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JEKOMITIO3UIIMOHHAA OIITUMMU3AIIUA KOMIIJIEKCA
TEXHUYECKHUX CPEJICTB ABTOMATHU3UPOBAHHOM
CHUCTEMBI YITIPABJIEHUS BOJOOTBEJIEHUEM HA
OYUCTHBIE COOPYXEHUS

TlpeioxkeH anroput™ BbIOOpa ONTHMAJBHBIX apaMEeTPOB KOMIUIEKCA TEXHHYECKUX CPEICTB
ABTOMATU3MPOBAHHON CHCTEMBI YIIPABJICHUS OTBEACHUEM CMECH TPOU3BOACTBEHHO-OBITOBBIX CTOUHBIX
BOJl U IOBEPXHOCTHOTO M IPEHAKHOTO CTOKa Ha OYHCTHBIE COOpPYXXEHHs. BprmcimTensHas cxema
pelieHrsl 331a4i OCHOBaHA HAa JCKOMIIO3MIMH MCXOMHOW IIo0anbHOW 3a1aqu Ha psii OoJee MpOCThIX
JIOKaNbHBIX 3aJad, KOTOpPBIE MOTYT OBITh pEIIeHBl C WCIOJb30BAHMEM CTAaHAAPTHOTO MeEToAa
JTUHAMAYECKOTO POTrPaMMHPOBAHUS.

KmoueBble cjioBa: BOIHBII OOBEKT, CTOYHBIE BOJBI, BOJOOTBEACHHE, aBTOMATH3HUPOBAHHAS
CHCTEMa YNPaBJICHUSI, KOMIUIEKC TEXHUYECKUX CPEICTB.

Berynnenne. CymecTByroliee COCTOSHUE BOAOOTBENECHUS B CTpaHE AENAET
aKTyaJIbHOH 3aJjady BHEAPEHUS IMPOTPECCHBHBIX TEXHOJOTHUH A 3KOJIOTHYECKOTO
O3JI0pPOBIICHHSI BOJAHBIX OOBEKTOB CTPaHbl M IOJUIEPKaHUS MX KauyeCTBEHHOTO
COCTOSIHUSI Ha JOJDKHOM ypoBHe. OXHO W3 BO3MOXHBIX pPEIIEHHH MHPOoOIeMBbl
mpeAnoyiaraeT  Jo0aBjieHHEe B CYIIECTBYIOIIUME  CXEMBI  BOJOOTBEICHUS
PETYNHUPYIOIUX €MKOCTEH Il NMPHEMa IMOBEPXHOCTHOTO M JPEHAXKHOIO CTOKA U
MOJyJsl YNpaBieHUs WX pabOTOW Ui COBMECTHOH IOJAYM HPOU3BOJCTBEHHO-
OBITOBBIX CTOYHBIX BOJA M INOBEPXHOCTHOTO M APEHAKHOTO CTOKA HA OYHCTHBIC
coopyxenus [1]. JIns HaKOIUIEHUS CMECH CTOYHBIX BOJ U MOBEPXHOCTHOTO U
JPEHa)KHOTO CTOKAa M MOCIHEAYIOIIEH IMoJaYd €€ Ha OYHCTHBIE COOPYKEHHUS
HCTONb3yeTCd CUCTEMa M3 JABYX peryaupyromux eMmxocred. IlepBas emKkocTh
NpeJHa3HaueHa Ul PEryIMpPOBAaHUS JPEHAXKHOTO CTOKA U IIOBEPXHOCTHOIO CTOKA,
CO3JAIOLIErocss BO BpeMs JOXKAd C PacueTHbIM IIEPUOAOM OJHOKPATHOIO
MIPEBBIIICHNST €T0 WHTEHCHBHOCTH. BTOpasg eMKOCTh HCHONb3yeTcss mpu Ooiee
MHTEHCHBHBIX MOXAAX, a TaK JKe I IepexBaTa BBICOKO3arpsS3HEHHBIX BOJ,
BO3HHKAIONINX B pe3yJIbTaTe TEXHOTCHHBIX aBapuii M Karactpod. Takoil momxon
MIO3BOJIIET IIPM BO3HUKHOBEHUHU YPE3BbIYAMHBIX CHUTyaluil, ¢ OJHOH CTOPOHBI,
HCKJIIOYNTH 3arpsi3HEHHE BOJHBIX OOBEKTOB, M, C JPYrod — HE OIMYCTUThH
BBIBEJICHUS M3 CTPOSI OYMCTHBIX COOPYKEHUIA.

PerynmupoBanne mnogaBaeMbIX Ha OYHUCTKY PAacX0JOB HPOHU3BOJCTBEHHO-
OBITOBBIX CTOYHBIX BOJ| M IIOBEPXHOCTHOTO M JPEHA)KHOTO CTOKa II03BOJISET
00eCIeYnTh COOTBETCTBHE XMMUYECKOTO COCTaBa CMECH ITHX BOJ TpeOOBaHUIM
OuoIOrHYecKoro crnocoba OYMCTKH Ha BXOJE OMOJIOTMUECKOTO 3BEHA OYHMCTHBIX
COOPY>KCHUM.
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Jns  TIpOeKTHpPOBaHUS CETH BOJOOTBEACHHUS, NPEICTaBISIOmeil coboi
CHCTEMy KaHalOB M Tpy0, MOTYT HCIOIB30BaThcsa U QepeHnnanbHbIe
MaTeMaTHYeCKHE MOJENH, ONMCHIBAIOIINE TEUCHHE CTOYHONW BOABI M TIEPEHOC
3arpa3Henuil. Ho [uid neneil onepaTUBHOIO YIIPABJICHUS PACIpEEIEHUEM [TOTOKOB
CTOYHBIX BOJ M TOBEPXHOCTHOTO M JAPEHaXXHOTO CTOKAa B CETH BOJOOTBEICHHS
MIPEANOYTUTEIbHEE HCII0JIB30BAaTh HE IPOTHO3UPYEMEBIE, a H3MEpseMbIe MapaMeTphl
ee pabotbl. Jlrobas MaremaTHdyeckas MOJENb BCErJa HMMEET OIpeIeIeHHYIO
MOTPELIHOCTh, B TO BpeMs Kak JIIOOble OIMIMOKM NPSMBIX 3aMEPOB 3HAYECHHH
KOHTPOJIMPYEMbIX  [apaMeTpOB  MPAKTHYECKH  HHUBEIHPYIOTCS  PETYISIpHOU
KOPPEKTHPOBKOH BbIpa0aThIBAEMbIX HA UX OCHOBE MApaMETPOB YIIPABICHHUSI.

Jnst mocTpoeHusl aBTOMAaTH3MPOBAHHOW CHUCTEMbI yIpaBieHHs paboduMu
napameTpaMu CeTH BOJOOTBENEHHS, — PACXOJIOM U COCTABOM INPOXOJIIINX Yepe3
HEE CTOYHBIX BOJ — WCIIOIB3YIOTCS MAATYNKH aBTOMATH3MPOBAHHON CHCTEMBI
KOHTPOJIS, OT KOTOpbIX HWH(popMalys mepefaeTcss Ha UEHTPAIbHBIA MYHKT
OIICpaTUBHOTO YNpPAaBIEHMS, TAe U TmoaBepraercsa oOpaboTke. B cBsi3m ¢ stum
aKTyaJIbHA 3amada ONPEACNCHHS ONTHMAIbHBIX MapaMETPOB TEXHUYECKON O0a3bl,
obecrieynBaroIlell aBTOMATH3AIMIO POLIECCOB M3MEpEHUs, cOopa, MOJATrOTOBKH,
TIpeICTaBICHUS M 00pabOTKN WHPOPMAITHH.

Heab ucciaenoBanusi. PazpaboTka anroputMma onpeaeieHus ONTHMAIBHOTO
BapMaHTa KOMIUIEKCA TEXHHYECKHX CPEJICTB H3MEpeHus, cOOpa, XpaHEHHs u
00paboTKM HMH(pOpMALMK Ui aBTOMAaTU3UPOBAHHOM CHCTEMBI  YIIPABICHHS
OTBEJICHUEM CTOYHBIX BOJ] HA OYUCTHBIE COOPYKEHHUSI.

MocranoBka 3agayn. B coOTBeTCTBUM C BBLACISIEMBIMH  YPOBHSIMH
npeoOpa3oBanus HMH(POPMANNK, aBTOMAaTU3HMPOBAHHYID CHCTEMY YIPABICHUS
MOXXHO NPEACTaBUTh B BHIE TPEXYPOBHEBOM JPEBOBHUIHONW HepapXHUECKOH
HN3MEPUTENBHO-NH(OPMAIIMOHHONW CHUCTEMBI  [2], CTPYKTYPHBIMH 3JIEMEHTaMH
KOTOpOH SIBISIFOTCS: Ha 1-M ypOBHE — CpeacTBa W3MeEpeHusi, cOopa, MOJArOTOBKH U
npezicTaBiIeHus HHQOpMAIK; Ha 2-M YpOBHE — CpPEJICTBA Nepeiad HH(popMaliy;
Ha 3-M ypoBHe — cpexacTBa 00paboTku umH(popmanuu. B moacucremax omHOro
ypoBHS MH(oOpManus npeodpasyercs NapalieNibHO, a Ha pPa3HBIX YPOBHSX —
HOCJIEI0BATENBHO.

Kpureprem OmeHKH pa3IWYHBIX BapHaHTOB peaTM3allid PaccMaTPHBAEMOU
U3MEPUTENbHO-UH(OPMALIMOHHON CUCTEMBI SIBJSIETCS MHUHHMYM TIPHBEICHHBIX
3aTpaT Ha MPUOOpPETEHHE W 3KCIUTyaTallMiI0 TEXHWYECKUX CPEACTB H3MEpEHUS,
cOopa, xpaHeHus: 1 00padboTku nHpopManuu. B xauecTBe OCHOBHBIX TpeOOBaHUH U
OTpaHUYEHHUH CHCTEMBI NPUHUMAIOTCS BpeMs M JIOCTOBEPHOCTH INpeoOpa3oBaHuUs
uH(OpMAITUH.

Pesyabrarsl nccinenoBanusi. Kaxnas mojpcucreMa, a 3Ha4UT U CHCTEMA B
L[eJIOM, UMEET HEKOTOPOEe MHOXECTBO BapHaHTOB peaM3alliM, XapaKTepU3yeMbIX
BPEMEHEM M JIOCTOBEPHOCTHIO NpeoOpa3zoBaHusi HHPOPMALIMH, a TaK)Ke BETMYMHON
npuBefieHHbIX 3aTpat. ClienoBarenbHO, 33/1a4y BbIOOpa ONTHMAIBLHOTO BapHaHTa
CHCTEMBI MOXKHO C(OPMYJIHPOBATh a TEPMHUHAX JHUCKPETHOTO MaTeMaTHYE€CKOrO
NpOrpaMMHUPOBAHHS.
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IIponymepyeM MOJCHCTEMBI B COOTBETCTBUU C HMEPAPXHUECKOU CTPYKTYpOu
CJIeBa HAIPaBO B IIpEJENax YPOBHS U CHU3Y BBepX IO ypoBHAM. Ilycts L; —
MHO>XE€CTBO HOMEPOB IOJICUCTEM, CTPYKTYPHO IOAYMHEHHBIX NoacucTeme i. Toraa
BpeMs IpeoOpazoBaHuI HHPOPMALIUH B CHCTEME MOKHO BBIPA3HUTh KaK

T= ’Y}’ltﬂ +maX(Y/ctk +max Y)ftv j’ (1)
kel, vel,

rae t; — Bpems npeodpa3oBaHus HHGOPMAIIUU B TIOACUCTEME i

Y; — Ko3(p}HUIHUEHT COBMEUICHHS BPEMEHH IOCIEAOBATEIbHO pPaOOTAIONIIX
noncuctem (0< y,<1);

1 — 9UCTIO TIOJICHCTEM.

IIpeneOperass MabIMU BBICIIETO MOpPSIIKa (MMPOU3BEACHUSIMH BEPOSTHOCTEH),
BEPOSTHOCTh UCKAKECHHSI NHOOPMAIIMH B CHCTEME MOKHO OIPEICIUTh KaK

P=Y¢n, e

TZI€ p; — BEPOSTHOCTh HCKKEHHS MH(POPMAIINH B TIOJICHCTEME ]

{; — mons oO6beMa WHGOPMAITUH, TPOXOIAIIETO Yepe3 MOACUCTEMY i B 00IeM
ob0beMe nHpopMarmu, mpeobpazyemomM B cucteme (0 < ;< 1).

Jst mpocToThl 3anucK panee noyoxuM y,=(=1, i€ {l...n}, Tak Kaxk Bcerxaa
MOYHO HepeiiTH K HOBBIM IIepeMeHHbIM ¢ =yt; u p'=(p;, i€ {1...n}. Torna 3amauy
ONITHMU3ALUKM 3aTpaT Ha peaTH3alui0 KOMIUIEKCA TEXHHUYECKHX CPEICTB
ABTOMATH3MPOBAaHHOW CHUCTEMBI YIpaBJIEHHs OTBEJICHHUEM CTOYHBIX BOJ Ha
OYKCTHBIE COOPY)XEHHSI MOKHO 3allicaTh B BUJIC

n n
n}}?n z.fz"(t[’pi)|tn +1’]{l:2.x(tk +1}1?Xtvjszlwn’ Zpl SP,cu)l'l=’tl' 67;9 p[ eP[ i (3)
b " * i=1

i=1

rae  fi(r) — mpuBECHHBIC 3aTPAThI HA PEATU3AIIUIO [TOICUCTEMBI i;

Thons Prom — COOTBETCTBEHHO, JONYCTHMOE BpeMs IpeoOpa3oBaHMs
MHOPMAITIH U AOIYyCTUMAasi BEPOSTHOCTD €€ NCKAXEHUS B CUCTEME;

Ti, P; — COOTBETCTBEHHO, MHOXECTBA BO3MOXXHBIX 3HAUEHUH BpeMeHU
npeoOpazoBaHus HH(GOPMALINN H BEPOSTHOCTH €€ NCKAKECHUS B TIOJACHCTEME i.

[Mpumenenne U3BECTHBIX METOJIOB COBPEMEHHOTO anmnapara
MaTeMaTHIeCKOTO MMPOTPAMMHUPOBAHHS TS pElIeHHs 3aauu (3) HEMOCPEeICTBEHHO
B C(hopMyTHpOBAHHOM BBHINIEC BHJC HEBO3MOXHO, IOCKOJBEKY 3HA4CHUE IEPBOTO
OTpaHWYCHHS OIpENeNIeTCs HE aHATUTHISCKUM BBIpA)KEHHEM, COACPIKAIINM
¢yHkumio max. Bmecre ¢ TeM, kak OyJaeT MokasaHO HMXKE, MOXHO IOCTPOHMTH
A((GEKTHBHBIN BBIYHCIUTEIFHON aNrOpPUTM, OCHOBAaHHBIH Ha JIEKOMITO3UIINU
ncxonHoM 3amaun (3) Ha pspa Oosee MPOCTHIX 3aAay MeEHbIIEH pa3MepHOCTH,
KaX/1asi U3 KOTOPBIX MOXeT OBITh perieHa CTaHAAPTHBIM METOIOM AWHAMHYECKOTO
MPOrpaMMHPOBAHUS.
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PaccMoTpuM BcTIOMOTaTeNnbHYIO 3a1a9y

Ak(trnék): min fk(tk’pk)+ va(tv,pv)|

1Pty Py vel
* 4)
tk +H,IELlth, ST):[(\n _tn7 Py + va Sék’tn eTn’tk ETk’ Dy EPk’tv ETV’ b, EPv >
Vel vel,
rac &k — BEPOATHOCTb HCKAXCHUA I/IHq)OpMa]_II/H/I B BCTBH, BKJTIOYAOIIEH

HoJicucTeMy k ¥ CTPYKTYPHO CBSI3aHHBIE C HEH IOACHCTEMBI PETHCTPALU U cOopa
uHOpMAITUH V;

Ay(*) — TpuBeneHHBIEC 3aTpaThl HA PEATH3AIMI0 BETBH, HAYMHAIOIICWCS C
MOJCUCTEMEI k.

Pemenue 3amaun (4) ompenenser GyHKIUIO Ai(*) Ha MHOXKECTBE 3HAUCHHI
&(t,). Vcnonp3ys cxeMy IMOSTAHON ONTHMHU3AIUH (IPOCKIMH Ha MPOCTPAHCTBO
CBSI3YIOIIUX OTpaHu4eHui) [3], BBeleM B pacCMOTpEHUE BCIIOMOTATeIbHYIO 33129y

Alk(tr1’tk7§k):11;1}i£ fk(tkﬂpk)+ va(tv’pv)‘

vel,

®)
t,<T 0 —t, —l;, Py + va <&.pieh,t,el,p, P,
vel,
Hcnonwsys 3agauy (5), 3amauy (4) MoxxkHO npeoOpa3oBaTh K BUAY
Alt,o8)=min A (6,01, |1 € TNV, (©)

e Vi — MHOXKECTBO 3HAUEHUH f;, TIPY KOTOPHIX 3a1a4a (5) uMeeT pelieHue.
IMockonbky (yHKIUH fi(*) MOHOTOHHBI OTHOCHTEIBHO apryMEHTOB, HEpPBOE
OrpaHHYEHHE 33/1a4H (5) OAHO3HAYHO OIPEENIACT ONTUMAIbHBIC 3HAUCHUS ,

t:(t, 0 )=max {1, | 1, <T,,~t,~t,, 1, €T, vel, . 7

Jon

CrenoBarenbHO, 3a7a4y (5) MOXKHO IIpeoOpa3oBaTh K BUIY

Ky ltytp &) =mint £, ceop ) DALP) 12+ D0, <Epi€Pp, B ®)

vel, vel,

e ¢, , v € L, onpenensiorcs u3 pemenus 3agaun (7).

Macmrabupyem 3HaYEHUS p; TAKUM 00pa3oMm, 4ToOkI Bee p;, i€ {1...n} ObuH
uenbiMu - ydciamu.  Torma 3agada  (8) MoOKeT ObITh peIIeHa METOA0M
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JUHAMHUYECKOTo TporpammupoBanus. [locme dwero pemenne 3amaum (7), a,
CJIeIOBaTEIbHO, U 3a1a4 (4), CBOAUTCS K BHIOOPY MaKCUMAaIIbHOTO 3JIEMEHTa.
BBeneM B paccMOTpeHHE BCIOMOTATEIBHYIO 3a1a4y

An(tn)zmivn n(n’pn) ZA (n"gk) |pn+2§k SPuorwpn € n’é/\ EK( )’ (9)

PnsSh kelL, kelL,

rne  Ki(#,) — MHOXECTBO 3HaUCHHH &, OnpeaensieMbIX U3 peeHus 3anaqn (4).
Hcnons3ys 3amauy (9), pemieHne KOTOPOH TakXKe ONpEAETsIeTcs METOI0M
JUHAMUYECKOTO NPOTPAMMHPOBAHHUS, U CXEMY MO3TAMHOM ONTHMHU3ALUM, 337ady
(3) moxxHO TIPEe0Opa3oBaTh K BUIY
min{A,(,) | ¢, €T,}. (10)

t

n

Takum obpaszom, ncxoaHas 3amada (3) I1eKOMIIO3UpOBaHa HaMU Ha psij OoJee
mpocteix 3amad Bupa (7)-(10). M3 wux 3amagm (8), (9) pemrarorcs MeTromom
JUHAMHYECKOTO TpOTpaMMHpOBaHUS, a pemenue 3agad (7), (10) cBomutes K
BEIOOPY MaKCUMAaJIbHOTO JIEMEHTA.

OCHOBBIBasICh Ha W3JIO)KCHHBIX BBIIIE PE3YIbTaTaX, alTOPUTM pEIICHHS
3agaun (3) MOXKHO MPEJICTABUTH B BHJIC CICAYIOIICH BRIYHCIATEIEHON CXEMBI:

BriOpats ouepenHoe 3HaueHue ¢, € T,,.
Bri6pats ouepenHoe 3HaueHuE k € L,,.
Bribpats ouepeanoe 3HaueHue f; € Ty.
Haiitu perienue 3anaqu (7).

Ecnu pemenust Her, mepeitu k mary (9).
Haiiti perenue 3amaqn (8).

Haiftu pemenue 3amaqn (5).

10. Ecnu ectb ewe #; € Ty, nepeiTy K mary 3.
11. Haiitu pemenue 3agauu (10).

12. Ecmu ectp emie k € L, mepeiiTa k mary 2.
13. Haiitu pemenue 3amauu (9).

14. Ecnu ectsb ewe ¢, € T,, nepeitu Kk mary 1, nHaue NOJAy4eHO ONTUMAIIbHOE
pelieHue.

XN AW

3ameTuM, 4TO penieHue 3anayu (8) s pa3audHbIX f; € T) ompejensercs Ha
OTHOM W TOM >K€ MHOKecTBe 3HaueHHi &. CieoBaTeNbHO, IMPHU HCIIOIB30BAHUN
METOMa JUHAMHUYECKOTO MPOTPAMMHPOBAHHS, Pa3MEPHOCTh 3aKJIIOYHTEIBHOMN
Tabnuiel B penieHny 3anadd (10) Oymer He BhINIe, YeM B pemIeHnH 3a1add (3) mpu
(UKCHPOBaHHBIX 3HAYCHUSX £;, § € {1...n}.

Ecmu BMecTo 3amaun (9) paccMoTpeTs 3a1auy
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n(tn’én) mlgn n(n’pn) ZA (n’ék) |pn+ zgl\ Sén’ pn € n’ék EKk(tn) s (11)

PasSi kelL, keL,

TO MOXKHO TOJIYYHUTh BCE MHOXKECTBO BO3MOYKHBIX BaPHAHTOB CHCTEMBI, KOTOPOE
XapakTepu3yeT  IapaMeTPHYecKyl0  3aBUCHMOCTb  JONMYCTHMOTO  BPEMEHH
npeoOpa3oBanuss MHQGOPMAIMK W JOIYCTUMOH BEPOSTHOCTH €€ HCKaKEHUS B
CUCTEMC OT BCIIMYUHBI MPUBCACHHBIX 3aTpaT Ha pC€ajln3aluio CUCTEMBI. HpI/I 9TOM
BO3MOXHO pPaccMOTPETh 3aJady B OOpaTHOM MOCTaHOBKE, — '"MaKCHMyM
Ka4eCTBEHHBIX XapaKTEPUCTHUK CHCTEMBI IIPH OTpaHIIECHUH HA €€ CTOMMOCTD .

BriBoapl. PaccMoTpeHHas MOCTaHOBKA 3aJadll MOXET OBITh HCIIOJIB30BaHA
JUTS TIeJIeH ONITUMAIIEHOTO MPOCSKTHPOBAHUS TEXHHIECKOH 0a3bl, obecneunBaromen
ABTOMATH3ALHUI0 MpOIeccoB cOOpa, XpaHEHUsS U 00pabOTKM WHPOpMAamuu B
ABTOMATH3UPOBAaHHOU cucreme YIIpaBIICHAS 3aMlOPHO-PETYIUP YIOIIESH
anmnaparypoi OTBEAEHHs CTOYHBIX BOJ Ha OYMCTHBIE coopykeHUs. IIpennoxenHas
CX€Ma pPCIICHUA MOXKET OBITh HKCIIOJIHL30BaHA Kak IIpyu ONTUMHU3AIUU 3aTpaT Ha
NOCTPOCHUE TEXHUYECKON 0a3bl, YIOBIETBOPSIOMICH 3aJaHHBIM OTPAHHYCHHSM,
TaKk W MIPHU aHaJIM3€ BO3MOKHBIX BAPUAHTOB €€ pC€ajn3aluu. AHFOpI/ITM peaieHusA
33724 MOKET ObITh 0000IIEH Ha POU3BOJIBHOE YUCIO YPOBHEH MpeoOpa3oBaHus
WH(POPMAIIUH, YTO PACIINPSET 00JIacTh €To MIPUMEHEHHS 32 paMKH PacCMOTPEHHON
BBIIIC ITIOCTAHOBKU 3a1a4U.
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