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Approaches to the determination of model time in studies of developing systems are discussed. The
possibility of setting the global time of the system using the local times of its elements, understood as
protocols of events in which they participate, is shown. Combining all such protocols leads to a partial
order of events. It is proposed to use this order as the global time of the system. The correctness of
such a definition of time is shown, as well as the fact that it is well combined with the use of an event
control mechanism in simulation models.
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O06Cy»KIaI0TCS TTOAX0ABI K OTPEIeIeHNI0 MOIEIBHOTO BPEMEHN B WCCIEAOBAHUAX PA3BUBAIOIIIXCS
cucreM. [lokazama BO3MOKHOCTD 3aJaHNAs [T0OAILHONO BPEMEHH CHCTEMBI ¢ MIOMOIBIO JOKAJILHBIX

BpEMEH €€ JIEMEHTOB, TOHNMAEMBbIX KaK ITPOTOKOJIbI CO6bITI/II71, B KOTOPBIX OHU Y9IaCTBYIOT. O6’be,ZLI/I—

HEHUE BCEX TAKUX MPOTOKOJIOB MPUBOIUT K YaCTUYUHOMY MOPSJIKY cobbiTuii. IIpemmaraercs: ucmoib-
30BaTH ITOT MOPAMOK B Ka4eCTBe II0DATbHOrO BpeMenu cucrembl. [[okazana KOPPEKTHOCTH TAKOTO

OIIpeJie/IEHNs] BPEMEHHU, a TaKyKe TO, YTO OHO XOPOIIO COYETAETCH C UCIOJIB30BAaHUEM COOBITUHHOTO

MEXaHU3Ma YIPABJICHUA B UMUTAITUOHHBIX MOAECTIAX.

KiroueBbie cJioBa: JIOKAILHOE U IJ100AJIHEHOE BpeMd; OTHOIECHNE YaCTUIHOT'O IMMOPAJKA Ha MHO-

JKeCTBe COOBITHU; COOBITHSA, PEAKIIUs IJEMEHTOB Ha COOBITHS; TPOTOKOJIBI COOBITHIA.

Umo A UBMEPAIO 6PEMA, IMO A 3HAI0, HO A HE MO2Y UIMEPUMD
bydyuezo, ubo €20 eule Hem; He MO2Yy USMEPUMD HACMOAULE20, NO-
MOMY UMO 6 HEM HEM OAUMEADHOCTNU, HE MO2Y UIMEPUMD NPO-
WA020, NOMOMY MO e20 Yoice Hem. dmo owce A uameparo? Bpemas,
KOmopoe nporodum, Ho euie He NPouLo?

Aespeauti Aseycmun (354 — 430). Henosedw [1]

BBenenune. licciiejioBanue pa3BuBaIONMIEHCd CUCTEMbl METO/JAMHU MOJEJIUPOBAHUS BCEIJa
npeaycMaTpuBaeT, 4YTO B MOAECJBbHOM IIPpEACTAaBJICHUUN PA3BUTUA OTPAXKAIOTCA H3MEHEHUA pPe-
AJIBHOI CHUCTEMBI, TPOUCXOJANINE B HEKOTOPbhIEC MOMEHTBI BPDEMEHU €€ CyIIeCTBOBaHHA. Hpouec—
CBI, 0DeCIIeYnBAIOIIIEe PA3BUTHE, HAUMHAIOTCS, BRIIIOJHAIOTCS W 3aBEPIIAIOTCS B OLPEIeIeHHBIX
BPEMEHHBIX PaMKaX, 9TO CaMo 10 cebe yKa3bIBaeT Ha HeOOXOAUMOCTDH MOIEJINPOBAHNUS BPEMEHH.
O HaKO 37eCh BayKHbI HE CTOJBKO Yachl, MUHYTHI U T.II., CKOJIbKO TaKHe CBOMCTBA KaK B3aMMO-
BJIndHUE U CUHXPOHU3alud IMOBEAeHUd IJICMEHTOB CUCTEMbI, DA3BUTHUEC I10/] BOS,ZLteICTBI/IeM CO6bI—
TH#, BHENTHUX IO OTHOIIEHUIO K MOJICJIMPYEMON CUCTEeME NI NPOJIYIIUPYEMBIX €€ 3JIeMeHTaMH.
VHBIME cJTOBaMU, HA MOJI€JIBHOM yPOBHE Oojiee CYIeCTBEHHBI B3aNMOI€CTBHS 3JIEMEHTOB, IeM
MOMEHTHI abCOTIOTHOrO BpEMEHH, KOTIa 3TH B3aUMOIEHCTBHSI IIPOUCXOISIT.

VccnenoBanus BBIMOJHEHBI B paMKax rocyrapcrsertoro 3aganns UBMu MIT CO PAH 0251-2021-0005.

© . H. Ckonun, 2023
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[Ipobiema a/IeKBATHOTO OTPAYKEHHS BPEMEHHU B MOJIEIAX OYeHb BayKHA, JI/14 JIFOOOTO MOIX0/1a
K U3YYEeHUIO0 IpoTeccoB U gBaeHnit. Ho Korma m3ydaroTcd pa3BHBAIOIIAECS CHCTEMBI, OHA IPHU-
obperaeT ocoboe 3nadenue. OOIel 3ajadeil B TAKUX CAyYAAX SBISETCS PEKOHCTPYKIIHS WJIH
UMUTAIUS TOBEJIEHUST CHCTEMBI KaK B3aMMOEHCTBHS ee 3JIeMEeHTOB BO BpeMeHH. Kak ciieacTBue,
TpebyeTcs KOHIENIU MO/IE/ILHOIO BpEMEHH, KOTopas 0TpazkaJia Obl peajJbHOCTh COIVIACOBAHHO
C B3aNMOJIENCTBUAMU.

OnHOM U3 TJIaBHBIX IeJIel pepIaraeMoil paboThl IBISETCSA MOCTPOEHNE W 0DOCHOBAHNE Ta-
KOU KOHIIEIIIIMH. DTOH MeJHu HOIUrHIeTCsS CTPYKTYpa u3JioKeHus. B ciepyroniem pasjiene mpu-
BOJATCS CBeJIeHUs O PA3JIUYHBIX THUIAX MPEACTABICHUN BPEMEHHU, UCIOJAb3YEeMbIX IIPUA MOJEJIN-
pOBaHMUK, B YaCTHOCTHU, IIPU M3YUYEHUHM PA3BHBAIOMIMXCs cucTeM. Pazjesn 2 yTodHsieT HOHATHs,
XapaKTepHU3YIOIe CHCTeMY KaK Pa3BHBAIONLYIOCA. B HeM Tak:Ke ONHUCHhIBAETCS MEXaHU3M COOBI-
T, yIIPABALIONIAN B3aUMOJIECTBUEM 3JIEMEHTOB, KaK METO/I OIIPE/IE/IEHUS BPEMEHU B MOJIEJISAX
paspuBalomuxcst cucreM. Ilociemyromue pasaens 3—6 MOCBSIIEHBl (hpOpMATU3AIUN Tpejiiara-
eMofl KOHIICNIIUU OlepupoBaHus uHdOpMaImeil, oTHOCAIIecs K BpeMeHH B MOJEISIX Pa3BH-
Baromuxcd cucreM. Paszjiesn 3 000CHOBbIBAET MCIIOJIb30BAHUE JIOKAJBHOI'O BPEMEHHU 3JIEMEHTA
CHCTEeMBbI TIPU COOBITUIHHON OpraHu3alum B3auMOJEHCTBUI B MOJEIbLHOIN cucTreMe. B deTBep-
TOM pa3/ieie BBOJAUTCH MOHATHE PA3BUTHUS 3JEMEHTA U CBI3aHHBIX C HUM IIEPEXOJ0B U3 OJHOT'O
COCTOSTHUS B Apyroe. Pa3zmes 5 mocBdlmeH J0Ka3aTelbCTBY KOPPEKTHOCTH MCIOJIb30BAHUS da-
CTHYHON YIOPSI0YEHHOCTH COOBITHII B KadecTBe OCHOBBI ONpEJIe/eHHs JOKAJIBHOI'O BPEMEHH
snemenTa. IllecToii pa3men 3aBepinaeT 10Ka3aTeIbCTBO (pOpMaIbHON KOPPEKTHOCTH Tpeaara-
eMOil KOHIIEIIIIUN U TIOKA3bIBAET, KAKOe 1/100a/bHOe BPeMS MOXKHO OIPeeaTh P COObITHITHOM
yupasjieHnn. B Sak/ro4eHnn mpeicTaBaeHbl CBEIEHNS O JAPYTUX MOAX0AaX K MOIEINPOBAHUIO
BpeMeHH, KOHIICNTYaJIbHO OJIM3KHUX K pa3BUBaeMOil KOHIENIuu. B HeM Takke IPUBOIUTCI MO-
TUBAIUs TOrO, KaKO# MHCTPYMeHTapuil Tpebyercs JJId MOIIEPKKU MPeI1aracMoil KOHIEIIIHH
IpU MOJAEJIUPOBAHUMN.

1. BapuauThl mpejacTaB/JIeHUS BPEMEHU MPH MOAEJUPOBaHUU. B ji0060M 110/1Xx0/1€e
K MOJIeJIMPOBAHNIO HEOOXOMMO pPa3/imdaTh TPU BapUaHTa MPEJICTABICHUA BPEMEHU, TaK WJIN
MHate UCIOAb3YeMBIX IIPH MOCTPOCHIH MOJe/eil I IPOBeIeHIH PacIeToB :

1) Peaavroe epems, B KOTOPOM MPOUCXOMUT (DYHKIIMOHHPOBAHUE U3YYaeMOr0 00bEKTa — 3TO
BpeMsd peaJibHOU CUCTEeMbl, MOJIEJIb KOTOPOU CTPOUTCA 14 NPOBEJICHUA UCCJIEIOBAHNL;

2) Modeavoe epema, B Macirabe KOTOPONO OPraHU3YIOTCS SKCIEPUMEHTAIbHBIE DACYeThl
MOJIEJIH — 3TO OTPAKEHIE PeaJbHOTO BpeMEHH B KOHCTPYHUPYEMOi MOesIn (€ro 9acTo Ha3bIBAOT
CHCTEMHBIM BPEMEHEM, YTO, Ha Halll B3IJIsi], MOXKeT ObITh TIOHSTO He COBCEM KOPPEKTHO);

3) Mawurnoe spems, OTpayKarolee 3aTPaThl BDEMEHH BBIYHCIUTENsI HA [TPOBEJICHHe MMU-
TaIllid — STOT aTpUOYT 0COOEHHO BazKeH IIPHU UCIIOJB30BAHUK MOJIe/e, a1eKBaTHOCTh KOTOPHIX
CYIIECTBEHHO 3aBUCUT OT 00'b€Ma BBIYUCJIUTEIbHBIX PECYyPCOB, 3a/1eiiCTBOBAHHBIX B pacyeTax.

PeanibHoe Bpemst /151 nccJie IOBaHUs SIBASIETCS aTPUOYTOM MJIH HADJII01aeMOi XapaKTepPUCTH-
KOI MOJeInPyeMoro o0bekTa B IeJI0M, KOTopasi (DUKCUPYeT PaMKHU Pa3BUTHS CUCTEMBbI, TPE/I-
CTaBJEHHOI'O B BHJIC IIOBEJICHHUS €€ JIeMEHTOB. B OOJIBIIUHCTBE CJIyYaeB peajbHOe BpeMs HC-
MOJIB3YeTCd KAK NCTOYHUK 3HAYCHUU BPEMEHHBIX TapaMeTPOB MOJICIIA B IEJIOM U €€ 3JIEMEHTOB,
oTpazkKasi IPUINHHO-CJIeICTBEHHBIE CBa3u. [Ipn HEOOXOAUMOCTH MOIETUPOBATL PeaTbHOE W,
4TO TO K€, GOCOMOMHOE BPEMA PEASIHLHON CUCTEMbl €CTECTBEHHO IPEJICTABIATD €r0 CTPYKTY-
poii maHubIX, PopMUPYeMOii 110 HHMOPMAIMU O MOPSJIKe B3aUMOIEHCTBIN 3JIEMEHTOB, T. €. KaK

! Mer JlaeM ONpenesieHnd BapuaHTOB IIPEICTABJIEHN I BPEMEHN N3 [2], YTOYHUB UX /11 OOJIBIITErO COOTBETCTBUS
npejiaraeMoil KOHIIEITAN.
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CTPYKTYPY, TJI00AABHO JOCTYIHYIO BCEM dJI€MEHTaM CHCTeMbI IPH BBITOJHEHHH UX JIOKAJbHBIX
JIeACTBHI.

BeiGop 1m0ax0/1a K 33JaHUI0 MOJETHHOINO BPEMEHH O4YeHb HEOJHO3HAYEH (CM., HATPHMED,
[3]), HO ecyin pasBUTHE CHCTEMBI CBS3BIBATH ¢ AKTHBHOCTHIO W B3AUMOJICHCTBUIME 3J€MEHTOB,
TO CTAHOBHUTCS OYEBHUIHON HEOOXOIUMOCTH COLJIACOBAHHO OIPEIE/ISITh JIBA BHUJIA MOIEIBHOIO
BPEMEHU: AOKANDHOE BPEMSA JIJIA KAZKIOTO IACMEHMA U 2A4000AHOE BPEMA CUCMEMbYL B TIETOM.
Krogesoe TpeboBanme 3/1eCh — CONIaCOBAHHOCT.

Enunoe st Bceobiero ynorped/ieHus BpeMs deoBeYecKrue COODMIECTBA MPHIYMAJIH eIe
HA 3ape CBOEro CYIEeCTBOBAHUS, U MOITOMY HCIOJIb30BAHUE €TI0 I CUHXPOHUBAIMH COOBITHH,
HPOUCXOAANIUX IPH (DYHKIMOHUPOBAHUN MOJEABHON CHCTEMBI U €€ JIEMEHTOB, KaXKeTCs ecTe-
crBeHHbIM. K coxkajenuio, rimobaabHoe BpeMs MpHU KaKOM Obl TO HEU OBLIO €ro Onpe/le/IeHuH
cTpajaeT n30BITOYHOCTHIO, 00YCJIOBJAEHHOW TeM, 9TO MPUXOINTCSA OTCJIEKHUBATH HE TOJHKO CO-
OBITUsI, HO U XOJ BpEeMeHH, T.e. PeajibHO HecyIlecTBYIONero remeparopa Bpemenu. Ho xyxke
JIpyroe. 9TOT MEXaHU3M He CIPABJILeTCd ¢ 3aJadeil COT/IaCOBAaHUSA JeHCTBUNE 9/IEMEHTOB CUCTe-
MbI. Bo-11epBbIX, TepsieTcss CBOMCTBO aKTYaJbHOCTH COOBITUN — BCEIa HPHUXOJIUTCS CBEPITHCS C
OTYYZKIEHHBIMHI OT JIOKAJbHON IMOCAEI0BATEIbHOCTH JeHCTBUI 3JIEMEHTa, < MUPOBBIME 9aCaAMU»,
a BO-BTOPBIX, HE TOCTUTAETCs TpebyemMast TOUYHOCTh YKa3aHUs OJHOBPEMEHHOCTH W TIOC/IeI0Ba-
TEeJIbHOCTH BBINIOJIHEHUA HECKOJIbKUX JEHCTBUN, 3aBUCAIINX JAPYT OT JIPYTa, T. €., KOIJIa OJHU U3
HUX IPOU3BOJIAT JAHHBIE JIJIsT IPYTHX. B TaKuX ciydasx CIIPaBUTHCS ¢ 3aBUCHMOCTIME He IIOMO-
rajoT HHU COLVIAIIEHHE O «MIHOBEHHOCTH» JeUCTBHUil, HM PaCCMOTpPEHHE HeIeTePMUHUPOBAHHOTO
HOBEJIEHNS — B PeajbHON »KU3HU UMEHHO 3TOTO J0CTATOYHO. [109TOMY NPHXOAUTCSA JOMOJHATD
MOJIe/Ib BPEMEHH CIEIUAIbLHBIMI KOPPEKTHPYIOMUMHI COTJIacOBaHUIMI. Ecn Tak, To He mpoIie
JIM OTKA3aThCs OT UCUUCICHHS PA3HBIX BPEMEH, KOTOPOe MaJjIo 4TO JIaeT s COLJIacCOBAHUS II0-
psiIKa MOJEIBHBIX JeficTBuil 1 cobbiThii? Bostee moapobHoe obcyxkaenne mpodiieM rj106aabHOro
BpPEMeHH MOYKHO HallTh B padore [4].

[Ipu mocTpoeHnn Momeseil pa3BUTUsI MAIIMHHOE BPEMSsI, 3aTPpaIUBAEMOe Ha IIPOBEJIEHHE MO-
JIEJIBHBIX PACYeTOB, JUMATHPYET KOJNYECTBO BAPHAHTOB TPAEKTOPHUIl PA3BUTHSA, KOTOPHIE VIa-
eTcs MpoBepuTh. Kpome Toro, Korjaa B MOJIEJIH UCIOIb3YeTCsd UMHUTAIMS HEeIPEPBIBHBIX IIPOIEC-
COB, OIHCHIBAEMbBIX JU(PPEePEHITUATHHBIME U UHTEIPAJbHBIME YPABHEHUSMHU, BMECTO TOYHOIO
peleHusi KOTOPbIX BBIYUCISIETCS ero allpOKCHMAIUs, KA9eCTBO Pe3yIbTaTa MOYKHO HMOBBIIIATD
3a CYeT UCIOJIb30BaHusI Oojiee MPOU3BOANTEILHOIO BEIYUCANTEILHOIO 000PyI0BaHUs. Y Ka3aH-
HbIE 00CTOATEIHCTBA BAUAIOT Ha aJeKBATHOCTH IIPOBOINMOIO NCCJIEI0BAHNSI.

2. MogeanpoBaHue pa3BUBAIOMINXCSA CHUCTEM U COOBITUIiHOE yrpaBjeHmne. Cucre-
Ma (JIp.-Tped. ovuoTnuQ <IeJioe, COCTaBJeHHOe U3 4acTeil; COeMHeHUe» ), COMJIACHO OMpejIe-
JIEHHI0 BOJBIIOro poccuiicKoro HIMKJIONETHIECKOTO CJIOBaps, «3TO MHOXKECTBO 3JJIEMEHTOB,
HAXOIAIINXCSA B OTHOIIEHHMSIX W CBSI3SIX JAPYD C APYIOM, KOTOpOe 0Opasyer OUpee/eHHYIO Iie-
JIOCTHOCTb, eIHHCTBO» [5]. B mpuBe1eHHOM TOJKOBAHUN TIOHSITHSI CHCTEMbI OTPazKeHa OBIIHOCTD
pPa3sHOOOpA3HBIX CYIIECTBYOIIMX €r0 ONPEIEJeHHI: MOKHO CKa3aTh, YTO MPAKTHUECKH BCEra
CHCTEMbBI COCTABJSIOTCA U3 JIEMEHTOB U CBdA3€il, CYyTh KOTOPBHIX (DUKCUPYETCHd B JaJbHEHIINX
YTOYHEHUX.

[IpuMeHUTETBHO K 3a1a9aM MOJEIUPOBAHUS CAEIyeT ONpeaeasaTh OTHOBPEMEHHO JBa BHJIA
CUCTEM:

1) peasbHO CyIIECTBYIOIIASA U3yYaeMas CHCTEMA — PeaabHull 00BeKm NCCIeOBAHUS U

2) modesvrasn cucmema — apredakT, OTPaKAOIIU CBONCTBA U HOBEEHHE DEATbHON CH-
CTeMBbI, OIIpejie/IeHHbIe JIJI HCCJIeJOBAHUS.
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B pamkax mpejraraeMoil KOHIIEIIIUU CUUTACTCHA, YTO peajbHas CHUCTEMa ABJISACTCH Pa36uU-
sarwumca obsexmom. Pa3Burue — 3T0 H3MeHEHHE CUCTEMBbI, KOTOPOe OCYIIECTBISETC IO
BO3/IefiCTBUEM AaKTUBHOCTH €€ JIEMeHTOB W BJIUSHUN OKpYy:KeHusd. VI3MeHAIOTCS Kak 371eMeHT-
HBIIl cOCTaB CUCTEMBI, TaK €€ CBOHCTBa M CBOHCTBA ee 3JIEMEHTOB, B TOM YHUCJEe CBA3U MEXKIY
sjeMenTaMu. B 910l ¢BA3M B KauecTBe 1eJieil uce/ieI0BaHus CUCTEMbl MOZKET ObITh BHIOPAHO 10-
CTpOEHNE IIPOTHO3a WJIN BBHIABJICHUE 3aKOHOMEPHOCTEH M3MEHEHUN CHCTEMBI, T. €. 3aBUCHUMOCTD
ee Pa3sBUTHS OT CBOWCTB JIEMEHTOB, UX B3aUMOJICHCTBIS MEXKJIy COOOi U C OKPYZKeHWeM, NHade
— €O cpefiolt PYHKIIUNOHWPOBAHUS.

Modeavrasa cucmema — 3T0 0OBEKT, KOHCTPYUPYEMBIH IS UMATAIINA PA3BUTHUS PeATbHO-
ro o0'beKTa, KOTOpasi IPOIle Jijis BbIIBJIEHUS 3aKOHOMEPHOCTEH 3a cueT abcmpauposarus O
3JEMEHTOB W CBs3€il, paccMaTpUBaeMbIX KaK HecylecTBeHHbie. [lo cpaBHEHHIO C peajbHBIM
00 beKkTOM MHGOPMaIKsd, ToJaydaeMas O MOJIEJIbHON cucTeMe ¢ MOMOIILIO HAOJIOIeHI , M3Me-
peHwuil, IKCIIepUMEeHTOB, OKa3bIBaeTcd Hoslee JOCTYIMHON /I aHATUTHYecKO# paboTsl. Ecan abd-
CTparHpOBaHNe OT HECYIECTBEHHOTO MPOBEJIEHO aJeKBATHO TPEDOBAHUSAM K HCCIETOBAHUIO, a
HAOJIIO/IEHUS BBIIOJIHAIOTCSH KOPPEKTHO, TO 1EPEHOC Ha peasibHblil O0bEKT BbISIBISEMbIX 3aKO-
HOMEPHOCTEH pPa3sBUTHSA MOJEAbHONU CUCTEMBI OyJIeT MIPAaBOMEpEH.

DJIEMEHT MOJEILHOW CUCTEMBI BBIJENSETCS B HEll CBOUM ampudymueHbim npedcmasieti-
em, JOMYCKAIOIINM Tepelady JaHHBIX W MeTOJOB JJid BBIIOJHEHUs IefcTBUil, HeOOXOTMMBIX
IpU ONEPUPOBAHUU C MOJeJNbI0. B aTrpubyTHBHOM MpeJcTaBIeHUN COXpaHseTcs WHMOOpMAaIus
00 OTHECEHUN JIEMEHTa K ONPEeJeTeHHOMY THITY, & TAKXKe O CBA3AX MEXKIY dJeMEHTAMH — OT-
HOIIIEHUSAX C JIDYTUMU 3jIeMeHTaMu. THIlbl CBA3€H 3JIEMEHTOB PeaJbHOI0 00bEKTa OYeHb PA3HO-
0o0pa3Hbl U MEepeMEeHYNBbI, HO eIlle J0 Havdajia UCCIe0BAHNA OTOUPAIOTCA T€ 3JIEMEHTHI M CBA3H,
KOTOpBbIe IIPUHUMAIOTCA 33 CYIIECTBEHHbIE — CYIIECTBOBAHUE OCTAJBHBLIX aCIeKTOB peaJlbHbIX
00 beKTOB HTHOPUPYeTcs. B pesyapTaTe cTponuTces, a ToOUHee, BRIOUpaeTcd TpedyeMast I n3yde-
HUS PEATHHOr0 O0BEKTA dTeMeHTHAd dekoMno3uyus, KOTOPYIO B TajdbHeleM Oy1eM Ha3bIBATh
n3yvaeMoll peaavroll cucmemot.

B mozesibHOM 00bEKTEe 3JIEMEHTBI, UX CBOIICTBA W CBA3M HE BLIOMPAIOTCH, & KOHCTPYHUPY-
I0TCA C UCIOJIB30BAHUEM IMOHATHNA U OOBEKTOB Y Ke CYNIEeCTBYIONIEHl CHCTeMbl MOHATUN W WH-
CTPYMEHTOB HX coveTaHUs. Takum 00pa3zoM cTpouTcs MojieabHas cucteMa. Kputepuem orbopa
COCTABIAIONINX JJIS MOJAEAbHON CUCTEMBI 3JIEMEHTOB ABJIAETCd TO, YTO, UCIIOJIb3Ys UX CBOHCTBaA
U CBS3U, peajibHas CUCTEMa, IPEeJICTAB/ILONas n3y4aeMblil 00beKT, MOXKET ObITh PEKOHCTPYU-
pOBaHa KaK CaMOCTOATENbHAA CTPYKTYPA, JOIMYCKAIONMAS B3aNMHO-OJHO3HATHOE COOTBETCTBHE
MEZKJIYy M3y4aeMOW peasibHOW W MOJEJTBHON CUCTEMaMU.

Korma obbekToM nceienoBanus ABIsSeTCd PA3BUBAIONIAICA CUCTEMA, TO MOCTYIUPYeTCsd, YTO
9JeMEeHTBI CUCTEMBI MOTYT BBIIOTHSITH ONPeieJIeHHbIe deticmeus: CO3JIaHre U YHHUTOKEHTE dJ1e-
MEHTOB, U3MEHEHUE CBOUX CBOHUCTB U CBA3e#, a8 TakKKe CBOUCTB U CBA3€H APYIUX 3JIEMEHTOB.
CyIecTBEHHO TO, YTO TPHU PA3BUTUU CUCTEMBI IOCTYITHBIE JIJI BBIIOJHEHUST TeHCTBHS MEHSTIOT-
cd. [oaToMy HY?KHO FOBOPUTH O MOCJIEIOBATEILHOCTH cocmoanut dnemMenta. Kaxkjioe n3 Hux
XapakTepusyeTcs HaOOpOM JOMYCTUMBIX JIeHiCTBHIl, KOTOPBIE 3JIEMEHT, HAXO/IACh B 9TOM COCTO-
SHUU, MOKeT BBINOJHATH. COCTOSHUE — 3TO 0CODOTO POJA CBOUCTBO 3J€MeHTa, JUHAMHYECKN
MeHsIoTIeecs B Xo7e (DYHKITMOHUPOBAHUS CHCTEMBI.

[Toustue cocrosinus 37eMeHTa MOJAEIbHON CUCTEMbI XOPOIIIO COIJIACYETC ¢ TAKUM K€ ITOH -
THEM peaJibHOoil pa3BuBaloleiicsd cucreMbl. bojiee TOro, caMo pa3BUTHE CUCTEMbI MOZKHO TPaK-
TOBaTh KaK 00'be/INHEHNE TTOCTeT0BATETbHOCTEN CMEH COCTOSHUII BCeX ee 37eMeHTOB. B peasib-
HBIX CHCTEeMaX TaKoe OObeJWHEeHHe JOCTHTAeTCs 3a CUeT MPUBA3KH CMEH COCTOSHHH K eTHHON
BPEMEHHO# ocH, 9TO, KaK OBLIO MOKA3aHO BHIIIE, HEJOCTATOYHO JIJII CHHXPOHH3AIUU B3aUMO-



U H. Cxonun 7

JefCTBUIl B MOJIEJIBHBIX CHCTEMaX. 37eCh TpedyeTcsi OTparKaTh B MOJEIN MPUIHHBI TEPexoa
3JIEMEHTa U3 OJHOIO COCTOAHHUA B APYroe: B XO/e IPOBeJIeHUd MOJEC/IbHBIX PacdeToB 3JIEMEHT
JIOJIZKEH TOJIYYUThH CUTHAJ O HEOOXOIUMOCTH BBIITOJHEHUS ITOTO Hepexoia. AJeKBATHBIM CIIOCO-
OOM TaKoOll CUTHATU3AIUU SBISIETCS TOCTATOYHO OOIINH Mexanudm cobvimut, TPUMEHUMbBIH He
TOJIBKO JIJIST U3MEHEHUsI COCTOsiHUN 31eMeHTOB. CyTh €ro CBOAMTCS K CJAEYIOMNM OHePAIHsIM,
BBITIOJIHAEMBIM B YKa3aHHOM TOpAIKe:

1) Tenepayus cobvimus HEKOTOPHIM JIEMEHTOM MOJETHHON CHCTEMBI WM ee OKPYZKeHHeM
(IPUMEHUTEIBHO K CMEHe COCTOSIHUIT 9JIEMEHTOB 9TO HCTOYHUK COOBITHSI, TPUIHHA BO3MOKHOTO
M3MEHEHUs] COCTOSIHUI HEKOTOPBIX 3JIEMEHTOB);

2) Pacnosuasanue cobvimus T€MH J€MEHTAMU, KOTOPBIE JIOJIZKHBI MOJYYUTh CUTHAJ (9TO
UIeHTU(MUKAINSA CUTHAIA HEKOTOPBIMU 3/IeMEHTAMU KaK MPUIMHB BO3MOXKHOT'O U3MEHEHUS HX
COCTOSTHUIA);

3) Peazuposarue ta cobvimue KazKIbIM U3 J€MEHTOB, PACIO3HABIIHX COOBITHE, BHIMOJIHE-
HHEM OTIPeJIEJIEHHBIX JIJIS 9TOrO COOBITHS JeUCTBUHI (3TO CJIEICTBIE PACIIOSHAHHOTO 3JIEMEHTOM
cOObITHS KaK MPUYUHBI IIPUHSTHS PEIIeHnst 00 U3MEHEHUH er0 COCTOSIHUA ).

Baxxuo 3ameTuTb, 94TO peakiug Ha cOObITHE, TpaKTyeMasd KaK TpeboBaHue BLITIOJHUTH HEKO-
TOpOe JIelCcTBHE, MOXKET OKA3aThCd OTJIMIHONH OT 3TOro jelicTBud. Perenne o ToMm, Kakas peak-
nug Oy/IeT BBINOJHEHA, TPHHIMAET 3JIeMeHT Ha OCHOBe BCell TOCTYIHOI /i Hero WHMOpMAIuy,
a He TOJTBbKO HUCXO/IS U3 pacno3HaBanusa coObTus. Tak, ecam TpeboBaHMe MmepeiiT B HOBOE COCTO-
sTHUE O0YCJIOBIMBACTCS HE OJHUM COOBITHEM, & HEKOTOPOI UX TMOCIEI0BATETHLHOCTEIO (TIPUMEPOM
MOZKET CJIy?KUTh CUTYallsl ¢ HAKOIUIEHHEM KaKOro-sinb0 pecypca), TO OHO MPHHUMAETCS TOJIb-
KO B Pe3yJibTaTe PearnpoBaHus Ha 3aK/IIOUATEIHLHOE COOBITHE mocaemoBaTesbHocTn. OTMeTnM,
9TO COOBITHS C HEOJHO3HAYHO BBIOMPAEMBIMH PEAKIIHUSAMH OJHOTO W TOTO XK€ 3JIeMeHTa JIerKO
JIMKBU/IMPOBATD: JOCTATOYHO JJIS TAKOI'O COCTOAHUS B Ka4eCcTBe PeaKIMU 3a/1aTh CIelUaIbHY IO
GYHKINIO, TeHEPUPYIONIYIO TS KayKJI0TO W3 BAPUAHTOB MEPBOHAYAIBLHBIX PEAKIINI BCIIOMOTA-
TeJbHOEe COOBITHE C €JIMHCTBEHHON peakiiueii.

PearupoBanue na coObITHE HEOOSA3ATENHHO SBJISETCH HEMEJICHHBIM CJIEJICTBUEM PAaCIO3HA-
BaHusd. Peaknus MOxKeT OBITb 0M.A02CEHG JIO BBIIOJTHEHUs YCJIOBUl cpadaTbiBaHHUs, a B pe-
AJIBHON cUCTeMe WJIW MPU PeaJH3aliy rI100aJbHOTO0 BpeMeHH MOJIeJIH OHA, KPOMe TOTO, MOYKET
OBITH Ha3HAYEHA Ha ONpeJieIeHHOe BpeMs. Kak u B ciiyuae HEOTHO3ZHAYHBIX PEAKITNi, OTIOKEH-
HOE PearupoBaHue JIEFKO UMUTUPYETCS ¢ MOMOIIBLIO CIIEIUAJIbHOIO BCIIOMOTATEIbHOIO COObITHS,
reHePUPYIOIIErocs NP BHIMOJHEHUN YC/I0BHi cpabarbiBanusd. [Ipu atom Heobsa3arenbHo reHe-
pUpOBATH 3TO COOBITHE C BHBIM HAa3HAYECHUEM OTJIOKEHHOW PeaKIUU Ha OMPEJICIEHHOE BPEMSI.
HeobxoanMo b, 9TO0B OHO MPOU3OILIO NOCAE OTJIOXKEHHOU Peaknud U do 3aBUCAIINX OT
Hee cOOBITHI.

CobObITHSI CBSI3BIBAIOT 3JIEMEHT CHCTEMbI C JPYIMMHU JJIEMEHTAMH: CAMO HMOPOXKICHHE 3JIe-
MEHTa U ero JaJjbHeflme COCTOAHUY 3aBUCAT OT ero JAedcTBuil, neficTBUil APYrux 3J€MeHTOB U
OKPY2KEeHH S, TOUHEE — OT Pe3y/JIbTATOB ITUX JieiicTBril. Bee 3T JeficTBUs eCTh CIeJICTBUAS COOT-
BETCTBYIOMINX COOBITU, ABJILAIONINXCA X MpudnHaMU. HeKoTopble W3 peasbHBIX COOBITHI TIpU
MOJIeJTMPOBAHUY UTHOPUPYIOTCS — UCCJeA0BaTeNb OO He 3HAeT O HUX, JUO0 abcTparupyercs
OT WX CYIIeCTBOBaHUs. B 000ouX ciydasx TPUINHHOCTH JACHCTBUS dTEMEHTa W, B TOM YHCIE,
U3MEHEHUS €r0 COCTOSHUSA NPUNUCHIBAIOMCS APYTUM COOBITHSAM WJIM K€ IPOIEeccaM, WHHUIUH-
POBAHHBIM TaKUMU COOBITUAMU. KaK MPUYNHHOCTD, TAK U NPUIHCHIBAHIE TPUIHHHOCTU UMEIOT
IpPAMOE OTHOIIEHNE K MOHATUIO MOJETHHOIO BPEMEHH: MOKa MPUIUHHOE cOObITHE (BO3MOXKHO,
HECKOJIBKO HEOOXOJMMBIX COOBITHI WJIH OJHO M3 HUX — 9TO 3aBHCAT OT CEMAHTHKH MOJIEJIHN) He
OpPOM30UIeT, He MOTYT TPOM30UTH COOTBETCTBYIONIHE peakiuu. [[OHATHO, YTO TpPUNHCHIBAHHE
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HE JIOJIZKHO HAPYIIATH NPUYUHHO-CJIC/ICTBEHHBIE OTHOIIEHUS, U, KaK CJAEJCTBUE, 3aIlPEIIAeTCS
HPUNHCHIBAHKE IPUIUHHOCTU N030Hee HACTYILICHHUS €TI0 CJAeJICTBUAM U, B TOM YUCJI€, COOBITHAM-
CJCJICTBUSIM.

[IponLtocTpupyeM BBeJIeHHBIE MOHATHA HA MpUMepe (pparMeHTa YCJIOBHON MOJIEIHN Yaelu-
Tugd. B KauecTBe OJHOTO U3 JIEMEHTOB MOJE/N PACCMATPUBAETCH JIEKTPUYECKHI YallHUK €O
CACAYIONNMHI aJbTePHATUBHBIMA CBOUCTBAMU: IIyCTON W 3alOJHEHHBII BOJOW, BBIKJTIOUYCHHBIN
" BKJIIOYEHHBI. omycTuMble KOMOMHAIIMU THX CBONCTB XapaKTePU3YIOT COCTOSTHHUS YaiiHm-
Ka. [Ipu KoppekTHoil sKcIIyaranuu 4aiiHUKa COOBITHE BKJIOYEHHS NPUBOJUT K AKTUBU3AIINH
npolecca Kunsgdenus. byaeM cauTarh, 9To coOBITHE BKIIOUEHNs YaliHUKa 6€3 BOIBI KOHTPOJIH-
pyercsi, T. €. JIjisi IyCTOro 4YailHuKa BKJIOYEHUs HE BJEKYT HUKAKUX jeficTBuil, B 4aCTHOCTHU, HE
MEHHIOT €ro cocTogHue. B ciy4yae 3am0/JITHEHHOrO BOJION YallHUKA COOBITUIO BKJAIOYCHUSA MPUITH-
CHIBAETCS MTPUYUHHOCTD: B MOJICTH YACHUTHUS TOJIATaeTCsd, YTO BOJA B YallHUKE 3aKUIIAeT U3-3a
HEro, a 3aKHIaHUe JIO BKJIOYEHUs He joIyckaercd. lIpw 9ToM HTHOpHpYyeTCs, 9TO 3aKUIIAHHE
HEBO3MOXKHO 6€3 HaIrpeBaHusl, IPOIECCOB FeHEePAIUN JIEKTPUUIECTBA U NPEBPAIIECHHUS €ro B Tell-
JIO, & COOBITUE 3aKUIIAHUS [IPOUCXOUT YePe3 HEKOTOPbIN IIPOMEXKYTOK BPEMEHU 110C/1€ BKJ/IIOYe-
Hug 0e3 KakuX Obl TO HU OBLIO CHeIuaIbHbIX jeficTBuil. B peasbHOil »Ku3HM BOIIPOC, KOIAa 3TO
CJYYUTCs, He BOBHUKAET, HO HAa MOJIEIbHBI yPOBEHD (PaKT 3aKUIAHWUS MEPEHOCUTCH KAaK yTBEP-
JKJIEHHE O TOM, YTO 3TO MPOUCXOJTUT nocie BKIOUeHud. UToObl coObITHE 3aKUIIAHUA TPOU30-
IILJI0, MOXKET MOTpedOBAThCs HOBOE BKJIOYEHHE, HAIPUMEP, KOTJIa BO3HHKJIO IMPUHYIATE/THLHOE
npekpalieHne HarpeBa B IIPOMEXKYTKe MeyKIy MepBOHAUAIBHBIM BKIIOUEHHEM M OKOHUYAHHIEM
nporiecca. Ho nndopmanus o Benydnne 3TOr0 BpeMeHHOT0 MHTepBaJsia (PaKTUIeCKH HUKAK He
UCIIOTb3YETCS .

Oco3HaHHOE NMPUIUCHIBAHUE MPUIUHHOCTH — €CTEeCTBEHHBINA IIPUEM MOJICJTUPOBAHUA, KOTO-
PBIil TIO3BOJIIET KOPPEKTHO abCTPArupoBaThCcs OT HECYIIECTBEHHBIX JeTajeil u3ydaeMoil cucre-
MBI. B TO ke Bpemsi, HeOCO3HAHHOE TPUIUCHIBAHAE MOYKET MPUBOIUTH K HAPYIIEHUIO TPUHITHIIA
Bpurebr Okkama: «He cienyer MaoxkuTh cymee 6e3 meobxogumoctny |6 u, Kak ciejcrsue, K
HEeaIeKBATHOCTH CO3/1aBAEMBIX MOJe/Ieil. DTO 0COOEHHO BayKHO YYMTHIBATH B MOJX0/IAX, KOTO-
pble MOABJIAIOTCA, KOIJIa UCCIeyeMble IIPOIEeCChl B ABJIEHHS TPeOyIOT COBMECTHOI'O IIOCTPOCHHS
Habopa MojIeIeit:

1) KOHKpeTHasi CHCTeMa PACCMATPUBAETCSI KAK YACTh, 9JEMEHT JIPYToil CHCTeMbl GoJiee Bbi-
COKOTI'0 yPOBHSI, Ha3bIBaeMOil Hadcucmemot;

2) HEKOTODBIE 3JEMEHTBI CHCTEMBI DACCMATPUBAIOTCS KAK COCTOSIIIE W3 APYIHX 3JEMEHTOB,
T. €. KAK CHCTeMbl 0OJIee HU3KOTO YPOBHS, HA3BIBAEMBIE NOJCUCTEMAMU.

BapuanTsl mocTpoeHus MOJIETH, COCTOAIIEH U3 HECKOJIbKUX YPOBHEH, HauuHad OT dJeMeH-
TOB HHU3KOT'O YPOBHS IIyTeM COOMPAHHS M3 HUX HYKHBIX MOJCHCTEM HAJICHCTEMBI, — 60CLO0A-
wud, T. €. CHU3Y-86ePx NOJT0d, U B OOPATHOM HAIIPABICHUN — HUCTOOAUUL, T. €. CGEPTY-6HU3
nodxrod, dopmaabao 3KBUBAIEHTHB. 002 MOAX0MA MOTYT HCIOIB30BATHCS B IIPAKTHKE MO/~
qupoBanud. I ecsim BoIOMpaeTcsd OJWH U3 HUX, TO BTOPOH CTOUT pacCMAaTpPUBATH B KayecTBe
HPOBEPOYHOTO MHCTpyMeHTa. OJIHAKO CJeyeT OTMETUTD, YTO KaK TPYI0EeMKOCTb IOCTPOCHHS
CHCTEMBI Mojie e, TaK 1 9(PPEKTUBHOCTD MPOBEICHUS PACIETOB BO MHOIOM 3aBUCSAT OT BHIOOPA
HAITPaBJIEHUS KOHCTPYHUPOBAHUSI.

Oba 1moax0/1a MO3BOJISIOT CTPOUTH KAK CMPO20 UEPAPTUNECKUE CUCTNEMbL, KOTIA KaKIas U3
MOJICUCTEM MOYKET OBITh YacThIO, T. €. 3JTEMEHTOM TOJILKO OJTHONW HAJCUCTEMBbI, TAK U HECMPO20
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UEPAPTUNECKUE CUCTIEMDbI, KOTJIA TOACUCTEMBI-3JIEMEHTHI HAACUCTEM MOI'YT BXOJUTH B pPa3HbIE
HAJICHCTEMBI>.

Habmonaemyo peanbHOCTH, B KOTOPYIO IOIPY:KEH OOBEKT U3ydeHUs, MOXKHO pacCMaTpH-
BaTh KaK CHCTEMY: OHA COCTOHUT IO KpaiiHeil Mepe W3 JABYX dYacTeil: u3ydaeMblii 00bHEKT U ero
okpyzKeHme. C TOYKH 3PEHUs UCCALTOBATEsI YKE 9TO Pa3/ieJIeHHe siBIsSIeTCsT abCTpaKIueil: ur-
HOPUPYETCH TO, 9TO He TpedyeTcst Jsl Heel nccaeoBanns, n GUKCUPYIOTCH TaCTH-3/IeMEHTHI
co3/1aBaeMoil cucTeMbl ¥ OOBIYHO X HAMMEHOBaHUs. BOT mTpuMephl TAKUX CUCTEM, YPOBEHb KO-
TOPBIX JIJIsI COOTBETCTBYIOIIUX HCCJIEIOBAHMNA MOT OBl OKA3aThCsl CAMBIM BBICOKHM: OOBEKT 3€MJIST
— 9TO CyIIIa, BOJA U BO3YX, BCE OCTAJIbHOE — OKPYKEeHHE; 00bEKT JePEeBO — ITO KPOHA, CTBOJI
KOPHH, BCE OCTaJIbHOE — OKPYZKEeHHE; O0beKT HaydHas IIKOJIA — 3TO YUUTE si-OCHOBATEJIH, 110~
KOJIEHUS YIEHUKOB, MEPHUO/IbI POCTA, aloresd, CTaOMIM3AINN U 3aTyXaHus U JIp., BCe OCTAJIbHOE
— OKpYKeHue.

Nmenno Ha ypoBHe HabJIIOIaeMOR PeabHOCTU HOABJISETCS BpeMsd KaK 0COOBIi aTpubyT cu-
cTeMbl B IIeJIOM. BpeMeHHOI MOpsiIOK, B KOTOPOM BO3HHUKAIOT U OTPAbATHIBAIOTCHA COOBITUS
HabJI10/1aeMOl peasibHOCTH, HEeODSI3aTeJIbHO UMEeT IIPSIMOE OTHOIIEHUE K MOPSJIKY MOJIE/IbHbBIX
CO6bITI/II7I IMOJCUCTEM KU HX JJIEMEHTOB, U 9TO MOXKET BBOJIWUTL B 3&6JIy)K,ZLeHI/I€. PaCCMOTpeHI/Ie
PEATbHOCTH KaK CUCTEMbl, COCTOMINEel U3 JEeMEeHTOB, He O3HAYAeT OTOXKJECTBJIEHUE €€ C MO-
JeJbHOM cucTeMoii. B wacTHOCTH, COOBITHS U UX BPEeMEHHOM MOPSIIOK B PeaibHOCTH OIIpEIesl-
I0TCSI OFPOMHBIM MHOKeCTBOM (PAKTOPOB, BIUAIONINX HA Pa3BUTHE 00beKTa HCCIeJI0BAaHUM, a
He TOJBbKO TEeMU U3 HHUX, KOTOPBIE OCTATUCH MOCTE OTCeBA UTHOPUPYEMBIX WJIN HE3aMEUYEHHBIX,
U KOHEYHO, B PEaJIbHOCTHU IIPOCTO HET MeCTa INMPUIUCBIBAHUAM KM HMCKYCCTBCHHO KOHCTDpYUDYeE-
MBIM TPUYUHHO-CJAEJCTBEHHBIME CBA34M. PeajibHOCTh, B KOTOPYIO MOTPYKEH OObEKT U3yUYeHUs,
ABJIAETCA NMEJIbHON, ¢ INHON W He TeJTMMON Ha YaCTH.

Kak ke Torjma 1006uThCs COrIACOBAHHOCTH MOJEIbHON KOHIICIIIUN BPEMEHHU ¢ PEAJIbHO CYIIe-
CTBYIOIIEH WU TOTHKO CyOBbeKTUBHO OIIYIIAeMOi, CyOCTaHIIMOHATBHOM HIH JIHIITD PeISSIIIOHHOM
CYTITHOCTBIO BPEMEHH>, HHTepec K KOTOPOi 3apo/IiiIcsd Ha 3ape 4eJ0BeUecTBa U He IPeKPaIlaeTcs
1o cux nmop? He mpereHayst Ha YyHHBEPCAJIBLHOCTD, MbI IpeJIaraeM permeHne mpobIeMbl BpeMe-
HU IIPU MOJEJUPOBAHUU PA3BHBAIOIIMXCA CHUCTEM, MTOBEACHUE KOTOPBIX CYIECTBEHHO 3aBHUCHUT
OT aKTUBHOCTHU UX 3JieMeHTOB. OCHOBOU PEIleHUsT SIBJISIeTCS OpraHu3aliis B3auMOIeHCTBHIS dJIe-
MEHTOB, OIIOCPEIOBAaHHAsT COOBITHMHBIM YIIPABACHUEM BBITHCICHUSIMUI.

[TocsieroBaTe/ IbHOCTL COOBITHI, KOTOPBIE PACIIO3HAET IJIEMEHT MOJEJM U Ha KOTOPbhIe OH
pearupyer B XOJe Pa3BUTHUsS CHCTEMBI, Jajiee HA3BIBAETCI NPOMOKOAOM NOBEJEHUA INEMEHMA.
IMeHHO TPOTOKOJI €CTeCTBEHHO OTOXKIECTBISTh C  A0OKAALHBM 8pemerem daemenTa. [ITpoToko-
JIBL MOTYT HEPeceKaThes, T. €. UMeTh O0Iue cOOBITHS, YTO O3HAYaeT CHMHXPOHH30BAHHOE IMOBE-
JICHHE JIEMEHTOB CHCTEeMbl — OHH BOBJIEUYEHBI B HEfiCTBHUs, KOTOpbLIE CJEAyeT CUMTATh oOIeit
peakiueil 3J1eMeHTOB Ha PaclO3HAHHOE UMU CODbITHE.

COBOKYITHOCTH BCEX MPOTOKOJIOB BCEX 3JIEMEHTOB MOJEIbHON CHCTEMbI HEKOTOPOIO YPOBHS
TaCTUIHO YIIOPpAA04YUBaACT MHOZKECTBO BCEX CO6bITI/II7I 9TOU CUCTEMBI. I/I NMEHHO 9TOT YaCTHU4-
HBII OPSIOK KMeeT CMBICJI CIUTATh IIpeAcTaBJIeHneM Ha0JII01aeMOTr0 BpEMEeHH PeaabHOi CUCTe-
MBI, T. €. 2400aAbHUM EDEMEHEM MODeNbHOT cucmembt. [Ipu cOBMECTHOM HOCTPOEHUH Mojeseit
Pa3HBIX YPOBHEH 3TO TpeJcTaB/IeHHE SBAIETCI aTPHOYTOM CHCTEMBI CaMOTO BEPXHEro ypPOB-

2(CBoifcTBa HEPAPXWIHOCTH U CIOCOOOB IOCTPOEHHS Hepapxmil Ha 6a3e IBYX BHIOB OHHAPHBIX OTHOINEHMIL:
SKBUBAJIEHTHOCTU ¥ cybopauHanuu noapobHo udydarorcsa B paborax [7—8]. B Hux crporo u mecrporo mepapxu-
YEeCKHUe CUCTEMbI Ha3BAHbI COOTBETCTBEHHO KJIaCCI/I(i)I/IKaHI/IOHHbIMI/I n Cy60pﬂ,I/IHaH,I/IOHHbIMI/I

3B IlpuosKeHUN K JaHHOM paboTe MPHUBEIEHa, CXeMa, B3AMMOCBI3eil PA3IMIHLIX KOHIEMITHI BPEeMEeHH, TIpel-
craBjenHad B 2000-seTHell UCTOPUHN PA3BUTUA €CTECTBO3HAHUS.
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Hs. [lepexoq OT cuCTEMBI HEKOTOPOTO YPOBHSI BHHU3 IO MEPAPXUHU MOJEIN TAET BO3MOKHOCTH
COIVIACOBAHHUS JIOKAJBLHBIX BpeMeH IIOJICUCTEM C BpeMeHeM HX OO0Ieil HaICHCTeMBI.

OTMeTHM, 9TO TPOTOKOJIBI He HMUTHPYIOT B MOJEJIH peatbHoe HabiogaemMoe BpeMst (OHH
He TIPETEHJIYIOT, HAIPUMEp, HA OTparKeHWe JJIUTEJbHOCTH WHTEPBAJIOB MEXKIY COOBITUSIMH),
HO BBIMOJTHSIOT TAKYI0 BayKHYIO JjIsl pa3BuTus (DYHKINIO, KAK 33 aHue OMHAPHBIX OTHOMICHUI
«PAHBIE», IMO37Ke» U «HECPABHUMBI» HA MHOXKECTBE BCEX COOBITHIA.

TpeboBanme UMUTAIUN JTATEJTHHOCTH MOYKET OKa3aThCsI TIOJIE3HBIM B HEKOTOPBIX BUJIAX MO-
JieJieit, HallpuMep, JJIsd alloCTePUOPHOTO, UCTOPUIECKOTO aHaIUu3a, HO He B CJIYIAIX MOJAETHPO-
BaHUs PA3BUTHUs, JIJIT KOTOPOTO MPSIMOE COOTBETCTBUE MEXKIY PeabHbIM HAOTI0IaeMbIM BpeMe-
HeM O00'bEeKTa MOJIEIUPOBAHUSI U MOJIE/JBHBIM €r0 MPeJICTaABJICHAEM O3HAYAIO0 JIOHOJHUTETLHY IO
CYIIHOCTH 03 KaKUX Obl TO HU OBLIO MPEUMYIIECTB — eIle OJHO HAPYIIeHHe TPUHINITA BpUuTBbI
Okkama.

3. CobOpiTHS, MPOTOKOJIbI, JJOKAJTbHOE BpeMd. B manHom pasjesie hOpMaJu3yIOTCS
HOHSATHSA, OTHOCSIIHNECS K COOBITHHHON KoHIenuu BpeMeHu. PopMmaausanus (pUKCHPYET TOT
MUHAMAJIBHO HEOOXOAUMBIH yPOBEHDb TPeOOBAHUI, JTOCTATOYHBIH JI/IsT TOYHOIO 3a/aHUsl PE/I/I1a-
raeMoil KOHIICHIITNA BPEMEHN W B3aUMOJCHCTBHAN.

Omnpenenenne 1. Tlox TepMuHOM cOOBIMUE TOHUMAELTCS CYITHOCTH TIOBEIEHUST CUCTEMBbI, KO-
Topas obJIajlaeT caeayiomuMu cBoicrBaMu. CoObITHS

1) evpabamoieatomes OKPYKEHHEM WA SJIEMEHTAMH CHCTEMBI;

2) MOTYT 0ompabamvleamsbes HEKOTOPBIME 3JIEMEHTAMHE, TIPO KOTOPBIE TOBOPAT, UTO OHH pe-
azupyrom Ha cobbITHE, T. €.

3) udenmuduyupyrom WM Pacno3Haom codbITHe H

4) akKTHBU3UPYIOT 00PAGOTKY, T.€. Npozpammy Peakyuy Ha COOBITHE;

5) MOTYT OMCAEHCUBAMBCA, T. e. (PUKCHPOBATHCS [JIsl KAZKJIOTO 9JIEMEHTA, B MOCJIeT0BATEb-
HOCTH, B KOTOPOil OH pearupyeT Ha COOBITHSI CUCTEMBI;

6) He nosmopaomces, T. e. B IMOCIJI0BATEILHOCTH COOBITHI, HA KOTOPBIE Pearupyer Kazkiblii
13 3JIEMEHTOB, He CYIIECTBYeT JIBYX HJu 0oJiee OJUHAKOBBIX COOBITHUI.

Torpa jid KaxKJI0To 3JeMEHTa CHCTEMBI A0KGADHOE 6DeMA OIPEeIesaeTcss KaK I0CJIe/10Ba-
TEeJIbHOCTH BCEX COOBITHIH, HA KOTOPBIE 9TOT JEMEHT pearupyer. ITa IMOC/IeI0BaTeJbHOCTD Ha-
3BIBAETCS NPOMOKOAOM NOGEIEHUA INCMEHMA.

Kommenmapud x onpedeaenuro 1.

(a). TTosiBierne coOBITHIA, HA KOTOPBIE PEATHPYIOT J€MEHTHI, — HEOIPeIessieMoe TOHSITHE.
JlocTaTouHO 3HATH JIWIITH TO, YTO JEMEHTHI CHCTEMBI B3aUMOJIEHCTBYIOT TOCPEICTBOM PEAKITHi
Ha COOBITHS, KOTOPbIE BOSHUKAIOT B Pe3y/IbTaTe BHEITHUX BO3IEHCTBUI MM ITOBEJICHUS KaKUX-
160 31eMeHTOB. He HeKIIo9aeTcs BO3MOKHOCTD 3J1eMEHTa, OObIBHTD COOBITHE «JIIsT ceOsI», T. €.
TaKoe, Ha KOTOPOe OH Pearupyer cam, BO3MOXKHO, COBMECTHO C JIPYTIMMU 3JIEMEHTAMHU.

MuozkecTBO COOBITHI, HAa KOTOPbIE pearupyer 3JIEeMEHT, MEHdeTCd B Iporecce (DyHKIIMOHU-
pOBaHUsT CUCTEMBI. B pe3ysibTare pPa3indHbIX PeaKInuil JHHAMUYECKH MeHseTcss Habop pacio-
3HABAEMBIX COOBITHIl, a 3HAYUT, MEHsIeTCS PeaKI[ysl JTeMeHTa Ha COObITHsI (HeBAaYKHO, BHEITHUE
JJIsT CACTeMbI WM BHYTPEHHHUE). DTO JOMyIIeHre MO3BOJsieT TOBOPUTH O PA3BUTHH 3JIEMEHTOB
U CHCTEMBI B IIEJIOM.

(b). OrpaboTka cOOBITHS JT€MEHTOM — 3TO HjeHTH]HUKAIMsT COOBITHS W BBIOJIHEHHE PO~
rPaMMBbl PEAKIINH, KOTOPast UCIIOIb3yeT HH(POPMAITHIO, CBsI3aHHYIO ¢ coObITreM. [loBenenne 3.1e-
MEHTa, KOTOPBIl He pearupyeT Ha cOOBITHE, He 3aBUCUT OT 3TOro coobiTud. OH PO HEro HUYEro
He 3HaeT. MOXKHO cKa3aThb, YTO TaKHe COOBITHSA JJIsd dJIeMeHTa He CYIIeCTBYIOT. B To ke BpeMms,
HEU3BECTHBIE 3JIEMEHTY COOBITHS MOTYT KOCBEHHO BJUSTH Ha €ro IMOBeIeHHe, MOCKOIbKY IPYTHe
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COOBITHS B XOJI€ CBOUX PEAKIINH MOTYT U3MEHATH aTpUOYTHBHBIE OMUCAHUS SJIEMEHTOB W OOIIHii
KOHTEKCT BBLIIOJIHEHUH JIeHCTBUN 371€MEHTOB.

(b.I). TlocTyupyercst MeHo6eHHOCD UOEHMUPGUKAUUL COOBMUAL FTTEMEHTOM:

1) coBpiTHe HE BIUSET HU HA KAKWe JIefiCTBIS CHCTEMBI U €€ 9JIEeMEHTOB, KpOMe KaK Ha Te W3
HUX, KOTOpPbIe O0HAPYKUBAIOT COOBITHE;

2) B x0/1e WAeHTH(DUKAIIE APYTHe COOBITHS HE BO3HUKAIOT.

Unenrnduranust — 310 crnyckoBas GyHKIns (MpeanKar), KOTopasl MpeinchiBaeT BhITOJ-
HEHUEe UM HEBBIIIOJHEHHE MPOIPAMMbI PEAKIIHH.

(b.IT). BelmosiHeHre MPOrpPaMMBl PEAKIIUE Ha MAEHTH(DUIIMPOBAHHOE COOBITHE MOYKET ObIThH
M2HOBEHHBLM, €CJIH B XOJ€ BBIIIOJHEHNS HEBO3MOXKHO BO3HHKHOBEHHE JApPyrux cobbiTuii. Ecian
9TO HEBEPHO, TO BBITIOJTHEHNE PEeaKInu HA3BIBAETCS daumenvHuim. [locaennee o3nagaer momy-
CTHMOCTH W3MEHEHNsI TOBEJICHNSI, B TOM YKCJIe U CAMOI PEaKIN N3-3a MOSABICHUS U OTPAOOTKH
JIPYTUX COOBITH, peakiius Ha KOTOPbIe MeHsieT aTpuOyTHBHBIE OIIUCAHUS dJ1eMeHTOB. Ecin ecThb
TOMY OCHOBaHHE, TO 33JaBaTh IOJ0OHBIE H3MEHEHUsT MOYXKHO B Ka4ecTBe COOBITHM, ITPeIIuChIBa-
IOIIUX JEMEHTY OCYHIECTBUTH UX KAK PEAKIMIO Ha 3TO coObITHE. Toraa y 3JieMeHTa HOSIBJISeT ST
BO3MOZKHOCTH ILJIAHUPOBATH M3MEHEHUsI: BBIIOJHATDH UX HEMEJIEHHO WU MOCJEe TOro, KakK ero
TEeKYIIee JTeHCTBUE 3aBEPITUTCA.

(c). OTciexkuBanue 3JeMEHTOM COOBITHI, HA KOTOPBIe OH Pearupyer, IPUBOJUT K BO3MOXK-
HOCTH JIOCTYIIa K HCTOPHH 3JEMEHTa, T. €. K ero MPOTOKOJIY, B KOTOPOM OTMEYaIOTCA B MOPSII-
Ke TOSIBJICHUST BCe COOBITHUsI, CBA3AHHBIE C 3JIeMeHTOM. [[09TOMY mpPOTOKOJIBI paccMaTpPUBAIOTCS
KaK PEmMPOCnermueHoe A0KaAAbHOE 8PeMs dAemernma. MOKHO paccMaTPpUBATD U NEPCNEKMUBHOE,
W NPO2HOZHOE NOKGAOHOE GPEMA INEMEHMA, TOHUMAS MO/ ITUM COBOKYITHOCTH BCEX BO3MOK-
HBIX HPOJIOJIZKEHUH TEKYIIEro COCTOSHUSA IPOTOKOJIA, TeM CaMbIM ITOIOJHUB PETPOCIEKTHBHOE
BpeMs OyIVIIUME BapHAHTAMM MPOIOJIKEHHIT ITPOTOKOJIOB.

[IpoToKOIBI MOTYT HEpeceKaThCs. DTO 03HAYAET, UTO JABA WU OoJiee JIeMEHTa PearupyioT
HA OJHO M TO K€ COOBITHE COBMECTHO, T.€. HUKAK He OIPEeIesOTCA HH HOPI0K BBHIIIOJTHEHHS
nporpaMm 06paboTKu, HU M00OUHBIE 3P PEKTHI, BO3BMOYKHBIE B Pe3yJ/bTaTe TAKOH COBMECTHOCTH.
[Ipu MojeupoBaHUU HEOOXOJAMMO YTOYHEHHE HOBEJICHUA B IMOJOOHBIX CAydadX C TeM, YTOOBI
IIPA WHTEPIPeTANE He BO3HUKAJN KOJUIM3UH, CBI3AHHBIE ¢ MAPAJIETU3MOM (CM., HAIIPUMED,
[90)-

(d). HeBosmoKkHOCTH MOBTOpEHUsT COOBITHH O3HAYAET, YTO, KOIJa TPEOYeTcss peakijyst dJ1e-
MEHTOB Ha COOBITHE, COBIAMAIOIIAS C PeaKineil Ha KakKoe-aInbo cOObITHe, yiKe Ipe/ICTaBIeHHOe
B IIPOTOKOJIAX, 3TO BCErJa HOBBI IK3eMILISIpP COOBITHSI, MYyCTh Jgake (PYHKIHMOHAIBHO WIeH-
TUYHBIH mpexkHemy. [Ipu HeOOXOIUMOCTH MOXKHO ONPEAeIsTh muns, cobvimull KaK KJIACCHI
SKBHBAJICHTHOCTH 10 OTHOIIECHUIO MJICHTHYHOCTH PEAKIINN JI€MEHTOB CHCTEMBI.

Koneuy xommenmapus.

N3 nparmarumaeckux coobparkennii Oy 1eM CIUTATh, YTO NOGEJEHUE KAXKIOTO IAEMEHMA KO-
HeuHo, T.€. OH He MOXKET pearupoBaTh Ha MOTEHIIMAJhHO OECKOHeYHOe Yucjio cobbiTuii. Viam
HO-JIPYTOMY: BCE IPOTOKOJIBI — KOHEYHBIE MOCAeI0BaTeILHOCTH. BMecTe ¢ TeM, MHOXKECTBO I0-
TEHITUAIHEHO BO3MOXKHBIX COOBITHI MOXKET OKa3aThCsd OECKOHEUHBIM HU3-3a IHOSBJICHUS B CUCTEME
HOBBIX JIEMEHTOB, a 3HAYUT, 1 HOBBIX OVAYIIHX HMPOJOIKEHUNH TPOTOKOJIOB.

4. IMTuxkna pysaknuoHupoBaHus saemenTa. Oupenenenne 2. Co3gaHne, aKTUBU3AMUA 1
JIeaKTHBHA3AIMS SJeMEHTa.

[IycTth HA KakKoe-TO COOBITHE pearupyiorT HEKOTOPBIE 3JEMEHTBhI CHCTEMBI TaKHM 00pas3oM,
YTO B Pe3yJIbTaTe OKA3bIBAETCs BBIIIOJTHEHHBIM:
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1) nosasaenue arpubyTHOTO MpeICTABAEHHS JT€MEHTa, OTBEYAIONIEr0 ero THITY H OTParKako-
IEro BKJIIOYEHHE 3JIEMEHTa BO BCE IIPEJICTaBICHHbIE B CUCTEME CTPYKTYPHI;

2) TOPOKIEHIE NYCMOo20 TPOTOKOJIA HOBOIO SJIEMEHTA;

3) o0bsBIEHNE B KAYeCTBe eJINHCTBEHHOTO COOBITHUS, UIEHTUMDUIUPYEMOrO IJIEMEHTOM, CO-
ObimUA AKMUBU3AUUY, TTAHKPYEMas PEAaKIis Ha KOTOPOe HAYMHAECT aKTUBHOE IMOBEICHUE dJIe-
Menta (dakrTuaeckoe pooicdenue).

Takoe coberTme Ha3bIBaeTCA cosdaruem saemenma. Cosnanme — obmee cOOBLITHE HOBOTO
9JeMEHTa M BCEX JIEMEHTOB, pearupyIioniux Ha Hero.

Jekmapupyercst, 9TO /g KazKJIOr0 dJeMeHTa CHCTEeMBI OIpeeaeH0 COObITHE, peakIus Ha
KOTOPOE BKJIOYaeT B cebsl MPeKpalleHne ero aKTUBHOCTH, T.€. OH MEePECTAaeT PearnpoBarTh Ha
npyrue cobbitusi. Takoe coObITHE HA3BIBALTCS deakmusuaayueli STeMeHTa.

CobbITrs CO3aHUsd U aKTUBU3AINK SIBJIAIOTCS MEPBHIMHA UI€HAMHU ITPOTOKOJIA HOBOTO 3JIe-
MeHTa. CoObITHE JIeaKTUBU3AIUN — MOCJASTHUN YJIeH IIPOTOKOIa. JTU TPH COOBITUSA MOT'YT OBITD
KaK BHEITHUMHM, TaK ¥ BHYTPEHHUMH JjIs cUcTeMbl. CUUTAETCsI, YTO JEMEHTBI CHCTEMBI, HMe-
onmecss B Hadaje ee PyHKIMOHUPOBAHKS, CO3AaHbl (DUKTHUBHBIM JIEMEHTOM, HEAKTHUBHBIM B
JTaJIbHENIIeM.

AxTUBU3aNMS MOYXKeT BO3HUKHYTH JIMOO Cpa3dy ke TMOCJe CO3MaHusd, JUOO 0KA3aThCsT OTJIO-
»KEeHHO, HO JIO TeX II0P, II0KA OHA He IPOU30ii/1eT, HOBBI 3JIeMEHT He B COCTOSIHMH pearupoBaTh
Ha JIpDYTHe COOBITUA. DTO 0DecIeunBaeTCs HHUIUATH3ANACH aTPpUOYTUBHOTO ONUCAHUS dJIEMEH-
Ta, KOTOPasi paCCMATPUBAETCA B KAUeCTBE PEAKIINH Ha COOBITHE aKTHUBI3AIINN.

Bajgaun M3ydeHus] Pa3sBUBAOIIEHCS CHCTEMbI MOYKHO IOAPA3JAeJIUTh HA  UCMOPUMECKUE U
npoerodHvie. TlepBbie CBI3aHBI ¢ AHAJIN30M PEATN30BAHHBIX IPOTOKOJIOB, BTOPHIE — ¢ BO3MOXK-
HBIMH BapUaHTaMH MPOJIOJIKEHNNH ITPOTOKOIOB. Kciu n3ydenne Kacaercs TOJBKO pean30BaH-
HBIX IIPOTOKOJIOB, TO MOXKHO YKa3aTb JIBa OIpaHUYEHUs I PACCMOTPEHHSA UCTOPUH: HAYAIIO
(GYHKIIMOHUPOBAHUSI CHCTEMBI U €€ TeKYyIInii MoMeHT. TeXHWYecKH yaoOHO cUUTaTh uX op-
MaJIbHBIMU COOBITHSIMU, T€HEPUPYEMbIMU BHENTHUM 0Opa3om. Byjiem obo3nadarTh ux Kak — u
COOTBETCTBEHHO.

Ha navasvroe cobvimue = pearupyior Bce aKTHBHBIE 3JIEMEHTDI, KOTOPbIE HPE/ICTABJICHBI B
cUcTeMe IepBoHaYaIbHO. X peaknmeil Ha HEro ABJIAeTCAd WHUIMUAIU3AIMUS COOTBETCTBYIOIINX
aTpuOyTUBHBIX onucanuii. T. e. A7 mepBOHAYAJBHBIX 9JI€EMEHTOB HAYAIbHOE COOBITHE SIBJISETCS
AKTUBU3aNueE.

CobbiTre 1 gaBaAsIeTCS 3a8ePUWAOULUM JTHOO NPUOCMAHABAUBAIOUUM B 3aBHCHMOCTH OT TOTO,
MPeJIoIaraeTcs Wik HeT BO30OHOBIeHHe (DYHKITMOHUPOBAaHUS cucTeMbl. Ha Hero pearupyior ak-
TUBHBIE 9JIEMEHTHI, 3aIIOMUHA CBOE TEKYIIee COCTOAHMIE U 3aMOpazKuBas Bce JeiicTBus. Takum
06pa3oM, 3aBepllakoliee /TIPHOCTAHABIUBAIOIIEE COOBITHE TTOHUMAETCS] KAK COOBITHE JTeAKTHBHU-
3allin.

Bozobnossienne 1ieiecoobpas3tno odecrednBaTh A1l BHITIOJHEHUS aHAIN3A CJAOKUBINEHCS KOH-
dburypamnn? cucremsr. [IpuayanTensHoe n3MeHeHne KOH(MUTYPALINH JOMYCTIMO, HO TOJBKO B
TeX CJAydasaX, KOrJa U3MeHeHHasd KOHMUTYypalus JOCTUKUAMA eCTeCTBEHHBIM PAa3BUTHEM CHCTe-
MBI U3 ee HadaJIbHOI KOHMUTypanuu. B IpoTUBHOM ciydae KapTHHA Pa3BUTHS OyIeT 3aBeI0MO
HEpeATUCTUIHA.

TlousTre KorMUIypaAIUH 11 PA3BUBAEMOIl KOHIIEIIUH SBIIAETCS BCIOMOIATEIbHBIM: OHO YIOTPeOIaercs B
TEexX CJIy‘IaHX, KOra Tpe6yeTC5{ paccMaTpUuBaTh BPDEMEHHBIE CPE3bI BBIYUCJIEHUA MOACJIN IJId U3BJIEHECHUA I/IH(bOp—
MaIliF B ONPEIeJeHHBIE «MOMEHTBI». Y MCCIIEIOBATENSA JOIKHA OBITH BO3MOYKHOCTH MPUOCTAHOBKNA MOIEIbLHBIX
pacyeToB ¢ TapaHTHEH BO30OHOBJIEHHUS WX B JaJbHEieM 0e3 KaKuX ObI TO HHU OBLIO MOTEPD.
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B cBsa3u ¢ B0306HOBIEHHEM yMECTHO PACIIUPUTH TPAKTOBKY HAYAJIHHOTO COOBITHSA, JIOMYC-
Kas ero He TOJBKO KaK «COTBODEHHe» CHCTEMBbI, HO M B KadeCTBe CPeJICTBAa BO30OHOBJIEHUS
GYHKIIMOHWPOBAHNUS B IPHOCTAHOBIEHHOW KOHMUTYypaIryi. B HOBoit TpaKTOBKe Ha - pearupyroT
9JeMEHTBI, TPEeJICTABICHHBIE B TTPUOCTAHOBICHHO KOHMUTYpAIUH. DTO He OTMEHsIeT MOHUMAa-
HUsI HAYAJILHOIO COOBITHS KaK aKTUBU3AINU, HO TPeOyeT KOPPEKIHUH COAEPKAHUS PEAKIUU Ha
HEro, KOTopas obecrieunBaeT BOCCTAHOB/ICHHE aTPUOYTUBHBIX onucanuii. KoppekTHocTh BO300-
HOBJIEHWSI TAPAHTUPYETCs, KOTJA 6CE JeMEHTHI, aKTUBHBIE PN MPUOCTAHOBKE, PEATUPYIOT HA
cobbiTHe . B mpoTUBHOM cilydae jJajbHellee TOBeeHHe CUCTEMBI MOXKET OKa3aThCs HEJOCTH-
JKAMBIM U3 HAYAJIbHON KOHMUTrypanun.

CobpbiTre F HaUMHAET MPOTOKOJ JIIOOOIO JIEMEHTA, MPEJICTABICHHOIO B CHCTEMe IepPBOHA-
yaibHO. [IprnocranoBKa NPUBOIUT K JOTIOJIHEHUIO BCEX ITPOTOKOJIOB COOBITHEM -1, & BO30OHOBJIE-
HUE — K JIOTMIOJIHEHUIO X COObITHEM . HTOOBI He MPOTHBOPEYUTH TPEOOBAHUIO HEMTOBTOPSAEMOCTH
cobbiThil (cM. yeosue (d) B onmpefiesieHun 1), cauTaercst, 9To JBa MOCAETHUX YIeHA TPOTOKOb-
HOU TOCTe0BaTeJbHOCTH —| U - B3aUMHO YHUYTOXKAIOT JAPYT JAPyra B XoJe BO30OHOBJIAIONIEH
MHUIMUAJU3AIME 3/IeMEHTA. TeM CaMbIM JOCTHIAETCsl «HE3aMETHOCTbY [PUOCTAHOBKH.

Onpepenenne 3. VicTtopundyeckue M nmepclIeKTUBHBIE COOBITHSA. MHOXKECTBO BCeX CO-
OBITHIT, TTPOUCXOMUBINMUX B TedeHUEe (PYHKIMOHUPOBAHUSI CUCTEMBI, T.€. 3a(DUKCUPOBAHHBIX B
IPOTOKOJIAX BCEX ee JIEMEeHTOB, 0003HadaeTcd Kak (). DTo ucmopuueckue WA Peasu3o8aHHbLE
cobvimua. ) hopMHEPYeTcsd MyTeM HOIOJIHEHHST BOSHUKAIOIUMEI COOBITUAME IIePBOHAYAIBLHO ITY-
CTOTO MHOYKECTBA.

MuozkecTBO BCex COOBITHI, KOTOPbIE MOTYT HPOU30WTH B T€YEHHE KAKOTO Obl TO HU OBLIO
(DYHKIIMOHMPOBAHUST CUCTEMBI, HAZBIBACTCI MHOHNCECTBOM 6CET NOMEHUUAALHO B03MONHCHVLT
cobvmut. Ono obo3navdaeTcs Kak (1*.

MuozxkecTBo ) COCTOUT M3 COOBITHI, Ha KOTOpbIE pearupyer XOoTs Obl oauH 3jemeHtT. OHO
He BKJIIOYAET TTOTEHIUATLHO BO3MOXKHBIE COOBITUS, Ha KOTOPbIE ObLIa OBl Peakius MPH APYTOM
CTeYEHUHU ODCTOSITE/IbCTB, 8 TAKZKE MPOTHO3HBbIE COOLITHSI W3 BAPUAHTOB MPOIOJIZKEHUN MPOTO-
K0J10B. {) BCerna KoHe4dHO. VIMEHHO ¢ HUM CBSI3aHO peIeHHe MCTOPUYECKUX 337139 H3YIeHUsI
cucTeMbl. YTO KacaeTcd 3a7ad MPOTHO3HBIX, TO OHU OTHOCATCI K M3YYEHUIO MHOXKECTBA IO-
TEHIUAJIHLHO BO3MOXKHBIX coObITH 2*. Ho Tpebyercs He Bce 9TO MHOMKECTBO, a TOJBKO Ta €ro
JacTh, KOTOPas COEPKUT B cebe MPOTOIZKEHUs TTPOTOKOIOB, COIEePKAIUX JIHIIb PeaJTH30BaAH-
Hble cOObITHsI. [[j1si KOPOTKUX ITPOrHO30B MOYKHO BOCHOJIB30BATHCSI BAPHAHTAME TTPOIOJIZKEHU T
Pa3BUTHUSI TPHUOCTAHOBIEHHON KOHMUTY PAINN CUCTEMBI, HO JJTsl M3y 9€HUsI TeHASHITII 3TO CIIUIII-
KOM TSI7KE€JIOBECHBIT HHCTPYMEHT.

MBI 0TOXK TecTBIsIEM TPOTOKOIBI M PETPOCIIEKTUBHOE JIOKAJBHOE BpeMsI, HO He OTKa3bIBaeM-
cd OT CHHXPOHU3WPOBAHHBIX B3amMo/ieiicTBuil. CeoBaTeIbHO, HEOOXOTUMO TTOHITHE, KOTOPOe
OTPaykaeT TO, 9TO Ha OBITOBOM yPOBHE PACCMATPUBAECTCS KAK IMKAJA BPEMEHH, U KOTOPOE J1aeT
HEOOXOUMbIE U JOCTATOYHBIE CPEJICTBA JIJIsT OMUCAHUS B3AMMOIEHCTBHIL.

5. BpemenHoii nmopaaok cobwsiTuii u raobaimbHoe Bpemda. Onpesenenne 4. OTHOMEHNE
BPEMEHHOTO YaCTUIHOTO TOPSIKA Ha MHOXKeCTBe COOBITUN W I100aJbHOE BpeMs.

IIycth $1,89 € ) — nBa cCOOBITHSA, a OTHOIIEHHE < Ha MHOXKECTBE BCeX COOBITHH 3a/aeTcs
CTAEYIONTUM 0Opa3OM:

a) Ecam sy u sy npuHajyiexkaT 0JHOMY HPOTOKOIY, TO §1 < Sg (S1 «panvwes Sz, 0OpaTHOE
OTHOIIIEHHE — S «N03%#Ce» $1) B COOTBETCTBUHU C WX MOPSIKOM B MPOTOKOJBHON TOCTIeI0BA~
TeJIbHOCTH;
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b) Ecin s1 u sy npuHaiexkaT pa3HbIM MPOTOKOJIAM, HMEIOIHM 001He COObITHSI, TO S1 < Sg
TOIJIA U TOJIBKO TOIJa, KOT/JIa CYIIEeCTBYeT o0Iee i JIBYX IIPOTOKOJIOB COOBITHE S U §1 < S, a
5 < S9;

¢) OTHoIeHne Mpar3umueho <, T.e.

VSl,SQ,Sg(Sl < 82)&(82 < 83) D) (81 =< 83)

(310 ycaoBEe HEOOXOIMMO TOCTYIHPOBATH TOJBKO JJIsi TAKHX TPOEK S1, Sg W Sz, Y KOTOPHIX
IepBOe U MOCJIe/IHEee COOBITHS MPUHAIEXKAT PA3HBIM MPOTOKOJIAM, a Sg — ObIIee COObITHE);

d) st HeKOTOPBIX COOBITHI S1 U Sy OTHOIIEHHE < MOZKeT 33/IaBAThCS NPUHYOUMEALHO, CTH
TaKoe 3aJlaHue He HapyIIaeT acCuMMETPUIHOCTH OTHOTIIEHUS:

Vs',s” € Q(s/ =< s”) D ﬂ(s” =< s,)

(1ocTaTOYHO TPEGOBATE ITOIO TONBKO /IS TeX § M S , OJHO WK 06a U3 KOTOPHIX COBIAJIAIOT
C $1 WIH C Sg);

e) Bo Bcex Jpyrux cjydasiX OTHOIIEHHE < MEXKJY S U Sy, HE YCTAHABIHBACTCS.

Toryia < HA3BIBACTCS OMHOWEHUEM BPEMEHHIZ0 (wacmuynoeo) nopadka. DTO OTHOIIEHUE
O0bABJIACTCH 2400AAbHBM GPEMEHEM CUCTNEMDL.

YrBepkaenue 1. OTHomeHNe < SIB/ISIETCS CTPOTUM YACTHIHBIM TTOPSIIKOM Ha MHOYKECTBE
BCEX pPEaJIM30BaHHBIX CO6bITI/IIU/I Q HGHHMI/I TaKOT'O MOPAJAKa ABJAIOTCA BCE IMPOTOKOJBI U BCE
BEMBAECHUA NPOMOKOAOG, T. €. MOCACTOBATEILHOCTH COOBITU, KOTOPBIE CTPOSTCS CJIEIYIOIIHM
obpaszoM. Hauwasio memu Oepercss U3 OJHOTO IIPOTOKOJA WM W3 paHee MOCTPOEHHOH Iemu, a
HPOJIOJIZKEHNE — U3 JIPYTOro, UMEIOIIero obiiee coObITHE C HAYAJIOM.

SaMerum, 4TO [Jid MHOXKECTBA BCEX MOTEHIHAJILHBIX COOBITHIT 2% mMOomoOHOe yTBEpKIEHHE
HE WMEeT MeCTa, 9TO XOPOIIO COTJIACYeTCSI ¢ HHTEPIPEeTANneil: NP Pa3JTMIHBIX CTEIeHUIX 00-
CTOSITEJILCTB OJIHU M Te K€ COOBITHA MOT'YT PEAJH30BBIBATHCA B PA3JIUIHOM IOPIKE.

6. Ilepuoabl BOBHUKHOBEHUSA COOBITUH 1 CHHXPOHU3AIIN ITPOTOKOJIOB. [ 100a1bH0e
BpeMAd MO2KHO 4YUCTO MEXaHWYICCKU HCIIOJIb30BaTh AJid IIOCTPOCHUA I/IepapXI/Iﬁ MHO2KECTBa BCEX
coObiTuit. OAHAKO 3TO MOCTPOEHUE JTOBOJIHLHO UCKYCCTBEHHO. B 9acTHOCTH, HE WMeeT mos co0Oit
UHTEPIPETAITMOHHON OCHOBBI Ppa3HECEHUE UCTOPUYECKUX COOBITHI IO YPOBHSAM, OCMBICIEHHBIM
JIJIST CHCTeMHBIX mepapxuii. CoObITHd camu 1o cebe He 00pa3yioT CUCTEMY, OHH MOTYT ABJATH-
¢ JIMIIb ITPOsIBJICHUEM Pa3BUTHs CHCTEMBI 3JeMeHTOB. Mepapxust cOOBITHIl LpejcTaBIdeT He
CTPYKTYPY CHCTEMBI KaK HADOp €€ 3JIEeMEHTOB CO CBA3SIMH, a JIMIIh JaeT HEKOTOPYIo mHpopMa-
[IMIO O MTOBEJICHUN CUCTEMBI B IIEJIOM U ee 3JeMeHTOB. e MoXKHO (I/I Hy)KHO!) HCIIOJABb30BaTh IIPU
pacCMOTpeHunn CUCTEMbI KaK Y€PHOTO AIlUKa, €CJAU IpearnojJgaracTcd, 4YTO CBA3b MEXK/Y CO6BITI/I—
SIMU ¥ TIOBEJIEHUEM 3JIEMEHTOB AllPUOPH He M3BeCTHA (M CTOUT 33/a4a PACKPBITUSA TOi CBsI3H),
WIH KaK CEepPOro siluKa, KOIJa M3BECTHBI HEKOTOPBIE CBEICHUS O CTPYKTYPe, HAIIPUMEp, CaMH
sJeMeHThl. Mepapxust cOOBITHH B COCTOSHUM ONPEJEIATh TPEJesbl, BHe KOTOPHIX (paHbIle H
1037K€) COOBITHE MPOU3OHTH HE MOKET — Nepuodvl 603HUKHOBEHUA COOLIMUT.

Onpepenenne 5. Ilepuosa BoO3HUKHOBeHUsA coObITmii. IlycTh < — oTHOIIEHUE Bpe-
MEHHOTO IIOpsIKa HA MHOZKECTBE PeaJM30BaHHBIX COOBITHH (), ¥ — IPOM3BOJIbLHOE COOBITHE W3
Q. Torma muo)kectBa L(z) u H () onpenessiiorcst CJieayonmumM o6pasoM:

L(z) ={a € Ql(a < x)&-3b € Q((a < b)&(b < x))};
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H(z)={be Ql(x < b)&—Fa € Q(x < a)&(a < b))}.

OHHU HA3BIBAIOTCI HUMCHUM U GEPTHUM Mpedesamu Mepuods BO3MOXKHOIO 603HUKHOSEHUA
cobvimus T, COOTBETCTBEHHO.

YrBepkaeuune 2. Oupejesenne 5 KOPPEKTHO, T. €. Jjis JIIOOOTr0 Pean30BaHHOIO & MHOXKE-
crBa L(z) u H(z) He nepecekarTcs U 3aJa10T 10 KpaiiHell Mepe 110 OJHOMY COOBITHIO, DAHbBIITe
¥ TI03Ke KOTOPBIX X TIPOU30iTH He MoxkeT (Haanune snemenToB B L(x) u H(x) ciaenayer u3s toro,
910 < o u © <-; ecaiu ObI 9T MHOYKECTBA IIePECEKATUCH, TO JIJId UX ODIIEro dJeMeHTa a ObLIOo
OBl OJHOBPEMEHHO BEpPHO & < a U a < x)

Onpenenenne 6. CuHXpoHU3amusa cOOBITHI NPOTOKOJJIOB. [lycTh HA MHOXKECTBe pea-
JIN30BaHHBIX COOBITHIT {2 OmpeneseHO OTHOIIEHHEM BPEeMEHHOro mopsiaka <, a By u Ey — ae-

MenTol cucreMsl, a m(E;) uw m(Ey) — nporokosst stux aementos: m(Ey) = {si,...,Sn },
m(Ey) = {s],...,$,,} COOTBETCTBEHHO.

Ilyctb, masmee, © — cobbiTHe, HAa KOTOpoe pearupyer siement FEp, r.e. m(E;) =
{81, 3 Sic1, Ty Sit1s oy Sy |, 1 < T <My

Tora cunraercst, 910

a) © cunzponusosan ¢ m(Ey) caesa, ecim B m(FEy) uMeeTcss MOANOCTENOBATEILHOCTD
§),...,8 i TaKag, 4T0 S+, < v upu k < j; u (s, < x) upu k > j. B 3rom caydae co-
bomue T He Mosicem npousotimu panee cobwmus s j;. Ecam mpm stoM s j; € L(z), To
cunxporusosan ¢ m(Ey) caesa mouno;

b) cunzponuszosan ¢ m(FEy) cnpasa, eciiu B m(Fy) uMeeTcs: MOMIOCIEI0BATEIbHOCTD
R ,3;12 Takas, 4To T < s;g upu k > j, u =(x < s;g) upu k < j,.. B arom ciyuae cobwmue x
He mooicem npousotimu nosonee cobwmua s; . Ecinnpustom s; € H(x), 10z cunzponusosan
c m(Ey) cnpasa mouno.

Cunraercs, 910 ¥ CUNTPOHUZ06AN ¢ m(Es) noanocmoio, ecam x cHHXpoHH30BaH ¢ M(Es)
cJieBa ¥ CIpaBa, T.e. Elsjl, s; € m(Ey), ynosnersopsiomue yciaosusm (a) u (b). Ecan npu sTom
x cuaxXpoHu30BaH ¢ m(Fsy) cieBa u cpasa TOYHO, T. €. S;-l € L(z)m s; € H(x), To x noanocmwvio
cunzponusosar ¢ m(FEy) mouno.

Ecin x € m(E;) n x € m(Es), 10 x — obwee cobvwmue npomororos m(Ey) u m(Esy), T.e.

/ ! 7 /
AL HOKOTOPOTO k, k < ng, m(Ea) = {s1,...,5,_1,%,8,,1,---,5,,} Lorma, mo ompeserenmuio,

!

S

sﬂ = s,C L u s = 5k+1 B sTom ciaydae mpoucxonur cosmecmuan peakyus ssemenmos Ei u
Es5 na obusee co6btmue x.

YrBepxkaenue 3. Onpejesnenune 6 KOPPEKTHO, T.e. JjIs JIOOOro x, Ha KOTOPOe pearupyer
X0TsI OBl OJUH 3JIEMEHT, U JII000ro MPOTOKO/IA M HEKOTOPOTO 3JeMeHTa ambo x € m, JaudOo
CYIIECTBYIOT COOBITHS TOTO MIPOTOKOJIA s u s] , KOTOPbI€ YKA3bIBAIOT HA CHHXPOHUBAIUIO X C
m cjeBa u cupaba. CymecTByorT HpOTOKO.HbI, JJISl KOTOPBIX 3TU CBOMCTBA BBIMOJHSIOTCS TOYHO.

g 1oKa3aTeabcTBa JIOCTATOYHO 3aMETUTh, YTO JII0O0e CO6BITI/Ie MIPOUCXOINT HEe paHee
U He 1o3/Hee . DTHU cOOBITHS — IepBbIe KAHIUIATHl HA s; u s . IlocneoBare/bubBIN TIPO-
CMOTP BBIOPAHHOI'O MPOTOKOJIA OTOPAKOBBIBAET COOBITHSI, HE y;LOBJIeTBopHIOHme TpebyeMbIM
cBoiictBaMm. Eciu Bce WieHBI IPOTOKOJIA, 33 UCKIIOUYEeHHEM HAYAJIHHOTO U 3aBEPIIAIONIEro COObI-
THS, OKa3bIBAIOTCH OTOPAKOBAHHBIMH, TO HCKOMBIMHU OCTAIOTCH coObiTHd - 1 . /g s1emenTos,
KOTOpbIe BOBHUKAIOT B XOJI€ aKTUBHOI'O (DYHKITMOHUPOBAHUS CUCTEMBI, IIPOIEIYyPa OTOPAKOBKH
OCTaeTCs OCYIIECTBUMOIL, IOCKOJIBKY BCEr/la €CTh BO3MOXKHOCTH BRIOOPA POAUTEIHCKOTO 3JIEMEH-
Ta, BETBJICHHE KOTOPOro O3HAYaeT CO3JaHue HOBOro 3jemMeHTa. lIpomyck mpu orbpakoBKe Beex
YIEHOB POIUTEIBCKOI MPOTOKOJIBHON IOCIeI0BATEIHHOCTH 10 COOBITUS CO3JAHUS JJIEMEHTA

PABOMEDEH, T.K. B 9TOI 9acTH MEnu 3aBeoMO HET TpedyeMbix cobbituit. C yd4eToM TOro, 9ro
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JII000# MPOTOKOJI SABJISIETCS TENBIO, T. €. €ro YJIeHbl yHOPSAJI0YeHbl JIMHEHTHO, HYXKHbIEe COOBITHS
OTPeIeIAIOTCA OTHO3HATHO.

Pesiomupys ckaszaHnHoe BbIIIIe, MOXKHO YTBEPXKIATh, YTO KOPPEKTHOE I106aIbHOE BpeMs —
9TO YACTUIHBIN MOPSIOK HA MHOMXKECTBe coObITHI. Ecam mpu MoaeImpoBaHHU 3TOTO HEIOCTa-
TOYHO, TO KeJIAaeMYIO TIKaJIy BPEeMEHU MOXKHO 33/IaTh C MOMOIILIO CIEIHAAIBHOIO 3/IEeMEHTa CU-
CTEMBbI, KOTOPBIH €CTECTBEHHO TPAKTOBATH KAK 2EHEPAMOP 6PEMEHU WA CUCTEMHbBLE YaCHL.
Ero poab — mocrosHHOEe TIOPOXKIEHWEe MOMEHTOB BpeMenu. Ha HeKOTOpbIe M3 HUX pearupy-
0T JIPYTHE JIEMEHTBI, 9TO O3HadYaeT MPUBA3KY WX aKTHBHOCTH K BPEMEHHOH IMKaJe: 3JeMeHT
«3HaeT», B KAKOH MOMEHT OH JI0JI?KeH BBITIOJTHATH COOTBETCTBYIONIYIO peaknuio. Hekoropwie co-
ObITUS PUHYJUTE/JILHO CTABATCS B OTHOIIEHUE BPEMEHHOI'O HOPsJIKA C MOMEHTAMU BPEMEHH.
DTO KOPPEKTHO, eC/IM COXPAHSETCs yea0BHe acuMMerpudrocT (d) u3 onpeseserust 4 1 BbITOJ-
HEHO TPAH3UTUBHOE 3aMbIKAHHE JIJIs PACIHIUPEHUS YACTUYHOTO TMOPSIKa. TaKuM MOCTPOEHUEM
JIOBUPOBAHO JOCTHUIAETCS BCe, YTO TpedyeTcs OT TPaJMIMOHHOIO IJIOOAJLHOTO BpeMeHHU, W CO-
XpaHgeTcs HeolpeaeeHHOCTh TaM, Ile TPUBA3Ka K BPeMeHHU sSBJsSeTCd JIUITh THITOTeTHIeCKOM.

3akiroderue. [lonsgarusa 1106ajbHOIO U JIOKAJBHOIO BPEMEHHU, BPEMEHHOIO HacTUYHOIO
HOPsJ/IKA, CHHXPOHU3AIUKE W JIP. B paAMKaX MPEJACTAaBICHHON KOHIENINU YIAeTCS ONPEeIe/JUTD
TOYHO, U 9TO JIA€T BO3MOYKHOCTH IIPOBEPATH (DOPMATHLHYIO KOPPEKTHOCTH B3aUMOIEHCTBUS 1€~
MEHTOB, KOTOPBIE COBMECTHO PearupyoT Ha obirue coObiTHA. MBI MOKa3aaum JOCTaTOYHOCTD
BBEJIEHHOH CHCTeMBI HOHATHH 1711 obecliedeHns KOPPEKTHOIO MOIEJIMPOBAHUST B3aUMOIeHCTBI
9J€MEHTOB CHCTEeMBI B paMKaX MeXaHhu3Ma COOBITHH 0e3 MpuB/IedeHns IM00ATbHOIO BpeMeH! B
BHJIE MUPOBBIX YaCOB.

OOMenpuHITO CINTATH, 9TO MEXAHU3M CHHXPOHHU3AINN COOBITHIl JIOJI7KEH yI0BIETBOPSITH
TpeGOBAHNIO JIOKATBHOIO orpanndenust npuannHoii cBasu (local causality constraint), obecre-
YUBAIOIIErO JJIsI MOJAEJIBHOI'0 BPEMEHH UMUTAIIMIO €CTECTBEHHOTO MOPSIIKA COOBITHI «OT NpHYH-
Hbl — K caeacTuioy [10]. [lousaTHo, 910 HUKAKOH (hOpPMATH3M He B COCTOSIHUU MapaHTHPOBATD
aBTOMaTHYECKOE BBIIIOJIHEHHUE ITOTO WK eMy 1oj00H0r0 TpeboBanus. Haira dhopmasinzanus He
nckmoderne. OHAKO, UCITIOIB3YS ee, Pa3pabOTINK MO i Oy/1eT TOYHO 3HATH, KAKNe CBONCTBA
MO/TEJIBHOI CHCTEeMBI HY2KHO IIPOBEPITH J/isd BepuduKanuu ee KoppeKTHocTu., Oprasu3anus Ta-
KOU IPOBEPKH BBIXOJUT 33 PAMKH PacCMOTPEHHs HacTosmieil padorsl. B ¢Bga3u ¢ 9TUM CTOUT
yIoMsHyTh mybuaukarmuu [11-15], B KOTOPHIX ClenuaThbHOe BHUMAHUE YIETISETCs aJrOPUTMAM
CUHXPOHU3AIMK B3aUMOJIEHCTBUS TPOIECCOB U BepupUKAIUU MOJIEJTUPOBAHIS BPEMEHH.

Harma kontenius BpeMeHn KaK YaCTUIHOTO OPS/IKa HA MHOYKECTBE COOBITHH He MpeTeHIyeT
Ha POJIb €JIMHCTBEHHO BO3MOZKHOTO (POPMATBLHOIO ONPE/IC/IEHUSA CUCTEMbI TOHSTHIT 71T MOJIEe/TH-
poBaHHS pa3BUTHA. VlcTOpudecKn mepBbIM U B HEKOTOPOM CMBICJIE aJbTepHATUBHBIM PellleHueM
U3 9TOTO PAJa CJAeyeT CIATATh TaK HAa3bIBAEMYIO KBas3sWNapPaLIeIbHYI0 CUCTEMY JTUCKPETHBIX
cobbiTuit s3pika Cumyoa [16], a sarem u Cumysa 67 [17], upemnoxennyio O. 1. damom u K.
Hioropmom eme B 60-x rogax. > 9T0 pelmenne MpUMeYaTeIbHO TEM, 9TO JOKA3BIBAET BO3MOZK-
HOCTb OTOOpaKeHUs B3aUMO/IICTBIS aBTOHOMHBIX ITPOIECCOB, O KOTOPBIX MPOrPAMMHUCT MOZKET
U JOJIZKEH JiyMaTh KaK O MapaJlIeTbHBIX, B CXeMY TOCJIe0BATETbHO BBITIOJTHIEMBIX ITPOTPAMM-
HBIX MojyJei. [Ipu sroMm adpdekT napasiesmsma coxpansercd. Beraucaureabnoe obopyroBa-
HHE TOTO BPEMEHH He TTO3BOJISIO0 PACCUUTHIBATH HA peaM3allfio MapasleJbHBIX pacdeToB, 1
HO3TOMY TPHUIILIOCH CTPOUTH CTPOTO MOCIETOBATEIBHOE BBIIIOIHEHHE MOJIE/ el 1 MMUTHPOBATD
napaJsiiesn3M. BeITh MOXKeT, HMEeHHO 3TO OIPAHWYEHWE MO3BOJIUIO0 aBTopaM mnpoekta Cumyna
HPEeJIOKUTH cOAJTaAHCHPOBAHHOE PeIIeHne, KOTOPOe He IIepecTasio ObITh aKTYaJbHBIM U CeTOJIHS.

*Hcropus passutusa CUMYJIBI, ee KOHIEMINH, TOTb30BATEIHCKIX CPEJCTB U IPYTUX 0COOEHHOCTEH IpeIcTaB-
JieHa B OYeHb MHTEPECHON MyOJMKalyn aBTOpOB s3bIKa [18].
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B omsimune 0T MOJEJBLHONO BPEMEHH, ONPEeJe/sdeMOro Ha OCHOBE OTHOIICHUIT MeXKIy COObI-
THAMH, KBasunapaJienbaas cucrema Cumynnl u Cumysisl 67 3amaer win, Jydile CKa3aTh, KOH-
CTPYUPYET IPOrHO3UPYEMOE MOACALHOE IIIOOAIBLHOE BPeMs, YIOPAI0UNBALd SJIEMEHTI CHCTEMbI
B COOTBETCTBHU C AMHAMHYECKH (DOPMUPYIOIIAMCA ILIAHOM BBLIIOJHEHHSA IPOIPAMM 3THX JJIe-
MEHTOB ¥ TJIABHON HPOIpaMMbl MOJIEJIM, CUMY/JIUPYIOIIeH ToBejeHre BHEITHEH CPeJibl CUCTEMBbI.
ZLJIH YHaopdAaa0o4deHnd BBIITIOJHEHUAd MOJEJbHBIX PaCdYeTOB HCIIOJB3YETCA ClieluaJibHad CTPYKTY-
pa JIAHHBIX, HA3BIBAEMAs! YNPAGAAOULUM CNUCKOM, B KOTOPBIH BHOCATCS 3JI6MEHTHI (CCHIIKHA HA
HUX), TJIAHUDYEMble JJsl AKTUBH3AIMA. B KaXKIblii MOMEHT MOJEIBHBIX PACIETOB €IHHCTBEH-
HBIM AKTHBHBIM 3JIEMEHTOM ABJISETCA TOT, HA KOTOPBIHA CCBLIACTCA MEPBBIH 9JIeMEeHT YIPABJIAIO-
mero ClimCKa. KaK TOJIBKO 3JIECMEHT IiepecTaeT 6BITb AKTUBHBIM, OH YAAJIA€TCA U3 YIIDaBJIAIOIIEro
cruucka. Bee mocseayomnme 31eMeHThl, IIpeJCTaBAeHHbe B CIINCKe, OXKUIAI0T CBoell ouepeu Ha
BBITIOJIHEHUE.

ITponecc, BHIIOTHAEMBINA 3JIEMEHTOM, MOKET HAXOIUTHCHA B OJHOM K3 YETHIPEX COCTOAHUI:

1) axmuervwm, Koraa (peabHO) BBITOJIHSIETCS TPOrPAMMA MPOIIECCa;

2) NPUOCMAN0BAEHHBLM, KOTJIA BBIIIOJHEHHE IIPOIPAMMBI IIPOIECCA IPEPBAHO, HO 3AlOMHEHA
TOYKA BOBO6HOBH€HI/IH 1 1Iponecc HaXOJAUTCAd B YIIPaBJIAIOIIEM CIIMCKE;

3) naccusHbiM, KOTJA MPOIECC HE BBHIOJHIETCS W He HAXOIUTCH B YIPABJISIOMEM CIUCKE,
HO TOYKa BO300HOBJICHUS AKTUBHOCTHU 3AIIOMHEHA;

4) sasepwerHvim, KOTIA BBIIOJHEHHE ero MPOrpaMMbl IPEPBAHO, U TOYKA BO30GHOBJICHUS
AKTUBHOCTHU He 3aI0MHEHA.

Kouncrpykiug ynpas/agoliero cnucka uMutupyer spems. [lepsblii mporece eimHCTBeHHbIT
AKTUBHBI. KOF,ZLa OH IIpepbIBaeT CBOE BLINMOJHCHNE, CJICAYIOIUM aKTUBHBIM CTaHOBUTCA CJIEAY-
IO 38 HAM IIPUOCTAHOBJEHHBINA ITPOIECC.

ITporiecc MozkeT OBITH BCTABIEH B YIPABJSIONUI CIUCOK (Mepesi KAKUM-JHO0 MPOIEcCOM
B CIHCKE WIH T0CTe HEro, depes ONpe/e/eHHOe BPeMs) WJIH ylajeH u3 Hero. [Ipomecc Tak-
JKe MOZKeT OblITh HA3HAYCH Ha OLPE/ICJCHHOe BpeMsd. DTO 03Ha4aeT, YTO OH BCTABJISCTCH I1epel
TEeM IIPpOIEeCcCOM, BpeMd BBIIIOJITHEHUA KOTOPOTO — MHUHHUMAJIbBHOE BpEMA, IIPEBOCXOALAINECE Ha3Ha-
qaemoe. Bo3aMmoxkHO ciydaiinoe (HceB;LOCﬂyqaﬁHoe) JeficTBHAE II0 BCTABKE IIPOIECCa B TO WA
MHOE MECTO YIPABISIONEro ciucka. MOXKHO CUMTATH, UYTO ¢ IOMOIIBIO YIIPABILAIOIIEIO CIUCKA,
IPOIIeCCaM 3aJal0TCs OTHOCATENbHBIE IIPUOPUTETHL. 1[oCTyIMpyeTcs, 9To Bee ONepUpPOBAHHE C
VIIPABJIAIOIIUM CIIUCKOM U C COCTOSHUAMM aKTHBHOCTH LPOLECCOB SIBJIAETCH CJEACTBHEM CO-
ObITHIl, JUCKPETHO HNPOUCXOAAINUX B cucTeMe. [IoKa He HPOU3O0ILI0 KaKoe-a1ubo 13 COOBITHIL,
peakius Ha KOTOPOe IIPeJyCMaTPUBAeT COOTBETCTBYIOIINE U3MEHEeHNUsl, COCTOAHNE MPOIecca 1
ero IOJI0XKEHNE B yIIPABILAIONIEM CHUCKEe He MOIYT H3MEHATHCH.

CaMoe CymeCTBeHHOE B CHCTeMe ¢ JUCKpPeTHBIMU cOObITHAME CHMYJIB — 5TO TO, 9TO ee
CPEACIBa OLEPUPOBAHUS [IO3BOJILAIOT IIPOIPAMMUCTY JyMaTh 00 3JIeMEHTAaX CUCTEMbl KaK O Ila-
paJLIeJbHO JefiCTBYIOIINX areHTax B YCJOBHAX HESBHO OLPEIeIeHHOrO IJI00aJIbHOIO BPEMEHH.
q)aKTI/ILIeCKI/I QJIEMEHTDBI BBIITOJHAIOT CBOU ITPOrpaMMbI ITOCJI€J0BAaTEJIbHO U B CTPOT'OM COOTBET-
CTBUY C JUHAMHUYECKH MEHSIOIUMCH YIPAB/ISIONUM CIECKOM, KOTOPBIHA 00€CIIeYnBACT T100aIb-
HOE BpeMs KaK HOJHOCTLIO YIOPSA0ICHHOE MHOYKECTBO Y2K€ BOSHUKIINX U IUIAHUPYEMBIX K BO3-
HUKHOBEHUIO COOBITHIL. Brrunciurensnoe o60pynoBanue BpeMeHn, Koraa co3nasantach Cumyia,
HE HO3BOJILI0 PACCYUTLIBATH Ha PeaIH3alUIo apa/LIeIn3Ma, & HOTOMY PelleHne UCHO0/Ib30BaTh
CIIEIMUAJIbHYIO CTPYKTYPY AaHHBIX, ITOJAECP2KUBAIONTYIO IOJTHOE YHOPAJOYHBAHUE aKTUBU3AIIIU
3JIEMEHTOB MOJIEJIBHOI crucTeMbl, mpe/iozkentoe Jamom u Hioropaom, Broosae onpasiaHo (aHa-
JIH3 9TON KOHIENIHH TpeIcTaBier B Monorpaduu [19]).
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Cero/iHst XOTEJI0CH OBl BUJIETH PA3BUTHE CUCTEM C JUCKDPETHBIMU COOBITHSIMHU, KOTOPOE OpPH-
eHTHPOBAJIO Obl BBIYHCJICHUS Ha IMPOLYKTHBHOE HCIIOJIH30BAHHE MHOIOIIPOIECCOPHOTO pecypca
B coueTaHuu ¢ 3Pp@PpeKTOM HapalieIM3Ma, 00ecIedeHHOro YIPaBIdiomuM ciuuckoM. OgHAKO 9Ta
npobJieMa He TaK IIPOCTa, KaK MOXKET MOKA3aThCs MPU MOBEPXHOCTHOM paccMmorpenuu. leno B
TOM, 9TO CTPOTO yHOPSIOYEHHAS MOC/IEI0BATEIbHOCTD COOBITUI CO3/aeT BUIMMOCTH OO THI-
TeJILHON 3aBUCHMOCTH MPOIECCOB, BHIMOJIHIEMBIX KaK PEAKINN Ha COObITHS. 3a1ad9a Pacno3Ha-
BaHWS TOrO, KAKWE W3 TPOIECCOB MOXKHO BBITTOJHSITH MaPaJLIeIbHO, O9€Hh TPYI0EMKA — OHA
TpebyeT IpoBeJeHUs aHAIN3a CBA3EH MeXKJIy IpollecCaMH Ha YPOBHE BCEX KOHTEKCTOB, K KO-
TOPBIM OOPAIIAIOTCS MPOIECCHI, YTO /sl MPOrPAMM MOJETUPOBAHUS NPAKTHIECKH HEPEAJbHO.
Hy»kHubl 110/X0/1bI, KOTOPBIE OTKA3BIBAIOTCS OT HPSMOJIUHEHHOTO CJIEIOBAHUS yIOPSI0UNBAHUS
BBIYHCICHUN Ha Oa3e 17106a1bHON0 BPeMEHH MOJEIbHON CHCTEMBI.

OueBniHBIN cTIOCOO OPTAHU3AINY BRIYUCIEHNH, CTOCOOCTBYONINI COKPAIIEHNIO PACXOI0B Ha
aHAJIM3 3aBUCUMOCTEil, — 3TO COKpallleHe CBsA3eil MpoIeccoB depes3 oOIuil 1100aaIbHbI KOH-
TekcT. [IpuMennTeIbHO K COOBITURHOMY VIPABJICHUIO B PA3BUBAIONIUXCA CHCTEMaX 3TO HPSIMO
YKa3bIBAET HA HEOOXOAMMOCTH OTKA3a OT MOJe/upoBanus 11odajibnoro spemenu. 1 3aecs nano
rOBOPUTH O PA3BUTHU SI3BIKOBBIX MOJIE/IEl BEITUCICHNI, HAIIEJIEHHOM HA PEAJTH3AINI0 YI00HBIX
U TIOHSITHBIX CPEJICTB MOJJIEPKKU 3aaHUs JOKAJBHOIO ONMepUpoBaHusa. B KadecTBe mepcrex-
TUBHBIX HAIllpaBJEHUN B TOH 00/1aCTH MOXKHO HA3BaTh S3bIKH (DYHKIIMOHAJIHLHOIO CTUJIA IIPO-
rpaMMHPOBaHUsA U CUCTeMBbl (pparMeHTHpoBaHHOro nporpaMmuposanud.® K mepsoMmy n3 stux
HAITPaBJIEHUN OTHOCATCA YUCTBIH JIuC ¢ moamep:KKoit 00 beKTHO-OPHEHTHPOBAHHOTO MPOrPaM-
muposamus (cucrema CLOS [22]), Haskel 23| u ap., ko BropoMy — s3BIK H CHCTEMa IPOIPAM-
muposanust Luna [24, 25]. Oba manpasienusi goka3ann cBow 3GOEKTHBHOCTH MTPH KOHCTDYH-
POBAHHUH IIPOrPAMM BO MHOTHX IPUKJIAIHBIX H CUCTEMHBIX 00JIaCTIX, OJTHAKO aeKBAaTHOCTH MX
UCIIOJIB30BAHUS ITPU MOJICJIMPOBAHUE PA3BHTH CUCTEM €Ie ITPEeJICTOUT UCC/IEI0BATD.

CoBpeMeHHOe COCTOHHE TTPOOIEMATUKN MOIEIMPOBAHUST BPEMEHH! OTpazKaeT MoaApOOHbBIH 00-
30p B. B. Okosnbaunaunkosa [26|, conepzkarmuii 1octaTroqno nostHyo nHGOPMAIUIO O TOAX0AAX
K peIreHnio uMuTanun pas3sutud. [[eHHOCTb 3TO#l myOauKamum B TOM, 9TO aBTOP YKa3bIBaeT
Ha MOOYIUTE/IbHbIE IIPUYUHBI BBIOOPA TOr0 MJIM MHOIO CIIOCODA OTParKeHHsS BPEMEHH B MOJe-
JIIX, UCXOAs U3 HOTPeOHOCTEH pellleHrs peaJbHbIX 3aJlad MOJeJTHpoBaHusd. B dacTHOCTH, OH
00OCHOBBIBAECT HMPHYMHBI TosiBJIeHUs CTaHIapTa apXHTEeKTYPhl BEPXHEr0 YPOBHSI JIsS CHUCTEM
MOJICJIMPOBAHUS W CUMYJISIUA [27], a TakzKe COIMyTCTBYIONMX €My CTAHJIAPTOB, KOTOPbIe ObLIH
pazpaborans B IEEE nma yaundukamnmm MmeTomoB pemteHns 3a1a49 B 310l orpacan. ABTop 0630-
pa OTMedaeT, 9TO BCe PACCMATPUBAEMbIE MOJIE/IM HMUTAIIMOHHOTO BPEMEHU B HACTOSITIIEE BPEMsi
UCIIOJIB3YIOTCA B PA3/JIMIHBIX 0OJIACTAX HPUMEHEHHs MOJCJHPOBAHUA, a UX PA3JIHIUSA CBI3AHBI
¢ 0COOEHHOCTSIMHU THX 00.J1acTei.

UcciieioBanue, 1ipejicraBjieHHOe B HACTOsIIIEH paboTe, 0Ka3aJ/10, YTO HPEO/I0JIEHUEe TPY/IHbIX
npobJieM ry106a M3 BpeMeH! Ha OCHOBE MHPOBBIX 4aCOB JIOCTHZKIMO, €CJIH TJI00aILHOe Bpe-
MsI PACCMATPUBATH KaK CYIHOCTh, BTOPUYHYIO MO OTHOIIEHUIO K JIOKAJTbHBIM BPEMEeHAM 3JIeMeH-
TOB cucteMmbl. Ha 3Toit 0CHOBE MOXKHO CTOUTD IIAOJOHBI IPOCKTUPOBAHUSA, KOTOPbLIE peaau3yiorT

$HecmoTps Ha TO, UTO mepBoMy (GYHKIMOHATILHOMY A3BIKY JIMCIY HOYTH CTONBKO ¥Ke JIeT, CKOITLKO 1 Pop-
TPaHy, CTAPTOM IITHPOKOTO 00CY2KIeHus PyHKIMOHAILHOCTU cTas 1978 rox, mocme nybaukanuu [Ix. Bakycom
JIEKIMU, IPOYUTAHHON DU NPHUCYKIEHUU €MY ThIOPUHIOBCKOl npemun [20]. @parMeHTHPOBaHHOE IIPOrPAMMU-
posanue [21] He umeer croiib ke JaBHeill ucropuu. Tem He MeHee, ONbIT KOHCTPYUPOBAHHs LHPOIPAMM ILyTeM
MOATOTOBKY (DPArMEeHTOB, KOTOPBIE JIJIsT 33/IaHUsT TPEOYEMbIX BBIYUCJICHUN KOMOMHUPYIOTCS C yI€TOM CBONCTB M
0COOEHHOCTEH KaK COCTABJISEMBIX aJITOPUTMOB, TaK U UCIOIb3yeMOil peaibHON CpeIbl BEIYUCIICHNH, TIOKA3BIBAET
OYEHb XOPOINNE PE3YJIbTATHI.
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/IBa moaxoAa K NOHUMaHHI0 MPOCTPAHCTBA U BpEeMEHHU:
06seKmueucmcKull 5 cyb6oeKmugucmcKuul

[Be koH Lenuuu: BrnaeHHbIN ABpenuit ABryCcTUH:
* BpemeHu BHe yeroBeka He CyLLEeCTBYET;

cy6cmquu0Haanaﬂ n perAyUoOHHasn
* Bpems — a10 cnocob yenoseka 0603HaUNTL USMEHEHUSA |

MnatoH, [lemokpuT: ApucToTens: . Kar-
* MpocTpaHcTBO — 3TO « TpocTpaHcTBO — 3TO CUCTEMA ) . -?
) nycToTa, BMeCTUNMLE €GTeCTBEHHbIX MECT, 3aHUMaeMbix *  TpocTpancTso 1 Bpems — aTo dhopMbl UyBCTBEHHON
aToMOB, MaTepranHBIMU Tenami nosHaBaTenbHOM CNocoBHOCTH YenoBeka, KoTopble He

. BpeMﬂ — BMecTuUnMLe J'Ie|7|6H|/|L|,, ﬂeKapT, lerenb: MOryT CyLLIeCTBOBaTb HE3ABUCUMO OT YerioBeKa.

COOITHIA.  MpoCTPaHCTBO M BPEMA HanosHeH bl
maTtepuen. [IBuxeHne — npotecce,
nepexo BPEMEHN B MPOGTPAHCTBO W
HaobopoT B
JNlo6aueBckniA, SMHLITENH:

Bepknu, Max, ...

BboraaHog, bepTanaHdu:
« ObLwana Teopna cuUcTEM
. OTKprTbIe passuBaroLneca CUCTEMbI

Qusura, Mamemamuka U dpyaue
ecmecmeeHHbIe HayKu

+ Bce CyLLecTBYeT B MPOCTPaHCTBEHHO 3SwWeu: °
° 3
BPEMEHHOM KOHTUHYyMe « [oMeocTaT, camMoopraHn3aLus, 3akpbITble CUCTEMbI 8 z
+ Bpems HeobpaTMMO W acCUMETPUYHO LLleApoBULIKHIA: £a
: [ =
(Te. BCe NPOLECCHI NpOTEKaKoT OT * CUCTEMO-MbICNeaenTeNbHOCTHAsA METOLOMOTUS £ §
MPOLLNOro Yepes HacTosALlee K » Bpews u passyTue S8
Oynyuiemy) J Mnaxe: ©3
H%TTM’ Cwmur, Mapke: + lNepexod OT MEXANCUMNMNHAPHBIX NCCNIEA0BaHMI
pema — 9To pecypc OKOHOMUYECKUE  y rpaHcAMCUMINNHAPHBIM, T.e. 663 CTPOTMX
Banbpac, Knapk, bekkep: HayKu FpaHUIL| MeXy AVCLMIAMHaMM

* [loHATWe hoHaa BPEMEHN -

Puc. 1. Cxema xaccuduKanmii CJIOKUBIIAXCS KOHIEIIINA BpeMeHN

JTIOCTATOYHO OOIIHEe METO/IbI HOCTPOEHHsT MOJIe el IBOIOIMUOHHOIO PA3BUTHS. BhIsIBJIEHTEe CUTY-
anuii, B KOTOPBIX TpeOYIOTCsI Takue MabI0Hbl, Mbl PACCMATPUBAEM B KadeCTBe IMEepPCIeKTUBHOMN
paboTHI.

ITpunoxkenume. Meromoaornyeckne KOHIENINKA BPEMEHN U UX CBA3b C BHIAMU
HAY YHO-UCCJIEIOBATEJILCKON AedaTeIbHOCTHU. [[oHsATHE BDEMEHH U €r0 COOTHOIIEHHUE C 10~
HSITHEM TTPOCTPAHCTBA 3aHUMAJIO UCCAeI0BATEIeH ¢ IPEeBHEHITMX BpeMeH U JI0 Hamux jaHeit. B
npeJcTaBIen ol cxeMe (puc. 1) nokazana KiaaccuduKaImst CIOKUBIIAXCS KOHIETHH BpeMeHH.
OCHOBOII TOCTPOEHHO HePAPXUH CJIYKAT HAY THO-UCCIETOBATEILCKHE HATIPABIEHHUS, ¢ KOTOPHI-
MH MOXKHO COOTHECTH T€ WJ/IM WHble KOHIEHIMU. B pesy/ibrare oupeje/nioch 8T KJIacTepoB:
(1) ecrecTBenHO-HAYYHOE HAIPABICHHE; (2) IKOHOMUICCKHE HAYKH; (3) CHCTEMHBIC HCCIICI0BA-
Hust; s Hanpasaennii (4) u (5) copmyanpoBaTh aleKBaTHbIE HA3BAHUS HE YIATI0Ch.

Ha cxeme BBIeJI€HBI HMEHA TIpEJCTABUTE el HAIPABJICHWI, CYKIEHUS KOTOPBIX MUTHPY-
I0TCs (B KPATKOM MepecKase).
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