3UIUY.

4. TloaroToBUTH (haill MTHULIMATU3AINY MOJIEJIN U BHITIOJIHUTH MOJEIUpPOBaHUE
OTMCaHHOW CUCTEMBI.

5. OUeHUTb  pe3yabTaThbl
TTOKOPPEKTUPOBATh MOJIEIb.

CBA3aHHbLIE C MMHUTALMOHHBIM MOACIMPOBAHUEM

MOACINPOBAHUA n npu HEOOXOAUMOCTHU

HHZ[I/IBI/IZ[YEU'[I)HI)IG 3aJlaHuA.
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1. M3 nuTeitHOro 1iexa Ha y4acTOK 00pabOTKU M COOPKM TMOCTYMHAIOT 3arOTOBKU
yepe3 2015 muH. TpeTh U3 HUX oOpabaThiBaeTCs B TeueHre 60 MUHYT U MOCTYyIaeT Ha
KOMIUIeKTauuo. J[IBe Tperu 3arotoBok oOpabartbiBaetcsi 3a 30 MUHYT mepen
KOMIUIEKTallMed, KoTopasi TpeOyeT Halu4usl OJHOW JAETalu IEepBOrO TUMA U JBYX
neraneir Broporo. [locne 3TOro Bce TpU JeTald IOAAIOTCS Ha COOPKY, KOTopast
3aHuMaeT 6012 MuH. IS IepBoil Aetanu U 6018 MUH. UId ABYX OPYTUX, IPUYEM OHU
y4acTBYIOT B cOOpKe OZHOBpeMeHHO. [Ipy Hanuyuu Ha BbIXOAE OJHOBPEMEHHO BCeEX
Tpex HeTajieil uzaenue MoKuaaeT yyacTok. CMoaearpoBaTh paboTy ydyacTKa B TeueHUe
1004.

2. B MalmMHHBIA 3al ¢ UWHTepBaJoM BpemeHUM 10+5 MuUH. 3axomsT
MOJIb30BaTe/ 1, XeJlaliue Tpou3BecTu pacueThl HAa DBM. B 3ane umeercs onna DBM,
pabortaloliasi B OTHOIIPOrpaMMHOM pexkuMe. Bpemsi, HeoOxoaumoe 17151 pellieHus 3aaay,
BKJIIOUasi BBbIBOJ PE3yJIbTaTOB Ha IIe4aTh, XapaKTepu3yeTcsl MHTepBaJoM 1515 MMH.
Tpetbst yacTh MOJNb30BaTEIEl MOCAE OKOHYAHUS PELIEHUS] CBOEW 3alauyd MPOM3BOAUT
rnepenayy pesyJabTaToB pabOThI MPOrpaMMBbI 1O JTOKAJIbHOW ceTH (TPOAOIKUTETLHOCTD
nepenauu - 3+2 MuHyT). CMoaeaMpoBath npoliecc oocayxkuBanHus 100 mojab3oBarteseii.

8.6. ComepxaHue oTyeTa

1. Lenb paboThI.

2. YcnoBue peliaeMoil 3aaauu.

3. OmnpeneneHue COOBITUI M YCIOBUI B COOTBETCTBUU C BHIOpAHHOM 3amaveit.

4. XapaKTepUCTUKH PAaCCMaTPUBAEMOI CUCTEMBI TI0 pe3yJibTaTaM MPOBEACHHbBIX
MOJIETbHBIX 9KCIIEPUMEHTOB.

5. BeiBompl Mo paboTe, coaepxKalllie KOHKPETHBIE pPe3yJbTaThl pelllaeMbIX
3anay.

8.7. KOHTpOJIbHBIE BOIIPOCHI

1. Yrto Takoe TeXHOJOrM4YecKue onepanum’?

2. Kakue mpoliecchl Ha3bIBAIOTCS TUCKPETHBIMU W YeM XapaKTepU3YeTcsl HX
KOPPEKTHOCTB?

3. IlepeyucauTb OCHOBHBIE TIPOOJIEMBbI, paccMaTpuBaeMble B TEOpPUU
JTUCKPETHBIX TEXHOJIOTUYECKUX TPOLIECCOB.

4. Omnpenenenue cetu [letpu.

5. B uem 3akioyaeTcsl alropuT™M (GYHKIMOHUPOBAHUSI MHTEPIpETaTOpa CeTeit
Tletpu?

6. Yto Takoe cemacdophi?
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