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CraTba mocBsIIeHa 000CHOBAHUIO OCHOBHBIX KOHIENHi o0bekTHO CYB/I Ho-
BOIO THIIA, TMO3BOJSIONIEH aJeKBATHO UH(MOPMAIHNOHHO OMUCHIBATL CJIOKHBIE UG-
KpeTHbIC JTUHAMUYICCKNE MOJEJIN.

1. HNMcxomable OCHIIKNI

OstauM u3 HanboJIee MUPOKUX MPUIOKEHUH 0a3 JJAHHBIX SBJISETCS UCIOJIH30BAHUE MX
B ACY. IIpu 3rom BBIOOD TOit man unoit CYB/I 3aBucur or meseit u 3amad pa3padaroi-
Baemoit ACY. Ana/in3 mMoKa3pBaeT, YTO BO MHOTUX CJIyYasX UMET MECTO HeIOCTATKH,
zapucsinue ot Beioopa CYB/I. OcranoBumcs Ha HUX.

Pensmuonnbie 6a3pl gaunbix 1], [2], omucsiBatone HEKOTOPbIE CIOKHBIE TIPEIMET-
Hble 00/1aCTH, COCTOST U3 OIPOMHOTO 4mCJia TabJIMI, CBI3AHHBIX MEXKJIy CO0Oil BechMa
CJIO)KHBIM oOpazom. PazpaboTumky mporpamMMHOro obecriedeHusi, KOTOpPoe JIOJI2KHO 00-
pabaTweiBaTh JAHHBIE W3 ITUX TAOJUI], MPUXOJUTCSI MPOEKTHPOBATH CBOIO 33/1a4y HE B
TepMHUHAX TpeIMeTHOI o61acTu (4T0 camo 1o cebe JOCTATOTHO CJIO0KHO), & B TEPMUHAX
OPPOMHOTO YHCJIA TJIOCKUX PEJIAINUOHHBIX TabauIl (4T0 MOXKeT ObITh HA TOPSIOK DOJee
cs102kH0). IIpu 910M B 1ponecce HOpMAIU3AUU YUCIIO TAOJIHIL, ¢ KOTOPHIME [TPUXOUTCS
paborarh, Jauib yBejaunduBaercs. [[porpamvuoe obecriedenue, pazpaboTaHHoe Jijisi peJisi-
IMUOHHON 0a3bl TAHHBIX, OOBITHO OKA3BIBAETCS YKECTKO 3aBI3aHHBIM HA CTPYKTYPY PeJisi-
muoHHbIX Tabun. Ecau Oyier NpuHATO peleHne H3MEeHUTh CTPYKTYPY TAOJIHIL H CBsI3ei
MeKJIy HUMH, TO BCe IMpOrpaMMHOe obecredenne, pa3pabOTaHHOe s HpeXKHeil CTPYK-
TYPBI PEISIUOHHON 6Aa3bl JAHHBIX, JOKHO OBITH U3MEHEHO JIsI KOPPEKTHOI paboThl ¢
HOBOIl CTPYKTYPOI.

O6bekrno-opuentuposannsie CYB/] (OOCYB/) (em. [3], [4]), ocnoBanmsie na 06b-
eKTHO-OPHEHTUPOBAHHOIT TapaiurmMme, KOTopas BO3HUKJIA U PA3BUBAJIACH CHAYAJA B SA3bI-
KaX [POrPAMMUPOBAHUSI, UMEIN KAK Pa3 MPEeUMYIIeCTBa CTPYKTYPU3AINH JAHHBIX U OIe-
panuii, BEIDA3UBIINECS B HEPAPXUH THIOB JAHHBIX U METOJIOB UX 00paboTKu (CBOiiCTBA
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HACJIeJOBAHUsI W MHKAIICYJISAINN ). B 9acTHOCTH, Ha 9TOM M/ee OCHOBAH CTaHIAPT 00bEKT-
ubix 6a3 ganaeix ODMG (cm. [5]). CoBpemennbie 00BEKTHBIE CHCTEMBI 3aMETHO YCTY-
[AIOT PEJISIMOHHBIM CHCTEMaM € TOYKH 3PEeHHs s3blKa MaHHUIIYJIUpPOBAaHUs JaHHbIMEH. B
nocyiegree Bpems y OOCYB/I nogBuiuch Jekj1apaTuBHBbIE S3bIKUM BBIOOPKU W MAHUILY-
nmupoBanust JanaeiMu, B yactHocTn OQL [6], obaagaromuii 10cTaToIHO BRIpA3UTEILHOM
MOIITHOCTBIO (€ ero MOMOIIBI0 MOZKHO BBIPA3HThH OOJIBIIOE YUCI0 PA3SHOOOPA3HBIX 3aIPO-
coB). OmHako orpunareabHoil croponoii OQL siBisiercst ero upeamepHasi CJI0KHOCTb.

Haunbosee Bazkupim Hegocrarkom OOCYDB/I gBigercda npakTHudecKH MOJHOE OTCYT-
CTBUE CDEJICTB Jist noaep:kanus nenoctaoctu [7]. Ecau npu co3gannu pessiiuoHHON
MOJIETU OJHOIT U3 Ieseil ABII0Ch YeTKOe OTAe/eHne MPAaBUI IMEeJOCTHOCTH OT 3aIpOCOB
Ha MOAU(UKAIUIO, TO OObEKTHASI MOJIEIb HE IPE/CTAB/ISIET MOJ00HBIX BO3MOYKHOCTEIH:
BMECTO JeK/JaPATUBHOIO 3aaHUsl OTPAHUYEHHI IEeTOCTHOCTH HAM IIPUXOIUTCS BCTpa-
HBATh COOTBETCTBYIOIIHE IIPOBEPKH B TEKCT KazKJoii mporeaypbl. Kak ormedeno B [6],
ILJTIOXas COBMECTHMOCTD C pesisaiuoHHoil napaaurmoii npusesa OOCYB/I “Ha rpanb moJi-
HOIrO Kpaxa’.

O6bextHO pessinnonnbie CYBJL (OPCYB/I), 06bepunstonue KOHIEHIUI PeJIsiinOH-
HBIX 1 00bekTHO-OpuenTupoBanubix CYB /I, nmetor npenmytinecTBa nepe 1 pessiiiuOHHbI-
Mu CYB/I B 6oabirem Komdectse Tuimos, a nepeg OOCYDB/l B Gosbiieil npou3Boiu-
TEeJTbHOCTH.

Haubomee cymecrBenusim HegoctarkoM OPCYB/I aBngerca ot ¢pakT, 9T0 HA cCAMOM
JleJie Mbl HMeeM 3J1eCh JIMIIb BHMMOCTh 06'beKTHO-OpHeHTHPOBaHHOrO noaxoa [8]. Kak
u3BecTHO, Tpu “Kuta”’ OO-110/1X0/1a — 9TO MHKATICYJISINS, HACTe0BAHIE U TOJUMOPGU3M.
B ciaygae OPCYB/I npo wHKAIICYJIAIII0 MOZKHO TOBOPUTH JIUIIb B IEPEHOCHOM CMBIC/IE,
o TUMOPGU3M BOOOIIE He NojjepkuBaercd. HUKTO HU4Yero He CKpbiBaeT — aTpHOYTHI
00'bEKTa, TO €CTh CTOJIOIBI COOTBETCTBYIOIIEH TAOIUIBI, IBIIIOTCS yOJHIHO TOCTYITHBI-
mu. Takum obpazom, o0bekTsl OPB/I He obagator cBoiictBom muKancysanun. O4deHnb
cymectBernabiM HegoctatkoM OPCYB/I aisiercst oTcyTCcTBHE 3aMKHYTOCTH SI3BIKA 3a-
npocos [9]. Ecau Ml cantaem, 9ro Ha “BXo/e” HAIINX OIEpanuii IMEITCs OOBEKTHI, TO
1 Ha “BbIX0J1e” OBLIO OBl JJOTHYHO OKHJIATH IPUCYTCTBHA 00beKTOB. OJHAKO 3TO HE TaK.

B ormmune ot pacemorpennbix Boime CYB/I, TemnopaibHbie 00beKTHBIE DA3bl TaH-
ubix [10] nosBosistior coxpanuTh nHGOpPMANUIO 06 IBOJIONUE OOBEKTOB HPEJAMETHONH 00-
JlacTu: Jiist JTI0O0TO 00beKTa, KOTOPBIN ObLT CO3/IaH B MOMEHT BPEMEHHU gqpr U 3AKOHIUIT
CBOE CYIIECTBOBAHUE B MOMEHT BPEMEHHU tpq, B 6a3e JAHHBIX COXPAHSIIOTCS BCE €ro Co-
CTOSIHUST HA BPEMEHHOM HUHTEPBANE [tsiart, Tend)-

Bosbioe KommdecTBO XpaHUMBIX 3amuceil B 6a3e JaHHBIX, OOJIBINOI pa3mep Xpa-
HUMOM 0a3bl JAHHBIX, & TAKyKe BBICOKHE TPeODOBAHMS K HPOU3BOAUTEIHHOCTH CHCTEMbI
SIBJISTIOTCSI CYIIIECTBEHHBIMI HEeZ0CTATKaMi TeMIIOpaIbHBIX 0a3 ganHbiXx. Heobxoanmo 3a-
METHUTh, YTO, IOMUMO [ePEIHCTCHHBIX HEJTOCTATKOB, BAXKHBIM 3aMEYaHUEM SABJISIE€TCS TO,
4TO TeMnopaJjbhble 00bekTHbIe CYB /I B X cOBpeMEeHHOM COCTOSHHHY eIlle He MO3BOJISIOT
“ODpOKpYyYNBATH BpeMs BIIepe]I, 9TOOBI YBUIETH, KAK U3MEHSITCA Te W UHbIe JTaHHbIE C
TEYEHUEM BPEMEHU B Pe3yJibTaTe ONPE/IEJIeHHOrO IJIaHa JIeHCTBUl, a TaKzKe TeMIOpPaJIb-
able CYB/I He moaiep:kuBaOT N3MEHEHHE CXeMbl OIMUCHIBAEMBIX JAHHBIX.

YKazanuble HeJgocTaTKu uMeromuxcs Mmojeseit CY B/l mo3Boasgior mocTaBuTh 3a1ady
o co3manun HOBOIT Texuosorun CYBJ/I, KoTopas HCIOIb3yeT JOCTOMHCTBA MMEIOITHUXCS
TeXHOJIOTHil: TeMIIOPaJIbHOIl, pednuoHHOi 1 00 beKkTHO. Ho BMecTe ¢ 3TuMm B Hee OyayT
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BKJIIOY€HBI HOBbl€ KOHCTPYKIIUU, KOTOPbIC TO3BOJIAT IIPEOA0JIETh YKa3aHHbIC HEJOCTATKHU!
OoJiee TIpueMJjIeMO O0TOOparkaTh MHMOPMAIMIO PeaJbHOTO MUPa W UMeTh 0oJiee yI00HbIe
KOHCTPYKIIUX J/IsI MAHUIYJISANUANA ¢ OObeKTaMu 6a3 JTaHHBIX.

[Ipexk e geM mepexoauTh K MOCTAHOBKE 3a/a4u, OpejeuM Oojiee TOTHO MPEeIMeT-
HY0 00JIaCTh, KOTOPYIO MBI HAMEPEHBI OMUCHIBATH ITPU TIOMOIIIN HOBO TexHogoruu. Jljis
9TOT0 MBI PACIIHpPUM IepBOHAYAJbHYIO o01acts ACY 1o craexyromein duckpemmnot de-
MEPMUHUPOBAHHOT MOOEAU.

2. JluckpeTHas geTepMUHUPOBAHHasA MOJIeJIb

B nayke, TexHuke, 5KOHOMHUKE U APYTHX 00JACTIX U€TOBEUECKONH JTeATETbHOCTH s
ONMCAHUS PA3JIMIHBIX ITPOIECCOB YaCTO MCIOJIB3YIOTCs JIMCKPETHbIE JIeTePMUHUPOBAH-
Hble Mojesn. [Ipu 3ToM 10/ AMCKPETHOCTHIO MOJEJIM Mbl OyAeM MOHUMAaTh KOHEYHOE,
XOTSI ¥ TIOTEHIINAJIHLHO HEOTPAHWYIEHHOE YNCJIO 00HEeKTOB MOIEN, a IO/ AeTePMUHUPO-
BaHHOCTBIO MOJIETH MBI Oy/JeM IMOHUMAaTh JeTepMUHUPOBAHHbIE 3aKOHBI IOBEJIEHUs 00b-
eKToB Mojemu. Hamreit menmpio gBagercd co3JaHne HOBOTO CpeICTBa MHMOPMAIMOHHOTO
ONMCAHUS TaKUX MOJeJeit.

PaccmorpuMm, B mepByio ouepejib, OOIIHe YepThl JUCKPETHBIX JeTePMUHUPOBAHHBIX
Mogeseit. Ouucanue JUCKPEeTHOR JeTePMUHUPOBAHHON MOJE/IN B yKA3AHHBIX 00JIACTSX,
KaK MPaBUJIO, JTAETCSI B TEPMHUHAX 005KM06 U nosedenus 0bsexmos. Ipu 5ToM Kazk Iblii
00BEKT XapaKTEePU3YeTCs PsiJIOM €60UCmE, OJHU U3 KOTOPHIX UMEIOT NOCMOAHHOE 3Ha-
wenue, a JIPYyrue MOTYyT U3MEHAMb CBOU 3HAYEHHUS B T€UEeHHE BPEMEHHOTO ITPOMEXKYTKA,
HA3BIBAEMOTO 6PEMEHEM HCU3HU 00beKTa (MHOTIA TPOMEKYTOK ABJISETCS HeOTDAHUIEH-
HBIM C OJIHOI U3 CTOPOH WM ¢ 00enX CTOpoH). Kakue ¢BOHCTBA CYNTATH TMOCTOSAHHBIMY,
a KaKue M3MeHseMbIMH, 3aBUCUT OT Mojein. Mamenenue 3HadeHuil c6oticms o0beKTOB
cocTaBJsieT nogedenue 006eKmMO6. DTH U3MEHEHUs TTPOUCXOIAT B Pe3yabTrare B3auMHOIO
BIHsIHUS OOBEKTOB JAPYT Ha JApyra (10 JeTepMUHAPOBAHHBIM 3aKOHAM MOJIEJN ), KOTOPOe
MBI OyJIeM Ha3bIBaTbh 63auModeticmeuem 005ekmos.

B pesysbrare B3anMoieiicTBrst HEKOTOPOro obbekTa (ckaxkeM, Oyq) ¢ APYTUMI 00b-
eKTaMU MOXKeT HACTYIHUTh U3MeHeHue 3HaYeHUil ero MOCTOAHHBIX CBOICTB U JazKe MOTYT
MOABUTHCS HOBBIE CBOiicTBa. B 3TOM ciiydae MbI OyeM rOBOPUTH 00 M3MEHEHHH ITPUPO-
Jbl 00bekTa Ogg, 1 UpU I3TOM BpeMs Kusuu o0bekra Oyg B MOMEHT B3aUMOJIEHCTBUS
3aKaHYMBAETCS M HAYMHAETCS BPeMsl *KU3HH HOBOIO 00beKTa ey, MPUPOAA (MOCTO-
SIHHBIE CBOMCTBA) KOTOPOrO yKe Apyrasl, HO HeJblil psii cBoiicTB 00bekTa Oy ¢ WX
3HAYEHUSIMI CTAHOBATCA CBOHCTBaMH HOBOrO 00beKTa . B 0osee ciaokHOM ciaydae
pPe3yJIbTaTOM B3aMMOIEHCTBUSA MOXKET OBITh U3MEeHEeHHe IIPUPO/Ibl HECKOTBKUX 00bHEKTOB
O10, 02y, . . ., Okp, IPU KOTOPOM HA CMEHY UM HPUXOAAT HOBbIE 00beKTbl D1y, Ooy, - oy O
B sTroMm ciydae cBs3b MeXK /1y 3HAUEHUSIMUA CBONCTB 00'bEKTOB /10 B3aUMO/I€HCTBUSI CO 3HA-
YEeHUSIMH CBOWCTB HOBBIX O0'HEKTOB ITOC/Ie B3aUMO/IEHCTBUSI ONPEIesieTCs 1eTePMIUHUPO-
BaHHBIMH 3aKOHAMHU B3aUMOJICiICTBHSI.

JlerepMuHUpOBaHHAS MOJIe/Ib B INPOIECCe M3YUYEHUs PeabHON0 MHUPa MOYKET yTOdU-
HATBHCA. DTO MOZKET OBITh CBSI3aHO C U3MEHEHHEM MOHATHS 00beKTa MOJEIU, KOIJIa OIIH-
caHne 0ObEKTa JOMOTHIeTCSl HEKOTOPBIME CBOficTBaME (HEKOTODBIE JIPYTHe CBOHCTBA MO-
IyT UCKJIIOYATHCS W3 OMUCAHUS), & TAKIKE MOXKeT ObITh CBA3AHO ¢ U3MEHEHHEM 3aKOHOB,



O6mbekTnags CYB/I JIVIM u ee ocHOBHBIE KOHIIEHITAN 65

ONpe/IeJITIONINX B3aumoieiicTBue 00bekToB. EcTecTBeHHO, 9TO MBI 2KejiaeM, 4TOObI MH-
dopmanmontasi MoJiesIb ObljIa YCTOYNBA K TAKUM U3MEHEHUsM, W 1O YCTORIHBOCTHIO
MBI IIOHUMAaeM, 9TO U3MEHEHUEe MO MOXKET OBITb JIOCTUI'HYTO BO3MOYKHO MEHBIIUMHU
n3MeHeHnaMHU onucanus nadopMmarnn. Vrak, Haleil meabio gaBisgeTcs co3aanne nHdop-
MAIMOHHBIX CPEJICTB OMUCAHUS AWNHAMUYECKUX IMCKPETHLIX JeTePMUHHPOBAHHBIX MO-
Jiesieil, BepHee, HEKOTOPOI'O KJIacCa TaKUX Mojiesieil, KOTopbie 00/1aJai0T CJie/1yOIMUuMK
0CODEHHOCTSIMH OIMCAHUS:

1) MOme/ b ONMCHIBAETCS TIPH TIOMOIIH KOHEYH020 (XOTSI ¥ HEOTPAHWMYEHHOTO) UUC/IA
00bEKTOB, € KazKJbIM U3 KOTOPBIX MOXKET ObITb CBS3aHO BPeMsl KH3HH OObEKTa
(BO3MOYKHO HEOTDAHUYEHHOE);

2) KayKJIblii O0BEKT OMPEJIETIAETCI HEKOTOPBIM PAJoM C60TcmE ¢ UX SHAUCHUSIMHA, OJTHH
13 KOTOPBIX SIBJISIIOTCSI IIOCTOSIHHBIME B T€UEHUE BPEMEHH »KU3HU 00'beKTa, a JApyrue
MOTYT U3MEHSIThCH;

3) W3MeHeHWe 3HAYEHUI CBOWCTB OOLEKTOB ONMPeIeIsSIeTCs 0eMmepMUHUPOSAHHILMY 3G-
KOHaMU B3aUMOJeHCTBUS 00bEKTOB, KOTOPbIE IPOUCXOIAT B JIUCKPETHBIE MOMEHTDI
BpeMeHN;

4) B3auMojIeiicTBIS 0GBEKTOB MOTYT MPUBOIUTH K GoJiee obImeii tuHaMuKke 00heKTOB,
IPHA KOTOPOIl MOKET 3aKAHIUBATHCSA 8PEMSA HCU3HU OJHUX OOBEKTOB U HATHMHATHCS
BpeMsl YKU3HU JPYTUX 0OHEKTOB.

unamuveckyro duckpemuyro demepmuHuposaHHyo MoOeAb, 0MBEYAIOULYIO NEPEUUCAEH-
HOLM  0CODEHHOCMAM ONUCAHUA, HA306EM 00BEKMHO-0UHAMUYECKOT MOOEABIO UAU
OD-modeavro.

3. ®opmanm3anuga OD-monenn

Baganne kaxka0it OD-mozenn MoxKer ObITh (hOPMaAIN30BAHO CJAELYIONAM 00Pa30M.

PaccmarpuBaercst muozkectBo O 06bekToB OD-Moe11, MHOXKeCTBO A cBOHCTB-aTpH-
OyTOB 3TOU MOJIe/IM U MHOYXKECTBO L CBsA3eil 3TUX 00ObEKTOB C JAPYTUMU OObEKTAMH MO-
nmenn. Kaxkaprit 06bekT o € O onpejenserca moaMmuokectBoM A, C A ero arpubyToB u
noMHOZKecTBOM L, C L ero cBs3eit ¢ ApyruMu oObeKTaMu Mojie . KaxKabiii arpubyT
a € A onpejesisieTcsi HEKOTOPBIM MPEIOTPE/IeIeHHBIM THIIOM V'@ (MHOXKECTBO 3HAYCHU
U onepanuii co 3HAYCHUSIMA ).

Nmeercs puckpernast mkana spemenn T = (0,1,...,7n,...), BO3MOXKHO, HEOIDAHU-
YeHHAs!, HAYAJbHBIIT MOMEHT paboThl Mogeau t = 0, MaoKecTBO 00beKTOB O = O(t =
0) C O, oupejieieHHBIX B HAYAJILHBIN MOMEHT. B Kaxibiii MomeHnT Bpemenn t € T 00b-
ekt 0 € O, umeronuii arpubyT a, 06IaJaeT 3HAYEHHEeM 3TOT0 arpudbyTa ve = ve(t) € V.
SHavueHns HEKOTOPHIX aTpHOYTOB OOBEKTa O 3aBUCAT OT BPEeMEHHU, a JIpyrue aTpuOyThl
9TOTO 00HEKTA OCTAIOTCS Hem3MeHHbIMu: v (1) = const.

Koprexk 3nadeHunit Bcex arpudOyToB Jj1s0 00bEKTa 0 0003HATUM

Vo= (03,032, .. ,v?"(o))

o 7o ? Y
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rie {a1, G, ..., Gpo)} S A — MHOKECTBO BCeX aTPHOYTOB 0, a 7(0) — YUCIO ITUX ATPH-
OyTOB.

Cpean MHOKecTBa A arpubyTOB MOJENN OLNpeJediorcs 2 arpubyTa: t" — BpeMs Ha-
Jajga «KH3HO» 00BeKTa, t° — BpeMs KOHIA «KU3HI» 0bbekTa. J1aa obbekToB o € Oy
t? = 0. s HekoTopbix 06bekToB 0 € O 3HaUeHHe t’(f = 00. B 3Tom ciydae MBI cunTaewm,
4TO BpeMs KOHIA «KH3HH» 00beKTa He orpaHudeHo. B jobom ciyudae unrepsa [t7, tF]
OTIpe/Ie/IsIeT WHTEPBAJI «KU3HU» O0BEKTa O.

V3menenus 3nadeHuii arpuOyTOB ONPE/IEIAI0TCS JUHAMAYICCKN JeTePMUHUPOBAHHbI-
MIL 3aKOHAMH B3aHMOJEHCTBHS 00beKToB. O603HAYNM depe3 F MHOKECTBO aIrOPHTMI-
YeCKNX MPOTEAYP, MPH BBIMOTHEHHH KaxkIoi f € F' U3 KOTOPBIX B MOMEHT BpeMeHII
t € T no muoxecrsy koprexeii smagennit {V, (t) | j € 1,m(t), o; € O, t € [tfjj,t’(fj]}
BCEX CYIIECTBYIONINX B 9TOT MOMEHT 00beKTOB (1m(t) — 9ucsI0 TaknxX 00BbEKTOB) 1 MHOZKe-
cTBY L cBsi3eit 00beKTOB ONPEIESIIOTC 3HAYCHHST STUX KOPTEeXKeil B CJIe Iy IOl MOMEHT
BpeMeHN:

(Vo (t+1), Voo (t+1),...,V,  (E+ 1)) =
f(t7 ‘/:)1 (T11)7 RN ‘/:71 (le(l))7 ‘/02(7—21)7 DR ‘/;m(t) (ka(m))u L)7
T € [th,,t], 7€ Lm(t), i € 1, k(j).

I3 aprymMeHTOB mpomeaypbl f MOKHO HCKIIOUATH KOPTEXKH 3HAUYEHHH I TeX 00b-
€KTOB, OT KOTOPBIX JIJIsl JTIOOOr0 MOMEHTA ¢ BBINIOJIHEHUS [ HE 3aBUCHT KOPTEXK 3HAYCHMUIT
1060r0 APYroro oGbeKTa B CJAEAYIOMNH MOMEHT BpeMenn. IIporenypsl MHOKecTBa, F'
OTIPEIE/ISIIOT TUHAMUKY U3MEHEHUsI 00heKTOB MOIEIH.

[Tomumo MuOxKecTBa F' BBeIEeM MHOXKECTBO aJTOPHTMHYECKUX Ipoueayp F Takux,
YTO IPH BBIIOJHEHNH TPOLEIYPH ¢ € F' B MOMEHT BpeMeHH ¢ HeKOTOPBIE I3 CYIIECTBY-
IOLIMX B 9TOT MOMEHT 00'beKTOB IIPEKPAIIAIOT CBOE CyllecTBoBanue: tF = t, a HeKoTopbie
HAYMHAIOT CBoe cylecTBoBanue (“poxkgatorcs’) B Mmoment t + 1: ¢ = t + 1. IIpouemy-
pe F" onpenensiior aunamuky usmenenns OD-momean, a ooneannenne F = F U F’
orpejesseT JUHAMUAKY MOJIETH.

Temnepb J0omoTHIM TPOBEAEHHYIO (bopMaIu3amuio s 00beKTOB U aTpudyToB op-
Maviu3anueil g cBa3eil 00beKTOB. DJIeMEHTOM MHOXKECTBa, CBa3eill L aBagercda o0beKT-
ceasb lo) (0; € O, 0; € O), xapakTepusyomuii cBa3b 00bEKTa 0; ¢ 00BEKTOM 0; H,
BO3MOYKHO, COJEPZKAIINil JOMOJHUTEIbHBIE aTpuOyTHI, ONpeJeseMble CBA3bI0 0; C 0;.
Hanpuwmep, nisa oobektoB Cmydenm u [Ipedmem 00beKT-CBI3b MOKET UMETh aTpHOYTHI
Ouenka axsamena, Hucro nponyckos u np. B ornuame or 3HavYeHUsT aTpuOYTOB, KOTO-
pbl€ MOI'YT U3MEHSIThCs IPU JIUHAMUKE 00 beKTa, 3HAYeHHEe 00bEKTOB, XapaKTepU3y X
CBsI3b, OCTAETCsI MOCTOSTHHBIM B TEUYEHHE <«KHU3HU» HTUX 00bekToB. QO03HAUYMM Uepes
L, = {l5 | 0; € L} vmokecTBO cBsA3eit 0bbexkTa 0 ¢ Apyrumu obbektamu o; € O, a
yepe3 Lv, KopTexK 3HavdeHuit 3Tux cBgazeit. [Iporeaypsl MuoxkecrBa F', onpee/dionine
JMHAMHUKY OOBEKTOB M MOJIE/IH, UMEIOT apryMeHTaMH TakxKe U cBa3u. OTMeTum, 4TO
ONL =0.

OrmuiemM HECKOJIBKO PA3InIHbIX MPEAMETHBIX obsacTeit ¢ momoripio OD-momenn.

IIpumep 1. Tloctpoum OD-mozenn npoussosbhoii Mamuubl Thiopuara (MT). s
9TOTO 33JI3/TUM B BUJIe OOBEKTOB AEHMY namamu u yempoticmeo ynpasaenus MT (YY),
a TakxKe OIMINEM HMX B3amMmojieiicTBue Habopom dyuknuit OD-momenn, KoTopbie OYIyT
COOTBETCTBOBAThH M3MEHEHUSIM OOBEKTOB MOJEIN Ha KaxKaoMm mare MT.
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[Iycre Bremunit agxdasur B MT cocrour u3 m cHMBOJIOB U IyCTOro CHUMBOJA by :
B = {by, by,...,bm}, a Bayrpennnii andasur Q MT 1mycTh cocTouT U3 n COCTOSIHUI 1
cocrogHust octanoBa ¢y : Q@ = {qo, q1,...,¢n}. [Ipu crapre MT, T.e. B MOMEHT BpeMeHH
t = 0 ycTpoiicTBO yupaB/eHusa OyJIeT HaXOJAUThCAd B HAYaJIbHOM COCTOSHUU (.

Jlenta mamsaru MT Geckonedna u B TaKOM BHJIE He MOKeT OBITE onucana OD-Momennbio.
Ho na kaxmaom mare MT jiniirb Ha KOHEYHOM ydYacTKe €€ IMaMsTH €CTh HelyCThie CHM-
Bouibl. [loaTomy c¢ jentoit MT cBszxkem 2 HOMEpA %pmipn W Tmar, YKA3bIBAIOIIHE HOMEpPA
HAYaJbHONW M KOHEYHOW S9eeK TaKOro y9acTKa. SHAYCHUS Ly U fmer TAKOBBI, UTO BCE
STUEHKH CJIEBA OT pyin W BCE AUEHKH CIIPABA OT yqe COJAEPIKAT TOJIHKO MYCTHIE CHMBOJIBI
bo.

Takum obpazom, Jjienta namsatu MT MoxkeT ObITh 3a/[aHa KOHEYHBIM YHCJIOM sideeK:
00bEKTOB, KaK/Iblii U3 KOTOPHIX MMeeT HOMEP B JIUANA30HE OT Imin /10 lmagz. KAXKIYIO
S9eiiKy JIEHTBI MaMATH Oy/IeT OIUCHIBATH OObEKT Ol-Ce”, 01e & € [imin, Imax)-

O6bext of " umeer 4 arputyTa;

Aoicezz = (1, b, to, tq), TaE

1 — HOMeD A9eHKH JIEHThI HaMSITH,

b — cumBos B stueiike JieHTH TamMsiTi (b € B),

to — Bpemd “poxKIaeHus’ sTIeHKU JIEHTHI HaMATH,

tq — Bpemd “cMepTn”’ SUEHKHU J€HTHI TAMITH.

Cawmy snenty mamaru MT Oyner 3agaBaTh 06HEKT 0
AoLenta = (iminy imaza to), rae

Imin — HOMED CaMOW JIeBOW sideiikm, cojiepykalleil HelycToif CMMBOJI, Ha PaccMaTpH-

Lenta - yreromuii 3 aTpubyTa:

BaeMOM ydJacTKe JeHTHl namatu MT,
lmaz — HOMED CAMOU TPaBOl d49eliKu, cofliepyKalleil HemyCcToi CUMBOJI, Ha PacCMaTpH-
BaeMOM y4dacrke JieHnTbl mamsaru MT,
to = 0 — Bpewmst co3anust o0bekTa JeHThl namsatu MT.
[TockoabKy stueitku maMsiTh HaxXoAsiTca Ha Jente namatn MT, To Mexay 00beKToM
Cell cyImecTBYIOT CBA3H l(‘)’ézzm(i € [imin, Umaz)), 0OO3HAUAIONIHE
i

i
IpuHaIeKHOCTD Aueiikn of ! mente ol

Yupasisioriee ycrpoiictBo MT 0b603peBaeT HeKOTOPYIO g4ueiiky mamaTtu Ha jeaTe MT
U COOTBETCTBEHHO TalJIMIE HepexoioB u Tekyinero cocrosaus MT onpegesnsier, Kakoi
CUMBOJI OyJIeT 3almcal B 0003peBaeMyIo A9eiiKy, Kyda HePEeMeCTUTCS TOJI0BKa U B KaKOe
Hosoe cocrosiame tepeiiner MT. Yupasisionee yeTpoiicTBo onuceiBaercs oobekTom oY
KOTOpBIit uMmeeT 4 aTpudyTa:

Ao = (i, q, d, ty), e

1 — HOMEP A49eiKu, KOTOPYI 0003peBaeT roJI0BKa yIPaBJILAOIIEro yCTpoicTBa,

¢ — TeKyIee cocrostane MammHbl Thiopunra (¢ € Q),

d — cvernenne T10BKHN Ha TekyteM mmare MT (1 — manpaso, -1 — Haseso, 0 — Ha Mecre),

to = 0 — BpeMms co3janus 00bEKTa YIIPABJISIONIEI0 YCTPOCTBA.

Pa6ora M'T 3amaerca dpynknuonaabuoit Tadaumeit M T, ¢ moMoIpio KoTopoit Ha KaK-
sgoMm mare paborsl MT 1o cocrostauio ¢ YV u cuMmBosy b B 0003peBaeMoil stueiike omnpe-
JIEJIAFOTCST 3AIMCHIBAEMBII B TIEIKY CUMBOJI byyeqy, HOBOE cOCTOsTHIE MT @0y ¥ CMETTIEHTE
d romosku MT Bmoaw sentol. OynknuonaabHas Tadbauna MT onuceiBaeTcss obbekTaMn

olenta i ofpekTaME O

O%T. Kaxkapiit o0bexT og/be OIHUCHIBAET OJHO IPABUJIO U3 TAOJHILI HepexoaoB. O0b-
eKT O%T He MMeeT CBSA3el ¢ IPYIUMHU OO0 beKTAMH (LOMbT = ©) u umeer 6 aTpuGYTOB:
’ q,
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Aoé‘{bT = (Q7 b7 Gnew, bnewa d7 t(]); rue

¢ — TeKyIee cocrossune Manmubl Thopunra (¢ € Q),

b — cumBos B 0603peBaeMoil stueiike Marmuubl Thiopunra (b € B),

Qnew — HOBOE cocrostnne Marmunbl Teiopusra (gne, € Q),

bpew — HOBBIH cuMBOJI MamuHbl ThiopuHra (bpey € B),

d — cvemenve (1 — BnpaBo Ha 1 stueiiky, -1 — BieBo Ha 1 siveiiky, 0 — Ha Mecre),

to = 0 — Bpems co3janus 00beKTa IIPaBUIa IMepexo/ia.

B moment Bpemenu t = 0 co3gaiorcs Bce 00beKTHI, onuchiBatorue MT B sToT MO-
MEHT, OIIpeeIgeTCa BXOTHOE CJI0BO Ha JIEHTe IaMATH U HadaabHoe cocToguue MT. danee
naunnaer padbory MT, u nepsblii ee mar BbIIIOJIHAETCSH B MOMEHT BpeMenu t = 1.

Ha xakaom mrare mammabl ThIOPUHTA TPOUCXOINT B3aUMOJIEHCTBIE IBYX 00HEKTOB:
YCTPOI#ICTBa yIpaBICHUd U JIEHTHI HAMSITH. DTO B3auUMOJeiiCTBUE OMUCHIBaeTCd (DYHKITH-
avu OD-Mozen, KoTopble 10 3HAUY€HUAM aTpuOyToB 00beKTOB MT B MOMEHT BpeMeHH
t onpenengoT 3HaUYeHHA aTpuOyTOB 00beKTOB MT B MOMeHT BpeMenu t + 1.

st onucanus pyuknmit OD-Mozmesu, ONUChIBAIONINX H3MEHEeHHE 00 beKTOB JIEHTHI T1a-
MSATH U YIIPABJISIONIEr0 YCTPORCTBA, B3anMoaeicTByomuX Ha Kazkaom mare MT, ompe-
JIeJIIM HCIIOJIb3yeMble Jlajiee 0003HauYeHnsd 00bEKTOB U UX aTpuOyTOB:

® MOMEHT BPEMeHH, B KOTOPBIH paccMaTpuBaeTcs J1000ii 00beKT, yKa3blBaeTCs CIeBa,
OT HazBaHMs 00BEKTa B KPYTIbix ckoOkax (mamnpumep, oVY(t) — obbexT ynpasis-
IOIIEro YCTPORCTBA B MOMEHT BPEMEHH t);

e Juisl yKa3aHHs 3Ha4YeHHs] arpubyTa O0ObEKTAa HCIOJb3YeTCsl 3aluch |umsa 006ek-
ma).luma ampubyma| (manpumep, oYY (t).q — Texymee cocrosmue mamunb Thio-
pHUHTA B MOMEHT BPEMeHH t);

e st obo3HavyeHusi oObekTa sueliku namsaru Ha Jenre MT ¢ 3ajaHHbiM HOMEPOM
UCIOJIB3YIOTCSl KB/IPATHBIE CKOOKHU CIPABa OT MMEHH OO'bEKTa JIEHTHI MaMsITH, B
KOTOPHIX yKazbiBaeTcss HoMep sveiiku (Hampnmep, ol
MepOM 7).

i| — st9eiika mamsaTH ¢ HO-

Kax aprit mar MT Bbinoiasercs 3a ouH AUCKpeTHBII nurepsas spemenu (¢, t+1]: 3a
unrepsaa spement (¢, t+n| MT cosepmaer posro n maros. C nomompio dynknunii OD-
MoJiesin onuIiieM onuH mar paborsl MT, KoTopsiii OHa coBepIaeT 3a HHTEPBaJ BpEeMeHH
ort mot+ 1.

Cuemenne (0VY(t +1).d), sauncsiBaempiit na jienty cumsoa (07 oYY (t).4](t +1).b)
u nosoe cocrogune MT (oYY(t + 1).q) onpenensierca caemytonuvn dynxuusvu OD-
MOJIeJIN:

UV (t+1).d = fa(olemte[oVY (¢).1](t).b, oY (t).q), Tre

oYY (t).i — momep obozpesaemoit aueiiku MT B MOMEHT BpeMenHH t,

olenta[oUV (1).i](t).b — cumBon B 06o3peBaeMoii sueitke MT B MOMEHT BpeMeHH t,

oYY (t).q — cocrosnue MT B MoMeHT Bpemenn t,

fa — dyHRIESA, KOTOpasi OnpejessieT CMelleHne u 3aBucHT OT coctosiaus ¢ MT u
cuMBoJia b B 06o3peBaemoii sueiike MT B moment Bpemenn ¢ : fy() = O%T.d.

olenta[oVU(4).4](t +1).b = fy(oFeta[oVY (1).i](t).b, oYY (t).q), rae fy, — bynxmua, ompe-
JIEJISIONIAs HOBBI CHMBOJI JIJIsl 3allMCH B si9eiKy JIEHTHI mamaTh, obo3peaemyio MT B
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momenT Bpemenn t. @yuknust f, 3aBucut or cocrosinuss MT u cumBosia B 0603peBaemMoii
sueiike MT B moment Bpement t @ f5() = 07T by

oVU(t +1).q = f,(oF[oY (t).i](2).b, oﬁU(t).q), rae f, — dyHukuus, onpeensomast
cocrogaue M'T B moment Bpemenu t 4+ 1 u 3aBucamas ot cocroguuga MT m cumBoia B
obo3peaemoii sueiike MT B MomenT Bpenmentt @ fu() = 0yt -Gnew-

Howmep sueiiku, obo3peBaembiit M'T B momenT Bpemenu t + 1, onpejiessiercs: cjie/iyro-
UM 00pa3oMm:

oYY (t+1).cc=0o"Y(t).cc+ oYY (t+1).d

[locste onpeenenus HoMepa HOBOH 0003peBaeMoOil d9efiKM MOXKET OKAa3aThCs, UTO
SYeiiKi MaMATH ¢ TaKUM HOMepOM elie He cyinectByeT Ha JienTe MT. Bo3snukaer Heoo-
XOJIUMOCTD CO3JIaHKMsl HOBOH siuelKu HaMsiTh U OlipejiesieHnst arpudyToB ee o0bekTa. B
MOMEHT CO3J/IaHUs SYeiKu eil 3aJaeTcs HoMep, KOTOPOil paBeH HOMEPY HOBOiT 0603peBae-
MOt staeiiku. B 3Ty sdeiiky 3ammchiBaeTcst mycToit CHMBOJT by. YCTaHABIMBAETCS MOMEHT
“poxkjienust’, paBHbIil t+ 1, 1 MoMeHT “cMmepTn’, paBHBI OeckoHeuHocTH. HeobxoaumocTh
CO3/IAaHUS HOBOIl AYeHKU MaMATH MOXKET BOSHHKHYTH TOJBKO B 2 CIyJasdx:

e HOMep HOBOIl dUeifiKu maMATH MeHbIIe HoMepa caMoil JeBoil aueiiku Ha Jente MT
oV (t+1).0 < o™ (4) 4 i
B sTom cnydae Homep camoii eBoit adeiiku nHa genTe MT ymenbmaerca na 1

OFM (t 4 1) ippin, = OF™ () ipmin — 1.

e HOMEep HOBOM g4eiiKyi nmamMgaTu 00JIbIlle HoMepa caMoil mpaBoil gaueiiku Ha jgenTe MT
oY (t 4 1).0 > o™™ () 0,00
B sTom caydae HOMep camoit mpaBoii gdeiiku Ha JeHTe M'T yBesmmunBaercs Ha 1

0Pt 4 1) inge = 07 (1) g + 1.

[To 3aBeprieHnn BBIMOJHEHHS IIara MaliuHbl ThIOPUHTA MOYKET BO3HUKHYTH CHUTY-
anud, KOrJa Ha OJHOW M3 CTOPOH JICHTHI NMAMATU KpalHAd d4eilka COLEeprKUT IyCTON
cuMBoJT by, a rosioBka M'T He obo3peBaer 3Ty sgdueiiky. B 3ToM ciydae Takas KpalHss
sgueiika yHHITOXkKaeTcs. Ecin 910 ObL1a KpaiiHss JeBas sdeiika, TO HOMEp caMoil JIeBOi
sgueiiku Jjientol MT yBesimuuBaercs na 1

Pt 1) i = P (E) i + 1.

Ecnu :xe 370 Obl1a KpaiiHss mpaBas sdeiika, To HoOMep caMoii mpaBoii sueiiku JeHTsl MT

yMeHbIaercs Ha 1
oFM(t 4 1) ipae = 07 (1) ippge — 1.

Vcmonb3yst yeioBHYIO KOHCTpYKImio ¢f ... then ... end if u omeparop co3ganus
HOBOrO O0beKTa new, mpeiactaBuM oaud mar MT s HarIgIHOCTH B BHIe aJrOPUTMU-
4eCKOl mponeayphl:
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o (t +1).d = fa(o™" 0" (t).4](t).b, 0"V (t).q)

ot oY ().4)(t +1).b = fb(OLe”m[OUU(t) i|(t).b, o"Y(t).q)
o (t +1).g = fo(o" 0" (1)4](2).b, 0“7 (t).q

VU (t+1)i=0"Y(t)i+o"V(t+1).d

if o"Y(t+1).0 < 0" (t).ipin then

0%l — new o

oSilto=t+1

O -ta = 00

o=

ol i = oMM () i — 1

0Lenta<t + 1) Zmzn — OLenta( ) Zmzn o
OLenta[OLenta(t + 1)‘me] Og’;llf

end if

if oVY(t+1).0 > 0" (t).ippan then

ogfﬁ = new 0%

Onewto =1 +1

Opeu-ta = 00

o=

oSl i = oMMU(t) e + 1

0FM (t 4 1) ipge = 05 () ipmae + 1
oFertalolentat 4 1) ipae] = 05U

end if

if oMM oL ML) e (E 4 1).b = by then
ofemtalolenta(y)y o]t + 1)ty =t +1
0" Mt + 1) imar = 07 (1) g — 1

end if

if oMol (1) dpin] (E 4 1).b = by then
ofentajolentay i )t + 1)ty =t +1
OF Mt 4 1) ipin = 05 () i + 1
end if

Ipumep 2. PaccMoTpuM XHEMHUYECKYIO PEaKIHio MPOU3BOJACTBA aMMHAKa CIIOCOOOM
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CUHTE3a U3 3JIEMEHTOB C HCIIO/Ib30BAHUEM a30Ta BO3/yXa.

Ny +3H; 2 2NH; + @ (92 x/Ix/Momb).

B kononHy cmHTe3a mojaercd cMech ra3oB a30Ta W BOjopoja. Peakius mporekaer
IIPU BBICOKOM JIABJIEHUN U TeMIepaType, ¢ yUacTHeM Karamu3aTopa (Tybuaroe Kejieso ¢
akrusupyoomumu jgobaskamu [11]), Koropeiit B mponecce peaknuu He PACXOpyercs. Dra
peakiusi oOparuma, T. €. IPOTeKaeT OJJHOBPEMEHHO B 000MX HallpaBJIeHUsIX. BbiaeieHue
aMMUaKa W3 Ta30BOil CMECH TMPOUCXOINUT IYyTEM ero KOHIEHCAINN TPU MOHWKEHUH TeM-
mepaTyphl ra3a.

[Toctponm OD-momens mpousBoacTBa ammuaka. st 3Toro 3axaanmM B BUIe 00bHeK-
TOB IIPOJIYKTBI, BCTYIAIOIINE B PEAKIINIO, KOJOHHY CHHTe3a U aMMHAK, ITOJTydaeMblil Ha
BBIXO/I€ M3 KOJIOHHBI CHHTe3a. TaKkzKe ONmuIeM HX B3auMO/IeiCTBHE ¢ TOMOIIbIO (DYHKITH
OD-mosieiu, KOTOpBIE OY/yT COOTBETCTBOBATH U3MEHEHUSIM, IPOUCXO/SIINM B ITPOIECCE
MPOM3BOJICTBA AMMHUAKA.

Wmerorcst HEKOTOPBIE PECYPChl BCTYHAIONUX B PEAKIUIO Ta30B a30Ta W BOJAOPO/IA, &
TaKzKe MMPO/yKTa XUMHUYeCKOil peakiun — ammuaka. Omuuinem ux 00beKTaMu On,, Of, 1
ONH, COOTBeTCTBeHHO. KasKaplil 00beKT nMeeT 3 arpudyTa:

Aoy, = Aoy, = Aoyp, = {m, to, tq}, rae

M — JIOCTYIHOE KOJUYECTBO BEIIECTBA B MOJIAX(pecype),

to = 0 — Bpemd “poxkaeHns’ 00beKTa XUMHIECKOTO BeIlecTBa,

tqy = +00 — Bpemd “‘cMepTH’ 00bEKTa XUMHUIECKOI'O BEIIECTBA.

Kosionna cuaTe3a onuceiBaeTcss 00beKTOM 0 s. O0beKT 0xg nmeer 9 arpubyToB:

AOKS = {t, Uy, MNy, MH,, TINH;5, P, K, to, td}, riae

t — TeMIepaTypa MpOTeKaHUs PEeaKIlii,

V — 0b6beM KOJIOHHBI CHHTE3a,

P — namjenwe, npu KOTOPOM MPOTEKAET PEAKIHs,

K — karanusarop peakiuu,

My, — KOTHIECTBO BEIECTBA a30Ta, HAXOJAIIeecs B KOJIOHHE CHHTE3a,

My, — KOJTUIECTBO BEIeCTBA BOJIOPO/IA, HAXOIIIeecs B KOJIOHHE CHHTe3a,

My, — KOJTAIECTBO BellleCTBa aMMHUaKa, HaXO/dIeecs B KOJOHHe CHHTe3a,

to = 0 — Bpems “poxjienus’ 00beKTa KOJOHHBI CUHTE3a,

tqy = +00 — Bpemsd “‘cMepTu”’ 00'beKTa KOJIOHHBI CUHTE3A.

[IpoTekaromias B KOJOHHE CHHTE3a PEAKIINS OMHCHIBAETCI 00BEKTOM Or. OOBEKT OR
umeer 6 arpudbyToB:

AOR = {U, UNys UH,s UNHsg, to, td}, rae

U — CKOPOCTb XUMHYECKON peakIiui,

UN, — CKOPOCTH TI0/Ia9M a30Ta B KOJOHHY CHHTE3a,

Vg, — CKOPOCTD HOJ@4Y¥ BOJIOPO/A B KOJOHHY CHHTE3a,

UNH; — CKOPOCTb OTTOKA aMMHUAKa U3 KOJIOHHbI CHHTE3a,

to = 0 — Bpemsd “poxkaeHns’ 00beKTa XUMHIECKON peakIlui,

tqy = +00 — Bpemd “‘cMepTH’ 00ObEKTa XUMUYIECKOIl peaKIlni.

CKOpoCTh XUMUYECKOIT Peakiun — 3TO W3MEHEHHEe MOJISIPHONW KOHIIEHTPAIUU OJTHOTO
U3 YY9aCTBYIONIUX B PEAKIIUU BEIECTB B €JIUHUILY BpEMEHHU:

v = Qd[f\;ff?)] _ _d[(]i\?] — _3%, e

d[N H3] — nu3meHenne MOJISIDHON KOHIIEHTDAIIMKM aMMUAKA,

d[ N3] — usmenenue MOISPHON KOHIIEHTPAIINH a30Ta,
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d[H3| — u3amenenune MOISIPHON KOHIEHTPAIMI BOJOPO/IA.

MoussipHast KOHIEHTPAILKS BEIECTBA BHIPAYKALTCS KaK OTHOIIEHNE KOJINIeCTBA XIUMU-
YeCKOro BeliecTBa K o0IIeMy 00beMy BellecTBa.

B Moment Bpemenn ¢ = 0 co3maoTcsd 00bEKTH BCTYIAONINX B PEAKIUIO TA30B Oy, U
0m,, 3a7a10Tcd nX pecypcbl. Co3maeTcss 0OBbEKT MPOIYKTa PEAKINU Onf, W 33AeTCS eT0
pecypc, paBabiii 0. OIHOBPEMEHHO CO3IAI0TCS OOBEKT KOJOHHBI CHHTE3a O g U O0BEKT
OR, ONUCHIBAIOIINI TPOTEKaHNe XUMHIECKON peaknnu. /lajiee HAUMHAETCS XUMUUIECKAs
peakiusi, U IIepBOe H3MEHEHHEe CO3/IaHHBIX OOBEKTOB IPOUCXOAUT B MOMEHT BpPEMEHH
t=1.

[Ipon3BoACTBO aMMUaKa COCTOUT U3 TPeX IIPOIECCOB, IPOTEKAMIINX TapaLIeIbHO:

® JIOCTYILJIEHHE a30Ta U BOJOPOJa U3 XPaHUJIHUIIN B KOJIOHHY CHUHTE3a;
® JIpOTEKaHue XAMHAYIECKOM pPeakKnun B KOJIOHHE CHUHTE3a;

® BbLIBO/ IMMOJIYYEHHOTO aMMHUaKa B XPpaHUJINIIE U3 KOJOHHBI CUHTE3A.

s onucanus dyakmuit OD-Momenn, onuchBAIOINX W3MeHEeHne 00beKTOB XUMUAYe-
CKOii peaknu, B3anMOIeHCTBY IONINX 3a JUCKPeTHBbIEe HHTepBaJIbl Bpemenu (, t+1], Gyaem
HCIIOJB30BaTh Jajgee 0003HaYeHUsI 00bEKTOB M UX aTPpUOYTOB, MPHUHSITHIE IIPH PACCMOT-
penun MT.

Bpewmsi, nporie/iiiee Mexk 1y JAByMsI MOMEHTaMu BpeMeHu t1 u to, onpejensiercsd (pyHK-
mueit OD-monenn ft(tl,tg), rie t1 U to — HAYaJIbHBIA U KOHEYHbI MOMEHTHl BPDEMEHU
COOTBETCTBEHHO.

Wcnonb3ys (byHKIuE min 1 max, KOTOpble BO3BPAIIal0T MUHUMAJIHHOE U MAKCHMAJTh-
HOe M3 3HAUEHMI CBOUX MapaMeTpPoB COOTBETCTBEHHO, MPeJICTaBUM H3MeHeHHe 00bhEeKTOB
IPU NPOU3BOJCTBE aMMMaKa 3a MHTepBaa Bpemenu (¢,1 + 3] mag HArISaHOCTH B BHE
aJTOPUTMUYECKON TPOIEyPhI:

ors(t+1).my, = oxg(t).mn, + min(on,(t).m, fi(t,t+1)*og(t).vn,)
on, (t+ 1).m = on,(t).m — min(on,(t).m, fi(t,t+1)*ogr(t).vN,)

oks(t+1).mpy, = ogs(t).my, + min(om,(t).m, fi(t,t+1)*ogr(t).vm,)
o, (t +1).m = og,(t).m — min(oy, (t).m, fi(t,t+1)*or(t).vy,)

ogs(t+2).my, = ogs(t +1).my, —or(t+ 1).v*xogs(t+1).V x fi(t +1,t + 2)
or(t+1).vxogs(t+1).Vx fi(t+1,t+ 2)

OKs(t + 2)mH2 = OKs(t + 1)mH2 -

or(t+ 1).vxogs(t+ 1)V fi(t+1,t+2)
2

0K5'<t + 2).mNH3 = OKs(t + 1).mNH3 +

oks(t +3).myp, = oxs(t +2).myg, — mazx(ogs(t + 2).mypys,,
ft(t —|— 2, t + 3) * OR<t + 2)-UNH3)
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onm,(t+3).m = onp,(t +2).m 4+ max(oxs(t + 2).myp,,
ft(t -+ Q,t -+ 3) * OR(t + 2)'UNH3)

4. IlocTraHoBKa 3aaa4n

[Ipobemy nocrpoenust HoBoit Texnomoruu CYB/I MBI BUAUM B TAKOM pa3BUTUHU pe-
JAIMOHHON TE€XHOJIOTUU, KOTOPOEe

1) BBOAUT OOBEKTHI U CTPYKTYPUPYET OTHONICHHsI MeXKy TabaulaMu-KIaccaMu Ha
OCHOBE aHaJ/IM3a MOTPEOHOCTU OTPAKEHHST OTHOIIEHUN OOHEKTOB B PEJISIIUOHHBIE
CBA3H;

2) BBOAUT KOHCTPYKIUH U3MEHEHHs TUIIOB OMUCaHust HHGOPMATINH, TTO3BOJISIONIHE OT-
HOCHUTETHHO TIPOCTO JOCTUTATH 3TOTO.

Takum 0Opa3oM, Mbl CTABUM 33/ia4y CO3/IaHis HOBOU HH(MOPMAIIMOHHONR MOJIE/IN JIAHHbBIX,
KOTOpas Oblj1a Obl yCTORYNUBON K M3MEHEHUIO HEe TOJbKO JIAHHBIX, HO U TUIOB JIJAHHBIX.

[Tocko/IbKy HOBas TEXHOJIOIUs HPEINoaraeT n3MeHeHHs He TOJbKO JJaHHBIX 00beK-
TOB, HO TaKzKe UX TUIIOB U MeTO/I0B 00pabOTKH, TO B €€ OCHOBE JIOJIZKHA JIeKaTh TNHAMUAKA
undopmamnuu. Y100H0 onucbiBaTh HOBYIO Texunosioruio CYB /I npu nomomu orHoneHmii,
a B 9TOM CJlydae aJredpandecKyio CUCTeMY, BKJIIOYAIOILYI0 MHOXKECTBO OObEKTOB CUCTE-
MBI C OTIPe/IeJIEHHBIMI HA HUX OTHOTIEHUSIMA, TPUHSITO HA3BIBATH PEJISIIHOHHON CHCTEMOiT
W MoJiesbio. [1o3ToMy MBI Ha30BeM HOBYIO TEXHOJIOTHIO J[unamuseckoti undopmayuo-
Hoti modeavto n namuMm abopesuarypy DIM (xors sra aGbpeBuaTypa He HOBa, HO B Ha3ax
JIAHHBIX OHA paHee He BCrpedastach). Mbl xKestaem, 9ro0bl 3Ta MOJE/b YJAO0BIETBOPIA
CJIeIYIOIUM TPeOOBAHUSM:

1. Mogennb moikHa OBITH 00B€KMHOU, TO €CTH MO3BOJISTH CTPYKTYPUPOBATH JaHHbBIE
1 MeTOJIbI UX 00paboTKMH.

2. Monaenb m0/12KHA JaBaTh BO3MOXKHOCTD U3MEHAMb TUN U Memodv, 00pabOTKH TaH-

HBIX THIA, COXpaHsd «CTapbley THUII, JaHHbIe H MeTOAbl 06paboTKI .

3. Mogenb J0/ZKHA JIaBaTh BO3MOXKHOCTb NPUMEHAMSH MEMOodb, 00pabOTKH, KaK K
JIAHHBIM COOTBETCTBYIOIIEIO TUIA, TaK U K JGHHbLM NOCAEIYOULL20 UAU NPedbidy-
we20 MunNo8 B IENOYKe NU3MEHEHUST THIIOB.

4. Mopgesp J0KHA JaBaTh BO3MOKHOCTH MCIOJI30BAaTh aaredpy MpeganKaToB.

!Taxkoe m3MeHeHHe He BCeryia CBA3aHO C ONPEIEICHUEM IOATHIA U MePEMEIIEHIeM K HeMy O00bLEeKTOB
CYIIECTBOBABINIETO THUMA: MOXKET M3MEHUTHCA TUI arpubyTOB Win B OOIIEM Ciydae J0DaBIEHHUE OIHUX
arpubyToB (4TO HOATUI MOXKET ODeclednTh) U yaaleHue Apyrux. Baxubiv spigercd o6pa3oBaHue «HO-
BBIX» O0bEKTOB M3MEHEHHOTO TUTIA U3 «CTAPBIX» O0HEKTOB C COXPAHEHNEM «CTaphIXy» OOBEKTOB, 3 TAKIKE
obpazoBaHue CBs3eil MEXKY «HOBBIMU» U «CTapbIMu» OObekTamu. IIpu 3TOM «HOBBIM THI MBI OyaeM
HA3BIBATH «TOCIAEAYIOMIUMY JIJIS «CTAPOrO» THIIA, & «CTAPBIA» THUI — «IIPEABIIYIITUM» IS «HOBOTO»
TUTIA.
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Pejisiiimonnast TeXHOJIONs 1103BOJISIET UMETh JiI0Oble OTHOIEHUsI MeZK/y TabJIMIaMu.
Mp#b1 2Ke, BO-TIEPBBIX, OTPAHUYUM 3TH OTHOIIEHHUST YeTHIPbMSI DA30BBIMU: HACACIOBAHUS,
BKAI0UEHUA, UCTOPUY (TEMIIOpATbHbIE OTHOIIEHNS) U 63aUuM00elcmeus. Bo-BTOPBIX, MbI
BBEJIEM ellle 2 JIONOJTHUTETbHBIX OTHOIIEHU: 6vbopa 1 udenmugpurayuu. IlepBoe n3 Hux
MIO3BOJISIET CJIEJIATH OMUCAHUE HEPOTHBOPEUUBBIM (B COBOKYITHOCTH C JAPYTUMU OTPAHU-
YEeHUSIMU, U3JIaraeMbIMU HHUZKE), & BTOPOE M03BOJIseT 0600IIUTh KOHCTPYKIUH ONMUCAHHS
B HEKOTOPBIX CJIy4dasX.

Tpu nepBbIX 0a30BBIX OTHONICHUS MHTYUTUBHO IOHATHBI, TaK KaK HCIIOJIB3YIOTCS B
JIPYTUX 00BEKTHBIX U TeMIopaibHbIX TexHoorugax CYB /1. OrHomenne B3anMoaeiicTBust
BBOJUTCS /11 ONMUCAHUS MOBeIeHNs 00beKTOB. [Ipn B3anmMoaeiicTBUN HECKOJILKHX 00b-
eKTOB MX POJib MOKeT ObITh pasjuyHa. Hanpumep, npu mpojazke ToBapa MUMEIOTCS 3
00'beKTa, YIaCTBYIOIIHE BO B3aUMOIEHCTBUN: npodasel, noKynamessb U mosap, a TaKzKe
4-it 00'beKT, OMpeIeISTIONIN MeTO/l W3MEeHEeHUs JaHHBIX B3aUMOIEHCTBUS (y PO/IABIA
TOBapa CTaj0 MeHblle Ha 1 eJUHHUILY, Y MOKymnareias — GoJbime Ha 1 eaunuiy). B apy-
rOM TIpUMepe HU3TOTOBJEHHS JIeTaTd Ha CTaHKe UMEIOTCS 3 00beKTa, YIACTBYIOIIHE BO
B3auMoeiicTBun: cpedcmea npou3sodcmaea, oupeaesionue pabodero u CTaHoK, 0emand,
KOTOpAasl N3rOTaBJIMBAETCS, U CiPbe, yIACTBYIONIEe B N3IOTOBJIEHUH, & TaKKe 4-if 00'beKT,
ONPeIeSISIIONINI MeTO/| H3MEeHEeHNUs TAHHBIX B3aNMO/IeiCTBUsT (00 beM ChIPbsT Y MEHBITTIIICH,
a KOJIMYIeCTBO JIeTalell YBeJnduioch). B Tperbem mpumepe mpu pabore ¢ gaHubiMu BT
(IpOCMOTp, KOPPEKIus, yaleHne) TakzkKe MOXKHO BBIJIETUTH 3 00beKTa, yIaCTBYIOIIIe
BO B3aUMOJEHCTBUU: NOAD30BAMENAb, CUCEMA T 00BeKm 0aHHBLT, a TaK:xKe 4-ii 00DbeKT,
ONPeIeSISIIONINI, YTO JIeJIATh ¢ JAHHBIME (BBIAATH HA MPOCMOTD, H3MEHUTH UJIN YIAJIUTH).
B stux npumMepax MOXKHO BBIIEJIUTDH POAU 00BEKTOB, YIACTBYIOIINX BO B3aUMO/IEHICTBUN:

1. o0bekT OmKyda — NCTOUYHUK B3aUMOIEHCTBIUS; B IPUMeEpax 3T0 npodasel), cpedcmea
npou3sodcmea, noab306AMEND;

2. 00bekT Kyda — HampaBJieHWe B3aWMMO/IEHCTBHS; B IPUMEPAX 3TO NOKYynamens, de-
Maib, CUCMEMa;

3. 00bekT Ymo — 0ObeKT B3aMMOIEHCTBUSI; B IPUMepPaxX 3TO MO6ap, Cuipve, 06Bexm
QUHHDLL

4. o0bekT Kak — MeTo B3auMO/IeiicTBUSA; B IPUMepPax 3TO MeTO/I H3MeHeHUs TaHHBIX.

OrHomrenust BeIOOpa W WACHTH(MDUKAIINN TaK »Ke, KaK U JPYIHe OTHOIICHHS, MBI I1O-
SACHIM B (POPMATBLHO OIPEIEUM B CAeAYIOMEM pa3Iee.

CraBurcs 3a/a49a TAKOIO OHPEJEJICHUS STUX OTHOIIECHUHN, IIPU KOTOPOM MOXKHO OBLIO
Obl Y/JIOBJIETBOPUTH BBINIENEPEUUCICHHBIM TPeOOBAHUAM, a TaKKe HEeIPOTUBOPEYUBO U
MOJTHO OomuchiBaTh J00yI0 OD-Mozmesnh B ee craTWke W JIWHAMHKE H3MEHEHUs TaHHBIX,
CXeMbl JaHHBIX U MeTOJI0B 00pabOTKU JaHHbBIX.

5. DopmMaJibHOE OIIMCAHUE
JlmaaMmdeckoii mH(pOpMaIMOHHOIT MOdean

PaccmarpuBaercsa 3aiaHHOe ONHUCAHHON duckpemmoti demepmunuposanHot Modesvro
MHOZKeCTBO () 00bEKTOB, MHOXKECTBO A ceoticme-ampubymos STUX 00bEKTOB U MHOKe-



O6mbekTnags CYB/I JIVIM u ee ocHOBHBIE KOHIIEHITAN 75

cTBO L ceoticme-cea3et; 3Tux 00 beKTOB ¢ Apyrumu oobekTamu. [loaMH0KecTBO 00 beKTOB
O, C O, nverommux OJINHAKOBBIE CBOHCTBAa-aTPHOYTHI U OJMHAKOBOE nosederue (MOIyT UC-
MOJIHATD OJTHU U T€ YK€ POJIH BO 83aUuMO00elicEuAT ¢ IPYTUMU 00bEKTaMN ), Mbl HA3bIBAEM
KAGCCOM ¢ OOBEKTOB, a COBOKYIIHOCTH BCEX KJIACCOB — MHOKecTBOM (' KJIaCCOB.

[Tycrs ¢(0) — kaacc obbekTa 0 u o(c) — Ipou3BOIBHBI 00HEeKT Kaacca ¢. Torga Kaace ¢
OlpeaesdeTcsi MHOYKECTBOM AO(C) aTpubyTOB CBOMX OO'HEKTOB M OJNHAKOBBIM TIOBEIEHUEM
CBOUX OO'bEKTOB BO B3aMMOJIEHCTBULAX B OJIHUX U TEX K€ POJIIX C JIPYTUMH OObeKTaMH.

Kazxk ipiit arpubyT a € A onpeessiercss HEKOTOPBIM PO PEIeJIeHHBIM MUNOM 3H-
wenuti V, (MHOXKEeCTBO 3HAYeHWH U Olepanuii co 3HAYeHUSIMH ), KOTOPBIH OH MOYKeT MpH-
HUMATh JIJId 00bEKTOB, UMEIOINUX 3TOT aTpudyT. B KaKk/iplii MOMEHT BpeMeHU t 0ObeKT
0, UMelomuit aTpudyT a, obyagaeT 3HadeHueM v, € V,. Hekoropble u3 3Tux 3nHavdeHuUit
M3MEHSIOTCSI B TeueHne “orcustu” 00beKTA Uy = Ugo(t), & IPYTHE OCTAIOTCS HEH3MeH-
HBIMU U, (1) = const.

5.1. OTHoIlleHne HacJIeJOBAHUS

Bgesiennoe na muozkectse kjiaaccos C omuowenue P nacaedosanus KiraccoB J1od60oMy
kyaccy ¢ € C' craBUT B COOTBETCTBHE MHOKECTBO P(C) K/IaCCOB, SIBJISIONIUXC HENOCPEO-
cmeenmvmu podumenamu s c. s YO C C onpepernv P(C') = U, P(c).

O6o3naunMm 1vepe3 P* 3aMpiKaHue omeparun P:

P*(¢) = P(c) U P(P(c)) U P(P(P(c) U ...,

NU.-..

/

P*(C") = P(C")UP(P(C")) U P(P(P(C

Torma P*(c) — MHOXKECTBO BCeX pOJHUTeNeil Kiacca c.
HacaenoBanue KjiaccoB o3HaYaeT HACJIEI0BaHUE CBOHCTB-aTpuOYTOB OT BCEX €ro po-
aureneii. [Tycrs A, — arpubyrsl Kiacca c. Toraa o603HaunM

AP*(C) = U Ab - Aca

be P*(c),b#c
1 MHOXKECTBO aTpuOYTOB KJIacca ¢, He MPUHAJIEKAIUX er0 POIUTEISIM,
Par. = A, — Ap+(o)
Ha30BEM NAPAMEMPAMU KAACCA C.

Beegennoe Ha MHOXKeCTBe 00beKkToB () OTHOIICHHWE P HACJeJIOBAHHA OOHEKTOB Mape
(0,¢p), TAE €, — HEIOCPEJICTBEHHBIN POTUTENb Kaacca ¢(0), CTABUT B COOTBETCTBHE 00b-
eKTy 0 00BeKT 0, = p(0,¢p) € Cp, ABISIOMMUIICT HEOCPEJICTBEHHBIM POJUTETEM TSI O B
KJacce ¢p. Ilpu 910oM TaKoii 00beKT 0, e MHCTBeHHbIH B KJacce ¢,. Oupeaeaum p(o) Kak
MHOKECTBO BCEX HEIOCPeJACTBEHHBIX pojuTesieir oobekra o. Torma

p(o) = U p(o, C:D)'

cp€P(c(0))
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/
s YO C O omnpeaenM MHOXKECTBO €r0 HEMOCPEICTBEHHBIX POIUTE, el

p(O") = U p(o,¢p).

o€’ cp€P(c(0))

Ob6o3raunMm 4epe3 p* 3aMbIKaHHE ONEPAIUU P JJisi OO bEKTOB:

p*(0) = p(o) Up(p(o)) Up(p(p(o))) U ...,

p*(0) =p(0) Up(p(O)) Up(p(p(0))) U...
Torma p*(0) — MHOXKeCTBO Beex poamresieii 00bekTa 0, a p*(0’) — MHOKECTBO Beex
poureseit MuoxecTBa O 06BHEKTOB.
Hacaedosarue obsexmos 03HadaeT HaCIeIOBaHHe 3HAYEHHH CBOHCTB-aTpPHOYTOB OT
€T0 pOJaUTeNe, T.€.

VOp - p(o), Ya € AC(OP) — AC(O) Umo(t) = Va0, (t)

[Ipu sToM momsTHe HacaeI0BaHUSA OODLEKTOB PACHIUPAETCS JTOMOJHEHHEM GHYIMPEH-
He20 Hacaedosanus 006eKmoe6, KOria POAUTeTbCKANR U T09epHUl 00beKThl TPHHAITeZKAT
OJTHOMY W TOMY K€ KJaccy. BayKHBIM SBJISI€TCS TO, YTO NMPU BHYTPEHHEM HACIETOBA-
HUU O0BEKTOB KazKJIOMY OOBEKTY KJIACcCa CTaBUTCH B cooTBeTCTBUE HE Oosiee 1 oObekTa-
poauTesist 3TOTO e Kiacca. C moHaATHeM HAcje10BaHus 00bEeKTOB OTHOIIEHNE BHYTPEH-
HEro HACJIeI0BAHUS O0ObEKTOB POIHUT TO, YTO MPU ITOM JIOUEPHUIH 00BEKT OT POJIUTE b=
CKOTO 00BbeKTa 10 HACAEOBAHUIO MMOTYIAeT 3HAUEHHS CBOICTB BKJIIOUEHHA 00beKTOB. To
eCTh HACJEYIOTCS T€ W TOJBKO Te 3HAYEHUs BKIIOUYEHUS 00BEKTOB, KOTOPHIE HE OMpeie-
JIEHBI JIJIS JIOYE€PHEro 00'beKTa, HO OIPEe/IeHbI JJIsi POJUTEIbCKOr0 00beKTa.

[IpuBeem npumMep, KOTOPBIi MOKA3BIBAET MEJIECO00PA3ZHOCTH PACIIUPEHUST HACAEIOBA-
HuA 00BeKMO6 TIOHATHEM 8HYMPEHHE20 HacAedo8anuA. B peabHOl KU3HT MOXKET CyTie-
CTBOBATH HECKOJIBKO CTAHIAPTOB HA OJIHY U TY 7K€ MPO/IyKIINIO, U TH CTAHIAPTHI B3AUMO-
CBSI3aHBI 10 CTapImuHCTBY. Tak, mo crapmuacTBy MoryT uiaru [OCT (rocynapcrBeHHbIi
crangapr), OCT (orpacseBoii crangapr), TV (rexHudeckne ycjaoBusi UpPeJHPUSTUS) U
TP (rexunosornveckuii persavent). Kazapiii n3 9THX CTAHIAPTOB MOYKET 33/1aBATh CBOU
HOPMBI Ha BC€ HWJIM HEKOTOPbIE NMOKa3aTe/JIn MPOAYKIUN, COOTBETCTBYIOIIUE 3TOMY CTaH-
JIAPTY, HO B 3TOM CJydae MHTepBa/I 3HAYCHHN KayKJIOrO MOKA3ATeNsd /IS HI3JIEZKAIIEro
CTaHAPTA JOJIZKEH BXOIUTDh B MHTEPBAJIbI 3HAUEHU{T CTAPIINX CTaHIapTOB. Kazamoch Obl,
KJIACC, OIMCHIBAIONIUI CTAH/IAPT, MOXKHO pPa30UTh HA HECKOJIbKO KJIACCOB, SIBJISTIOIIHUX-
CdA pOAUTE/JIbCKUMU JId KJlaCCa IMPOAYKIUU U CBA3aHHBIX ME2KIY CO60ﬁ OTHOIIICHUAMUN
HACJIeIOBaHUs, HO TpeOOBaHMe 00sI3aTeIHbHOTO HAJMIHS POJIUTETHCKOTO 00bEKTa B ITUX
KJ1accax st o0bekTa Kiaacca [Ipodykuus MOKET OKa3aThCsl HEBBIIOJHUMbIM (HapHMeD,
I'OCT u TV cymecryior, a OCT ue 3agan). K ToMy 2Ke Bce 3TH KJIACCHI OJHOTHITHBI.
BbIxoiom siBIsieTCst BBeJIeHNe OTHOIIEHHS Ha MPSMOM MPOW3BEIeHIN MHOYKECTBA 00beK-
ToB Kyacca Cmandapm ¢ STHEM 2Ke MHOKECTBOM.

Ecou 2 popurenst oy € p(0), 0p2 € p(0) UMEIOT OJHO U TO YK€ HACJIELYEMOe CBOHCTBO-
arpudyT, TO UMEEeTCs KOJLIM3Us HACIeJIOBAaHUA 3HAYEHHUs TOro arpudbyrta. [lisa m3das-
JIEHUSI OT TaKOTO MPOTUBOPEYHsT BBOIUTCH 02PAHUYEHUE ONPEIEACHHOCTMU, COCTOSIIEE B
TOM, 9TO KayKJ0€ CBOHCTBO-aTPHOYT MOXKET OBITH TApaMeTPOM TOJBKO OJHOTO KJIACCA.
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5.2. OTHoONIeHNEe BKJIIOYEHUH W OTHOIIIEHUE BBIOOpA

Cmpyxmyphoie ceolicrmea 00beKTOB (OJUH 0OBEKT BKIIOUALT B ¢e0s KAK 4acTh JPY-
roit 0ObEKT) OUPEIESIOTCS UX CBIA3sIMH C JPYTUMEH OObEKTAMU [PH HOMOIIH 0MHOULE-
nus ekAouenus obsexmos. Beenennoe na muoxkectse I. = {(cq, cp, ) | co € C, ¢ €
C, ¢, € CU{D}} Tpoek KIaccoB omHowenue 6KA0UeHUA KAACCOE 3aTa€T BOIMOKHOCTh
BKJIIOUEHUS O0OBEKTOM 0, € C, 00bEeKTa 0, € ¢, ¢ Ka4eCTBOM BKJIIOUEHHUs, OIpejesie-
MBIM OOBEKTOM 0; € ¢; B CJIydae HEIMyCTOTO KJjacca cBa3u ¢;. [Ipu mycTom Kjacce CBA3M
c; OObEKT 0; KadyecTBa BKJIIOYEHHsI 00beKTa 0 B 00BEKT 0, HE olpeje/sercs. Tem ca-
MBIM OTHONICHHE BK/IIOYEHUS KJIACCOB HHAynupyeT Ha MHOKecTBe 1, = {(04, 0p, 01) | 04 €
Cay Op € b, 0] € €1, (CayCp, 1) € 1.} TPOEK 00HEKTOB OTHOIIEHHE BKJIIOYEHUSI O0HEKTOR,
IIPH KOTOPOM OOBEKT 0, BKJIIOUAET B ceds KaK YacTh OOBEKT 0, ¢ KaueCTBOM BKJIFOUe-
HU, ONpeeIseMbIM 00beKTOM 0;. IIpu 3TOM, ecin Kj1acce CBSI3H €; He MYCTOH, TO 00bEKT
07 € €] OLPEJIENIAETCS €JIMHCTBEHHBIM 00Pa30M, U IIOTOMY TAKO€ BKJIIOYEHHE HA3bIBACTCS
dbyuknmonanpubiM. Ecim ke Kirace ¢Bsi3u ¢; — mycroii, T0 00beKT 0; TaKzKe MycToi (nin
MOYKHO CYUTATh, YTO OH HEe OTPEJEJIsIeTCsi), & OTHOIIEHHe BKJIIYeHNsT 0ObeKTOB B 3TOM
caydae Ha3bIBaeTCd HMpPOCTbIM. CXeMaTHYeCKH OTHOIIEHHE BKJIIOYEHHsS HU300pParKeHo Ha
puc. 1, xKyacc cBga3u 0003HAYAETCS TPSIMOYTOJTBHIUKOM CO CKPYTJIEHHBIMH KPasMH.

C, — CTapLuunn knacc

-

[c. — Knacc «Kax»)

A

¢, — Mnagun knacc

Puc. 1: OrHomenne BKIKOYCHNA

CBa3b 00BEKTOB 04 € Cq, Op € Cy, O; € Cy, onpepeasgeMass OTHOIIEHNEM BKJIIOYEHUA
0OBEKTOB, SIBIISIETCS C6A3b10 6KA0UeHUA o (04, 0p) € L (M3 MHOXKECTBA CBOHCTB-CBs3€l
L). O6bexr 0, HACIEYeT 3Ty CBsi3b OT POAMTEIILCKOro 00bekTa 0, € p(0,), ecin oHa
He 3a/laHa HeIoCPeJICTBEHHO /it 00beKTa 0,. B 3TOM cMmbIc/e HacjegoBaHne 00beKTOM
CBOMCTB-CBsI3€il BKJIIOYEHHST 110JI0OHO HACJIEIOBAHUIO 3HAYEHUIT €ro CBOMCTB-aTpHOYTOB.
OJHAKO HPU MHOKECTBEHHOM HAC/IEIOBAHUH 2 POTUTENHLCKUX OODBEKTa Op1, Opz MOTYT
UMETh TAKyIO CBSA3b lil(opl, op) € L, lgl(Opg, op) € L. JIns pasperrenns KOJIM3HNA HACTe-
JOBAHUSL CBSI3U BKJIIOUEHUST HYZKHO JINOO 331aTh TAKYIO CBSA3b JJIsl CAMOTO 00bekTa (T. e.
MCKJIIOUUTD €€ M3 HAC/IEI0BAHUS JIJIs JAHHOIO 00'bEKTA), JIMOO BOCIOJIB30BATHCSA OMHO-
wenuem 6wbopa, Koropoe onpeessiercss MEokecTBoM {Ch = (0, 0p, ¢y, ¢1)| 0, € ¢, ¢, €
P(c(0)), (¢cp, b, ¢1) € 1.}, BRIIOIHB B HETO it 0OBEKTA O CBA3b BBIOOPA POUTETHCKOTO
00BEeKTa 0,, OT KOTOPOTO CBA3b BKIIOUEHHS OOBLEKTOB U3 €, U€pe3 CBA3YIONIHe OObEeKTHI
U3 ¢; HAC/IeLYeTCs.
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Beenem obo3nadenusd:

Ii(c) = {ci| Fep = (¢, ¢4,¢) € 1.} — MHOKECTBO KJIACCOB, 00BEKTHI KOTOPBIX MOTYT OBITh

BKJIIOUEHBI B OOBLEKTHI KJIacca C;

Ii(c) ={al Fci : (e, ¢, ¢) € I} — MHOKECTBO KIACCOB 00BEKTOB-CBsI3€li, 4epe3 KOTo-
pble 0O0BEKThI MOTYT ObITh BKJIIOYEHBI B OOBEKTHI KJIAcCa C;

Li(e,¢) = {ci (e,¢i,¢) € 1.} — knace, 06bEKTbI KOTOPOIO MOI'YT OBITH BKJIIOUEHbBI B
00BEKTHI KJIACCA ¢ UYepe3 00bEeKTHI-CBSI3U KJIacca Cj;

Ii(c,ci) = {a| (¢,¢i,a) € 1.} — knace 00beKTOB-CBsA3€(, Yepe3 KOTOPbIe 00'bEKThI
KJIACCa ¢; MOTYT OBITH BKJIIOYEHBI B OOBEKTHI KJIacCa C;

i;(0) = {o;] Jo
00'bEKT 0;

ii(0) = {oy| Fo;
00bEKTHI BKJIIOYEHBI B 00BEKT 0;

ii(0,0) =
CBSA3H 0]

i1(0, 0;)
00BEKT 0.

(0,0;,0;)) € I,} — MHOXKECTBO O0BEKTOB, KOTOPHIE BKJIIOYEHBI B
(0,0;,00)) € I,} — MHOXKECTBO OOBEKTOB-CBsI3€l, Yepe3 KOTOpbIe
{0i| (0,0i,0) € I,} — 06bEKT, KOTOPBIH BKJIIOYEH B 00bEKT 0 4ePe3 00bEeKT-

{al| (0,0;,0,) € I,} — 00bEKT-CBSA3H, Yepe3 KOTOPbBIi 0GbEKT 0; BKIIOUEH B

Brarouenue 0bserxmos paciiupsiercs MOHATHEM 6HYMPEHHE20 8KAN0UEHUSA 003EKMOG.
OTO MPOUCXOAUT B TOM CJIydae, KOTJa W BKIYAIONNNA U BKIOYAEMBIT 00BHEKTHI MPH-

Ha/jIezkaT OJHOMY KJIaccy.

pynnel npoayKunun

Mpynna npogykumm

C A R
—‘} Crangapt j
AT CraHgapTt
’/
!
1
! -+ e ~
|' \ ”’ ‘\1
/ Hopwmbl nokasatens Mpooykums (- /Komnnekryrouwme
HwkHss Hopma HavMeHoBaHME S \_Konuuectso
BepxHsasa Hopma Y N S 7
T - i =7
: : T e =
: | N
A A A
[NokasaTtenu O6o3HaveHmne Mogenb
[MokasaTenb NaeHTndrkauma WoeHTudukaums

Puc. 2: Cxema kJj1accos

PaccmorpuMm npumep onucaHus HEKOTOPOI MpoayKiuu abCcTpaKTHOTO 3aBOJA, MPO-
u3BoJdIIero munbl. [Ipoayknus sToro 3aBoga paszdoura Ha I'pynno. npodyxuyuu. Beemem
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pasbuenue I'pynn npodyryuu Ha moArpynibl (0GbEKTHI TONO JKe KJIacca), BBEJIEM CTPYK-
TYpy 00beKTOB Kiacca [Ipodykiyus, COCTOSIIUX N3 0OLEKTOB TOTO JKe Kjacca (TIPOLyKIHst
KaK 9acTh JPYroil IPOJYKIIUK), U BBEJIeM BKIIOUYEHHE COOTBETCTBYIOIINX CTAHIAPTOB HA
qacTh (MPOAYKIMU) B CTaHIAPTH Ha 1eyoe (B kiacce Cmandapm). Tak, B paccmarpu-
BaeMOM TpuMepe Kiaace I'pynno. npodykyuu MOXKeT BKIIOYATH B ceba rpymmbl: [luwob,
IIpomexmopuwi, Obodnvie aewmot, Boxosunw. 'pyuna IlTunv, BKIO4YaeT B ceds Kak MOJI-
IPYIIIBI CIIeyolIne Tpybl: 'py3o6vie wunv, (7151 TPY30BBIX MaIuH), Jle2kosuie wutol,
Paduanronve wunv u Juazonasvhoe wuno,. I'pynna Jleexosve paduasoroie wuHb, BXO-
AT Kak B rpynmy Jlezkosve wutb,, TaK 1 B rpynny Paduaavrvie wuror 1 .0, Kazkabrit
u3 00bekToB I[Ipodykyuu, BXomamuii B rpynny Jlezxosve paduansvHvie Wb, BKIIOYA-
eT 4acTH, siBjsonuecss odobektamu rpyii [Ipomexkmopvs u Bokosurbl, CTaHAAPTHI 110
KOTOPBIM SIBJITFOTCSI 9aCTSIMU COOTBETCTBYIOIIUX CTAHAAPTOB Ha Jle2kosvie paduansvruie
wuno. Cxema KJIaccoB 00bEKTOB, OMMCAHHBIX B MpUMepe, n300parkeHa Ha puc. 2.

5.3. OTHoIIeHne B3anMoOdeiicTBUs

Jlng BBeJIeHMST 9TOrO OTHOIICHHS BBEJIEM CIENUAJbHBIN KJIACC ¢, 63aumodeticmeut,
OMMCHIBAIONIUI METO/IBI B3AUMOJIEHCTBUST 0O0BEKTOB KaaccoB Omukyda, Kyda u Amo (cM.
paszzes ITocranoBka 3agaqn).

OTHolIeHNe B3aUMOJIEHCTBUS OIPeIeISIeTCs Ha, MHOKECTBE

B = {(c,ct,cup,0n) | cr €C, et €C, ¢y €C, 0p € i}

(B — ot behavior) derBepok 3 knaccos: Omxyda (cy — from), Kyda (¢, — to), Ymo (¢, —
what) u obbexTa Kiacca B3aumoneiicrsuit Kax (op, — how).

IIpoexnuu By, B;, B,, 3TOro MHOKeCTBa OIpeJeAi0T MHOXKECTBa KJIacCOB, KOTOPbIe
YYIACTBYIOT COOTBETCTBeHHO B ponu Omkyda, Kyda wiu Ymo, a B, = ¢, — MHOXKeCTBO
00'bEKTOB B3aUMOJIEHCTBUS, NN YTO TO YK€ CaMOe — KJIACC B3aUMOJEHCTBHS. DTOT KJIAcCC
MOKEeT BBICTYIIAaTh B POJIK Umo: MeToabl B3aUMO/IeHCTBUIT MOKHO ITPOCMATPUBATDH, KOP-
PEKTUPOBATD, YAAISTh.

Crpykrypa KJaacca B3ammogmeiicteuii (cM. puc. [3) onpesenena B oruesnbHON pabo-
Te, MOCBSIIEHHOI Koumennnu B3auMoneiicrsuii (cm. [12]). Ona Brimowaer Takme arpu-
OyTBbI, KaK MMs B3aMMOJICHCTBHSA, CIIEHAPUl B3aMMO/IeiCTBHS (OHpe,ZLeJIHIOHJ;I/Iﬁ €r0 BBI-
MOJIHEHNE), JTUTETHbHOCTh B3AaNMOIEHCTBUsI, H3MEHEHNE PeCyPCOB B3aUMOJIEiCTBH, pe-
KUM B3aUMO/JieficTBust (HOJIb30BATENsT U aBTOMATHYCCKHUIT), YCIOBUS B3aMMOJIEIICTBUSI.
[Tocsieinuit arpudyT ONUCHIBAET YCJIOBUS, CBA3aHHbBIE C PECYypPCaMU B3aUMOJIEHCTBUS, IPU
KOTOPbIX BSaHMOﬂeﬁCTBHe MOZKeT 6bITb BbBISBAHO B aBTOMATHUY€CKOM pezKHuMe. 9TO JaeT
BO3MOZKHOCTH BBECTHU AIApaT coObimul, BLI3BIBAEMBIX B ONPEIETICEHHOM PEXKIMe PAOOTHI
cucreMbl (asmomamumeckul pescum) TIO 3aBEPIIEHUIO B3AUMO/IEHCTBUI, KOTOPBIH MPO-
BepsIeT BLITIOHEHNE YCJIOBUH JIJTs IPYTHX B3anMo/IeiicTBuil. BeimotHeHIEe 0THOTO B3aNMO-
JIeficTBUsT MOYKET U3MEHUTb PECypCHble YCJIO0BHS BBIIIOJIHEHUS JIPYTUX B3aUMO/IeHCTBHIA.
DTO MO3BOJIsIET BBECTH Ipad) B3aUMOIEHCTBUI, B KOTOPOM BEPIIMHAMHU SIBJISIOTCS B3au-
MOJIEIICTBHSI, & JIyTaMy sBJISIOTCS PECYPCHBIE YCJIOBHUs, CBA3BIBAIONINE B3AMMO/ICHCTBHS.
Takoit mox0/1 M03BOJISAET, BBEIS MACIITa® BPEMEHU W aBTOMATHIECKUI PEZKUM BBITIOJI-
HEHWs B3aWMOJICHCTBUI, UMUTHPOBATH MPOTHO3 M3MEHEHUs JAHHBIX MPU TeX MU HHBIX
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Kyna

Konunyecteo KonuuecTtBo
( pecypca ) KaK ( pecypca
<nmmu ) Mms B3anmogencTeus <nmmm>
pecypca n poueaypa pecypca
YcnoBus
OdnutenbHoOCTb

CKOJ'IVIHSCTBO pecypca (—)) Pexum aktuBusauuu (Konmqecnao pecypca (+)>

A/

Yto

Y

OTkyna

O6beKTbl CueHapwuii O6bekTb

Puc. 3: OrHomenne B3anMo/1eiicTBus

OM3HEC-PEIICHUAX, YTO MO3BOJISIET OIPEIE/IUTh [eJIeCO00PA3HOCTh OU3HeC-PelIeHnii. 1o
JIAeT CBOMCTBO TEMIOPAJILHOCTHU JIjisi OY/IYIIEero BpeMeHH.

5.4. OTHOWIEHWE UCTOPUNA

OrHoIeHe KCTOPUN OTPAKAET TEMIIOPAJIBHBIH XapakTep 0a3 JaHHBIX B JJAHHONW TeX-
uostorun. /st Bcex 00beKTOB, HICTOPUIO W3MEHEHUsT KOTOPBIX CJIeyeT XPAHUTH BO BpeMe-
HU, BBOJSTCS JIBA JOIOJTHATEIBHBIX TAPAMETPA: MOMEHIN, POHCOCHUA T MOMEHI, CMEPTIU
obbekTa. B MOMEHT cMepTn 00beKTa OH HepecTaeT CYIIeCTBOBATH HA TEKYIIHil MOMEHT,
HO Ha CMEHY €My MOIYT NPHHTH HOBBIE 00BEKTHI, KOTOPBIE MBI HA30BEM N0CAEJ08AMENA-
MU JIAHHOTO 0O'beKTa, a caM JaHHbIH 0O'bEKT U, BO3MOXKHO, JIpyrue 00beKThl C TAKUM 2Ke
MOMEHMOM CMEPMU MBI Ha30BeM npeduwecmeernturamu. Toanee TOBOPs, nocaedosament
—3TO0 TOT 00BEKT, KOTOPBIl CMEHUJT JAHHBII HA MOMEHTT, €10 CMEPMU U, BO3MOXKHO, C JIPY-
IUMHI O0bEKTaMH, a NpedwecmeeHHukr — 3TO TOT 00bEKT, KOTOPBIA OBLT CMEeHEeH JaHHBIM
HA MOMEHM er0 posicderus (TaK¥kKe, BOSMOXKHO, ¢ IpyrumMu oobektamu). Ha MHOXKeCTBe
BCcex 00bekTOB Mojiesin O BBOJAUTCS aHTHCUMMETPUIHOE TPAH3UTUBHOE ODMHAPHOE OTHO-
IIeHwe, KOTOPOe MbI Oy/1eM HA3bIBATH 0MHOWEHUEM UCTOPUY 00Bekmo6. OHO ompeseisier
0OBeKT-TIPe/INECTBEHHNK, 0O heKT-TI0CIeI0BaTeIh 1 MOMeHT u3meHenust (cMm. puc. [4). ITo
9TOMY OTHOIIEHHIO JIJI KaKJI0r0 O0beKTa MOXKET OBITh HAMIEHO MHOHCECTE0 NOCAEIO0-
samenetl Ha MOMEHM €T0 CMEPMU U MHOHCECME0 NPedULeCTNEEHHUKOS HA MOMEHT €T0
posrcdenus.

Jlng onucanmsa IUHAMUKE H3MEHEHHsI KJIACCOB BBOIATCS aHAJTOTHYHBIE KOHCTPYKIHH
JUTSL KJIACCOB: MOMEHM POAHCOCHUSA, MOMEHI, CMEPMU, OMHOULEHUE UCMOPUL KAGCCOB,
KAGCCH-NPedueCmeeHHuUKry U KAaccoi-nocaedosameny. Ecanm mpon3BOANTCS W3MEHEHUe
KJIacca, TO Bce OOBEKTHI KJiacca IIPeTepleBal0T H3MEeHeHHT W MOIYT H3MEHHTHCS TaK-
JKe CBSI3U MeKJy KjaccaMu u o0bekTamu. [[1si u3MeHeHus: KaaccoB (OGbEKTOB) B MO-
JleJTd BBOJATCS CHENUAbHBIE TPOIEAYPhl U3MEHeHus! KIaccoB (06bekToB). [Ipu 3moMm
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MomeHT cMepTi o6 beKTa npealecTBeHHIKa ~* MomeHT poxkaeHns o6 beKToB nocnegoearenei

Puc. 4: Ncropus kaaccoB nu o0beKTOB

nobasiieHne / yiaaeHie mapaMerpoB B Kjiacce i 106aB/eHne / yiajienne cBa3eil ¢ JpyruMu
KJIACCAMH MIPOXOIUT CJEYIONIUM 0Opa30M:

1)

JAHHBIE OIMCAHMHA KJIACcCa KOIMPYIOTCA B HOBBII KJIACC ¢ HOBBIM HACHTH(DHKATO-
poM Kjacca (IpH 9TOM KJIACC CO CTAPBhIM MASHTH(MUKATOPOM CTAHOBHTCS HPE/IIIIe-
CTBEHHHKOM, a KJIaCC C HOBBIM HJICHTH(MHKATOPOM CTAHOBUTCA IIOCIEI0BATEIEM B
OTHOIIEHUH UCTOPUH KJIACCOB);

JTaHHBIe 00BEKTOB CTAPOro KJIacca KOMUPYIOTCS B JAHHBIE 00BEKTOB HOBOTO KJIacca,
U KaxK/Iplil 00bEKT 1oJydaer HOBbIH uaeHTHhUKATOD (IIPH 9TOM KazK /bl 00beKT
CO CTapbIM UJIEHTU(MUKATOPOM CTAHOBUTCS IMPEJIIIECTBEHHUKOM OObEeKTa ¢ HOBBIM
HIeHTHMUKATOPOM B OTHOTIEHUH HCTOPUH OOEKTOB);

,H,O6&BIIHIOTCSI ITapaMe€Tpbl HOBOT'O KJIaCCa KaK AOIIOJIHUTEJIbHbIE ITapaMeTPbI,
IJId BCEX 00BLEKTOB HOBOTO KJIACCA O peaeadi0TCd SHAaYCHUA 3TUX ITapaMeTpPOB;

IPYIIIA KazKJI0ro J00aBJIEHHOTO MapaMeTpa HOBOI'O KJIACCA M3MEHSETCS B COOTBET-
CTBHH C HEOOXOIUMOCTBIO;

VAAJSIOTCS HEHY2KHbIEe MMapaMeTpbl HOBOTO KJaccCa, W IPOBEPSIOTCS OrpaHUYeHUs
IIEJIOCTHOCTH JIJISI 00OBHEKTOB KJIacCca;

JI0OABJIAIOTCS CBA3M HOBOI'O KJacca C JAPYIUMHU KJacCaMd U JIJid OObEKTOB ITUX
JIPYTHUX KJIACCOB OIPEJIEISIOTCS IPH HEOOXOJUMOCTH CBA3U ¢ 00BbEKTaMU HOBOIO
KTacca (Takue OObEKThI 10JTy4aroT HOBbIH UJIEHTUMDUKATOD U CBsI3b ¢ OObEeKTAMU
CTAporo uIeHTUMUKATOPA P TIOMOIIM OTHONICHUST HCTOPHU OO'bEKTOB);

VIATISIOTCA TIPUH HEOOXOIUMOCTH HEHYKHBIE CBSI3U HOBOT'O KJIACCa ¢ JIPYTHUMHI KJac-
CaMd U OJHOBPEMEHHO YJIAJISAIOTCS CBSI3U MeXKJy OObeKTAMH THX KJIACCOB (JJIsi
TaKnX 0OBbEKTOB JIPYTUX KJIACCOB UET KONMMPOBAHNWE B OObEKThI C HOBHIM HJIEHTH-
dpuKaTOPOM, U BBEJEHUE CBSI3U CO CTAPLIMU OObEKTAMH Y€pe3 OTHOIIECHUE UCTOPHH
0O'BbEKTOB); TPOBEPSIOTCsI OPPAHUYEHUS TEJTOCTHOCTH JIJISE BCEX OOBEKTOB, JIJIst KO-
TOPBIX CTapblif KJIACC COmepzKaa POAUTETbCKIE OObHEKTHI.
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AHaJIOrM9IHO STHUM KOHCTPYKIMSIM BBOAUTCA AUHAMUKA ¢BoiicTB. Hanpumep, cBoiicTBO
MOYKeT M3MEHUTH THIl JAHHBIX.

Jl s ommcaHus TMHAMUAKH B3aMMO/I€iCTBHIT TaK2Ke BBOISITCS aHAJJOIHIHbIE KOHCTPYK-
IUI: MOMEHIT, DOHCOEHUS, MOMEHT, CMEPMU, OMHOULEHUE UCTNOPUY 63auUModeticmeut,
630UMO0ETICMEUA-NPEIUECMEEHHUKY T 830UMOIETCMEUA-NOCACI0BATNEAU, & TAKKE Ne-
puod npumenenus ezaumodelicmeus. Kak npaBuio, opranu3yercsi HCIOJIb30BAHIE B3auU-
MOJIEICTBHI, aKTyaJbHBIX HA TEKYIINl MOMEHT BPEMEHH, JJIsT aKTYAJIbHBIX HA 3TO BPEMS
JmaHubix. OIHAKO, IePHUOJ, IPUMEHEHUs B3aUMOJIEHCTBUS MOYXKET OBbITh IITUPe MEePHOa ero
“)XU3HHA", ¥ B 3TUX CJIYIasIX OHO MOXKET IIPUMEHAThCI K 00beKTaM, BpeMsl KI3HU KOTOPBIX
HaXOJIUTCS BHE MepHo/Ia “YKU3HK B3aUMOIEICTBUS, HO B IEPHOJ, €r0 IPUMEHEHHS.

5.5. 0O0001IEeHHBIE KJIACCHI M OTHOIIEHNE NJIEHTU(MUKAIINNT

PaccmorpuM HEKOTOPYIO CHTYyaIlnio, KOTOpasi MOYXKET UMETh MeCTO P MTPOEKTUPOBa-
aun kjaaccos DIM:

1) mmMeeTcst POAUTEIBCKHI KJIACC €, U IMEETCSI TPYIIIA ero JOUEPHUAX KITACCOB Cy1, - - - , Cdk
(k > 1) rakast, 9TO HH OJWH W3 POJUTEJLCKHX OOBEKTOB B KJIACCE €, HE MOXKET
MMeThb JI0YepHIE OObEKTHl B PA3HBIX KJIACCAX Cg; U Cgj STOi TPYIIIIH;

2) st J1I000T0 B3aUMOJEHCTBUS, Ile 00BEKT OJHOIO U3 KJIACCOB TO IPYIIIIbI MOKET
BBICTYIIATh B OJIHON U3 poJieil B3auMOAeicTBUA, CYyLIeCTBYeT TaKOe »Ke B3auMoeil-
CTBUE, TJie JI000# 13 00HLEKTOB I'PYIIIBI MOXKET BBICTYIATh B TAKON YKe pOJIu.

B sToit curyarun umesio Obl CMbICJ O0bEJINHUTH BCE O0BEKTHI TaKOW I'PYIIIbl JOYEPHUX
KJaccoB BMecTe. Ho Takoe ob6beiHeHNE KJIACCOM HE SIBJISIETCS, TaK KaK pa3Hbie 00beKTh
MOI'YT UMETh pa3Hble cBoiicTBa. B TO ke Bpems Bce 00BbEKTHI 3TOTO 00beIMHEHHS CBA3a-
HBI C OJTHOM U TO 2Ke rpymnmoii B3aumojeiicTsuii. [losromy HazoBeM Takoe obbeuHEHHE
0000UWEHHBLM KAACCOM Co, & CBORCTBA PA3THIHBIE /1T 00BEKTOB IPYIIIHI 00beTHHIEMbIX
KJIACCOB Ha30BeM udenmugurayuortumu. Ho onmcars Takoit Kjacc MpeKHUME CPE/I-
cTBaMu Mbl He MOzxKeM. MoKHO Obl10 Obl 1peobpa3oBaTh CXeMy KJIACCOB CJIe/LyIONUM
obpazowm:

1) JUIS KayKJIOro W3 MIeHTH(UKAIIMOHHBIX CBOMCTB Kjlacca Cg obpal3yeMm CBOil Kjiacc
uaentudurannn ¢; (j € 1,m;);

2) BBIBeJIEM U3 ODOOIIEHHOIO KJIACCA C, BCe TAKHE CBOMCTBA U CBIZKEM 3TOT KJACC C
00pa30BaHHBIMH KJIACCAMU HICHTUMDUKAINN C;; OTHOIMIEHUAME BKIIOYeHHU.

OiHAKO TaKoOii MOJIXO/ He SBJISAETCA KOPPEKTHBIM 10 CJIEYIONUM MPHINHAM:

1) orHomenne BKJIOYEHUsT He TpebyeT Jist 06beKTa 0000IIEeHHOr0 Kiacca 00s3aTe b
HOI'O BKJIIOUEHUA B HET'O O6'beKTOB I/I,ZLGHTI/ICI)I/IKHJ_[I/II/I, 9TO BEJET B JaHHOM Cﬂyqae K
OIIn0OKe;

2) 1pwu co3gannu 0ObeKTa 0000MIEHHOIO KJIACCa Mbl HEe 3HAEM, KaKyI0 HeHTH(DUKAIMIO
B HETr'O BKJIIOYATh.

JLna pa3penteHns 3Toil TPoOIeMbl MOCTYIUM CJIEAYIONIAM 00pa30M:
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1) obpasyem HOBBIii ClENUATBHBIN KJIACC ¢; CCBLIOK (MAeHTH(MUKATOPOB KJIACCOB) HA
KJ1acChl nieHTHduKanmm (Kazxaplii ero 00beKT COAEPKUT CChIJIKY HA OINH U3 KJIac-
COB HACHTUDHUKAIA C;j);

2) CBSIZKeM KJIACCBI €, W ¢; OTHOIICHHEM BKJIIOYEHHs, IPH KOTOPOM KazK/blii 0ObEKT
KJIACCa Cp, ABJIAIONIMICS POAUTE/IEM JJIs IPYIIILI O0bEKTOB KJIACCA Cp, BKIIOYAET Te
00'bEKTHI KJIACCA C;, KOTOPbIE YKA3bIBAIOT HA, KJIACCHI HJIEHTU(DUKAIIMHI TOI I'PYIIIIbI
00beKTOB 000OIEHHOTO KJIACCaA Cy);

3) BBeIEM CBS3b MEKIY KIACCAMH Co, Cp U C;, KOTOPYIO HA30BEM OMHOWEHUEM UJEH-
mugurayuu; TPH ITOM I KazKJI0ro 00beKTa KJIACCa C, OIPeIe/sIeTcs ero po-
JTUTETbCKAN 00BEKT KJIACCA Cp, JJI KOTOPOTO BBHIIIEONPEIeIeHHBIM OTHONIEHUEeM
BKJIIOUEHHsT ONpPeJeeHbl OObEKThl B KJIACCe C;, YKa3bIBAIOIHe Ha 00s13aTeIbHYIO
NIeHTH(DUKAIMIO 3TOTN0 00'beKTa KJIACCa Co.

5.6. Twun oowbekTa DIM

Jlajum Terephb MOJIHOE OlpejiesieHue Tuia oobekTa JunamMmudeckoit nndopManmonHoi
mozesin DIM. Tumn o6bexta DIM omnpeessercsa MHOKECTBOM IIapaMeTpPOB KJIACCOB U MHO-
JKECTBOM B3auMOJEHCTBHUI, I KaXKJI0TO U3 KOTOPBIX OJHY M3 poeti B3auMOIeHCTBHS
BBITIOJTHAET KJIACC 00bEKTa WU er0 POAUTETbCKHE KIacChl. MHOXKeCTBO MapaMeTpoB TUIIA
olpe/iesIseTcs:

1) napamempamu Kaacca 06bEKTA;

2) napamempamu pooumMesbCKUT KAGCCO8 JJist Kaacca 00beKTa, eC/i TAKOBbIe NMEeIOT-
cs;

3) napamempamu udenmu@urayul, OLUPEJEJeHHBIMU OTHOLIEHUEM uJieHTUu(hUKAIYT
KJIacca O0'beKTa ¢ KJaccaMu UJIeHTU(PUKAIUU, €CJIU TAKOBOE UMEEeT MeCTO;

4) CBA3AMU CO BCEMHU KJIaCCaMM, C KOTOPBIMH UMeEETCd OTHOIIEHUE GKANUYEHUA TJId
KJIacCa O0BLEKTa U ero POAUTEIBLCKUX KJIaCCOB.

Kaxk BHUJHO M3 3TOI'O OllpeaeieHnd, TOJbKO B IPOCTBIX CJIy4dadX THII 00'bEKTa onpeaeada-
€TCd TOJIbKO ero KJiaCCOM.

6. HenporuBopeuyuBOCTH U IIOJHOTA ONUCAHUIA
OD-moneneit B cucreme DIM

Harmeit mespio sBstercst mokasarh, 9To Jirobyoo OD-Momess MBI MOXKEM ONHCATh C
IIOMOIIBIO BBeJIeHHOM cucTeMbl KjaccoB DIM u ux ornomenuii. OgHAKO TH OIUCAHUS
MOT'YT B HEKOTOPBIX CJAyYaAX COJAEPKATh MPOTUBOPEUHS, COCTOAININE B HEOTHOZHATHON
uHrepuperaguu OlnuCaHud.

Ecmu Mexay aByMs o0bekTaMu (HApuMep, 0, € C, U 0p € Cp) CYIIECTBYIOT OJHO-
BPEMEHHO M OTHOIIEHUe HACJeI0BaHus (0, SABJISETCS POTUTEIHCKUM OGBEKTOM sl 0p)
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¥ OTHOIIEHWE BKJIOYEHHsI (0p BKIIOYAET Oy), TO 3TO IMPUBOIUT K IIPOTHBOPEUUIO: 00BEKT
0p € Cp, ABISATONIHIICS (O HACTIEOBAHUIO) YACTHBIM YTOYHEHHEM 00beKTa 0, € Cq, OJTHO-
BPEMEHHO BKJIIOYAeT O0BEKT 04. DTOTO MOZXKHO U30€KaTh, €CJU HATOKATH OTPAHIIEHIe:
mencdy mobomu deyma kaaccamu DIM ne moorcem cyuiecmeosams 00HOBPEMERHO 0T~
HOUWeHUT HacAedo8aHUA U 6KA0UeHuA. B Gomee obimeM ciydae

«depesoy Hacaedo8aHUsAs N100020 KAGACCA HE QONHCHO COOEPHCAMDY KAGCCA, KO-
mopwiti codepotcan Ovl 6 ceoem <depeses BKAUEHUT UCTOOHBIT KAACC.

D10 orpaHmvenue OyIeM HA3BIBATH 02paHuveHuem onpedeserrocmu. OrpaHudeHme omnpe-
JTIeJIEHHOCTH OTHOIIEHUST KJIACCOB MOKeT OBITH M3/IUIIHUM OIPAHHYEHHEM, €CJTH OHO He
BeJleT K MpOTHBOpeunto. Ho, ecim MBI MOKaxKeM, 4TO €ro BBEJIEHHE OCTABISIET BO3MOK-
HOCTHb OIIUChIBATH JIIO6bIe JAUCKpETHbIEC CUCTEMbI, TO OHO 4dBJIA€TCA OlIpaBAaHHbIM, TaK
KaK JIeJIaeT OIMCaHue MOJe n 0ojiee MOHSATHBIM M 3allUIeHHBIM OT IPOTHBOPEUHIi.

OcHOBHOE CBOWCTBO 0OBEKTOB HEKOTOPOI'O KJIACCA Cq, ABJSIONIEECT aTpuOYyTOM, MO-
KeT 6bITb IHapaMeTpOM HECKOJIbKUX KJIACCOB, ABJIAIOIIUXCA POAUTEC/IAMU (BO3MO)KHO HE
HeHOCpe,ILCTBeHHbIMI/I) 9TOI'0 KJIaCCa Cq U HE COCTOANINX B OTHOIIECHUU HaCJIeJOBaHUA APYyT
¢ apyrom. B sTom ciydae 3HaUeHHE ITOTO CBOWCTBA HE ONPEIESIeTCS OTHO3ZHATHO JIJIsT
00beKTOB KJlacca ¢,. Eciau BBecTun TpeboBanne

210001 ampubym 0bsexkmos cucmemvl doaHceH bBIMb NAPAMEMPOM MOALKO
001020 KAGCCA CUCMEMDL,

TO OJHO3HAYHOCTD OIPEJIeJIeHUsI CBOMCTB 00bEKTOB Oy/1eT MMEeTh MEeCTO. DTO OrpaHUuYe-
Hue Oy/1eM Ha3bIBATH 02PAHUYEHUEM 00HO3HAYHOCMU OCHOBHBIX CBOICTB CHCTEMBI.

CBOMCTBO, SBJISIONIEECs CB3bI0 BKJIOUYEHHST 00beKTOB HEKOTOPOro Kjacca Cy B 00b-
ekThl Jipyroro kjacca Cp, TakyKe MOYXKET HEeQIHO3HAYHO OMPeIe/IaThCs, €CJIH KJIACChl B
«eperey poanreneit C'g HAXOAATCS B OJTHOM U TOM K€ OTHOIIEHUN BKIIOYEHUS C KJIACCOM
C4. Takasg HEOTHO3HAYHOCTD, KaK IIOKA3aHO BBIIIE, pa3pelraeTcsa OTHOIIEHHEM BBIOOPA.
Orpanudenue cXeMbl, COCTOSIIEe B 00SI3aTETLHOM OIpeIeIeHHH OTHOIIeHHS BEIOOpa Mpu
HEOIHO3HAYHOCTU BbIOOPA BKJIIOYEHUsI, Oy/1eM HA3BIBATH 02PAHUYEHUEM 6DLOOPA.

Onpenenenne. Cxema kaacco DIM HaxoauTcs B HOpMaJIbHOI ¢opMme, ecyim OHA
OTBEYAET OTPAHUUCHUSIM ONPEICACHHOCTIU, 00HO3HAYHOCTIU T 8bL00DA.

Teopema. Jlwbas OD-modeav moorcem 6oims onuCaGHaG ¢ NOMOUDBIO CTEMbBL KAGCCOB
DIM, nazodswetica 6 HOpmasvrotl dopme.
[Ipexk e gem 10Ka3BIBATH TEOPEMY, JOKAZKEM TPU BCIIOMOTATE/IHHBIE JIEMMBI.

Jlemma 1 (cmamuueckoe npedcmasaenue). st moboro momenta t € T' naHHbIe TIPO-
u3BoibHOM OD-Momem MOryT OBITH IPeACTaBIeHbI ¢ MOMOIIBIO cXeMbl KaaccoB DIM,

Haxo/isIelcss B HOpMaJibHOM hopMe.
/oxazamenvcmeso. Bocmob3yeMes ClTeTyIONIM aJTOPUTMOM 71 TOCTPOEHUS CXeMBbI
ks1accoB DIM:

1°. YcranaBiuBaeM CBS3M BKJIOUEHHs MeKIy obbekTaMu. Tak kak cucrema OD-mo/re-
JIN CTPYKTYPHUPOBAaHHASI U HAM M3BECTHO, KAK OOBEKTHI BXOJAT JPYT B JPYTa, MbI
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20,

3°.

4°.

MOKeM YCTAHOBUTH OTHOIIEHUSI BKJIOYEHHs MexK/ly HuMu. BHavase paccMorpum
BKJIIOUEHNE 0OHEKTOB JIPYT B JApyra 0e3 00beKTa, OMUCHIBAIONIEr0 XapaKTep BKJIIO-
wenns. Torma cBsa3p Briodenud l, (0;,0;) € L ana oovextoB 0; € O n oj € O
ABJIIETCS TPOCTON U OOBEKT CBA3U HE COJEPIKUT JIOTOJHUTEIbHBIX aTpudyToB. B
TOM CJydae o0pa3yeTcs MHOXKECTBO TPOEK, OMPE/IEISIONNX OTHOIIeHNe BKII0Ye-
uus oobextoB DIM 1, = {(0;,04,0)}, rae orcyrcrByomuii 00beKT CBsI3M BKJIIO-
YeHUsl TOMeYeH 0COOBbIM 00pa30M — MyCTbIM 00beKTOM. Ecjim ke MOXKHO BbIJe-
JIUTh TaKue aTpuOYThI CBA3M, KOTOPbIE ONPEENISIOT ee XapaKTep, TO BBIIe/IdeTCs
HEIYCTOll 00BEKT CBA3MU 0;, cozmepzKamuii 31u arpudyThl. [loce Boae e Takux
cBs3eil y HAC MOJYYHUTCSI KOHEYHOE MHOYKECTBO AIMKJINYeCKUX TpadOB BKIIOUYE-
Huit 00beKTOB. D11 rpadpl Oy/IyT ANUKINIHBIME, IIOCKOJIBKY B IPOTHBHOM CJIy4ae
BKJIIOUeHHE (TI0CPeICTBEHHOE HJIN HEITOCPEICTBEHHOE) 00beKTa B CaMOro cebsi BejieT
K Tomy, aTo OD-Momens comepKuT 6eCKOHETHOE KOJTNIECTBO OOHEKTOR.

Onpenensem kiaaccel. Tak kak kinacc DIM onpenensercsa MHOKECTBOM aTpHOyTOB
CBOMX 00'bEKTOB, BbIJICJUM IOAMHOKECTBO 00bekToB O, C O, UMEIOIIUX OJIUHAKO-
BbIil HAOOP cBoiicTB A, C A. Kaxki0e Takoe MoJMHOKECTBO 00pa3yeT HEKOTOPHIil
Kiaacc ¢, € C. Boigenmnm kaacce ¢,, Takoil 910 mjast oobekTa 0; € (. BBITOJHEHO
0; € ¢,. Torma A, — MHOZKeCTBO CBOICTB Kjacca C,, a Vi, 4, — 3T0 MHOKECTBO 3Ha-
JeHnit ceoiictBa A; kmacca ci. [locKorbKy 06beKTOB y HAC KOHEYHOE YUCJIO0, TO I
YHCJI0 KJIACCOB TOKe Oyer KoHnedHoe. [loBropsiem 9ToT 1miar, moka He OCTAHeTCHd HU
OJIHOI0 00'bEKTa, He BKJIIOUYEHHOIO HU B 0uH Kjaacc. Ciaemayer 3aMeTuThb, 9TO KJIACC
¢, € C onpeesisieTcst He TOJBKO MHOXKECTBOM A, arpubyTOB CBOUX 00HEKTOB, HO
1 OJINHAKOBBIM IIOBEIEHHEM CBOHX OOBEKTOB BO B3aMMOJEHCTBUSX B OJHUX H TeX
Ke POJIAX C JIPYTUMEH 00beKTaMu (CM. MOCTPOEHUE OTHOIIEHUST B3aMMOJIEiCTBIA).
[Toaromy, ec/in He Bce 0O'bEKThI BbI/IEJIEHHOIO KJacca 00/1a/[al0T OJMHAKOBBIM 110BE-
JIEHHEM, TO pa300beM TaKOil KJIacC Ha HECKOJIBKO, B KayK/I0M U3 KOTOPBIX HOBEICHNE
00'bEKTOB € TOYKHU 3PEHUs B3AMMOJICHCTBHI Kjlacca OYIeT yyKe OJMHAKOBBIM.

YeraHaBINBAEM CBSI3U BKJIIOUEHUsT MEKJLY KJIaccamu. ECam Mex1y 00beKTOM 0, €
€y M OOBEKTOM 0y € €, CYLIECTBYET OTHOLICHUE BK/IIOUYEHNs, TOLa Mbl TOBOPUM 00
OTHOIIEHUH BKJIIOYEHHUsI MEXK/y KJACCAMH Cy; U Cy. MHOXKEeCTBO OTHOINIEHNUH BKIIIO-
YeHUs! KJIACCOB OINpeJesisieTcst Kak Tpoiika kiaaccoB I, = {(¢, ¢y, 1) | ¢z € C, ¢y €
C, ¢ € CU{0}}. Knacc ¢, oupenensoniuii xapakTep BKIIOUEHAS KJIACCOB, IIPH T10-
CTPOEHUH MOYKET OTCYTCTBOBATL. [Ipn 9TOM /11060t 13 00BEKTOB KJIacca ¢, MOXKET
YVYACTBOBATH B OTHOIIEHUH BKJIIOUEHUS C JIOOBIM OOBEKTOM KJAcca C,. Bcam ke
KJIACC C; M KJIACC € — 9TO OJIMH U TOT Ke KJIACC, TOIJa Mbl TOBOPUM 00 OTHOIIEHHN
BHYTpeHHEero BKI0YeHus. OTHONICHNE BKJIIOUEHUS KJIACCOB WHIYIMPYET HA MHO-
xkectBe I, = {(04,00,01) | 04 € Cay Op € Cp, 0] € €1, (Ca,Cpy 1) € I} TPOEK 00BEKTOB
OTHOIIIEHNSI BKJIIOUEHHsI 00beKTOB. [Ipu 9TOM ecin KJIace CBSI3U ¢; He MyCTOM, TO
0] € ¢; ONPEJIETIAETCS eJUHCTBEHHBIM 00pa3oM. B ofIem ciydae MHOKECTBO KJac-
coB obbekToB-cBa3edi oupenensierca rak: Ij(c) = {¢| J¢; : (¢, ¢, ¢) € 1.}. Takum
00Pa30M, MOJIyYAETCH CXeMa KJIACCOB, CBI3aHHBIX OTHOIIEHUSAME BKJIIOUEHUs (T. €.
10Ty 9at0TCst Tpadbl BKIIOYEHUH KJIACCOB).

YcraHaB/IMBaeM CBSI3U HACIEIOBAHUS MKy KaaccaMu U oObeKTaMmu. Boiaensem
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MHOKeCTBO KjaccoB C; € C umeromux obmue cBoiictBa Ac, € A. Eciu ono He
MycTOe, TO PACCMOTPUM MHOXKECTBO 3 CBOWCTB OAMHAKOBBIX JIJIsi COBOKYITHOCTH
B C A¢,. Ecmu B — e mycroe MHOXKECTBO, TO 00bsBJIsIeM HOBBI KJIacc ¢g, B KO-
TOpBII mepeHocuM cBoiicTBa B u3 kimaccoB ¢; € C, co3maeM TaM OOBLEKTH 0p C
COOTBETCTBYIONUMH 3HAUEHUAME Vp 3TUX CBOHCTB (Kak y 00BEKTOB B KJIACCax ¢;),
yCTaHaBJ/JINBa€eM CBA3U HaCJIeJOBaHUA ME2K/1y HOBbIMU O6']3€KTaMI/I op n OCi U CBA3b
HACJIeOBAaHUS MKy KJIacCaMu Cg WM ¢;. KCIM y KJIACCOB ¢; CYMIECTBYIOT OJWHA-
KOBble Heobg3aTe/bHble CBOHCTBA BKJIIOUYEHHs (C OJHUME U TeMH Ke KJIaCcCaMu) I
OHH TIOJIHOCTBIO OIPEIeSIIOTCS 3HAUYEHUSIMI CBOMCTB B /i BCceX 00bEeKTOB ITHUX
KJIACCOB, TO 3TH CBOWCTBA TaKKe MEPEHOCATCSA B KJaacc cg. 1o eCTh, ec/ii paHbIile
KJIACCHI C; BKJIIOYAJIN B ce0sl KJIACCHI Cj, TO TelePb KJIACC cp Oy/leT BKJIIYATh Cj. Ec-
JIX 2Ke 3THU CBONICTBA 3aBUCAT He TOJIbKO OT CBOWUCTB B, TO TOr'la HaJ0 YCTaHOBUTH
CBsI3b BHIOOPA JIJIST KJIACCOB ¢; M JIJIsST 00 beKTOB 3THX KJiaccoB. T. 0. OTHOIIEHWE BhI-
oopa 6yner {Ch = (o.,,05,¢;,¢)| 0o € cg, (cB,¢j, 1) € 1.}, T7ie 0p - POAUTETBCKHIL
00BeKT I O, OT KOTOPOT'O CBA3b BK/IIOYeHU OOBEKTOB U3 ¢; depe3 00bEeKTH U3
€] HACJIELYeTCs.

Jlaytee mMoBTOpPSIEM STOT IIAr, MOKa MOYKEM BBIOpATh HEIYCTOe MHOXKECTBO C; C 00-
IMUMU CBONCTBAMU.

Wcroib3yst BuIIEONUCAHHBIN aJITOPUTM, MbI IIOJIyYUM CTATUUYECKYIO cxemy Kjaccos DIM
qutst mio6oit OD-momenu. VI3 mocTpoennst BUIHO, 9TO OHA Y/IOBIETBOPSIET OTPAHUYEHN-
SIM OIIPe/IeJIEHHOCTH, OJHO3HAYHOCTH W BHIOOpPA, T. €. HAXOAUTCA B HOPMAaJIbHOI (hopme.
JlemMa 1 moka3aHa.

Jlemma 2 (Qunamura ceoticms obsexmos). s moboro momenta t € T cymecTBoBa-
HUs JaHHBIX TPpou3BOIbHON OD-Moae/m, B KOTOPBIH He MOPOXK/IAIOTCA HOBbIE OOBEKTHI,
n 060t Gyuknun [ € F', Buluncagmomeil 3Hadenns cBoiicTe 00bexkToB OD-momenn
B MOMEHT t + 1 10 3HAYEHUsIM CBOWCTB OOBEKTOB B MOMEHT t W TPEILILYIIHEe MOMEHTHI
JKU3HH 3THX 00bEKTOB, CYIECTBYET IOCIeI0BATE/IbHOCTD B3auMoeiictuit by, ..., b, € B
(mOCI6 IOBATEIHOCT MOZKET COCTOSATH U3 OJHOIO B3AUMOJEHCTBHUSI), KOTOPBIE TIO0 COOT-
BETCTBYIOIIUM B MOMEHT { W IIPeIIIeCTBYOIIe MOMEHTHI Ku3Hu 00bekToB OD-Mome1n
npeacrapiaerusm ganabix OD-mozenn ¢ momompio cxembl KiaaccoB DIM, maxomsimeiics
B HOpMAaJILHOIT opMe, ompeiessieT 3HaUYeHHsT CBOCTB 00bekToB OD-Momem B MOMEHT
t+ 1.

Jlokasamenvcmso. Hamomuum onpegenenne dbyuxmuu f € F': (V,, (¢t + 1), V,,(t +
1>7 T ‘/om(t) (t+1>> = f(ta ‘/01 (T11)7 T ‘/;1 (le(1))> ‘/02 (7-21)7 cr ‘/;m(t)<7mk(m)>7 L)’ rae 7j, €

[t;‘j,t], jel,m(t), i € 1,k(j).
[TocTpoum memouky B3ammozeiicTsuii by, ..., b, € B. /g mocTpoeHns KaxK0ro B3a-
UMOJIeficTBIST HEOOXOIMMO OIIPeIeTuTh 00beKThl KaaccoB Omkyda, Ymo, Kyda nu Kax.
[Ipoananmusupyem nponeaypy f s BlIeJIeHUs OCTeI0BATETLHOCTH 00HeKTOB dmo.
st 3Toro cocraBum oprpad, BEpIIMHAMU KOTOPOI'O SBJISIIOTCA H3MEHAEeMble O0bEeKTHI
nponeaypsl O, ..., Opy, @ JyTn, BXOAAIINE B KaKyI0-JI100 BepIINHY-00BHEKT, HAYT OT
JPYTUX BEPHITH-00BEKTOB, OT KOTOPBIX 3aBUCAT OOBEKT IIE€PBOii BEPIIUHbBI (3aBUCHMOCTD
omnpejesisiercss uporeaypoit f). BygeMm roBopuTh, 9To Ta BEpIINHA OMUPAETCS HA JPY-

rue BEPIIMHBI, OT KOTOPLIX oHa 3aBucuT (cM. puc. [5). [oaydenusiii oprpad moxker He
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coJiepzKaTh WIN COJAEPKATh KOHTYDHI (OPHEHTHPOBAHHBIE IUKJIbI) WM HEeTJIH (CM. PHC.
6), T. €. OBITH AMUKIMIECKIM HJIN [UKJINIECKHM COOTBETCTBEHHO.

Puc. 5: Oprpad B pazpese Bpemenu Puc. 6: uxknuueckuit oprpad c
nerjieir 6e3 ydera BpeMeHU

Paccmorpimv 00bexTor O, ..., Oy B paspese Bpemenn. B srom caydae mam op-
rpad mpejicTaBuUM CJEIYIONUM 0Opa30M: 3HAaUE€HUA aTPHOYTOB KaKJIO0TO U3MEHAEMOIO
dyukmnmeit f obbekTa B MOMEHT BpeMmeHu ¢ + 1 3aBUCAT TOBKO OT 3HAYEHUS aTpUOYTOB
HEKOTOPOro Habopa 00beKTOB B MOMEHTHI Bpemenu ¢, t — 1, ¢t — 2 u .11,

Puc. 7: O0bexkThl B paspese BpeMeHn

Anropurmuueckaa uponeaypa f € F' onuceiBaer mepexos 00bEKTOB OT MOMEHTOB
Bpemenn t, t — 1, t — 2 u n.1. K MoMeHTy Bpemenu t + 1 (#a puc. [7/ 310 nepexos depes
IYHKTUPHYIO 9epTY). YIPOCTUM PUCYHOK U OCTABHUM JIJIsl HATJISITHOCTH TOJBKO Te H3Me-
HEeHHs, KOTOpbIe onuchiBaoTcs Gpyukmueid f € F' or 00beKTOB ¢ MOMEHTaMHI BpeMEHH T,
t—1,t—2u 1.0 K 0ObeKTaM B MOMEHT BpeMeHH ¢ + 1.
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Puc. 8: T'pad ¢ ygerom Bpemenu

B rakom rpade ¢ yuerom Bpemenu (cMm. puc. 8) He GygeT KOHTYDOB.

Jng xazkaoro obbexta O1(t 4 1), ..., Op)(t + 1) mocTponM oTgesnbHOE B3auMOeii-
cTBHE. DTO U OYIET nernovdka TpedyeMbIx B3auMogeiictBuit. ObbekTamu Ymo aBIdi0TCS
00bexTbI O1 (1), . .., O (t). ObbexTamu Kyda ABIA0TCA 00BEKTH, BKTIOYAONHE B cels
napsr 00bekToB O1(t + 1) m Oy (t), ... ,Opm)(t + 1) 1 Op(t).

Jng xkazxgoro oobekta O' € {O1(t+1),. .., Oy (t+1)} mpoananmusupyem dbyHKIHO
f € F' u Boigesum obbexror Of, ..., Ok =1,...,m(t) % (t + 1)) or 3nauennii arpuby-
TOB KOTOPBIX 3aBUCAT 3HaueHus arpubyros oobekra O'. 1o yci0BuIO J1eMMbl 3HAYEHNS
arpubyToB 00bexToB O (t +1), ..., Opn)(t+ 1) MoryT 3aBucers oT 3HaUenHuit arpnbyTOB
00'bEKTOB MOJIEJIH B JIO0OM IIPeIbI Iyl MOMEHT BpPEeMeHH.

B ciyuae k = 1 Boigesnnm Ttakoii ejguncrBenHbiii 00bekT 0. O0bekToM Kiacca Om-
kyda Gyaer aBiasiThest 00bekT OF, Brodaommii B cebst oobektor O u O'. Eciin 00bekT
O’ 3aBHCAT TOJBKO OT 3HAYCHUII CBOMX aTpUOyTOB B IPEIbLAY e MOMEHTLL BDEMEHH, TO
obbekT O] u OymeT aBasaThcst 00bekToM O U BBeIeHNe JOTOJTHATETEHOTO BKIIOTAIONIET0
obobekra O He Tpedyercs.

Hng caygas k > 1 BBemem 00bekT Oy, KOTOPBIi OyIeT BKIIOYATH B €e0sT BCe O0BEKTHI

1., 0p mobbekt O'. Onnnm u3 06bexToB O, ..., O} MoxKeT okazaTbcs 0obekT O,
€CJTM CaM OH 3aBUCHUT OT 3HAYEHUS KAKOTO-IM00 CBOETO aTpulyTa B IMIPE/IbIIy 1T MOMEHT
Bpemenn. B takom ciaydae Briodenne oobekra O B 06bekT O) He Tpebyercs. OObekT
Oy 6yaer sBaATHC 00bEKTOM Kiacca Omryda.

B kagecTBe o0bekTa Kak Oyaem Oparh Ty dacth (pyHKIEU [, KOTOpast OMUCHIBAET U3~
menenus oonekta O'. Takzke BraounM B 00beKT Kak Bce 00bEKThI, OT KOTOPHIX 3aBUCUT
n3MeHeHne o0beKkTa Ymo 1Mo aJropuTMHIecKoiil mpormeaype f.

[Mpouenypa f € F' apigercs aJropuTMUYeCKOR M IIO3TOMY MOZKET OBITH ONUCAHA,
nekoropoit mammHoii Triopunra (MT). IToctpoenne OD-moaenn npoussosbaoit MT, Ko-
TOPO# MOXKHO 3aMeHHTDb Iporeaypy f, mokasano B npumepe 1. 3menenus jseatsr MT),
npousBoguMbie MT, MoxkHO ommcars B3aummojeiicrBueM. Ob6bekToMm Omkyda Oyner saB-
narbes Tabaumna [lepexonos, oobekToM Ymo aBigerca YCTpoiicTBO Y IpaBIeHHd, a 00b-
ekroM Kyda Oyner siBiastbes Jlenra [lamsaru. OobexkTom Kak sABIsieTCst aaropuTMIde-
CKasl TPOIeaypa, ONUCaHHAs B npumMepe. B KOHIE 3TOH aJrOPUTMUYECKONH MPOIE/LY PhI
B3aMMO/IeiCTBIE BBIIOJHAET IIPOBEPKY, HE HAXOAUTCA JIH B 0003peBaeMoiil sdeiike ChM-
BOJI OCTaHOBa. Ec/in HeT, TO BBRI3BIBAETCS TO Ke caMoe B3anMoeiicrue. Takum obpazoM,
opraHuzyercsa nukja padorsr MT.



O6mbekTnags CYB/I JIVIM u ee ocHOBHBIE KOHIIEHITAN 89

Mbl nokasza/ju HPUHIMITUHAJIBHYIO BO3MOXKHOCTH CYIIECTBOBAHUS I0CJI€/I0BATEIHHO-
CTW B3aNMOJEHCTBHAN (I/IJII/I BSaHMo;LeI?ICTBHH), cooTBeTcTBYOmuUX mpoueaype f. Hepaxkno,
OKa3bIBAIOTCS JIM 3TH B3aUMO/IEHCTBUS PAIMOHAIBHO MOCTPOEHHBIMA WU HeT. Bo3MoxkK-
HOCTDb PAIMOHAJIBLHON peau3alii 3aBUCHT OT HPEJIMETHOI 00JIacTH, U ee PeIIeHuo0 Mbl
He yneaseM BHUMaHUd. JlemMa 2 jJoKazaHa.

Jlemma 3 (Qunamura 0bsexmos u kaaccog). st moboro momenta t € T cyuecTBo-
BaHUSsI JAHHBIX TPOU3BO/IbHON OD-Moe/11, B KOTOPBIN MOPOKIAIOTCSA HOBBIE OO0 BEKTHI, U
moboit dyakuun g € F”, onpenensiomeii muoxkectso O; 06bEKTOB, KOTOPBIE IPEKpalia-
0T CBOE CYIECTBOBAHHE B MOMEHT t, 1 MHOKeCTBO ;1 00bEKTOB, KOTOpPble HAYHMHAIOT
cBOe cyliecTBoBaHue B MoMeHT t 4 1, cymiecrByer cxema KJjaccoB DIM, omnuceiBarorias
o00bexkThl OD-Moe/m B MOMEHT ¢, M IIOC/I€I0BATE/IbHOCTD B3auMoAeiicTuii by, ..., b, € B
(moc/1e I0BATEILHOCTh MOKET COCTOSITh U3 OJHOIO B3aMMOJEHCTBHsI), KOTOPBIE 110 COOT-
BETCTBYIOIIUM B MOMEHT t W IIPeIIIeCTBYIOIIe MOMEHTHI KU3HH 00beKToB OD-Moemn
npejacTaBiaeHusaM gaHHbX OD-Momenn ¢ moMombio cxeMbl KiaaccoB DIM, Haxoasgmeiics B
HOPMAJIBHOI (bopMe, ompeaeseT ¢ MOMOIIbI0 OTHOIIEHNS UCTOPUN 00BEKTOB U KJIACCOB
DIM cxemy kaacco DIM B moment t + 1, coorBercTByomyio obbexktam OD-momenn B
moMeHT t + 1.

Zloxazamenvcmeo. CymiecTBoBanue cxeMbl KjaaccoB DIM i MoMeHTOB BpeMeHu ¢ u
t+1 nmokazauno B Jlemme 1. CBsA3b IBYX OOBEKTOB B COCETHUE MOMEHTBI BpEMEHH (HAIPH-
Mep, t u t + 1) onpegensiercs orHomeruem ucropuu DIM. DTo oTHOUIEHHE ONpeIesIeT
00 bEKT-TIPE/IMNECTBEHHUK Oy)q € (¢, 00BEKT-TIOCTIET0BATEND Opeyy € Opy1 U MOMEHT W3-
Menenust t. Jj1s K/1acCOB aHAJOTUIHO OMPEIETEHBI Cold, Cpew U t, TAKHE UTO Ogyg € Coig U
Onew € Cnew-

[TocTpoum mnenouky B3ammojeiicTBuit by,...,b, € B, yIOBJIeTBOPSIONIUX YCJIOBHIM
Jlemmu, 3. J1jist IOCTpOEHUs KarxK /100 B3aUMO/IEHCTBIST HEOOX0UMO OLPE/Ie/INTh 00beK-
ol KJ1accoB Omxkyda, Ymo, Kyda u Kax.

Paccmorpuym Bce 00bekThl 01(t + 1), ..., 0m@)(t + 1), KoTOpBIE OB CO3JAHBI B De-
3yJbTATe BBHIIOJTHEHUS (DYHKIHH (.

Jng kaxzaoro oobekra 01(t + 1),..., 0m@(t + 1) mocTponM oTIeIbHOE B3aMMOIEi-
crBue. D10 u Oyjer Tpebyemas nenouka s3ammoseiicrsuii. Kaxaptii oobexr o (t + 1) €
{o1(t+1),...,0m@p(t+ 1)} sBasiercss obbexToM Knacca Kyda.

[Ipoananu3upoBas (GYHKIMIO ¢ U OTHOIIEHHE UCTOPHU KazKj0ro oobekra o (t + 1) €
{o1(t +1),...,0m@u(t + 1)}, BolgesuM oObeKTH mpeaulecTBeHHUKN 00bexTa o (¢ + 1).
Obosnatum ux 0y(t), ..., 0, (t). O6bexrom Kracca Omxyda Gyfer ABIATBCA 0OBEKT
o’ (t), Brmoyatonnii B cebst 00beKTbL 0 (1), . .., ), 4 (D).

O6bekTom Kiaacca Ymo Beictynur oobekT 0" (), BrIUaomuii B cebst 00bEKTHI
01(t), -+ - s O ) (8) 1 0OBEKT O (¢ + 1).

B kadectBe obbekTa Kak Oyaem Oparb Ty 4YacTh (DYHKIHUH ¢, KOTOpas OMNHCHIBAET
poxkjienne obbekTa o' (t + 1) u cMepTh ero 0G'beKTOB-TIPE IIIeCTBEHHUKOB.

[Tpouenypa g € F” aBnsgerca aaropuTMHUYECKOR M II09TOMY MOKET OBITH OINUCAHA,
rekoropoit mammHoit Triopunra (MT). IToctpoenne OD-moaesnn npoussosbaoit MT, Ko-
TOpPO#l MOZKHO 3aMEHHUTh MPOIEAYpPy ¢, MoKa3ano B mpuMepe 1. V3menennsa neater MT,
npousBoguMbie MT, MoxkHO omucars B3aumojeiictBueM. Ob6bekToMm Omkyda Oyner saB-
narbes Tabnuma [lepexonos, oobekToM Ymo gBigerca YCTpoiicTBO Y IpaB/ieHHd, a 00b-
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ektoM Kyda Oyner sBastbes Jlenra [lamsaru. OobexkTom Kak sABIsIeTCsl aaropuTMEIe-
cKasl 1mporeaypa, olucaHHasi B npuMepe. B KOHIlE 9TO# aJropuTMUYIECKON POy ph
B3auMO/IeiiCTBUE BBIIOJIHAET MPOBEPKY, HEe HAXOJUTCS JIH B 0003peBaeMoil s4ueiike CUM-
BOJI OCTaHOBa. Ec/in HeT, TO BBI3BIBAETCS TO XKe camoe B3ammo,ieiicTBre. Takum oOpa3oM,
opranuzyercsa nukja padorsr MT.

Mpb1 mokazaan TPWHIMATHAIBHYIO BO3MOYKHOCTH CYIIECTBOBAHUS IOC/IEI0BATEIHHO-
CTH B3aUMOJIeiCTBHil (MK B3aNMO/IefiCTBHUS ), COOTBETCTBYOIIUX mpoteaype g. HeBazkHo,
OKa3BIBAIOTCS JIX STH B3aMMO/ICHCTBHSA PAIMOHATHLHO IOCTPOCHHBIMU WU HeT. Bo3MOXK-
HOCTH pallMOHAJILHON peain3aluu 3aBUCUT OT IIPEJIMETHON 00/1acTh, U €€ PEHICHUIO MbI
He yjessieM BHUMaHus. Jlemma 3 jjoKa3aHa.

[Tposeem jroKazaTe/bcTBO TeopeMbl 0 mosiHoTe DIM ¢ momorpio MaremMaTndeckon
WHAYKIIUH:

1. Ocnosanue undyryuu: memMa 1 mo3BoJisgeT 3a1aTh cxemy kiaaccoB DIM mma mo-
meHTa tg = 0.

2. Ilaz undykyuu: JeMva 3 O TPOW3BOJILHOMY MOMeHTY t € T’ mo3BOJSIET Ompe-
JIEJIATHh CXeMY KJIACcCOB B CJIEJIYIONINIT MOMEHT BpeMeHm ¢ + 1 u B3auMoeiicTBus,
CTPOSIIIIHE COOTBETCTBYIOININE OTHOIIEHUS UCTOPUU KJIACCOB U OOBEKTOB B MOMEHT
t+1, a memMma 2 03BOJIET OLPE/IEINTD B3AaUMOAEHCTBIS, ONPEIEJIATOIINe SHATEHU ST
CBOWCTB 00bEKTOB B MOMeHT t + 1.

Takum o6pa3oMm, ¢ MOMOIIBIO HHIAYKIIUN YTBEpKIeHne TeopeMbl o mojnore DIM mo-
Ka3aHo.
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Object DBMS DIM and its main concepts

Pisarenko D.S., Roublev V.S.
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The article deals with the substantiation of main concepts of a new type DBMS
that allows to make a sufficiently informational description of complex discrete dynamic
models.
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