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Beenenne

PaccmarpuBaercs 3amgada ONTHMH3AIUN
apamMeTpoB CHCTEMBI MAacCOBOTO OOCITyXHBa-
Hus (CMO) ¢ 4aCTUYHOW B3aMMOIIOMOIIBIO
MEXy KaHaJIaMH, KOTOpasi BBIPAKAeTCs B BO3-
MO>KHOCTH OJHOBPEMEHHOTO HCITOJIb30BaHUS
JBYX KaHAJIOB Il OOCITY)KUBAHHS OTHOW 3asiB-
ku. I[Ipennonaraercs, yto 8 CMO noctymnaer
CTALlMOHAPHBIN IyaCCOHOBCKHUM MOTOK 3asIBOK.
JUTUTEIbHOCTH OOCIIY>KUBAHUS 3aBOK OJHUM
KaHaJIOM WMJIM TPYNION U3 JABYX KaHAJIOB Mpe-
CTaBISIOT cOOOM MOKa3aTeIbHO pacrpeneiEH-
HBbIE CiTyyaiiHble BennuuHbl. OObeAMHEHUE YCH-
JIMH KaHaJOB MPUBOAMUT B OOIIEM CiIydae K Co-
KpallleHUIO CpeAHeN MPONOKUTEIBHOCTH 00-
ciyxuBaHus. B kauectBe npumepa CMO, 06-
Ja/laroliel NepedrciIeHHbIMU 0COOEHHOCTAMY,
paccMarpHuBaeTcsi cucTeMa OOCIy)KMBaHUs Iie-
PEBO30K a3pOIIOpTa Ha ITAre BHIIOJIHEHUS BbIO-
paHHOI TexHonoruyeckoil onepaunu. Heo6xo-
JMMOCTb PELICHHs] paccMaTpUBaeMOil 3a1aun
MOXET BO3HUKHYTh IPU MPOEKTUPOBAHUU HO-
BOT'O a3pOIOpTa, PEKOHCTPYKLUHU WM MOJAEp-
HU3alUH JEHCTBYIOILEro, ONTUMU3ALUN a3pO-
MOPTOBBIX MPOU3BOACTBEHHBIX IPOLIECCOB, BbI-
6ope a3pornopToM HOBOW OHU3HEC-MOAEIH U T.II.

D®opMHUpPOBaHHE CHCTEMBI
KpHTepHeB ONTHMAJIBHOCTH
®opMHUpOBaHNE COBOKYITHOCTU KPUTEPU-
€B ONTUMAJIbHOCTU paccmarpuBaemoit CMO
IIPOU3BOJIUTCS C HUCIIOIb30BAHUEM HECKOJIBKO
MOIU(DULUPOBAHHON MOJEIN YPPEKTUBHOCTU

CJIO)KHOW aBMATPAHCHOPTHON CUCTEMBI, Mpe-
JIO)KEHHOH B padote [1]. DddexTuBHOCTE pac-
CMaTpPUBAETCSI KaK CBOMCTBO CHCTEMBI BBINOJ-
HATH 3aJaHHblCe (QYHKLUUU C 3aJaHHBIMH Kaue-
CTBOM U NPOU3BOJUTEIBHOCTBIO NPU MHUHU-
MaJIbHBIX 3aTpaTax pecypcos. B popmanuzosan-
HOM BH/JIE MOJIENb 3aHMChIBAETCS KaK

W= (Wn W, Wi )’

rae W — 0000mEénHbIN noka3arenb 3pPeKTuB-

Hoctu cucteMel; W, - KOMILIEKCHBINA ITOKa3a-

TEJb IPOU3BOAUTENBHOCTH cucteMsl; W, - KoM-
IJIEKCHBIN MOKa3aTeslb YKOHOMUYHOCTUA CUCTE-
Mbl; W, - KOMILJIEKCHBIN ITOKa3aTellb KauyecTBa

pabOTHI CUCTEMBI.

OCHOBHOE IMPEUMYIIECTBO BO3AYIIHOM
NEPEBO3KHU € TOYKHU 3pEHHsI 0JIb30BaTENeH BO3-
JYIIHOTO TPAHCIOPTa COCTOUT B MaJIbIX 3aTpa-
Tax BpEMEHU Ha e€ BbINOJHEeHue. BaxHas posb
B COKpAIIIEHUH 3TUX 3aTpaT IPUHAJIEKHUT a3po-
nopTy. A3ponoproBoe MpeanpusTue, cnocoo-
HO€ 00ecIeunTh Ha3eMHOE 00CTyKMBaHUE Iac-
Ca)XHPOB, I'Py30B M Bo3AymHbBIX cynoB (BC) 3a
CPaBHUTEIIBHO KOPOTKOE Bpems, o0iagaer ce-
PBE3HBIM NMPEUMYLIECTBOM B KOHKYPEHTHOM
6opbOe 3a mpuBieueHue KiIueHTypoel. Ocoboe
3HaueHue (GakTop 3arpar HA3eMHOIO BPEMEHU
UMEeT B Cllyyae y3JIOBBIX a3pONOPTOB, IS KO-
TOPBIX Majas BeJIUYMHA TapaHTUPOBAHHOIO
CTBIKOBOUHOT'O BPEMEHHU SIBIISIETCS OJHUM M3
[JIABHBIX KPUTEPHEB UX MPHUBIIEKATEIBHOCTH C
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TOYKH 3pEHHMSI IACCAKUPOB, FPY300TIIPaBUTEIEH
1 aBHanepeBo3unkoB. CoKpalleHue 3aTpar Ha-
36MHOI'0 BPEMEHHU B Y3JIOBOM a3pOIOPTY CIIy-
YKUT HENOCPEACTBEHHOM TPUYUHOMN NOBBIILIEHUS
quclia OTIPAaBOK PEWCOB, YPOBHS MACCAKUPO-
U I'PY30II0TOKOB, 00€CIIEUNBAIOIIET0 POCT J0-
XOJI0OB a’pOIopTa OT aBUAIlMOHHON M HeaBHa-
LIHOHHOM JEATEIbHOCTH.

Taxum o6pa3zom, B paMKax LieJieil uccie-
noBanuss CMO npeanosaraercsi, 4T0 IPOU3-
BOJIUTEJIBHOCTh CUCTEMBI Ha BBIOPAHHOM 3Tarie
00cCy’)KMBaHUSI HEMOCPEICTBEHHO CBs3aHA C
3aTparaMu BpEMEHM Ha NpeObIBaHUE 3asBKHU B
CMO, Bo3pacras ¢ yMEHbIIIEHUEM ITHX 3aTpar:

Wn = fn (-aneﬁil)’

me T, =M [T Wﬁ] - cpenHee BpeMs mpedbl-

npe6
Banus 3aaBku B CMO.

Bpewmsi, B TeueHne KOTOpOro 3asBKa Ha-
XOJIMTCS B CUCTEME, BKITFOUAET BPEMsI 00CITy>KH-

BaHUA 3asBKM [, M BpEMs OXKMIAHUS 3asB-

Koit o0ciyxuBanus 1 :

0.

Tnpeﬁ = Toﬁcn + Tualc
u
Tnp65 =4 s6en + Tomc ’ (1)

l. T

rne T oben M [T 0dIc
3HAUYEHUS] BPEMEHU OOCITY)KMBAHUSI ¥ BPEMECHHU
OXUJAaHMs COOTBETCTBEHHO. Kak mokazaHo B
[2], mepepacnpesencHre KaHAIOB MKy HH U~
BHJIYATbHBIM H TPYIIIOBBEIM OOCTY)KHBaHUEM
MPHUBOIUT K H3MEHEHUIO COOTHOIICHUST MEXKTY
BpEeMEHEM OOCITY)KMBAaHUS U BPEMEHEM O)KH/Ia-
Hus. Tak, yBeJqHueHHe I0JU 3asIBOK, OOCITYKH-
BaeMbIX MapaMHu KaHAJOB, PUBOIHUT B O0IIEM
cllydae K COKpAIEHHUIO 3aTpaT BpEMEHH Ha 00-
CITy)XKMBaHUE U POCTY BPEMEHH OXKUIaHUs. YBe-
JMYEHHE IO 3asBOK, 0OCTY)KNBAEMbIX HHIH-
BHyaJbHBIMUA KaHAJIAMH, IPUBOIAUT K MPOTH-
BOIIOJIOKHOMY 3D (DEKTY.

[Tox moka3zareneM YSKOHOMUYHOCTH CUCTe-
MBI TOHUMAETCS YUCIIOBAs XapaKTEPUCTHKA pac-
X0J1a pECYpCOB Ha MOJTyYEHHUE 3aIaHHOTO KOHEeY-
HOTO pe3yibTara GyHKINOHUPOBAHHS CUCTEMBI.

=M [T m] - CpeIHHE

obcn

UTo0b! yIpOCTUTH 3a/1auy C LIeJblo obecreye-
HUS BOBMOXKHOCTH €€ pelIeHHs] METOJIaMU TE€O-
PHUHU MaccoBOTO 00CTYKMBaHHUsI, Jajiee MpeIo-
JlaraeTcsi, YT0 SKOHOMUYHOCTh TPOU3BOJICTBEH-
HBIX KOMILJIEKCOB a3pOIOPTa 3aBUCUT TOJILKO OT
WX HACBIIIICHHOCTH TEXHUYECKIUMU CPEACTBAMU
00CTy)XKMBaHUs MEPEBO30K. J[eHCTBUTENBHO,
YUCJIEHHOCTh a3pOMOPTOBBIX TEXHUYECKUX
CPEICTB BIMSIET HA YPOBEHb PACX0/I0B a3pOIop-
Ta MO LEJIOMY PsZly OCHOBHBIX crarei [3], Ta-
KHX, KaK pacxoJibl Ha 3KCILIyaTallui0 U TEXHU-
yecKoe 00CIy)KMBaHHE, B TOM YUCJIE HA MEPCO-
HaJl 1 MaTepualibl; KAUTAIbHBIC 3aTPAThI, B TOM
YHCIJIe M3HOC U/WIIM aMOPTU3aIHIO U Jp. Takum
oOpa3oM, IpaBOMEpHA ClIEAYIOLIas 3aMuch, 03-
Hayarlas, 4YTo yBEJIMUYEHUE YHUCIIa OOCITYKHU-
BAIOIIMX KAaHAJIOB HAa BIOPAHHOM dTare o0ciy-
KWBAHHSI OTPHULIATEIILHO BIHSET HA CTCNCHBb
skoHOMUYHOCTH CMO:

W, = f,(N?),

rae N — 9UCIeHHOCTh CPENCTB OOCITY>KUBAHUS
Ha BBIOpAHHOM JTarle.

[Tokazarens kagecTBa padbotst CMO non-
YKEH yYUTHIBAaTh JIBa acnekra. [lepBbIil cBA3aH ¢
HEOOXOMMOCTBIO 00SCIICUCHHS 3aJaHHOI0 Ka-
YecTBa OOCTYXKHUBaHMS KIUEHTYPHI a3poropra
- aBHAKOMITaHHH, MMAaCCAXKUPOB, TPY300TIIPABHU-
TeJed U T.J.; BTOPOM — C KAYECTBOM UCIIOJIB30-
BaHUs TPYIOBBIX, MAaTCPUATBHBIX U (PUHAHCO-
BBIX PECYpPCOB a’pOTMOPTOBOTO MPEANPUITHS.
[TockoNbKy O4E€BHIHO, YTO KA4€CTBO OOCITY>KH-
BaHUs TEM BBIIIE, YeM MEHBIIICE BPEMS TPATHT-
Csl KJIIMEHTOM a’poIiopTa Ha HEMPOU3BOIUTEIb-
HO€ O)KHMJIaHHUE, TO KOJIMYECTBEHHEIN I0Ka3aTellb
KauecTBa 00CIyKuBaHUsI 3asBKU B Mojieniu CMO
JOJKEH OBITh OMpeneNéHHBIM 00pa3oM CBS3aH
C BpEMEHEM OXKUJIaHUS OOCTY>)KUBaHUS. Y YU THI-
Basl CTOXaCTUYHOCTH KaK IIOTOKA 3asBOK, TaK U
rporiecca 00CITy>KMBaHUs, HEBO3MOYKHO MOJTHO-
CTBIO MCKJIIOYUTH BEPOATHOCTH OOpa3OBaHUs
O4YepeId HU MPU KAKOM YPOBHE MMPOU3BOIUTEIb-
HOCTHU CHCTEMBI, OTHAKO JJIUTEIBHOCTh OXKHIa-
HUS Hadaiaa OO0CTy)XKMBaHUS ISl OOJBITUHCTBA
3asBOK JIOJKHA OBITH JOCTATOYHO Maja. TakuMm
o0pa3om, JIJIsl ONUCAHMS KauyecTBa 00CTyKHBa-
HUS 3asBKU BBEJICHBI JBa MapaMeTpa, a UMEH-

HO: t, - pac4€THOE BpPeMs OXKUAAHMS 3asABKOU
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00CITy’)KMBaHHUs B 04epea U P, - BEPOATHOCTD
MIPEBBIIIEHHUS PACYETHOTO BPEMEHHU (paKTHUeC-
KHM BPEMEHEM O)KHIaHHS.

B pamkax paccMmarpuBaeMoil Mojaenu
CMO kauecTBO UCHOJIb30BaHUS PECYPCOB BBI-
paxaeT K03 PUIIUEHT 3arpy3KH CUCTEMBI
Ry= @

N

e N, = M[N,] - cpennee uucno 3ansareix 06-

CIIy>)KUBaHUEM KaHAJIOB.
[lepeunciieHHbIe TTOKAa3aTEIN KadyecTBa
0OCITy)KMBaHUS MIPEJCTABISETCS LIEIecoo0pas-
HBIM HCIIOJB30BAaTh B KAUYCCTBC OFpaHI/I'-IeHI/II\/’I
IpU pelieHuu (GpopMyaupyeMoi 3ai1auu ONTH-
Mu3aun. B 3ToM citydae, Kak ciemyeT u3 u3Jo-
KEHHOTO BBINIC, CIIPETEHICHTAMH» Ha POJIb
KpUTCPUCB ONITUMAJIBHOCTHU BBICTYIIAIOT MUHU-
MaJbHOE YHUCIIO OOCITY)XMBAIOMINX KAHAJIOB U
MHWHUMAJIBHBIC 3aTparbl BPpEMCHU Ha Hp€6I)IBa'
HUE B cucTeMe. BpIOOp €IMHCTBEHHOIO IJIO-
OaJIBHOTO KPUTEpHs, BKIIOUAONIEro o0a Ha-
3BaHHBIX KPUTCPU, NI UX CBépTKa BEChbMa 3ar-
PYAHUTCIIbHEIL. B kadecTtBe Takoro CANHCTBCH-
HOT'O KpUTEPHUS MOI'YT BBICTYIIaTh DKOHOMUYEC-
KM€ Pe3y/bTaThl paboThI adporopra (Harpumep,
pUOBLIb), BIMSHUE HA KOTOPHIC OKAa3bIBAIOT KaK
YUCJICHHOCTh adPOTOPTOBBIX CPEJICTB, TaK U
3arparbl BpeMEHH Ha NPeObIBAHUE B adPOIIOp-
Ty. OJIHaKO OIEHUTH TAKOE BIIMSIHHUE, 0COOCHHO
CO CTOPOHBI BTOPOTO (hakTopa, 6e3 CyIecTBeH-
HOTO YCIIO)KHEHUS MOJICITA HEBO3MOXKHO. Takum
o0Opa3oM, 3aja4y HEOOXOJUMO pelaTb B MHO-
TOKPUTEPUAIIBHON MOCTAaHOBKE.

ITocranoBka npodsemMsl
BEKTOPHOI ONTUMU3ANNH

PaccmarpuBaercs 3ajgada onTUMHU3AIUN
napameTpoB nosHopoctymHoit CMO, conepika-
meit N obcimyxuBaromux kaHanos. Mccnenye-
mast CMO onucana B pabore [2]. s obciy-
»)uBaHust ogHo 3aaBKu CMO MOTyT OBITH BBI-
JeleHsl Kak 1, Tak u 2 kanana. B cirydae Haym-
9usl HE MEHEE JIByX CBOOOIHBIX KaHAJIOB TTOCTY-
NHBLIAA 3asBKa C 3aJJaHHOH BEPOSATHOCTHIO V,
3aHMMAET JIJIs1 OOCITY’)KUBAaHUS OJUH KaHAT U C

BEPOSATHOCTBIO V, =1—V, - 1Ba KaHana. Eciu

K€ B MOMCHT IIOCTYIIJICHUSA Ha O6CJ'Iy>KI/IBaHI/I€
3assBku CMO pacnonaraet ToJabKO OHUM CBO-

60,Z[HBIM KaHaJIOM, TO 9Ta 3asBKa B T000M ClIy-
Yyae 3aHMMAaeT MMEIOIIUICS €TUHCTBEHHBIN Ka-
Hall. HpOI[OJ'DKI/ITeJ'H:HOCTI/I O6CJ'Iy>KI/IBaHI/I$I 3a-

SIBKU OJHUM KaHaJIOM To " ABYMA KaHaJIaMU

ocnl

To6czz2 pacpCaCyICHbI IO IMOKA3aTCJIbHOMY 3a-

KOHy. B ciydae OTCYTCTBHSI HE3aHSTHIX KaHa-
JIOB BHOBB IOCTYIUBIIAS 3asBKa «CTAHOBUTCS
B o4epenb» U okuaaeT oocmyxuanus. O0riee
YHCII0 00CITY)KUBACMBIX U OXKUIAIOLINX 00CITy-
KMBaHUs 3as1BOK, Haxomsmuxcs B CMO, orpa-
HU4eHO BenuunHoM K. Eciu unciio 3asBok, yxe
HaxXosIIuXcsi B ouepenu, cocrapisier K-N, To
BHOBb NPUOBIBIIAs 3asBKa nmokugaer CMO He-
00CITy)KEHHOI — «repsieTcs». B otuuue ot [2],
31ech npenmnonaraercs, yro B CMO nocrynaer
CTAallMOHAPHBIN MMyaCCOHOBCKUUM TOTOK 3asBOK
WHTCHCUBHOCTBIO A.

Jlnis pemieHus 3a/1auyd ONTUMH3AIMH T1a-
pameTpoB CMO 10/1KHA UMETHCS MaTeMaTHYEC-
Kasi MOJICTIb, CBSI3BIBAIOIIAsl €€ BXOIHBIC Tepe-
MEHHbIE Yepe3 MepeMEHHbIE COCTOSIHUS C BbI-
XOJTHBIMU MEPEMEHHBIMU. BEeKTOp BXOIHBIX Tie-
PEMEHHBIX X B MoJieNiu paccMarprBaeMoit CMO
BKJIFOUAET XapaKTEPUCTUKU BXOJAIIETO TTOTOKA

3a1BoK (A) u npouecca obcmyxuBanus (T .,

Toseanr Vy)s @ TAKIKE YUCIEHHOCTH KaHanoB N u

mect K B CMO:

x=(4, T,r Tprzr Vi N, K.

KoMmmonenTamu BCKTOpa NCPEMCHHBIX
COCTOSIHUM P sSBIsAIOTCS BCPOATHOCTU COCTOS-

auit CMO P, i=1M | 3apucsmue B obimem
ciy4yae oT HadaibHOro cocrosinus CMO, eé
BXOJIHBIX TEPEMEHHBIX U BpeMeHH. TakuM 00-
paszom, cam P sBisieTcst BeKTOp-QyHKIUEH H
MOJKET OBITh ONPEIENIEH KaK

P(P°x.t)=(R(P°xt), R(P°Xt), .,

R (P°xt)),

rae M+1 — makcuMaJIbHO BO3MOYKHOE YMCIIO
9 . 0 _ 0 0 0
cocrosinnii CMO; P —(PO P ,...,PM) - BEKTOP

BeposiTHOCTeH coctosinuii CMO B HadanbHBIN

MoMeHT BpemeHu t=0.
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BGPOHTHO CTH, COCTAaBJIAOIINUEC BCKTOP-

bYHKIIUTO P(PO,X,'[), OTIPENIENSAIOTCS MyTEM

YHCJIEHHOTO HHTETPUPOBaHUS cUCTeMBI T dde-
peHLMaIbHbIX ypaBHeHUN KoaMoroposa, noy-
4eHHOH B [2] Ha 6a3e aJrOPUTMUYECKOTO TOJI-
Xo/a.

Yucnao apryMeHTOB BEKTOP-QYyHKLIUHU

P(PO,X,I) MOKET OBITH COKpAIIEeHO Oaroja-

psl IPEANOI0KEHNI0 O TTOCTOSHCTBE BEIMYUH
BCEX BXOJHBIX IEPEMEHHBIX B T€UEHHUE PabOThI
CMO. B stom ciygae [4] mo mporiecTBiH On-
penenéunoro Bpemenu B CMO ycraHaBiuBaeT-
Csl CTAllMOHAPHBIA PEXKUM, XapaAKTEPU3YIOILUI-
Csl IOCTOSIHCTBOM BO BPEMEHU BCEX €€ BEpOsT-
HOCTHBIX Moka3zateneil. Kpome Toro, cramnuo-
HapHOE pacnpeziesieHue BEpOSTHOCTEH COCTOA-
Huit CMO He 3aBUCHUT OT HCXOJHOTO pacipesie-
JICHUS BEPOSTHOCTEM, T.€. OT KOMIIOHEHTOB BEK-

topa P°. Takum 06pa3om, BEKTOP-yHKIMS [Ist
CTAIIOHAPHOTO PEXHMMa, KOTOPYIO 0003HAUYNM

PC , AIMCCT CPAaBHUTCIILHO HpOCTOfI BU.

e Po(x)zliTF%(Po’x’t)’
pl(x)zlirDPl(Po,X,t), s

Py (X)= limR, (Po ,X,t) - BEPOSITHOCTH COCTO-

SIHUI CUCTEMBI B CTallHOHAPHOM PEXHUME, OIl-
penensieMble YHCIECHHBIM MHTEIPUPOBAaHUEM
cucteMbl ypaBHeHu# Konmoroposa [2].

B cocTaB KOMITIOHEHTOB BEKTOpa BBIXOJI-
HBIX TIEPEMEHHBIX Z JIOJDKHBI OBITh BKIIFOUCHBI
OCHOBHBIC CTAllMOHAPHBIE BEPOSTHOCTHO-BpE-
MeHHbIe xapakrepuctiukn CMO, HeoOXonumble
1S petieHus GOpMyITUpyeMOi ONTUMH3AIINOH-
HOM 3a1a4u.

Z= (-roﬁcﬂ v T

: P(t <T), N,, P ),

0o1c OmK

rae P(T e < r) - (hyHKLMS pacrpeiesieHus Bpe-
MEHU OXHJaHus (BEpOSITHOCTh TOTO, YTO Bpe-
Msl OXKMJAHUS 3aBKON oOciyxuBanust 1, He

IPEBLICUT BEIUYUHBI T); P, - BEPOSTHOCTb

OTKa3a O4epeHOM 3asiBKE B 00CITYKMBaHHH.

Cas3u NEPCUNCICHHBIX BBIXOOHBIX IIEPEC-
MCHHBIX C IICPEMCHHBIMU COCTOSAHUA IMPEACTA-
BHUM B BHU]IE

Tuﬁw = Lty (Pc (X)) '

T e = Li (Pc (X)) ’

Pt <7)=Zpp, (P (X)), (3)

e Zr,.. (Pc (X)) v Lo (PC (X)) ’

Zor (Po(X),7), Zgy (Po (X)) Zpowe (Pe (X)) -

(GYHKLIMOHATIbHBIE 3aBUCUMOCTH COOTBETCTBY-
IOLLUX BBIXOJIHBIX IEPEMEHHBIX OT IEPEMEHHBIX
coctosiHusl. PacuérHsle hopmyinsl s onpeze-
JIEHUS NIEPEUUCIICHHBIX 3aBHCHUMOCTEH, 3a MC-

KIIIOYCHHUEM T

oo !
I[Heﬁ HepeMeHHOﬁ B CTaL[I/IOHapHOM pe)KI/IMe
CHpaBeI[J'H/IBa (I)OpMlea

nojy4eHs B [2]. s mocie-

TO()IC = L AIMO?K‘
1_ POmK ( ’

rac MOM - CpCAHss IJIMHA OUCpean, OIIpCaACIIa-

emast kak gynkius P, [2].

CuuTast 3aBUCUMOCTH (3) KOMIIOHCHTAMH
BEKTOPHOU (QYyHKIIUU Z(PC (x)), BBIpa3UM

CBA3b BBIXOAHBIX W BXOJAHBIX IECPEMCHHBIX B
BCKTOPHOM BHJIC:

z=Z(P.(x)), (4)

rac

Z (PC (X)) = (2706@1 (Pc (X)) v L (PC (X)) )
Zpoe (P (¥)7) 24 (Pe (X)) Zpuw (P (¥))).

Hanuuue Broporo aprymenra T QyHKIUN

Ze,, (PC (x),7), HecymectBenHoe w1 hopmy-
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JIMPOBKH 3aJa41 OIITUMHU3ALIUHU, B 0003HaYeHUH

BEKTOp-QyHKIHUU £ (PC (x)) HE Y4TEHO, YTOObI

HC YCJIOKHATDH 3allUCh.

Brigenum u3 coctaBa KOMIIOHEHTOB BEK-
TOpa X NCPEMCHHBIC, 3HAYCHUA KOTOPBIX MOXK-
HO 3a/1aBaThb 110 CBOEMY YCMOTPCHUIO, — YIIpaB-

nsiemMble nepeMeHHble. K ux uucimy oTHecéM v,

uN. B paMKax HaKJIaAbIBACMbIX Ha 3aa4y Or-
paHI/I“IeHI/Iﬁ MOJKHO 3a/1aBaThb pa3JIMYHBIC LICIIbIC

Heorpuuarenbusle N. BenmnunHa v, Moxer 3a-

nasatbcs B npenenax 0<v, <1. OcranbHble
KOMIIOHEHTBI X OyJIEM CUMTaTh HEYNPABIIAEMbI-
MM HE€3aBHCUMBIMH IEPEMEHHBIMU U 00BbEIH-
HHUM UX B BEKTOp X = ()« Y P ,K). Bek-

TOP YIIPABJISICMBIX IICPECMCHHBIX 0003HaYMM KaK

x"=(v;,N). B a1om ciyuae 3aBucumocts (4)

3allUIIEM B BUJIC
z=Z(P.(X,x")).

CdhopmynupyeM orpaHuyeHHs Ha BEKTOP
YIIPaBIISIEMbIX IEPEMEHHBIX U KPUTEPHUH.

3ajaua pemaercs py CIEAYOLUX orpa-
HUYECHUSX.

1. OrpanuueHre Ha HWKHIOIO TPaHUILy
YPOBHSI KauecTBa 00CHyXuBaHus 3asBoK. Ilpu
3aJJaHHBIX PacUyETHOM BPEMEHU OKUIAHUS 3a-
ABKOM 0OCIIyXHBaHUs B ouepenu t, u BeposT-
HOCTH MPEBBILICHUS pacU€THOTO BpeMeH! (ak-
TUYECKUM BpeMeHeM oxujanus P, 3to orpa-

HUYEHHUE POPMYIUPYETCs KaK
P(t,. <to)=Zp, (Pc (X X"),t) >R (5)

2. OrpaHu4eHre Ha HUXKHIOI TPaHUILY
YPOBHSI KaueCTBa UCIIOJIb30BAaHHsI PECYPCOB C
yueToM (2) 3amuchIBacTCs B BUIC

Ky,=-—2=Zg (P (X x")/N>K,,, (6)

rae K,, - pacuérHelii ko3pdUIUEHT 3aHATOC-

TH CHUCTEMBI, 3aJaBa€MbIil TAKUM o6pa30M, qTo-
ObI HCIIPOU3BOAUTCIILHBIC ITPOCTOU KaHAJIOB 00-
CJIY’KUBaHUA ObLIH A0CTAaTO4YHO MAJIbIMH.

3. OrpaHnyeHne Ha BEPXHIOI T'PAHHILY
BEPOSTHOCTH OTKA30B B OOCIIY’KHBAaHUU 3aIBKU

Pomlc = ZPOTK (PC (X,’X”)) < F:)mKP ’ (7)

rae P, . - pacdéTHas BEpOATHOCTh OTKa3a, KO-

mi P
Topas ¢ yuéToM crienuPUKd 0ObEKTa ONTHMHU-
3allMM J0JDKHA 33/1aBaThCsl BECbMa MallOi.

Kpome mepednciieHHBIX UCIOIB3YIOTCS
€CTCCTBCHHBIC OIPAaHWYCHUS HA 3HAYCHUS YII-
PaBISIEMBIX TICPEMEHHBIX:

N —nemoe, N>0u O0<v, <1. (8)

Coortnorienus (5)-(8) onpenensior gomy-
CTUMYIO 00JIACTh 3HAYEHHsSI YIPABIICMbIX TIe-
peMeHHbIX - X.

Breném BekTOpHYIO 1€7IeBYIO (DYHKIIHIO,
KOMIIOHEHTaMH KOTOPOM SIBJIAIOTCS JIBa IMOKa-

sarens: Nu T, ;. [lpunumas BO BHUMaHue CyMm-

My (1), BTopoii mokasarens onpeaeanM Kak QpyH-
KIIMIO BXOJIHBIX MIEPEMEHHBIX !

Tnpeﬁ = Z‘Toﬁcn (PC (X”X”))'i' Z‘To)l( (PC (X”X”))

HJIn B COKpaI_I_IéHHOM BUIC

VYuuTeIBasg NOCJENHEE BBIPA)KEHUE, BEK-
TOPHYIO 1I€JIEBYI0 (PYHKLIMIO 3aIHILEM B BHJIE

F(x',x”):(N, 'I:peé(x’,x”)).

CraBuTcs cienyomas 3aaa4a OnTHMHU3a-
UK Ipu GUKCUPOBaHHBIX X' = fiX HaliTH MHO-

KECTBO XH cX HapeTO-OHTI/IMaJ'IBHBIX TOYCK

n
X, € XH 10 BEKTOPHOMY KPUTCPHUIO

N, =min N,
opt F(X'x")=| =

ITpwu periernu chopMyarpOBaHHOI 3a1a-
4y KOOpAUHATHI [1apeTo-onTHMalbHBIX TOYEK
(vy;, N,,) onpenenstorest TpaIUIMOHHBIM CIIO-
co0OM, MPEAIOIAralIIUM PELICHHE ISl 3a/1aH-
Horo N, =12,... c y4érom orpanndenui (5)-

(8) onHOKpUTEpHATBHOI 3a/1a4M ONTHUMHU3AINN
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vy =argminT_ (X' v,,N;;) _

0<v; <1

Llenouncinennocts mapamerpa N, cyre-

CTBEHHO YIPOIIAET NPOLELYPY PELLICHUS.

IIpumep pe3y1bTaTOB ONTHMHM3ALUH
PaccmoTpum nmpuMep pe3ynbTaTtoB peliie-
HUS BEKTOPHOH 3a71a4 ONTUMU3ALIUY [TapaMeT-
poB CMO co cieqyromumMiu BpEMEHHBIMHA Xa-
PaKTEepUCTUKAMU OOCITYyKHBAHHUS, COOTBETCTBY-
IOLIMMU Py HA3eMHBIX TEXHOJOIMYECKHX Olle-
panui a3poropra:

i_

7_—voﬁc.ul = 025 q ’ 7060‘72 = 1 9 “Loenl

-0.134. (9)

Kosdunuent npu T _ . B moclneanei

obcnl
(dbopMyse yUuThIBaeT CHI)KEHHE CPEIHEro Bpe-
MeHH 00CITy)KUBaHMA 3asBKU Oarogapsi napas-
JIeJIbHOMY HCIIOIb30BaHUIO JBYX KaHAJIOB.
YroObI TPOAEMOHCTPUPOBATH BIMSHHUE HA
ITapeTo-onTUMaNbHOE PELIEHUE OrPaHUYCHUN
[0 KauecTBY OOCIIYy)KMBaHUS U UCIOJIb30BAHUS
pEeCypcoB, paccCMOTpEHbI JiBa Habopa orpaHu-
yenuii. [lepBolit Habop (Habop A) mpemycmar-
pHUBaET JOBOJIHO JKECTKUE TpeOOBaHMS Kak K
KauecTBy OOCITy>KMBaHMs 3a8BOK, TaK U CTEIe-
HU HCIIOIBb30BaHUs pecypcoB. Tak, oxxuaars B

odyepeau AOJbIlIe 5 MUH. JODKHBI MeHee 5 %
3asiBOK. 3arpys3ka KaHaJOB JIOJKHA ObITh JOC-
TaTOYHO BBICOKOW — B JI000# MPOU3BOJILHO
BBIOpPAHHBI MOMEHT BPEMEHH JOJKHBI ObITh
3aHsAThI Oosee 50 % u3 UMEroIUXCs B CUCTEME
kaHayioB. [y BToporo Habopa (Hadop b) tpe-
OOBaHMS M K Kaue€CTBY OOCITY)KHBaHUS, U K 3a-
HSTOCTH KaHAJIOB 3HAYMTENBHO ociabieHsl. B
JTaHHOM CITy4dae HaXOAUTHCS B O4EPENN JTOITbIIe
5 muH. MoryT 10 30 % 3asBok. [Tpu sTOM moI-
XHBI OBITH 3aHATH Oonee 20 % kananos. Ta-
KM oOpa3oM, B (pOpMasin30BaHHOM BUJE Ia-
pamMeTpsl HAOOPOB 3aMUIIYTCS B BHJIE:

Habop A: t, =5mun; B, =0.95; K,, =0.5;

Habop b: t, =5mun; P, =0.7; K,,=0.2.

st 06oux HAOOPOB pacd€THAsT BEpPOST-
HOCTb OTKa3a B 00C/Iy)KMBaHUH 331aHa CPABHU-
tenbHO Manoii: P, =0.005.

Pe3y.HI>TaTI>I ONITUMHU3AllMU B BUAC pAda
MHOXECTB HapeTO-OHTI/IMaJ'IBHI)IX TOYCK B KO-

OpAuHaTax (N, fpeﬁ) IIPEACTABIICHBI HA PUC.

n

1, 2. JInst mpumaHus pe3yinbraraM OoJbIIei Ha-
rsigHoCTH [lapeTo-onTuManbHbIe TOYKH, CO-
CTaBIIAIONINE OJJHO MHOXKECTBO, COCANHEHBI HA

Puc. 1. Pezynomamul onmumuszayuu 01 Habopa ocpanuyenuti A
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Puc. 2. Pezynomamul onmumuzayuu 011 Habopa ocpanuuenutl b

pUCYHKaX JIMHUAMH. Kak10€ MHOKECTBO MOJTY-
YeHO ISl PUKCHUPOBAHHOW BEIWYMHBI HHTEH-
CHUBHOCTH TIOTOKa 3asBOK A. Pacuér mpousse-

.. 1
IEH JUTS TIEJIBIX BEJIMYUH A B mpezenax oT 1 —
y

0 30E )

y
B tex ClIydadX, Korjaa onTuMaJIbHOMY pC-
[ICHUIO OTBCYACT OTIIMYHAA OT HYJIA BCIIMYMHA

V., » OHa YKa3bIBaCTCs HA PUCYHKAX PAIOM C CO-
OTBETCTBYIOLLIEH TOYKOM B pamke. Bcem ocrans-
HBIM TOYKaM COOTBETCTBYeT V,, =0, KoTopas

Ha PUCYHKaxX HE IIPHUBEJCHA.

Puc. 1, 2 MoryT ucmnonb30BaTbCs B Kave-
CTBE HOMOTPaMM JIJIsl OTIpEeNICHUs HeyTyyllia-
€MbIX 3HaYeHUH MOTPEOHOT0 YKCIIa a3POIIOPTO-
BBIX CPEJICTB 00CITYKHBaHUs IEPEBO30K U CPEI-
HEro BpeMEHH MpeObIBaHUA 3asIBKU B CHCTEME.
Ecnu paccmarpuBare B kadecTBe 3asBku BC,
TpeOyrolee TEXHUUYECKOTO WM KOMMEPUYECKO-
ro oOCIyKUBaHUs, TO BpeMsl IpeObIBaHUS 3a-
SIBKH B cHCTeMe OyIeT COOTBETCTBOBATh BpeMe-
Hu npoctoss BC Ha oOciyxuBaHUH, KOTOpOE
CKJIa/IbIBAECTCSI U3 BPEMEHM OKUJAHUS U BpeEMe-
HU obOcmyxuBaHus. [Ipousmttoctpupyem meTo-

JUKY UCIIOJIb30BAHUSI HOMOTPaMM CJIEIYIOITUM
MIPUMEPOM.

[Tycth HA 0OCITy’)KUBaHUE C BPEMEHHBIMU
xapakTepuctukamu (9) mocTymaeT myacCOHOB-
ckuil morok BC, nmMemmuii "HTEHCUBHOCTD

A= 4l . Kak cnenyer u3 puc. 1, B ciyuae xéc-
Yy

TKUX TPeOOBaHUH K Ka4eCTBY OOCITy)KUBaHHS U
3arpy3Ke CpelCTB, COOTBETCTBYIOIIUX HAOOPY
OrpaHMYCHUI A, a9pONOPTY JOCTYITHBI JBa Ba-
pHaHTa HEYIy4IIaeMbIX PELICHUI.

Ilepseiii Bapuant (Touka A, Ha puc. 1)
npeaycMaTpUBAET MCIOJb30BAaHUE YETHIPEX
CPEICTB, KOTOPBIE IOJKHBI BBLICIATHCS TIONap-
HO JuIst o0cimyxuBanusi kaxaoro BC. B atom
ciydae cpenHee BpeMs npoctost BC Ha obciy-

KHBAHHH COCTABIISET [, wes = 0-15 4. JlanbHel-
11e€ COKpAIEHUE BPEMEHH IIPOCTOSI HEBO3MOXK-
HO JIa’Ke LICHOM NPHUBIICUCHUS TOTTOJHUTENBHBIX
00CITyKMBAIOIIUX CPEJICTB, IIOCKOJIbKY B 3TOM
cllydae HapyllaeTcs OrpaHHUYeHHE 110 3aHATOC-
TH KaHAJIOB — 3arpy3ka CTAaHOBUTCSI HMXKE J10-
myctuMbix 50 %.

Bropoii BapuaHnT pemenus (Touka A, Ha
puc. 1) npuemiiem, eciu a’ponopT B XOJe BbI-
IIOJIHEHUS TEXHOJOTHYECKON ONepaluu A0Iyc-
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Ka€T BO3MOXXHOCTb CYIICCTBCHHOI'O YBCIINYCHUA

=0.26 u1). Kommen-

caluel 3a JINTEIbHBIN IIPOCTOH SIBIISIETCS CO-
KpalleHue 10 TpEX eIUHMI] Yuciia 00CIyKuBa-
rouux cpencts. Kak cnenyer u3 puc. 1, nuist 06-
cimyxuBanus 6onpuHcTBa (92 %) BC cpencrsa
JOJKHBI MCTOJIb30BaThCAd WHAUBHUIYAIbHO.
[Tocnenytolee cokpalieH1e Ynuciia CpesICTB He-
BO3MOXKHO M3-3a HAapyIICHUS OTPaHUYEHUS IO
JUTUTETIbHOCTH O’KUAAaHUs B ouepeau —aois BC,
OXHJIAIOUINX 00CIyXMBaHUS Oojiee 5 MHUH., B
3TOM cily4ae mpeBbicut 5 %.

B ciayyae npuHATHSA MEHEe <OKECTKOIrO»
Habopa orpaHnueHnii b COBOKynHOCTh Heyyd-
IIAEMBIX PEILICHUH 3HAYNTEIIBHO PACHIUPSAETCS.

BpeMenu npoctos (1o T, 5

1
B paccmarpuBaemoM npumepe miig A = 4— OHa
Yy

BKIIIOYAET LIECTh pemieHuii (Touku B -B, Ha
pHUC. 2) ¢ YHCIOM CPEJACTB, BO3PACTAIOLIUM
OT IBYX JI0 CEMM €IMHUL, U BPEMEHEM IIPOCTOH,
COOTBETCTBEHHO CHHMIKAKOIIUMCH c

T s = 0.294 o T

wes = 0-14 1. Tlpu yxe ume-
romemMcst 00JIbIIOM YHCcile 00CTYKUBAIOLIIUX
CpPEICTB 100aBIICHHE IONOIHUTENbHBIX CPEJICTB
cinabo ckaspiBaeTcs Ha [lapeTo-onTHMaabHOM

BPECMCHHU IPOCTOA. B paccMarpuBacMOM IIpH-

Mepe Heyiyuiaembie 3nadenust 7, ., mpu N =6

(rouxa B,) 1 N =7 (rouxa B,) paznuyarorcs
MmeHee, yem Ha 0.7%. JlanpHeiiee HapamuBa-
HUE YHUCIIa CPEJICTB, €clii Obl OHO HE OBLIO OT-
paHu4YeHO TpeOOBaHMEM K 3arpy3Ke KaHaJoB,
MIPUBENIO OBl K TOMY, YTO BCE 3asBKH OOCITYKHU-
BaJIUCh MapaMy KaHAJIOB, OYePeab OTCYTCTBO-
Balla W, ClIeOBaTelbHO, BpeMs MpeObIBaHUS

3asIBKH B cucTeMe coBnano 6eic 7., =0.13 4,

VYMeCTHO OTMETHUTh, UTO B 3TOM COCTOUT O0BSC-
HEHHE «aCHUMIITOTHYECKOTO» MPUOITMKECHUS
MHOXKecTBa [lapeTo-onTuManbHBIX TOYEK K 3Ha-
gerno 0.13 4, 0cOOCHHO 3aMETHOTO Ha pucC. 2.

AHanu3 MHOecTB [lapeTo-onTuManbHbIX
pereHuit 1 Habopa 3HAYCHUH A, TPEICTaB-
JICHHBIX Ha puc. 1 U 2, mo3BOJISAET c/Ienarh cie-
Jyrouye BeiBobI. bonbmmucTBo [1apeTo-ontu-
MaJbHBIX PEIICHUH JOCTUTACTCS B CIydae map-

HOT'0 MCIOJIB30BaHusA KaHaioB (v, =0). Ipu-

MEHEHHUE CXeM 00CITyXUBaHUS C OOJIBLION J0-

JIel MTHAVBUYaJbHbBIX KaHAJIOB MO3BOJIET pac-
HAPUTh MHOXeCTBO [lapeTo-onTumanbHBIX
peLIeHUH, BKIIFOYUB B HETO TOYKH, COOTBETCTBY-
IOIHAE 3aMETHO MEHBIIIEMY YHCITy KAHAJIOB IIPU
OO0JIBIINX BPEMEHHBIX MOTEPSIX.
[TapannensHO€ YXKECTOYEHHE OTpPaHHYE-
HUM KaK 10 Ka4ecTBY OOCIIy>KUBaHUS, TaK U 110
Ka4eCTBY MCIIOJIb30BaHUSI PECYPCOB IPHUBOJIUT
K TOMY, YTO Il HEKOTOPBIX MaJIbIX 3HaY€HUN A
MHOXeCTBO Ilapero-onTuManbHeIX pelIeHUN
CTAHOBUTCS NyCTBIM. Tak, Hampumep, HU IPHU

kaxoM couetanuu N, T ., He MOKeT ObITh

obecrieyeH Habop orpaHMueHuil A, eciu

A=1 1 uA= 2l (puc. 1). Habop orpanuue-
y y

Huit b HeBbImomHUM Tipu A =1 1 (puc. 2). B
y

LIEJIOM HEOOXOIUMOCTh 00€CIeUeHUs KECTKUX
TpeOOBaHUM MO KauecTBY OOCITY:KUBAaHUS MPU-
BOJIUT K OTHOCUTEJIbHO HU3KOH 3arpy3ke KaHa-
JI0B.

bnaronapst 1e104MCIEHHOCTH ITapaMeTpa
N B HCKIIIOUUTENBHBIX CIy4asXx BO3MOXHO CO-
kpauieHue Ilapero-onTumMalbHOrO MHOXKECTBA
70 €IMHCTBEHHOIO pelleHus. TakoMy cirydaro

coorBercTByeT pemenne N, =3, T, =0.184

I A = 3E u Habopa orpannyeHuii b (puc. 1).
y

IIpuBenéHHbIE pe3yabTaThl MOATBEPAKAA-
IOT [IPAaBOMEPHOCTH MTOCTAHOBKHU C(HOPMYIUPO-
BaHHON ONTHMHU3ALMOHHOM 3a1a4u U paboroc-
OCOOHOCTH airopurMa e€ pemenus. [lomyue-
Hue Habopa pe3yJabTaToB B IIMPOKOM JHAaIazo-
HE HCXOJHBIX JaHHBIX, TAKUX KaK MHTCHCHB-
HOCTh oToKa BC, npofomKuTensHOCTh X 00-
CITy’KMBaHUS, TapaMeTpbl KauyecTBa 00CITyKUBa-
HUS U 3arpy3KH 00CTYKUBAIOIIUX CPE/ICTB, 110-
3BOJIUT C(HOPMHUPOBATH CEPUI0 HOMOI'PAMM,
INPUTOJIHBIX JJI MCIOJIb30BaHUS B YCIOBUAX
IIPOM3BOACTBEHHOTO Ipoliecca ajponopra. Ta-
KOT0 pOjia Marepualbl, IO3BOJISIIOLIUE OIepa-
TUBHO OLICHMBAaTh ONTHMAaJIbHbIE MapaMeTpsl
a’pONOPTOBBIX TEXHOJOTHUYECKHUX IPOLECCOB,
0COOEHHO BaXKHBI Ul KPYIHBIX, B YaCTHOCTU
Y3JIOBBIX, a3POIIOPTOB, HACHIIIIAEMBIX TEXHUYEC-
KMMH CPEJICTBAMH C LIEJIBIO COKPAILIEHUS Ha3eM-
HOT'O BPEMEHH aBHAIEPEBO3KH.
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OTMmeTuM, 4TO pacCMOTpEHHas 3ajxaya
MOXKET peniarbCsi U B HECKOJIBKO M3MEHEHHBIX
IIOCTaHOBKax. Tak, HampuMmep, €CiIu ¢ TOYKHU
3peHus adponopTa JJINTEIbHOCTh NPEObIBAHUS
B HEM MEHEe BayKHA 110 CPABHEHUIO C KAYE€CTBOM
00CITy’)KMBaHHUS, TO OJHUM U3 KPUTEPUEB MOKET
CTaTh BpeMs OXKUJAHUS B OUEpEH, U TOTAa 00-
as JJIMTEbHOCTh MOXET ObITh 3a/laHa Kak
OTpaHHUYECHHUE.
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The problem of vector optimization of the parameters of a multichannel queueing system with waiting in a
limited-length queue and partial mutual assistance of channels manifested in the opportunity of simultaneous service
of a customer by two channels is formulated and solved. The results of optimization of the parameters of airport
industrial complexes as an example of the system under consideration are presented.
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