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Paccmampusaemces npobaema cocmasieHusi pacnucauus padomol
rxocmonasmos na bopmy MKC u oucnemuepos 6 L{VII. [Ipedracaemcs
aneopumm peuwlenus OAHHOU 3a0aqu u nPoeoOUMCcs AHAIU3 e2o0 pabo-
Mbl HA PA3TUYHBIX MUNAX OAHHBIX.

KiroueBsle cioBa: Teopusi pacnucaHuid, KOMOMHATOpHAsE ONTHUMU3a-
LWL, JKaJHBIN aJIl'OPUTM, METOJ BETBEH M IPaHMILl, BPEMEHH Ol IOpH-
30HT IUIAHUPOBAHHUS.

BeedeHue

Ympasnenne takuM o0bekToM, kak MKC, TpeGyer orpoMHOTO
KOJIMYECTBA Pa3IMYHBIX YeJIOBEYECKHX M MAITMHHBIX PECypcoB. 3aaada
TUTAHUPOBAHUS SBIIIETCS OJJHON U3 CaMbIX IPUOPUTETHBIX. CocTaBieHe
pactmcanuii neiictBuii sxumaxa Poccuiickoro cermenta (PC)
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MKC Boimnonnusercs Llentpom ynpasnenus nosneramu (L[VII). Ero 3a-
Jadel sIBICTCS CBOEBPEMEHHOE U KOPPEKTHOE paciperiesieHue padboT
MEXIY IUCIETYEpaMH, HAXOISIIIMMHUCSI Ha 3eMje U KOCMOHABTaMH,
HaXOJSIIUMHUCS B KOCMOCE Ha 33JaHHbBIN TOPU3OHT IUIAHUPOBAHMUSL.

1. MocmaHoeka 3adayu

Iopu3oHT TUTaHMpOBaHMUS Pa3OWUT HA BpEMEHHBIE OTPE3KH MO 5
MUHYT. Pabounii neHr kocMoHaBTOB HaumHaeTca B 10 wacoB yTpa
[0 MOCKOBCKOMY BpemeHH (6 wacoB mo [pumBmuy) [4]. Umeercs
MHOKecTBO omepaiii N = {1,...,n} ¥ 3KHIaX, COCTOAIIMU U3
HECKOJIbKUX KOcMOHaBTOB. Heobxonumo:

1) BBIOpaTh MOIMHOKECTBO OTIEpAIUil JJI MCIIONHEHUS B Teue-
HUE TOPU30HTA IJIAHUPOBAHUS;

2) pacnpenenuTh ONepalui MeX1y KOCMOHaBTaMU M JUCIIeTde-
pamu;

3) ompenenuTh A KaKJON Olepaliid MOMEHT Hadajla ee UCIOJ-
HEHUsI, KOTOPBIN JTOJDKEH COBNANaTh C HAYaJOM HEKOTOPOTO BpEMEH-
HOTO OTpe3Ka.

Kaxmas onepamms ¢ € N xapakTepu3yeTcsl CIEAYIOMINMHU MapaMeT-
pamu:

1) mpuopwureT (WM BaXXHOCTH) ONEPALIH W;;

2) BpeMsl UCIIOJIHEHHS OTepaliuu p;;

3) BpeMEHHOE OKHO HCIOTHEHHS OICpaIlu: MPOMEKYTOK Bpe-
MEHH, KOTJla Ofepaius MOXXeT ObITh BHINONHEHAa. BpeMeHHOe OKHO
MOXET COCTOSITh U3 HECKOJBKHX MPOMEXYTKOB BPEMEHH, HallpUMep,
KOTJIa BBITIOJTHEHHE OMEpaIiy MPHUBA3aHO K ITOJNIOKEHHUIO CTAaHIINK Ha
opbure. [l Kaxmoil onepanuyd BPEMEHHOE OKHO HCIIOJIEHUS Mpe-
CTaBUM B BH/IE MHO)KECTBA MOMEHTOB BPEMEHH, B KOTOPBIE MOXKHO
Hauath BbinonHeHue onepaunn 1; = {tq1,ts2, ..., by, }.

HeoOxomnMo Tak COCTaBHTH paclyCaHHE BBITOJHEHHUS OMEpaIuii,
YTOOBI CyMMa IPHUOPUTETOB BBITIOJTHEHHBIX 3a/laHUil OblIa
MaKCHMallbHa, TIPA ATOM HEOOXOAWMO BEITIONHUTEH BCE PECYPCHBIE
OTPaHWYEHUS U JJOCTUYb PABHOMEPOH 3arpy3KH KOCMOHABTOB H JIHIC-
MIETYEPOB Ha MPOTSHKEHUH BCETO TIOJIETa.
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2. 0630p cywecmeyrouwux 3aday u as20pummos

2.1. 3AJAYA PAHEI] (KNPSACK PROBLEM [KP])

Hauno muoxectBo N = {1,2,...,n} npeameros. [Ipeamer ¢ HO-
MEPOM j MMEET LIEHHOCTh p; U BeC w;. Takke naHa MakCHMMasbHas
BMecTUMOCTh paHiia C' . 3aaua COCTOUT B TOM, YTOOBI BEIOpaTh U3
MHOXecTBa [N Takoi Habop MpeaMeToB, YTOOBI MX CyMMapHas IeH-
HOCTP ObIITa MAKCUMaJIbHA, HO TIPH 3TOM HX OOIIUIl BeC HE NPEBhIIIAT
BMecTuMocTH paHia C.

n
(1) max ijxj,
j=1
n
) > wjw; < C,
j=1

rae x; = 1, ecan j-Teid ObL1 BEIOpaH M3 MHOXeTBA N JUlsd MOMeEILe-
HMs B paHell, ¥ 7;= 0 B IPOTMBHOM ciy4ae [2].

2.2. 3AJIAYA HECKOJIBKUX PAHIIEB (MULTIPLY
KNAPSACK PROBLEM [MKP])
JanHas 3agada otnuyaercs or knaccudyecko KP tem, uro pan-

IE€B HEKOTOPOC KOHEYHOC YHCJIO 1, UX BMECTHUMOCTH 0003HaYEHBI
Ci,’i = 1, ceey TN

3) max Z Z DjTij,

i=1 j=1

n
(4) E Tijj Wy < Cl', 1= 1, ey,
j=1
e r;; = 1, ecnm j-TeId nmpeaMer BhIOpaH M3 MHOXKecTBa N s

HOMEIIEHHs B PaHel] ¢ HOMEPOM i, M x;; = 0 B cllydae eciu j-Thbli
MpeaMeT BhIOPaH /IS IIOMEIISHHS B APYTO paHell Wik ke He BhIOpaH
BOOOIIIE.
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3. Cywecmeyrowue an2opummbi peweHus!

3.1. XXAJIHBIH AJITOPUTM (GREEDY) JUL1 KP U MKP
JlaHHBI TpUOIKEHHBIN aTOPUTM TpeOyeT BBENEHHS I Kax-

JIOT0 IIpeIMeTa HOBOM XapaKTEPUCTHKH, KOTOPYIO B JINTEPaType 0ObIY-
HO Ha3bIBatOT 3P PekTHBHOCTHIO. OHA paBHA OTHOIICHUIO CTOUMOCTH
MIpeaMeTa K €ro Becy:

Di
(5) € = —.

L%
Crnenyst KOHLENIHMM ajNrOPUTMa, HEOOXOOMMO MOMENIaTh B paHel

MIPEIMETHI B IOPSI/IKE, COOTBETCTBYIOIIEM YOBIBaHHIO Y3PPEKTUBHOCTH
e; [3].

3.2. METOJ BETBEM U I'PAHHI] (BRANCH-AND-BOUND))
MerToz COCTOUT U3 ABYX COCTABIAIOLINX:

1) aram onpenenacHus (BepXHEH/HIKHEH) TPaHMIIB;

2) JTam BETBIICHUS.
Ha stane BeTBiIeHNS IPOU3BOAMUTCS pa3lelieHHE 3aJa4l Ha HECKOJIBKO
non3afad. Hampumep, B cimyuae 3amaun PaHer BeTBiI€HHE COCTOUT B
PacCMOTpPEHHH IByX BapHaHTOB: MIOMEIIATh NPEIMET B PaHEIl MIIH HE
nomemars. Ha sTame omnpezaeneHusi BepXHEH/HIKHEH TpaHHULBI MIPO-
W3BONIUTCS OLIEHKa (CBEpXy/CHU3Y) 3HAUEHUS IieNieBOd (pyHKIMH I
paccmarpuBaeMoil monzanadn. st BeTBICHUST OOBIYHO BBIOMpaeTcs
rmoj3ajiaya ¢ HanOobIIe/HanMeHbIIeH (BepXHel/ HIKHEN) TrpaHutei

[1].
4. Mamemamuyeckasi nocmaHoeka 3adayu

[lycts B mon€THOM 3aaHuK TPEOYeTCs BBITOIHUTH MHOXKECTBO
onepammit N = {1, 2, ..., n}. IlycTb y kocMOHaBTa k paboumx aHEH
3a TOJIeT, B KaXKIOM U3 pabouux JHeH h eIuHUIl paboyero BpeMeHHU.
Bcero 3a noner P= k * h equnun ¢, j = 1, ..., Ppabouero BpemeHu.
Kaxcnast onieparus ¢ € N uMeeT IPHOPUTET/BAKHOCTD W, CIIOXKHOCTD C;
U MIPOJIOKUTENILHOCTh BBIMOIHEHUS ;. [Ipu 3TOM, JUIst KX 10M ore-
paluu CyIecTBYeT BPEMEHH 0€¢ OKHO HCIOJIHEHHs. B cBs3u ¢ 3THM,
Oynem cuuTaTh uTO W; = wWij(t;), rae w;y;(t;) He paBHO
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0, ecti MOMEHT BPEMEHU t; BXOAUT BO BPEMEHHOE OKHO HCIIOJIHE-
HUs onepauud U w;j(t;) = 0, ecm He BXOUT. B kauecTBe BXOMHBIX
JaHHBIX 3a/1a49d OMPEACITHM TaONIHIly, B KOTOPOil KaXIOMY 3aJaHHIO
OyZeT COOTBETCTBOBATh HAOOP BaXKHOCTEH wjj;(t;) B 3aBUCHMOCTH OT
BPEMEHHU Hayajia BBITIOIHCHHUSL.

Tabnuya 1. I[Ipeocmasnenue 6x00HbIX OAHHBIX 3A0aYlU.

Enunanne! BpemeHu
3aganus 1 2 3 || P-1| P
1. | 3aBTpax 1 0 0 0 0
2. | U3smepenne temneparypsl | 4 4 4 4 | 4
3. | OkcnepuMeHT A 1 1 |0.75 1 0
5. | FOctupoBka 1.6 | 1.6 0 e | e | O 0

Ecnu pabounii 1eHb KOCMOHABTA COCTOUT M3 h eMUHHMIL paboyero Bpe-
MEHH, TO CTONOLBI 1, 2, ..., I COOTBETCTBYIOT IEPBOMY paboOdYeMy JHIO,
cton6ms! h + 1, ..., 2h BTOpOMY U TA.

3agaya COCTOUT B TOM, YTOOBI MAKCUMU3HUPOBATH IEICBYIO (BYHKIIHIO

n P
(6) maxZinjwij(tj),

i=1 j=1
rae x;; = 1 ecnu 3amaHMe ¢ BBITOIHAETCS B j-ii MOMEHT BPEMEHH,
x;j = 0 — B IPOTUBHOM CIIy4ae.
[Ipu sToM MakcuManbHasl 3arpyKEHHOCTh Ka)JOTro IHSA HE OJDKHA
MpeBbIIIaTh HeKoTopoe uuciio C'.

(7) Z Z LijCj <C, a:07...7k—1.
i=1 j=1+ah

5. Aneopumm peweHusi

IIpemyiaraeMelii adropuT™M pelICHHUA JAaHHOM 3aladd SBISIETCS
00beIMHEHUEM JKaIHOTO AITOPUTMA U METOJa BeTBEH U TpaHull. AJ-
TOPHUTM COCTOHT M3 CIECAYIONIMX JTAIOB.
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1) Oran onpeaeneHus BepxHEW rpaHuLbl. B kaxnoi cTpoke Ha-
XOIUTCS MaKCHUMAJBHBIA JIEMEHT, BCE MaKCHUMAJIbHEIC DJIEMEHTHI 110
CTpoKaM cymmupyrorcs. [lonydaem BEpXHIOK TpaHHIly-3HAYCHUE Iie-
JIeBOH ()YHKIINH B «HAWITYUIIIEM CIIy9ae»: B CIIydae e€CJIHM BCE 3alaHus
BOMIYT B pacnucaHue ¢ MAaKCUMAaJIbHBIM BO3MOXHBIM I HUX TIPUO-
pHUTETOM.

2) CopTrpoBKa TaOIUIBI BXOAHBIX JaHHBIX MO0 KOJTHYECTBY HEHY-
JIEBBIX DJIEMEHTOB B CTPOKe. Te 3aJaHus, y KOTOPHIX B COOTBETCTRBY-
IOIIel CTPOKe JIUIIb OJAWH HEHYJIEBOW DJIEMEHT, 100aBiIsieM B paciu-
CaHue OHO3HAUYHBIM 00pa3oM.

3) [oce nobaBneHus 3a1aHs B pacUCaHUsA, y IPYTUX, €IIe He
JNOOABIICHHBIX B paclUCaHUE 33JaHUN MOXKET U3MECHUTHCS TOPU3OHT
manupoBaHus. [1o3ToMy clemayronmM dTaroM SIBIIETCS N3MEHEHHE
TabnuIbl (OOHYJICHHE HEKOTOPBIX €€ 3JICMEHTOB).

4) IloBTOpeHne myHKTOB 1-3 10 TexX mop IMoKa MepBBIM B Taod-
JUIE HE OKaXETCH 3aJlaHue, Y KOTOpOro Ooyiee OIHOTO HEHYJIEBOTO
JJIEMEHTA B CTPOKE.

5) Oram BeTBiIeHUS. 3a/1ada pas/ieNsaeTcs Ha HECKOIBKO Moj3a1a4y
(TI0 KOTUYECTBY BO3MOXKHBIX Pa3MEIICHHN B PaCIIMCAHUU TIEPBOTO 3a-
narus). s kaxmoi U3 moa3azgad CoCTaBIsIeTCsl paclycaHue, Tadua
Y TO/ICYUTHIBACTCS BEPXHS FPAaHHULIA.

6) Jlnsa manapHEHIIEro paccCMOTPEHHUS M3 BCEX YXKe CYMIECCTBYIO-
IIUX BRIOMpaeTcs moj3agada ¢ HauOobIIe BepXHel rpaHuLIeH.

7) lloBropenue myHKTOB 1-6.

6. lpozpamma

ITo nanHOMy anroputMmy Oblia HamucaHa nporpamma. IIporpam-
Ma Tojy4aeT Ha BXOJ 3 TEKCTOBBHIX (haiija CIeAyIOIEero coaepika-
HUS.

1) B nepBom daiine Ha mepBOi CTPOKE CTOMT YUCIO PabOvMX
JTHEW M YUCIIO eMHHIl BPEMEHH Ka)KJoro pabodero JHs depes
npo6en. Ha Bropoii cTpoke — 4nciio BCeX 3aJaHuii, KOTOPbIS
Heo0X0IMMO BBINOJIHUTE. HaunHas ¢ TpeTheil cTpoku B (aiine pac-
nonaraercs tabmuna Beex w;; pasmepom M x P, tne M — 4ucio
3agaHuii, a P — cyMMapHOe 4HCIIO €IUHHIl BpEMEHHU 3a BECh IOJIET.
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2) Bo Bropom ¢aiinie uepes mpobei 3anmucaHbl CIOKHOCTH BCEX
3aJaHHM.

3) B TpetbeM daiine uepe3 mpodest 3anucanbl POIOIKUTEIBHO-
CTH BBITTOJTHEHUS BCEX 3aaHUM.
Ha BbIXone mporpamMMa BBIIAET TEKCTOBBIH (a1 ¢ pacHHCaHUSIMU.

7. BbigoOhbi

Tak Kak peanpHBIE JaHHBIE IO MPUYMHAM CEKPETHOCTH IOKa HE
OBUTH TPEOCTABIICHBI, TO CJEIyeT MPOBECTH aHaIN3 pabOTHI alro-
pUTMa JUTS pa3iIMYHBIX BO3MO)KHBIX CHUTYaIHH.

1) B cnydae ecnu 3aaHuii Majo, aJiITOPUTM BBIJAET OY€Hb MHO-
r0 Pa3NUYHBIX pacnucaHui. YToObI 3TOro n30exaTh CIeIyeT yKecTo-
YUTH OrpaHIYEHHs HA PABHOMEPHYIO 3arpy>KeHHOCTh. TakuM o0pazom
MOYKHO CJI€JaTh CIEIYIOIUI BBIBOJ: U3MEHEHHE KECTKOCTU OIpaHU-
YeHWH NMPUBOAUT K M3MEHEHHUIO KOJMYECTBA PEIICHUH.

2) ANTOpUTM TOYHBIN AJIS T€X CIy4yaeB, KOTAa BCE 3aaHUS JOJDK-
HBI BOWTH B MTOJyYEHHOE PACIMCaHHE.

3) Hemocrarok anropuTma B TOM, YTO MPHU OOJBIIUX BXOIHBIX
JAHHBIX BBITIOJTHEHUE TIPOTPaMMBbI 3aHUMAeT MHOTO BPEMEHH.

4) JIOCTOMHCTBO aJropuT™Ma B TOM, YTO MPHU YCIOKHEHUSAX B I10-
CTaHOBKE 3aJ[a4H, HET HEOOXOJMMOCTH CO3/[aBaTh HOBBIM allTOPUTM, a
BO3MOXHO yCOBEPIICHCTBOBAHUE IMPEIOKEHHOTO, 2 IMEHHO, — CO-
31aHKe JOMOJHUTENbHBIX YCIOBUH (OrpaHUYeHHUI), KOTOpBIE TIpuMe-
HSIFOTCS Ha KaXIOW UTEePAIiU U MIPUBOMAAT K YMEHBIIIEHUIO KOJTHYECTBA
BETBEH.

5) Taxoke K JOCTOMHCTBaM aJTOPUTMa MOXXHO OTHECTH Y0OCTBO
pacnapajuIeTMBaHus PU MIPOrPaMMUPOBAHHH.

8. lNlepcnekmuenl u pazeumue

[TpumMeps! BO3MOXKHOTO pa3BUTHS alTOPUTMa IPU COOTBETCTBY-
IOIUX YCIIOKHEHUAX 3aJjaduM.

1) I'pad npenmecTBoBanms. llpn moGaBIeHNN B TOCTAaHOBKY 3a-
naun rpada npeAlecTBOBAaHU MEXIY 3aAaHUsIMHU, B aJlTOPUTM 100a-
BUTCS €Ille OJHO OTpaHHYEHHE: €CIIH BETBb HE YAOBJIETBOPSAET rpady
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NPEeALIeCTBOBAHUS — €€ Aajblieilee pa3BUTHE IPOBOJUTHCS He OyleT
B HE3aBHCHMOCTH OT €€ BEpPXHEH IpaHHUIIbL.

2) Cnioco0, MO3BOJNSIOMINN BBLICIUTH PACHHMCAHUS, B KOTOPBIX
MEHBIIIE BCETO «OKOH»: MMPOMEXYTKOB MEKAY 3aAaHUSMHU, IIPH «IIepe-
HECEHHUI» KOTOPBIX B KOHEIl WM B HA4aJlo JTHS, pACIHCAaHUE CTaHO-
BHIJIOCH OBI ymoOHee.

3) Pecypcsl, 3aTpaunBaeMble TP BHINOIHEHUH 3a0anus. [1pu no-
0aBJIEHUH B IOCTAHOBKY 33/1a4W PECYPCHBIX OTPaHHYCHUH B aIrOpUT-
Me TaK)Ke TOSBUTCS OTpaHUYeHHUE, aHAJIOTHYHO CIy4Yaro OMMMCaHHOMY
B IyHKTE O rpadax MpeAnIecTBOBAHHUSL.

4) Ilporpamma, dopmupytomias TabnrIly BXOAHBIX JaHHBIX. [Ipn
OOJIBIIIOM KOJIMYECTBE 3aJIlaHMii, TOJIb30BATEII0 OylIeT HEeyA0OHO CO-
CTaBIIAATH MEPBEIH (ailyr, HeOOXOAUMBIN TSI PaOOTHI IPOTPAMMBI, I10-
3TOMY MpPH MOJYYCHHUU PEaTbHBIX JaHHBIX TUIAHUPYETCs J00aBHUTH B
IporpamMmy OJIOK, COCTaBJISIOIIMI BXOTHYIO TaONWIYy IJsl TEPBOTO
(haityia ¢ MaKCUMAaIILHBIM YA00OCTBOM JIJISl TIOJIH30BATEIIS.
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Abstract: The ISS scheduling problem was described. Algorithm for

solving this problem have been suggested and analyzed for different
input data types.

Keywords: scheduling theory, optimization, greedy algorithm, branch-
and-bound, time planning horizon.
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