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OHTUMAJIBHOE YITPABJIEHUE PACIIPEAEJIEHUEM MATEPUAJIb-
HBIX ITOTOKOB TEXHOJIOI'MYECKOU JIMHUUA ITPON3BOACTBA
I'A3BOBETOHA

[IpennokeHo moBbILIeHHE >PPEKTUBHOCTH TEXHOJOTMYECKOW JIMHUU TPUTOTOBJICHUS Ta300eToHa
NMyTeM pEIIeHUs] 3aa4d ONTHUMAJIBHOTO PACIpeNesieHUus] PeCcypcoB ¢ IeNieBOH (YHKIHMEH B BUAE
no3uHoMa. OOOCHOBAaHO peIIeHHe 3TOH 3aJa4dl METOAAMH T'€OMETPUYECKOTO MPOTrPaMMHUPOBAHMSL.
OnTumanbHOE yIIpaBJI€HHWE CHUHTE3UPYETCsl Kak pachpefesieHHe pecypca »JHEeprud 1Mo ee
TEXHOJIOTUYECKHUM armnapaTam.

KuaroueBble cioBa: onTuManbHOE YIpaBieHHUE, TEXHOJOIMYECKas JHHHS, TeOMETpUYecKoe

NPOrpaMMHUPOBAHHE, TO3UHOM, I'a300€TOH, MaTepPHaJIbHbIE TIOTOKH.

Brenenue. [ToBblllicHHE s dexTuBHOCTH npoiiecca yIpaBJICHUS
TEXHOJIOTUYECKUMU JIMHUSAMHU TIPOU3BOJICTBA Ta300€TOHA SIBJISETCA aKTyaJIbHOW HAYyUHO-
MPaKTUUECKON 3adaueil BBUAY NEPCHEKTHUBHOCTUM ra3o0eTOHHbIX uzaenuid [1 — 3]
Peiienne 5TOM 3amaum JAOCTUTAETCS 32 CUET MPUMEHEHUS METOJIOB ONTHUMAJIBHOIO U
aJaNTUBHOTO YIPABJICHUS, KAaK OT/ACIbHBIMU TEXHOJOTHUECKHUMU armaparamu, TaKk M
MOJICUCTEMAMH TeXHOJoTHUYeckor nuHum [4 — 7). Mcnonp3oBaHue 3THX METOJOB IS
yOPaBJCHUS JUHAMHUYECCKUMHU KOMIIOHCHTAMU JIMHUM TIO3BOJIAET CHU3UThH 3aTpaThl Ha
YIPAaBJICHHE W MPOCTOM HM3-32 OMMUOOK PEryJIMPOBaHUS, OJAHAKO, HauOOMbIui (et
JAET ONTUMAJIbHOE PACMPE/ICIICHUE PECYPCOB U MOTOKOB TEXHOJIOTMYECKOW JIMHUU B
LEJIOM MyTEM PEIICHUA 3aJaul ONTUMHU3AIUUA MaTepuaibHbiX MOTOKOB [8]. [Tockosbky
aIropuTMbl  pelieHus 3Toi 3amauu [9, 10] ommparoTcs Ha METOABl JMHEHHOTO
MPOrpaMMHUPOBAHUSA WJIM METOJA AUHAMUUYECKOTO MPOrPAMMHUPOBAHMUS, YTO MPUBOAUT K
CJIO)KHBIM QJITOPUTMaM yTIPABJICHHS W CHIKAET d(D(PEKTUBHOCTD YIIPABIICHHUS.

IHeas paGorel. Ilensio paboTel  sBisAEeTCS  00OCHOBAHHE  IPHUMECHEHHMS
ONTUMAJILHOTO  yIPaBJEHUS  PACHPE]EICHUEM  MATepPUAIbHBIX  MOTOKOB  TIO
obopynoBanuto TexHonoruueckor yuaun (TJI) mpurorosnenus razoberona (I1I) Ha
OCHOBE WCIOJIb30BAaHUSI MO3WHOMHAIBHOTO dbyHKIMOHANA TETW W METoAA
Te€OMETPUICCKOTO TTPOTPAMMHUPOBAHHUS I TTOBBIIeHUS dpdexrusHoCcTH TJI.

Metoauka wucciaenoBaHusi. B OCHOBY MCCIIEOBAHWM IOJIOKEHBI: METObI
JEKOMIMO3UILIUKA CJIOKHBIX CHUCTEM TMPU TOCTPOSHHUHM CTPYKTYPbl TEXHOJIOTHUECKOM
LEMOYKN W ONPEAEJIEHUS OCHOBHBIX MaTE€PHAIbHBIX MOTOKOB W pecypco TJI IIT;
METObl TEOMETPUUYECKOrO MPOTrPAaMMUPOBAHMS JJIS PEUICHUsS 3a7ad ONTUMAIbHOU
arpy3kn TJI III' ¥ onTHUManpHOrO pacnpenesieHusT MATePUAJIbHBIX MOTOKOB MO
TEXHOJIOTUUECKUM araparam.

OO0cyxkaeHue  pe3yJbTaToB  HMccaenoBanusi. Ha  ocHoBanmm — aHajuW3a
TEXHOJIOTUYECKOTO Mpollecca U OMPEACNICHUS] OCHOBHBIX MaTEPUAIbHBIX TMOTOKOB U
pecypcoB smHuu [II° Obuta ompeaesieHa CTPYKTypa TEXHOJIOTHYECKOW IIETIOUKH,
YKPYIIHCHHas cXeMa KOTOpod mnpuBeneHa Ha puc. 1. OCHOBBIBasACh Ha JaHHOU
CTPYKTYpE, PacCMOTPUM 3aJady PpaclpeAcsiCHUsI PEeCypcoB B TEXHOJIOTHUYECKOM
LETOYKE.

© 5.M. KVJIMHUY, 2014

145 Bicnux HTY «XIII»  2014. Ne60(1102)






BBoas orpaHndeHUs KaK €CTECTBEHHOE TPEOOBAHHME OTCYTCTBHUS IEPEIOJHCHHS
pabouero oObeMa amnmapara:

g, (x)=——<1, k=1Lm (6)
vk

W YYMATHIBAsA, 4YTO JUIA 3aJaud TOWCKAa MaKCHMyMa B T€OMETPHUYECKOM
IPOrPAMMHUPOBAHWH MEHACTCS BU (DY HKITHH T1CITH:
* . . a 1 i —a
X =arg min f(x)=arg min » C_H x, (7)
N G|

Bsenem 0003HaueHUS

f®=2us 8 =g (3)

du,

i
=1

3anuiieM JBOMCTBEHHYIO (PYHKIIHIO B 337a9€ ¢ OTPAaHUUCHUSIMH

w(5)=ﬁ(ﬁjﬁ A, 9)

i=1 5 i k=1
T7Ie A ONIPEACIIAETCA CyMMOM TBOWCTBEHHBIX TICPEMEHHBIX OTPAHUYCHHMA
n
_ o
A =365 (10)
k=1

B nBolicTBeHHO# 3a4a4e yCIOBHE€ HOPMHUPOBAHUSA U OPTOTOHAJIBHOCTHA BBICTYIAIOT
B POJIA OTPAHUYECHUH.
Hcnons3ys ycioBue HOpMUPOBAHUS

2.0,=1, (11)
i=1
H YCJIOBHUA OPTOrOHAJIbHOCTH 3a44a4C ¢ OrpaHHYCHHUAMUA
Zlagé‘i-l-;a;é‘: :Oj j:]jp’ (12)

MOXHO HAaWTU ONTUMAJIbHOE 3HAYEHUE JIBOMCTBEHHBIX MEPEMEHHBIX, a TAKXKE 3aMUCATh
CUCTEMY ypPaBHEHUH, TIO3BOJISIONIYIO OMPEACIUTh BECAa YACTHBIX TICNICBBIX (DYHKITHH B
dbyaxkmmm  memn. OnTUManbHO — Beca  PACHpeAeNAIOTCS  COTJIACHO — CTPYKTYype
TEXHOJIOTHUUYECKON IEMOYKHA, OJIHAKO PEAJbHOE PACHpPEACICHUE BECOB 3aBUCHUT OT
BPEMEHHM U 3arpy3Kd amnmapaToB, B 3TOM CJIy4yae KOHTPOJIUPYS CTENEHb BBITOTHEHUS
OTPAHUYCHHUIN MOYKHO OTMPEIEUTh PeaIbHBIE BEca

57(1) = RO (13)

n

2. 8.(1)
k=1
HCHOHBSY?[ CBOWCTBA rCOMCTPHUUCCKOI'0 IMPOTrpaMMHUPOBAHHA, HAXOAUM 3HAUCHHUC
(bYHKI_[I/II/I I B OIITUMYMC B MOMCHT BPCMCHU t
s L
. n C ) " oa m . kZ: 15k
=11 —— 1‘[(25,{) , (14)
i=1 5}. (t) =1 \ k=1
YTO OTKPBLIBACT BO3MOXKHOCTL PCAIU3AlIUU YIHPABJICHUA IIYTCM PACHPCACIICHUA 3aTpar
OHCPIrun jid JOCTHIKCHHUA ONTUMAJIBHOI'O PACIPECACIICHUA BCCOB (bYHKHI/II/I IICIIN. Taxkum

obpazoMm, mnpu ynpaBieHuu eauHuuHOM TJI 1enecooOpa3HO pelieHue 3aaaudu
ONTHUMAJILHOTO PAaCHPECICHUS TI0 almapaTaM EeMOYKH 3aTpart dHeprun. Tak 0003HAUMB
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g 2istoyc (15)

tqt i=1 ll]”imiqi o

6
A
C =

¥ Halis ONTHMAIBHOE PACIIPeICIICHAE BECOB O; W3 PaHEe PACCMOTPEHHOW 3ajaum (6)
MOYKHO HAWTH ONTHUMAIbHOE PACIPEICIICHHE SHEPTHH 0 KOHTYpaM TEXHOJOTHUYECKOM

HeTH
g, argmin f (1) = argmaxH 5 (t) H(;g ) (16)
g =g

Pemenne naHHOW 3a1a4M CBOJWTCS K BBIPABHUBAHWIO MATEPUAIIBHBIX MOTOKOB 3a
CYET M3MEHEHUs noaaud >Hepruu. CylieCTBEHHOW OCOOCHHOCTHIO JAAHHOTO MOAXOAa
ABJIACTCS MPOCTOTA OMPEICTICHUS 3HAUCHUA (DYHKITUH 1IEJTH.

PaccmatpuBas BEKTOpP OrpaHMYECHUN, KaK HW3MEPIAEMBbIA W YUYUTBHIBAs, 4YTO
OCOOCHHOCTBIO SIBJISIETCSI BBIPOKJIEHHOCTh JAHHOTO IMO3MHOMA, TAK KaK IMOKAa3aTellb
CTENIEHM @ TNPUHUMAECT 3HAYEHUE HOMb WM €IMHMIA, PacCMOTPUM 3ajady
onTUMaJibHOTO ympaiaeHus. OpHako AaHHas (QYHKUOWAS IEIA TO3BOJSET OIECHUTH
3h(PEeKTUBHOCTh mMpoIecca W KOPPEKTHO TOCTaBUTh 3aJadyy BbIOOpAa TPAaeKTOPUHU

JIOCTABJISAIONICH MaKCUMyM (DYHKITMOHAIA BBIX0/1a MMPOAYKTa
4
X'(1) > argmax | f(x(1))dt;
to

xX'(HeX,, ) X, 0)=X, (t)=4X,.

OrpaHnueHus, CBA3aHHBIC C IWHAMHUKOW TEXHOJOTMUYECKHX ammnapaTroB, B JAHHOM
Cllyyae HE CYIIECTBEHHBI, TaK KaK KAa4€CTBO WX PEKHUMOB OOECMEUYEHO JIOKATbHBIM
YIPABJICHUEM alMaparoB, B OTJIWYUE OT ONTUMAIBHOCTH BCEH JIMHUMU.

3amaua (17) 10 BBIpOXKACHHAS MPOCTas BapUAIMOHHAS 3a/1aya, TaK Kak (yHKIHS
IEJTM HE 3aBUCHUT OT MPOU3BOAHON BEKTOpPA COCTOSTHUA. YPaBHEHHE Diijiepa MPUHUMACT
BT

(17)

oon oon Oon

ox dt ox
N3 sToro ciemyer mpocToe YTBEPXKASCHHE, uTO (PYHKIMS MENH AO0JKHA OBITh
MaKCHMaJbHa B KaXI0W TOUKE TPACKTOPHUH.
CymecTBeHHOH  OCOOCHHOCTBIO  JAHHOW  3aJayd  SIBJISETCS  BO3MOXKHOCTH
UCIIOIb30BAHUA METOJIla TEOMETPHUECKOTO TPOrpaMMHPOBAHUA Ui  OOECIICUCHHS
ycaoBus onTuMalibHOCTH. [Ipeanonoxxum, 4To B mpocToi 3aaaue Jlarpanxka

(X%, 0¥, %) > inf J(x,u,0) = | f,(x,w, 0)d;

i_i(z]zoéﬁzo. (18)

dax(t)
dt
WHTErpaHT (PyHKIMOHAJA IEJIH SIBJISIETCS MO3UHOMOM (4) M Ha TPAEKTOPHH BBHITIOTHAETCS
YCJIOBUE HEOTPHULIATEIBHOCTH.

N3 crangapTHOro il MPUHIMOA MAKCUMyMa MPEANOJIOKEHHS, UYTO LEIEBOM
(dbynkumronan o0nanaer BHIMYKIBIMA CBOWCTBAMH (KBA3UPETYJISAPEH WIIA PETYJSPEH -
CTPOTO BBIMYKJ), YTO MO3BOJISET CUMTATh OTPAHUUYECHUS BHIMYKJIBIMU, TOJIy4aeM 3a7a4y
BBINTYKJIOT'O MPOrPAMMUPOBAHUS.

—x=f(xu); dimx=dimf=n; x(1,)=x,  x(4,)=x,
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I[OCTOI/IHCTBO TaKOH NOCTAQHOBKH 3aJa4d B TOM, 4YTO B CJIydac CIPaBCAJIHBOCTH
MMPCAIIOJIOKCHHA BBIITYKIIOCTH 3a1d4Y MBI IIPU PCIICHHKU 3aJa4Xd HMCCM eI[I/IHCTBeHHBIﬁ
r100aJTbHBIH MHUHHMYM. YcaoBus BBIITYKJIOCTH IIO3BOJIAIOT HMCIIOJIB30BATHE TCOPCMY

Kyna-Takkepa qns Jlarpankuana:
L(x* u, A%) < L(x* u* A*) < L(x,u*, A%).

Beens ceasp A, = A (), i=1n, 3ammmem H(x* u)<H(x* u*)< H(x,u*)
OyHkuus [ aMuAIbTOHA B JAHHOM 33/1a4€ UMEET BU/L:

H(xuh) = 2,3 C T (0 + (1 f(x.u) (19)

YuuteiBas WACHTHYHOCTh OSKCTPEMAJIbHBIX CBOWCTB (yHKImm Jlarpamka w
¢ysakumm ['amwnerona, 3anumem ycrnoBue Kyna-Takkepa B TepMuHAax (DYHKITAA
Famwierona H(x*,u) < H(x*,u*)<H(x,u*). Orcroga d¢opMupyeM mpsIMyr0 U
JBOMCTBEHHYIO 3a7]a4y C Pa3/ICJICHUEM NEPEMEHHBIX COCTOSIHUSA U YIIPABJICHUS:

x* =, argmin H (x*,u*, A*)

u*=_, argmax H (x*,u*, 1*)

[Ipenmonaras, 4ro TPaeKTOpHs ABMIKEHHS ONTHMaJbHA X = X*, IEPEXOIUM K
JBOWCTBEHHON 3amaue: u*=_, argmaxH(x*,u*,A*). Ilpm 5TOM BBINOIHAIOTCA

HEOOXOIMMBIE YCIIOBHS ONTUMyMa B KAHOHUYECKOH (hopme:

OH dA OH dx oH
— = —— =— W YCJIOBHE CTAllMOHAPHOCTHU 1O ynpasieHuto: — = 0.

ox dr’ oA dt ou
Tak xak 3agaua cranmonapia  u*=_ , argmax / (x*,u*,4%*)=0.

CoOcTBEHHO, 3TO U €CTh MPUHIUI MakcumyMma [loHTpsArMHA - HA ONTUMAbHOU
TPACKTOPHH TPH ONTUMAJILHOM YIpaBieHUW (yHKIHS [ aMHIBTOHA AOCTHTAET CBOETO
MakcuMyMa. B TakoMm ciydae iid BBIIYKJIOTO HEOTPHULATEIBHOTO HHTETPAHTA B KAKIOU
TOYKE TPACKTOPUU

X' =argmin Y C [ 6" () =/, ;

) . (20)
YCIx"()>0; te(t,.t).
YT0 mo3BOJISIET 3aIIUCATh
« OH OoH
AL f(x,u))=— v, —=0 —=0 21
(MAw)=-s o0 @n

[Ipy 5TOM B BHJy BBINYKJIOCTH 3aa4H BBIIOIHAETCA YCIOBUE HEMOIOKUTETBHOCTH
muosxutenei Jlarpamka (A < 0). CnenoBatensHo, mis 0IHOMEPHOM 3a1auu, K KOTOPOM

NPUBOJNUTCA 3ajada ONTHUMAIbHOTO ympasieHus JmaMer [II°, Ha Kaxmod Touke
*
TPaeKTOPHH X (t) BHITIOJTHAETCS yCIIOBHAC

u" = argmax f(x,u)=f, . (22)

JIaHHOE YCJIOBHE SBIAETCA YaCTHBIM CIyd4aeM NPHMHIUIA MakcMMyMa [loHTpsruHa,
HOJOOHBIM YCIOBHAM ONTHMAIBHOCTH B 3a4a4€ O MAaKCHMAJIbHOM OBICTPOAEHCTBHU
JIMHEHHOM CHCTEMBI. B MaHHOM Cilydae IPUHIMI MaKCHUMyMa HE TOJIBKO HEOOXOIUMOE

YCJIOBHE, HO M SIBJISICTCS JIOCTATOYHBIM YCITIOBHEM OJIaroaaps BHITTYKIOCTH WHTETPAHTA
(byHKIIMOHAA TIENT 3a/1a4H.
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BoiBoasbl. 3agaua ynpasiaenus TJI 17 aBasercs 3amauei pacnpeaeneHus pecypcoB
C neneBoit (yHKIHMEH B BHJE MO3MHOMA M PEIIACTCS METOJAMH TI'€OMETPHYCCKOTO
nporpaMmupoBanud. [Ipm 3TOM onTUMaAJbHOE YIPABJICHUE CHHTE3UPYETCS Kak
pacnpenesicHie pecypca  HSHEpPruM 1o TexHojorumdeckum ammaparam  TJI.  Ilpm
WCMOJIb30BAHWH TTO3MHOMHUAJIBHOIO MHTETPAHTA, B 3a/1a4€ ONTHUMAJIbHOTO YIPABJICHUS
MIPUTOTOBJICHUEM Ta300€TOHA, BO3MOXKHO HCHOJIb30BaHHEe MeToda lloHTpsruHa, mpu
9TOM MaKCUMyM (YHKIHHM [aMHIIPTOHA ONpEASasAeTCs C YYE€TOM MAaKCHMAJIbHOTO
3HQUCHUA MHTErPaHTa, KOTOPOE JIETKO HAXOAUTCS METOJOM TIE€OMETPUYECKOro
MPOrpaMMHUPOBAHUS.
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MOAEJIN OHEPAHI/IIZI' UHTEI'PAIIMU ®YHKIIMOHAJIBHBIX CEPBUCOB B
NHP®OPMAIIMOHHOU CUCTEME YIPABJIEHUSA NPEAIIPUATUEM

[IpoBeneH aHaiU3 OCHOBHBIX HAIPaBJIEHHI Pa3BUTHS CEPBUC-OPUEHTHPOBAHHBIX HWH(POPMAIIMOHHBIX
cucreM. Pa3paboTaHbl MaTeMaTHYECKHE MOIENM OIEPAlldii WHTErpallid OMHMCAHUA OTHENbHBIX
(byHKIMOHAIBHBIX CEPBUCOB B PEECTP aKTyaJIbHBIX CEPBHUCOB MH(POPMAIIMOHHON crcTeMbl. [IpennokeH
yHUDHUIHUPOBAHHBI METOJ WMHTErPAallMUd  OTAEIbHBIX (YHKIIMOHAIBHBIX CEPBUCOB, OCHOBHBIM
NPEUMYIIIECTBOM KOTOPOTO SIBIISIETCSI BO3MOKHOCTD TOCPOYHOTO MPEKPAIIEHHUS BBITOJHEHHSI ONepaIiK
UHTErpaliy, eciu OOHApYKUBAETCsl OIMMOKA, BBI3BAHHAS HECOOTBETCTBHEM OIKMCAHHI CepBHCa
OMHCAHUSM MPEIMETHOU 00JIaCTH

KiwueBbie caoBa: wuHpOpMAIMOHHAS CHUCTEMa, CEPBHUC-OPHEHTHUPOBAHHAS aPXUTEKTYDA,
(byHKIMOHAIIBHBIN CEPBUC, UHTETPALIUS, PEECTP, OHTOJIOTHS

Beenenne. B COOTBETCTBMM C COBPEMCHHBIMH TCHICHIMSAMH B  Pa3BUTHH
uHpopmanroHHbx cucteM (UC) yrpaBrieHus NpeANPUATHAMHE U MX TIPOIIECCAMU OTHAM W3
4yacTo peaiu3yeMbIX moaxoaoB K noctpoenuto MC kopnopatuBHOro maciirada sBiseTcs
cepBUC-OprieHTUpOBaHHas apxuTekTypa (Service-Oriented Architecture, SOA). Ota
apxutektrypa npeanonaraer nocrpoeHrne MC u3 Habopa reTteporeHHbIX cinaboCBsI3aHHbBIX
koMmrnoHeHTOB  (cepsrcoB) [1]. IlosTomy oO0s3aTebHBIM YCIOBHEM TIOCTPOCHUSA H
BHeApeHUsT apxuTeKTyphl SOA-MC saBnseTcst ucmonb30BaHue €AMHON WH(MPACTPYKTYPHI
OIMMCaHUS CEPBUCOB (PEMO3UTOPHS CEPBUCOB), PaA3PEIICHHBIX IMPOTOKOIOB AOCTyIa H
obmeHa cooOmeHusMH, ¢GopMaToB cooOImeHnid. Jta WH(PACTPyKTypa 00pasyeT Tak
Ha3piBaeMyto wmHTerparpionHyro muHy (MII) (Enterprise Service Bus - ESB),
SBJISTOIIYIOCS OJHAM W3 TEHTPAIBHBIX KOMITOHEHTOB CHCTeMbl. OHa YCTaHABIIUBACT
€IWHbIC TIpaBWJia TNyONWKAMA  CEPBHCOB, YNOPaBICHUA W  WH(OOPMAITMOHHOTO
B3aUMOJICHCTBHS MEXKIy TPWIOKEHUSIMH PA3JIMYHBIX CHCTEM, BXOMIAIIMX B COCTaB
WHTCTPUPOBAHHOW CHCTEMBI. JTO YNPOIIACT YMPABJICHUE TMPHIOKECHUIMH H X
MOJIICPHKKY, a TAKXKE CHIYKAET PUCK (hparMEHTAITHH TTPHITOKEHUH | TIPOTIECCOB [2].

OnHako Ha MPAKTUKE PYKOBOACTBO MPEANpPUATHS, A KoToporo co3naercs SOA-
NC, cknonHo 3a0bBaTh 0 HEOOXO0MMMOCTH S(DPEKTUBHOTO yIpaBICHUS NAHHBIMH H
cepucamu SOA-UC no Tex mop, moka HE CTaHOBUTCA chuiikoMm mo3aHo [3]. Takoe
OTIO3/TaHKME TMPUBOJUT K HEONPaABIAaHHBIM 3aTpaTaM (PMHACOBBIX M APYTHX PECYpPCOB HA
JKCIUTyaTanuo OTAeNlbHBIX cepBUcOoB SOA-UC mnpeanpustus 0€3 BO3MOXHOCTH
OKYTIMTh 3TH 3aTpathl 3a cueT 3pdekra ot sxcruryarammu SOA-VC B mienom.
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