1197

YOK 519.711.3 + 519.863 + 681.516.77
BBK 32.965.7

MOOENUPOBAHUE U ONTUMU3ALIUA KINACCA
CUCTEM MACCOBOIO OBCINY)XXUBAHUSA C
NEPEMEHHOW CTPYKTYPOW!

Cricoen A.C.2
(Jluneyxuii 2eocyoapcmaenniti mexHudeckuil yHugepcumem, Jluneyx)

B pabome onucwisaemcs udemnomenmuwiii NOOX00 K 2paghocmpyx-
MYPHOMY MOOETUPOBAHUIO KILACCA CUCEM MACCOB020 OCOIYIHCUBAHLUSL
C NepeMeHHOU CMPYKmypou, CUHMEe3UPyemcs aieopumm noucka
ONMUMANLHBIX NAPAMEMPO8 MAKUX CUCHEM, NPUBOOUMCS Memoo
AHATU3A  KOHEUHBIX USMEHeHUU OAs CMPYKMYPHOU OnMmuMusayuu
Kaacca cucmen.

KirroueBsle €10Ba: CUCTEMBI C IIEPEMEHHON CTPYKTYpPOH, HEMIIOTEHT-
Has MaTeMaTWKa, YHCJIEHHas ONTHMU3alus, aHalu3 KOHEYHBIX
HU3MEHEHUH.

BeedeHue

[Tom crucreMamMu ¢ TIepeMEHHON CTPYKTYpOH IMOHMMAIOT TaKHe
CUCTEMBbI, B KOTOPBIX CBS3M MEXAY (QYHKIMOHAJIbLHBIMU
AJIEMEHTaMU MEHSIOTCS TEM WIIH MHBIM 00pa3oM B 3aBHCHMOCTH OT
cocrossHUsl cuctembl [10]. B kauecTBe OMHOTO M3 KJIACCOB TaKHUX
CHUCTEM MOXXHO yKa3aTh MHOTOKAHAIBHBIE CHCTEMBI MacCOBOTO 00-
ciyxuBanust (CMO) ¢ oxxuaHueM B ouepeiid, B KOTOPBIX B pa3HbIC
MOMEHTHI BPEMEHH AaKTHUBEH pa3UYHBIA Ha0Op OOCTyKHBAIOIINX
yCTpoHCcTB. OTIUYMTEILHOH 0COOCHHOCTBIO TAKMX CHCTEM SIBIISICTCS
TO, YTO KKJI0C OOCITYKUBAIOIIEE YCTPONCTBO MMEET CBOIO OYEpPE]b,
MTOCTYILIC-

! Paboma evinonnena npu ¢unarcosoti noooepicke PODU, zpanm Ne
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HUE 3asiBOK B KOTOPYIO HJIET HEMPEPhIBHO, HE3aBUCUMO OT TOTO, aK-
TUBHO YCTPOWCTBO WM HeET. [1omXxompl K MOAETUPOBAHUIO CUCTEM
MacCcOBOT0 OOCIIY)KWBaHUS 10 MPUMEHIEMOMY IPH HX IOCTPOCHHUH
MaTeMaTUYeCKOMY aImapary JafoT JBa THUIA CUCTEM: aHATUTHICCKUE
CMO u craructuyeckue CMO. Pa3Butue MareMaTHyeCcKOro MOJIEIN-
pOBaHUS MPUBETO K padoTaM, UCIOIL3YIONINM OTHOCUTEIFHO HOBOE
HarpaBJIeHUE MPUKIATHON MaTEMAaTHKU — HIEMIIOTEHTHYIO (TporHye-
CKYI0) MaT€MaTHUKy, IIO3BOJISIFOIIYIO OMUCHIBATH MOJEIH, HEIMHEHHBIC
B OOBIYHOM ITOHUMAaHWH, JTHHESHHBIMA — B HAeMIIOTeHTHOM [5, 1]. ITo-
SIBUWINCH U TIPUKJIATHBIE PaOOTHI, OCBSIICHHBIC IPUMEHECHUIO METO-
JIOB MIEMITOTCHTHON ajareOphl AT MONCTHUPOBAHUSA U HCCIICIOBAHI
pasznuunbiX kiaaccoB CMO [4].

IIpumepom CMO ¢ nepeMEeHHOH CTPYKTYpPOH ¢ OKMJAHUEM SIB-
JIIeTCSl perynupyeMslil nepekpectok. Kputepuil kauecTBa Takod cu-
CTEMBI - BEJINYMHA CPEJHEN arperipoBaHHON TPAHCIOPTHOM 3alepK-
k. C OpakTHUUECKOM TOUKHM 3peHHs] MOAEIUPOBAHUE, ONTUMU3ALIML
Y aHAJIN3 TAKOW CHUCTEMBI MOTYT CIIY’)KHTh MaTeéMaTHIeCKUM 0a3rcoM
yIpaBIEHYECKUX PEHICHUH 10 peorpaHu3aliH CYIIeCTBYIOMUX 00b-
€KTOB YIPABICHUS JTOPOKHBEIM JIBIXKCHUEM U MOTYT OBITH MCIIOIB30-
BaHbI IIPU NPOEKTUPOBAHUU IJIAHUPYEMBIX NIEPEKPECTKOB.

1. M"OemnomeHmHoe modesiupoeaHue cucmem ¢
nepemeHHoU cmpykmypoli

Ilycte 7' — Bpems 1mukia pabotsl cucteMmsbl. L{ukiom HaszoBeM
IIepHo BPEMEHH TIEPEMEHHBIX TaKTOB PaboTHI (g) u mpocTtos (r). 3a-
METHM, YTO MPUOPUTET OOCIYKMBAaHUS KaXJOH 3asBKH B OIHCHIBA-
eMoit cucteme 3amaercsa mucruummaoN FIFO. Ilo mpuOsiTHn 3asBKH
Ha COOTBETCTBYIOLIEE OOCIYKHMBAIOIIEE YCTPOHCTBO CUCTEMBI pellia-
€TCsI BOIIPOC O BO3MOKHOCTH €€ HEMEIJICHHOTO 00CITy>KUBaHHSA. 3/1€Ch
HEOOXOIMMO paccMaTpHUBaTh TPU BO3MOXHBIX cuTyanuu: (1) ouepens
oOcmyXuBaHMUS TycTa, paboTa 0OCITyKMBAIOIIEr0 YCTPOMCTBA pa3pe-
mena; (2) odepens 0OCITy)KUBaHHS ITycTa, OOCITY)KUBAIOIIEE YCTPOHi-
CTBO B JIaHHBIII MOMEHT He (YHKIHOHHPYET; (3) ouepeap 0OCTyXKH-
BaHUS HE MyCTa.

B curyammuu (1) 3asBka, MOCTymuBIIAs Ha OOCITyKHUBaHUE,
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HEMEJUIEHHO MoilyyaeT ero. B cutyauuu (2) npuiueamas B cCUCTEMY
3asBKa 3aHUMAeT MEepPBYIO MO3UIHMIO B OYeper OOCITYy)KUBAHHSA U JI0-
XKHUJIAETCSI MOMEHTa OKOHYAHHsI MPOCTOSI 0OCIYKHUBAIOILETO YCTPO-
cTBa. VIMEHHO 3TOT MOMEHT BpeMeHH H OyneT A TeKylleW 3asBKU
MOMEHTOM BBIXOJa M3 CHCTEMbl — MOMEHTOM OKOHYaHUs 00CITyKHBa-
Hus. B curyanmum (3), BHE 3aBUCHMOCTH OT COCTOSIHHS OOCITy>KHBa-
IOLIEr0 yCTPOICTBa, TeKyIas 3asBKa OyaeT oOciykeHa depe3 HeKUH
ChydaiiHblii MHTEpBan Bpemenu (k) mocie oKOHUYaHHs 00CITyXuBa-
HUS TIpEebIAYILEH 3asBKH.

[Mycts oguH LUKI paboThI TaKOW CHUCTEMBI COCTOUT U3 m (a3,
YUCIIO OOCTYKUBAIOIINX YCTPOHCTB B cucteme n. [lom dazoit Oymem
MOHUMATh MPOMEXYTOK BPEMEHH PabOThl CUCTEMBI, B T€UEHHE KOTO-
poro QyHKITMOHHUPYET OAMH U3 HAOOPOB OOCITYKUBAIOIINX YCTPOHUCTB.

AccornunpyeMm ¢ onmckiBaeMoii cucremon rumnerpad (V, E), Ta-
KOM, 94T0 MHOXeCTBO ero BepumH V = {vy,..., vy}, MOIIHOCTb KO-
TOPOTO COBNAAACT C YHCIOM OOCITY>KUBAIOLINX YCTPOUCTB 7. MHOXe-
CTBO Tuneppedep E moka3plBaeT CTPYKTYpy (a3 QpyHKIHOHUPOBAHUS
CHCTEMBI.

Puc. 1. Ilpumep eunepepagha, accoyuuposaniozo ¢ cucmemot

Ha puc. 1 npencrasien mpumep rumeprpada cucTeMsbl ¢ nepe-
MEHHOH CTPYKTYpOH ¢ 7 00OCITy>KUBAIOIIUMH YCTPOCTBaMU, (QyHKITH-
OHHUPYIOUIMMH cieayromuM obpazoM: B ¢aze 1 — ycrpoiictsa 1, 3 u
7; B daze 2 — ycrpoiictea 2, 3, 4 u 5; B dase 3 — ycrpoiictea 5, 6 u
7.
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Marpuna uanunentoctd C runeprpada (V, E), moctpoeHHas
HaJl MAEMIIOTCHTHBIM MOJIYKOIBIOM R, IMEET CIIEAYIOIIY0 CTPYKTY-
py:
)1, ecmu ycTpoicTBO j (GbyHKITMOHUPYET B dasze 7,

Ielli= £, WHaue.

O603Ha4MM:

A(k) = (ay(k), ...,an(k))" - BexTOp MOMEHTOB MpHOBITHS 3a-
SIBOK B CHCTEMY,

D(k) = (dy(k), ..., dn (k)T - BexTOp MOMEHTOB BbIXO1@ 0GCITY-
JKCHHBIX 3asBOK,

W (k) = (wi(k), ..., wn(k))" - BexTOp HecHyUaiHEIX MOMEHTOB
OKHIAHUS 3asIBKAMH 00CITy)KHBaHHSI,

2(k) = (&1(k), ... &n(k))T — BekTOp ClyualHBIX MOMEHTOB
OKHMIAHUS 3asIBKAMH O0CITYKHBAHHUSI.

Torxa paccMarpuBaeMyl0 CHCTEMY MOKHO aHAJIUTHYECKH IPe[-
CTaBUTH C TIOMOIIBIO CIEAYIOIMIETO BhIpaskeHus [2, 7]

T
(1) D(k) = A(kya W (k)® (DT (k- 1) ®Z(k))" ,
ciﬁée
e wy(k) = ® Ef]?, Cij —MHBEPCHBIN K C;j JNEMEHT,
1=cur
cur— TepeMEHHAS-CUETYHK, XPaHAIIAs MHPOPMAIMIO O YHCIIE

¢a3, npomeamux ¢ Hadana (YHKIMOHMPOBAHUS IMKIJIA CHCTEMBI,
l,j=1,..,n.

Bripaxenue (1) mokassiBaeT AMHAMUKY IHKIJIA (PyHKIIHOHHPOBA-
HUS MHOTOKaHAJIbHOW CHUCTEMBI MAacCcOBOIO OOCIyKHUBaHHs C Iepe-
MEHHOH CTPYKTYpoil M MOXeT OBITh MCIONB30BAaHO I MMHUTAIHH
paboTHl PEryTUpyEeMOro MepeKkpecTKa.

2. MMocmaHoeka u peweHue 3ada4u onmuMu3sayuu
4YacmHo20 crlyyasi cucmeMbl Maccoeo20
o6cnyxueaHusi ¢ nepeMeHHol cmpykmypolu

B 00mieii mocraHoBKe 3amadyd IIIOOAJBHOM ONTHMHU3AIAN HEOO-
XOIUMO HAaWTH TOYKY (X1, ..., Ty ), AOCTABISIONIYIO [IOOATIBHBINA OI-
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tamyM QyHkuud f (21, ..., ,) OpU 33JaHHON CHCTEME CMELIAHHBIX
OTpaHUYEHUH.

YacTHBIM ClydaeM paccMaTpHUBaeMoOl MPOOIEMBI SIBISETCS Clie-
IyToIIasi MOCTAaHOBKA 3aJa4¥l U3 MPEAMETHON 00JacTH: HAWTH MUHU-
MyM arperupoBaHHOMN 3aJepKKU Ha PETyIHUPYyEeMOM MEPEKPECTKE, TO
€CTh HAWTH ONTHMAIFHOE BpEeMs ITUKJIA U €r0 ONTHMAIBHOE pacIpe-
nenenne mo ¢aszam peryauposanus [8, 9, 11].

B crporoii nocranoske: Haiita T0uky (7, g1, ..., gm ) TAKYIO, 9TO

m

> fi(T,g:i) - vi
(2) f (T7 g1y ey gm) = = m — min
> Vi
i=1
IIPU CUCTEME OTPaHUUYEHUN
m
( > gi=T,
i=1
(3) { Tmin < T < Tmax,
(9)min < 9 < (9i)max> 1= 1,...,m,

L 915 9m > 0.

r(-2)

2 (1 ~ min {1, X;) %)

3mech

fi(T,g:) = kY +

| X;
(X; —1)2+ 240732% :

te - T

+ 15t (Xz - ) +

U,L'T

)
8iJi

T— BpeMs MUKIIa CBETO(OPHOTO PeTryaupoBaHus (c),

gi,t =1, ..., m— IIMTENBHOCTH (a3 CBETOHOPHOTO PEryIupoBa-
Hus (c),

X; =

f(T,91,...,gm) — 3HaUCHUE DYHKIMU arperHPOBAHHOMN 3a1EPK-
Ku (),

k}, i =1, ..., m— x03QPHUIHEHT, OPEACIIAIONTUI THIT TPHUOBITHS
TPaHCIOPTHBIX CPEJCTB,
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vi, ¢ = 1,...,m— HMHTEHCUBHOCTb NPUOBITHS TPaHCHOPTHBIX
CPEeICTB Ha HAIPaBJICHNH ¢ (IIPWB.ABT./9ac),

Si, ¢ = 1,..,m— TIOTOK HaCBIIICHUS HaNpaBJICHUSI i
(mpuB.aBT./9ac),

T nin(max) — OTPAHHYEHHS HA JUTUTENLHOCTh BDEMEHH LIMKJIA CBE-
ToopHOTO peryaupoBanus (c),

(gi)min(max) ,%=1,...,m— OrpaHHYCHHUs Ha JUIUTEIBHOCTH (a3
cBetoopHOro perynuposanus (c),

t.— BpeMsl AJs IPOTHO3a BBIYMCIICHUS 3alIePKKH (MHUH).

YuuteiBass CUCTEMYy OTpaHMYEHMH-HepaBeHCTB (3), Mmoiayyaem
MHOXKECTBO X, Ha KOTOPOM OyZIeT MPOUCXOJAUTh MUHUMH3AITHSL.

3agaua cBOZMTCA K 3ajadye YCJIOBHOM MHUHHMH3ALUU C
OTpaHWYEeHHEM-paBeHCTBOM. J[ms mepexoma K 3amade Oe3yciioB-
HOH MHHHUMH3aLUHU IIOCTPOUM KBaJpaTHUYHYIO IITPadHYIO (YHKIHIO
o(T, g1, .., gm, ), KOTOpasi OyIeT CTPEMUTENIBHO YBEINUUBATHCS 3a
npeAenaMy MHOXKecTBa X M 00paIuaTrbesi B HOJIb BHYTPH €rO.

[Momydaem 3agady MHOTOMEPHOH 0€3yCIIOBHOW MUHUMH3AITUU

4) f(T,9,8) = f(T,9) + (T, g,5) — min.

Pemenne nomyueHHoi 3anaun (4) MpoOBEIEHO YHCIEHHO Ha OC-
HOBE IPEUIOKEHHOTO MYJIBTHCTAPTOBOTO IapallIeIbHOTO allrTOpUTMa
0e3yCcI0BHON MHOTOMEPHON MHUHUMH3ALUH C KJIACTEpU3aIHeH.

Ilar 0. Hacrpoiika mapamerpoB anroputma. Ha stom miare
HEOOXOAMMO 3a1aTh!

1 — YHUCJIO MOJEIHPYEMBIX PAaBHOMEPHO PacHpefeTIeHHbIX TOUEK
Ha 00JacTH ONTHMU3ALNY,

A[f— npupaiienue napameTpa mrpadHoi GyHKIHH,

€1 > 0— TOYHOCTb IIara aJIrOpUTMa ONTHMU3ALNH,

€2 > (— TOYHOCTB aNTOPUTMA,

0 > 0— mapameTp KJacTepH3allHH.

Ilar 1. B kadecTBe Ha4aJIbHOTO 3HAUCHUS UII MHOXKHTEJS
mrpaduoi GyHknuu nonoxkutk S = 0. Tem cambiM OyneTr HaiileH
100aNbHBIH ONTHUMYM HCXOZHOW (QYHKIMM 0e3 ydyeTa OorpaHHYCHUS-
paBeHCTBa.
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Ilar 2. [ins 3agannol GyHkuuu 0e3 orpaHuueHUH HEOOX0AUMO
CMOZIETPOBATh HA MHOXKECTBE X 7 paBHOMEPHO pacHpeiesICHHBIX B
R™1! touek 1, ..., Tn.

IMar 3. Muaumusanus GyHKIHHA co mTpadoM UIst KOHKPETHOTO
nmapamerpa 3.

Iar 3.1. Mcrione3ys nony4eHHbIE TOYKH B Ka9€CTBE Ha4aJIbHbIX,
MIPOBECTH OHY MM HECKOIBKO UTEPALU alTOPUTMa CTaTHCTUYECKO-
r0 TpajiueHTa ¢ LEeJblo yiydlleHns padbounx Touek. B pesynsrare mo-
JIy94EHBI TOUKU 21, ..., 2y, (U1 IEPBOH UTEPALIMU HCIIOIb3YOTCS TOUKU
mara 2, uisi OCIEAYIOIMUX — TOUKH Inara 3.4).

IMar 3.2. [IpuMeHUTh KJIACTEpU3ALMIO K MOIYYEHHBIM TOYKaM
Ry eeey Bmp-

Iar 3.2.1. ITonoXxuTh, 4TO BCE TOUKHU MPUHAIIIEKAT Pa3IUIHBIM
KJIacTepam.

Iar 3.2.2. Haiitn Omwkaiiinyro napy z;, z;, Takylo, 9To

pij = arg minpg;.
kl=1,...,N

Ilar 3.2.3. Ecnu paccTosHre MeXTy OIFKaHIInMHU cCoCeITMHU He
HPEBOCXOIUT HEKOTOPOE JOCTaTOYHO Majnoe 4ucio 6 > 0, To z;, 2
O0OBEIMHAIOTCS B OIWH KIIACTEP, W, TEM CaMbIM, YHCIIO KJIACTEPOB CO-
KpallaeTcsl Ha €AUHUILY.

ITycts momydeno m xinacrepoB. Ecnn m = 1, mepexon k mary 3.4,
WHave — K mary 3.3.

Iar 3.3. Bribpars Haubonee MEPCHEKTUBHBIX MpeAcTaBUTeNneit
OT BCEX KJIACTEPOB (T.€. TOUKY U3 KayKAOTO KJacTepa, J0CTaBIISIONLY 0
HawTydllee 3HaueHue neneBod ¢ynkuun). [lomoxute N = m u me-
peiTu K mary 3.1.

Ilar 3.4. [TonoxxeHue - B OKpeCTHOCTH III00AIEHOTO MUHUMYMa.
Bribpare mpeacTaBuTens eIUHCTBEHHOTO KJIacTepa M MCIONb30BaTh
€ro B KaueCTBE HAuyaJbHOM TOUKM JUIsI aJITOPUTMA JIOKAJIBHOM OINTH-
MHU3auN (HalpuMep, ajlTOpUTMa CTaTHCTUYECKOTO TPAJFICHTA).

st okoH4aHus mara 6€3yCIOBHOM ONTUMH3aLUHU HCIIONb3YETCs
KpUTEpHH
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I ~
() F(E, ) = FR1 85 < e
Ecnu ycnosue (5) BBINOTHEHO, TIEPEXOA K mary 4.
lar 4. ITpoBepka yclIOBHs OKOHUAHHS aJrOpUTMa

0 k41 pky _ 7k pk—1y!
(L 85) = (R, 647 < e
Ecimu ycnoBue (6) BBINONHEHO — MONOKUTh &° = 2
TUBHOM CJIy4ae — Mepexon K mary 5.
Iar 5. [Tepecuer (yBenuyeHwue) mapamerpa 5 mrpaduoi GyHK-
uuu mo 3amanHoMmy mpasmiy: 31 = BF 4+ AB. Tlepexon Ha mar
2.

(6)

k+1 B mpo-

B npuBeneHHOM alnropuT™Me B Kau€CTBE METOJA JIOKAIBHOM OIl-
TUMH3aIHH HCIOIb30BAH aJITOPUTM CTAaTHCTUYECKOTO IPAIUCHTA.

3. CmpykmypHasa onmumu3ayusi cucmem ¢ nepemMeHHol
cmpykmypol MmemoodaMu aHasu3a KOHeYHbIX
UsMeHeHul

Wnes ananm3a (QyHKUMH MHOTHX TEPEMEHHBIX C LIENBIO ycTa-
HOBJICHUS BJIMSIHUM KOHEYHBIX U3MEHEHHM apryMEHTOB HAa KOHEUHOE
W3MEHEHHE 3HaueHUsI (QYHKIMU YXOAUT KOPHSIMHU B SKOHOMHYECKHUH
(axTopHBI aHamu3 [3], AN 4ero CymIecTBYIOT pa3iIHMYHBIE METOJBL.
OnvH U3 METOZI0B OIMPAETCs Ha MCIIONb30BaHUE TeopeMbl Jlarpanika
0 NIPOMEXYTOUHOH TOUKE, B pe3ylbTaTe 4ero (aKTOpHOEe Pa3IoKeHHUe
PE3YNBTUPYIOLIETO TIOKA3aTeNsl UMEET BUJL:

(7
Af(xy, ., xy Za (x; + alAx;) - Ax; = Z@xl - Ax;,

rae Ax; — IpUpanieHus: apryMeHToB QyHKIUH, (v — TTapaMeTp npoMe-
XKYTOUHOH TOYKHM, ONpeNeIomuil KO3hPUIUEHTH (HaKTOPHOTO BIIU-
STHUS.

B matemarnueckoM aHaJIHM3€e NPUHATO pacCMaTpUBaTh OLICHKY M3-
MEHEHUsI BeJIMYHH B (POpMe pazHocTel (mpupaineHnii) GuHambHoTO 2
U Ha4aJbHOTO X 3HaueHUH. OJHAKO BO3MOXHBI U IPYIHe OLCHKH
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W3MEHEHMs BEIMYWH, HalpUMep, M0 aHAJIOTUU C KOHEYHBIMHU pPa3HO-
cTaMU (TIpUpaleHussMu) Ax = g —, KOHCYHbIC YaCTHBIC (MHICKCHI)

ix = — (npu ¢ # 0). Takoil MOAXO] MPUBOTUT K MOSBICHHUIO Me-
o

TOAMKY OoJiee OOIEro aHajIu3a, HeXelIrn SKOHOMHYECKUH (haKTOPHBIH
aHaJIN3, — aHAJIM3a KOHCYHBIX M3MCHCHUM.

Teopema Jlarpanxka mnpencrapisieT co0OOW OCHOBHYIO MOJICIb
AJIUTUBHOTO pasnuuuTenbHoro ucuucienus (7). Ilyrem morapud-
MUpPOBaHHS (IKCIIOHEHIIMPOBaHMS) apryMeHTa ((QYHKIHUH) BO3MOXK-
HO TIONy4YE€HHE OCHOBHOW MOJENN MYJIBTHUIUTMKATHBHOTO pa3iInyH-
TENBHOTO HCYHCIeHUs (8) W CMEUIaHHBIX MOJENel aiIuTHBHOTO-
MYJIBTHILTUKATHBHOTO (9) M MYyIBTHILTUKATHBHO-aAAuTUBHOTO (10)
Pa3IMYUTENHHBIX HCYHCICHUN

®) iy =] Gza),
=1
rue y; = Si . ﬁ(é ) - YaCTHBIC TACTHYHOCTH B MIPOMEKYTOUHOM
- f(§) O

TOYKE; . A

: 1 of Z
) = zl_I1 <exp (f(f) ) 6%(5))> )

SN

(10) Ay=>)" (aaf(g) : 52») niz;.

i=1
B xoze uccnenoBanns Mpor3BeAeH MOUCK ITapamMeTpa MpoOMexy-

TOYHOM TOUKHU JUI1 BOBMOXHOCTH IPOBEJCHHS aHAIN3a KOHEUHBIX H3-
MEHEHHMH JIpOOHO-pallMOHANBHBIX (DYHKLIMH CIENHaIbHOTO BUAA
n n

ap + 3. aiwi + ) bix?
(11) F@1 oy y) = —= =1

rae r; > 07 aoaai7bi 2 0.
Bripaxenus U1 mapaMmeTpa MpoMexKyTouHoi Touku moaend (11)
AMEET BUJ

n n n
— > @+ ZI‘ZZ(CL‘?+A$Z)
i=1 i=1  4=1

(12) a= -
=1
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4. lNMpoepammHoe obecrneyeHue Ons1 ModesiupoeaHusi U

onmumMu3ayuu cucmeM Maccogoz2o obcryxueaHusi ¢
nepemMeHHoU cmpykmypou

B xome wuccrnemoBaHms pa3pa0boTaH NPOTPaMMHBIA KOMILIEKC
«MonenupoBaHue U ONTHUMH3AIMS MPOIECCOB HA PETYIUPYEMOM TIe-
pekpecTke» [6], KOTOpbI COCTOUT U3 CIEAYIOIIUX MOJYJICH:

— OCHOBHOH Moaynb «SMOy, peanusyioumi UMHUTAIHOHHYIO
WIEMITOTEHTHYIO MOJETh MHOTOKaHAJIBFHONW CHCTEMBI MaccOBOTO 00-
CITy’KHBaHUsI IEPEMEHHON CTPYKTYpbI, OIIMCAHHYIO BBILIE;

— OCHOBHOM Moaynb «Optimization», peanu3ylomuid YUCICH-
HBIH MYJBTHCTAPTOBBIM MapaJlICIbHBIN aJroOpuT™M 0€3yCIIOBHON MHO-
TOMEpPHON MUHUMU3ALINH;

— BCIOMorarenbHbIil Momynb «Crossroady, ciry)kalmui IUisl 1mo-
CTpOCHHS KOH(UTYypaluy PEeryIupyeMoro MepeKpecTka U JalibHek-
mei paboThl ¢ HE.

Mogyns cozaaHua koHUrypaumm
CUCTEMbI MACCOBOM0 Moayne BBOAA MCXOOHBIX AaHHBLIX
obcnyxueaHma

' !

MO,EI,YJ'II: WMKHTaUWOHHOIo MogennpoeadHia MeTojammn
WAEMNOTEHTHOM anrebpol

Moayns onTMmM3aumn

napameTpoB CUCTEMbI
(HacTpolka ANUTENBHOCTU  |— — — )
umkna paboTel CUCTEMBI W

AnuTensHocTen as)

Moaynk aHanvaa
napamMeTpoB CUCTEMbI
(meTogamw aHanuaa
KOHEYHbLIX M3MEHEHWIA)

Moaynk BbiBOAa AaHHBIX

Puc. 2. Cmpyxmypa xomnnexca 015 MOOEIUPOBAHUS U ONMUMUBAYUU
PecyIupyemubix Nepekpecmkos

CrpykTypa IporpaMMHOTO KOMIUIEKCa MpecTaBieHa Ha puc. 4.
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JlaHHBIH MporpaMMHBIA KOMIUIEKC NpenHa3HaueH 1isi: a) ¢op-

MHPOBAHUS CTPYKTYPHI HCCIETYEMOTO PETYITHPYEMOTO TTEPEKPECTKA U
MMUTAIMOHHOTO MOJICIIMPOBaHUS Tpoliecca ero (pyHKIMOHUPOBAHHS
C 33/IaHHBIMH TTapaMeTpamMu; 0) HAXOXKICHUS ONTHUMAIBEHON JITATETh-
HOCTH IIMKJIA ¥ ONTHMAJBHOTO pachpeielieHus ee 1o (as3am CBeTo-
(hopHOTO peryaupoBaHUS; B) MPOW3BEACHUS aHAIM3a Haa (YHKIHEH
TPAHCIIOPTHOM 3a/IEP’KKH C LENBI0 BBISBICHUS NMPOOIEMHBIX (a3 B
OPTaHU3aIMOHHON CTPYKType IMEePEKPECTKA.

5. YucneHHble npumepbl

B xofe uccnenoBanus pacCMOTPEHBI IPUMEPBI pabOThI HECKOITb-
KUX (QYHKOUOHHPYIOIIUX B JIMIIENKE peryiIupyeMbIX MEpeKPEeCcTKOB.
MonenupoBaHie MPOBOIUIOCH € MOMOIIBIO Pa3pabOTaHHOTO MOJY-
JI1 UMUTAIUOHHOT'O MOACIMPOBAHUSA. ITokazana HEIIPOTUBOPCUNBOCTDH
TIOJIYYC€HHBIX PE3YJIbTATOB. I/ICXO)IHI)IC JaHHBIC 110 IMapaMeTpaM Iepe-
KpECTKa JJIsl ONITUMU3AIINH, & TAKXKE PE3yNBTaThl, TOIyYSHHBIE TIOCIe
ONITHUMM3AINH KJIacCHIeCKnuM MeTomoM Bebcerepa [12] u mo mpemo-
KEHHOMY aJTOPUTMY, IPUBEACHBI B Ta0MI. 1.

Tabnuya 1. CpasnumenvbHble pe3yivmamsl ONMUMUZAYUU

®dazal | Paza2 | Paza3 | Paza4d
VIHTEHCUBHOCTD JIBUXKCHUS B KPUTHYECKOM
rpymnie, IpuB.aBT./q 1533 242 242 1086
TToTok HachIEHHsI B KPUTHUYECKOM
rpynre, NpyB.aBT./q 1800 1800 1800 1800
o 38 16 8 23
JlmurensHOCTH (a3, ¢ rnocie 31,5 9,8 9,9 21,5
Webster 12,6 7 7 8,9
o 1,905 0,714 1,428 2,229
V/C-OTHOIIIEHHE rmocJie 1,966 0,997 0,987 2,040
Webster 2,399 0,682 0,682 2,407
1o 212,2 54,75 14,97 647,52
3anepxka, ¢ rnocJie 207,09 48,87 11,63 367,28
Webster 213,7 40,26 11,25 412,83

ITo manHBIM Tabm. 1 MOXHO clenaTb BBIBOJ, YTO HCIIOJb30Ba-
HUE TPeIIaraéMoro MeToAa ONTHMH3AIHH, BO-TIEPBBIX, TAKXKE Kak
U KJIaccudyeckuil moaxoxn Bebcrepa, ctpemMuTcst kK 6agaHCHpPOBKE V/c-
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OTHOILIEHHH B (ha3ax, ¥, BO-BTOPHIX, B pe3yJbTaTe IKOHOMHUSI BPEMEHU
arperupoBaHHOU 3anepxku coctasiset 30,1%.
ANTOpPUTM TIONYYSHHS CPEIHEH 3aJIepXKKU JJIs PEerylupyeMoro
n

;f(vi) -
5 v
=

9TO# (yHKIHH, TOe B Ka4ecTBE Kaxaoro f(v;) BBICTYMAIOT BBIpaXe-
HUS W3 CUCTEMBI (2), ABISACTCS BBIYUCIUTEIBLHO CIIOKHOHM 3amadcii.
Juis ympollieHust aHanu3a NPUMEHUM K (QYHKIMH f Pa3lioKCHUE B
psin MakitopeHa (o Tpex WwieHOB). B pesyiprare Takoro mpueMa mo-
JydaeM MOJeJb, CTPYKTYpHO cX0xyto ¢ ¢opmynoii (11). [lapamerp
CpemHel TOYKH IS TaHHOW MOZICIH BBIYHCIIIETCS COTIIACHO BhIpaXKe-

|u ﬁﬂ

Brnag fakTopoe B MaMeHEHWE CPegHel 3a0epEn, %

MepeKpecTka MPUBOIUT K MojeiH Buaa f = . AHamm3

400
1

YBENMHEHUE cpedHen 3aJepiim, ¢
200 300
| |

100
1

Puc. 3. Pezynbmamul ananuza 08yxgasnoco nepexpecmia

[Mpumep pesyasTaroB aHanu3a IBYX(a3HOTO PETyIHPYyeMOro Ie-
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PEKpecTKa, MOCTPOSHHBIN B BHJIE MOIHOTO (PaKTOPHOTO AKCIICPUMEH-
Ta, IpuBeneH Ha puc. 3. Ha puc. 3 neMOHCTpUpyeTcs KOHEYHOE H3-
MEHEHHUE 33JCPKKH TPAHCIIOPTHOTO PETYIUPOBAHUS B 3aBHCUMOCTH
OT KOHEYHBIX M3MEHEHUH ()aKTOPOB - HHTEHCHUBHOCTEH KPUTUIECKIX
rpynn B ¢a3ax - ¥ NPOLEHTHOE BIUSIHUE (PAKTOPOB.

Pesynprarsl ananu3a momydeHHoOH (GyHKIUU cTpyKTypsl (11) mpu
romonty Mozenedd (7-10) MoryT CiIyXKHUTh OCHOBaHWEM IS MPHHSI-
TUS YNPaBIEHUYECKUX DPEUICHWH IO PeopraHu3alliil CYyIIECTBYIOIIE-
ro pexxuma (yHKIMOHUPOBAHUS PEryIMPYEMOro IEPEKPEeCTKa U MpH
YCTPOUCTBE ITUTAHUPYIOIIUXCS HA dTare UX MOAEITHUPOBAHUS.

6. BbieoOb! u nepcnekmuesbl

CucTeMBl C NEpEMEHHON CTPYKTYpOH IaBHO 3apEeKOMEHI0BAIIN
ce0s KaK Ha/Ie)KHBIA U YHUBEPCAIBHBI HHCTPYMEHT MOZCITHPOBAHHUS
Pa3IMYHBIX TPOIECCOB, B KOTOPHIX (PYHKIIMOHAIBHBIE CBSI3U MEXKIY
JJIEMEHTaMHU OIHCBHIBAEMON CHCTEMBl MEHSIOTCS ¢ JUHAMUKON ca-
MO cucTeMbl. PaccMaTprBaeMblii KIIacC CHCTEM MacCOBOTO 0OCITy-
KUBAHUS C MEPEMEHHON CTPYKTYpOH OTIMYAETCs] CMEHSIOUIMMHUCS B
nporiecce GyHKIIMOHUPOBAHUS CUCTEMBI HAOOpaMu 0OCITYKUBAIOIIIAX
YCTPOMCTB.

IIponiecc MonenupoBaHus Jr000I CHCTEMBI CONPSIKEH C €€ aHa-
JU30M M onTUMM3anuer. [ omeHKH KadecTBa (PyHKIHMOHHPOBA-
HUS CHCTEMBI HCIIONB3YIOTCS (DYHKIIMOHAJBI Ka4eCTBa, OIMCHIBACMBIC
YPaBHEHHUsIMH, B OOLIEM cllydae HEJIMHEHHOH CTPYKTyphbl, 4TO 000C-
HOBBIBAEM pa3pabOTKy CHENMAIbHOTO ajJropuTMa YHCJIEHHOW OITH-
MH3aINH.

[MpennoxxeHHBIH KJacc CUCTEM MacCOBOTO OOCITYKHMBaHHS MO-
KeT OBITh PACIIMPEH W WCIOIB30BaH ISl OMUCAHUS (PYHKITMOHUPOBA-
HUSI OOJBLIOTO KOMWYECTBA TEXHUUYECKUX CHCTEM U TEXHOJIOTUYECKUX
HIPOLIECCOB.
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Abstract:  The  paper conmsists idempotent approach to
graphostructural modeling of a class of variable structure queueing
systems, the algorithm for optimal parameters of such class of
queuing systems, the method of analysis of finite fluctuations for
structural optimization.
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