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AnnoTtamus. CTaThsl MOCBSIICHA BAXHON MPOOJIEME CUCTEMATU3AIMH ¥ KOHIICNITYaTH3auu
TCOPHH PACHHCAaHH, KOTOpas HAXOJUT MPUMCHCHHE B TaKHX MPEIAMETHBIX OOJIACTAX Kak
yIOpaBlICHHE TMPOU3BOJICTBOM, OpTraHU3alMs TPAHCIOPTHBIX IMOTOKOB, IUIAHUPOBAHUE
MPOCKTOB, YIPABJICHHE PECypCaMd B BBIYUCIUTEIBHBIX cucTeMax. OmHako pa3sHooOpasue
MaTeMaTUYeCKUX MOJENCH W METOJOB COCTABJICHHUS PACIUCAHWI OOBIYHO CTaBHUT IEpex
NPUKIAJHBIMA MaTeMaTHKaMH W TPOTPAMMHUCTaMH MPOOJeMy IIOCTPOSHHS OBICTPOro
AITOPHUTMa, a Takke ero 3()(EeKTHBHOW MPOrpaMMON pean3alud ¢ y4eTOM OCOOCHHOCTEH
pemaemoil 3ajmaud. lcmonb3oBaHHME THIOBBIX pelIiaTeled B COCTaBE MaTeMaTHYECKHX
OuOIMOTEK OOIIero HasHAueHWs Ui TOAOOHBIX IeNiel KpaiiHe orpaHudYeHHO. bonee
MEPCICKTUBHBIM JIJISI peaIM3alliy MPOTPAMMHBIX MPHUIOKECHUH OJIH3KOH (HyHKIHOHAIBHOCTH
MPE/CTABIACTCA HCMOJIB30BaHHE OOBCKTHO-OPUCHTHPOBAHHBIX KapkacoB. B crarhe
MPEANPUHAMACTCS TOMBITKA CUCTEMATH3UPOBaTh W OOOOIIUTh MOACTH U METOMABI TEOPUH
pacmucaHusi ¢ IMeIb0 TOCTPOEHHsS MOJOOHOTO Kapkaca. ['71aBHOe BHHMaHHE ITIPH 3TOM
yaenseTca 3aJadaM pPECYpCHOTO IUIAHWPOBAHHS IPOEKTOB, KOTOPHIE, C OJHOH CTOPOHBI,
HaXOJAT IIUPOKOE MPAaKTHYECKOE IPHMEHEHHE, a C JAPYroil CTOpoHb, — 0000maT
MaTeMaTH4YeCKUe TIIOCTAHOBKH, BO3HUKAIOIIHE B CMEKHBIX IPEIMETHBIX OO0NacTAX ™
JUCIUILIAHAX.

KiioueBble ¢J10Ba: Teopust paclucaHuil, KaIeHIAPHO-CETEBOE IUIAHUPOBAHKE, TPOrpaMMHasT
HHXEHEepHsl, 00bEKTHO-OPHEHTHPOBAHHOE MPOrPAMMHUPOBaHHE

1. BeedeHue

CraTbsl MOCBSIIEHA aKTyalbHOM TEME CHCTEMAaTH3allud M KOHIENTyaau3aluu
Teopuu pacnucaHuil. Teopus pacHUCaHMN HAXOJUT MPUMEHEHHE B TaKHX
NPEIMETHBIX  OONacTsIX Kak  yOpaBieHHE IPOM3BOJCTBOM,  OpTaHHU3AIMA
TPAHCHOPTHBIX TIOTOKOB, IUIAHHPOBAaHHWE IPOEKTOB, YIPABICHHE pECypcaMu B
BBIYHCIUTENBHBIX cucTeMax. OnHako pa3sHooOpa3ue MaTeMaTHYeCKHX MOAeTeH u
METOZOB COCTABJICHHWS pACIUCAHWN OOBIYHO CTaBUT TNepeA MPUKIAIHBIMU
MaTeMaTHKaMH ¥ MPOTPaMMHCTaMH HEH30EXHYI0 MpoOIeMy MOCTPOCHUS OBICTPHIX
aJropuTMOB U UX 3 (HEKTUBHONW MPOTPAMMON peau3ali ¢ YIeTOM 0COOCHHOCTEH
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pemaeMoit  3amaum.  Mcronp3oBaHME — THIIOBBIX — pemiaTelied B COCTaBe
MaTeMaTHYeCKHX OMOJIIMOTEK OOIero Ha3HaueHUs s MOAOOHBIX Iele KpaitHe
OTpaHMYEHHO W HedPPeKTHBHO. boiee NEepPCHeKTHBHBIM I pa3paboTKu
NPWIOKEHUH Onn3koi  (QyHKIMOHATBHOCTH NPEACTABISIETCSl  MCHOJIBb30BaHUE
00BEKTHO-OPHEHTUPOBAHHBIX KapkacoB (Object-oriented framework). Opranmzanms
Kapkaca B BHUJE CHCTeMbl aOCTPaKTHBIX M KOHKPETHBIX KJIACCOB BMECTE C
NpPeyCMOTPEHHBIMH ~ MEXaHM3MaMHM WX  B3aMMOJICHUCTBUS  oOecrednBacT
HaJUIeKaIlyl0 CTENeHb OOIIHOCTM W THUOKOCTH HMHCTPYMEHTAIBHON Cpenpl,
HE0OX0UMYIO JUIS pa3pabOTKH CHEeIUaTM3UPOBAaHHBIX MpuiIokeHui. [loctpoenuro
Kapkaca, Kak 1 JII000ro MporpaMMHOTO NPHIIOKEHU, Oa3upyeMoro Ha OOBEKTHOM
HapagurMme, MpeALIeCTBYET ITAIl aHAIN3a M MOACIUPOBAHUS MPEIMETHON 001acTH.
B Hacrosimie#t cratbe NMpeanpHHUMAETCS IOIBITKA CHCTEMaTH3MPOBATh MOJEIU H
METOABl TEOPHH paCIMCaHUS C LEIbl0 IPOBENCHUS MX OOBEKTHOTO aHanW3a H
NOCTPOCHHS ~ YHHBEPCAJbHOTO  KapKaca JUId  peaju3alMd  IPOTrpaMMHBIX
npwioxeHnil. CTaThs NpencTaBieHa B BHAE 0030pa paboT B 00JAaCTH TEOPHU
pacrmcanuid. Ilpum 3TOM TJaBHOE BHHMAaHHE YACNSACTCS 3aJadyaM M METoAaM
pecypcroro mianupoBanus npoekToB (Resource Constrained Project Scheduling
Problem wnu, cokpamenno, RCPSP), kotopsie, ¢ OIHO#l CTOPOHBI, HAXOIST
HIMPOKOE MPAaKTUYECKOe INPUMEHEHHe, a C JPYrod CTOpOHbl, — 0000IIatoT
MaTreMaTHYeCKHe MOCTAHOBKH, BO3HUKAIOIINE B CMEXHBIX MPEMETHBIX 00JIaCTAX U
JUCLUIUIHHAX.

3ajayn TEOPHH pacNucaHuil 0OBIYHO (OPMYIHPYIOTCS KakK 3a/laud ONTUMM3ALHH
o0CiyXMBaHHsl KOHEYHOI'O MHOXKECTBa TPEOOBaHMH B CHUCTEME, COJIepIKallel
OrpaHMYeHHOEe YHUCIO MamwuH. s Kaxknoro TpeOOBaHMS YKa3bIBACTCS BpEMs
00paboTKM Ha KaXJOW MallnHe, MOPSAOK OOCIY)KMBAHUS M CPOKH BBIOJHEHHS.
TpaanIMOHHO 3a/1a41 TEOPHHU PACIIMCAHUS JIETISIT Ha YEeThIPe OCHOBHBIX Kilacca:

- TOCTaHOBKa «OTKpbITas IuHUs» (0pen shop) npexnonaraer
MHOTOCTaIM{HOE BHITIOJHEHUE KXKIOTO TPEOOBaHMUS Ha 33JaHHOM
MIOIMHOYKECTBE MaIllH B MPOU3BOJIHLHOM TMOPSIIIKE;

- mocTaHOBKa «pabouwnit ex» (job shop) ycranasnupaer s kaxaoro
TpeOOBaHUS CTPOTHIA OPSIIOK BHITOTHEHUS HA 3aJaHHOM ITOJIMHOXECTBE
MaIIINH;

- mocraHoBKa «roTokoBas uaus» (flow shop) dbukcupyer nopsaox
MCIOJIb30BaHMS MAIMH U [IPE/IONAraeT IOCIe0BaTEIbHOE
MHOTOCTaIMIHOE BBIMIOJIHEHHE KaX0r0 TPeOOBaHUsI HAa Ka)KIOH MalluHE B
YCTAHOBJICHHOM MOPSAKE; PEIICHHEM 33/1a4H SBISCTCS
MOCIEJ0BATENLHOCTD TPEOOBAHHM, IPH KOTOPOH MUHUMH3UPYETCs o0lee
BpeMst 00CITy)KHBaHUS;

- OCTaHOBKA C JUPEKTHBHBIMU cpokami (release dates) mpeamonaraer
3aJiaHue JJIsl KaXKJI0T0 TpeOOBaHMsI BpEMEHH 00CITYKMBaHHS, a TaKKe
JUPEKTUBHBIX CPOKOB €r0 MOCTYIUICHUSI U OKOHUaHUs. B oTinuuune ot
MHOT'OCTa/IMMHBIX ITOCTAHOBOK, TPEOOBAHUs B JAHHOM KJIacce 3a7ad MOTYT
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BEITIOTHATRCS HA OHOM MarmmHe. [1o3ToMy 00BITHO JOITyCKaroTCS
TIpEephIBAaHUS M MPOU3BOJLHBINA MOPSIOK 0OCTyKHBaHMsI TpeOoBanuid. [1pu
HAJIMYAA HECKOIBKIX PACIIHCAHHH, YIOBICTBOPSIIONINX PEATHCAHHBIM
JUPEKTUBHBIM CPOKaM, B KQUECTBE PEUICHUS BRIOUPACTCS PACITUCAHUE C
MHUHHUMAJIbHBIM OOIIMM KOJIMYECTBOM MPEPBHIBAHHIMA.

BOJBIIMHCTBO MPAaKTHYECKH COACPIKATENBHBIX 3aJad COCTABJICHUS PACIHUCAHUN
JOIYCKAIOT ~ NPOM3BOJBHBIC  KOMOMHAIMHM  OTPAaHWYCHHH W JUCLMIUIMH
obciyxuBaHus U sABIsorcst NP-moHBIME 3agayami. JINIIb HEMHOTHE OCTaHOBKH
C YacTHBIMH YCJIOBUSMH MOTYT OBITh peELICHBI 3a IIOJIMHOMHAIbHOE BpeMs.
Hanpumep, pacmicande ¢ TPEpHIBAHUAMHE, YIOBICTBOPSIOIICE TUPEKTHBHBIM
CpOKaM IpH MPOM3BOJILHOM YHCJIE MAIMH, MOKET ObITh HocTpoeHo 3a 0(n3) [[1]].
Jnst 3a7a4 B MOCTAHOBKE «IIOTOKOBAas JIMHUS» PACIUCAHHE ISl JABYX MAIIUH C
MHUHHMAIbHBIM OOLIMM BPEMEHEM OOCTY)KHBAHHS MOXET OBITH COCTABICHO 3a
O(n log(n)) [[1]]. Tem cambiM, BBIYHUCITHUTENbHAS CIOKHOCTh 3aJa4 MOMKET
CYIIECTBEHHO BapbUpOBAThCS B 3aBUCHMOCTH OT KOHKPETHBIX YCIJIOBHH.
Pa3BepHyTHIe 0030pHI 3a/1a4 TEOPUU PACTIMCAHHUM C aHANU30M HMX BBIUMCINUTEIBHON
CJIOKHOCTH MOKHO HaiiTu B psiie ucrounukos [[2], [3]].

[IpiMeyaTenbHO, YTO TIOCTAHOBKH «OTKpPBITas JIHHHUs», «pabounii 1ex» W
«MOTOKOBasl JIMHUS»  SIBISIIOTCS  YacTHBIMHM  CIIyYas MM 33/1ad  PECYpCHOTO
aHupoBanus npoektoB [[4]]. Bonee Toro, m3BecTHBIE 3a7auu 00 YINAKOBKE B
KOHTEHHepHI (JMHelHas, IByMepHas ynakoBka) [[5]], pazHoOOpa3Hble MOCTAaHOBKH
«O prok3ake» (yImakoBKH IO CTOMMOCTH M Becy) [[6]], xmaccuyeckas 3amaga «O
KOMMHBOSDKEPE», a TAKKe 3a/1a4l COCTABICHUS PACIUCAHHI B y4eOHBIX 3aBEICHUSIX
MOTyT (OPMYJIHMPOBAaTHCS W PEIIATBCS KaK 3aJadd PEeCypCHOrO IUIAaHWPOBAHHMS
RCPSP [[71, 8], [9], [10]]. Tem cambim, OGCYysKmaeMblii Kiaacc 3aj1ad mMpruoOperaer
0co0oe 3HaueHHe B KOHTEKCTE MPOBOJIUMOM CUCTEMATU3AINU U KOHLIENTYalIH3aluK
TEOPUHU PACIHCAHMH, a TAKKE B CBSI3M C IIOCTPOCHHEM YHHBEPCAIBLHOTO OOBEKTHO-
OPHEHTHPOBAHHOTO KapKaca JJjisi pa3pabOTKH IIPOrPaMMHBIX ITPHUIIOKEHHH .
[Tockonpky B TEOpMM pacHUCaHUNM HET €JWHON NPUHATON TEPMHHOJOTHUU, B
JlanbHEIeM Mbl Oy/ieM NMPHUMEHSTh MOHSATHS PECYpCHOTO TUIaHMpoBaHus. Bmecto
«TpeboBaHUE», «AKTHBHOCTBY, «IIPOIIECC» WM «Omepauus» OyaeM yrnoTpeOisiTh
TEpMHH «paboray. BmecTo «MalimHa» W/MIM «CTAaHOK» OyZeM HCIIOJIb30BaTh
MOHATHE «OOOOLICHHBI pecypec», KOTOPBI OXBaThIBAET Kak BO30OHOBIIsEMbIE
pecypcbl (HanpuMep, KOMIUIEKT 000pYIOBaHMS WM LITAT COTPYIHHKOB), TaK U HE
BO30OHOBISIEMbIE  pecypchl  (CBSI3aHHBIC, HampuUMep, C MaTepHalbHBIMH H
¢unancoBeiME 3aTpaTamu). Kiaccuueckas RCPSP-3agmava craBuTCS Kak 3ajava
MHUHHMH3ALHKA OOIIEro BPEMEHH BBINONHEHHUS BCEro MPOEKTa MpPU COOIHOJICHHU
BPEMEHHBIX OTHOILICHUI MEXAY paboTaMK U HEe HApYIICHUH YCIOBHH JOCTYIHOCTH
pecypcoB. Matemaruueckast hopMai3anys KIacCHYECKOH 3a1a4n Oblia MpoBeaeHa
Ipurckepom [[11]], a €€ NP-nosnHoTa qokasana biaszesuriem [[12]].

Jnsa pemwennss kimaccuueckoii RCPSP-3amaum Obiim  paspa®oTaHbl TOUYHBIE |
npubmmkenasie Metosl [[13], [14], [15]]. TlepByro rpymily COCTaBISIOT METO.
npsiMoro Tiepebopa, MeTox «BeTBelt W rpammiy [[16]], meromer smHeitHOTO
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nporpammupoBanus [[17]], meTon nuHamuueckoro nporpammupoBanus [[18]] u
meron gekommosunuu [[19]]. MeTombl 00ecHeYMBalOT IOMCK ONTHMAIbHOTO
pacmucaHusl, HO B CHJIy BBICOKOH BBIYHCIIMTEIBHON CIIONKHOCTH IPUMEHHMBI JIHIIb
K HeOONbIIMM MpoekTaM. [IpubnmKeHHbIe METOIbI, TaKHue Kak MeToa MouTe-Kapio
[[20]], meton yacTuuHOTO Mepebopa [[21]], Mmeton HanpaBnenHoro nepebopa [[21]],
YIPOLICHHBI METON «BeTBei W rpanuny [[16]], a Takke COBpEeMEHHBIE METOMBI
MOCTIEJI0BATEIFHOTO W MapajUIeIbHOTO COCTAaBJCHHS pACHOHCAHUH HA OCHOBE
IBpUCTHYCCKUX mpaBun  [[22]] mo3BomsitoT  reHepupoBaTh AP deKTHBHBIC
pacrmucaHus Ul MacITabHBIX MPOEKTOB 3a pasymuoe Bpems [[15], [23]].

C penakcanuell pecypCHBIX OTpaHHYEHHUI BBIYHCIHMTENbHAs ClI0KkHOCTH RCPSP-
33724l MOXET OBbITh CYIIECTBEHHO MOHMXKEHA. Tak, MPH OTCYTCTBHH PECYPCHBIX
OTpaHHYCHUI 3alaua BOBCE CBOJMTCS K 3a[ade MOWCKA HAWAJIMHHEHIIEro myTd B
TUIaHe, KOTOpast peraeTcst MeToaoM Kputhueckux myteit (Critical Path Method v,
cokpaiento, CPM) 3a nunreitnoe Bpemst 0(n). KpoMe yrmoMsHYTON KilacCHUecKOM
3a7a4d OMyOJIMKOBAHO 3HAYUTENBFHOEC YHCIO pabOT, MOCBSIICHHBIX YaCTHBIM H
00O0OIIICHHBIM MTOCTAHOBKAM PECYPCHOTO IUIAHUPOBaHUsA. [JIaBHBIM 00pa3oM OHH
OTJIMYAIOTCSA LEeNEeBBIMH  (QYHKLIMAME, CHOCOOAMH HCIOJNHEHHUS paboT, THIIAMHU
BPEMEHHBIX WITH WHBIX OTPaHHUYCHHUI, a TaKXKe MOICISIMH pecypcoB. HemHorne us
3TUX 3ajJad MOJYYWIM NPAKTHYECKOE paCIpOCTPaHEHHWE U JIMIIb HECKOJIBKO
MeTolIoB cocraBieHusi pacnucanuit ;s RCPSP-3amau peannzoBaHbl B cocTaBe
COBPEMEHHBIX MPOTPAMMHBIX CHCTEM YIIPABJICHUS MpoekTaMu. [IpryrHa, BUIUMO,
3aKTIOYACTCSI B CIOKHOCTH MOAJCPKKH MHOTOBAPHAHTHBIX MOCTAHOBOK M
TPyIHOCTH OOOOIIEHHOW NPOTrpaMMHON pealu3allii METOJO0B IUIAHMPOBAHUS,
paccYUTaHHOH Ha IIHPOKHE KJIACCHI 3a1aY.

B pasmene 2 Mbl paccmarpuBaeM Kiaccuueckyro mnoctaHoBky RCPSP-3anmau, a
TaKke yTOuHsieM poib Hotaimu ['paxama [[24]] u mpaBun Bprokepa [[25]] B
CHCTEMAaTH3alMU M KJIacCH(DUKALUK 3a/1ad TeOpUH pacmucanus. Pasnen 3 mocesinieH
aHAM3Y MOJEJell pecypcoB, MPUMEHSEMbIX B 33jJadaxX IIAHUPOBAHHS IPOCKTOB.
BeigeneHne Ki1accoB  BO30OOHOBISIEMBIX, HE BO30OHOBJIAEMBIX, OTPaHHYCHO-
BO30OHOBISIEMBIX, YaCTHYHO BO30OHOBIISIEMBIX, JKCKIIIO3UBHBIX, JIOTHCTHYECKUX,
HETIPEPBIBHO pa3lelsieMbIX PECYpCOB M PECYpCOB € IMEPEMEHHOH IOCTYIHOCTBIO
MO3BOJISIET OXBATHTh HamOoJiee coJiepKaTenbHble ciiydau. B paszgene 4 nertanbHO
00cyxmaloTcsi OCOOCHHOCTH Mojenell ucnoigHeHus pabor. Ocoboe BHHMaHHE
yaensiercss paboTaM ¢ TPEphIBaHHSAMH, AJbTCPHATHBHBIM PEKHMAaM HCIIOJHECHHS
paboT, MpoGUIISIM HCIOIB30BaHUS PECYPCOB, YUETY HAaKIIAIHBIX PACXO/O0B, a TAKKE
00ecIeueHnI0  KOMIIPOMHCCOB.  BakHble  (DakTOpbl  KaJleHIapHO-CETEBOTO
IUIAHUPOBAHUS,  BKJIOYas  OCHOBHBIC  BHIBI  BPEMEHHBIX  OIPaHHUYCHHIA,
paccMarpuBaroTcs B pasaene 5. IIpoBOAMMBIA aHAmM3 OXBATHIBACT OTHOIICHHUS
OpEIIECTBOBAHMA C MHHUMAIBHBIMH M MaKCHMAIIbHBIMH JlaraMH, SIBHBIC
BPEMCHHBIC OrPAHUYCHUs, OrPAaHUYCHUS pPabo4yero BPEMEHH M JIOTHYCCKUE
3aBHUCHMMOCTH MexIy paboramu. HakoHen, B 3aKIIOUUTENBHOM 6 pasjene
obcyxnaercs BbIOOp 1eneBOH (yHKIMHM, HEOOXOAMMOW ISl KOPPEKTHOH
NOCTAaHOBKM  COOTBETCTBYIOLICH  ONTHMH3alMOHHON 3amaud  MuHHMH3aLHS
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BPEMEHHBIX TIOKa3aTeJiell MpPOEKTa, YCTOMYMBOCTH K 3aJepikKaM, obecreucHue
KOHCEPBATHBHOCTH PACIHCAHUsI, MUHAMHU3AINS 3aTPaT Ha BO3OOHOBIISIEMBIC M HE
BO300HOBISEMBIE  pPECypChbl, MHHUMH3AaIMsA OOMmIe CTOMMOCTH  IPOEKTa,
MaKCUMM3aLUsl YUCTOM MPUBEAECHHON CTOMMOCTH MOTYT HMPHUMEHATHCA B KaueCTBE
KPHUTEpHUEB MOUCKA ONTUMAIbHOTO PAaCIUCaHUS.

B 3axmodeHHH MBI MOJBOAWM WTOT TIPOBEICHHOMY AaHAJIH3y COBPEMEHHBIX
MoJjiesiell 1 METOI0B TEOPUU paclUCaHUi, a TaKKe BBIAEISIEM OCHOBHBIE KaTErOpUU
00BEKTOB, KOTOPbIE MOT'YT OBIThH ITOJIOXKEHBI B OCHOBY YHUBEPCAILHOI'O OOBEKTHO-
OPHEHTHPOBAHHOTO KapKaca /I pa3pabOTKH MPOTrPaMMHBIX MPUIIOKEHUH.

2. Knaccuyeckass nocmaHoeka RCPSP-3ada4yu

Knaccuueckyto mocraHoBky RCPSP-3amaum cocraBneHHss pacrnmcaHds MOKHO
(hopManm3oBaTh ciexyromuM o0pa3oM. MCXOOHBIME NaHHBIMH SIBISETCS TPOCKT,
cocrosmmii 3 | pador. Kaxkmast pabora umeer cBoit Homep (mHImeke) j = 1,2, ..., ].
Kpome Toro kaxmas pabota j xXapakTepu3yeTcs BPEMEHEM CBOETO BBHIIOIHCHHS
(POOIDKATENBHOCTRIO) P;j, KOTOPOE MOXET OBITh HyneBbM (p; = 0). Ha paGoty
MOTYT  HAKJIaJbIBaThCS  TEXHOJIOTUYCCKHAC  OrPAaHUYCHHS,  CBS3aHHBIC  C
HEBO3MOYKHOCTBIO Ha4yaTh €€ BBIMIOJHEHUE paHee, UeM 3aBepIIaTcs OJHa WIu Oojee
CBsI3aHHbBIC C HEW IpeAbIAyIHe padoThl, IMEHYEMbIC MPEIIeCTBeHHUKaMU. JlaHHas
paboTa 110 OTHONIEHHIO K CBOMM IIPEIIIECTBEHHUKAM ABIAETCA HOCNeoBaTeeM. P;
SBIISICTCS MHOJKECTBOM, COJEp)KalleM BCEX MPEIIICCTBEHHUKOB pPa0OTHl  j.
B3anmo3aBUCHMOCTH MEXIy padoTaMu HEe TOJDKHBI MMETh MUKIMICCKUN XapaKkTep.
Kpome paboT B mpoekTe MOXKET MPHUCYTCTBOBaTH K BO30OHOBISIEMBIX PECYPCOB.
MaxkcumanbHO ~ JOCTYHHOE  KOJNMYECTBO Kaxkmoro pecypca k=1,2,..,K
OTpaHHYEHO KOHCTaHTOW Rj. Kaxnmas paborta j MoxkeT TpeOoBaTh AL CBOETO
BBITIOJIHEHUST HEKOTOPOE KOJHYECTBO Tj, pecypca k. Ilpuuém 15, He Moxer
MPEeBBINIATH MPEe A0CTYIHOCTH R, pecypca k. IToTpedisieMbix paboToii pecypcoB
MOJKeT OBITh HecKkobKo. [ToTpebienue pecypca paboTOH 0O3HAYAET, YTO C HAYAIOM
BBINIOJIHEHUS PabOThl j pecypc k B KOJIMYECTBE 7j; CUMTAETCS 3aHATBIM, TO €CTh HE
JIOCTYITHBIM JUTSL BEITIOTHEHUS APYTHX padOT, a C OKOHYAHHEM BBITIOTHEHUS paOOTHI
JAHHOE KOJHMYECTBO pecypca BEICBOOOXKmaercs. Takum o0pazoMm TOTpeOiicHHe
pecypca HOCHUT PaBHOMEPHBIX XapakTep B TEUCHHE BCEr0 BPEMEHHU BBIMOJHEHHS
paboTbl. PaboThl ¢ HyJIEBOW NPOJODKUTEIBLHOCTBIO HE TPEOYIOT ISl CBOETO
BBIMOJIHEHHSI PECYPCOB, TaK KaK BPEMs 3aXBaTa PECypPCOB COBIIAIACT C BPEMEHEM HX
BBICBOOOYKIEHUS.

Pabora He MOXeT OBITH MpepBaHa, TO €CTh €CIM paboTa ObUIa HawaTa, TO OHA HE
MOJKET TNPHOCTAHOBUTHCA W BPEMEHHO BBICBOOOIMTH BCE HCIIOIBb3YEMBIC CHO
pecypchl. JInst yIpoOIIEHUS BBIYKMCICHHS BPEMEHHBIX PAMOK BBIMOJIHECHHS BCErO
MPOCKTa BBOIWTCS JBE JOMOJHHUTCIbHBIC (UKTUBHBIE pPabOTBI C HYJICBOMH
npoaoinkuTenbHOCTEI0 (=0 wm j =]+ 1), CcOOTBETCTByIOIINEC Hayaly u
3aBepIICHUIO  Bcero  npoekrta. Ilepas  pabora (j =0) craHOBUTBCA
MPE/IIECTBEHHUKOM JIIsl BCeX paboT, paHee HE HMEBIIUX IPEANICCTBCHHHKOB.
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Mocnenusis (j = J + 1) — mocnenosareneM st BceX paboT, paHee HE MMEBIIHX
MOCJIe0BaTENEN.

Bce nanHBIE cUHMTAIOTCS M3BECTHBIMHU M JI€TEPMUHHPOBAaHHBIMHU. Bce mapamerpsl n
KOHCTAHTBI SIBJIAIOTCA LEJOYNCICHHBIMM M HEOTPUIATENbHBIMU. HensBecTHhIMU
cuuTaroTCsA BpeMs S; u BpeMs C; Hadana u 3aBepuienus paborwl j = 0,1,..,/,] + 1
COOTBETCTBEHHO, NpuuéM C; = S; + p;.

Knaccuueckass RCPSP 3amaua mocTpoeHMsi pacHHCaHHs CBOJHUTHCS K IOHUCKY
(BBIYHCIIEHNIO) BeeX 3HAYCHUH S; W/uimH (; TaKWX, 9TOOBI BPEMSI BHITIOJIHEHHE BCETO
npoekta Cpyxy = Cj4q OBUIO MHHUMAIBHBIM M3 BCEX BO3MOXHBIX. B TepmmHax
obmenpunaToii Hotamuu ['paxema [[24]] nanHas 3amaya oOO3HAYaeTCs Kak
PS|prec|Cyax-

Horaums I'paxema panst o0o3HaueHHMs KJIAcCOB 33ja4  TEOPUM  pacHUCaHHs
npejacTaBiIsieT coboi  komOuHammio TpEx xapakrepuctuk «|f|y. Ilepsas
XapaKTepUCTUKAa  MOXKET 3aJaBaThbCsl TOJBKO OJHMM 3HAauY€HHEM, OIHO3HAYHO
ONPENSISIFOIAM ~ MOZICNIb  PecypcoB. BTopas XxapakTepucTHka [ OIHCHIBaeT
UCIIONIB3yEMYI0 MOJEIb HCIIONHEHHs paboT. JlaHHas XapaKTepUCTHKA MOXKeET OBITh
NpEICTaBlIeHa OJHUM WIIM HECKOJBKMMH 3HAYCHHSMH WIH OTCYTCTBOBAaTh BOBCE.
TpeThst XapaKTepUCTHKA Y ONPEIeisIeT UeJIeBY0 HYHKIUIO, MHHUMH3ALHS KOTOPOH
W SIBISIETCSl 3a/aueil CocTaBJIeHHMs ONTHMalbHOTO pacnucaHus. Cama meneBas
(GyHKIMS MOXET OBITh Kak INpPOCTOH, Tak W COCTaBHOW. 3ajaHKHe JaHHOM
XapaKTEepUCTUKHU SIBISICTCSl 00sI3aTENIbHBIM, MOCKOJbKY HUMEHHO OHa OIpeelsieT
CTpATEruIo MOKCKA PELICHUS U KA4ECTBO MOIYYEHHOT'O pe3yJIbTara.

3. Modenu pecypcoe

3.1. He BoO30GHOBMNsieMble WU OrpaHU4YeHO-BO30GHOBMNSAEMbIE
pecypchbl

B kmaccuueckoit mocranoBke RCPSP-3amaum paccmarpuBaroTCs TOJBKO, Tak
Ha3bIBacMbIe, BO30OHOBIISIEMbIE PECYPCHI, KOTOPBIC JOCTYIHBI B JHO0OH MOMEHT
BpPEMEHH B (PUKCHPOBaHHOM KonndecTBe. OMHAKO 4aCTO pacCMaTPHUBAIOT TPH BHIA
pecypcoB: Bo3oOHOBisiembie (renewable), ne Bo3oOHOBIsIeMbie (NONrenewable) u
orpanndeHo-Bo3o0HOBsiembie  (doubly constrained). Takas kmaccuduxarust
BIepBbIe ObLIa npesioxkena B [[26], [27]].

JocTynHOCTh BO30OHOBISIEMBIX PECYpPCOB, TAKUX KakK paboYde WM MalldHBbL,
ompenensieTcss B KaKIbli MOMEHT BpeMeHH. OrpaHUYCHUs, CBSI3aHHbIE C HE
BO30OHOBISIEMBIMH ~ pecypcaMu,  HampuMep, ¢  OIO/DKETHBIM  IUIAHOM,
pacmpocTpaHstoTcss ~ Ha  Bech  mpoekT.  Kiaccmueckas ~— RCPSP-3agaua
npegycMaTpuBaeT — 3aJaHHe  TOJNBKO — BO30OHOBIsAEMBIX — pecypcoB.  He
BO300HOBIISIEMBIE  PECYPChl  MOTYT  YYMTHIBATHCS, HAOPUMEP, B  paMKax
MyJIBTUMOJATBHON TOCTaHOBKH (cM. pasmen 0). B kiaccuueckoil TMOCTaHOBKE
CyMMa MOTPAa4eHHBIX He BO30OHOBIISIEMBIX PECYpPCOB Beera OyneT OJMHAKOBOW BHE
3aBUCHMOCTH OT MTOCTPOEHHOTO PACIIMCAHHSL.
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Kak mpaBuiio, npu IJIaHUPOBAHHH YYHUTHIBAIOTCS KaK BO30OHOBIISIEMbIE, TAK U HE
BO300HOBJISIEMbIC pecypchl. B TepMuHax «|f|y HOTaumu gaHHAsS peCypcHas MOJICIb
oOo3Hauaercs kak @ = MPS; R; N. D10 0003HaYeHNE HECKOJBKO OTIIMYAETCS OT
OPHUTHHAIBHOTO, MpuBeAEHHOTO bprokepom B mybsumkaruu [[25]]. OxHako maHHOE
0003HaUeHKE YIa4HO OTpaXkaeT KOMOMHUPOBAHHBIHM XapakTep pecypCHON MOJIEIH.
OrpaHn4YeHHO-BO30OHOBIIAEMBIE PECYpPCHl COYETaloT B cebe OCOOEHHOCTH Kak
BO30OHOBIISIEMBIX, TAK M HE BO30OHOBISIEMBIX pecypcoB. OrpaHHYeHUs, 3aJaHHbIE
JUI HUX, COJCPKATCIBbHBI KaK JJIs ONPE/ICICHHBIX MOMCHTOB BPEMCHH, TaK U Ha
MPOTSDKCHUHM BCErO TMepuoja BhIMONHEHHs. K pecypcam MaHHOTO BHIA CICIyeT
OTHECTH pabouero, KOTOPHIH HE MOXKeT OBbITh 3aJeHCTBOBAaH B Oojiee YeM B ISITH
paboTax 3a Bech MEpUO] BBIMONHEHUs mpoekTa. OQHaKo, Takas ABOHCTBEHHOCTb
MO3BOJISIET ~ MHTEPIPETUPOBATh  OTPAHHMYCHO-BO300OHOBISIEMBIE  PECYpChl  Kak
MPOCTYI0 KOMOMHAIINIO BO30OHOBIISIEMBIX M HE BO30OHOBIIIEMBIX peCypcoB, n3beras
BBIJICTICHUE CAMOCTOSITEILHOTO BU/IA.

3.2. YacTnyHO BO30OHOBNAEMbIe pecypcChbl

IMousiTue wacTyHO BO30OHOBIsIEeMoro pecypca (partially renewable resource)
BrepBeie Ob110 BBesieHO B [[28]]. CyTh maHHO#N pecypcHON MOJIENH 3aKI0YacTCs B
crenyromieM. [ KaxIoro YacTHYHO BO30OHOBIsieMOro pecypca k umeercs
MHOXecTBO [Ij, mpencTaBieHHOE BPEMEHHBIMH MOJIMHOXECTBaMU Qy;. Cunraercs,
uto pecypc k noctymen B kommuectBe RE(Qy;) B TeueHHe BpEMEHH,
onpezenéHHoro noamuoxectBoM Qy; € {1,...,T}, tne Qy; € [l u T — ycinoBHoe
BpeMsl 3aBeplicHus mpoekTa. [loTpebnenue pecypca k paboToi j MO-TpeKHEMY
TPEJCTABNISAET COOOH KOHCTaHTHOE 3Ha4deHue 7. B OGomee obmem ciydae
MOTpeOIeHNe YaCTHYHO BO30OHOBIIIEMOIO pecypca OmpeaenseTcs s KaxXaoro
nogMHOXecTBa Qy;. JpyruMu cioBaMH, IaHHBIA BHA PECYpPCOB IO3BOJISIET
ONpPCaACIINTD HECKOJIbKO aHLTepHaTHBHBIﬁ CIICHApUECB nux l'[OTpe6J'IeHI/I$I nu
noctynHocTH. [IpuMepom sBisieTcs OOBIYHBIN paboumii, KOTOPBIM MOXKeT padoTaTh
o0 Ka)KHLIﬁ JICHb C IOHCJICJIbHUKA 10 MATHUIY, 100 TOJIBKO B BBIXOJIHBIC, HO HC
Bce ceMb mHeil. Il B 3TOoM ciydae OyzmeT COCTOSTH M3 JBYX IOAMHOXECTB: C
NOHeAeNbHIUKA 10 TATHUIEI (Qp,) U ¢ cy660ThI 10 Bockpecerus (Qy,). IIpu sToM
RE(QM) = RE(ka) =1

Asrtopsl nyonukanuu [[29]] paccMoTpenu TaHHYIO PECYpCHYIO MOJIENb B paMKax
MynsTAMOMATbHON mocTaHoBKH RCPSP-3amaun (cm. pasgen 0). B myGmuxarwm
[[30]] aBropamu GBUI PacCMOTPEH YACTHBIA CIy4ail JAHHOM PEeCypCHOW MOJIEINH,
KOTJla MOJAMHOXKECTBA Q; NPEICTABISAIOT COOON BPEMEHHBIE MHTEPBANBI [ty t,].
Takoit moxxo mpeacTaBisieTcs 601ee eCTeCTBEHHBIM, MOCKOJIBKY PeCypChl OOBITHO
JIOCTYITHBI Ha HEKOTOPOM NPOMEXYTKE BPEMEHH, ITYCTh JIa)Ke U OYEHb KOPOTKOM.
Jlnst o0o3HaYEHHST PECYPCHOTO TIUIAHUPOBAaHUS C YaCTUIHO BO300HOBIISIEMBIMH
pecypcamu 00BITHO UCTIONB3YI0 & = PS; PR.
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3.3. Jloructuyeckue pecypcsl

[ousitie noructuyeckoro (WM KyMyJSITHBHOTO) pecypca (cumulative resource)
66110 BBesieHo B [[31]], B rae oHO paccMaTpuBaioch B COUECTAHHH C MUHUMATbHBIMU
U MaKCUMaJIbHBIMU BpeMeHHbIMH jaramu (cM. paszzensl 0 u 0) B pamkax RCPSP-
3agaun. J{aHHBIA BHA PECYpCOB MO3BOJSET YYHUTHIBATH MPOLIECCHI MPOH3BOICTBA,
CBSI3aHHBIC C  BPEMCHHBIM  Da3MCIICHHEM MPOMEKYTOUHBIX  PE3yJIbTATOB
JeATEeIbHOCTH Ha HEKOTOPOH IIIOLIAAU, B pe3epByape WM Tape, KOTOPhIC B 3TOM
ciydae ClielyeT pacCMaTpuUBaTh B KadeCTBE CAMOCTOSTENbHBIX JIOTHCTHYECKUX
pecypcoB. CrefyeT OTMETUTh, YTO JIOTUCTUYECKUE PECYPChl MOTYT OINPEICISITHCS
KaK B KOHTEKCTE BO30OHOBIISIEMBIX, TaK M HE BO30OHOBISIEMBIX PECYPCOB.
Jloructuueckuil pecypc XapakTepu3yeTcsi CBOEH HOMHHAJIBHOM EMKOCTBIO R; u
HEKOTOPHIM e 3amacoM Rj. Kaxnas paboTa j MOXKeT IPOU3BOIMTH HITH MOTPEOIATH
(nepepabaThiBaTh) MPOAYKIMIO B 00BEME Tj, (1j, > 0 B cilyyae NMpPOM3BOJACTBA U
Tjx < 0 B ciydae notpednenus). Mcnons3osanue nogo6HON Moaenn 0603HaqaeTcs
Kak @ = PS; Cu.

B nybmukanuum [[32]] normctiueckue pecypehl paccMaTpHBANCh B paMKax
MyJIbTUMOJATBHOM mocTaHoBKH RCPSP-3amaun (cMm. pasgen 0) IpUMEHHTENBHO K
nporeccaM paspabOTKH M TECTHPOBAHHS B aBTOMOOHIBHON MPOMBINUICHHOCTH.
TecToBbIli aBTOMOOWIIb MOJETMPOBAIICS B KauyecTBE JIOTMCTUYECKOrO pecypca,
KOTOpBI  CHayana MOpPOU3BOMWICS (3aHMMan HEKOTOPbIH 00BEM), MOTOM
UCIIONb30BANCS (3aHUMAeMbIii O0BEM HE HM3MEHSICS), a 3aTeM YHUUYTOXKAJICS B
kpaur-tecte (00bEM ocBoboxkaancs). B mybmukanusx [[33], [34]] nanubie pecypcsi
MPUMEHSUTUCH ISl TUIAHUPOBAHUSI CEPUIHOTO MPOM3BOJACTBA B 0OpadaThIBAIONICH
TPOMBIIUICHHOCTH.

3.4. HenpepbIiBHO pa3gensieMble pecypcChbl

B kiaccuyeckoii mocTaHOBKe JIOCTYITHOCTh PECYPCOB PACCUUTHIBAETCS JUCKPETHBIM
o6pasom. B [[35]] aBTOopamu paccMmaTpuBaeTcss BO3MOKHOCTh MX IPOU3BOJIBHOTO
HETPepBIBHOIO MCYKMCIICHHS W pasgencHus (continuous resource). DTo BmoiHE
€CTECTBEHHO ISl MPOEKTOB C pecypcamy, MPEICTABIISIOLIMMH COOOH, HampuMmep,
9HEPreTHYECKHE HMCTOYHUKH WM KaKHe-THOO J>KHIKHE pAacXOJHBIC MaTepHalbL.
[IpumMedaTesibHO, YTO JaHHAs BO3MOXKHOCTh INPHUMEHHMa KakK K BO30OHOBISIEMbBIM,
TaKk U He BO300HOBIsieMbIM pecypcam [[36]]. B Hortamuu a|B|y wucnonb3oBanue
JTAHHOTO PECYpCHOTo KOoHIeNTa obo3HauaeTcs kak a = PS; Co.

Bosee cnokHBIE TOCTAHOBKH, CBSI3aHHBIE C  HENPEPHIBHO  pa3ieisieMbIMU
pecypcamu, paccmarpusaiucs B [[37], [38], [39], [40]]. Cnemyer ormeTHTH
nyomukanuio [[41]], B KkoTOpoOil (aKTOp HEMPEPHIBHOCTH NPUMEHSIICS IS
OrpaHUYEHO BO30OHOBJISIEMBIX PECYPCOB.
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3.5. DKCKMIO3UBHbIE pecypcbl

DKCKITIO3MBHBIMK Ha3bIBaroTCsi pecypesl (dedicated resource), xotopeie B OAWH
MOMEHT BPEMEHH MOTYT OBITh HCIIOIb30BaHBI TOJBKO B 0nHOU pabote [[42], [43]].
Takue pecypchl MOTYT MOJICITUPOBATHCS BO30OHOBIISIEMBIME PECYPCaMH C THMHUTOM
ucnons3oBanus R =1 B 1000 MOMEHT BpeMeHH. [103TOMY MOCTaHOBKH C
NOAOOHBIMH pecypcamMu SIBIISIIOTCS YacTHBIMH citydasiMu RCPSP-3apmaun. ABTOpEI
patdot [[44], [45]] ucrons3oBaK ANIBIOHKTUBHYIO (YHKIHUIO TUIAHUPOBAHHS IS
uaTepnperannu RCPSP-3amau ¢ skckimo3uBHEIMEH pecypcamu. B a|f|y HoTammm
JIaHHBIA BUJ pecypcoB mpencraBisgercs kak a = PS;Rm,1,1, yto rosopur o
HaJMYUE B IIPOEKTE M BO30OHOBISIEMBIX PECYPCOB C NOCTYIHBIM KOJIMYECTBOM 1 U
HCIIONB30BaHUEM B paboTax B KoJu4ecTBe 1.

3.6. Pecypcbl ¢ nepeMeHHON AOCTYNMHOCTbLIO

B kiaccuueckoif MOCTaHOBKE YPOBEHb IOCTYITHOCTH BO30OHOBIISIEMBIX PECYPCOB
(uKCUpOBaH Ha NPOTHKEHHM Bcero Ipoekra. [lonoOHoe momynieHWe He Bceraa
BBIIIOJTHACTCSA Ha IpakTHke. Hampumep, B peaJbHBIX IMPOEKTaX KOJIUYECTBO
JOCTYIIHBIX CIICLUAJIICTOB MOXKET BapbHPOBATHCA B CBA3H C IIEPUOANYCCKUMH
OTIyCKaMH, 3aHATOCTBIO B IPYTUX padoOTax | T.IN.

YtoOBl  y4HTHIBATH JaHHBIA  (aKTOp, BBOOHUTCA MOHATHE HOCTYIHOCTH
BO300HOBISIEMOTO pecypca k B MOMEHT BpeMeHH ¢ Kak (GyHKIuu BpeMmeHu Ry (t).
Pecypcsl ¢ mepeMeHHO# JOCTYMHOCThIO paccMmarpuBaiuch B paborax [[33], [46],
[47], [48], [49], [50], [51]]. Yacro mnaHHas Mojeib MPUMEHSETCS B 3aJadyax
IaHupoBaHusi pabot ¢ mpepeiBanusimu (cM. pasmen 0). B [[52]] o6eyxnatores
ACMeKThl MPUMEHEHHs [TaHHOM MOIeIH B MEIMIMHCKUX HCCIEI0BATEIbCKAX
OpPOEKTaX [l KOHTPONS JOCTYIHOCTH HCCIIEIOBATENBCKOTO IIepCOHama
11a00paTOPHOTO 000PYIOBAHUS.

B Hortanuu «|f|y mnepemeHHas JOCTYIHOCTh PECYPCOB OTPAKACTCS KaKk o =
PS; Rm; %%, 4T0 O3HAYaeT HATMYKME B MPOEKTE M BO30GHOBISIEMBIX PECYpPCOB C
MePEMEHHOM JIOCTYIHOCTHIO U MPOU3BOJILHBIMU YPOBHIMH MOTPeOIICHHUSI B paboTax.
Asropel myOmukaruu  [[9]] BBenm mOHSATHE MU3BIOHKTHUBHBIX PECYPCOB C
JIOCTYITHOCTBIO, U3MeHseMoit Bo BpeMeHH oT 0 1o 1. 3ameTrum, 4TO 3TOT ciyuait
COOTBETCTBYET orpanndennoi Gymkuum R, (t) € {0,1} u sBasercs Bapuanuein
9KCKIIIO3MBHBIX pecypcoB. B pabore [[53]] paccmartpuBaercs 3amada, B KOTOPOH
JOCTYITHOCTh PECYpPCOB M3MEHSETCSl TOJIBKO B ONpPEACIEHHBIE MOMEHTHI BPEMEHH,
CBsI3aHHBIC ¢ BexaMu mpoekTa (milestone).

B pa6ote [[54]] moka3aHo, 4TO 3amada C pecypcamu HEPEMEHHOH TOCTYMHOCTH
MOXET OBITh peoyLMPOBaHa K 3a/1aue ¢ pecypcaMu (HUKCHPOBAHHOM NOCTYITHOCTH
MyTeM BBEICHHUS MUHUMAJbHBIX U MaKCUMAJbHBIX JaroB. [t 3Toro npeiaraercs
3aMEHUTh [EPEMEHHYI0 HocTymHocTh R, (t) pecypca k Ha mHOCTOSHHYIO,
COOTBETCTBYIONIYI0 MAKCHMAaTbHOMY 3HAYSHHIO JTOCTYITHOCTH pecypca 3a Bcé Bpemst
BBITIONTHEHUsT TipoekTa (R, = maxy<;<r Ry (t)), a B mepuopl, KOraa JOCTYIHOCTh
MEHbIIIe MaKCHMAIIbHOU, BBECTH (DHUKTHBHBIC PabOTHI, KOMIICHCHPYIOIIHE U30BITOK
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pecypca (Tjx = Ry — Ri(t)). Mecrononoxenue Takux (GUKTHBHBIX paboT B
pacmucaHuM Ipexnoyiaraercs 3a(UKCHpOBaTh C MNOMONIBI0O MUHHMAJBHBIX H
MaKCHMaJIbHbIX BPEMEHHBIX JIaroB.

CretyeT OTMETHTb, YTO 3aJa4H ¢ PeCypcaMu MepeMEeHHOI JOCTYIHOCTH SBJIIOTCS
gacTHEIMU cirydasimu RCPSP-3aad ¢ gacTHaHO BO30OHOBIISIEMBIMU peCypcaMHu.

4. Modenu ucnosiHeHus1 pabom

4.1. PaboTbl ¢ NnpepbiBaHUAMU

Kraccudeckasi MOCTaHOBKAa HE [OMYCKAaeT MNPEpPHIBAaHWI YKe HAdaThlx paboT.
OnHaKko pSIOM HCCICIOBaTENell pacCMaTpHBAIMCh DPAGOTHI C IPEPHIBAHHUSMHU
(preemptive scheduling), koTopble MOTYT TPOMCXOOWTh B TUCKPETHBIC MOMCHTHI
BPEMEHH, OOBIYHO, KpPAaTHBIE TOYHOCTH IIPEICTABJICHUS BPEMCHHBIX HHTEPBAIOB
[[9], [30], [55], [56]]. B notauuu bprokepa Takue 3amauu 0003HAYAOTCS KAk prmt
B mnome [ [[25]]. W3ywamace Takke MOJETb BBIMOJHCHHS, JOMYCKAOIIas
(MKCHpPOBaHHOE 4YHCJIO TpPEPbIBaHMK, He TNpEBBILAIOIIee JUIA  KaKAOH
WHIUBHIYAIbHON paboTel HekoTOpwlid 3amanubiii mopor [[57]]. B [[58], [59]]
npeuIaraeTess ONpeNeINTh MEPBOHAYATBHBIA HHTEPBAJ, HA MPOTSHKEHHH KOTOPOTO
paboThl HE MOTYT IMpepbiBaThcs. MeHee COnepXKaTelbHON, Ha HAIl B3I,
BBITJSITAT MOJIENb, onmucanHas B pabore [[55]] u ycraHaBmuBaromas BO3MOKHOCTb
[apauIeJIbHOTO KCIONHEHHSI OTHCNBbHBIX CTagmii paGoTel, CHOPMUPOBAHHBIX B
pesynbrate mpepbiBanuii (fast tracking). [loBonbHO YacTo mnpepbiBaHHS PadOT
UHTEPIPETHPYIOTCST B TEPMHHAX  KaleHAapeidl, KOTOphIE YCTAHABIMUBAIOT
JIOTyCTUMbIC MHTEpBaNbl st mpoBeaeHus pador [[33], [60]]. Omxako kamneHmapu
OOBIYHO YYMTHIBAIOTCS TIPU BBIYUCIICHUH JIAT HAYaja v 3aBePIIeHus paboT ¢ y4eTOM
BBIXOJHBIX M paboumx gHeil. [109TOMy WX WCIONB30BaHUE JUIS MOJICIUPOBAHUS
[PEPHIBAHUIN KAKETCS UCKYCCTBEHHBIM.

4.2. NpodmnbHOe ncnonb3oBaHNe pecypcoB

B TpaaMIMOHHOM IOCTaHOBKE Mpeanoyiaraercs, 4ro Kaxnaas padora j MOxer
TpeboBaTh /il CBOErO BBINOJIHEHHS HEKOTOPOE (PUKCHPOBAHHOE KOJHYECTBO Tjj
pecypca k, KOTOpoe He MOXKET U3MEHSIThCS B XOJI€ BBIONIHEHU. [laHHas pecypcHast
MOJIENIb €CTECTBEHHBIM 00pa3oM 0000MmaeTcs myTeM BBEIEHHS MPODUIS Tjge JUIA
Ka)XJ0ro t -oro MHTepBaJia BBINOJHEHHs paboOThl j MpH HoTpebieHun pecypea k.
Tak Ha3piBaeMble, 3aBUCHMBIC OT BpeMeHH pecypchl (time-dependent resources)
HaxoIsIT NpUMEHEHHe BO MHOTUX mpuioxenusx [[52], [61], [62]]. Tem He menee,
CYILECTBYET JOBOJILHO DICTAHTHBIN MPHEM CMOJCIMPOBATH 3Ty CHUTYALMIO MyTeM
NpecTaBlIeHHs padOThl SKBUBAJICHTHOM LIEMOYKON Moa3aiad ¢ (HDUKCHPOBAHHBIMU
ypoBHAMH moTpeOnenus pecypca [[54]]. UToObl wn30exaTh HAJOXKCHUS WM
MpepBIBaHMS MOJ13a7a4 TI0 BPEMEHH, I KaKI0W nmapsl coceae i u i + 1 B memouke
YCTaHABIMBAIOTCSI MUHAMAJbHBIC M MaKCHMAJbHBIC JIATH C HYJICBOM 3aIepPiKKON
(cm. paspenst 0 u 0).
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4.3. Y4yeT HaknagHbIX BpeMeHHbIX 3aTpaTt

JlpyruM HampaBjieHHEM B PasBUTHM MOJEIHM WCIOJNHEHHsS paboT SBISETCA YUYET
BPEMEHH IIOJ'OTOBKU HCIIOJB3yeMBIX paboToil pecypcos (Setup times), Hanpumep,
It Tiepenananku obopymosanus. B [[63]] paccmarpuBaercs Tpu albTEpHATHUBSI,
BBIPAKAOIINE Xapakrep 3aBUCUMOCTHU BPEMEHU HOJI'OTOBKH or
HOCJIEIOBATENLHOCTH PaboT WM BCEro IUlaHa paboT, B KOTOPBIX 3aqefCTBOBaH
pecypc. COOTBETCTBEHHO, pa3iMYarOT BpPEMEHA MOJArOTOBKH, HE3aBHCHMBIE OT
mocieioBaTeIbHOCTH  (Sequence-independent  setup times), 3aBucuMbIE  OT
nocieoBaTeIbHOCTH  (Sequence-dependent setup times) u  3aBHCHUMBIE  OT
pacrmcanus (Schedule-dependent setup times). IlepBsie yUMTHIBAIOT 3aBHCHMOCTD
BPEMEHH TIOATOTOBKH pecypca OT HETr0 caMoro W paboThl, B KOTOPOM OH Y4acTBYET.
Bropble MPUHAMAIOT BO BHUMAHUE W MPEAMIECTBYIONIYIO paboTy, UCIIONB3YOMIYI0
TOT e pecypc. HakoHel|, TpeTbU YYHUTHIBAIOT XapaKTep HCIIOJIb30BaHKs PECYPCOB
BCEMH Tpe/niecTBeHHUKaMu. B Hotaimn bprokepa [[25]] He3aBucumbie oT
[OCJIEIOBATENLHOCTH M 3aBHCHMbIE  OT  [OCJEIOBATEILHOCTH  BpEMEHa
00603Ha4aIOTCA B TIOJIE ff KaK S U S;j COOTBETCTBEHHO.

B [[64]] ob6cyxnatotcs nHbie BpeMeHHbBIE (haKTOPBI, B YACTHOCTH, PACCMATPHBAIOTCSI
(dakTophl  MEpPEeHACTPOMKM  W/WIIM  OTKJIIOYEHHS/KOHCEPBAl[MK/BBIBOJA W3
sKCIUTyarau pecypca (removal times). Xotst BpeMeHHbIE (aKTOPBI MOATOTOBKH
pecypcoB OOBIYHO pacCMATPHBAIOTCS KaK CaMOCTOSITEIbHBIE KOHIENTYalbHbBIC
JNEMEHTBI, 4YacTo Uil WX  MOPEACTABICHUS M y4eTa  HCIOJIb3yeTCs
MYJIBTUMOJAIBHOCTh HUCTONHeHus: pabor (cm. pasmen 0) [[33], [65]] wm
MEXaHU3MBl TPEPBIBAHUN ¥ MApAJUICIBHOTO HCIONHEHHsS Pa0oOT B COYETAHUU C
MYJIBTUMOIALHOCTEIO [[66]].

4.4. AnbTepHaTUBHbIE PEXUMbI UCMTONHEHUA paboT

B TpaguuuMoHHOM NOCTaHOBKE Kaxkiash padoTa BBIIOJHSIETCS €AMHCTBEHHBIM
croco0OM, OJHO3HAYHO ONpEACISIEMbIM 3aJlaHHON IPOAOJDKUTEIBHOCTBIO H
TpeOyeMbIM KOJIMYECTBOM pecypcoB. HaunHas ¢ nmuonepckoil paboTel JibpMarxpabu
[[67]], koHuemnums paboT ObUIA CYNIECTBEHHO MEPECMOTPEHA B CTOPOHY HOAICPKKH
albTEPHATUBHBIX  (WIM  MYIbTUMOJANBHBIX) PEKUMOB M; jna  Kaxzao#
MHJMBHIYaJIbHOHM paboThl j. Kaxkaplil peskuM m oTpaskaeT OJMH U3 Pealn3yeMbIX
C10co00B MCHOJIHUThL PAOOTY 32 YMKCUPOBAHHBIN IIEPUOJ Py, TIPU PUKCHPOBAHHOM
KOJIMYECTBE Ty PECypca k. MsMeHenns pexuma B X0Je BBIIIOJHEHHS pabOTHI U BO
BpeMs e€ TpepelBaHHMSA He Jomyckarorcs. Kiacc 3amau  IuraHUpOBaHWMA,
JIOIYCKAMONIMNX MYJIGTHMOJAILHOE WCIOJHEHHE paboT, Hasearor Multimodal
Resource Constrained Project Scheduling Problem wmu, cokpamenno, MRCPSP.
Pemennem 3amaun MRCPSP sBiisiercst pactincanue, KOTOpoe BKIIOYAET B ceds He
TOJILKO JIaThl Ha4ana pabor S, HO M PEXUMBI M, B KOTOPOM CJIEIYET BBITOIHATH
pabotsl. B HoTammu bprokepa maHHBIM Kiacc 3amad oOo3Hauaercss kak MPS B
COOTBETCTBYIOIIEM TIOJIE .
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3amaun MRCPSP ¢ B0300HOBISIEeMBIMH pECypcaMy AaKTHBHO H3Yy4YajnCh B
nocnennee Bpems [[49], [68], [69], [70], [71], [72], [73]]. [ToctanoBku MRCPSP ¢
0000IIEHHBIMH OTHOUICHUSMH TPEAIISCCTBOBAHMS (JJaraMH) pPacCMOTPEHBI B
nyonukanusix [[9], [48], [65], [74], [75], [76], [77]], a nocTaHOBKHM ¢ 06OOMIEHHBIME
pecypcHbiMu  orpanmyeHusmMua — B [[29]]. B myGmukammsx [[78], [79], [80]]
BBOAUTCSA U 0OOCHOBBIBACTCS MOHATHE KAYeCTBA MYJIbTHMOIANBGHOTO PACIUCAHHS,
KaK HEKOTOPOW HWHTErpaJbHONH XapaKTePHCTHKH, OTpakarollell BaKHOCTb W
OPHOPUTETHOCTh MCIONB30BAaHMS OJHUX PEXKUMOB HAJA JAPYrUMH. B myOmuKkarmsx
[[65], [81]] paccmatpuBatoTCst Tpymibl pabOT, HAa KOTOPHIE HAKIAIbIBAIOTCS
YCIIOBHSI WX COTJIACOBAHHOTO BBITIONHEHHS B ONHHX M TeX ke pekuMax (mode
identity constraints).

4.5. YyeT KOMNPOMUCCOB

B RCPSP-3amauax BBIJCTSIOT ABa POJa KOMIPOMHCCOB: KOMIIPOMHCC MEXIY
BpPEMEHEM HCIIOJHEHHsI BCEro0 INPOEKTa W YPOBHSIMHU HOTPEOJICHHS PECypcoB, a
TaKKe KOMIIPOMHUCC MEX/y BPEMEHEM HCIIOJIHEHUS IPOEKTA U €r0 CTOMMOCTBIO.

B 3agade noucka KOMIIPOMHUCCHOTO PAaCIHCAaHUS IIEPBOTO POAA BBOJMTCS MOHSTHE
Harpy3ku ¢; s pabotel j. PaGota MOxeT OBITh BBIIONHEHA NHPH JFOOOH
TUCKPETHOH KOMOWHAIMM BPEMEHH BBITIOJIHEHMS P; W TIOTPEOJEHHS pecypea Ty,
Takol 4YTO P;Tj, = ;. Ilpu 3TOM cozmep)aTeNbHBIMU SABJIAKOTCA KOMOMHALMH
MHUHUMAJIBHBIX ~JOIMYCTUMBIX TIap 3HAUCHWH, M KOTOPBIX HMEET MECTO
(pj— D 1jp < @jupj(rj — 1) < @;. 3anaua obecneyeHnss KOMIPOMHCCA NMEPBOTO
poaa Uil BO30OHOBIIIEMBIX PECYPCOB HcCieaoBaiack B myonukamusx [[82], [83],
(84]].

B 3amaue moucka KOMIPOMHCCHOTO paclMCaHUs BTOPOrO poia BO BHHMaHHE
NPUHUMAETCS] SIUHCTBEHHbII HE BO30OHOBIISIEMBIN PeCypc, KOTOPBIH UrpaeT poJb
Oropkera mnpoekta. I[lpu 95TOM craBUTCS 3a/a4a  MUHHMH3AIHMHA  BPEMEHH
BBINIOJIHEHHUST TIPOEKTa NpU (QHUKCUPOBAHHOM YpOBHEe Olojkera, a Takxke
JIBOMCTBEHHas el 3ajJaya MHHUMM3alMKM OOJpKeTa NpOeKTa IpU 3aJaHHOM
npezensHoM cpoke ero okonuanus (deadline) [[85], [86]].

[MpumeuarenbHo, 4TO 00€ IOCTAHOBKM MOI'YT PAacCMaTPUBATHCS KakK 4YacTHbIC
ciyuau 3agaurn MRCPSP ¢ anbTepHaTHBHBIM HCHOJHEHHEM paboT. ExuHCcTBEHHOE
OTJIMYHE COCTOMT B TOM, YTO B 3aJadyax IOHUCKA KOMIIPOMHCCHBIX paclUCaHU
BMECTO JIOITYCTHMMBIX KOMOWHAanWii 3HaYCHWH BPEMEHU BBINOJIHEHHUS pPabOTHl H
NOTPEeOIIEMBIMH €10 pecypcaMu SIBHO ONEPUPYIOT ¢ Harpy3kamu. MHorna, 4ToOb
MOAYEPKHYTh TOT HIOAHC, JJIsl OIMCAHUS 3TOTO KJacca 3a7ad yTOYHAIOT HOTAIHIO
a =T, PS. B nocranoske a = T,.PS npu 3agaHHOM KpailHEM CpOKE€ OKOHYAHUS
NpoeKTa MHUHHUMH3HpYeTCs OIoKeT, mnpudeM (YHKIHS CTOMMOCTH HMeEeT
KB3/IDATUUHYIO 3aBUCHMOCTb OT 3aJCpPKKH (aKTUUECKHUX CPOKOB BBINIOJHEHHS

pa6or [[87]].

16



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

5. BpeMeHHbIe 02paHUYeHUst

5.1. MpeawecTBOBaHNA C MUHMMaribHbIMM naramu

B kmaccuyeckoil MOCTaHOBKe paboTa HE MOXKET CTapToBaTh IOKa BCE
OpPEIIICCTBCHHUKH ~ HE  3aBepliaT  BBIMONHEHHE.  [IOHSITHE  TPOCTOro
NpeIecTBOBAHMSA OOBIYHO PACIIMPSCTCS BBEJCHHEM MHUHHMAJIbHOTO BPEMEHHOTO
nara dfjs, ompeieNsifolIee OrpaHHICHHE Ha BO3MOXHBIN CTapT MOCIEIOBATENs |
OTHOCHTENIFHO BPEMEHH 3aBEpLICHMS MpeniiecTBeHHuKa [ kak C; + dfjs <.
OTpulaTesbHbIe 3HAYCHHUS] JIArOB JOMYCKAIOTCS, O3HA4as, 4YTO pPabOThl MOTYT
BBIIIOJIHATBCS € HAJOKCHHEM BPEMEHHBIX HMHTEPBaOB. YacTo B NPHIOKECHUSX
paccMaTpUBAaeTCs Cpasy ueThlpe BHa BpeMeHHbix maros dff, dif, dif, dff,
CBSI3BIBAIOIIIE BPEMEHA CTApTa WJIM 3aBEPIUCHUS MPEALICCTBCHHHKA CO BPEMEHEM
CTapTa WM 3aBepLICHHWs nocienoBarens. [lpu  ycioBuM  (HKCHPOBAHHOI
NPOJOIDKUTENIBHOCTH  IUIAHUPYEMBIX ~ pa0OT  JaHHBIE OrPaHHYCHHsS  JIETKO
TpaHchopMupyrOTCS Ipyr B Apyra [[54]], oqHako mpy HANMUYMK ANbTEPHATHBHBIX
CLICHapUEB BBIMONHEHHS PAa0dOT M aKTyalM3alllH MPOEKTHOrO IUIAHA MOJJEepIKKa
OTpaHMYCHUI BCEX BHAOB SABIISETCS HEOOXOAUMOI.

Jnst naHHBIX BHAOB OTPaHWYCHUIl MCIOJB3yeTcs 3Ha4YeHHe temp mist mons f§ B
Hotauun bprokepa [[25]]. Orpanuuenuss JaHHOTO BHAa PACCMATPUBAIOTCS B
MHOrouuciaeHHbx myomukarmusx [[47], [50], [51], [88], [89], [90], [91]], omHako B
nyonukanuu  [[92]] GbuUtO  OTMEYEHO, YTO JaHHBIE OrPAHWYEHHS MOTYT
HCIIONIB30BATHCSI ISl MOJICITUPOBAHUS TIPOIIECCOB HACTPOMKK PECypCOB M 3arpy3KH
MPOU3BOJICTBEHHBIX JTUHKH (Sequence-independent setup times).

5.2. npe,qu.IeCTBOBaHMH C MaKCuMalnibHbIMU NaraMmum

AHaNOrM4YHO OTHOIICHUSAM MPEANISCTBOBAHUS C MUHHMAIBHBIM JIATOM BBOJSTCS
BPEMEHHBIC OTPAaHMYCHUS] C MAKCHMMAJbHBIM JiaroM. Jlyisi mpeimiecTBeHHUKA [ |
MOCJIE/IOBATENSl j JAHHBIM BUJ OTHOIICHHH BBIPAXKAETCS CIEAYIONUM 00pa3oM:
C;+ d’fjs = §;. 3ajlaHie OrpaHHYEHHs JAHHOTO BUJIa 0O3HAYAET, YTO MOCIIEIyIOIIas
paboTa JIOJKHA CTApPTOBATh HE MO3KE, YeM 4epes d’fjs BPEMEHHBIX €IMHHUII MOCIIE
3aBeplIeHHs MPEANIeCTBYIOmEH paboTel. 3aMEeTUM, YTO OJHOBPEMEHHOE 3ajIaHHe
HYJICBOIO MHUHHMAJBHOIO Jjlara M HYJEBOI0 MAaKCHMaJbHOTO Jiara O3HAYaeT, YTo
MOCJIE/IOBATENb JIOJDKEH CTapTOBATh Cpa3y IOCIe 3aBEepILUEeHHUs MpPEeALIeCTBEHHHUKA.
KomOunammst BpemMeH Hadasa W 3aBepIIeHHS paboOT A OTHOUICHHS
MPEIIIECTBOBAHUS TIPUBOAUT K YETHIPEM BUJIAM MAKCHUMAJbHBIX JIATOB d’f]-s , d’ff ,
d’ff , d’ff , aHAJIOTUYHBIX paHee pacCMOTpeHHbIX. Kiacc 3amau IIaHUpOBaHUS, B
KOTOPBIX JOITyCKa€TCA OTHOBPEMEHHOC HCIIOJIb30BaHUC MHUHHUMAJIBHBIX u
MaKCUMaJIbHBIX JIArOB 4acTo 0003HadaeTcs kak RCPSP /max. OH ObuT pacCMOTPEH
B psane myomukanuit [[33], [54], [93], [94], [95], [96], [97], [98]]. B koHTekcTe
aHalin3a aJJbTCPHATUBHBIX CHECHAPUEB BBIITOJIHCHUA pa60T OH H3Yy4YaJICA TaKXC B

nyomukaumsax [[9], [74], [75], [76], [771]. A B [[99]] mns HuX mnpeanoxeHa
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JOBOJIBHO HHTCPECHAd MOJICIb JIaroB, YYHWTBIBAIOIIAA PEXUMBI BBIITOJIHCHUA
NpEAMICCTBCHHUKA M; W MOCJICA0BATCIIA mj. OIIHaKO, CIeaAyeT OTMETUTH, YTO
HCIOJIb30BAHUC MAKCUMAJBHBIX BPEMCHHBIX JIaroB CII0COOHO MNPpUBECTU K
HUKIMYECKUM CTPYKTYpaM. DTOT acIeKkT HOI[p06HO PacCMOTPEH B Hy6J'II/IKaHI/II/I

[[100]].

5.3. fIBHble BpeMeHHble orpaHu4eHus

B pacmmpennoit RCPSP mocraHoBke MOTYT HPHUMEHATHCS TaKWe MOHATHSA, Kak
JUPEKTHBHBIH CPOK BBIMOJHCHHS PabOTBl M KpaWHMI CPOK BBIMOIHEHUSI PabOTHI
(deadline). TpuHIMITHANBHAS pA3HUIA MEXKIY STHUMH TOHATHAMHU 3aKIIOYACTCSA B
TOM, YTO 3HAYCHHE MEPBOr0 HOCHT PEKOMEHIATENIBHBIN XapakTep, a BTOPOro —
00s3arenpHbIi. B epBoM citydae paboTy XKemaTeabHO BBIIOIHATH K HA3HAYEHHOMY
cpoky. IIpuuém onepexeHne UK 3ana3IbiBAHUe MOXKET «HAKA3BIBATHCS MITPAPOM.
Bo BropoMm ciydae pabota o0s3aHa 3aBEPIIUTHCS O 33aHHOTO KpailHEro Cpoka.
Hapymienne 3toro ycioBus JenaeT  JAaJbHEMIIMM  MOUCK  paclUCcaHUs
OeccMBICTICHHBIM. BO3MOXKHBI CITydal, KOT[a JaHHOE YCIIOBHE HE MOXET OBITh
COOJIIOZICHO HU MPU KaKUX OOCTOSITENLCTBAX. DTO JIHIIb O3HAYACT, YTO HCXOTHAS
3aj1a4a IAHAPOBAHMUS MMOCTABICHA MATEMATHICCKH HEKOPPEKTHO.

CyliecTBYIOT TakKe TOHATHS IHUPEKTUBHOTO W CaMOTO PAaHHEr0 CpOKa Hadyana
BHIMIOJTHEHUsI paboThl. [lepBoe HOCHUT pEeKOMEHJATENbHBIM XapakTep, BTOpOEe —
crporo obs3atenbHblit. OIHAKO MOHATHE JUPEKTHBHOTO CPOKA HAYANa BBIIOIHEHHUSI
paboThl NPUMEHSIOT KpailHe PEeIKo, Tak Kak OHO OJHO3HAYHO CBsI3aHO C Ooiee
B&XHBIM [MPEKTHUBHBIM CPOKOM 3aBeplicHusi paborsl. [loaToMy B IyGamKamusx
Yale BCEr0 pPAacCMAaTPHBAIOTCS CaMblii PaHHHH CPOK Hadana W KpailHHH CPOK
3aBEpIUCHHS BBINOJHECHHS DPAbOTBI, a TaKXKe JUPEKTHBHBIA CPOK 3aBEepLICHUSI
pabotbl. 3amadaMm C JMPEKTHBHBIME CPOKAMH 3aBEpIICHHs PabOT IMOCBSIICHBI
mHOTOunCIeHHble myOmukarum [[98], [101], [102], [103], [104]]. OcHorHOe
BHUMAHUEC TIPU OTOM YACIACTCA MUHUMHU3ALUU I_HTpa(I)OB, BO3HHUKAKOIINX H3-3a
HapyIIeHUs JUPEKTUBHBIX CPOKOB BHITOIHEHUS padoT.

[ToHATHS CaMOTO pPaHHEr0 M KPailHEr0 CPOKOB BBIMOJHCHHUsI PaboT, a TaKKe HX
OpUMEHEHHST B 3aJaUaX I[UIAHHPOBAHUS  TOAPOOHO  pPacCMaTpUBAIOTCS B
nyomukanmsix  [[37], [39], [47], [61], [89], [105]]. OrmensHOrO BHHUMAHHS
3aciykuBaer pabora [[105]], aBTOpbI KOTOpPOH pPacCMOTPENH, TaK Ha3bIBAEMYIO,
KyMYJISITHBHYIO 3ajJady [OCTPOCHHUS pacmucaHus. OJTO 3amada PeCypCHOrO
IUIaHUpPOBAaHUsA, B KOTOpOﬁ OTCYTCTBYIOT OTHOIICHUA IMPEAMICCTBOBAHUA MEXITY
paboTamu, OJJHAKO [UISL KaXKIOM paboThI Ompe/ielieHbl CaMblii PAaHHUI CPOK Hadyajia u
KpaiiHuil cpoK 3aBeplieHus. B pe3yibraTe Bce paboThl OKa3BIBAIOTCS «3alEPTHIMI»
B HEKOTOPBIX BPEMEHHBIX PaMKax, a MHOT/A M CTPOro (pUKCUPYEMBIMH 110 BPEMEHH
HCIIOJTHEHUSL.

Crenyer 3aMeTHTh, 4TO 3aJlaHHE CaMOTO PAaHHEr0 CPOKAa Havaua BBINOIHEHUS
paboThl  OKBHMBAJICHTHO  ONPEACICHHI0 MHHHUMAIbHOTO  BPEMEHHOTO  Jiara
OTHOCHTEJIFHO CTAPTOBOM BEXH IIPOEKTA, a 3a[[aHKe KPailHero CpoKa 3aBepIIeHuUs —
OIPE/ICIICHUI0 MaKCUMAIbHOTO BPEMEHHOTO Jlara OTHOCHUTEIbHO (PUHAIBHON BEXH
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npoekra. JlaHHOoe HaOJIOICHUE MO3BOJISIET MPEJICTABIATh U Pa3peliaTh BPEMEHHbIC
OTpaHWYCHUs] B paMKax eIUHOW  JUCHUIUIMHBI  OOpPa0OTKH  OTHOLICHUIt
MpeIIIeCTBOBAHMSI.

B HoTamum «|f|y orpaHmueHHs, HaKJIaJbIBaeMbIe HAa HAYaJO BBHIIOIHEHHUS PaOOTHI
J» COOTBETCTBYIOT 0003HAYEHHUIO T;, & HAKJIAJbIBAEMbIE Ha 3aBEPLICHHE PabOTHI —
d]’.

5.4. OrpaHnyeHusi pabouyero BpeMeHu

[ousitie orpanudeHHOr0 pabodero Bpemern ObuT0 BBeneHO B [[106]]. Bpemennast
IIKaJla, B COOTBETCTBHU C KOTOPOH NMPOBOIMTCS IUIAHHPOBAaHHWE, pa3OuBaeTcs Ha
[MKIMYECKH MOBTOpsIOmMecs paboune W Hepaboyne BpEeMEHHBIC OKHA WM
uHTepBabl. Kakmas pabora MOXeT HayaTh CBOE BBIOJHEHHE TOJIBKO B pabouee
Bpems. [IpOmOKUTENBHOCTh BBIMONHEHHS pPa0OThl HE PacIpOCTPaHsIeTCs Ha
Hepaboune uHTepBajbl. Hanpumep, HOpMHUPOBaHHBIN pabouMii JEeHb MpeaoiaraeT
HaJIM4Me MHTEPBAJoOB ¢ 9 yacoB yTpa 10 17 yacoB Bedepa KaxIbli JeHb, KpoMe
cy00OTBI M BOCKPECEHbSI M UCKJIIOUasi BO3MOXHBIE 00€ICHHbBIE MIEPEPHIBHI.

B [[9]] oTMeueHa BO3MOKHOCTh MOJICTUPOBAHUS PAOOYNX HHTEPBAIOB C TIOMOIIBIO
JIOTIOTHUTENHFHOTO BO30OHOBISIEMOTO peCypca, JIUMHT JOCTYIHOCTH KOTOPOTO
paser 1 B pabouce Bpems u 0 — B Hepabouee. B paGore [[107]] aBTOpsI
OPUMEHUITH JIMCIUIUTMHY OTpaHHYeHHs pabovyero BPEMEHH MPH KOMIIPOMHCCHOM
IUIAHUPOBAHUK TMPOEKTa C COOMIoJeHHeM TpeOOBaHHUI K CpPOKaM peai3aluu
NPOEKTA U €r0 CTOMMOCTH.

5.5. UHble BpeMeHHble orpaHnYeHus

B pa6ore [[32]] ObLI0 BBEJEHO OTHOIIEHUE YACTHYHOTO MOPSIIKA MEXy PaboTaMu.
JlaHHOE OTHOIIIEHHE MPUMEHSIIOCh B IIPOEKTAaX aBTOMOOMIECTPOUTENIFHON OTpaciy,
CBSI3aHHBIX C MPOBEJICHHEM WHXEHEPHBIX W TECTOBBIX pabor. OTHOLICHHUE
YaCTUYHOTO TOpSAIKa MEXTy paboTamu i U j MOApa3yMeBaeT, 4To Jubo pabora i
JIOJDKHA OBITH 3aBepIleHa A0 Hadana paboTel j, MuOO JaHHBIE PabOTHI JOJDKHBI
BBINIOJIHATBCS B Pa3HbIX pPEXHUMax (TO €CTh HCIIOJIb30BAaTh Ppa3HBIE PECYPCHI).
[Nono6HOE OTHOIICHWE MOXKET YCTaHABIMBATHCS, €CJIM BBINOJHEHHE DPAOOTHI j
IpeAroaraeT yHHUTOXKEHHE pecypca, KOTOPBI MOr OBITh HCIIOIB30BaH JPyrou
paboroii i. Hanpumep, paboTel Mo cOOpKe aBTOMOOWIS JOJDKHBI NPEIIeCTBOBAT
KpalI-TeCTY, B Pe3yJbTaTe KOTOPOTO aBTOMOOMIIb Pa3pyIIaeTcs.

B pabore [[52]], mocBsMIEHHOW MEIULMHCKUM HCCIECIOBATEILCKAM HPOSKTaM,
NPUMEHSETCSl OTHOLIEHHE MEXAY paboTaMu, HCKIIOYAIONIee WX 3aBepLICHHE 3a
OIMH M TOT ke BpeMeHHOH mepuoj. [Ipm srom He yrouHsercs, Kakas paboTa
JNobkHa OBITH 3aBepireHa mepBoit. B pabore [[9]] BBOAmTCs orpanuucHue
nmapajiensHOCTH.  JlaHHOe — OorpaHMYeHHe  TIpeAroyiaraeT  MPHHYIUTEIHHOE
BBIMIOJIHEHNE ABYX M Ooiee paboT mapayieIbHO HAa OJHOM W TOM )K€ OTPE3Ke
BpeMeHH. Tam ke paccMaTpuBaeTCsl NPOTUBOIOJIOKHBIA Cllydaid, KOIla OTPE3KH
BBINTOJIHEHUS PAa0OT HE MOTYT Iepecekarbcsa. Kpome Toro, aBTOpel 0000IIMIM
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JAHHOE YCIIOBHE BBEJCHHEM BPEMEHHOTO Jlara ¢ MOMEHTa OKOHYaHHS OJHOMN
paboTs! 10 Havana apyroi. CieqyeT OTMETHTb, YTO JAHHOE OIPaHHYCHHE HE MOXKET
MOJICTIMPOBATECSl  OTHOLICHWSIMH  TPEIIISCTBOBAHUS C MHHUMAIBHBIMH U
MaKCHMaJIbHBIMU JlaraMM, IIOCKOJIKY OYepENHOCTh BBINOJIHEHHS paboT He
ompenenéHa. ABTopsl myOmukaimu [[9]] Takke BBeNM MOHATHE «KOPUIOpPA
napauieIbHOCTHY [l U], KOTOpBIA Opejmonaraer, 4ro acCOLUHPYEMbIE C HHM
paboTHl JOJDKHBI BBITOJIHATHCS MapajlyiebHO B TEYEHUH | BpEMEHHBIX €IUHUIL 110
KpaiiHell Mepe, HO He OoJiee, 4YeM B TEUCHUHU U BPEMEHHBIX €IHHHUILI.

IIpencraBaseT HECOMHEHHBIM NPAaKTUUYECKUN HMHTEpeC TakkKe OTHOILEHHE
OPE/IIIECTBOBAHMKS C JIATOM, BRIPAXKEHHOM B MPOLCHTHOM cooTHomenun [[39]]. Ono
TIPEIOaraeT yCTaHOBKY NMPOLEHTHOTO 3HAYEHHs Jlara g;; Mexay pabotamu i H j,
¥ 03HAYaeT, 9TO PaboTa j HE MOXKET HAYaThCs paHbIle, YeM padoTa | 3aBepIInTCS Ha
gij NpOUEHTOR. [Ipr 3TOM TIPOLEHT 3aBEPUIEHHUS CTAPTOBABIIECH PabOTHI j HE MOXKET
NpeBBIILIATH [IPOLIEHTa 3aBepiIeHus paboThl i. Takol BUI BPEMEHHBIX OrpaHHYCHUIT
BaKEH IS IPOEKTOB, B KOTOPHIX MOMEHTHI Hadajia paboT pa3/iesieHbl 10 BpEeMEHH U
HE JIOIyCKaeTCs ONepeXeHHEe OAHUX paboT IPYTUMH.

B paGote [[46]] paccmaTtpuBaeTcsi MOBOJBHO 3aHATHOC OTrpaHHYCHHE, KOTOPOE
NpeArojaraeT, 4ro HHUKakas pabora k He MOXKeT ObITh 3alUIaHHUpPOBaHa MEXIy
3agaHHeiMu pabotamu i W j. B paborte [[48]] wucmonpdyercs Onuskuii Bua
OTPaHWYCHUH, B KOTOPOM €IIe YYHTBHIBACTCS 3aBHCHMOCTH OT BO300OHOBIIIEMOTO
pecypca. Pabota j, cBA3aHHas NaHHBIM OTPaHUYCHHEM C pabOTOH i, HE MOXKET
HayaThCsl paHbllle, YeM 3aBEPLINTHCA padoTa i, IPH 3TOM HHU OfHA JIpyras pabora k,
KOTOpas HCIOJIb3yeT HEKOTOPBIH 3alaHHBI B OTHOILIEHHU pecypc T, HE MOXKET
HAYaThCs TIOCJIC 3aBEpINCHHUS paboThl [ W 10 Hayama pabotTel j. JaHHBIH BUX
OTPAaHUYEHUHN MOXET MCIIOIB30BATHCS, HAIPHUMED, Al 00ecreueH s TapaHTHH, YTO
HHUKaKas ITOCTOPOHHAA paboTa HE CMOXKET HAdaThCS MEXAY BCIIOMOTATENIbHOU
paboTOi 1O YCTaHOBKE pecypca MW pabOTOH, HEMOCPEACTBEHHO HCIOIb3YIOMIEH
JIAaHHBIN pecypc.

BpemenHbie orpaHudeHus Ha TIEPEMEIeHHsI pecypcoB paccMarpuBatotes B [[108]].
CoriacHO NpeUIOKEHHOH MOJIENHN TIepeMEIIeHHE pecypca T U3 MECTOIIOJIOKEHNS, B
KOTOPOM JIaHHBI pPecypc HCHONB30BAJCS TIPH BBINOJIHEHWHM pabOTBl i, B
MECTOTIONIOKEHHE, B KOTOPOM OH OYJET MCIIONIb30BaThCs PabOTOH j, 3aHuMaeT A, ;.
BPEMEHHBIX eIuHHI. J[aHHOE BpeMs MOKET SIBHO 3a]aBaThCsi WM HACUUTHIBATHCS
10 MECTOTIONIOXKEHHIO TPOBECHUS PaboT.

5.6. lormnyeckmne saBucCMmMocTu

Astopsl HekoTOphix myOmukammii [[109], [110]] mpeamounTaroT accoruupoBaTh
paboThI C JOMOJIHUTENBHON JIOTUKON B WCIONHEHWH mocienoBateneil. CorimacHo
9TOW Mozaenu paboThl, 3aJaHHBIe B KJIACCHMYECKOH TIOCTAHOBKE, CIIEIyeT
MHTEPIPETUPOBATH KaK JIOTHIECKUe onepauu «», TOCKOIbKY BCE TOCIIET0BATENH
pPaHO WJIM TIO3IHO 00s3aHbI OBITh BBIMONHEHBI. OIHAKO PACCMATPUBAIOTCS TaKKe
noruueckue onepauuu «MJIN» n «Mckmouaromee MJIM». IlepBoiii TN onepanuit
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MPENIoJIaraet, 9To XOTs Obl OJUH IOCIIEJ0BATENh TOJDKEH OBITh BBITIONHEH. [Ipu
BTOPOM THII€ BBITNOJHAETCS CTPOrO OJWH TocienoBareib. [lo MHEHHIO aBTOpPOB
MOJO00HAsT MOJIENb MOKET Y CIEUIHO IMPUMEHSATHCS MPU MOJICIUPOBAHUA MPOEKTOB
HAy4YHO-HUCCIIEeI0BATENbCKOM u OMBITHO-KOHCTPYKTOPCKOM JIeATEIILHOCTH.
Hampumep, mocie pabotsl «TecTupoBaHHe NPOTOTHIIAY, AaCCOIMUPYEMOH C
omepanueii «Uckmouaromee WMJIW», momkHa OBITH BEINONHEHa KOO pabota
«/lopaboTka mportotumna», 1moo padora «Hadano mpowsBoncTBay. BwimonmHeHHe
OJTHOW pabOTHI MCKIIFOYACT BHIMONHEHHE APYroi. [Ipu 3TOM pelieHre 0 ToM, Kakas
pabota OymeT BBINOJNHATHCS, NPUHUMACTCS IOCIC 3aBEpIICHHS  PadOTHI
TpemecTBeHHIKa. YacTo B TUTEpaType MOA00HBIEe 3aBICHMOCTH PacCMAaTPHBAIOT B
KOHTEKCTe croxacTrdyeckoro moxaxoxaa [[111]]. Omuako, naHHas MOJENb BIIOJIHE
JKU3HECTIOCOOHA U JUIS TUITAHMPOBAHUS IETSPMHUHUPOBAHHBIX IIPOIECCOB.

B paGore [[112]] paccMmaTpuBarOTCsI WHBIC 3aBHCHMOCTH. ABTOPBHI TNPEIATAIOT
WCIIONB30BaTh SIBHBIC B3aMMOCBS3U MEXKAY IBYMsI paboTaMu [ W j, OTIMYHBIC OT
OTHOIICHHUH TPENNIeCTBOBAHUA. MU MOTYT OBITh CBSI3aHBI JIFOOBIC palboOTHI [ U j, B
TOM 4YHCIe HE WMEKNe OOIIero IPeaNIecCTBCHHNKA WINH IIOCIEeI0BATEI.
W3znoxennas B paboTe MOJENb MPENnosaracT TakKe HCIOIb30BaHHE TPEX THUIIOB
noruueckux onepauuit: «U», «MJIN» n «ckirouaromee UJIN». IlonoOHas moaensb
WCIOJIb30BaJIach MpH MJIAHUPOBAHUU HA3€MHBIX MPOLIECCOB B adPOMOPTY, TAKUX KaK
3amnpaBka TOIJIMBOM, YHCTKa calioHa, cHaOxeHHe nutanueM. Crenyer 3aMeTHTh,
YTO OMMCaHHAs MOJIENb SIBJIAETCS OoJiee THOKOI, YeM OMMCaHHbIE paHee JJOTHYECKHe
3aBUCHMOCTH. MoJienb Takke 00001IaeTcs Ha CiIydail OTHOIICHUH MEXAY ABYMsI
Oonee paboTamu.

6. Yeneenbie hyHKyuu

6.1. MMHUMM3aUuA BpeMeHHbIX NoKa3aTenen NpoekTa

LleneBble  (QyHKIMHM  BpEMEHHBIX  MOKasaTeJed  sBJIAIOTCS — HambOouee
pacnpocTpaH€HHBIMH, TaK KaK dYalle BCEr0 pacHUCaHhe OPHEHTHPOBAHHO Ha
ONTUMM3AIMIO  MMEHHO  BPEMEHHBIX  XapakTepuUCTHK  mpoekTta.  Camoi
pacnpoCTpaHEHHOM 11eIeBOH (DYHKIHEH ABISICTCS y)KE YIOMSHYTas B KIIAaCCHUECKOM
MMOCTAaHOBKE MUHUMU3ALIMSI BPEMEHH BBITIOJIHEHUS BCETro NpoeKTa Cyyax -

OnHako CyHIECTBYIOT M TOJB3YIOTCS JIOCTATOYHOW MOMYJSPHOCTBIO U JPYyrUe
neneBble  (DYHKIMH, OIEPUPYIONINE TAKUMH BPEMECHHBIMH IOKa3aTeIIMH, Kak
3allep)KKa, 3amna3iblBaHue W onepexeHue. JlaHHbIE TMOHSTHS TECHO CBSI3aHbBI C
TIOHATHEM JIMPEKTUBHOTO CPOKa d; BBINONHEHUS PabOThI j — BPEMEHEM, HE MO3KE
KOTOpOro paboTa JOJDKHBI OBITh 3aBepiieHa. MIcXos U3 3Toro, 3aepikKKoil paboThI
J ABIISIETCS 3HAaUEHUE Lj = Cj - dj. 3ana3JplBaHUE CXOXeE C 3aJIEP>KKON ¢ TON JIUIIb
PasHMIEH, YTO HE MOXET OBIThb OTPHLATENBHBIM, TO €CTh 3amasibiBanue T; =

max {0, (O dj)}. AHAJIOrNYHO OTpPENENAeTCs U onepexenne E; = max {0, (d; -

)}
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B mekoropeix myOmukamusx [[30], [90], [101], [113]] paccmarpuBaercs
MHHHMH3ALMS B3BEIICHHOTO 3ala3AblBaHus. 3aMeTUM, YTO MUHUMHM3ALUSI BPEMEHH
BBIIIOJIHEHHSI BCETO IIPOEKTA SBISACTCS YaCTHBIM CIydaeM MJaHHOM LeJeBOH
¢yukuun. B pabote [[98]] ommcbiBaeTcss (QyHKIMS MUHHUMH3AIMH HAHOONBIICH
3aJIepXKKA M CYMMapHOTO B3BEIICHHOTO 3amasjpiBaHus, a B [[114]] obcyxmaercs
neseBas pyHKIHS, OPHCHTHPOBAHHAS HA MUHUMH3AIMIO CYMMBI BCEX B3BEILICHHBIX
3HAUYEHUH OIepe)KeHMsl W 3ama3plBaHus. Takas wesieBas (YHKLUS IO3BOJISET
IUIAHUPOBATh IIPOEKT C BPEMEHEM 3aBEpUICHUs KaKA0oi paboThl IpeAeiIbHO
ONMM3KUM K COOTBETCTBYIOIIEMY € AMPEKTUBHOMY CpPOKY BBINTOJHEHHSI, TO €CTh
«TOYHO B Cpok». [Ipu 3TOM ecnu paboTy He ynaércs BBIIOJIHUTH B CPOK, BECOBBIC
K03 GUIMEHTBI TO3BOJIIIOT HUBEIHPOBATh MEXKIY ONIEPEIKECHUEM U 3alla3bIBAHIEM
IUI KakOoW paboThl (TO eCTh yCTaHABIMBATH IPHUOPHUTET OJAHOTO HAIl NPYTHM).
VHorna MHHUMH3aLMM CyMMBI aOCONIOTHBIX 3HAYEHHH ONCPEKCHUS H
3ama3bIBaHUsA IS KaXI0H paboThl paccMaTpUBAeTCs B paMKaX MYJIbTHMOAAIBHOM
nocraHoBku RCPSP-3amaun [[115]]. AnbrepHaTHBHOH 1ieneBoil GyHKIUEH MOKeT
ObITh MHHUMH3AIM MaKCHUMAJIBHOIO M3 BCEX 3HAYCHUH OIEPeXKEeHUs W
3anasapiBanust. B pabore [[116]] mpeanaraercst Bapuanus MpeabLAyIIeh IeIeBOM
(yHKIMM C TOH JNWIIb pa3HUIEH, YTO ONEpeKEHHE W 3ara3/bIBAHUE U3MEHSIOTCS
OTHOCHTEJIFHO HEKOTOPOTO OIpENeNEHHOrO OTpe3ka BpeMeHH («BPEMEHHOTO
OKHa»), B TEYEHHE KOTOPOT0 padoTa J0JIKHA OBITh BHIITOJHEHA.

B ny6nukanuu [[117]] aBTOp MpemIokKKI OMPEACIUTh HAOOP «BPEMEHHBIX OKOH)»
JUISL KaKIo# paboThl. Vcxoas M3 HEKOTOPBIX COOOpayKeHMI KadecTBa W BBITO/IbI,
JKeJIaTeJIbHO, YTOOBI paboTa ObLIa BHINOJHEHA B OJHO M3 3TUX «BPEMEHHBIX OKOHY.
LeneBast ¢yHKuus, omnmcaHHas B paboOTe, OPHCHTHPOBaHA HAa MHUHHMH3ALHIO
wTpadoB, BOZHHMKAIOMIMX B CIydYae BBIIOJHEHHs pabOThl BHE BBHIJIECICHHOIO el
«BpPEMEHHOro OKkHay. CTUMYJIOM I pa3padoTKU TAKOrO MOAX0/a MOCTYKUII OJHH
OHMOTEXHOJOTHYECKUI TPOeKT. B paboTe OTMEUeHO, YTO MPEIJIOKEHHBIH MOAXO0
10/100€H BPEMEHHBIM OTPaHUYCHUSIM, HaJaraeMbIM Ha paboTy: «BPEMEHHBIC OKHa)
MOTYT MPEACTABIATE COO0H HKECTKUE BPEMEHHBIC OTPAaHUYCHUSL.

B pat6ore [[30]] npeanaraercss MUHUMU3HPOBATH CYMMY BCEX BPEeMEH 3aBEPILICHHS
pabort, B To BpeMms Kak B myoOnukanuu [[118]] npemnaraercsi MUHUMHU3HUPOBATh MX
B3BEIICHHYIO CyMMy. Pa3BHTHEM IaHHBIX IMOAXOJOB SBIsieTCS LeneBas (QyHKIHs
MHHUMH3AIMM  cpeaHero Bpemenu moToka [[119]], xoropoe cooTBercTByeET
cpenHeaprudMeTHUECKOMY BCeX BpeMEH 3aBeplieHHs paboT. 3amMeTHM, uTo
(YHKIMM MUHMMH3alUMM OOLIEr0 BPEMEHM 3aBEpIIEHHST U CPEJHEro BpEeMEHH
3aBEPIICHUSI SIBJISAIOTCS YKBUBAJICHTHBIMU.

B wHorammm «|f|y omnucaHHbIe BBINIE 1EJd€Bbie (OYHKIMHA MOTYT OBITh
NpPE/ICTABJICHHBIE B XapakTePUCTHKE Y  CICAYIOUUMH  CHMBOJIbHBIMH
0003HAUEHUSIMH: B CIIy4asx, KOTrJa LeJeBOH (YHKIHEH sBIsSeTCS MHHHUMH3AIHs
BBITIIOJTHEHHSI BCETO MPOEKTA, B XapaKTEPUCTHKE YKa3bIBAeTCs Chygx; MUHHUMH3ALHS
HanOonbIIeH 3aJepKKu — Lypax; MUHMMH3aLUs OOIIEro B3BELICHHOI'O BpPEMEHH
3aBepiieHust — Y W;Cj; MHHUMHU3AIUA OOIIEro B3BELICHHOTO 3arla3/bIBAHUS —
2 w;T;. Ilenesble ¢ynkuum moryr ObiTh M Gosee cioxubie. Hampumep, ecnn
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HEOOXO0ANMO MHHHMHU3HPOBATh OOIEEC B3BEIIEHHOE KOJIMYECTBO 3aIla3/bIBAIOIINX
paboT, TO B XapaKTEpUCTHKE Y HeoOxoammo 3anate Qymkumio Y w;U;, rae U; €
{0,1} sBnsieTcst GUTOBBIM WHIMKATOPOM, KOTOPBIi II0KA3BIBAET, SIBJIETCS JIK paboTa
J 3amaszpiBaromielt nim HeT (ecym paboTa 3anasapiBaet, To U; = 1; B IPOTHBHOM Ke
cnyqae U; = 0). Ecnu, Hanpumep, HeoOX0AMMO MHHHMH3HMPOBATh OOIIYIO CyMMy
BCEX B3BEIICHHBIX ONCPEKCHUI U 3ama3bIBaHUi, TO €CTh HEOOXOJMMO BBITIOIHUTH
Ka)XIyI0 paboTy NMpeleabHO TOYHO B YCTAHOBICHHBIN CPOK, TO Y OyJeT comepKaTh
($yHKIHIO Z(ij E; + ijTj). Takum o00pa3oM, Kak BHIHO, LEJNEBbIe (QYHKIHMN
BPEMEHHBIX MIOKa3aTeIeld MOTYT OBITh IOCTATOYHO Pa3HOOOPa3HBIMHU U CJIOKHBIMHU.

6.2. YCTOMYMBOCTb pacnucaHus K 3afgepxxkam

Bo BpeMs BBINONHEHHS TNPOEKTa MOTYT BO3HHKATh HENPEABUICHHBIC paHEE B
pacIicaHuy 3aepXKKH IIPU BBIIIOJIHEHWH TeX WM MHBIX padoT. ITosBieHne Takux
3aJep)KeK MOJKET MHPUBECTH K IOMOJIHUTEIBHBIM BPEMEHHBIM M CTOMMOCTHBIM
3arpaTaM, 9TO MOXET ObITh KpaliHe HE NPHEMJIEMO B YCIOBHUSIX OIPaHWYEHHOTO
6romxera. [loaToMy IUIAaHHPOBIIMK MPOEKTa W OTBETCTBEHHBIH 3a IPOEKT
3aMHTEPECOBAaHBl B IOCTPOECHUHM PACIMCAHUs, YCTONUMBOrO K HeENpeIBUICHHBIM
3aJlep’KKaM, TO €CTh TaKOTO PACIHCAHUS, B KOTOPOM IOSBJICHHE TAaKUX 3aIeprKeK
OyzaeT cka3bIBaThCS TONBKO HAa OIPAaHMYCHHOM KOJHMUYECTBE COCEAHUX PabOT MM He
Oyzer cka3bIBaTbCsl BOBce. Takoi MOAXOA K IUIAHUPOBAHMIO OOBIYHO HA3BIBAIOT
npoakTUBHBIM. He cMOTps Ha TO, YTO OOJBIIMHCTBO COBPEMEHHBIX ITOAXOJOB,
MO3BOJISIOIINX peIaTh MoA00HbIe 3a71a4n, paboTaloT B paMKaX CTOXAaCTHYECKOTO
KOHIIETITa, KOTOPHIA MO3BOJISIET SIBHO 33/1aBaTh HEKOTOPYIO HEOIPEAEIEHHOCT, MBI
B JaHHOHM cTaTbe OrpaHWYMMCS PACCMOTPEHHEM TOJIBKO JE€TEPMUHHCTHYECKUX
MOXOIOB.

Tak B my6nukanuu [[120]] BBoauTBCS MOHATHE CBOOOHOTO BpEMEHHOTO ModTa S;
paborer j. ComepkaTenbHBIH CMBICT JaHHOW BPEMEHHOH XapaKTePUCTHKH
3aKJIF0YAETCS B TOM, YTO IIPH MOSBICHHH B paboTe j HEMpeABHICHHON 3aIepiKKH
L'; < sl; ona HMKaK He CKa3bIBaeTCs Ha BBIIOIHEHMH JIO0OI apyroii paGotel. B
3TOM Ke MyOJUKAIlMd OIMHCHIBACTCS [BOWHAs weneBas (GyHKIus («Ouienesas
(yHKIMA») MHHUMH3AIUM OOINEro BPEMEHM BBINOJIHEHHS BCEro MpoeKTa u
MaKCHMH3alMK OOIEro CBOOOAHOTO BPEMEHHOTO JIIO(TA, KOTOPBIH MOXKET
BBICTYIIaTh B POJIM MEpBl HAAEKHOCTH pachucaHus. Takod e MOAXOH ONHUCAH B
pabore [[121]]. MHorma Ha mpakTHKE KCHOJIB3YeTCs MOIU(PUIMPOBAHHBIN BapUaAHT
JIAaHHOTO T10JIX0J1a: B KAUeCTBE OCHOBHOM IeNIeBOI (DYHKIMHM MHOTAA MPEAsIaraercs
UCIIONIb30BaTh MAKCHMM3ALMI0O HAWMEHBIIEro CBOOOJHOTO BPEMEHHOTO Jo(Ta
min; si; [[122]]. Tlpu 5TOM ISt JOCTHKCHHUST HAMMEHBIICH MPOMOKUTEIBHOCTH
BCETO TPOEKTa MPEIIONaraeTcsl MCIOIb30BaHNE HCIOIh30BATh JOTOIHUTEIHLHOTO
BPEMEHHOI'O OTpaHWYCHHS B BHJEC KpAaifHEr0 CpPOKa BBITOJHEHHS BCETO IPOCKTa

(deadline).
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[puaepKUBasCch MOIX0/a, U3I0KEHHOro B myonukanuu [[120]], npeanpunumManace
MOMBITKA YBEJIMYHMTH KOJIMYECTBO y4HMThIBaeMbIXx (axktopos [[123]]. B mepsyro
ouepellb PacCMATPUBAINCh KpOME CBOOOJHOTO BpPEMEHHOro IodTa eme u
CyMMapHOE KOJMYECTBO BCEX HEIMOCPEJCTBEHHBIX IOCIEIOBATENCH  W/WiH
CyMMapHO€ KOJIMYECTBO BCEX HCIOJIb3YeMbIX pecypcoB. Kpome Toro mpemiaraiuch
BapUAHTHl JIAHHOTO MOJX0Jd, B KOTOPBIX BBIIICNICPCUUCICHHBIE XAPAKTEPHUCTHKH
HCIOJIb30BAIUCh BMECTE C BECOBBIMU KO3 HUIMEHTaMH, a CBOOOAHBIN BPEMEHHOM
modT 3amMeHseTcs OMHapHBIM 3HaueHHeM a; € {0,1}, KoTopoe BBICTYMano B PoiH
MHMKATOpa Haau4usa gaHHoro modra (ecmn sl; = 0, To a; = 0; ecomm sl; > 0, To
a; =1). Cytb mnocneiHero NOAXOJAAa 3aKIIOYaeTcs B TOM, 4YTOOBI HM30€kKaTh
HEOOBEKTUBHOCTH, BO3HUKAIOIIEH B CiTyyae O4eHb OOJIBIINX 3HAYCHUI BPEMEHHBIX
nmodros. Mcrnons3oBanue OOIBIINX TFO(TOB HE MMEET MPAKTUUECKON 3HAYUMOCTH,
B TO BpeMs Kak ropa3l0 MEHBINEro IodTa MOXKET ObITh JJOCTATOYHO JIs
KOMITCHCAIIMU TUITOBBIX 3a/IEPIKEK.

B pa6Gote [[124]] BBOaMTECS MOHSATHE TEpepabOTKH (TO €CTh BBIMOJIHEHHE PAOOTHI
JONIbIIE  3aTUIAHUPOBAHHOM  MPOJOIKUTENbHOCTH).  3Hauenue RTj  sBnsercs
OKHIa€MBIM BpEMEHEM MepepaboTKu (TO eCTh 3aAepiKKOM) s paboThl j MpH
ycioBuu, eciu pabota OyleT 3aBeplieHa B MOMEHT BpeMenH t; RCj, — OKuaaeMbie
3arpaThl M3-3a nepepaboTKU. B COOTBETCTBUH C CYNIHOCTHIO JAHHBIX MOHSTHIMA
npenanonaraercs, 4to RTj u RCj, BospacraioT co BpeMeneM. Llenesoit dpynkiumei B
JAHHOW MyOJHKALMK SBIIAETCS MHHAMH3ALUS CYMMbl BPEMEHH W CTOMMOCTH
nepepabOoTKH.

Takum 00pa3oM KCHONB30BAHHE MMOJOOHBIX LENEBBIX (DYHKIUM MO3BOJISAET
MOBBICUTh  YCTOWYHMBOCTH PACIHCAHUS K HENPEIBHICHHBIM  3aJ€pXKKaM H
MHHAMM3UPOBATH 3aTPAThI CBSI3aHHBIE C MX YCTPAHEHUEM.

6.3. ObecnevyeHne KOHCEpPBAaTUBHOCTU pacnucaHus

YacTo B XOzi€ BBHINOJHEHHS IPOSKTa BO3ZHHKAIOT HETPEIBHJICHHBIC CHUTYaIHH
(HanpumMep, cBepxOoJbIIMe 33JEPKKH WM NIEpedOH ¢ MOCTaBKaMH PECypCcOB), B
pe3ysbTaTe KOTOPBIX JalbHEWINee BBHIMOJHEHHE IIPOEKTa B COOTBETCTBUH C
COCTaBJIEHHBIM PACHHMCAaHHEM HE TIPEICTaBIIICTCS BO3MOXHBIM. B Takmx ciydasx
pacIicaHue CTaHOBHThCS HEAKTYaJbHBIM M HE COOTBETCTBYIOIIMM CIIOXKHBIINMCS
ycrnoBuAM. Takoe pacmucaHHe JOJDKHO OBITh MEPECMOTPEHO M IEepeIIaHMPOBAHO.
Crneunduka AaHHOTO MEpeIUIaHMPOBAHMS 3aKII0YAeTCsi B TOM, YTO IMPOEKT YXKe
HaXOIWTHhCS HA CTaJWU BBIIOJNHEHHSA: HEKOTOpble paboThl MOTYT OBITH YyKe
BBIMOJIHEHBI W JOJDKHBI OBITh NPOWTHOPHPOBAHBI B  XOJ€  BBIIOJIHEHHUS
MepeIUIaHUPOBAHNS; HEKOTOpBIe paboThl HadaThl, HO €I HEe 3aKOHYEHBI — TaKHe
paboThl yJ4acTBYIOT B IPOILIECCE MEPEIUIAHNPOBAHMS, HO MMEIOT (HUKCHPOBAHHBIC
BpeMeHa Havaja U 0XKMIaeMOro 3aBEpILIECHUS CBOETO BhINOIHEHHsA. Kpome Toro npu
HNEPEIUIAHUPOBAHUN MOXET H3MEHHUTBHCS KOJUYECTBO U XapaKTep JOCTYMHOCTH
pecypcoB. B oTnnune OT NpOAaKTHBHOIO IUIAHMPOBAHMS, B KOTOPOM IIOCTPOCHHE
YCTOWYMBOTO K 3aJepKKaM paclHuCaHMsl TIJaBHBIM 00pa3oM CBOAUTHCS K
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3aKJIaJbIBAHHUIO HEIPEIBUACHHBIX 33JEPKCK B CaMO PpAaclUCaHHUE, 34eCh HMEET
MECTO BO3HMKHOBEHHE HENPEIBHACHHBIX COOBITHH, BBIXOMIINX 33 PaMKH
3aJ0’)KEHHOW HaI&KHOCTH M TPeOyIOINe EPECTPOCHHSI BCETO paciucaHus. Takoe
TUIAaHWPOBAaHUE OOBIYHO HA3BIBAIOT PEAKTHBHBIM.

OcHOBHOM 1IeNeBON (YHKIHEH MpH MepeIuiaHupPOBaHUM MPOEKTa B OONBIIHHCTBE
ClIy4aeB SBIISIETCS MHHAMH3ALUS BHOCHUMBIX HM3MCHEHHH. ODTOT KPHUTEPUI TECHO
CBsi3aH C TeM (AKTOM, YTO paHee IPEJCTaBICHHOE paclicaHhe, Kak IPaBuIIo,
YIIOBJIETBOPSJIO BCE 3aMHTEPECOBAHHBIC CTOPOHBI M BBIHYXKJAJIO MX IJIAHUPOBATH
CBOIO I€STEILHOCTh B COOTBETCTBHU C JIAHHBIM pacnucanueM. CHIIBHO U3MEHEHHOE
pacmycaHue MOXKET TIPHBECTH K JOIOJHHUTENIBHBIM HAKJIAJHBIM  3aTpaTam,
3aJiep>KKaM, M3MEHEHHUSIM B PECypco-00eCeYeHUH WM Aa)XXe K CPhIBY IPOEKTa B
LETIOM.

B pabore [[74]] mpemmaraetcs MHHHUMH3HPOBATH BHOCHMBIC B OpPHIHHAIBHOE
pacnucaHue W3MEHEHHMs IyTéM MHHMMHU3AlMU KOJWYecTBa padoT, KOTOpbIE
MOJy4aTh B HOBOM pAcCIMCaHMM HOBOE 3HA4YE€HHE BPEMEHHM Hayajla CBOETO
BeIOJNIHEHHUA. A B nybOnukamum [[125]] mpeanaraercss meperiaHUPOBATH
pacmucaHue TaK, 9YTOObl MHUHHMH3HPOBAaTh CYMMY BCEX OTKJIOHEHHII HOBOTO
BPEMCHHU 3aBEpLICHUS KaXJoH pabOTHl OT IEpBOHAYaILHOTO 3HaueHWs. [laHHas
3aJjada MOXKET OBITh peIIeHa B paMKax ITOCTAHOBKH 33/1a4H «BBIMOJHUTH TOYHO B
CpOK», TIE€ MHHHUMH3UPYETCS B3BEIICHHAs CyMMa BCEX OINEPEXKEHHH W
3amas3/blBaHUi  Kakaoi paboTel. s  peayuupoBaHusl 3agadu  HE0OXOIUMO
OpHTHHAIIbHBIE 3HAYEHHs BPEMEHH 3aBEpILCHUS] KaKI0H padOThl paccMaTpuBaTh B
Ka4yecTBE COOTBETCTBYIOIINX JUPEKTUBHBIX CPOKOB X BBINOJNHEHUs. MHOr 1A MeeT
CMBICIT U3MEPSATh 1 MUHUMU3UPOBATh CTETICHb HAPYILICHUS PacICaHHs, CyMMHPYs
BCE OTKIIOHEHHs 3HAUYCHHI HavYasa U 3aBepiIeHus Kaxa0i u3 pabot [[126]].
OTHenbHO  CTOUT  OTMETHTh  OCOOCHHOCTH  IEPEIUIAaHUPOBAHUSI  IIPOEKTOB,
BBITIONTHSEMBIX B paMKaX MYyJIbTHMOIaIbHON moctaHoBku RCPSP-3amaum [[127]].
OOBIYHO B TAaKMX NOCTaHOBKaX MPUHSTO MITpadoBaTh BCe N3MEHEHHS KOJIUUECTBA U
MHTEHCUBHOCTHU HCIIOJIb30BaHMs pecypcoB. Kpome Toro mrpadosars npemiaraercs
W W3MEHEHUs PEKUMOB BBIIIOJIHEHUS KaXaod un3 pabor. Hekoropeie ocobo
KpUTHUYECKHE pabOThl, MOTYT OBITh 3a()UKCHPOBAHBI C IIOMOIIBIO BBEACHHA
JIOTIOTHUTENBHBIX OTPaHWYEHUH. DTO MOXET OBITh OYEHb YHOOHO M TIOJIE3HO B
ciry4yasx ¢ paboTaMH, 3aIUIAHUPOBAaHHBIMHU B HEMOCPEACTBEHHON OJIM30CTH OT TOTO
MOMEHTa BPEMEHH, B KOTOPBIH BO3HMKJIA HEOOXOIMMOCTh B IEpPEIIAHUPOBAHUH
MPOEKTa, TO €CTh PadOTaMH, KOTOPBIE JIOJDKHBI BOT-BOT HAa4aTh CBOE BBIIIOJIHEHHE.
YacTo Ha NpakTHKE BHOCUTh HW3MEHEHHs B Takhe pa0OThl M, Hampumep,
OTKJIaIbIBATh WX BBINOJIHEHHE HE IielecoodpazHo. Kpome Toro maHHBIA MOAXO
MOXET HNPUMEHSITHCS B CIIydasx, KOrja HeoOXOIUMO, YTOObl HOBOE COCTaBJICHHOE
pacnucaHMe B KAKOW-TO  ONpPEIENEHHBII  MOMEHT  BPEMEHHM  JOTHAJIO
MepBOHAYAIFHOE pacHcaHue (BOCCTAHOBUIIOCH).
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6.4. MMHMMK3aumAa 3aTpaT Ha BO30OHOBNSAEMbIe pecypchl

B coBpeMeHHOI TeMaTH4eCKOH JMTepaTrype IOCTaTOYHO LIMPOKO OOCYKIAIOTCS
pa3nuyHbIe LeJieBble (YHKIMH, CBSA3aHHBIE C BO30OHOBISAEMBIMH pECypCaMH.
Hawnbosnee oOmmpHbIA M NOAPOOHBIH 0030p HaHHBIX (YHKIUS TpPHUBEIAEH B
nyOnukauuu [[128]]. Msr paccMoTpuM TOJBKO Hambonee MOMYNSpHBIC U
npUMeHsieMble (DYHKIHH.

OnHOM W3 caMbIX pacnpoCTpaHEHHBIX SBISIETCS (YHKIMS, OpPUEHTHPOBaHHAs Ha
pelIeHre TaK Ha3bIBAEMOW 33Jaud PECypCHbIX HHBecTHLMi. JlaHHas 3amada
ABJIsIETCS 3epKajbHOW Komuel kiaccuueckoil RCPSP-3amaun. Tak B kiaccuueckoit
nocranoBke RCPSP-3amaun OCHOBHBIM SIBISICTCS MHHHUME3AIWSA OOIIEro BPEMEHU
BBIIIOJIHEHHUSI BCErO IIPOEKTa, HE IPEBBIIAas HPH 3TOM 3aJaHHOTO JIMMHTa
HCIIOJIB30BaHMS KaXKIOTO M3 BO30OHOBISIEMBIX pecypcoB. B nmaHHOW ke 3amaue
OCHOBHBIM SIBJIICTCSI MHHUMH3ALHS KOJIMYECTBA HCIIOIb3YEMBIX BO30OHOBISIEMBIX
pecypcoB, He TMpeBbIIas HPH 3TOM HEKOTOPBIM 3alaHHBIA KpailHWi CpoOK
BeINoJTHEHUs Beero npoekTa (deadline). Ienesoii GpyHkuumeit B naHHO# 3a1aue OyneT
MHHUMH3AIUS. CYMMBl CTOMMOCTHBIX 3aTpaT Ha IMOJJep)KaHHe JOCTYITHOCTH
TpeOyeMoro KOJMYECTBa Kaxaoro pecypca, To ectb 2y Cp(Ry), tme R, —
BBIICNICHHOE KomnuecTBO pecypca k (kBota), Ci(R;) — CTOMMOCThH BBIACICHHS
pecypca k B komuuectBe Ry. Oueuano, urto C,(Ry) sBiseTCS HeyObIBAIOIIEH
(yHKIMEH, TpsAMO 3aBUCAIIEH OT pa3Mepa BBIACIAEMOH KBOTHL. B dWacTHOM u
Han0oJee paclnpoCTpaHEHHOM ciydae HaHHAs CTOMMOCTHAs (GYHKLUS SBIsETCS
nuHenHoM, To ecTb Ci(Ry) = xRy, THE Cx — CTOMMOCTH TOIIEPKAHHUA OJHOM
SIUHULBI pecypca k B JOCTYITHOM COCTOSIHHH.

3ajaya pecypcHbIX WHBECTHIUsI ObUTH YCIIEIIHO pelieHa B psae padot [[97], [98],
[129], [130], [131]]. Crout ormeruts paboty [[132]] B koTOpOii mpejacTaBicHa
pacIMpeHHas 3ajJada pPECYpPCHBIX HHBECTHUIMH: BMECTO KpaiHero cpoka
3aBepinenuss mpoekta (deadline) B Hell wMcmomb3yeTcsl THUPEKTHBHBIN CPOK, YTO
JIOMTyCKaeT TOSABJICHUS 3aJC€PIKKH 3aBepIIcHHs Bcero mpoekra. LleneBoit dyHkimei
SBJISIETCS MUHHMMH3aLUs OOLIel CyMMBI CTOMMOCTHBIX 3aTpaT Ha IOJAEpIKaHUE
pecypcoB u Ha wTpad 3a 3anasaeiBanue. Lltpad 3a 3ana3npiBaHre NpoeKTa NPsIMO
MPOTOPIMOHANICH BEJIMUMHE 3aI1a3/[bIBAaHHUSI.

WHoraa ocHOBHOE BHUMaHHE YEJSIETCs apeHIyeMbIM BO30OHOBISIEMBIM pecypcaM
[[133]]. OcHoBHass OCOOEHHOCTH B MJAHHOM Cilydae 3aKJIFOUaeTcs B TOM, UTO
BO300HOBIIsIEMBIN pecypc OepETcsi B apeHay, CTOMMOCTh KOTOPO# MPSIMO 3aBUCHUT OT
KOJIMYECTBA apeHAyeMOoro pecypca M mepuona apeHapl. CTOMMOCTh apeHIbl Ha
Nepros t OHOM eqMHUIIBI pecypca k ckiaapiBaeTcs 3 (GUKCUPOBAaHHONW CTOMMOCTH
c,f 3a (paKT apeH bl EANHHUIIBI PECYPCa M U3 CTOMMOCTH apeH Ibl Cp SANHHIA pecypca
3a eIMHUITY BpeMeHHU (CTaBKka apeHbl). Takum 00pa3oM, eciii He0OX0UMO B3STh B
apeHny 13, eIUHUI pecypca k Ha Bpems t, TO CTOMMOCTb apeHIIbl COCTABUT Ty (c,’: +
c}ét). Od4eBUAHO, 4YTO IENICBOW (DYHKIMEH B JAHHOH ITOCTAHOBKE SBIIACTCS
MHHHUMH3AIMSI CYMMBbI BCEX CTOMMOCTHBIX 3aTpaT Ha apeH1y pecypcoB. Kak MOxHO
3aMETUTh, €CIIM CTaBKa apeHabl Oymer HyieBoit (cp = 0), To naHHas 3amada
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CBOJMThCS K 3ajlade PEeCypCHbIX WHBECTHLMH. bojee moapoOHO naHHas 3aaada
paccmoTpena B pabote [[134]].

Hpyroii He MeHee BaKHOW 3ajadell sBIsSIETCSd BbIPAaBHHBAHUE 3arpyKEHHOCTH
pecypcoB. CyTb [aHHOW 3aqayd CBOAMTHCS K MHHHMH3ALUU H3MEHEHUH
MHTEHCUBHOCTU HKCIIOJNIB30BAHUS PECYPCOB MPH TMEPEexXoie OT OJHOTO MOMEHTa
BPEMEHH K [PYyroMy COCEJHEMY, HE IPEBbIlIas HOPU ITOM KpaiHero cpoka
BoinonHeHus1 mpoekta (deadline). Eciu MHTEHCHBHOCTh HCIIONB30BAHUE PECYPCOB
OpeICTaBUTh B BUAC rpaduKa, TO IENBI0 JaHHOW 3aJadull SIBISCTCSA OpeaeibHOE
CraXuBaHue JaHHOTO rpaduka. B padorax [[30], [97], [98]] mnst perueHus naHHOM
3a7a4d B PpOJM I[ENEBOH (DYHKIMH BBICTYIWIA MHHAMH3AIUS HAHOONBIIETO
W3MEHEHHS MM CyMMa BCeX M3MEHEHUI MHTEHCHBHOCTH HCIIONB30BAaHUSI PECYPCOB,
a B pabore [[135]] npemnaraercs MUHUMU3UPOBATH JJIsL STOM LENH CYMMY BCEX
WU3MCHEHHH, BO3BEIEHHBIX B KBAPAT.

B HekoTOpBIX ciydasx MOJNE3HO MHHHMH3HPOBATh HCIIOIB3YEMOE KOJIHYECTBO
TOJNBKO TEX BO30OHOBISIEMBIX PECYPCOB, MOTpeOJIeHHE KOTOPBIX IMPEBBIIIACT
HEeKOTOphIN 3amanHbiii ypoBenb [[97], [113], [136]]. Wmu, xak B pabore [[30]],
MHOT/ZIa PACCMATPUBACTCS MHUHHMH3AlMs HAKAIUIMBAEMOTO OTKJIOHCHUS YPOBHS
HCIIONIb30BaHKsI PECYPCOB OT HEKOTOPOI'O 33IaHHOTO KOHCTAHTHOTO ypoBHs. Takoii
MOJIXOJI MO3BOJISIET KOHTPOJIUPOBATh U YCTPAHATH HE TOJIBKO TIEPEPacXo]l PeCypCcoB,
HO ¥ BO3MOXHBIE TPOCTOH. VHTepecHbI Moaxoj u3jiokeH B pabore [[46]], rae
npeuiaraeTcss MHHAMH3UPOBATh KaK KOJNHYECTBO, TaK M TMPOJODKUTEILHOCTH
pa3pbiBoB B rpaduke (mpoduie) morpedieHus pecypcoB. OYeBHIHO, YTO JaHHAs
CTpaTerusi Takke OpPHUEHTUPOBaHAa Ha CHIKCHHE MPOCTOS pecypcoB. B Gomee
pa3BuUTHIX MocTaHoBKax [[37]] mpeanaraercst pa3aenuTh BCE JOCTYIHOE KOJHYECTBO
BO300HOBISIEMBIX PECYpPCOB Ha KOJIMYECTBO, MOCTYIHOE HU3HYTPH, U KOJHYECTBO,
noctymHoe u3BHe. lLlemeBas (GYHKIMS TPH Takoi MOCTAHOBKE TMPEIIoJaraet
MHUHAMH3AIHIO PACXOJ0B, CBSA3aHHBIX C KCIOJB30BAHUEM TOJBKO B3SITBIX H3BHE
pecypcos.

B HoTamuu @|f|y Bce ONMUCaHHBIC BBIIC [EI€BbIC (DYHKIUK ISl PEIICHUS 3a1a4u
[0 BBIPABHUBAHMIO 3arpy:KEHHOCTH PECYPCOB MOXHO OOOOIIEHHO MPEACTaBHUThH B
XapakTEPUCTHKE Y Kak Y, Ci f (rk (S, t)), /i€ C;, — CTOMMOCTb HCIIOJIb30BAHUSI OJHON
enuHuIpl pecypca k, f — dyHkuums npoduias HUCMHONB30BaHUs pecypca k B
kommuectBe 13, (S,t) (t — MmomeHT Bpemenu B pacnucanuu S). Cieayer 3aMeTHTb,
4yTo eciii f = R, YTO COOTBETCTBYET PAaBHOMEPHOMY MPOQUII0 MOTPeOIeHUs
pecypca k, To naHHas 3amada (3a7ada BBIPABHHBAHHS 3arpY’KEHHOCTH PECYpPCOB)
CBOJIUTBCS K 38]]a4€ PECYPCHBIX HHBECTHLHHA.

6.5. MMHMMM3aumna He BO30OOHOBNAEMbIX pecypcoB

MunnMu3anus noTpebieHNsT He BO3OOHOBIIIEMBIX PECYPCOB UMEET MECTO TOJHKO B
MyJIbTUMONAIBHOI moctaHoBke RCPSP-3ajaun, Tak Kak BO BceX JAPYIHX
MIOCTAaHOBKaX MOTPEOJICHHE PECYPCOB 3ajadyaMH (PMKCUPOBAHO, U, CIEIOBATEIbHO,
cymMMa noTpebiieHns] He BO30OHOBIIIEMBIX PECypcOB Bceria OyzneT oanHakoBoi. Bo
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BCEM OCTaJIbHOM IielieBble (DYHKIMH, OPUEHTUPOBAHHBIC HA HE BO300OHOBIISIEMbIC
pecypchl SBISIOTCS, (aKTHIECKH, TOYHOH KOTMHEH BO30OHOBIIIEMBIX pecypcoB. B
TPaIUIIMOHHON MYJIbTHMONANBHON TmocTaHoBke RCPSP-3amaunm MuHUMH3HpyeTCs
BpEMsI BBITIOJIHEHHSI BCETO TMPOEKTA, HE MPEBBIIIAs MPH STOM Tpejielia J0CTYTHOCTH
pecypcoB. Ecmu ke  HEOOXOMMMO  MHMHHUMH3UPOBATh  MOTpeOieHHEe  HE
BO300HOBJISIEMBIX PECYPCOB, TO AHAJIOTMYHO 3aja4€ PECYPCHBIX HHBECTUIMH B
MOCTAaHOBKE 3aj1a4d BBOJWTH KpaiiHuii cpok BeimosjHeHus mnpoekrta (deadline),
KOTOPBIN HE JOIDKEH OBbITh MPEBBIIIEH.

Takass neneBas (DyHKIUS, OPUCHTUPOBAaHHAs HA HE BO300OHOBISIEMbIE PECYPCHI,
OblTa MOAPOOHO paccMoTpeHa B mybnukanusx [[85], [86]] B pamkax muckpeTHO#H
3aJa4l KOMIIPOMHCCA BPEMEHH W CTOMMOCTH. B JaHHBIX MyOJHKAIUsIX HE
BO300HOBJISIEMBIE PECYPCHI HHTEPIIPETUPOBAIUCH B KAYECTBE JCHET. AHATOTHYHBIH
nojaxo u3nokeH u B paborax [[30], [80]]. A Bor B myGmmkammsx [[30], [113]]
npejjiaraeTcss MHUHHMH3HPOBATh KOJIHYECTBO TOJBKO TEX HCIONb3yeMbIX HE
BO300HOBISIEMBIX PECYPCOB, CyMMapHOE MOTpPeOICHHEe KOTOPhIX MPEBBIIIACT
HEKOTOPBIN 3aJaHHBIN IPEIe.

Bce ot neneBpie GyHKIIMHA MOKHO 0000MEHHO NPEACTABUTh B HOTAINH & |f |y Kak
y=Ycf (rk (S)), Toe Cx — CTOMMOCTh TOTPEOJEHHS OJHOM eIUHHIBI HE
BO300HOBIsIEMOT0 pecypcea k, f — QyHKIMs moTpebieHus pecypca kK B KOJIHMYESCTBE
1 (S) B pacrcanuu S.

6.6. MMHMMK3aLMs O6LLEN CTOMMOCTHU NPOEKTa

OntuMu3ays pacuucaHus 10 KPUTEPUIO0 CTOMMOCTH YacTO SIBIISIETCS BAXHEHIINM
acriektoM. Kak mpaBuiio, Takas onTHMHU3auus BbINONHsETCs B pamkax RCPSP-
3amaun 6e3 pecypcoB. OOBMHO I KaXAoW pabOTBl j BBOAUTHCA IOHATHE
CTOMMOCTH €€ BBINOJIHEHHUS Cj¢, 3ABHCALIEE OT MOMEHTA BPEMEHH t, KOT/la paboTa j
Hauyana cBoé BeimonHenue [[137], [138], [139]]. Kak BepHo 3amedeHo B pabote
[[139]], wueneBast (QyHKIHMS, OPHEHTHPOBAHHAS HA CTOMMOCTb, SIBJISCTCS
00001IeHneM pa3HBIX JIPYTUX XOPOIIO M3BECTHBIX LENEBBIX (YHKIHMH, TAKHX Kak
MHHHMH3AIMS BPEMEHH BBITIOJHEHHS BCETO MPOEKTa, BBHINOJIHEHHE paboT TOYHO B
CPOK WJIM MAaKCUMU3AIHs YUCTON PUBEJEHHON CTONMOCTH.

OOBIYHO MMHUMHU3UPYIOT OOIIYI0 CTOMMOCTH IIPOEKTa, KOTOpas COCTOUT W3
CTOMMOCTEH ONEPEeNECHUH M 3ama3]bIBaHUl OTHOCHTEIIFHO JUPEKTUBHBIX CPOKOB
BBITIOJTHEHHS PaboT, a TaK)Ke U3 CTOMMOCTEH, CBA3aHHBIX C MPOJODKUTEIHLHOCTHIO
BoinonHeHus1 pabot [[140]]. Bonee 3k30THYECKHE MOCTAHOBKM MPEIIONAratOT, YTO
NPOJIOJDKUTENLHOCTh  BBIMIOJIHEHUST  PabOThl  MOXKET OBbITh  COKpallleHa 3a
JIOTIOJIHUTENBHYIO T1aTy. [Ipu 9TOM MPOEKT OJDKeH OBbITh 3aBepIIEH HE TO3/Hee
HEKOTOPOTO 3aJaHHOTro KpaiiHero cpoka (deadline).

B my6nukanmu [[141]] paccmaTpuBaeTcsi MUHUMH3AIHS CTOMMOCTH, COCTOSIIEH U3
cTOMMOCTeH cOOEB BBIMOJMHEHUS pPabOT (TO €CTh HEOKUJAHHOTO COKPAIICHHUS
NPOJIOJDKUTENILHOCTA WX  BBINMOJHEHHsI), CTOMMOCTeH MarepuaibHbIX  (HE
BO300OHOBJISIEMBIX) PECYpPCOB M PAacXoJOB Ha TOJJACp)KAHUE  WHBEHTapPs
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(B0300HOBIISIEMBIX pecypcoB). Takke B JaHHOW paboTe paccMaTpuUBaIOTCS OOHYCHI
U mrpadpl 3a paHHEe W 3a TO31HEe (OTHOCHTEIBHO HEKOTOPOro 3aJaHHOIOo
JUPEKTHBHOTO CPOKa) 3aBEPIICHHE MPOSKTa COOTBETCTBEHHO.

WHTrepecHass TMOCTAaHOBKAa TpeiacTaBicHa B nyonukanmm  [[142]].  Artopsi
PaccMOTpEIH IOCTAaHOBKY C PabOTaMH, IPOIODKUTEIBHOCTh BBITOJHEHNS KOTOPBIX
HAaXOIUThCS B HEKOTOPOM 3aJaHHOM HHTEpBaje, SAMHOM Ul BceX pador. Takoit
MO/XO0/] MPUBET aBTOPOB K 1IEEBOi (HYHKIUH, B KOTOPOW CTOMMOCTD BBIMOJHCHHUS
KaXI0W paboThl, CBA3aHHAS C HMX MPOAOKHTEIBHOCTBIO, SIBISCTCS BBIMYKION
¢dyHKIMEH.

Takxke 3acmyXMBacT BHHUMaHHS JBYXKOMIIOHCHTHas weneBas ¢yukuus [[143]].
CTOMMOCTh BBITIONIHEHHS MPOCKTA, 3aJI0KEHHAs B JAaHHYIO [EJCBYIO (QYHKIHIO,
OpsIMO TIPOTIOPIIMOHATIbHA TPOAOIKUTEIBHOCTH BBIMOJHEHHUsI TpoeKTa. [Ipu 3ToM
paboThI B MPOEKTE MOTYT OBITH CKOMOMHHPOBAHBI (00BbEANHEHBI) [JISI YMEHBIICHHSI
MPOJAOJLKUTCIIBHOCTH BBINTOJIHEHUA IIPOCKTA, a4 CTOMMOCTL BBINIOJTHECHUSA MOaHHBIX
paboT mpu 3TOM OyAeT ckiaabiBaThes. [laHHas 1ieneBas (QYHKIMS MOXET OBITH
UCIIOJIB30BaHa TOJBKO B paMKaX IIOCTAHOBKH 0€3 PECYPCHBIX OIpaHHYCHHH.

6.7. Makcummnsaums YncTom npmBeaeHHOM CTOMMOCTH

Jpyroii He MeHee BaKHBII TUI LENeBOH (QYHKIMHU TOSBISIETCS, KOTJa B XOJE
BBINIOJTHEHHS IIPOEKTAa HMEIOT MecTo (puHaHCOBbIe MOTOKH. OTTOK JCHEXHBIX
CPEACTB TPOMCXOAWT B pE3yIbTaTe BBHINMOJHEHHUS KaKoH-mMOO paboThl WM
UCTIONB30BaHMS Kakoro-nmmbo pecypca. C Ipyrod CTOPOHBI, NMPUTOK ICHEKHBIX
CPEZCTB MPOMCXOAUT B PE3yJIbTaTe WHBECTHILNH, aBAHCOBBIX IUIATEKEH HIIH IIOCIIE
JOCTHKEHUSI ONPEIEIEHHBIX KIFOUEBBIX TOUCK BBITOJIHEHHS BCErO MpoeKTa. Takke
HE MCKIIIOUEH BapHaHT, KOT/la MIPUTOK JEHEXKHBIX CPEJICTB OCYIIECTBISIET OWH pa3
B KOHIIC BBINIOJHEHHWS IpOeKTa (olaTa 3a BBINOJHEHHWE TMpoekTa). Yucron
MPUBEAEHHOW CTOMMOCTBIO SIBIISIETCSI pa3HHUIIA MEXIAY CYMMaMH BCeX NMPHUTOKOB U
OTTOKOB JICHEHBIX CPEACTB. DTOT IMOKA3aTelNb SBIAETCS OTHUM U3 BAKHEHIINX IS
uHBeCTOpOB. [loaToMy meneBoi (QyHKUMI HOMKHA OBITH MAaKCHMH3ALUsl YHUCTOM
IIPUBEAEHHON CTOUMOCTH.

JlanHas 3amauva pemraercss B paMKax CTaHAApPTHRIX orpaHumueHnit RCPSP-3amaun.
OOBIYHO MaKCHMH3aLMK TI0/IBEpraercs oOlias CcyMMa OTTOKOB W MPUTOKOB
JICHEeXKHBIX CPEACTB, NIPH 3TOM OTTOKH y4YacTBYIOT B CyMME CO 3HAKOM «MHHYC).
Kpome Toro B JaHHON NOCTaHOBKE JOIYCKAETCsl y4acTHEe CKUJIOK NPH (DUHAHCOBBIX
orTokax. CKHJIKM MOTYT OBITh KaK (PMKCHPOBaHHBIMH, TaK U 3aBUCSIIUMHU OT KaKHX-
00 TNPOEKTHBIX TOKazaTened. Bcé 310 neranbHO paccMarpuBaercss B paboTax
[[144], [145], [146], [147]]. Kpome Toro cieayeT oTMeTuTh padots! [[38], [148]], B
KOTOPBIX HCCIIEIyeTCs MakCHUMH3alUs YUCTOW NPUBEIEHHONW CTOMMOCTH B paMKax
MyJIbTUMOJAIBLHON MOCTaHOBKH, a Takke [[149]] — B pamkax 3agaum pecypcHbBIX
WMHBECTHIMMA. Tak ke JaHHOW LeNeBO (PYHKIMHU MOcBslieHsl myGnukarnmu [[53],
[96], [150], [151], [152]].

B Hotammum «a|f|y uneneBas ¢yHKIMS MaKCUMH3AIMM YUCTOW IpHUBEAEHHOM
CTOMMOCTH MOJKET OBITh IPEJCTaBICHA KaK ZCJF B, rne c]-F — JIEHEeXXHBIH TOTOK
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(npuTok mmm oTTOK) pabotel j, BT/ — ckmaka, mpenocTaBnsemMas B JaHHOM
JICHE)KHOM TMTOTOKE.

6.8. MHoroueneBble PyHKLUN

Bo Bcex paHee 00CyXDaeMbIX CllydasX IpPHMEHSUIach IeneBas (QYHKIUA,
ONITUMH3UPYIOIIAast TOJbKO OIMH IapaMeTp WM XapaKTepPHCTUKY INPOEKTa, B TO
BpeMs KaK BCE OCTaJIbHbIC IPH HEOOXOAMMOCTH KOHTPOJMPOBAIHNCH C ITOMOLIBIO
BBEICHUS JONOJHUTENbHBIX OrpaHudeHuid. OIHAKO, B PEaJbHOCTH 9acTo
HEOOXOAMMO ONTUMH3UPOBATH BBIMONHCHHE MPOEKTA MO HECKOJIBKHM KPUTEPHSIM,
TO €CTh IPUMEHUTH MHOTOLICJICBYIO (YHKIIHIO.

Tak HanbOomee 4aCTBIM M PACIPOCTPAHEHHBIM CIIOCOOOM MOyYEHHUsT MHOTOLIETIeBOH
(bYHKUIUE SBISIETCS B3BCLICHHOES CyMMHPOBaHHE BCEX WHTEPECYIOIINX MapaMeTpOB
WU xapakTepucTUk. OOBIYHO B3BEHICHHOMY CYMMHPOBAHHIO MOJBEPTarOTCs
obimiee BpeMs BBIMONHEHHS MPOCKTa, OMCPSKEHHE M 3ama3jiblBaHue pador,
PaBHOMEPHOCTh 3arpy:KCHHOCTH PECYPCOB M TOTpeOJCHHE PECYPCOB B IEIOM.
Takoii moX01 MOKHO BCTPETHTH BO MHOTHX padorax [[30], [46], [120]].

JpyruM  TONYYMBINMKA  IMHPOKOE PACHPOCTPAHEHHE CIOCOOOM  TONYYCHHUS
MHOTOIIENEBON (DYHKIMH SBJISETCS TeHEepalusi PaClUCaHUi, ONTUMHU3HPOBAHHBIX C
TOYKHM 3peHusi 3akoHa [lapero. OOwmmii mpuHIMN naHHOTO 3akoHa mnpoct: 20%
MPWIOKEHHBIX ycunuit natot 80% pesynbTaTta, a octanbHble 20% pesynbrara
Jocturatorcst octanbHbIMu 80% ycunuid. JlaHHBIM NPUHOUI HPUMEHHUTENBHO K
METOZaM MOCTPOCHHS PaCHHCaHUsI ObLT JOCTATOYHO IMOAPOOHO M3Y4YEH ¥ YCIEILIHO
npuMeHEH B HEKOTOPBIX mybmukarusix [[136], [153], [154], [155]]. OcobenHo ctout
otMeTHTh padoty [[156]], B KOTOpOHl aBTOpaMH MpPEACTABICHA OPUTHHAIIBHAS
MHOTOIIeNeBas (pyHKIMs, OCHOBAaHHAs Ha CUCTEME 3HaHUIL.

Takum 00pa3zoM, MHOTOLICNIEBbIe (PYHKIIMH, C OXHON CTOPOHEI, SBISIOTCS Hanboee
NPUMEHUMBIMH B peajlbHbIX YCIOBUSIX, B IPYroil — Hanbomee CI0KHbIMU. [1pu 3TOM
MHOTOLIeNeBble PYHKIIMU 10 CBOCH MPUPOJE SBIACTCS COCTABHBIMH, YTO ITO3BOJISET
JIOCTATOYHO THOKO BHIOHPATH ONITUMHU3HPYEMBIC KPUTEPHH MIPOCKTA.

7. 3aknroyeHue

Takum o0paszoM, mpeacTaBiieH 0030p COBPEMEHHBIX MOAENEH M METOAOB TEOPHU
pacriucanuid. J{ys Toi menmu ObUT BEIOpaH KIlacc 3a/1ad PecypCHOro IIAaHWPOBaHHS
RCPSP, xoTopslii HaXOOWT IIHPOKOE MPAaKTHYECKOE MPUMEHEHHE W 0000IIaeT
MHOTOYMCJIEHHBIE IIOCTAHOBKM TEOpUM pacnucaHui. IlpoBeneHHBIH  0030p
MO3BOJISIET BBIIBUTH OCHOBHBIE TOHSATHS M MaTeMaTHYECKHE MOJIENH, KOTOpBIE
MOT'YT OBITH IIOJIOXXEHBI B OCHOBY YHHBEPCAJIBLHOTO O0OBEKTHO-OPUEHTHPOBAHHOTO
Kapkaca Jyist pa3paboTK1 POrpaMMHBIX TIPHII0KEHHH.

30



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

Cnucok nutepaTtypbl

[1].
[2].

(31

[4].

[5].
[6].
[71.

[8].
[a].
[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

NnutepHer-pecype: https://ru.wikipedia.org/wiki/Teopust_pacnucanuii (B pepakuuu ot 4
utons 2013 14:07).

Jlazapes A. A., 'adapos E. P. Teopust pacniucanuii: 3aga4u 1 anropuTMbl. MOCKOBCKUI
rocyJIapcTBeHHbIH yHEBepcuTeT uM. M.B. Jlomonocoa (MI'Y), Mocksa, Poccus, 2011,
222 c.

Koganenxo 0. B. CroxHOCTh HEKOTOPBIX 3a/1a4 TEOPUU PACTTUCAHUN U HIBOJIIOIMOHHBIE
QITOPUTMBI HMX pemeHus. Jluccepranmus Ha COMCKaHWE YYEHOH CTENEeHHM KaHumata
¢usnko-maremMaTuueckux Hayk, Omck, Pocens, 2013, 129 c.

Sprecher A. Resource-constrained project scheduling: Exact methods for the multi-mode
case. Cepus kuur: Lecture Notes in Economics and Mathematical Systems, Tom 409,
Springer, Berlin, Germany, 1994, 142 c.

Wnrepuer-pecype:  https://ru.wikipedia.org/wiki/3agaya_06_ynakoBke B_KOHTCHHEpbHI
(B pemakimu ot 19 cents6ps 2013 21:17).

Wnrepuer-pecypce: https://ru.wikipedia.org/wiki/3agaya o proksake (B pegakiuu ot 29
ntons 2014 07:47).

Stadtler H. Multilevel capacitated lot-sizing and resource-constrained project
scheduling: An integrating perspective. International Journal of Production Research,
2005, Tom 43, Beimyck 24, c. 5253-5270.

Wnrepuer-pecype: https://ru.wikipedia.org/wiki/3anaya_xommuBosképa (B pelakiiii OT
21 mas 2014 18:07).

Brucker P., Knust S. Resource-constrained project scheduling and timetabling. Lecture
Notes in Computer Science, 2001, Tom 2079, c. 277-293.

Drex| A., Salewski F. Distribution requirements and compactness constraints in school
timetabling. European Journal of Operational Research, 1997, tom 102, Bemyck 1, c.
193-214.

Pritsker A. A. B., Watters L. J., Wolfe P. M. Multiproject scheduling with limited
resources: A zero-one programming approach. Management Science, 1969, Tom 16,
BBINyCK 1, c. 93-107.

Blazewicz J., Lenstra J. K., Rinnooy Kan A. H. G. Scheduling subject to resource
constraints: Classification and complexity. Discrete Applied Mathematics, 1983, Tom 5,
c. 11-24.

Ahuja H. N. Construction performance control by networks. John Wiley & Sons, New
York, USA, 1976, 636 c.

Davis E. W., Patterson J. H. A comparison of heuristic and optimum solutions in
resource-constrained project scheduling. Management Science, 1975, Tom 21, BbImyck 8§,
c. 944-955.

Hegazy T. Optimization of resource allocation and leveling using genetic algorithms.
Journal of Construction Engineering and Management, 1999, tom 125, Beimyck 3, c.
167-175.

Brooks G. N., White C. R. An algorithm for finding optimal or near optimal solutions to
the production scheduling problem. Journal of Industrial Engineering, 1966, Tom 17,
BBIITyCK 2, c. 173-186.

Gomory R. E. An all integer programming algorithm. I'taBa u3 kuuru [[157]], c. 193-
206.

Szwarg W. Solutions of the akers-friedman scheduling problem. Operations Research,
1960, Tom 8, BeImycK 6, c. 782-788.

31


https://ru.wikipedia.org/wiki/Теория_расписаний
https://ru.wikipedia.org/wiki/Задача_об_упаковке_в_контейнеры
https://ru.wikipedia.org/wiki/Задача_о_рюкзаке
https://ru.wikipedia.org/wiki/Задача_коммивояжёра

Trudy ISP RAN [The Proceedings of ISP RAS], vol. 26, issue 3, 2014.

[19].

[20].

[21].
[22].
[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

[31].
[32].

[33].

[34].

[35].

[36].

[37].

32

Ashour S. A Decomposition Approach for the Machine Scheduling Problem. University
of Towa, lowa City, USA, 1967, 416 c.

Giffler B., Thompson G. L., Van Ness V. Numerical experience with the linear and
Monte-Carlo algorithms for solving production scheduling problems. I'maBa u3 KHuru
[[1577], c. 21-29.

Page E. S. An approach to the scheduling of the N jobs on M machines. Journal of the
Royal Statistical Society, 1961, Tom 23, Beimyck 2, ¢ 484-492.

Kolisch R. Efficient priority rules for the resource-constrained project scheduling
problem. Journal of Operations Management, 1996, Tom 14, Beimyck 3, ¢. 179-192.
Boctor F. F. Some efficient multi-heuristic procedures for resource constrained project
scheduling. European Journal of Operational Research, 1990, Tom 49, Beimyck 1, c. 3-13.
Graham R. L., Lawler E. L., Lenstra J. K., Rinnooy Kan A. H. G. Optimization and
approximation in deterministic sequencing and scheduling: A survey. Annals of Discrete
Mathematics, 1979, Tom 5, c. 287-326.

Brucker P., Drexl A., Mohring R., Neumann K., Pesch E. Resource-constrained project
scheduling: Notation, classification, models, and methods. European Journal of
Operational Research, 1999, Tom 112, Beimyck 1, c. 3-41.

Stowin’ski R. Multiobjective network scheduling with efficient use of renewable and
nonrenewable resources. European Journal of Operational Research, 1981, Tom 7,
BBIIYCK 3, c. 265-273.

Weglarz J. On certain models of resource allocation problems. Kybernetes, 1980, Tom 9,
BeINyCK 1, . 61-66.

Bottcher J., Drexl A., Kolisch R., Salewski F. Project scheduling under partially
renewable resource constraints. Management Science, 1999, Tom 45, Beinyck 4, c. 543-
559.

Zhu G., Bard J. F., Yu G. A branch-and-cut procedure for the multimode resource-
constrained project-scheduling problem. INFORMS Journal on Computing, 2006, Tom
18, BeImyck 3, c. 377-390.

Nudtasomboon N., Randhawa S. U. Resource-constrained project scheduling with
renewable and non-renewable resources and time-resource tradeoffs. Computers and
Industrial Engineering, 1997, Tom 32, Bemyck 1, c. 227-242.

Neumann K., Schwindt C. Project scheduling with inventory constraints. Mathematical
Methods of Operations Research, 2003, Tom 56, Beimyck 3, c¢. 513-533.

Bartels J. H., Zimmermann J. Scheduling tests in automotive R&D projects. European
Journal of Operational Research, 2009, Tom 193, Beimyck 3, ¢. 805-819.

Schwindt C., Trautmann N. Batch scheduling in process industries: An application of
resource-constrained project scheduling. OR Spectrum, 2000, Tom 22, Beimmyck 4, ¢. 501-
524.

Neumann K., Schwindt C., Trautmann N. Scheduling of continuous and discontinuous
material flows with intermediate storage restrictions. European Journal of Operational
Research, 2005, Tom 165, Beimyck 2, c. 495-5009.

Weglarz J., Blazewicz J., Cellary W., Stowin’ski R. Algorithm 520: An automatic
revised simplex method for constrained resource network scheduling. ACM
Transactions on Mathematical Software, 1977, Tom 3, Beimyck 3, ¢. 295-300.

Blazewicz J., Ecker K., Pesch E., Schmidt G., Weglarz J. Handbook on Scheduling:
From Theory to Applications. Cepust kuur: International Handbooks on Information
Systems, Springer, Berlin, Germany, 2007, 647 c.

Kis T. A branch-and-cut algorithm for scheduling of projects with variable-intensity
activities. Mathematical Programming, 2005, tom 103, Beimyck 3, c. 515-539.



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

[38].

[39].

[40].

[41].

[42].

[43].
[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

Waligora G. Discrete-continuous project scheduling with discounted cash flows — A
tabu search approach. Computers and Operations Research, 2008, Tom 35, Bbimyck 7, c.
2141-2153.

Kis T. RCPS with Variable intensity activities and feeding precedence constraints.
T'naBa u3 xauru [[158]], ¢. 105-129.

Jozefowska J., Mika M., Rozycki R., Waligora G., Weglarz J. Solving the discrete-
continuous project scheduling problem via its discretization. Mathematical Methods of
Operations Research, 2000, Tom 52, Beimyck 3, c. 489-499.

Weglarz J. Project scheduling with continuously divisible, doubly-constrained resources.
Management Science, 1981, Tom 27, Beimtyck 9, c¢. 1040-1053.

Bianco L., Dell’olmo P., Speranza M. G. Heuristics for multimode scheduling problems
with dedicated resources. European Journal of Operational Research, 1998, tom 107,
BBINYCK 2, . 260-271.

Bianco L., Caramia M., Dell’olmo P. Solving a preemptive project scheduling problem
with coloring techniques. I'maBa u3 kuuru [[159]], c. 135-146.

Dorndorf U., Phan-Huy T., Pesch E. A survey of interval capacity consistency tests for
time- and resource constrained scheduling. I'maBa u3 xauru [[159]], c. 213-238.
Dorndorf U., Pesch E., Phan-Huy T. Constraint propagation techniques for the
disjunctive scheduling problem. Artificial Intelligence, 2000, Tom 122, Bbimyck 1-2, c.
189-240.

Bomsdorf F., Derigs U. A model, heuristic procedure and decision support system for
solving the movie shoot scheduling problem. OR-Spectrum, 2008, Tom 30, Beimyck 4, c.
751-772.

Klein R., Scholl A. Scattered branch and bound — An adaptive search strategy applied to
resource-constrained project scheduling. Central European Journal of Operations
Research, 1999, Tom 7, ¢. 177-201.

Nonobe K., Ibaraki T. Formulation and tabu search algorithm for the resource
constrained project scheduling problem. T'masa (c. 557-588) u3 kuuru nox pen. Ribeiro
C. C., Hansen P. Essays and Surveys in Metaheuristics. Cepust xuur: Operations
Research/Computer Science Interfaces Series, Tom 15, Springer, Berlin, Germany, 2002,
664 c.

Pesch E. Lower bounds in different problem classes of project schedules with resource
constraints. I'maBa u3 xuuru [[159]], c. 53-76.

Klein R., Scholl A. Computing lower bounds by destructive improvement: An
application to resource-constrained project scheduling. European Journal of Operational
Research, 1999, Tom 112, Beimyck 2, ¢. 322-346.

Klein R. Project scheduling with time-varying resource constraints. International Journal
of Production Research, 2000, Tom 38, Beimyck 16, c¢. 3937-3952.

Hartmann S. Project scheduling under limited resources: Models, methods, and
applications. Cepns xuur: Lecture Notes in Economics and Mathematical Systems, Tom
478, Springer, Berlin, Germany, 1999, 221 c.

Icmeli O., Rom W. O. Solving the resource constrained project scheduling problem with
optimization subroutine library. Computers and Operations Research, 1996, tom 23,
BbITYyCK 8, ¢. 801-817.

Bartusch M., Méhring R. H., Radermacher F. J. Scheduling project networks with
resource constraints and time windows. Annals of Operations Research, 1988, Tom 16,
BHITycK 1, c. 201-240.

33



Trudy ISP RAN [The Proceedings of ISP RAS], vol. 26, issue 3, 2014.

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

[66].
[67].

[68].

[69].

[70].

[71].

34

Debels D., Vanhoucke M. The impact of various activity assumptions on the lead time
and resource utilization of resource-constrained projects. Computers and Industrial
Engineering, 2008, Tom 54, Beimyck 1, ¢. 140-154.

Demeulemeester E. L., Herroelen W. S. An efficient optimal solution procedure for the
preemptive resource-constrained project scheduling problem. European Journal of
Operational Research, 1996, Tom 90, Beimyck 2, c. 334-348.

Ballestin F., Valls V., Quintanilla S. Pre-emption in resource-constrained project
scheduling. European Journal of Operational Research, 2008, Tom 189, BeITyCK 3, C.
1136-1152.

Buddhakulsomsiria J., Kim D. S. Properties of multi-mode resource-constrained project
scheduling problems with resource vacations and activity splitting. European Journal of
Operational Research, 2006, Tom 175, Beimyck 1, c. 279-295.

Buddhakulsomsiria J., Kim D. S. Priority rule-based heuristic for multi-mode resource-
constrained project scheduling problems with resource vacations and activity splitting.
European Journal of Operational Research, 2007, Tom 178, Beimyck 2, c. 374-390.
Franck B., Neumann K., Schwindt C. Project scheduling with calendars. OR Spektrum,
2001, Tom 23, BeITyCK 3, ¢. 325-334.

Drezet L. E., Billaut J. C. A project scheduling problem with labour constraints and
time-dependent activities requirements. International Journal of Production Economics,
2008, tom 112, Bemyck 1, c. 217-225.

Cavalcante C. C. B., C. de Souza C., Savelsbergh M. W. P., Wang Y., Wolsey L. A.
Scheduling projects with labor constraints. Discrete Applied Mathematics, 2001, Tom
112, Beimyck 1-3, c. 27-52.

Mika M., Waligora G., Weglarz J. Tabu search for multi-mode resource-constrained
project scheduling with schedule-dependent setup times. European Journal of
Operational Research, 2008, Tom 187, Beimyck 3, ¢. 1238-1250.

Mika M., Waligora G., Weglarz J. Modelling setup times in project scheduling. I'maBa
u3 kaurd [[158]], c. 131-165.

Drexl A., Nissen R., Patterson J. H., Salewski F. Progen/nx — An instance generator for
resource-constrained project scheduling problems with partially renewable resources and
further extensions. European Journal of Operational Research, 2000, Tom 125, Beimyck 1,
c. 59-72.

Vanhoucke M. Setup times and fast tracking in resource-constrained project scheduling.
Computers and Industrial Engineering, 2008, Tom 54, Beinyck 4, ¢. 1062-1070.
Elmaghraby S. E. Activity networks: Project planning and control by network models.
Wiley, New York, USA, 1977, 443 c.

Alcaraz J., Maroto C., Ruiz R. Solving the multi-mode resource-constrained project
scheduling problem with genetic algorithms. Journal of the Operational Research
Society, 2003, Tom 54, BeIIycK 6, ¢. 614-626.

Bouleimen K., Lecocq H. A new efficient simulated annealing algorithm for the
resource-constrained project scheduling problem and its multiple mode version.
European Journal of Operational Research, 2003, Tom 149, Beimyck 2, c. 268-281.
Hartmann S. Project scheduling with multiple modes: A genetic algorithm. Annals of
Operations Research, 2001, rom 102, Beimyck 1-4, c. 111-135.

Jarboui B., Damak N., Siarry P., Rebai A. A combinatorial particle swarm optimization
for solving multi-mode resource-constrained project scheduling problems. Applied
Mathematics and Computation, 2008, Tom 195, Beimyck 1, ¢. 299-308.



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

[87].

Jozefowska J., Mika M., Rozycki R., Waligora G., Weglarz J. Simulated annealing for
multi-mode resource-constrained project scheduling. Annals of Operations Research,
2001, rom 102, BeiTyck 1-4, c. 137-155.

Ozdamar L. A genetic algorithm approach to a general category project scheduling
problem. IEEE Transactions on Systems, Man, and Cybernetics, Part C: Applications
and Reviews, 1999, tom 29, Beimyck 1, c. 44-59.

Calhoun K. M., Deckro R. F., Moore J. T., Chrissis J. W., Hove J. C. V. Planning and
re-planning in project and production scheduling. Omega, 2002, Tom 30, BbIyck 3, c.
155-170.

B. de Reyck, Herroelen W. S. The multi-mode resource-constrained project scheduling
problem with generalized precedence relations. European Journal of Operational
Research, 1999, tom 119, Bemyck 2, c. 538-556.

Heilmann R. Resource-constrained project scheduling: A heuristic for the multi-mode
case. OR Spektrum, 2001, Tom 23, Beimyck 3, ¢. 335-357.

Heilmann R. A branch-and-bound procedure for the multi-mode resource-constrained
project scheduling problem with minimum and maximum time lags. European Journal of
Operational Research, 2003, Tom 144, Beimyck 2, ¢. 348-365.

Li H., Womer K. Modeling the supply chain configuration problem with resource
constraints. International Journal of Project Management, 2008, Tom 26, Bbiyck 6, C.
646-654.

Tiwari V., Patterson J. H., Mabert V. A. Scheduling projects with heterogeneous
resources to meet time and quality objectives. European Journal of Operational
Research, 2009, tom 193, Bemmyck 3, c. 780-790.

Tareghian H. R., Taheri S. H. A solution procedure for the discrete time, cost and quality
tradeoff problem using electromagnetic scatter search. Applied Mathematics and
Computation, 2007, Tom 190, Beimyck 2, ¢. 1136-1145.

Salewski F., Schirmer A., Drexl A. Project scheduling under resource and mode identity
constraints: Model, complexity, methods, and application. European Journal of
Operational Research, 1997, Tom 102, Beimyck 1, c. 88-110.

Demeulemeester E. L., B. de Reyck, Herroelen W. S. The discrete time/resource trade-
off problem in project networks — A branch-and-bound approach. IlE Transactions,
2000, Tom 32, Beimyck 11, c. 1059-1069.

Ranjbar M., Kianfar F. Solving the discrete time/resource trade-off problem in project
scheduling with genetic algorithms. Applied Mathematics and Computation, 2007, Tom
191, Boimyck 2, c. 451-456.

Ranjbar M., B. de Reyck, Kianfar F. A hybrid scatter search for the discrete
time/resource trade-off problem in project scheduling. European Journal of Operational
Research, 2009, rom 193, Bemmyck 1, c. 35-48.

Akkan C., Drex!l A., Kimms A. Network decomposition-based benchmark results for the
discrete time-cost tradeoff problem. European Journal of Operational Research, 2005,
ToM 165, BeImyck 2, ¢. 339-358.

Demeulemeester E. L., B. de Reyck, Foubert B., Herroelen W. S., Vanhoucke M. New
computational results on the discrete time/cost trade-off problem in project networks.
Journal of the Operational Research Society, 1998, Tom 49, Bemyck 11, c. 1153-1163.
Deckro R. F., Hebert J. E., Verdini W. A., Grimsrud P. H., Venkateshwar S. Nonlinear
time/cost tradeoff models in project management. Computers and Industrial
Engineering, 1995, Tom 28, Brimmyck 2, c. 219-229.

35



Trudy ISP RAN [The Proceedings of ISP RAS], vol. 26, issue 3, 2014.

[88].

[89].

[90].

[91].

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

[100].

[101].

[102].

[103].

[104].

36

Chassiakos A. P., Sakellaropoulos S. P. Time-cost optimization of construction projects
with generalized activity constraints. Journal of Construction Engineering and
Management, 2005, Tom 131, Beimyck 10, c. 1115-1124.

Klein R., Scholl A. PROGRESS: Optimally solving the generalized resource-
constrained project scheduling problem. Mathematical Methods of Operations Research,
2000, Tom 52, Beimyck 3, c. 467-488.

Kolisch R. Integrated scheduling, assembly area- and part-assignment for large-scale,
make-to-order assemblies. International Journal of Production Economics, 2000, Tom 64,
BBIycK 1-3, c. 127-141.

Vanhoucke M. Work continuity constraints in project scheduling. Journal of
Construction Engineering and Management, 2006, Tom 132, Beimyck 1, c. 14-25.
Demeulemeester E. L., Herroelen W. S. Modelling setup times, process batches and
transfer batches using activity network logic. European Journal of Operational Research,
1996, Tom 89, Beimyck 2, ¢. 355-365.

Cesta A., Oddi A., Smith S. F. A constraint-based method for project scheduling with
time windows. Journal of Heuristics, 2002, Tom 8, Beimyck 1, ¢. 109-136.

Dorndorf U., Pesch E., Phan Huy T. A time-oriented branch-and-bound algorithm for
resource-constrained project scheduling with generalized precedence constraints.
Management Science, 2000, Tom 46, Beimyck 10, ¢. 1365-1384.

Schwindt C. Generation of resource-constrained project scheduling problems subject to
temporal constraints. Technical Report WIOR-543, Universitidt Karlsruhe, Germany,
1998.

Neumann K., Zimmermann J. Exact and truncated branch-and-bound procedures for
resource-constrained project scheduling with discounted cash flows and general
temporal constraints. Central European Journal of Operations Research, 2002, Tom 10,
BBIIyCK 4, c. 357-380.

Neumann K., Zimmermann J. Procedures for resource leveling and net present value
problems in project scheduling with general temporal and resource constraints. European
Journal of Operational Research, 2000, Tom 127, BeImyck 2, c. 425-443.

Neumann K., Schwindt C., Zimmermann J. Recent results on resource-constrained
project scheduling with time windows: Models, solution methods, and applications.
Central European Journal of Operations Research, 2002, Tom 10, Bbimyck 2, ¢. 113-148.
Sabzehparvar M., Seyed-Hosseini S. M. A mathematical model for the multi-mode
resource-constrained project scheduling problem with mode dependent time lags.
Journal of Supercomputing, 2008, Tom 44, BeImyck 3, ¢. 257-273.

Franck B., Neumann K. Resource-constrained project scheduling with time windows:
Structural questions and priority rule methods. Technical Report WIOR-492, Universitét
Karlsruhe, Germany, 1997.

Ballestin F., Valls V., Quintanilla S. Due dates and RCPSP. I'naBa u3 kuuru [[158]], c.
79-104.

Branzei R., Ferrari G., Fragnelli V., Tijs S. Two approaches to the problem of sharing
delay costs in joint projects. Annals of Operations Research, 2002, Tom 109, Bbimyck 1-
4, c. 359-374.

Chiu H. N., Tsai D. M. An efficient search procedure for the resource-constrained multi-
project scheduling problem with discounted cash flows. Construction Management and
Economics, 2002, Tom 20, BeImyck 1, ¢. 55-66.

Ozdamar L., Ulusoy G., Bayyigit M. A heuristic treatment of tardiness and net present
value criteria in resource constrained project scheduling. International Journal of



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

[105].

[106].

[107].

[108].
[109].

[110].

[111].

[112].

[113].

[114].

[115].

[116].

[117].

[118].

[119].

[120].

[121].

Physical Distribution and Logistics Management, 1998, Tom 28, Beimyck 9/10, c. 805-
824.

Baptiste P., Pape C. L., Nuijten W. Satisfiability tests and time-bound adjustments for
cumulative scheduling problems. Annals of Operations Research, 1999, tom 92, c. 305-
333.

Yang H. H., Chen Y. L. Finding the critical path in an activity network with time-switch
constraints. European Journal of Operational Research, 2000, Tom 120, Beimyck 3, c.
603-613.

Vanhoucke M., Demeulemeester E. L., Herroelen W. S. Discrete time/cost trade-offs in
project scheduling with time-switch constraints. Journal of the Operational Research
Society, 2002, Tom 53, BeIyck 7, ¢. 741-751.

Kriiger D., Scholl A. Managing and modelling general resource transfers in (multi-
)project scheduling. OR Spektrum, 2010, Tom 32, Bbimyck 2, c. 369-394.

Elmaghraby S. E. An algebra for the analysis of generalized activity networks.
Management Science, 1964, Tom 10, Beimyck 3, c. 494-514.

Belhe U., Kusiak A. Resource-constrained scheduling of hierarchically structured design
activity networks. IEEE Transactions on Engineering Management, 1995, tom 42,
BBIIyCK 2, c. 150-158.

Neumann K. Stochastic project networks: Temporal analysis, scheduling and cost
minimization. Cepust kuur: Lecture Notes in Economics and Mathematical Systems,
toMm 344, Springer, Berlin, Germany, 1990, 237 c.

Kuster J., Jannach D. Handling airport ground processes based on resource-constrained
project scheduling. Lecture Notes in Computer Science, 2006, Tom 4031, c. 166-176.
Viana A., P. de Sousa J. Using metaheuristics in multiobjective resource constrained
project scheduling. European Journal of Operational Research, 2000, Tom 120, BbITyck
2, c. 359-374.

Vanhoucke M., Demeulemeester E. L., Herroelen W. S. An exact procedure for the
resource-constrained weighted earliness-tardiness project scheduling problem. Annals of
Operations Research, 2001, tom 102, Beimyck 1-4, c. 179-196.

Franck B., Schwindt C. Different resource-constrained project scheduling models with
minimal and maximal time-lags. Technical Report WIOR-450, Universitdt Karlsruhe,
Germany, 1995.

Lorenzoni L. L., Ahonen H., G. de Alvarenga A. A multi-mode resource-constrained
scheduling problem in the context of port operations. Computers and Industrial
Engineering, 2006, Tom 50, Beimyck 1-2, ¢. 55-65.

Vanhoucke M. Scheduling an R&D project with quality-dependent time slots. Lecture
Notes in Computer Science, 2006, Tom 3982, c. 621-630.

Rom W. O., Tukel O. I., Muscatello J. R. MRP in a job shop environment using a
resource constrained project scheduling model. Omega, 2002, Tom 30, BeiTyck 4, c. 275-
286.

Nazareth T., Verma S., Bhattacharya S., Bagchi A. The multiple resource constrained
project scheduling problem: A breadth-first approach. European Journal of Operational
Research, 1999, Tom 112, Beimyck 2, c. 347-366.

Al-Fawzan M., Haouari M. A bi-objective model for robust resource-constrained project
scheduling. International Journal of Production Economics, 2005, Tom 96, BImyck 2, c.
175-187.

Abbasi B., Shadrokh S., Arkat J. Bi-objective resource-constrained project scheduling
with robustness and makespan criteria. Applied Mathematics and Computation, 2006,
tom 180, Beimyck 1, c. 146-152.

37



Trudy ISP RAN [The Proceedings of ISP RAS], vol. 26, issue 3, 2014.

[122].

[123].

[124].

[125].

[126].
[127].

[128].

[129].

[130].

[131].

[132].

[133].
[134].

[135].

[136].

[137].
[138].

[139].

38

Kobylanski P., Kuchta D. A note on the paper by M. A. Al-Fawzan and M. Haouari
about a bi-objective problem for robust resource-constrained project scheduling.
International Journal of Production Economics, 2007, Tom 107, Beimyck 2, ¢. 496-501.
Chtourou H., Haouari M. A two-stage-priority-rule-based algorithm for robust resource-
constrained project scheduling. Computers and Industrial Engineering, 2008, tom 55,
BeImyck 1, c. 183-194.

Icmeli-Tukel O., Rom W. O. Ensuring quality in resource constrained project
scheduling. European Journal of Operational Research, 1997, tom 103, Beimyck 3, c.
483-496.

Van de Vonder S., Demeulemeester E. L., Herroelen W. S. A classification of
predictive-reactive project scheduling procedures. Journal of Scheduling, 2007, Tom 10,
BeINyCK 3, c. 195-207.

Sakkout H., Wallace M. Probe backtrack search for minimal perturbation in dynamic
scheduling. Constraints, 2000, Tom 5, Beimyck 4, c. 359-388.

Zhu G., Bard J. F., Yu G. Disruption management for resource-constrained project
scheduling. Journal of the Operational Research Society, 2005, Tom 56, c. 365-381.
Neumann K., Schwindt C., Zimmermann J. Resource-constrained project scheduling
with time windows: Recent developments and new applications. I'maBa w3 kHuTH
[[158]], c. 375-407.

Drexl A., Kimms A. Optimization guided lower and upper bounds for the resource
investment problem. Journal of the Operational Research Society, 2001, Tom 52, BeITyck
3, c. 340-351.

Ranjbar M., Kianfar F., Shadrokh S. Solving the resource availability cost problem in
project scheduling by path relinking and genetic algorithm. Applied Mathematics and
Computation, 2008, Tom 196, Beimyck 2, c. 879-888.

Yamashita D. S., Armentano V. A., Laguna M. Robust optimization models for project
scheduling with resource availability cost. Journal of Scheduling, 2007, Tom 10, BbITyck
1, c. 67-76.

Shadrokh S., Kianfar F. A genetic algorithm for resource investment project scheduling
problem, tardiness permitted with penalty. European Journal of Operational Research,
2007, Tom 181, Bemyck 1, c. 86-101.

Niibel H. The resource renting problem subject to temporal constraints. OR-Spektrum,
2001, Tom 23, BeImycK 3, ¢. 359-381.

Ballestin F. A genetic algorithm for the resource renting problem with minimum and
maximum time lags. Lecture Notes in Computer Science, 2007, Tom 4446, c. 25-35.
Bandelloni M., Tucci M., Rinaldi R. Optimal resource leveling using non-serial dynamic
programming. European Journal of Operational Research, 1994, tom 78, BhImyck 2, c.
162-177.

Davis K. R., Stam A., Grzybowski R. A. Resource constrained project scheduling with
multiple objectives: A decision support approach. Computers and Operations Research,
1992, tom 19, BeIIyCK 7, ¢. 657-669.

Maniezzo V., Mingozzi A. The project scheduling problem with irregular starting time
costs. Operations Research Letters, 1999, tom 25, Beimyck 4, c. 175-182.

Mohring R. H., Schulz A. S., Stork F., Uetz M. On project scheduling with irregular
starting time costs. Operations Research Letters, 2001, Tom 28, Beimyck 4, c. 149-154.
Mohring R. H., Schulz A. S., Stork F., Uetz M. Solving project scheduling problems by
minimum cut computations. Management Science, 2003, Tom 49, Bemyck 3, ¢. 330-350.



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

[140].

[141].

[142].

[143].

[144].

[145].

[146].

[147].

[148].

[149].

[150].

[151].

[152].

[153].

[154].

[155].

[156].

Achuthan N., Hardjawidjaja A. Project scheduling under time dependent costs — A
branch and bound algorithm. Annals of Operations Research, 2001, Tom 108, BbImyck 1-
4, c.55-74.

Dodin B., Elimam A. A. Integrated project scheduling and material planning with
variable activity duration and rewards. IIE Transactions, 2001, tom 33, Beimyck 11, c.
1005-1018.

Nonobe K., Ibaraki T. A metaheuristic approach to the resource constrained project
scheduling with variable activity durations and convex cost functions. I'maBa u3 kaurn
[[158]], c. 225-248.

Rummel J. L., Walter Z., Dewan R., Seidmann A. Activity consolidation to improve
responsiveness. European Journal of Operational Research, 2005, Tom 161, Beimyck 3, c.
683-703.

Kimms A. Maximizing the net present value of a project under resource constraints
using a lagrangian relaxation based heuristic with tight upper bounds. Annals of
Operations Research, 2001, rom 102, Beimyck 1-4, c. 221-236.

Mika M., Waligora G., Weglarz J. Simulated annealing and tabu search for multi-mode
resource-constrained project scheduling with positive discounted cash flows and
different payment models. European Journal of Operational Research, 2005, Tom 164,
BBIIYCK 3, c. 639-668.

Padman R., Zhu D. Knowledge integration using problem spaces: A study in resource-
constrained project scheduling. Journal of Scheduling, 2006, Tom 9, BemycKk 2, c. 133-
152.

Vanhoucke M., Demeulemeester E. L., Herroelen W. S. On maximizing the net present
value of a project under renewable resource constraints. Management Science, 2001,
Ttom 47, BeImyck 8, ¢. 1113-1121.

Varma V. A., Uzsoy R., Pekny J., Blau G. Lagrangian heuristics for scheduling new
product development projects in the pharmaceutical industry. Journal of Heuristics,
2007, Tom 13, BeImIyCcK 5, c. 403-433.

Najafi A. A., Niaki S. T. A. A genetic algorithm for resource investment problem with
discounted cash flows. Applied Mathematics and Computation, 2006, Tom 183, BeITycK
2, ¢. 1057-1070.

Herroelen W. S., P. van Dommelen, Demeulemeester E. L. Project network models with
discounted cash flows: A guided tour through recent developments. European Journal of
Operational Research, 1997, Tom 100, Beimyck 1, ¢. 97-121.

Dayanand N., Padman R. On modelling payments in projects. Journal of the Operational
Research Society, 1997, Tom 48, Beimyck 9, ¢. 906-918.

Etgar R., Shtub A., LeBlanc L. J. Scheduling projects to maximize net present value —
the case of time-dependent, contingent cash flows. European Journal of Operational
Research, 1997, Tom 96, Beimyck 1, c. 90-96.

Hapke M., Jaszkiewicz A., Slowinski R. Interactive analysis of multiple-criteria project
scheduling problems. European Journal of Operational Research, 1998, tom 107,
BBIITYCK 2, ¢. 315-324.

Slowinski R., Soniewicki B., Weglarz J. DSS for multiobjective project scheduling.
European Journal of Operational Research, 1994, Tom 79, Bbimyck 2, c. 220-229.

Doérner K. F., Gutjahr W. J., Hartl R. F., Strauss C., Stummer C. Nature-inspired
metaheuristics for multiobjective activity crashing. Omega, 2008, Tom 36, BbImycK 6, C.
1019-1037.

Nabrzynski J., Weglarz J. Knowledge-based multiobjective project scheduling problems.
I'naBa u3 kuuru [[159]], c. 383-411.

39



Trudy ISP RAN [The Proceedings of ISP RAS], vol. 26, issue 3, 2014.

[157]. TIox pen. Muth J. F., Thompson G. L. Industrial Scheduling. Prentice-Hall, Englewood
Cliffs, New Jersey, USA, 1963, 467 c.

[158]. Tlox pen. Jozefowska J., Weglarz J. Perspectives in Modern Project Scheduling.
Springer Science & Business Media, New York, USA, 2006, 466 c.

[159]. Tlox pen. Weglarz J. Project Scheduling: Recent Models, Algorithms and Applications.
Springer, New York, USA, 1999, 535 c.

40



Tpyast UCIT PAH, Tom 26, BbInL. 3, 2014 1.

A survey of emerging models and methods
of scheduling

A. S. Anichkin
<anton.anichkin@ispras.ru>
V. A. Semenov
<sem@ispras.ru>
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Abstract. The paper is addressed the important problem of systematization and
conceptualization of scheduling theory. Scheduling is widely applied in such subject areas as
production management, traffic flow organization, planning of projects and resource
management into computing systems. However, a diversity of mathematical models and
methods of scheduling poses usually the problem of design of fast algorithm as well as the
problem of efficient software implementation taking into account specificity of subject area.
A usage of typical solvers from shared mathematical libraries is exceedingly limited. A usage
of object-oriented frameworks for software implementations is more perspective. In the paper
we make an attempt to systematize and to generalize models and methods of scheduling
theory with the aim of construction of such a framework. The main attention is paid to
resource-constrained project scheduling problems. These problems are widely used in
practice on the one hand and bring together different mathematical statements arising in
related subject areas and disciplines on the other hand.

Keywords: scheduling, resource-constrained project scheduling problem, software
engineering, object-oriented programming
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