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3akioueHue

[TpennaraeMplii IpOrpaMMHBIA KOMIUIEKC COAEPXKHUT TPU MOJEIU THUIIOBBIX
MHOTONPOIECCOPHBIX cUCTEM. OH HCIIOJIB3YETCSl MPHU BBINOJIHEHUH JIAOOPATOPHBIX
paboT mo aucHUIUinHE «BBICOKOMPOU3BOAUTENBHBIE BBHIYMCIUTENIbHBIE CHUCTEMbD)
ctyaeHtamMu HanpasiaeHuil 230100 u 231000. MMuTanmoHHble MOAEIN pa3pabOTaHbI
c ucnosb3oBanueM yHuepcanbHbix cpen (Delphi u C++). Onu sBisitoTcst yrporieH-
HBIMHU U BOCHPOHU3BOISAT OCHOBHBIE AJIEMEHTHI CTPYKTYP U PEXKUMOB (DYHKLIHOHHUPO-
BaHUsI OOBEKTOB, UTO OOECHEUYMBAET MPOCTOTY YCBOEHHUS MaTepuaja U IO3BOJISIET
OTpeessATh Hanbosiee ONTUMAJbHBIE MapaMeTpbl CTPYKTYp U PEKUMOB. BaxHoi
OCOOEHHOCTBIO MOJEJNIEH SIBISETCS BU3yalM3alMs HUCCIEeNyeMbIX mporeccoB. OHa
o0ecrnieunBaeT MaKCUMAaIbHYIO HATJISIIHOCTh U ONTHUMAJILHBIA PEKUM 00YICHUS.
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MOJEJIN U AJITOPUTMbI OIITUMU3ALINUN TEOMETPUYECKOI'O
[HOKPBLITHUA JJIA PELHEHNA 3AIAY AHAJIM3A U I[TPOEKTUPOBAHNA
AT'POTEXHUYECKHUX CUCTEM I1OJINBA

(HoBocubupckuit rocy1apcTBEeHHBIN TEXHUYECKHH yHUBepcuTeT, CuOnpCKuii
rOCyJapCTBEHHBIM YHUBEPCUTET TEIEKOMMYHHUKAUWUNA U UH()OPMATUKHN)

OaHuM U3 NyTel YCKOPEHUs HAyYHO-TEXHUYECKOIO IMporpecca SIBISETCS aB-
TOMaTH3alrs KOHCTPYKTOPCKUX M TexHoJoruueckux pemennii B CAIIP u ACTIIII
Ha 0a3e MIMPOKOr0 BHEAPEHHUS COBPEMEHHBIX MH(GOPMAIMOHHBIX TexHoJoru. [Ipu
pPEIICHUN MHOTHUX 3aJlay MPOECKTUPOBAHUSI HEOOXOJIMMO YUUTHIBATh UX F€OMETpUYe-
CKHE OCOOEHHOCTH, YTO MO3BOJIMJIO BBIJEIUTh UX B OTHAEIBHBIN KJlacc 3aJ1a4 reOMeT-
PUYECKOTO MPOEKTUpOBaHUs. B kauecTBe MpuMEpOB MOKHO Ha3BaTh 3aJa4H palto-
HaJIbHOTO PaCcKpoOsi MaTepHUaIOB, 3a/1a4d aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUS T'e-
HEPAJIbHBIX TUIAHOB MPOMBIIIUICHHBIX MPEANPUATHH, 3a1a9d MPOCKTUPOBAHUS MH -
POBOH amnmnapaTrypbl, TPOCKTUPOBAHUS CUCTEM BO3AYILIHOTO U KOCMHUYECKOrO HAOJIIO-
JICHUSI, CUCTEM 0€301aCHOCTH, CUCTEM OCBEIICHUS, arPOTEXHUYECKUX CUCTEM, U APY-
rux. 3ajadya T€OMETPUUYECKOTO MOKPBHITHS OTHOCUTCS K MPOOJIEMATHUKE «PacKpos |
ymakoBku» (Cutting and Packing, C&P). B Teuenune nocjaeqHux IMECTHASCITH JIET
9Ta mpolJeMa MPUBJIEKAeT BHUMAaHWE HAYYHBIX MCCIIEOBATENICH M MPOU3BOJICTBEH-
HUKOB. HayuHoe Hauano paloHaJIbHOMY HCIOJIb30BAHUIO MATEpPUAJIOB 3aJI0KEHO
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pa6otoii: JI.B. Kantoposuua, U.B. 3anrannepa [1], koTopas Obiia BriepBbie OmMyOu-
koBaHa B 1951r. K ¢yHnamMenTanbHbIM paboTaM 3TOTO HANpaBICHUS OTHOCATCS pa-
6oter: 11.B. PomanoBckoro, 3.A. MyxaudeBoii [2], A.C. ®umunmosoii [3]. B otmuume
OT JPYyrux 3a1ad 3TOro Kiacca, 3a/la4d MOKPBITHS Majl0 W3YYEHBI HA CETOIHSIITHHMA
JICHb. AKTYaJIbHOCTh 3aJla4d T€OMETPHUYECKOTO TOKPHITHS OOYyCJIOBICHA TaKxke e
NPUHAISKHOCTEIO K kiaccy NP-TpymHbIX 3amad, mpuyeM, C JAUCKPETHO-
HETPEPHIBHON CTPYKTypoil. Bce TouHble METO/bI, U3BECTHBIE ISl PEIIeHUs MOA00-
HBIX 3aJ]a4, UMEIOT DKCIOHCHIMAIBHYIO BBIYMCIUTEIBHYIO CIOXHOCTh. [loaTOMY
BO3HHMKAET MpobiieMa pa3pabOoTKU MPUOIMKEHHBIX M 3BPUCTHYECKUX METOIOB, MO3-
BOJISIFOIIMX HAXOJUTh CyOONTUMANbHBIEC perieHus. D()OEKTUBHBIM SBISICTCS UCIIOIb-
30BaHME METa’BPUCTHUYECKUX METOJOB. B HacTosiee BpeMsi pa3BUTHE METOJIOB pe-
IICHUS TOTO KJIacca 3ajiad HaIlpaBJICHO, C OJHON CTOPOHBI, HAa co3/laHue (GopMaib-
HOT'O MaTEeMaTUYEeCKOro amnrapaTa U BBISIBJICHHE 0COOCHHOCTEH 3a1a4 Ha OCHOBE €/TH-
HOTO TOAX0/1a K UX OIMUCAHMIO, C APYTOW CTOPOHBI, HA Pa3pabOTKy MPaKTUYHBIX MO-
Aeneil ¥ ONTUMU3AIMOHHBIX METOOB JIJIsl PELICHHsI COOTBETCTBYIOLINX 3a/1a4 B KOH-
KPETHBIX TEXHOJOTMUYCCKUX YCIOBUsX [2-4].

B noknazne paccMaTpuBaeTcs pelieHue 3a/1a4 ONTHMAaIbHOTO T€OMETPHUYECKOTO
HOKPBITHS € TIOMOIIBIO «repBoro noaxosimeroy (First Fit), seposithoctroro (Proba-
bilistic), sxctpemanbHoro (Extreme) u mypasbunoro (Ant) airopuTMOB U UX MPUME-
HEHHE JUIS PEIICHMs 3a/1a4 aHaju3a W MPOCKTUPOBAHUS arpOTEXHUYECKUX CHCTEM
MOJINBA.

MaremMaTtrdeckast TOCTaHOBKA 3a71a4u (POPMYIIUPYETCS CISAYIOIIMM 00pa3oM.

IIycTs B IByMEpHOM MPOCTPAHCTBE MMEETCS MOKPBIBAEMasi HOBEPXHOCTh S, H

MOKPBIBAIOIUE T€OMETPUUECKHE O0BEKTHI S ,...,S ~TIe M — obIuee KOJIMYeCTBO 3a-

m

JaHHBIX 00BEKTOB PA3TUYHON (OPMBI (MPSAMOYTOJIBHUKHU, TPEYTOJIBHUKH, OKPYKHO-
CTH U UX TEOPETHUKO-MHOXXECTBEHHBbIE KoMOUHaIU). TpeOyeTcss pacmnoioXUTh reo-
METpHUUYECKHE OOBEKTHl Ha MOKPHIBAEMON MOBEPXHOCTH TaKUM 00pa3oM, 4TOOBI BCA
MOBEPXHOCThH ObllIa MOKPHITA LIETUKOM, T.€. JOJKHO BBIOJHATHCS CIEAYIOIIEE yCIIO-

n
Bue: S, USi =S,, TIe N — o0llee KOJINYECTBO MCHOIb30BAHHBIX OOBEKTOB (B
i=1

oOmiemM cimyyae N#M, T.K. HEKOTOPblE OOBEKTHI MOTYT OBITh HCIIOJb30BaHBI He-
CKOJIBKO pa3, WM HE UCIOJIb30BaHbl COBCEM). 3aJjaH OJIUH U3 CIIEIYIOIINX KPUTEPUEB
ONTUMU3ALIUU:

— L =n—>min, rae N — KOJINYECTBO HUCIIOJIB30BAHHBIX T€OMETPUIECKUX OOBEK-

TOB;
- L,="R —>min,rae B - cTouMocTh HCNIONB30BaHHUs | — IO 0OBEKTA;
n n n n
- L= ﬂSi + ZSi —ﬂSi -S, | min, rzae ﬂSi — IUIOLAAb IEPECeUeHUN
i=1 i=1 i=1 i=1

n n

UCIIOJIb30BaHHBIX O0BEKTOB, ZSi - ﬂ S, —S, | — omanp yacTel reOMETPUIECKUX
i=1 i=1

OOBEKTOB, BBIIIEAIINX 33 KPas IOKPHIBAEMOM MOBEPXHOCTU. KpoMe Toro, MOKHO Hc-

242



@] International Scientific Conference Proceedings, Volume 2
lees “Advanced Information Technologies and Scientific Computing”

M0JIb30BaTh KOMIUJIEKCHBIM KpUTEpUM (IIUTUBHBIM WU MYJbTHUIUIMKATUBHBIN). B
paccMaTpUBaEMOM MOAXOE MPUHATO, YTO BCE OOBEKTHI UMEIOT PACTPOBYIO CTPYKTY-
py [4].

OpraHu3aiusi CUCTEMbI MOJIMBa HAYMHAETCSI C BBIOOpA M pa3MelleHus 00opy-
JOBaHUS I NOJIUBA, OT KOTOPOTO 3aBUCUT OpraHu3anus TpyOoonpoBoJoB. 30Ha IO-
JMBa OTpPEAEIAETCS MOIIHOCTBIO HacocoB. CoKpalleHHe KOJUYeCTBa 000PYJOBaHUS
YMEHBIITUT OIO/HKET CHCTEMBI, a BU3yallbHOE OTOOPAKEHUE IMO3BOJUT yOEIUTHCS B
MOJTHOM TOKPBITHH HYXKHOTO y4acTka (cM. puc. 2). O6opynoBanue 1y mojimBa oopa-
3yeT AuarpaMmy B BUJE KPYroB C Pa3JIMYHbIM JUaMETpOM. B mpumepe Ucnoiib3yroT-
csl KpyrH ¢ muamerpom 5, 9, 12, 16, 20, 24, 28 nukceneil. B Tabnuiie npuBeneHs! pe-
3yJbTaThl pabOThl AITOPUTMOB MO OpPraHU3ALMK CHCTeMbl MonuBa. [lokpbiBaromive
00BEKTHI cPOpMHUPOBAHBI B TPYIIIBI MO 4 Kpyra ¢ MOCTENEHHBIM POCTOM JAUaMeTpa
nonuBa. [Ipumep opranusaiy cucTeMbl MOJMBa Ha pUCYHKE 1 mpencTaBieH Komma-
Huel «AkBabOanaHc» Ha caire http://www.aquabalance.ru.

[TpoBeneHHbIEC HUCCEAOBAHUS U PE3YJIbTATHI BBIYUCIUTEIBHBIX IKCIIEPUMEHTOB
Ha MOJIEJIbHBIX U PEAbHBIX 3aJayax MOKa3aJld, YTO XOPOIIHE PE3yNbTaThl O KO-
(UIIMEHTY TOKPHITUS JAIOT SKCTPEMANIbHBIA aJrOPUTM, MYPaBbUHBIN aJrOpPUTM U B
HEKOTOPBIX CIIy4asiX Jaxe MEePBbINA MOAXOASAIINI allTOPUTM MTOKA3bIBACT MPUEMIIEMBIC
pe3yabTaThl BCIEJICTBUE MPUMEHEHHUS BEPOSTHOCTHBIX MPOLIEAYP W BBIIOJIHEHUS
OOJIBIIIOTO KOJIMYECTBA Nepedopa BapruaHTOB.

DOKCTpeMaJIbHBI aJrOpUTM MMeeT TiyOuHy pexypcun paBuHyto 1000 u 3a 50
BBITIOJIHEHUI JOCTUTAET BBICOKO pe3yibTaTa mo kodhduireHty 3p¢GheKTUBHOCTH T0-
KPBITHS, OJTHAKO JUISI JIYYILIEro MOKPHITHS OH UCTIONB3YEeT KPYTd MEHBIIEr0 JuaMeTpa,
YTO MPUBOJUT K YBEIMUYECHHIO YUCIA UCIOJIb3yEMbIX 00bEKTOB. Takoi pe3ynbTaT pa-
OOTBI aNrOpUTMa Ha MPAKTUKE MOYKHO TOXKE MCIIOJIB30BATh JIJIs CIELU(PUUIECKUX pea-
JM3alUid, HO OCHOBHOM LIENIBIO MPOrpamMMbl ABIISIETCS COKpALIEHUE KOJWYECTBA MC-
MOJIb30BaHHBIX pa3zOpbI3ruBaTenell 0e3 nmorepu 3pPexTuBHOCTH MOKPHITUA. JIngepom
B JJAHHOM BOINPOCE SBJIAETCS MYPAaBbUHBIN AJTOPUTM IO MOJIHOM Kapre. braromaps
UCIIOJIb30BAHUIO TIOJIHOM KapThl MypPaBbUHBIM aJTOPUTM pPa3MEIIAET NOKPBIBAIOIIUE
00BEKTHI, HE MTPUBSI3BIBASICH K KPasiM MOKPHIBAEMOMW MOBEPXHOCTU. TaKkke OH UCIIOb-
3yeT TpyNIupoBaHHE OOBEKTOB MO IUIOMIAAM U pa3MemaeT OOBEeKThl CHayaia
HaWJIYy4YlIIUM CIIOCOOOM, a MOTOM TMOJCTaBIIIeT OOBEKTHl, HAUMHAS C HAMMEHBIIICH
TJIOIIAM, 3aOoNHsAS MyCcTOThl. biaromaps MHTEIEKTyaaIbHOMY BBIOOpPY MecTa pas-
MEUIEHUsI U nepedopy TPy aJropuT™M MYpPaBbUHBIX KOJIOHUHM JIOCTUTAET XOPOIIETO
pe3ynbTara, KOTOPbIA MOKHO HCIIOIB30BATh ISl ONTUMU3AIUHN TIPOEKTA.

CornacHo CylecTBYIOIIMM pa3MEUIEHUsIM Ucmoib3yeTcss 11 pa3Opsi3ruBare-
Jiel, a MypaBbUHBIN aITOPUTM PACTIONOXKUI 5 pa3zopeisruBareneit (cMm. puc. 1, 2). Ta-
KUM 00pa3oM, YMEHBIIMIOCH Ha HIECTh KOJIMYECTBO pa3OpbI3TUBATENCH.
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Puc. 1. IInan y4yacTka nonvsa
Tabnuna. PesynbTarsl paboThl AJITOPUTMOB
10 Pa3MELIECHUIO 000PYI0BaHUSI CUCTEMBI ITOJIMBA

MAT 2015

[Tokazarenu pe3yapTaToB Ho-
['pynma Bapuant anropurtma

K. n
1 Ilepswiii nooxooswuii 0,41091 18
Kpyru qua- |Beposmuocmmubiii 0,39187 10
METPOM IKCmpemanvHblil 0,45028 27
5,9,12,16  |Mypasvunsix koronuil 0,21815 15
2 Ilepabiii nooxoosawuil 0,34170 12
Kpyru qua- |Bepoamuocmuoiii 0,24216 9
METPOM Ircmpemanvhblil 0,38730 16
9,12,16,20 |Mypasbuneix xononuii 0,29078 7
3 Ilepeuiil nooxoosuuil 0,28956 9
Kpyru nua- |Beposamuocmmubiii 0,16125 8
METPOM IKCmpemanvHblil 0,37304 12
12,16,20,24 |Mypasvunvix xononui 0,29099 5
4 Ilepabiii nooxoosawui 0,28472 6
Kpyru qua- |Beposmuocmmubwiii 0,09428 7
METpOM | DKcmpemanvHblil 0,34876 8
16,20,24,28 |Mypasvunvix koronuil 0,38767 5

Puc. 2. Pe3ynbTar NOKpHITHS AJITOPUTMOM MYpPaBbUHBIX KOJIOHHI y4acTKa IOJIMBA
rpynmoit Ne4
3akiao4enue
[TpumeneHue pa3pabOTaHHBIX AITOPUTMOB MOXKET CYIIECTBEHHO TOMOYb B

IIPOEKTUPOBAHUH arpOTEXHUYECKUX CUCTEM ITOJIMBA U Ap. cucteM. Popmupys pas-
JUYHBIE TPYIIBI 00BEKTOB B 3aBUCUMOCTH OT (hOPMBI JUarpaMMbl HAITPaBICHHOCTH U
CTOMMOCTb 000PY/I0BaHUS, MOKHO MOJTy4YaTh pa3Hble CXeMbl MOKPbITHS. 3 mony-
YEHHBIX PE3yJIbTaTOB BEIOMpPAETCSI HAMOO0Iee MPUEMIIEMbIN UCXOAS U3 UHANBUYAJTb-
HBIX 0COOEHHOCTEN CUCTEMBI U MOKPHIBAEMOM MOBEPXHOCTH. {1151 HCTIOJIb30BaHUs
ATUX MOKPBITUI B IPOEKTUPOBAHUHU HYKHA TOpaOOTKA, TaK KaK BCE OCOOEHHOCTH T10-
KpbIBAaEMOM TOBEPXHOCTH U OOBEKTOB YUECTh HEJB3SI, OJHAKO 3TO 3HAUUTEIHHO
YIPOLIAET PYUYHYIO MPOPaOOTKY, U 3HAUUTEIBHO CHUKAET BEPOATHOCTH OIIUOKH.
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FO.M. 3a6onoTHoB, A.A. JlIobaHkoB

OIITUMAIJIBHOE JIEMIT®MPOBAHUE KOJIEBAHUI TBEPJIOI'O TEJIA
TP EI'O ABM)KEHMHM BOKPYT" HEITOJABMXXHOM TOUKUA

(Camapckwuii rocy1apcTBEHHBINH a3POKOCMHUYECKUN YHUBEPCUTET UMEHH aKaJIeMHKa
C.I1. KoposieBa (HaumoOHaNbHBIA UCCIEA0BATEIbCKUI YHUBEPCUTET))

B pabote paccmarpuBaeTcsi MeTOA pacyuera NPUOJIMKEHHO ONTUMAaTbHOTO

peryisTopa s CTa0MIM3aluU ABUKEHHUS! TBEPJIOTO TeJla OTHOCUTEIBLHO HETOBUK-
Hoi ToukH. [Ipeanonaraercs, 4To ABUKEHHE TBEPAOro Teja OJM3KO K JBUKEHHUIO B
KJlaccuyeckoM citydae Jlarpanxa. MeTosx OCHOBBIBae€TCS Ha COBMECTHOM IPHUMEHE-
HHUU TPUHIUIA JUHAMAYECKOro porpammupoBanus bennmana [1] u merona ycpen-
HeHusl. MeToll ycpelHEeHUsl PUMEHSETCS JIJIsl IPUOJIMKEHHOTO pEeLIeHHs] YpaBHEHUS
["amunpToHa — fSIKO0OM — beniMaHna, 4To MO3BOJISIET OCYIIECTBUTh CUHTE3 PEryJISITOpA.
[IpennaraeMplii METOJ pacuera pEryJasTOpa MOXKET ObITh HCIIOJIb30BAH BO MHOTHUX
3ajayax, OJIM3KUX K 3ajaye O JABM)KEHUU Bojiuka Jlarpanxka (ABM)KEHHE TBEPIOTO
Tena B atMocdepe, ABMKEHUE TBEPJIOTO Tella Ha TPOCe MPH pa3BEepThIBAHUU OpOU-
TaJdbHOU TPOCOBOW CUCTEMBI H JIp.).
CuHTe3 perynstopa B JaHHOM pabdoTe MPOBOJAUTCA ISl MAJIbIX YIJOB HYTalWH, TO
€CTh HEBO3MYIIIEHHAsI CUCTEMa MPEACTaBIsIeT OO0 TMHEHHYIO CUCTEMY C THPOCKO-
nuyeckumu wieHamu. [locne mpeoOGpa3oBaHus CUCTEMBI K HOPMAJIBbHBIM KOOpIUHA-
TaM CUHTE3 YIPABJIEHHS OCYIIECTBIISIETCS MO KBAAPATUYHOMY KPUTEPUIO ONTUMAb-
HOCTH HAa aCUMNTOTHYECKHU OOJIbIIOM MHTEepBasie BpemeHu. OOpaTHoe mpeodpas3oBa-
HUE KOOPJMHAT MO3BOJISIET 3alMCATh YPABHEHUE PETYIISITOPA B UCXOAHBIX IEPEMEH-
HBIX U, TEM CaAMbIM, PEIIUTh OCTABICHHYIO 3a7a4y.

JIBr>keHME TBEPAOTO TEJNA BOKPYT HEMOABUKHOW TOUYKM ONMCHIBACTCS KJIACCHU-
YECKUMU JUHAMUYECKHUMHU U KUHEMATHUYECKMMH YPABHEHUSAMH Dijiepa OTHOCUTEIb-
HO HEKOTOPOW HEMOJBUHOM CHUCTEMBbl KOoopauHAaT. IIpu paccmMoTpeHUM ABUKEHHS
TBEPJIOTO Tela B OKPECTHOCTH CTATUYECKU YCTOMUMBOIO MOJIOKEHUSI paBHOBECHS (TO

245


http://elibrary.ru/contents.asp?issueid=871838
http://elibrary.ru/contents.asp?issueid=871838&selid=15241018

	2 
	3

	4

	5

	6

	7

	8

	9

	10

	11

	12

	13

	14

	15

	16

	17

	18

	19

	20

	21

	22

	23

	24

	25

	26

	27

	28

	29

	30

	31

	32

	33

	34

	35

	36

	37

	38

	39

	40

	41

	42

	43

	44

	45

	46

	47

	48

	49

	50

	51

	52

	53

	54

	55

	56

	57

	58

	59

	60

	61

	62

	63

	64

	65

	66

	67

	68

	69

	70

	71

	72

	73

	74

	75

	76

	77

	78

	79

	80

	81

	82

	83

	84

	85

	86

	87

	88

	89

	90

	91

	92

	93

	94

	95

	96

	97

	98

	99

	100

	101

	102

	103

	104

	105

	106

	107

	108


