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BBeneHve

AKTYa/IbHOCTb PaboThl.

Yereninoe 1 3@EKTUBHOE JIOCTUXKEHNE 1ieJiell Ha3eMHOil, BO3/LYIITHON MJIM KOC-
MUYECKON 3KCIEeUINU BO MHOIOM 3aBUCUT OT CJIA?KEHHBIX U CBOEBPEMEHHBIX JICli-
CTBUII YJIEHOB dKMIIazKa. B 3aBUCHMOCTH OT Ha3HAYEHUsI 9TO MOYKET ObITb SKUIIAXK
BOEHHOI'0 caMmojieTa, Tanka uan Mexkiynapoanoit kocmudeckoit ctanmus. [entpamn
IIOJICOTOBOK IKMITaXKeil CHenuaJbHOrO Ha3HAYEeHUs SIBJSIOTCS JIETHbIE U TAHKOBBIE
yaminiia, a Takxke learp noaroropkn kocmonastos (IIITK) mv. FO.A. Tarapuna.
YKazaHHbIEe IEHTPBI MPEJACTABIAIOT U3 cebs CONMa/bHO-9KOHOMUYECKIE CHCTEMBI,
B3aMMO/ICIICTBHIE 1IEHOB 1 COBOKYIIHOCTD IIPOIECCOB KOTOPBIX CIIOCOOHO 00ECIIeUNTh
TpeOyeMbIil YPOBEHb KOMIICTEHIINH, HEOOXOINMOE KauecTBO paboThl U CJIaXKEeHHOCTh
BCEX UJICHOB 9KUIIAaYKa BO BCEX IITATHBIX U aBapUitHbIX cuTyalnsax. OJIHOI 13 0CHOB-
HBIX 3aJ1a4, PacCMaTPUBAEMbIX OPraHU3aIMOHHbBIX CUCTEM, SIBJISIETCS ILJIaHUPOBaHUE
IIOJTOTOBKI Ha TPeHarkepax, OpraHu3allis 3aHATUs CO CIeIUaJIucTaMu 111 (POpPMU-
POBaHU U TOJIJIEPKAHUN Y YJIEHOB SKUIIazKell COBOKYITHOCTH OIIpeJIe/IeHHBIX 3HAHUI,
HABBIKOB W YMEHU, HEOOXOIUMBIX JIJIsT HAJCXKHOTO U OE€30TaCHOIO BBITIOJIHEHUS 10~
CTaBJICHHOI 332491 WU TPOrpaMMbl KOCMUYECKOTO TOJIETA.

Peaymmzanust u BHeJIpeHUe pe3y/IbTaTOB JINCCEPTAINOHHONI pabOThl IIPU3BaHbI
HOBBICUTH 9P(MEKTUBHOCTL U COKPATUTHL TPYA03aTPAThl CIENUAJIICTOB OTAe/a I11a~
HUPOBAHUSI IIEHTPOB IOJAIOTOBKU. B HacTosdlnee BpeMs B IOJABJISIONIEM OOJILIIIH-
CTBE IEHTPOB MPAKTUYECKN BCE Ollepaliy IJIAHUPOBAHUS U COCTABJICHUS DPACIIACA-
HUII TIOJIIOTOBKHU SKUIIAXKeHl OCYIIeCTB/ISIIOTCA BPYUHYIO. 3a [TOC/IeHIE JIeCSITIIeTHsI
3HAYUTE/IHLHO YBEJIMINICSI 00beM IOATOTOBKHU, MTOABIIACH HEOOXOIMMOCTE Y4eTa MHO-
JKeCTBa, OrpaHMYeHUl, CBA3aHHBIX € OOECIIeYeHMEeM 3aJIaHHOM I10C/Ie10BATEeILHOCTH
BBITIOJTHEHUST OTJIC/IbHBIX MPOTIEYP, C YIeTOM HECOBMECTUMOCTH (HEBO3ZMOYKHOCTHU
OJIHOBPEMEHHOIO BBIMIOJTHEHNST) HEKOTOPBIX oreparii. OIHOBpEMEHHO Ha pa3HbIX
STarax IMOJAIOTOBKU MOIyT HaxoanTcsa Oojee 10 sxumazkeit. Kaxkipiit oOydaemblit
MOKET MMETh WHJINBUIAYAJIbHBIN IIJIaH U 00bEM IOAIOTOBKM, KOTOPbI 3aBUCUT OT
OIIbITa MPOILJIBIX SKCIEUINI U POJIU B TIPEJICTOAIINX CIIEIOIePAIATX.

B nuccepranmnontoit paboTe paccMaTpUBalOTCA 3a/4a491 CTPATErNIeCKOT0O 1 TaK-
TUYIECKOI'0 KaJIeHIapHOT'O ILJIAaHUPOBaHUs 10JIr0TOBKM sKuItarkeil. Co31aHbl MaTeMa-

THUYICeCKHEe MOJeJIM B BIAC 3ada4d HEeJIOYMCJICHHOI'O JIMHEIHOIr O I[IporpaMMuUpOBaHAd 1



IIpOrpaMMUPOBaHUsI B orpaHnyeHnsx. PazpaboraHbl 9BpUCTHYECKIE aJITOPUTMbI Ha,
OCHOBE TIPaBUJI TPHOPHUTETa U Ha OCHOBe reHermueckoro ajgropurma (I'A) st pe-
HIeHUsT 3a/1a91 MIHIMUABAIUN B3BEIIeHHON CYMMBbI IIPOJIOJIZKUTEIbHOCTI U3y YeHUsT
KayKJI0T0 U3 KypCOB IMOATOTOBKU. Ha 0CHOBE BBIYHC/IUTEIBHBIX 9KCIIEPUMEHTOB Ha,
6oJs1ee gem 2500 paz/imIHbIX HAOOPaX JIaHHBIX BBIIIOJHEHA ITPOBEPKa 3(PHEKTUBHOCTH
pas3paboTaHHBIX MaTeMaTHIecKuX Mojiejieil 1 ajropuTmon. [IpuBejeHo cpaBHeHUE
Pa3/IMUHBIX [TOJIXO0/I0OB K PEIICHUIO 3a/a9l Ha, PeabHbIX JIAHHBIX.

Sajiaua KaJeHapHoro IJIaHUPOBAHMS IIOJAIOTOBKU SKUIIAXKel IIpe/ICTaB/IsieT
coboit 3ajady yIpaB/eHHsT MPOEKTOM C OrPAHUMYEHUSIMH Ha Pecypebl (resource-
constrained project scheduling problem, RCPSP) co cnennduanbiMu TpeboBanus-
MU ¥ BPpeMEHHBIMI OrpaHUYeHusMEI. Pecypchbl MOIyT ObITh: BO30OHOBJISIEMbIE, HEBO3-
ODOHOBJISIEMbIE, OIPAHNYICHHO-BO30OHOB/IsIEMbIE, C TIEPEMEHHO JIOCTYITHOCTBIO 1 9KC-
kao3nBHbIe. MaTemarndeckas rnocranoska mpobsiembl RCPSP Onu1a npencrasiena
B 1969 romy Ilpurckeponm !, moszxe Biamesmnd ¢ coapropamu nokazan NP-tpyanocTs
IS psijia Kiaccudeckux 3a1ad RCPSP 2.

st pemennst kiaccudeckoit 3ajgaan RCPSP npumensioT Tounbie n npudJim-
JKEeHHbIE METOJIbI pertennii. K mepBbIM OTHOCATCs: METO/I IIPSAMOro mepedbopa, MeTo/l
BeTBell 1 IPAHUI], METO/I JUHAMIIECKOIO IIPOrPAMMUPOBAHNS, IpahuiecKnii MeTO/I,
METO/I CEeTEBOT'0 IIPOIrPAMMUPOBaHNUs, TPOIPAMMUPOBAHIE B OI'PAHIYCHUSX U JIPYTHE.
BoJibiioit BKJIai B co3jlaHne, pa3BUTHe U HCCJIeI0BaAaHNE TOUYHBIX METOJOB PeIeHHsI
ObLI BHeceH ciienytomumu npeacrapuresimi: P. Brucker, R.E. Bellman, A.H. Land,
B.C. Tanaesbim, M.4. Kopasiesbim, B.H. Bypkosbsim, B.B. Illkyp6oii, FO.C. ®ej-
OCEHKO W MHOTUMU JPYTHUMIA.

K npubsimKeHHBIM MeTolaM OTHOCATCsT: monck ¢ 3amperamn (Tabu search),
METO/ JIOKAJIBLHOI'O IOMCKa, MYJbTHAIEHTHbIE CUCTEMbI, T'€HEeTUUeCKNe aJI'OPUTMbI,
METOJI MYPaBbUHBIX KOJOHUI, HEHPOHHDBIE CETH, AIIPOKCHMAIIMOHHBIE CXEMbI, Pa3-
JINUHBIE BAPUAIUU YaCTUIHOTO U HAIIPABJIEHHOTO 11epedbopa, a TakzKe pa3HooOpasHble
COBPEMEHHBIE IBPUCTUIECKIE [TPABUIIA, KOTOPHIE IIPEI0CTABIISIIOT BO3MOKHOCTH MeHe-
pUpOBaTH paCIUCAHUA JJIsI 33124 OOJIBIIOI pa3sMepHOCTH 3a TpedyeMoe 3aKa3unKOM
Bpemsi. [1pubiinzkeHHbIe aJIrOPUTMbI IPUMEHSIOTCS, KOTI'/Ia IOUCK TOYHOI'O PEeIleHNUst

HEBO3MOKEH B CHJTy OOJIBINOI pasMepHOCTH 3ajaun. Kak mpaBuiio, JaHHbBIN KJacce

'Pritsker at all. Multiproject scheduling with limited resources: A zero-one programming approach //
Management Science. — 1969. — Ne16.

2Blazewicz at all. Scheduling subject to resource constraints: classification and complexity // Discrete Applied
Mathematics — 1983. — T.5, Nel.



METOJIOB He IIPEeJ0CTaBIsIeT KAaKINX-IM00 rapaHTUPOBAHHBIX OIEHOK Ha BEJIMIUHY OT-
KJIOHEHUS HailJIEHHOTO pelleHns OT ONTUMAaJbHOro. DOJbIIoN BK/IaJ B CO3/aHUE,
pa3BUTHE U HCCJEJ0BaHNIE BPUCTHYCCKUX aJropuTMoB ObL1 BHecen: W.H. Kohler,
L. Wolsey, FO.A. Koueroseim, 9.A. Myxauesoii, 11.X. Curamom, M.A. Iloceimku-
ueiM, A.A. Kopoyrom, K.B. Pynakoseivm, A.B. Ilisicyroseiv, B.P. Xagaryposbim u
MHOI'UMU JIPYTHUMH.

O6beKTOM NCCeAoBaHUSA gaBJigdeTcs IIPOIece MOCTPOCHN A PaCIIMCaHNl TTO/1-
roToBkKH sKunaxkeit. [NpegmMeT UccnefoBaHUA — TeopeTHIeCKUEe acleKThl CUCTEM-
HBIX CBdA3€ll W NPUKJaJIHbIe 0COOEHHOCTH IIPOIlECcca IJIAHUPOBAHUS Ha OCHOBE CH-
CTEMHOI'0 aHaJIN3a, MaTeMaTHIeCKIe MOJIEIN, METO/Ibl U aJIlOPUTMbI PEIIeHNsT 33,121
CHUCTEMHOI'0 aHaJIN3a B 00JIACTU KaJIeHIaPHOIO ILJIaHUPOBAHMUS.

Llenbto nacrosiieil paboThl SBJIIETCH aBTOMATU3AINA TPOTECCa U YMEHbIIe-
HUEe KOJUYECTBa TPY/I03aTPAT, TMOBBIIIEHIE OEPATHBHOCTA W CHUXKEHNE PYTUHHBIX
omneparyii Ipu COCTaBJCHUN PACIUCAHUNI IMOJATOTOBKU IKUIAZKEN IO CpaBHEHUIO C
CYIIIECTBYIOMINMHE TTO[XOaMH.

st mocTzKeHus 1eJieil ObLIN PellleHbl cjiejyionme 3agadn:

— BBINOJTHEH aHAJM3 CYIIECTBYIONINX METOOB U TOJIXOI0B K MMOCTPOEHUIO Pac-
IICAHWI, BBISIBJIEHBI X JOCTOMHCTBA, OT'PAHUYEHNS I HEJIOCTATKU, UX BJIN-
sIHUE Ha COIMAJIbHYIO CHCTEMY;

— paszpaboTaHbl TPH MaTeMaTHYeCKue MOJIEJIH, IO3BOJISIONNE KOMILIEKCHO
YVUIUTBIBATH COIUAJIbHBIC, IPOCTPAHCTBEHHO-Teorpadnieckne, NHPpacTpyK-
TYpHBIE ITOKa3aTe/N COMUAJILHOI CHCTEMBI, B paMKax KOTOPO#l ITPOMCXO/UT
10/INOTOBKA SKUITAXKA;

— pazpaboTaHbl IBPUCTHYCCKIE AJITOPUTMbI NeHepaIui paclucanuil ¢ pa3aind-
HBIMU KPUTEPUSIMU, [TO3BOJISTIONIE c(DOPMUPOBATH MHOYKECTBO BO3MOZKHBIX
BapUAHTOB PACIUCAHUI TTOJTOTOBOK, BBIMOJHUTH KAUECTBEHHYIO U KOJIIe-
CTBEHHYIO OIEHKY ITOJIyIaeMOro B pe3yJibTaTe PaclucaHus ¢ BO3MOKHOCTHIO
BBIOOpA, ONTUMAJIBLHOIO BapUaHTA;

— Ha OCHOBE IIpejijlaraeMbIX METOJIOB U aJrOPUTMOB pa3padoTaH IPOIPaMM-
HBIIl KOMILJIEKC HHMOPMAIMOHHO-aHAJIUTUIECKON CHUCTeMbl ¢ (PYHKIUSIMU
dopMupoBanns BapraHTOB PACIUCAHNN 1 UX BU3yaJIU3AIUN, TOUCKA OTTH-
MaJIbHBIX BapUAHTOB, HAIVISIHOTO IPEJICTaB/ICHUS PEe3yJIbTATOB I JIUII,
npuHIMAONX perernst (CBUIETEbCTBO O TOCYIAPCTBEHHON PErucTpaIin
mporpamm it IBM Ne2017613282 or 14 mapra 2017 roma);



— Ha aKTyaJbHBIX U PEAJbHBIX JAHHBIX MTPOBEICHB] YNCICHHBIC SKCIIEPIMEHTHI
MaTeMaTIIecKX Mojiesieil ¢ IpruMeHeHneM COBPEMEHHOTO aliapaTa MaTeMa-
THIECKOI0 MOJICTMPOBAHUS (IEJOUNCICHHOE JIMHEHHOE TTPOrPAMMUPOBAHUE
1 TIPOrPAMMHUPOBAHNE B OMPAHUYEHIUsIX ), MOATBepAnBIIne 3MMEKTUBHOCTD
TPEJI0YKEHHBIX METO/IOB;

— BBINOJTHEHA AllPOOAI U ITPOBE/IEHDBI SKCIIEPUMEHTAHHBIE NCCIeT0BAHUS CU-
CTEMBbI TIOJIJIEPKKHU TPUHSATHS PEIICHI KOPPEKTUPOBKU PACITUCAHUS 1O/
FOTOBKU U €ro IepecTpoeHne B 3aBUCHUMOCTH OT U3MEHUBIINXCS BHEITHIX
COLMAJILHO SKOHOMUYECKUX YCJIOBUIL.

OCHOBHbIe MOJIOXKEHUA, BbIHOCUMble Ha 3allnTy:

1. MaremaTuveckume MOAe/IN 33291 KaJCHIAPHOTO TJIAHUPOBAHUS TTOATOTOB-
KU 9KHIazKel Ha OCHOBE IEJ0UNCIEHHOrO JIMHEHHOrO MpOorpaMMUPOBAHIS
1 IIPOIPaMMUPOBAHUS B OIPAHUYEHUSIX.

2. DBPUCTUYECKUN aJTOPUTM HAXOMKJICHUS PACIUCAHUS TOJIOTOBKH SKHUIIA-
JKeil Ha OCHOBe TIPAaBWJI TPUOPHUTETA.

3. T'enerwdeckunii aJropuT™M pelieHus 3a/1a91 MUHUMUBAIII B3BEIIEHHOH CYyM-
MBI TTPOJIO/IZKUTEILHOCTH KazKJIOI'0 13 KyPCOB MOJINOTOBKH.

4. IIporpaMMHBIl KOMILIEKC ITOCTPOEHUsT PACIINCAHNIT MTOJNOTOBKHI U HEPEIIo/I-
IOTOBKHI y3KOCTIEINATU3UPOBAHHBIX KOMAH,T.

Haquaﬂ HOBU3Ha

1. Paccmorpena u uccienoBana Mo unpoBatHasi Bepcust pyHIaMeHTa b
Hoii mpodsiembl RCPSP n hopmasinzoBanbl 0OCHOBHbBIE OTpaHUYCHUST, HAKJIa~
JIbIBaeMble Ha, PACINCAHNIE IOJANOTOBKHU Y3KOCIEINAIN3MPOBAHHBIX IKUIIa~
ZKeil.

2. Pazpaboranbl MaTeMaTHdeCcKue MOJETH KAJEeHIaPHOrO MJIAHIPOBAHUS T0]1-
POTOBKHM SKUITaKel ¢ yYeTOM COIUAJILHBIX, TPOCTPAHCTBEHHO-Ieorpadutie-
CKUX 1 UHPPACTPYKTYPHBIX (PaKTOPOB.

3. Pazpaboranbl 3BpucTHUECKHE aJrOPUTMbI PEHIeHUs 3a/1adi [MONCKa JIOIy-
CTUMOTO PACIUCAHNS TOJATOTOBKI SKUMAXKEL, TTO3BOIAIONINE ONEPATUBHO 1
9P PEKTUBHO TPUHUMATDL YIIPaBICHUCCKIE PElIeHUs 0 BBIOOPY pacIica-
HUSI, ¢ BOBMOYKHOCTBIO aBTOMATH3UPOBAHHOI'O BHIOOPA ONTUMAJIBHBIX Pellie-
HUIl 1 y9eTOM 3a/IaHHOI I'DYIIILI KPUTEPUEB.

HayyHaa n npaktnyeckasa 3Ha4YMMOCTb JIaHHOI pabOThI 3aKJIF0UAETCs B

IIEPCIIEKTUBHOCTU MCIIOJIL30BaHMA pa3pa6OTaHHbIX MaTeMaTIn4IeCKIX MO,ZLejIeﬁ n aJi-



TOPUTMOB JIJIsT aBTOMATH3AIIHI MTPOTIECCa COCTABICHNs PACTTICAHUI TOINOTOBKHI SKH-
nazkeit. Boijiesisisi cTparernyeckre U TaKTUYeCKUE YPOBHU ILIAHUPOBAHUSA, Y1aI0Ch
YMEHBIINTH BpeMsi, HEOOXOMMOE Ha MTOCTPOCHUE PACIINCAHUI. YIIYUIIEHO KAauecTBO
IJIAHUPOBAHUS 38 CUeT YBeJINUIeHIsT 00beMa yINThIBaeMoil mHMOpMaInm, Y1c/ia Pac-
CMATPUBAEMbIX BAPUMAHTOB PACINCAHNI 1 BBEJCHUS 1EeBbIX (DYHKITIT. Y BeJImIena,
r'MOKOCTh W ONEPATHBHOCTDH &JIAITUBHOIO IIJIAHUPOBAHUS, TPEJIOCTaBICHa BO3MOMK-
HOCTH TINATEIbHON MPOBEPKHU JEMEHTOB PACINUCAHWUA Ha COBMECTUMOCTD, 0becIie-
YEeHHOCTb pecypcaMi, BBIIOJHIUMOCTH PAa3JIMUYHOIO Pojia orpaHndenuii. Buemapenne
CHCTEMBI TO3BOJINT COKPATUTH YaCTh PYyYHOIO TPyJia U IHOBBICUT OIEPATHBHOCTL B
perrenny KOMOMHATOPHBIX 3aJiad pPaclpeesieHnsd pecypcoB HEOOXOMMMBIX IS TTPO-
BeJICHUSA 3aHATUI.

O6nactb nccnegoBaHusA. Coracho macrnopry crerpaibHoctn 05.13.10 —
«YTpaBjeHne B COMMAIbHBIX 1 SKOHOMUYICCKIX CHCTEMAX» !

— paspaboTanbl MEeTOJbI U aJrOPUTMBI Pelienns 3ajad yIpaBIeHns W MpHU-
HATUsT pelieHuil mpru KaJeHJapHoM ILTAaHUPOBAHNUN B COIUAJILHON CHCTeMe
MOJITOTOBKKM KOCMOHABTOB;

— pa3paboTaHo CIelUAIHLHOEe MATEMATHICCKOTO 1 TPOIPAMMHOI0 00eCIIeeH st
CHCTEMbI YIIpaBJIEeHUsI U IIPUHATUS YIIPABJIEHIECKIX PEIIeHUT B CONMaIbHOM
CHCTEME TMOJI'OTOBKN KOCMOHABTOB.

Peanuzanuss MaTeMaTHIecKuX MOoJeseil 1 Mpe/IOKEHHBIX aJrOPUTMOB MTO3BO-
JINJIAa CO3JIaTh IIaTMOPMY JIjId TTOCTPOCHUS PACIINCAHUI TOJIOTOBKH U MEPEIO/IIo-
TOBKU Y3KOCIEIUAIN3UPOBAHHBIX KaJIpoB (CBUIETeIbCTBO O TOCYIAPCTBEHHOM Peru-
crparun iporpamm it 9BM Ne2017613282 or 14 mapra 2017 roja).

Anpobauusa paboTbl. OcHOBHBIE pe3ybTaThl pabOTHI JTOKJ/Ia/bIBAINCH Ha
CJCTYIONNX HAyIHO-TPAKTHIECKNX KOHMEPEHITHIX:

— 7th, 8th, 9th International Conference on Optimization Methods
and Applications «Optimization and applications» (OPTIMA-2016,
OPTIMA-2017, OPTIMA-2018);

— 8th IFAC Conference on Manufacturing Modelling, Management and
Control (MIM-2016);

— 13-4, 15-a Beepoccuiickas mKoja-KoHMepeHIns MOJIOJIbIX YIEeHbIX «YIpaB-
nenue obosbimmmu cucremamuny (YBC-2016, YBC-2018);

— 8-4, 9-a MockoBckasg Mex tynapoaaas KoHMDEPEHIs 110 UCCIe0BAHUIO OTle-
parmii (ORM-2016, ORM-2018);
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— 7-a Me:xynapojiHast HaydHasi KoHdepeHiusi «Teopus paciucanuii 1 MeTo-

1bl ekommosuruny (Tanaesckue arennsa-2016);

— Mexynapojnas koudepenrust «[lmmorupyemoe ocsoenne kocmocas (Ko-

posie-2016);

— 11-a Mexynapognas naydHno-ipakTudeckas kondepennus «lInmorupye-

Mble 110JIeThl B KocMoc - 2015».

JIn4yHbIN BKNad. Bee npejcrasieHnble B JIUCCEPTAIME PE3YILTATHI UCCIIE-
JIOBAHUI TTOJIyYeHbl JIMIHO aBTOPOM. B paborax, omyOJMKOBAHHBIX B COABTOPCTBE,
aBTOP BHEC CYIIECTBEHHBIN BKJIAJ B IOCTAHOBKY 3a/la4, BLIOOP METOJIOB U HallpaBJie-
HUI UCCeIOBaHNi, aHAIN3 1 WHTEPIPETAINIO MOy YeHHBIX Pe3YIbTATOB.

Mybénmnkaunn. OcHoBHBIE Pe3Y/ILTATHI [0 TeMe JINCCePTAINN N3JI0KeHbI B 13
MeYATHBIX U3JAHUSIX, 3 U3 KOTOPBIX BXOJSIT B U3JjaHusi, pekomerjoBanabix BAK [1],
2], [3], 1 6pomtiopa [4], 9 — B Tesucax goxaanos [5-13]. 3 Hux, 3 crarbu B KypHaiax
u3 nepeuanst Web of Science/Scopus: [2], [3], [13].

O6beM 1 cTpyKTypa paboTbl. [duccepraliist COCTOUT 13 BBEJAEHUS, U€ThI-
PEX TUIaB, 3aK/II0UeHns 1 JABYX npuioxkenuit. [loabrit o0bEM nuccepranumu cocTas-
qsiet 111 crpanni ¢ 29 pucynkamu u 11 Tabsmmamu. CHncok JInTepaTypbl COJICPAKIT
71 nanmenoBaHue.

B0 BBeAEHUN 000CHOBBIBAETCsSI aKTya/IbHOCTh TEMbl, (POPMYJIUPYETCs 11eJIb
HCCJIeIOBAHNS, JTacTcs 00Iee cojlepyKatne, a TaKxKe MPUBOIATCA OCHOBHDBIE PE3YJIb-
TaTHI.

B HepBOVI rniaBe nmpoaHaJu3upoOBaHbl HanboJIee CyIeCTBEHHbIE OIPAHTIEHUST,
BJIMSIONTNE Ha, ITPOIECC TJIaHUPOBAHU TOJINOTOBKI SKUIIAYKeH CrenuaabHOro Ha3Ha-
YeHus JId paboThl B BO3IYXE, IO/ BOIO M B KocMoce Ha Mek TyHapoiHoit KocMu-
Jeckoit craniun. Ha ocHOBe 3TOTO BBITTOJIHEHA TTOCTAHOBKA NCXOAHOIM 3a1a4un. [Tpose-
JIEHHBIN 0030p JINTEPATYPHI BLIABUI BO3MOYKHbIE TOUHBIE U TTPUOJTUKEHHBIE METO/IbI
pemenud 3aja4un. [o KaXkK10My U3 paccMOTPEHHBIX TOJIXO0I0B apryMEeHTHPOBAHO 10~
KazaHa ero MpUMeHNMOCTh (HEIMPUMEHUMOCTD) JIJIsT PEIIeHUsT 3a/1aT1 KaJIeH IapHOro
MJIAHTPOBAHUS TTOJITOTOBKHI Y3KOCIEIUAJIN3NPOBAHHBIX dKHUTazkeil. OTaebHbIi pa3-
JIe]T TIOCBSIIEH TPUMEHSEMBIM MeToaM pelieHus OJM3KNX 3aJad B KOCMUYIECKOIT
OTpaC/IM, B 9aCTHOCTH B aMEePUKAHCKOM U €BPOIEeHCKOM KOCMUYECKOM areHTCTBaX.

Bo BTOpOVI IrJlaB€ PacCMOTPEH BOIIPOC CTPATErU4YE€CKOro KaJleH/IapHOT'O ILjIa-
HuposaHus. [IpencraBiensl Tpu MaTeMaTudecKe MOCTAHOBKU B BUJIE 3a/1a4l 11€J10-

YUCJIEHHOTO MaTeMaTndeckoro mporpammvupoBanus |LP | 3amaun ymnosiaerBopenns
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orpannuenusymu CP 1 ee momuduxanus CP'. Cpasrenne scbdekTuBHOCTH HOCTAHO-
BOK 110Ka3aJj10, uTo | LP He oTBedaer rnocraB/ieHHbIM TPeOOBAHUSIM JazKe JJIsI pere-
HUsT 3a/1a9u MaJioil pasmeprocT (7-8 HeJle/ib rOpU30OHT IiaHupoBanus ). HauboJiee
IIepPCIEKTHBHBIM BINTCA MareMaTndecKas Mojesb CP!. Berancinresbble sKcepu-
MEHTHI IIPOBOJIMJINCH KaK Ha CPeHEPUPOBAHHBIX JIAHHBIX, TaK U HA PeasIbHbIX JIaHHbBIX
npegoctaBiaeHHbIX LenTpom moarorosku kocMmonasToB nM. FO.A. Tarapuna.

B TpeTben riase auccepTallioHHOIO MCCIeI0BaHIA ObLI PACCMOTPEH BOIIPOC
pelreHns 3a/1adn TaKTHIeCKOro IJIAHNPOBaHUs. 3a/iada Oblia JeKOMIIO3NPOBaHa, Ha,
He3aBUCHMbIE 9acTH 1 1epedOopMy/InpoBaHa B BHJIE ONTUMUBAIMOHHON C IEIeBOi
dyHKIMeH: MUHUIMI3aIUsT CYMMAaPHO B3BEIIEHHON «PACTAHYTOCTU» M3YUEHUA Kyp-
COB IIOJITOTOBKH. BhIunc/mrebHble SKCIEPUMEHTDI [I0KA3a/ 1, YTO HAWTH ONTHMAJIb-
HOI'O paclcaHus 3a 3 Jaca paboThl HE YJIAJIOCh HU JIJI OJIHOTO M3 SKCIIEPUMEHTOB.
[Ipe/i1osKeHHbI 9BPUCTUYECKUI aJrOPUTM HAXOXKJICHUS JOIMYCTUMOTO PACIINCAHIS
MIO3BOJIAET HAXOIUTh PEIICHUs 3a/1a49l C CYIIECTBEHHO MEHBIITNM 3HaYCHUEM TEJIeBOIT
QYHKIIMU U 38 MEHbIIee BpeMsi, YeM IIPU PeIIeHr 3a/1a9l METOI0M ITPOrPaMMUPO-
BaHue B orpanndenusix. [1ojxo  cocrouT u3 2 gacreii: cxema regepalny pacincaHuii
u npaBui npuoputeTa. Ves ajaropurma B IOC/IEI0BATEIHLHOM JIOTIOJHEHUN PaHee
[IOCTPOCHHOIO PACINCAHNSL, YTO MO3BOJIUIO YAYUIINTL paciucanne na 33%. Kpowme
9TOro, ObljIa IPEJJIoyKEeHa MOAUMUKAIUS SBPUCTUICCKOIO aJrOPUTMa, OCHOBAHHAs
Ha MJIedX MeHEeTUYEeCKOT0 aJI'OPUTMa. DTO MO3BOJIUIO YVIYUIIUTH ITOJyUeHHOE pellle-
rue Ha 1%. Beero 6110 npousseieno oko/10 2500 BLIYUCIUTEILHBIX SKCIEPUMEHTOB.

B 4eTBepPTON riaBe onucanbl apXUTEKTYPHbIE PEIIeHIs TPOrPAMMHOIO KOM-
IJIeKCa MPeHA3HAUYEHHOTO JI/IsT aBTOMATU3AIINN IIPOIECca COCTaBJICHUsI ILJIaHa Tpa-
duKa 1o roToBKN KUIAXKa. [IpuiorkeHne peajin30BaHoO ¢ IPUMEHEHIEM KJINEeHT-Cep-
BepHOI apxuTekTypbl. st co3manns Beb-cepBepa ObLI BbIOpaH s3blK Python, mpn
nomoru C# cozjlana KJIMEHTCKas YaCTh TeHEePAIH MOy YeHHOT'O PACITUCAHNS 1 T11a~
run Excel gaa momornu popMupoBanns yuebnoit Harpysku. MaremaTndaeckoe sj1po
rHanncano Ha si3bike OPL. Ero jpocronncrBoMm siBiIsieTcst pocToTa peasin3aliini Mo-
JieJi, ObICTpasi CKOPOCTh pa3pabOTKU U TeCHasl MHTerpalns co cpeioil pa3zpaboTKu
IBM ILOG CPLEX. K memocTtaTkaM OTHOCHTCA HU3Kast IPOM3BOINTE/IHLHOCTE pabdo-
ThI MOJIEJTH U HEBO3MOXKHOCTU U3BJI€Ub JIONOJHUTEIbHYIO HHMOPMAIIUIO JIJIsST €€ MPOo-
dusmpoBanust. Moy IbHOCTH CUCTEMBI Cjlesiaa ee THOKOMN J1/1sT BHECEHUST M3MEeHEeHM i

WM JTazKe 3aMEeHe OJIHOI'O MOJLYJId Ha JAPYTOi, a BhIOpaHHBIE sI3bIKU ITPOrPaMMUPOBa-
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feie aleaedi 400U %4id 1ailgds eée %ia dlelgae, 1aéioloial iodacéa adaiae
ie.
Ofiagiia aifioesedied iiNoadcaiild cadedé yoi 8acoelioas daaiol anaai
10044 i aie éfiafad iaéioiota



Raycail i cadaiad ecadfoidie aaoaie idiadaarey. Oaeel Tadach, iaiastasit
a0a3680UITeaM0AT OLEREBIAAITNS caijoeé |, 8101004 Alseeil A00U caidas
ie51aai0 4 180a6p T-4044
[a eotalaia safiefaied faéeaa0aapony fedacpuea jasaie+aiey

caljoea aleeeli cadii-eouny &1 &i6a daai+aat afy:;

[ABicy 8aiesiaa0u & Tael A4il eco+Aiea Al6AA caaaiiial eiee+afoaa

~afita it 12e1oi501 AE:

4520 10iloaiey 153asanoataaey 1aeas caijoeyie:

Afciieelifion TAITAd&IAITAT 5144414 GAljoeé 6 ~8AiTA yeeiasea;

& 41644 1461015741 elee+-Af0AA ~afiia 836686 A 441U A8y TATAT &if006as

oida;

TIAAITROS CAlyORE, 0aced Bae AlABEEREeE YCOe e8e dece+-ARaay ias

AToTaea;

ie fiéfaaie, caaa+a iifiodiaiey oanienaiey adiieiaiey 6aaio idiaéoa fi 6+aoii
foiigaiey iddaganoaiaaiey e 1adaie+aiey ia 0anéofd RCPSP
8148011 46aal factiaaolu fTatediiiinol acaeiiinaycaiils adénoaeé, iae
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éaaeededaoee, iieedo AMOOU e¢ 0adlo ¥4idi+-eoaol oaidace+anéeé eoon feods
Pacdeyi¢, ¥idiadilinodesiaacl ia idaéoeéds, %4ideiyol yécaidis. 1
+01 ¥4i01aailinodediaaol ia idaéoeéa;, e oal aieda ¥.idoeiyou yéc

aeo 1nea ¥41di+eoaol odidaoe-anéeé eoon nedgacaeyis, 0.a. 1dsead daaioaie

A caaa+a RCPSP i&iadiaeil itnodieo fiogiaediop (i oT+-ée ¢daiey iaéie
0l01é 0aeaaié ooiedee) iifeaalaacaeliinon adieiaiey oaaio fi 6+aoii 10ile
gaieé idaaganoaiaaiey ideedd ieie e i 6+aocil 1adaie+aieé fa aifooiita
danoona

caaa+ RCPSP [15].
6ROl AGUAROAGA0 161880, o

O
-1
(@Y
c

&c 8101506 £1340 RATE &fA86RA (IMA8) | = 1:::n & 5adacOABECeAONY ABAIAA]
RATAAT AliTeiaiey (idfaleceeoddniifiotp) pi> O
i6R0U A 1514604 €i&A0AY K ATGTAITA8YAIN6 BARGHH

i5ei4d, 004iaeddi. A éazealé iMiaio adadidieé  t 4iN04iIT Qy(t) daéied 8anGde
nak. AT a8aiy 1anedeeeaaiey 06aalaaiey i 0d4acdonyy, 6 Qy dagied danodna
k=1;:;K, 888Q Yol iddaae aifoosiiiioe dandona k. lfodadéaiea danosna
odadlaaiedi icia+aao, ~of fi ia+aéii adiéiaiey ooaai
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iéé Cmax = n}-aX C|, é.aé. C|
1=10n
faaieéi. 10e yoii aiéeeil 4000 ftaepadit fieaaopued iddaie+aiey:

I
wn
+
ke

fAfiiooaaéaiey. Aagaa oanniiodei foée+ey cada+e iéaiediaaiey ilaaioiaée
6céifiaoeagecediaaiilo yéeiaaaé 10 ééafnfe-anéié caga+e RCPSP
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0daaiaaieé ialadiaeil 6+anoed anac +eaila yéeiasedé. 1aiseias, i6iadaaied
yécaiaia.
A éeanne+anéié casa+a RCPSP danfiacdeaadony eegu iaei aea danosnia

S AN A e

aidgoaoiiai 1daitaadacaey, €ioiolé ia ifaedad alou cadaénoaiaai a aie
éaa, ~al a cadaida fiea+aiill éiee+~anoaa caiyoeé ca aani raseia iaaioiaée
yéeiaaea

A dafifiaodeaadité caaa+a eiee+anoai ainooiiio 0anoonia (jaideiad, 0dae
aceadia) ifeedd eciaiyouny a caaéneiinoe 10 Talaéoeailo é fdaudéoeailo
i0e+ei (iaideiad, odaiasedd iiaedo alou ia ainodiai a nayce i Taitagaieai
aao ia ~40a aaiifal 6aéoa a iacaiaoe+ae

GEGILIE ié aifiooiiifioe i6oai adaaaiey fifoaaonoaopued adae
1ai010 1611 € 66€0€4ai00 0aaio, ia 6aaee+-eaay ide yoli dagiadiifiot asiaitod
ada0idiota casa+e. Adaiaina 1éia atiee a4aaain aey 1adeiae+anéesd caiyoee,
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0ea e enneaaiaaied oi+ito 140iaia y ueie idaanoae
aéodeyie: P. Brucker [17], R.E. Bellman [35], A.H. Land [36], A.N. Oaiadadi [37],
I.R. Elaacaani [38], Al Acosiadi [23], A.A. @e6a4ié [39], b.N. O&siniie

7 A NN\

14dacoy 440441 iTefea;
42061y & fecelyy 40aie60 A&olday T6diea iacaaase, THitaaliay
A cla-aiee 6aBAalé 6oieoee. ERITEUCOAORY A8y i5aAAA080A8INE 164



AAB0AGETITE 5aaToa 1A, TiRlieeia [41] efifeaaiaal ATiSIA dagaiey casae
aieligié dagiadiinoe 1407l adoaaé & adaies ia dafidaaacaiii eeanoasa. A
daaiod oaéeed iféacail, +o1 ia épaay 6aéi+eneaiiay cada+a iieedod atiol ddgdia
A imifuup B&B

Aéiaie+afiéia i6iadaiiediaaied. Niiiita daediey fieleild casa+
001 dacaeaiey ed fa aiéda 18ifo0a facasa+e. Eep+aaay eaay a aaéiice.
oee cada+te ia ilacagare 0doeou éazedob e ied iaei dag, inéd +4ai 1ade
aaeieol odgéiey facada+ a fail 1aldd ddeodied [35]. Yol 1iiaaiil ifedcit
a nec+ayo, éiaaa eneél imacasa+ yenilidioeasiil adeeeél. 14aiadl, yoi yasys
aofiy 1fifaiti 1adaie+aieai aaiifai iaoiaa, a oii iéo+ad, élaaa idvédiaeor



oee aieda 16ifioto 06iedeé, a oaéeed ialadiaeiifiol efiléuciaaiey cadaiaa
caaaiito afad aiciieeid cia+aieé iadaiaiito
[giadaiiediaaied a 1asaie+aieyo |ladaaédia idiadaiiediaaiey,

NN~ AN

TAitaitie ainoieifioadie ifasiaa Vasypony acaeod ycaee tadeedis
aaiey & aléiigla elee+an0aT Ta4deeeaadinsd oeila 1adaie+aies, 0aeed 6aé
61adi04, 481a8i08, 461428008, B6IGEYOLAINA, 1yAee], A iMultp 161508

O A AN N/A

TRiTaaiito ia 1aoiaa ¥i6iadaiiediaaiea a 1adaie+aieyde, a eiaiir:
fiefiodia ATLAS aey éacaiaasiial ieaiediaaiey idiecaianoaa dadaeoes
&1a ia cadiad Monsanto a Ai0aadiaid;
fiefiodia PLANE &ey iéaiediaaiey idiecaiano
¥sMirage 2000y, € fiaiiédoa ¥4Falcong, éfiiai
FORWARDC féfioaia iiaaadseée ideiyoey dagaieé

A A .

e
0040 1400414644100 cadlaad a Aadiia aey dasdiey casa+ eacaiaade
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ifal 1éaiediaaiey, aicieéapued ioe iéaiediaaiee Mnoaaée fnaoié
iadoe, aa 1adadioée, fidgeaaiey é alfioadée;
giliaiey Xerox efiiiélciaaea danniaodeaadité iaoia aey éaeaiaadiie
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ia ia4ddeliié 6adoeéa Dincbas [43] aey dagaiey aaddiadt
jadcadeaea ia iaéail

Capraraé 40.[44] aidaoeéee éiiadeiediaaiité 1aois
Eoaguyifiélé Aaeaciiaidiaeiié ENiaiee;

Henz and Wurtz [45] fAic&aé

edaaea Niveaediné Paaion a Adaiaiee.

1
oldia afionoeiia cagaiea, ia y pediaaiii oi+idi eéeé fioee
1aéuidi, i aifnoaci+itl aey dawgdiey 1inoadeadiiié cada+e. [1aiaita agais
ieiq, é 1ené oi-ilai dagaiea ia idaanoaaeyaony aiciiaeidi

&

14520103 ¥:fedaueaaiey., 610id0é idiecaiaeo fiddacep d&éi
ie¢ caiacaaoia, disl &ioidlé alagiae-ia siee AedaULAAIEY & cctalé iBedTad
Afagec ideiaieiiioe 140 3ARMIA00EAAAITE caad+e TTeas



~AL

3 ajaa ¢

—
=}
=
mf
a»
=4
Y
=]

13
—_
ox
(D~

L)
o
-
o
=4
(D~
=
»
2
(D~
<

\\\\\

fifoe fa TAitaa ianéietiées ivaatascues cia+aieé
Ififaité iaaifioaocié yoi idtadiaeiinou adieiaiey iilaioeesiaié ias
fodiéée aivodaiied yeaidioia & naycaé idaead iaédiiaie. 161aéadid, aiciee

daaioa 1iéacaii, +0of daffiacdeaaais : Aleligié daciadiinioe, +of
ifené aased aionoeiial danienaiey 00aa6ao cia+e0aeuilo al+eneeoaenilo oae
foofta. Ealia yoial Aolanoacpo 1asaie+aiey, 6101808 adeapo caaa+o ienéa
anonoeiial oanienaiey NP-oad6aiié

[ilécé i caidaoaie. Tnitaniiéleeieéll agaioeoia ienéa i caidaoas
i@ yaéyaony Glover [56], idaaéiaeageé ei6p fdaio eiéaeuiial ifefeéa. lia
iicaiéyao ia fnoaiadeeaaouny a oi+-éa eiéaeuiiar fioéidia, a éaoe 1o failan
fioéidia & ad64aiio a ilenéad agiaaduiial fioeioia. Tnitaidi 1asdaiecit,
iicaiéypuei aeaioeoio atadaouny ec eiéaeliial ioeidia, yaeyaony nienié
caidaota. Niefté caiodoia 6+e00aado 1828140 dagadiié casa+e. Ady éaseiié



16 (1AR) Tieell 1584M0a8800 A8 1AATS A60RAINS, AA6R0AGPUES AdAI0IA &
[affeaioh AB&A6 [29]. Easealé aadid eiado Rale 6ase & &14eds, Tidaaasybuea
aal i1adaaiea. Ti iieedd TaladuRy A ad6asie aadicaie a i516aRNA AATAE 5a4To0
A&icaaasa yoi iaid, 1adaaioea eioidiaoee, ideiyoed dasaiey &, Masanii cas
&iceAiiti & 134T A641080IA1, ATcAAER0ARA Ta i6AA6. AACORETAINI ATROTETROAT
iTasiaa yasyaony At ecla~asuiay aicileliiou A dafiadaseaseaaiee. Aadioa
11360 5a4l0a00 fa Baciio 6cead a 5anidAAA6AIITE ABAAA & TAIAIeAAdURY (&TAGH
48176 eioidiaceds. Taiast yol 1aiiadaiaii & yasyaony aainoaoen 1aotaa,

0aé 8aé A BIRoN Baciadiiioe caaa+e 5afdad & elee+afoal Acaiiiaycaé 1asas
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0aioda NASA eéfiiélciaaeent iao
(Constraint Programming) [63].
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ANAAAX

cadddgaiey ididéoa. Oaéei 1adachi, aua ai ia~aéa 0aadio o6éiaiaeoaéi 16iaé.
0a ¢iado, 444 11300 Teeeadduny casddseée. liseil 10ia0eol dya Thiadiiinoaé
jaoiaa PERT

fieaadao iveidiyou ofelél aey eaoiiio 16iaéoia i alélgel éiee+a.
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a6 A4R00AGOINA RAOLITAOS, B10T0A ia i5a808EA 11460 15AAR0AAEYON ~AETaAea
eée 1ageid alitelypuop caidaseaadins aaéfoasy [68].
CHIP yagyaony eifod6iaion asy 5aaiol A 1adaie-aieyie, iaals

FAN 7N

41i4). Oaéaed, 6aé & CHIP, ECIPS® 14¢a3ad0 aileugeéi éiée+ano

D
=
O
. W
.
o
Qo
D
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s s N7 7

ficdaoadaee ifefiéa fedda-iaioaal a aeoaeio,

A O

il 6iié+aiep, éaé a CLP ygléa.



Acada 2. Pagdied casa+eé nodacdae+anéial eacdiaasinal
iéaiediaaiey
Initaiay cada+a nodaoaae+anelal éagaiaadiial ieaiediaaiey caéep+ado.
Ay a 1Méféa 10aaoa ia aioin: ofiiadc eée yéeéiaese iiaieol iatadiaeiop iaiasaiio
ifagiotaée é onoainagaiiiio noies. A aaiilé 46aad i9aanoadcain iacdiaoes
+~aféed inoaifaée caaa+e nodaodde+anéial éagaiaadiial ieaiesiaaiey raaie



AEs
berigiié 2.1 16eidd ddada G ioilgdieé iddaganoaiaaiey iasead
Aidoiadie éliieaénaie
caiyoed caiyoed,
caiyoeds caiyoed caiyoed,
yécaiai yécaiai
a) Adad G foiigaieé a) Adad G2 foiigaieé
iddaganoalaaiey iasead i0daganoaiaaiey iasead
caiyoeyie, adiayueie a caiyoeyie, adiayueie a
qi60Taié éiiieaén by, b 2 B AldoTalé éilieaén by, b, 2 B
pénoité 2.2 Adaod ioilpaieé iddaganoaiaaiey idsedo caiyoeyie,
adiayueie a aiootada éiieaéna 1 e 2, ifioaaonoaaiil

AN\ ZusA O

48y &cO+ai 5
06 caadadieys, of AE  yoi iaéioiday aenoeiseid, iaideissd, iaodiaoe4s
fieeé aiasec. Aiaoiaié afiicaen Mnoieo &g caijoee, ia0adeas, &ioidns aicaeai
4000 &c6+ai

i6fou G = (B; ) aeaioediaaiiné a5a0 foiigdieé idaaganioaiaaiey
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caiyoed caiyoed
caiyoeds caiyoed caiyoed
e el caiyoey
yécaial yécaiai AE,
| /
caiyoey

fi0al caiyoeé aiooiaiai éiiieaéna :
a0a0 Toiigaieé iddaganoaiaaiey iasead caiyoeyie, adiayueie a aisoiaié
sliieaen b (08, 2.6). Afiede: @) 2 P, of caiyjoed e aléseil AliTEIyOURY Bails
24, +ai caiyoed €°

laciaai 1auei a8aoh L &dad Toiigaieé iddaganoaiaaiey iifeeanc

adonoaaiii. Anée AE b 164504&n0acdo éco+aiep AEH a 40264 ineaaiaa
caijoed el éc AE b aiéaeil cadii+eofy a1 iadaial caijoey & e AE I

Ada6 iifeaaiaaoasuiinoe eco+aiey caiyoeé H aaei 46y anad +eaiia yéee
idsed. 1aiaél & caaeneiinoe 10 1toa & 6aeadé yénidaesee 1audi +amnia e éfe
ee+anoal caiyoéé aivode eamedidl aidoiaial éiiiedéna dacee+aaony. lyolnio
aey éazedaial ~éaia yéeiazeai 2 | 6ioieddaony nianoaaiiné asad oilgaieé
iddaganoaiaaiey L;. Idadeea oidiediaaiey adadia L; a6ado Tiedail iésed
Aadaai aliieieodedind 1aicia+aiey.

670U | Tileedfioal anad ~eaifa yéeiasea, R iileednioarl aiciaitaéyaits



\\\\\

i; 8i 2 |. baaioié asaai iagcliaaol eco-aiea iaoadeaéa a daiéad ioiaiaei

d 2 E, idlecaiaeo i46ioiach 3aaiod j; 2 Jj. fiyolio ec a5a6a 1oilaéiey
i5840Af0ATAAIRY CAljoeé L 10 1Me6+aal 4540 1ofloaiey i54asanoaiaaiey
B3a&10 L;, idiecaday Reaacpued Tiadases
1. Efiésp=ei &c Banfilodaiey caiyjoey, eioid0a ~84i6 yesiasea i 2 | iad
iaTa6iaiTAoe eco-aol A fees AAT Tiioa eee 0BAAGAITE faaBeOeeA0S
2. Gaidiei 6aceala caijoea e 2 E filoadonoaohuae 6aaiotej; 2 Ji; 8i 2

\\\\\\

ieoaeuita Taicia+aiey,

+aieé
J lileedfioal anao 0aaio, ive yoii J; 2 J; 8i 2 |;
Bi lifeedfioal 41601alo éMiiedénia, iaoddeéaé éioions iatasiaelt
eco+eol +eaio yéeiased, B; 2 B; 8i 2 |;
JP iileedniodl 8aaio ~eaia yéeiasea i il égo+aiep 4i501aial éiiieaés
Aab2 Bj; 8i 2 |;
JF iifeednoal 6aaio it 6ece+anéié Maaioiaéd ~ediayéeiaea i; 8i 2
'
Jb iffeedanoal 8aaio 1M ycléiaié iiadioiaéa ~eaia yéeiasea i; 8i 2|

Dy = f1,2,3;4;5g liileedfioal daai+eo aiaé a iagaea w2 W. Ioe iaias
oiaeiifioe 11a0aoio ifeedd ecidiedl aaiiia iffeeafioal aey épaié eg
iaaaeu, oiailigea éiee+anoai aiaé (iaioeiad, ieaiedoaité iaceia iae



A\~ ANO

aonoaea aa i
liteednoal anas t(w;d:h).

>

Ao

t(w;d;hy=(w 1) jDj jHj+(d 1) jHj+ h:
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X 1 X - . X 1 . -
t(w;d;h) = jHwoao + jHwag + h:
do=1

icia+el lileeanoal anao odiaé (w;d;h) +adacyY:

.....

Daaiol, éioia0a caieiapo ianéieuél dadi+eo aiaé (éliaiaediaéa, 6+ae
ey e 0.4.), daciauvsi ia 1aitaiaaing, 1dsead éioiodie 6noaiiael iiayaié nodie
aial nedataaiey, 0.a. aianoi 1aié iitaiaiaailé fiacacee ieo+aai ianéieuér
faifaiaains, neaacpuéd adoa ca asoaii

AR& éiniliadon aiéseil idiéoe ana yoain a iatasiaein tauaia

X -
Xjwah =1; 8] 2 J: (2.1)
(w;dsh ) 2Y;
h + pj 16 jHygl

[adaaaifioal h+ g 16 jHyg 114 ¢iaéli foiid Tgia+ado, +of iaiadiaei

r 2 R; ramwdgn

w. Oldaa 1adaié~aiea, +of a éasealié eidadaae asaiaie aiéaeit aliou ainoaoi=it
danodnia, ilaeil idaanoaaeol neaaodpuei fasaci
X X
rCjr Xjwdho 6 Tarwdh; (2.2)
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8r 2 R; 8(w;d;h) 2 Y:
A 180344iM0aa (2.2) a8y éaseaiaiw;d;h) 2 Y danfiadodeaapony otéuél saaiod,
adiiéiyaiia a aaiité ifiaio, 0.a. iaraageany a éioadaaea [h  p +1;h].
Efee+anoal i&iadiaeind aey 4aiind d0aalo danosnia id aléeseil 104a1R6Iaeol
laArwdh
|6& TTadiolaéa yéeiaseadé iaiadiaeii 6+-eolaaol iineaalaacaéniinon ecoe
+aiey 41001a00 éliedéna (AE). lailiiel, +of Aouanoaopo AE, 101604 it

aiéeedl eco-aolny a nooiar fioaadeaiiié iineaataacaédniinoe. baiaa, até aaas
aai L =(J;; ;) aoao ioiigaiey idaaganoaiaaiey aaaio éifiliadoa i 21
Anée(j1j2) 2 , Of dadioa j, aiéeeia anou adieiaia iifieéa 1eli+aiey aditée
iaiey j1. Oldaa 1adaie+aied, fiefilaapudd joilgdiey iddasanoaiaaiey, 46ado
elaol fnedaopueé aea:
X
t(w;d;h)(Xj,wdh  Xj,wdh) > B (2.3)
(w;d;h)2Y
8i21; 8(yj2) 2 i
Niaganii iidiaoeaiti aléoiaioal, a idadép 6 éaaealal +6aia yééiasea
Aiaoéaelilal iacia+aiey aieeeil alol ia 4ilédd ar 0adio it 6ece+anéié Taafe
138
olaée X X X |
Xjwdh 6 a5; 8i 2 1;8w 2 W: (2.4)
j2JiF d2Dy h2Hyq
|6& yoii ia 1leedd aliol dieliga by dadio 6ece+anéié iadioiaéié a aai
X X _
Xjwdh 6 br; 8i 2 1;8w 2 W;8d 2 Dy: (2.5)
j23F h2Hug

A

Pj Xjwdh 6 jJHwdl  28aq; 8i 2 ;8w 2 W: (2.6)
j2J; d2Dw h2Hwg d2Dy,



[aelcy ieaiediaaoi a 1aéi aaiu aieda hyay +afita eco+aiey Tailan AE
(2hyay TTE6+aMTA00 €i084082614)
X X
P Xjwah 6 2byay; (2.7)
j23Ph2Hug

8i21;8b2 B;;8w 2 W:8d

N
)
=

aoaiailio eioadaaeia aey 1ioaaaeaiino caiyoeé. 16fiol fiduanoasdas asaiaiié
fodacié [hy;hy], a éloiaté ia 11ado adieiyouny iaéioidtia aead oaaio, a
Jinehy  1lTe@&N0Aal fiffodaofioacpuéd 6a4io
X X
Xjwdh = 0; 8w 2 W; 8d2 Dy: (2.8)

] 2J[h1;h2] hy 9] +16 h6 h;

it 5 & asy yOTAT 1adeiaa Aiaa. REEEE i68Ia8  yoi
oBaiesiase 1T Alieeeaaieh A cIfAl 8&RG idialeseeoasniifioup 32 ~afa. Tie
11360 15161400 4 1A08Ta A 436240y it 6AAdAGH. Oaceed, 404340 ialasiaeil
cAiBaledTaA0l AcaSITAA6M0ACA 1A cABAIAA eCAAMOINA 4200 A 1A&TOT50T Alee+4e
FoAT foTaTes 1oaaiecaneé, idAATH0AAEYPUSE Bacse+0a 6fE6ae if iTaaToTAs

64 ege fiicaabled foadonachuad 1a16oaiaaied. Ionod Ij, 19 a&86iyy & idees
iy ABAIAINA a0aie60 Alcileelial Atileiaiey daaiol j . Iiiee&noal 5aaio,
a6y 6101006 caaail adaies0, Taicia~ei +a88¢  JPound (Oigaa, ABAIAIDA 1adas



8
2 8(w;d;h) 2 Y : t(w;d;h) > [j;
Xjwhd = 05 (2.9)
8(w;d;h) 2 Y : t(w;d;h) 6 1Y

8j 2 Jbound:

Easealé eifnodoeoid ia ileedd aanoe caiyoeé aielgd, +ai o iliaiota
adaiaié a aaiu, oaé éaé a nayce il naceoeéié daaiol inea yoiai éieé+anoaa
SAcET 1aaado idiecaiaeodéuiiion e éa+anoal imaaioiaée. ionou R  iifeede
o0&l afiad eifiodoeoisia,ReM 2 R

X X
P Xjwdh 6 2 C; (2.11)

i2JR; h2Hug

8r 2 R® 8w 2 W: 8d2 D,:

A . ,T

116 1616aMno, a aaiu ia ifeedd atou aléluega 1
Exam - jiisedfioadl yécaiaiia +eaia yééiasea ;i 2 1;JFam

Oldaa 1adaie+aiéd caiégdony a aeaa
X X .
Xjwah 6 1; 81 2 1; 8w 2 W;8d 2 Dy: (2.12)
j2JExam h2Hyq
Ailfiogseaied 1TNoaacaiins 6aeaé yenidaeoee yoi dacoelioao dadiot anaal
yéeiaaea. Aey 108aaioée acaeiiadénoaey ideedd ~eaiaie éliaiad, idiadaaiey
yécaiaiia a nifioaaa anaai 8101014 1ifeeanoal 6aaio aiciieeil adiie.

N~ I NANNANYN A~
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Xjwdh = Xj,wdh; 8(J 13 2) 2 J1z; 8(w;d;h) 2 Y (2.13)
Xjiwdh = Xjowdh = Xjswdh; (2.14)

8(1;)2:)3) 2 J123 8(w;d;h) 2 Y;

Oaéel Tadacii, noaaeony caaa+
uaal 1adaie+aieyi (2.2) (2.14), iaicia+ei aa, éaé ILP.

e A

cada+a yaéyaony NP-0806aiié a feéuiii Aidnea [15].

QJ/

\\\\\\

e AN N AN\ as



@
=
)
Q
N
(@Y

A

faaaeu, ia oanfiaodeaaaiil aidegiioa ieaiedi
a

AR

startOf (week) == [( startOf (s;) 1)div(jDj jHj)] [iDj jHj; (2.18)
startOf (day;) == [( startOf (s;) 1)diviHj] jHj: (2.19)
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Noisiceedsdl 1adaie+aiey (2.2) (2.14) 4 0adieiad CP.
Aaddaal 66ieésep pulse pulse(ty;to:h) yoi oaéay 66ievey F, +of
h; afeet 2 [ty;t
F(t) — R [ 1 2]
0; eia+a

Aloaie. Aey ofai, +ofal iasaienaol &
endBeforeStart:
endBeforeStart(s;,;s;,);
o . (2.21)
(uj2)2 i 821
Oiaaa, aditéiaied 0aaion j, aléeseil caéli+eouny daiued, +ai ia+iaony
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ra

ce+anéié iaaioiaéié, iadaiegai enitélcoy 66iéoep  pulse
X -
pulse(week;1) 6 ar;8i 2 I: (2.22)
j23F

X
pulse(day; ;1) 6 by; 8i 2 I: (2.23)
i2JF
A fifioadonoaee f 1adaie+aiedi (2.6) atadeyaony adaiy agy adieiaiey
aaieiénodaceains faycaiiinodé. Aaiiia 1adaie+aied iieell 14daieRaou i efe
iélciaaieal 66iéoee  pulse fieaadpuel 1adacii
X - - - - -
pulse(week;p) 6 (jHj jDj 2 @aq);8i 2 I (2.24)
]23i

AR N

foal aiciieeilic aiaé a iaaaep
ladaie+aied (2.7) 6noaiaaceaado asaieodn ia alciieila élée+anoar +ania
a 4&il aey eco+aiey iacadeasa i iaéioidnio aiooiano éliiedéno. N eniléie
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X .
pulse(day;pj) 6 2 hyay; 8i21;8k2f1,2:::;K.0: (2.25)
j23p
|ad0a6ioioeeadal 1adaie+aiéa (2.8), €ioidia Ticaieyao enéép+eol adae
iailia éicadaael aey Tidaadeaiind oaaio. 16ou Flunch €0RT=ii-eeiaéiay
006iédey caéay, +of:
8
% 1 pp;afnee
w |Dj jHj+d jHj+(h 1 + h,);
F|unch=§ jDj jHj+d jHj+(hy) (1 pp+ pp (h2) (2.26)
- 0 éfa+a;
8w2 W,8d2D,8nh2H,8pp2f 0:1g.
Aadaai 60iévep forbidStart , 81016ay faysedod eidadaasiiop iadaiaiiop
s; e éoni+ii-eeidéiop 06iedep  Funcn. AdGaeie féfaaie, ia ficaiéeo 6aaioa
j faraou aditeiyouny a imaio adaidie  t, anee yoi ia dacoagdii 66iéveaé
I:Iunch
forbidStart (sj;Fiuncn); 8j 2 " (2.27)

1aila aoaiedl ed aiciieelial adiieiaiey. laddiegdl A edilélciaaied
ooiévee forbidStart . 16A0U Fry (j) E06MT+ii-eidéiz @

p 6 2 c; 8d2 D; 8r 2 RN (2.29)
23R (1):d(S;)=d



caiyoeé iaiadiaeil idfaiaeol a ioendonoaee anao aal ~eaiia
SJ1 = sz = Sj3; 8(] 1;j 2;j 3) 2 J123; (2 31)
Aiagiae+ii, aey neo+ay, élaaa iatadiaeli idiadnoe caiyjoed eégu aey
2-0 +~eaila yéeiasea
Sj; = Sj,; 8(J13j2) 2 Iz (2.32)
Oaéei 1adachi, a aaiill iadaddadd 1adaoidiceediaain 1adaie+aiey
(2.2) (2.14) a 0adieiad CP. Noaaeony caaa+a itnodiaiey sanienaiey, oaiacae
0AIBYpUAAT 1adaIe-4ieYi (2.15) (2.32), faicia+ei 44, éaé CP

\\\\\\



day}'”t == element(days; startOf (s;)); (2.33)

(@)}
=N
()}
o:
(D~
<
@
9]
3
9]
=)
~
)
<
w
=

éecaoey €10ioad eidaony a a iofasaiiii
igiadaiiediaaiey IBM ILOG Optimizer.
ladaie+aiey (2.20) & (

( (2

7 an wa N s oan O N\ a2 )\

2.21) inoaidony iddseieie. Aéy daaéécacee 1adaie

X .
count(weel{”t;w) 6 a:8i21;8w2 W, (2.35)
j23F
élaé’lweeHnt ifiad [daaee ia aioeciioa ieaiediaaiey, a éioioié adiieiyaony
0aaioa |
Agy 0o1al, ~o1al Tadaie+eolu éiee+anoal caiyoeé a aaiu (2.23)
X . _
count(day™;d) 6 bx;8i 2 I;8d 2 D: (2.36)
j29
Oaé éaé a ddasuilé aeeécie cia+aiedh anaaaa oaail 1, of aaiita 6oi+e
jaiea iicaiéyao iadaiefaou (2.23) i efiielciaaiédi aeiaaeuiiar 1adaie<aiey
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i67a Tidaadeyao, +oi iadaiaiitia aiéaseit atoun T

D (x1); D(x2);:::;:D(xn), fAiff0ddonoaaiii. Oidaa
alldifferent (x1:X2;::Xn) = f(di;dp; i dn)jdi 2 D(x)); d 6 di;1 6 1%:  (2.37)
Neaaiaaoaeiil 1adaie+aied (2.23) ideido aéa
alldifferent (da Jf”t);8j 2JF:8i21: (2.38)
1adaie+aied (2.24) & (2.40) i5€i00 aéa, fMoadonoaaiir:
X _
(WeeHnt =w) p6 (JHj jDj 2 aag); 8i21;,8w2 W, (2.39)
123
X _
(day™ = d) p 6 2 hyay; 8i 2 1;8d2 D: (2.40)
j23p

Tadaie-aiey (2.27) (2.29) ifdaioony 4ac eciaiaies. Asy (2.30) ideidiei,
' 514360114 14046414 alldifferent . Olaaa,

alldifferent (day™);8j 2 JF*™; 8i 2 I:

' 1506 adaiy ia+aga e 1efi+aiey 0aail 1aaead
_ -aiey (2.31) (2.32) ileeil iadaienaoi fneaa

synchronize(S;,; Si,; Si,); 8(juizis) 2 I'%

synchronize(S;,; S;,); 8(j1j2) 2 I



-----

Baseaay ec 1143686 A06a dAaseciadia fa ycOé& OPL ide efileuciaaiee
126803 ILOG CPLEX v.12.6. [1a8&& caiéfieaseni

Afiéieodeuii enneuciaagenu yclée isiasaiiediaaiey C#, Python &
4aca aaiin6 Postgresql. Afd yéfiaoeiai
n 2

0aéuiia e iacageaeii fAlioaaonoa
yeniaseiaio initaai ia 40a0a, éfileucoditae a OIE éi. b.A. Aadaseia ide
ifadioiaéa éiniiiaaoia a fifioaaa yéeiasea

2.5.1 linedataaodédi



adaiaie ienéa. Oaé aey ad+eneaiey danienaie 11011 1Baiediaaiey 8
[aadel iataoiaeit eegli  1:92 faéodia e 0:65 naéoia, fiioaaonoaaiii.
Oaaeesa 1 Ilinedalaacdedina daniiéieedied AE
3 ida / 50 cai. 6 iaa / 100 cai. 8 ida / 140 cai.
ILP |CP |CPO|ILP |CP | CP? || ILP |CP |CP?®
1. t (Raé) 0:5]0:56 | 0:19 73| 132, 045 120 1:92| 0:65
2. lasai. 3 10*| 201| 168| 10°| 327 306| 2 10°| 531| 471
3. laoi 4 10*| 168| 558| 1C°| 243| 968| 2 10°| 540| 1410
4. E08.204€ 4 10°| 10°| 504| 10'| 10° 920 10" | 10° | 1400
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j1
J1 / l \
l ja j2 3
2 \\ /
Jm
Jm
a) lineaaiaacaenins 4) ladageadediia daniéieeaied
dafiiéieediea daaio daaio
penoiié 2.6 Aicileeilid 840260 10ilpdieé iddaganoaiaaiey iaaead
caiyoeyie
ladaeeaeliay énioe Aledaa oooaiaiéié, +ai ineaate

\\\\\

3184 /50 cal. || 644 /100 cai. | 8 44/ 140 cai.

ILP | CP |CP°| ILP |[CP |CP°| ILP |CP |CPO
1.t (7a8) 05 0:94| 0:32| 40| 079 0:27| 370|227 0:77
2.18881. |4 10'| 159| 159| 10°| 310 303| 2 10° 536| 519
3. 1861, 4 10" 204 533 10°| 467 958| 2 10° | 687 1501
4 E05.4088 10°| 10° 160|5 10° | 10° 10085 107 10° 1632




~

o

aiy, iéi

A3
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N A s N N O axoan

2.5.2 Al0+énéeodsniné yéniaseiaio ia aaiiad OIE

eiddony 1dedioesiaaiine adao aidoiand élieaénia (AAE), addgeil
&10187181 AM0Adonoaopo eco+aditi AE. Ada AE fidaeiait aoaié, s
éé @iiiliado aléeedi eco+eol 1adalé AE iddaead, +ai idenodieol é

s AAA

>
o
QJA
(b
D
w
(D
(@l
g_);
(b
D
N
ox
Qo
QD
=)
(@
QJA
>
D
Qo
o
=)
Qx
QJ’
>
(D~
(@
Qo
(D:
=
o
Qo
Qx
Qo
L)
(@}
(D:
Cc:
(@
Q_)/
(@Y
o
Q»
CI>
(9]
>
(9]
(9]
(@]
QD
(D:
(;:

RS

a, +of ifadel ILP aey aioec
a

igaiestaaiey aleuwad 7 iaadél i 104ad+ado odaadiaaieyi Oaioda iiaaioiaée
gTfitiaaoia. liyolio aey aideciiola ieaiediaaiey 40, 50 & 60 idaaéu casa+a
OaeT+eneaiinal eeidéinal iviasaiieataaiey ia ddoasdani. A 0aae. 4 a iiiloados

Aaii0é yeriaseidio Aua dac AaiTH05e5630 YATA i34SI6UAR0AT efiiléie
ciaaiey ifasiaa isiasaiiesiaaiey a 1adaie-aieys. iiyono ILP af Af&6 fiede
A0pUeS A0+eABe0ABNIN6 VERIABEIAI0A0 46400 BARMAOGEAAOUNY Eeal iTadee
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