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Beenenue. Muoxectso tpeboBanuit J =1{J,J,,....,J,}, n=2, HeoOXOAUMO OOCIY>XUTb OZHUM
npubopom. Kaxaomy tpeboBanuto J; € J npunucat Bec w; >0, XapakTepH3yIOIMUN BaKHOCTH Oosee
paHHero 3aBepuieHus oOcnyxuBaHus TpeboBanus J;. Bce TpeboBaHus MHOXeCTBa J HOCTYIIHBI IJIS
0OCILy>KUBaHMS B MOMEHT BpeMeHU ¢ = (. dakTudeckas AIUTEIBHOCTh p; 0OCIyKHBaHHUS TpeOoBa-
HUS J; €J MOXET PaBHATHCS JTI000MY BEIIECTBEHHOMY YHCITY, 3aKJIIOUEHHOMY MEXIy (UKCHPOBAH-
HBIMH HWKHEHl U BepxHell rpanuuamu: pY > pF >0. Tpeboauue J, € J NOIKHO OBITH 0GCITYKECHO
npubopom 6e3 pepbIBaHKi B TedeHHe BpeMeHu p; €[ pf, pY]. 3akoHbI pacipeeneHus BeposiTHOCTEH
CIIy4YalHBIX JJINTENBHOCTEN p;, J; € J, HE U3BECTHBI K MOMEHTY IOCTpOeHNUA pacnucanusd. [Ipu pea-
JAM3alMN PACIHCaHMs JIUTEIBHOCTh p; O0CHyKMBaHMsA TpeOoBaHUS J; OCTaeTcs HEONpeNeIeHHON

JI0 MOMEHTA 3aBepIICHUs 00CTy)KuBaHus TpeboBanus J;, ecnu pf < pY.
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Jlns 3ajad TEOpHM PACIHCAHUH HCIOIb3YeTCs TPEXIO3HIHOHHOe oOo3HaueHue o |f|y, rae o
onpejenser 00CIyKMBAIOILYI0 CUCTEMY, B — CBOIcTBa 00CIIyKMBaIOLIEHl CUCTEMBI, a Y — KPUTEPHi
ontumansHocTH [1]. O6o3nadenue 1| pf < p; < p¥ | > w,C; BBOgUTCS Uil HeonpedeieHHOU 3aadn

ITOKMCKa ONTHMAIIFHOTO PACIIUCaHUs 00CITYyKUBAaHUS OTHUM MPHUOOPOM MHOXKECTBA TpebOBaHUi J, IpH
n
KOTOpOM B3BelleHHas cymma » w;C; MoMeHTOB C; 3aBepIueHHs 0OCITyXUBaHUS TpeboBaHuil J; € J
i=1
NpYHUMACT HauMeHblIee 3HaueHne. Eciv rpanuisl pf u pY > pl nnurtensHOCTEH 00CTyKUBAHHS KaX-
noro TpeboBanus copnananT, pLt = pY , to Heonpenenennas 3anaya 1| pf < p; < p¥ | > w,C; npespa-
maeTcs B demepmunuposantyto 3afaady 1| > w;C;, kKoTopas pemaercs 3a IoJIMHOMHAIbHOE Bpems [2].
MHOeCTBO I0ITyCTUMBIX BEKTOPOB JTUTEIBHOCTEH 00CITy KUBAHUS TPEOOBAHUH p = (P15 Pasees Pyy)

00603HaYNM T={p | peR!, pEk<pi<p?, ie{l,...,n}} =x [piL,p,-[]], rae R! — BekTopHOE mpo-
CTPaHCTBO HEOTPULIATEIIBHBIX JACHCTBUTEIBHBIX BEKTOPOB pa3MepHOCTH 71, a X, [ pF, p¥'] — nexaproBo
MPOU3BE/ICHUE 33a/IaHHBIX WHTEPBAJIOB BO3MOXHBIX JUTUTENBHOCTEH OO0CITy)XKMBaHHS TPeOOBaHUM.
OUKCUPOBAHHBIN BEKTOp p € I’ IIUTEIBLHOCTEH 00CTyXKUBaHUS TpeOOBaHUI OylieM Ha3bIBAThH CleHd-
puem. JletepmunupoBannyio 3anady 1||> w;C; co cuenapuem p €T Oyaem obo3uauats 1| p|> w,C;.
JUytst 3a/1a9¥ C HEOIPEIEIICHHBIMU JTTHTEIBHOCTSIMHU 00CITyKHBaHHs TpeOGoBaHmii 1 | pl.L <p < p,.U | v, kax

MpaBuJIO, HC CYHICCTBYCT NIEPCCTAHOBKHA 06CJ'Iy>KI/IBaHI/I$I Tpe6OBaHI/Iﬁ MHO)KGCTBaJ, KOTOpasA oCTaBaiaCb
OBl ONTHMAaJbLHOU IIpu BCCX CHCHAPUAX H3 MHOKCCTBA T. I[J'ISI OlMUCaHuA mpeajaracMoro noaxogaa

K OLICHKE KayecTBa BPUCTUYECKOrO PelLIeHHs HeompeneneHHol 3amauu 1| pf < p, < p¥ | > w,C; mo-
TpeOyIOTCs ONpEJIeNIeH s U PE3yJIbTaThl, TPEACTABICHHbIE B I1. 1.

1. MeToz, 0CHOBAHHBIIi HA YCTOHYHBOCTH ONTHMAJILHOTO paciucanust. Ilycts S = {n,,m,,..., W, } —
MHOKECTBO BCEX NIEPECTAHOBOK T, € S , ONpeeAIOMIMX TIOPAI0K 00CTy KMBaHUS TPEOOBaHUI U3 MHO-
wectsa J: U =(J, Sy sy ), Te {ky,ky,enk, Y = {1,2,...,n}. MHOXECTBO IEpECTaHOBOK S MMEET
MOIIHOCTS | S |=n!.

B pabote [2] ObL10 ycTaHOBIIEHO, YTO A PEIIEHHS NEeTePMHUHUPOBAHHOH 3amaun 1| Y w,C; Tpe-

Oyercst BBIOMHUTDG O(nlogn) sneMEeHTapHBIX ONEpalni, eciId UCIONb30BaTh ClIeNyIomee He0OX0IMMOe

We, Wi Wi
¥ JIOCTATOYHOE YCIIOBUE ONTHMAaJIbHOCTH TiepeCTaHOBKH T, = (J, b ko yeS: s By > M
n
P, Pr, Pk,
Tlox pewenuem neonpeneneHuoi 3agaun 1| pf < p, < p¥ | >'w.C; Oynem noapasymeBarb MHHHMAJb-

Hoe (110 BKJIIOYEHHI0) MHOXKECTBO TiepecTaHoBOK S(7) .S cormacHo cienyromneMy ornpeaencHuto [3].
Onpenenenune 1. MuoxectBo mepectaHoBok S(7)cC S Ha3bIBaeTCid MUHUMANbHbLIM 00-

L U
MUHUPYIOWUM MHOHCecmeom IS 3ajadu o | p; < p, < p. |y, ecnn BHIIONHSIOTCS YCIOBHS a U b:

a — ang xaxjgoro cueHapusi p €T wmHokecTBO S(7) COmEpKUT XOTsI OBl OJHY TEPECTaHOBKY
o0ciyKUBaHHUS TPeOOBaHMWM, KOTOpas SBISETCS ONTUMANBHOW Il JETEPMUHUPOBAHHOW 3ajaud

o p|vy;b— cBoiicTBOM ¢ He 00JIaIaeT HU OHO COOCTBEHHOE MoAMHOKecTBO MHOKecTBa S(7) .
MormsoceTs | S(7)| MuHEManbHOrO AoMUHHpYomero Mmaoxectsa S(7) MOXHO paccMaTpuBaTh

KaK Mepy Heompenenensoctd samaun 1| pf < p; < pY |>w;C;. B ciy4ae HaWMEHbIIETO 3HAYCHHUS

| S(T)|=1 MuHUMAIIBHOE TOMHUHHpYIOIIEE MHOXKECTBO s 3anaun 1| pf < p. < p¥ | >Yw,C; saBnsercs
onHo3neMenTHBIM MHOKecTBoM: {7, } = S(T'), xoTopoe u ecTh pewenue (ONTUMATBEHOE PACITHCAHNE)
nerepMuHUpoBaHHOro anaiora 1| p|> w,C; wueompenenenuoil 3amaun 1| pt < p, < pY |>w.C; npu
M1000M clieHapuu p € T. MUHUMaIIbHOE TIOMUHUPYIOIee MHOXKECTBO S(7) MOXKET ObITh IOCTPOCHO JJIsI

HeonpezaenenHoi sanaun 1| pf < p; < p¥ | > w,C; Ha 0OCHOBE CIIEAYONUIEr0 OTHOICHH S JOMHUHUPOBAHHUS,
KOTOpO€ MOKHO 3(h(peKTUBHO (MOJMHOMHAIIBHO) 33/1aTh HA MHOXKeCTBe TpeboBanuii J [3].
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Onpenenenue 2. Tpeboanue J, € J domunupyem tpedosanue J, € J OTHOCUTEIBHO I, €Ciu
CyILIECTBYET MHHHUMAJIBbHOE JOMUHHUpYIoee MHOkecTBO S(T) mnst 3amauu 1| pt < p, < pY | > w.C;

Takoe, uTo TpebosaHue J, mpeauecTByeT TpeOOBaHUIO J, B KaXKJOH IepecTaHOBKE TpeOOBaHUI U3
MHOkecTBa S(7).

B crartbe [4] moka3zaHbl CleAyIOMAE YTBEPKASHUS ISl 3a1a4H 1 | p,-L <p; < p,U | > w;C;
Teopewma L. /[usszadauu 1| pf < p; < p¥ | > w,C; mpebosanue J, domunupyem mpebosanue J,

w, W
omHuocumenvro T moz2oa u moavko mozoa, Ko2od —(“] > —z
pi Py
Teopema 2. Jlna mozo umobvl nepecmanoéka T, = (Jk ,Jk ,...,Jk ) onpedensna
oonosnnemenmuoe Ooomunupyiowee muoxcecmso S(T)={m, }= {(Jk ,Jk N A )} onsa 3a0aqu

1] p, <p; < p, | > w;C;, Heobxo0umo u 00cmamouno blnonHeHue Cﬂedyfomux coomnomenuu:

W, w w w w w
ky ky o Tk S TRy Ky k (1)
UL Y SN Y

P P, Py Py Pr, Pk,

Teopewma 3. Ilycmo p,-L < p,-U , JiedJ. [lna cywecmeosanus MUHUMATLHO20 OOMUHUPYIOUE20

mnoocecmea S(T) maxcumanvroti mownocmu |S(T)|=n! ona 3adauu 1| pf < p; < p¥ | > w.C; He-
00X00UMO U OOCMAMOUHO, YMOObL LINOAHAIOCH HEPABEHCBO

max —|J €J ;<min W2|JieJ.
pz Pi

[Ipu nmpuMeHeHUH METOoJa, OCHOBAHHOTO Ha YCTOHYHMBOCTH ONTHMAJIBHOTO PACIHCAHUs, JJIsS pe-
eHust Heonpeeenuoit 3anaun 1| pf < p; < p¥ | >'w,C; ocraercst OTKPBITBIM BOIIPOC, KaKyO mepe-
CTaHOBKY CJIelyeT BEIONPATh U3 MUHUMAIBLHOTO JIOMHHAPYo1ero MEHOecTBa S(7) AJIsI MPaKTUYECKOM
peanusanuu B ciydae, korma yciosue (1) Teopembl 2 He BbImodHseTCs. [TOCKOIBKY TOUHOE pelIeHHe
HeomnpenenenHol 3anaun 1| pt < p, < pY | > w.C; B 06uieM ciryuae HEBO3MOXKHO, TO MPEIAraeTcst uc-
M0JIb30BaTh 3BPUCTHUCCKHM aJIrOPUTM JUISL TOCTPOeHUs mepecTaHoBKH Tk = (J iy, Sk seers J i, ) € S(T).

B 1. 2 oKa3aHo, KaK MOYKHO OLIEHHTH KQ4eCTBO IBPUCTHYECKOrO petienus 3auaun 1| pt < p. < p¥ | >'w.C;
JI0 peanu3allid pacluCaHusl Ha MpUMepe TOCTPOCHHOH mepecTaHoBKU 7, € S(7T). MUHHMAaNBHYIO
CPEAHIOIO MOTPELIHOCTD MO CPABHCHUIO C ONTUMAJIBHON EPECTAHOBKOM, MOMYUYECHHOM JJIs CI1y4aitHOro
CICHEPUPOBAHHOTO CICHAPHs 3amauu 1| piL <p; < p,~U | > w;C;, nator nepecranoBku 7, € S(T), B KO-
TOpPBIX TPeOOBAaHMS OTCOPTHUPOBAHBI B IMOPSIKE HEBO3pPACTAHUS OTHOIIEHWH BECOB K CepeluHaM WH-
TEPBAJIOB NIHTEIHHOCTEH 00CTy KUBAaHUS TPEOOBAHUN. AJITOPUTM COPTUPOBKH TPEOOBAHU B ITOPSITKE
HEBO3PACTaHMS OTHOIIEHUH BECOB K CepeArHAM MHTEPBAJIOB IIIUTEIHHOCTEH OOCITYKUBAHHUS MOXKHO
MPENCTAaBUTD CIEAYIOMIM 00pa3oMm.

Aneopumm IBPUCTUKA

Bxo0: Otpesku [pr, p¥] nBeca w, TpeboBauuii J; € J.

Buixoo: Ilepectanoska nt, = (J,1,J 1 ,...,J ) € S(T) obcnyxuBanus TpeboBaHuii J.

Hae 1. 1nst kaxgoro TpedoBanus J; € J BbIUUCIUTH 3HaYeHue w; / (( p,-L + p,U )/ 2).

Llaz 2. Tloctpouth nepecTaHoBKy %, = (J,J 5.0, J 1, )€ S(T), ynopsanouuB TpeOOBaHUSA MHOKE-
cTBa J B nopsiaKke HeBo3pacTanus suauenuit w; / (pf + pY )/ 2).

Ouesnano, s peanuzanun anroputma IBPUCTUKA tpebyetcst O(nlogn) sneMeHTapHBIX OTIe-
panuii. B xagecTBe Mepsl YCTOWYMBOCTH ONTUMAJIBHON MepecTaHOBKU Ty € S(7) K M3MEHEHHUSIM JJTU-

TeTbHOCTEH OOCITyXKUBaHUs TpeOOBaHMII MHOXecTBa J OyJeM HCIOJIb30BaTh MHOTOTPaHHHUK OITH-
MaJIbHOCTH ATON TIepPeCTaHOBKH.
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2. MHOrorpaHHMK ONTHMAJBHOCTH NEPeCTAHOBKH 00CIy:KHBaHUs TpedoBaHmii. B crtarse [5]
paccMaTprBaeTCsi MHOIOI'PAHHUK (Iapaliesienues]) ONTUMaIbHOCTH NEPECTAHOBKHU Ty, KOTOPBIN CO-

JEpKUTCA B 00JIACTH yCTOMYMBOCTU HEPECTAaHOBKU Ty . IlycTh N, — MOAMHOXKECTBO MHOXKECTBA HH-
JICKCOB [ BCeX TpeboBaHuii J; € J.

Onpenenenue 3. MakcuMaJdbHBIN 3aMKHYTHIHN mapasutenenunen OB(ny,T) = x ki [k st 1T
HA3bIBACTCSL MHOrOIPAHHUKOM ONTHMAaJIbHOCTH ePeCTaHOBKH i = (J iy, Jy 5., J; ) €S OTHOCHTEIB-
HO T, eciiu ipu JIF0OOM cuieHapuu p =(pi,P2..., Py) €T, P KOTOPOM MEPECTAHOBKA T ONMTHUMATbHA
nust 3agaan 1| p| D w;C;, aTa mepecTaHOBKa OCTaeTCsl ONTHMANbHOW U st 3agaun 1| p'| D w,C; mpu
crueHapuu p' € OB(my,T) x {x kjeN\N [ Pkj»Pk; 1}. Ecam He cymecTByeT cueHapust p € T, Ipu KOTOPOM
IIePECTaHOBKA T ONTHMaNbHa 1uts 3agaun 1| p | Y w;C;, To nomaraem OB(n;,T) = Q.

JList mocTpoeHust MHOTOTpaHHiKa onTuMaibHocTd OB(1ty,T) 1U1sl IepecTaHOBKY Ty MpeIiIaraeTcst
HCIIOJIB30BaTh AJIFOPHTM MOCTPOEHUS MHOTOTpaHHHUKA OoNTHUMalbHOCTH OB(my,T) 1uisl ToW ke mepe-

CTaHOBKH JUIst cooTBeTCTBYOMIEH 3anaun 1| pf < p, < pY | > w,C; ¢ penyunpoBaHHbIME HHTEPBAIAMH

JIMTENbHOCTEH 00cmyxuBanus Tpebosannii (puc. 1) [pl, p¥ 1< pf, pY] nas Beexi €{l,2,...,n}, no-
JYYEHHBIMH TI0 CJICAYIOIHUM (HOopMyiam:

w; LW w; w
~p = min—-
pi sisi\py|o pi

i<j<n| p§

Bamauy 1| pf < p; < pY | > w;,C; ¢ peayunpoBaHHBIME HHTEPBAIAME BO3MOKHBIX JJIHTEILHOCTEH
oOcyXxuBaHUA TpeOOBaHN OyIeM Ha3bIBATh pedyyupo8aHHOL 3a1a4en.

B cratse [5] pa3zpaboTtan anroput™ ciokHOCTH (O(n) TOCTPOEHWUS MHOTOTPaHHUKA ONTHMAaJIBHO-
ctu OB(wy,T), OCHOBaHHBIN Ha CIICAYIOLICH TeopeMe.

Teopema 4. MnococpanHux OnmumaibHOCMU. NEPeCManosKu Ty 00CayIcuganus mpebosanui J

ons neonpedenennoti 3adauu 1| pF < p; < p¥ | XwiC; cosnadaem ¢ MHO202DAHHUKOM ONMUMATBHOCHU
nepecmanosru Ty 00caydcusanus mpebogaruii J 0151 pedyyuposannoil 3a0aqul | f?lL <p; < f),U | > wiC;.

Hetpynno noxazate, 4To ecinu BBITTOTHASTCS yenoBue (1) TeopeMbl 2, TO MHOTOTPaHHHUK ONTHMAallb-
HOCTHU TIepecTaHoBKH Ty = (J gy ,J kyser ., Sk, ), AN KOTOpPOH S(T) ={m)}, cOBmamaeT ¢ MHOXECTBOM
T={p|peR! pF<p:<p?,ie{l,2,...nt}=x1[pF, pY] BosmoxusIx crenapues. B stom ciy-
vae 1S 11000ro cueHapust p = (p;,py-.., p,) € T onTuManbHas nepectaHoBka ausi 3anadn 1| p | Y w,C;
COBIIA/IAET C MEPECTAHOBKOM T, = (J #sJrseeesd ), moctpoenHoi mo anroputmy O9BPUCTUKA. B . 3

MHOT'OTPAaHHHUKH ONTUMAIBHOCTH NEPECTAHOBOK, MOJYUYEHHBIX ¢ nomollbio anroputma OBPUCTUKA,
OLICHUBAIOTCSI SKCIIEPAMEHTaJIBHO.

Y

I I } I 1 ! I } } I
T T T T T T T T T ™

Puc. 1. Otrcekaemeie B peﬂyHI/IpOBaHHOﬁ 3a/1au€ UHTCPBAJIbL W3MEHEHHH OTHOIICHHS BECOB K JUTUTEIBHOCTSIM
06CJIy)KI/IBaHI/ISI Tpe6OBaHI/Iﬁ (OTceKaeMbIe HUHTEPBAJbI 3allITPUXOBAHBI IPSAMBIMU BEPTUKAJIbHBIMHA J'II/IHI/ISIMI/I)
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3. Pe3y.II]>TaT]>I BBIYUCIUTEJIBHOI0 3KCIICEPUMEHTA. B MMPOBCACHHOM Ha KOMIIBIOTCPEC BBIYUC-
JIMTCJIBHOM 3KCIICPUMCHTC KaXXaasd CCpud 3aaaqd COCTOAIa U3 100 cnyqaﬁHo CTCHCPUPOBAHHBIX 3a1a4
C OJMHAKOBBIMHU KOJIHMYCCTBAMU Tpe6OBaHI/Iﬁ n 1 3aJaHHBIMU MaKCUMAaJIbHBIMU MTOT'PCITHOCTAMHU ) JJIn-

TebHOCTEH 00CTy)KUuBaHUs TpeGoBaHuil. LleNouuCIeHHbIE 3HAYEHUS HUKHEH IPaHULbl pl U Bepx-
Hell rpaHuubl pU IS BO3MOXKHBIX 3HAUEHWH p; € R} JuMTenbHOCTEH 06Cny)uBaHus TpeGoBaHMil
[pF, pY] Obum monmydeHs! creayromuM obpasom. Brauane Ha umcioBom orpeske [L,U]: L<C<U,
[L,U]=[10,100] ciryuaiino Bbioupascs uentp C uckomoro orpeska [ pf, p¥ ] ¢ ucronp3oBannem paBHo-

MCEPHOI'0 3aKOHA PACTIPCACIICHUA CHy‘laﬁHbIX BeanuuH. HkHss rpaHuna plL BO3MOXKHOM JIUTCIIbHO-

cTH 06CTyKUBaHNS TPeGOBAHKS OMpeensIach o gopmyne pF = C (1 —%), a BepXHssI TpaHuLa pY —

mo Qopmyre pl»U =C[1+mj. CiyualiHo BbIOpaHHBIE Beca W; eRi Kaxxgoro tpedopanus J; €J

ObLIM PaBHOMEPHO pacipezeneHsl Ha oTpeske [1,50]. IlomyueHHble 3HaUeHUs! BECOB. W; CUUTAHUCh U3-
BECTHBIMU Ha MOMEHT MTOCTPOCHHUS paCITUCaHUS.

Bce anropuTmbl IS TPOBEAEHHOTO SKCIEPUMEHTa ObUTH peajn30BaHbl HA aNTOPUTMHYECKOM
s3p1ke C++. DKCIIepUMEHTHI MPOBOAIIIICH Ha KOMIThIOTepe ¢ mporteccopoM Intel Pentium (R) ¢ gacto-
toit (CPU) 3.00 GHz n oneparusHoii mamsateio (RAM) 1024 MB.

Jliist KaXx/10if pacCMOTpPEHHON B skcrepumente 3axaun 1| pf <p;, < pY | >w,C; crpoumnack nepe-
cranoska TpeboBanui . = (J,,J ;.. ,J;, ) 10 anropurmy OBPUCTUKA u onpenensics MHOTOr paH-
HUK ONTHUMAaJbHOCTHU ISl IOCTPOSHHON NEPEeCTaHOBKU. 3aTeM CIIy4YaiiHbIM 00pa30oM BbIOMpaics (ak-
THYECKHH cueHapuit p* =(py, p5,..., p,) U3 MHOXecTBa I BO3MOXHBIX CLeHapueB. J{Jisi BBIOpaHHOTO

cuenapus p* =(py, p5,-» P)) CTPOMIACH ONTHUMAaNIbHAs IS 3amaun 1| p* | > w,C; mepecTaHOBKa 10

n
anroputmy Cwmura [2]. [lycTs o = Zwl-Ci0 0003HaYaeT 3HAUEHUE [1EJIeBOH (PYHKIIUHU TSI IEPECTaHOB-
i=1

n
ki T = (Jyy,J 5.5, ), MOCTpPOCHHOI 10 anroputmy O9BPUCTUKA, a ®* =) w,C} — onTuMaibHOe
i=1
3HaueHue eNeBOM QYHKIMU IS CIIyYaiiHO CreHepupoBanHoi 3anaun 1| p* | D w.C; ¢ dpakTuyeckumu
JUIUTENBHOCTAME p* = (py, P3,..., P,,) ©OOCTyKUBaHUS TpeOoBaHUH. OTHOCHTEIbHAS IO PEIIHOCTS I1e-
o 0 * *
neBoii GpyHKIHH MOkeT ObITh BhiymcieHa mo gopmyie A =[(O° —D )/ ® ]-100 %. OcHoBHas uensb
BBIYHCIUTEIBHOTO SKCICPUMEHTA COCTOSJIA B CPABHEHUU MHOTOTPAHHUKOB ONTHUMAJIbHOCTH C OTHO-
CUTEIBHBIMH MOTPEITHOCTAMH TIEPECTaHOBOK T, = (J ;1 ,J 5.0, ), TIOCTPOECHHBIX IO AITOPHTMY
OBPUCTUKA. B Tabnuie npeacTaBieHbl pe3yIbTaThl BRIYUCIUTEIbHBIX SKCIIEPUMEHTOB JIJ151 CITyYaitHO
creHepupoBanHbix 3a1a4 1| pF < p, < p¥ | >w,C; ¢ konmuecTBoM TpeboBaunuii n € {200,400, ...,1000}
¥ MakCcHMaJIbHOU morpenraocTsio 0 % € {1 %,5 %,10 %,15 %,40 %} 3ananubix M TeaIHOCTEN 00-
CIyKUBaHUS TPEOOBAHUM.

B cronbrte 1 TabimIel ykazaHo KOTHISCTBO TPEOOBAHUM # B PACCMOTPEHHBIX B OKCIIEPUMEHTE 3a-
Jadax, B CTOJONE 2 — TOrPEIIHOCTH & CIy4allHO CreHePUPOBAHHBIX HHTEPBAJIOB JUTHTEIBLHOCTEH 00-
CIy’)kMBaHHUA TpeOoBaHUH (B mporeHTax). B cronbue 3 mpuBeneHbl cpeHue 3HAUeHUST Pa3MepHOCTEH
| Nj | MHOTOTrpaHHMKOB ONTUMaNbHOCTU OB(7,,T) NMEPEeCcTaHOBOK 7,. B cTonbue 4 naHel cpeHue oT-
HOCHTEIBHBIE 00HEMBI VQIOB(n ”T) MHOTOI'PaHHUKOB ONTHUMAaJbHOCTH, MOJIYYEHHBIE 110 CIIEYIOIIEeH

Uy

[,
dopmyne: VolSB(n,,T)= T[] U—r’L B cronbue 5 yka3aHbl cpefHUE 3HAUCHUST OTHOCUTEIIBHBIX

lry<iry Pry = Pp;
MO PELIHOCTEN A = [(d)o - d)*) / CD*] -100 % nns KakIoi CepuM PEIICHHBIX B JKCIIEPUMEHTE 3a]ad,
B CTOJIOIE 6 MPUBEICHO CyMMapHOe BpeMsl pemeHust Beeit cepun u3 100 3amau.

Hnsa nepectanoBku 7, € S(T'), moctpoennoit mo anroputrmy DBPUCTUKA, oTHOCHTENBHAS TI0-

TPEIHOCTh A = [((I)0 - <I)*) / q)*] -100 % moydeHHBIX PeUIeHHH IS CepUH 3a/1a4 HMEeT MaKCHMAaIbHOE
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3HaueHue 3,3056 %, cpennee 3nauenue 0,8177 % u munumanbHoe 3HaueHue 0,0126 %. MunumanbHbIe
(o cepusim 3amau) cpeaaue 3HaueHust A ={0,0130; 0,0126; 0,0128; 0,0126; 0,0128} momydeHsl 11 CEpUH
3a1a4 ¢ 0 % = 1 %, KOTOpPBIM COOTBETCTBYIOT MaKCUMaJbHbIC CpeAHUE 3HaYeHus {75,44; 67,4; 62,92;
60,31; 58,43} pasmepHOCTEli MHOTOTPAaHHMKOB ONTHUMaJIbHOCTUH. MakcuMallbHbIC (IO CEpHUsIM 3ajad)
cpennue 3HaueHus A ={3,2684; 3,2368; 3,2860; 3,3056; 3,2887} nomy4eHs! st cepun 3a1a4 ¢ O % = 40 %,
KOTOPBIM COOTBETCTBYIOT MUHUMAIIbHEIE CpefqHue 3HaueHus {2,21; 1,98; 2,01; 1,97; 1,95} pazmepHocTeit
MHOTOIPAaHHUKOB ONTUMAIbHOCTH.

PesyabraThl penieHus CJIy4aiiHo CreHepUPOBaHHbIX 3a/1a4 i w; € [1, 50] u n € {200, 400.,... ,1000}

OTtHOCHTENbHAS
MakcHManbHas Cpennsis OTHOCHTEITBHBII TOrpeIHoOCTh BpeMs paboTsi
Ynerno norpemHocts 8 % | pasMepHoCTh | 0GheM MHOTOrpaHHHKa @ o) nponeccopa
TpeGOBaNMIi N | o erefi | MHOTOTPaHHMKA | omTHMAameHOCTH | A=— " .]00 % | A% cepui
pndied OB(n,,T) VolOB(n,,T) o) 3aj1ad, ¢
[OJTy e HHBIX peleHuit

1 2 3 4 5 6
200 1% 75,44 8,26E-19 0,0130 % 0
200 5% 19,53 6,90E-06 0,0706 % 1
200 10 % 8,69 5,00E-03 0,2295 % 0
200 15% 5,19 4,78E-02 0,4973 % 0
200 40 % 2,21 2,04E-01 3,2684 % 1
400 1% 67,4 3,01E-17 0,0126 % 1
400 5% 16,08 3,01E-04 0,0711 % 1
400 10 % 6,58 3,87E-02 0,2336 % 1
400 15% 3,93 8,33E-02 0,4942 % 1
400 40 % 1,98 1,65E-01 3,2368 % 1
600 1% 62,92 7,46E-08 0,0128 % 2
600 5% 12,7 1,37E-03 0,0718 % 3
600 10 % 5,91 2,46E-02 0,2339 % 2
600 15% 3,83 7,73E-02 0,4945 % 3
600 40 % 2,01 1,24E-01 3,2860 % 3
800 1% 60,31 4,51E-12 0,0126 % 4
800 5% 11,78 3,73E-03 0,0708 % 4
800 10 % 5,38 2,54E-02 0,2306 % 4
800 15 % 3,49 7,99E-02 0,4956 % 5
800 40 % 1,97 1,25E-01 3,3056 % 4
1000 1% 58,43 1,52E-11 0,0128 % 6
1000 5% 10,66 4,75E-03 0,0715 % 7
1000 10 % 5,09 3,15E-02 0,2323 % 6
1000 15% 3,22 6,66E-02 0,4964 % 7
1000 40 % 1,95 7,91E-02 3,2887 % 7

[Tpy yBeNMWYEHUHM MAKCHMAaJbHOW MOTPEIIHOCTH O JTUTENBLHOCTEH OOCTYKUBaHUS TpPeOOBaHUI
CPEIHSS TOTPEITHOCTh A 11eJeBOM (PyHKIIMK pacTeT I KKJIOH CepHy 3a/ad, a CPeHssl BEITUYHHA
pa3MEepHOCTH MHOTOIPaHHUKA OMTHMAIBLHOCTH YMeHbInaetcs (puc. 2, a, 6). meer MecTo Koppens-
M5 POCTa MOTPEITHOCTH A M yMEHBIIEHHs Pa3MEePOB MHOTOIpaHHUKA onTUManbHocTH OB(n,,T). U3
PE3yIbTaTOB SKCIEPUMEHTA CIIEAYET, YTO MOTPEITHOCTE A TeNieBON (HYHKIIUU CJIa00 3aBUCUT OT KOJIU-
4yecTBa TPeOOBAaHUN MPH PUKCHPOBAHHOW MOTPEITHOCTH O JUTUTEIBHOCTEH 00CTy)KUBAHUS TPEOOBAHU T
(puc. 2, 8).
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Puc. 2. 3aBUCHMOCTD: @ — HOTPEITHOCTH 1eJIeBOH QyHKIUH A OT MaKCHMaJIbHOH IIOrPEIIHOCTH & AIUTeNbHOCTEH p;,J; € J ;
6 — pa3MepHOCTEe MHOTOIPaHHUKOB ONTHMAaJIbHOCTH NepecTaHoBKH T, € S(77) 0T MaKCUMalIbHOM HOTPEITHOCTH &
JUIATEIBHOCTEH p;,J; € J; 6 — IOIPELIHOCTH 1I€NI€BOH (yHKIMK OT KOIn4ecTBa TpeOoBaHUil

Tak:xe cTaBUIICS SKCIICPUMCHT C LICJIBIO BBIABJICHU S 1JII MHOT'OT'PAaHHUKOB OIITUMAJIBHOCTHU OB(TI I T)
C OAUHAKOBBIMHU Pa3MCPHOCTSAMU 3aBUCHUMOCTU HOFpeHIHOCTeﬁ 3HAUYCHU U OCJICBBIX (1)yHKIIHI71 OT KOJIH-

4ecTBa TpeOOBaHUM J ,; , 1711 KOTOPBIX ir[ <, . IIpoBoANIICS IKCIEPUMEHT 110 OIIPEJIETIEHHUIO JIJIs MHOTO-
I'PAaHHUKOB ONTHMAaJIBHOCTH TepecTaHOBKH T, € S(7) ¢ OIMHAKOBBIMHU Pa3MEPHOCTSIMHU U OMHAKOBBIM
KOJINYeCTBOM TpeOoBaHuil J , , 1 KOTOPBIX ir,- <, , 3ABUCHMOCTH TIOTPEITHOCTEH 3HAYCHUIT IeNIeBBIX
(GyHKIUH 0T 00bEMa MHOTOIPaHHHKA ONTHMaIbHOCTH. IIpy yMeHbIIEHNN KonrYecTBa TpeOoBaHuil J

IJ151 KOTOPBIX /,; <1l,;, B CIIydae OJMHAKOBBIX pa3MEPHOCTEH MHOTOI'PAHHHKOB ONTHMAJIBHOCTH B CEPUH
3ajlau OTHOCHTEJIbHAS TMOTPEIIHOCTh IesieBol (DYyHKIIMHU, KakK MpaBuiio, pacter (puc. 3, a). B ciyuae
yBenuueHust oobema VolOB(my,T") MHOrorpaHHUKOB ONTHMAJIBHOCTH ITPY PaBHBIX 3HAYEHUSIX pa3Mep-

HOCTEH MHOTOTPaHHUKOB ONTHMAJIBHOCTU M TpeOOoBaHHH J,,;, I KOTOPHIX /,; <, , OTHOCHTEIbHAS
MOrPEIIHOCTh [EJeBON (QYHKIIUH, KaK MPABUIIO, YObIBaeT (puc. 3, 0, 6).
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Puc. 3. 3aBuCHMOCTB MOrPENIHOCTH 1eeBOH (QYHKINM OT KONMYECTBA 71 TPeOOBAaHUM J,;, JUIsl KOTOPBIX [,; < il,; TP OIMHAKO-
BBIX Pa3MEPHOCTAX MHOrorpaHHukoB OB(m,,T') (a); yMEHBIIICHHE OTHOCUTEIBHOIO 00beMa MHOTOTPAHHUKA ONMTHMAaIbHOCTH
OB(m,,T) npu yBenudeHuu A 1isi cepuu 3aaay A (6) u cepun 3a1a4 b () ¢ OAMHAKOBBIME Pa3MEPHOCTSIMU MHOTOTPAaHHUKA

* - ~ A
Y OJIMHAKOBBIMU KOJUYECTBAMU 71 TPEOOBAHUM J,;, U1 KOTOPBIX [,; <l

Taknm 00pa3om, HenecooOpa3HO U3 BCeX MePEeCTaHOBOK MUHIMAJIBHOI'O JOMUHHUPYIOIIETO MHOXKE-
ctBa S(I') BEIOMpATh A pealin3allii NePEeCTaHOBKY ¢ HAaMOOJbIICH pa3MEPHOCTHI0O MHOI'OI'PaHHUKA
ONTUMAJBLHOCTH. ECIM TaKuX MepecTaHOBOK HECKOJIBKO, TO CPEAN HUX CIEAYET BEIOMPATh MepeCcCTaHOB-
Ky, UMEIOLIY 10 MUHUMAJIbHOE KOJMYECTBO 71, TpeOOBaHMM J;, 1151 KOTOPBIX BHINOJIHAETCS PABEHCTBO

~

l,; =ii,;. EcllM ¥ TAKNX MEPecTaHOBOK HECKOJIBKO, TO CPEH HHUX CIETYeT BRIOMPATH MEPECTAHOBKY Ty
C HauOOJIBLINM OTHOCHTEIBbHBIM 00beMOM Vol OB(1;,T) muororpansuka ontumanbHoctu OB(wy,T).
3akmodeHue. CorimacHo MPOBEAEHHOMY 9KCIIEPUMEHTY, 1JIsl IEPECTAaHOBKHU T, € S(T), HOCTPOEHHOM
* *

o anroputMy OBPUCTUKA, oTHOCHTENBHAS TOTPEMIHOCTD A = [(q)0 —® )/ D ]-100 % momydeHHBIX

PELICHNUIT ISl CEPHH CIyYaifHO CreHepupoBaHHbIX 3a1au 1| pf < p; < p¥ | > 'w,C; umena MakcuMalb-

Hoe 3HadyeHue 3,3056 % u cpennee 3nauenue 0,8177 %. Ilpn yBennueHMN MaKCUMaJIBHOW MOTPEITHOCTH

O nnuTenbHOCTEN 00CTy)KUBaHUS TPeOOBaHUHN CpeHNE 3HAYEHUSI OTHOCUTEIIBHON MOTPEIIHOCTH A 11e-
n

neBoit GpyHKIMK y =Y w;C; POCIH JJIA KaXJOH CepUH PELICHHBIX 3a/1a4, a CPEJHHE 3HAYECHUS pa3Mep-
i=l

Hoctel u 00beMoB VolOB(7y,T) MHOrOrpaHHHKOB onTUMaabHOCTH OB(1;,T) yMEHBIIAINUCH IIPOIOP-

IIHOHAJIEHO POCTY TOTPEITHOCTH A TIeIeBON (DYHKITHH.
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Pa3mepHocTb, 00bEM U IpyrUe XapaKTEPUCTUKH MHOTOrpaHHUKa onTuManbHocTd OB(ny,T) MOX-
HO BBIYHCIIHMTD JI0 pean3aliy pacnucanus o0CIyKuBaHus TpeOOBaHUM, U TOSTOMY OHU MOT'YT OBITH
UCIIOJIb30BaHBI ISl BBIOOpA MEepecTaHOBKH, ONTHMAJIBHOCTH KOTOPOi 0oJiee yCTOHUNBA K BO3MOKHBIM
BapualusM JIMTENbHOCTEH 00cmyxuBaHus TpeboBaHuil. Takum o0pa3oM, 1erecooOpa3HO U3 Beex
MEePEeCTAaHOBOK MUHUMAJIBHOIO JIOMHHHpPYomero MuoxectBa S(77) BIOMpATh JIsl TPAKTUYECKON pea-
JU3aUu iepecTaHoBKyY Ty € S(7') ¢ HAaNOONBIIUM 110 PA3MEPHOCTH U 00BEMY MHOTOI'PAHHUKOM OITH-
maneHOCTH OB(1 ), T).

Pa3paboTka anropuTMOB MOCTPOCHHUS MEPECTAHOBOK TPEOOBAHUI C HAMOOJIBIIIIM MHOTOT PAHHHKOM
orntumMaibHocTi OB(my,T) mpeacTaBiseT HHTepec sl aJbHEHIINX UCCIICIOBAHUN HEONPEIeIICHHOM

samaun 1| pf < p; < p? | Sw;C;.

Cnucok ucnoJib30BaHHOM JINTEPaTypbl

1. Optimization and approximation in deterministic sequencing and scheduling: a survey / R. L. Graham [et al.] / Ann.
Discrete Math. — 1976. — Vol. 5. — P. 287-326.

2. Smith, W. E. Various optimizers for single-stage production / W. E. Smith / Naval Research Logistics Quarterly. — 1956. —
Vol. 3, N 1. - P. 59-66.

3. Scheduling under uncertainty: theory and algorithms / Yu. N. Sotskov [et al.]. — Minsk: Belorus. nauka, 2010.

4. Sotskov, Yu. N. Minimizing total weighted flow time of a set of jobs with interval processing times / Yu. N. Sotskov,
N. G. Egorova, T.-C. Lai / Mathematical and Computer Modelling. — 2009. — Vol. 50, N 3/4. — P. 556-573.

5. Corckos, FO. H. MHOrorpaHHHKH YCTOHYMBOCTH ONTHMAJIBHOI NepecTaHoBKU o0ciyxuBanus tpedosanuii / FO. H. Cot-
ckos, H. I'. EropoBa // ABromaTuka u tenemexannka. — 2014. — Ne 7. — C. 136-154.

THocmynuna 6 pedaxyuro 12.03.2015





