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HemnpepuiBHo-BpemenHbie cetu [letpu (HBCII), roe kaxkmomMy mepexomy CeTH CTaBUTCS B COOTBETCTBHE
BPEMEHHOI MHTEPBaJl €T0 cpabaThIBaHUSI, VCTIOJNB3YIOTCS IIJIST MOACIMPOBAHUS CIOXKHBIX MapalIeTbHBIX
CUCTEM, KpUTUYHBIX C TOYKHU 3peHus Oe3omacHocTu. B o61eM ciyyae, mpoctpaHcTBO coctossHuit HBCIT
OECKOHEYHO U HECUETHO U, CJIeJOBATEIbHO, aHAJIU3 UX MOBEISHUs TOBOJBbHO CIOXeH. ‘MICTUHHO napai-
JenbHas® ceMaHTuKa npeacrasisiet nopeaeHue HBCIT B Buae Habopa neiicTBril, OTHOIIEHUE TTIPUYMHHOI
3aBUCUMOCTH MEXIY KOTOPBIMU MOIIEJTUPYETCS YaCTUIHBIM MTOPSIAKOM, a OTHOIIICHWE Mapaieu3Ma — OT-
CYTCTBMEM TopsinkKa. Takoe IMpeacTaBiIeHMe SIBJIIeTCSl OoJiee MpUeMIEMbIM ISl M3YYeHUS CIIeTyIOIINX
CBOICTB TapaJIeJIbHBIX CUCTEM: OTCYTCTBUE TYIMUKOB, ‘CIpaBeMIMBOCTD’ (fairness), MakCcMMasIbHBII Ta-
pajienu3M U T.10. B cTaTbe BBOISITCS M UCCIIEIYIOTCS CEMaHTUKU 11ara (MHOXECTBA MapasijiebHbIX e -
CTBUIT) M YACTUYHOTO TTOPsIIKa (MHOXKECTBA YITOPSIIOYCHHBIX IO MPUYMHE W MapaJlIeTbHBIX IeUCTBUI) B
koHTekcte HBCII, nmoBeneHue KOoTophix onpeneisieTcs cjaadboit BpeMeHHOI cTpaTterueit (T.e. Xoo MOJIe/Ib-
HOTO BpEMEHM He OTpaHUYEH cpabaThIBAHUEM MEPEXOI0B CETH) U YCTOMYMBO aTOMAapHOM TEXHUKOM cOpoca
4yacos (T.e. Ipu cOpoce YacoB cpabaThiBaHME NEPEXOIOB CETU pacCMaTPUBAETCsl KaK aTOMapHOeE JIeiicTBIE).
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1. BBEAEHHME

be3onacHocTh (DYHKIIMOHUPOBAHUSI COBPEMEH-
HbIX THPOPMALIMOHHO-KOMITBIOTEPHBIX CUCTEM CTa-
HOBUTCSI KPUTUYECKU BaXKHOM, MOCKOJIBKY MX OTKa3
MOXET TPUBECTU K CEPbE3HBIM TOTEPSIM, pa3pylie-
HHUSM 1 JaXKe YeJIOBeYeCKMM kKepTBaM. s Bepudm-
KallMy MOBENECHUS TAKUX CUCTEM HEOOXOAUMO UCTIONb-
30BaTh (HOpMaIM3Mbl, MO3BOJISIIOIINAE OINMCHIBATL U
aHaJIM3UPOBaTh KakK (PYHKIMOHAJIbHbBIE (Ka4eCTBEH-
Hble), TaK U peajbHO-BpeMeHHbIe (KOJIUYEeCTBEH-
HbI€) CBOWICTBA CUCTEM.

B teopuu cereii [Tetpu (CIT) n3BecTHBI pa3HO06-
pa3HbIe peaibHO-BPEMEHHbBIE pacIIMpeHUsI, B KOTO-
PBIX BPEMEHHBIC XapaKTEPUCTUKU COMOCTaBISIOTCS
pa3INYHBIM 3JIEeMEeHTaM (MecTaM, mepexoaam, Ayram,
duiikam) cereBbix Moaeneit [1]. HaunbGonpinyto mo-
MYJISIPHOCTD TOJYy4YWIn paciuupeHus ceteil Iletpu,
Ile ¢ Ux rnepexogamu (IefiCTBUSIMU MOIETUPYEMBIX
CHUCTEM) CBSI3bIBAIOTCSI BpEeMEHHbIE 3aAePKKU, a MO-
JIeJIbHBIE Yachl UBMEPSIIOT X0/l BDEMEHU B COCTOSTHUSIX
cetu (cucteMbl). B tutepaTtype paccMarpuBaioTCs ABa
nonxona — duckpemro-gpemerusvle CII (IBCII) [2] u
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Henpepoieno-gpemennsvle CII (HBCII) [3]. B IBCII
MMEIOTCS TJIOOAJIbHBIE Yachl M KaxKIOMY IIEPEeXOMy
COIIOCTABJISIETCS LEJIOUMCICHHOE 3HAUeHUEe — JJIM-
TEJIBHOCTb CpabaThIBaHMsI IIepexola, Torma Kak B
HBCII ¢ xaxXXmpIM IIepeXoIoM CBSI3BIBAIOTCS JTOKaJb-
HbBI€ Yachl U CTAaTUYECKUII MHTEpBal NCUCTBUTEIb-
HBIX YHCeJl — BPEMEHHBIX 3alepKeK cpabaTbIBaHUSI
nepexona (IIpu 3TOM cpabaThIBaHUE IIEPEX0/1a CUNTA-
eTcss MrHoBeHHbIM). M3BecTtHO, uyto HBCII paBHO-
MOIIIHBI MallrHaM ThIOpMHIA M BKJIIOYAIOT KJIAcC
JABCII, noatomy umeHHO moaeii HBCII Bei3biBatoT
HauOONBIINIA WHTEpeCc y ucciaenoBareneii. YToObl
00ecIeynTh pa3pelIMMOCTh MpobJieM aHaIu3a MoBe-
JIEHYECKUX CBOWCTB, KaK MpaBWIO, B JIUTepaType
paccMmatpuBalotcs n-oepanuyernsie HBCII, B MmecTax
KOTOPBIX HE HaKaruIMBaeTCsl OECKOHEYHOE KOoJuye-
CTBO QuIleK (PeCypcOB MOJECIUPYEMOI CUCTEMBI), a
MX KOJWYECTBO OTPaHUUYEHO HEKOTOPBHIM HATypasib-
HbIM yKrciioM x. Kak 06110 TIoKa3aHo B padote [4], BbI-
pa3uTesIbHbIE MOIIHOCTU #-OTrpaHUYEHHBbIX U 1-orpa-
HUYeHHBIX (6ezonachbix) HBCIT skBHUBajIeHTHBI OTHO-
CUTEJIbHO BpEMEHHOI OMCUMYJISIIINU.
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HBCII umMmeroT cienyroniyo oIepalioHHYIO ce-
MmaHTHKY (moBemeHue). Cocrossnue HBCII comep-
KUT TEKYIIYIO pa3MeTKy (pacrpeaeiieHue (uIlek mo
MECTaM CETH) M TI0Ka3aHUs YacOB pa3pelllcHHbIX Te-
pexomos (T.e. TIepexoa0B, BCce BXOTHBIE MeCTa KOTO-
PBIX MMEIOT JOCTAaTOYHOE KOJIMYECTBO (PHUIIEK MpU
maHHoOI pa3zMmeTke). Ilepexom MoxeT cpaboTaTh B CO-
CTOSTHUM TOJILKO B TOM CJIy4ae, €CJId Mepexol pa3pe-
IIIEH B 3TOI pa3MeTKe U €T0 Yachl JOCTUTIA MOMEHTA
BpEMEHHM, KOTOPHI HAXOOUTCS B Mpeaeiax BpeMeH-
HOTO MHTepBaJjia JaHHOTO Iepexona. M3MeHeHUsT co-
croganit HBCII mpouncxongaT IByMs cItocobaMm: xo-
dom eépemeru (4achl paspelIeHHBIX MEPEXOI0B UIAYT
BIIEpen) U/WIU cpabambiéanuem nepexoda (TeKyIas
pa3MeTKa MeHSIeTCSI Ha HOBYIO (B KOTOPOil UKy
MOTPeOIeHBI U3 BXOOHBIX MECT U IMTPOU3BEIeHbI B BHI-
XOJIHbIE MECTa cpabaThIBalOIIEeTO Mepexoaa), a 4yachl
MEePEX0I0B, KOTOPHIE CTAHOBSITCSI pa3pelllcHHbIMU B
HOBOI1 pa3MeTKe (BHOBb pa3pelllecHHbIC MepPeXObl),
MepeyCcTaHaBIMBAIOTCS ).

B nuteparype OBLIM NpemioXKeHbl pa3IudyHbIe
MpeacTaBiieHus ornepauroHHoi cemManTuku HBCII,
KOTOpPbIE KJIACCUDUIIMPYIOTCS B COOTBETCTBUM C -
XOTOMMSIMU OTHOCUTEIBHO: OIPeIeICHUSI BPEMEHHOM
MH(OPMAIIUM B COCTOSIHUSIX CeTH (€IMHUYHOE/MH-
TepBaJIbHOE 3HAYE€HWE YaCOB B COCTOSTHUMN ), CTPaTETUU
10 XOAy BpeMeHHU (CujibHasl/ciiabast), CTpaTeruv KOH-
TpoJsl MaMsITH (MMPOMEXYTOUYHasl/aToMapHas), a TaK-
K€ TIPEJICTaBJICHUSI CpadaThIBAHUI TTapaJlIeIbHBIX I1e-
pexonoB HBCII (MHTepJMBUHT/ ‘UCTUHHBIN Tapa-
JIeJIU3M’).

EnunnyHoe/MHTEpBAJIbHOE 3HAYEHHE YACOB B CO-
crosanuu. B cunrakcuce HBCII ¢ xaxnpiM mepexo-
JIOM CBSI3aH CTaTUUeCKUi BpeMeHHOI MHTepBaJs cpa-
OaTbIBaHUS naHHOTO nepexona. [1pu hyHKIMOHUPO-
Bannu HBCII mokaszanust 4YacoB pa3pelleHHBIX
MEepPexXoa0B B COCTOSTHUM — 3TO JIUOO AeHCTBUTEIbHbBIE
yycna (eIMHUYHBIE 3HAYeHMs]), IN0O MHTEePBaIbl Heii-
CTBUTEJIbHBIX YMce (MHTePBAIbHbIE 3HAYEHMS ).

Ecnu nokazanust yacoB B coctosHuu HBCII
MpPENCTaBIeHbl IENCTBUTEIBHBIMU YMCIAMU (CM.,
HarpumMmep, [5]), To Yackl BHOBB pa3pelIeHHBIX Mepe-
XOIIOB ycTaHaB/IMBaloTcst B 0 U 3aTeM 3HAUCHUS yBe-
JIMYUBAIOTCSI CHHXpPOHHO ¢ XonoM BpeMeHu B HBCII
JIO TeX TOop, TTOKa 3TU MepPeXoabl He cpaboTaloT Win
CTaHyT Hepa3pellleHHBIMM 3a CcueT cpabaTbIBaHUS

KOH(MIMKTHBEIX Tepexonos!. [Ipu sToM paspeleH-
HBbIE TIepeXoabl MOTYT CpaboTaTh B COCTOSSTHUU, TOJIb-
KO €CJIA TOKa3aHUS VX YacoB MpUHAMIIeXaT UX CTa-
TUYECKUM MHTEPBAJIaM.

1 ITepexonbl Ha3BIBAIOTCSI KOHDAUKMHbIMU, €CIU Y HUX €CTb 00-
111ee BXOJIHOE MECTO M, CJIeJOBaTeJIbHO, MpPU cpabaTbiBaHUU
OJIVH TNIEPEX0] MOKET IMOTPEOUTH BXOAHBIEC (PUILIKK IPYTrOro mne-
pexozia v TeM caMbIM cleJIaTh ero Hepa3pelleHHbIM.
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B cnyyae, xorma moka3zaHusi 4acOB B COCTOSIHUM
HBCII — uHTepBasibl OeHCTBATENIBHBIX YCE)T (CM., Ha-
pumMep, [6]), To TTOKa3aHKS YaCOB BHOBb Pa3pellicHHBIX
MEPEXOIOB — 3TO UX CTATUYECKUE MHTEPBAITLI CpabaThIBa-
auit. [pu pyaxkimonmposan HBCIT rpanmiipr qmHa-
MMYECKUX MHTEPBATIOB YMEHBIIAIOTCSI CHHXPOHHO C XO-
noM BpeMeHn B HBCII mo tex mop, 1moka 1mepexoabl
He cpaboTaloT WM CTaHYT HepaspellleHHbIMU. Pa3-
pelIeHHbII TTepexoa MOXeT cpaboTaTh B COCTOSTHUU
HE paHbllle, YeM HIDKHSS TpaHWIIa ero TUHaMUde-
CKOTO MHTEpBaJla YCTAHOBUTCS B HOJIb, M HE MO3IHEE,
yeM BEpXHSS TpaHMIIA €TO MHTEePBajia JOCTUTHET HO-
1. B craree [7] Oblma mokasaHa 3KBUBaJICHTHOCTH
MOJIXOIOB OTHOCUTEJIBHO BPEMEHHOMN OMCUMYISIIIAN
i HekoTtopblx cemaHTMK HBCII. B murepatype
MpeanoYTeHUe OTAAIOT IIEPBOMY ITOIXOIY, KOTOPHIA,
KaK MpaBUJIO, YIIPOIIAET U3JI0XKEHIE MaTepraia.

CuibHasi/c1abas BpeMeHHas crparerusa. Pasmua-
IOT JIBE CTpaTeTMd XoJa BpEeMEeHU B COCTOSIHUU
HBCII. B cuasnoii cemanmuke 3anpeniieH Xo, Bpeme-
HU, TIPUBOMSIINM K BBIXOIY 3a TPAHUIIBI BDEMEHHOTO
WHTEPBaJia XOTs Obl OJHOTO U3 pa3pelllecHHBIX Mepe-
XOIIOB, TaKOM Tepexol JOKeH cpaboTaTh B COCTOSI-
HUM, KOTIa BpeMsI He MOXET MATU Aaiblie. Hampo-
TUB, B c1a00l cemanmuke OOITyCKaeTcs JIIOOOM Xoo
BpeMeHH, cpabaThIBaHME MEePEXOd0B He (POPCUPYET-
cs M, KaK CJIeICTBUE, OHU, BOOOIIE, MOTYT He cpabo-
TaTh. B [1] aBTOpaMu OBLIIO HOKAa3aHO, YTO 3TH JIBE Ce-
MaHTUKU SIBJISIIOTCSI HECPABHUMBIMU OTHOCUTEJIBHO
cJ1aboif BpeMEHHOM OMCUMYJISIIIAN.

IIpoMexxyTouHasi/aTOMApHAS NPOCTPAHCTBEHHAS
cTpaterusa. B nurepaType mpeacTaBiaeHBI IIPOMEXY-
TOYHAasl, aTOMapHasi U yCTOMYMBO aTOMapHasi cTpaTte-
Ty, KOTOphIC OIPEeAessiioT, KOorga cOpachiBalOTCS
(mepeycTaHaB/IMBAIOTCSI) Yachl pa3pelleHHbIX Tepe-
xonoB. Kiaccuyeckasi, Ha3BaHHasT NPOMENCYMOUHOI,
CTpaTerusi y4UTBhIBAaeT ITPOMEXKYTOYHYIO pPa3METKY,
KOTOpasl MoJydaeTcs Tocje ToTpedaeHusT PUIlleK 1
nepen MpoOM3BOJICTBOM (DUILIEK MPU cpadaThbIBAaHUM
nepexona ¢t. Yacel mepexona ' cOpachIBalOTCs, €CIIU
OH He SIBIISUICS pa3pellieHHBIM B IIPOMEXYTOYHOI
pa3MeTKe M CTajl pa3pellieHHLIM B pa3MeTKe, MOJy-
YeHHOI1 ITocjie MPOM3BOJCTBA (PUILIEK B Pe3yJIbTaTe
cpabartbiBaHuUs niepexona ¢. [1pu amomaproii ctpate-
MU Yachl Iiepexona ' coOpachIiBalOTCs, €CJIM OH HE SIB-
JISIICS pa3pellieHHBIM 10 CpadaThIBAaHMS ¢ U CTaJl pa3pe-
IIIEHHBIM TTocJie cpabateiBaHus 7. Eciau cpabaTthiBaio-
MM TIepexoa / CHOBAa CTAHOBUTCS Pa3pellleHHBIM
TOCJIe CBOETO CpabaThIBAHMS, TO €T0 Yachl cOpachIBa-
IOTCSl B TIPOMEKYTOYHOM M aTOMapHOM CTpaTeTusix,
HO 3TOr0 HE MPOUCXOOUT B YCMOUUUBO AMOMAPHOIU.
IIpocTpaHCTBEHHbIE CTpATEry OBLIM WU3YYE€HBI IS
CHJIbLHOI BpeMEHHOM CTpaTernu B cTathbe [8], rie ObI-
JIO YCTAaHOBJIEHO, YTO BCE TPU CTPATErMU COBIIAIAIOT
B ciaydgae orpanmyeHHbIXx HBCII ¢ 3aMKHYTBEIMI
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crpaBa CTaTUYECKMMM WHTEpBaJlaMU U YCTOMYUBO
aToMapHasl cTpaTerus 6oJiee BEIpasuTeIbHA B IPYTUX
clydasix, ¥ JIJjisl cJlaboil BpeMeHHO# CTpaTeruu B pa-
oore [9], roe OBLIO ITOKa3aHO, YTO aTOMapHasi CTpaTe-
TSl CTPOTO MEHee BBhIpasuUTeNIbHA, YeM YCTONYMBO
aToMapHasl, a IPOMEXYTOUHAasl CTpaTeTHsI He SIBIISICT-
cs OoJiee BBIpa3nUTEIILHOM, YeM aToMapHas. B obenx
STUX CTAThSIX YTBEPKIAETCS, YTO YCTOMYMBO aTOMap-
Hasl cTpaTerus SBIsIeTCs 6ojiee MpeanoYTUTEIbHOM
IIJISI MOIEJTUPOBAHUS peabHBIX CUCTEM, YeM ITpOMe-
KYTOYHAsT M1 aToMapHasl.

HWuaTepamBuHr/‘ucTuHHbIA mapauteausm’. Kinaccu-
yeckas nHTepimBuHTOBass cemantuka HBCII nipen-
CTaBJISIETCSI B BUJIE TIpoOera — Iocjaea0oBaTeIbHOCTU
CMEHBI €€ COCTOSTHMI MOCPEACTBOM XO/Ia BpeMEHU U
cpabaThIBaHUM OTWMHOYHBIX MEPEXOmOB. DTa ceMaH-
THKa TI03BOJIIET aHAIM3UPOBaTh CBOMCTBA Oe3omac-
HOCTU U KMBOCTHA MOAEIMPYEMbBIX CUCTEM, OTHAKO
nHpopManmg o mapamienu3Me nepexogoB HBCII
MOJIHOCTBIO yTpadnBaeTcs. YToObI MCTTpaBUTHL CUTYa-
ouio, OblIa TIpEIJIOXKEeHa ‘MCTUHHO TapajuiejbHas’
CEMaHTHKa, Ha3BaHHas I1IAaroBOii, NMpU KOTOpPOH B
npobere HBCII nmpm cMeHe cOCTOSHHMIT OTHOBpE-
MEHHO cpabaThiBaeT MHOXECTBO MapaUIeJIbHbBIX I1€-
pexonoB (11ar). B apyroii ‘“cTMHHO I1apajlieIbHOM’
CEMaHTHUKE HCHOJb3YETCS OTHOIIEHHE YaCTUIHOTO
MopsiAKa JIST TIPEeACTaBICHUsS NPUYMHHON 3aBUCH-
MOCTHU MEXIY COOBITUSIMU MOAEIUPYEMBIX CUCTEM,
OTCYTCTBME YaCTUYHOIO ITOPSIAKA TOBOPUT O Mapa-
nemu3Me coobrmuii. s HBCIT HeBo3MOXKHO Hampsi-
MYIO OIPEISINTh YaCTUYHBIN ITOPSIOK, TaK KaK rpadbl
HBCII moryt conepxaTh HUKJIBL. I103TOMY, 4TOOHKI ITO-
CTPOUTHh YaCTUYHO-YITOPSIOYEHHYIO CEMAaHTUKY IS
HBCII, ncnoab3yroT MOHSTHE BPeMEHHBIX ITPOIIECCOB,
COCTOSIIINX M3 ALMKINYECKMX KOHCTPYKIIMI — Bpe-
MEHHBIX NPUYMHHO-cJIeacTBeHHbIX ceteil (BITCC),
COCTOSIIIINX M3 COOBITUI M YCJIOBUIA, CBI3aHHBIX Ya-
CTUYHBIM IIOPSIIKOM, — 1 OTOOpaxkeHUil (roMOMOp-
¢uzmoB) uz BIICC B HBCII. ‘UctuHHO nmapamieiab-
aeie’ cemanTnkn HBCII moe3nb! mpu hopMaibHOM
Bepu(pUKAIIMKU MOBEACHUS MOIEIUPYEMBIX CUCTEM,
TaK KaK YMCJIO aHaJM3UPYEeMbIX COCTOSIHUM COKpa-
IIAaeTCsI, TOCKOJBbKY HE TpeOyeTcsI pacCMOTpEeHUE
BCEX BapMaHTOB MHTEPJIMBUHIOBBIX IOCJIEI0BATEIb-
Hocteit. B padore [10] mng HBCII ¢ cumsHOI Bpe-
MEHHOII M MNPOMEXYTOYHON IIPOCTPAHCTBEHHOI
CTpaTeTUsIMM IMpPEeNIoKeHa YaCTUYHO YIOPSIOUYECH-
Has ceMaHTHKa, rae ¢ coopTussMu BITCC cBg3anbl
BpPEMEHHBIE XapaKTEPUCTUKHU, IIPEICTaBIISIOINE
BpeMeHa cpabaThIBAaHUI COOTBETCTBYIOIINX II€PEX0-
JIOB. DTOT MOAXO0J, OBIJTI 0000IIESH Ha IIaroBYIO CEMaH-
TUKY U UCHOJb30BaH IS OIPENeACHUS U U3YISHUS
noBeaecHYecKux skBuBaneHTHocTeir HBCII ¢ Taku-
MU Xe cTpaTerusiMu noBeneHusa B [11, 12]. Meromn,
aHaJIOTWYHBINA npemioxeHHoMY B [10], ncromn3yer-

ca B ctarbe [13] miIs orpaHMYEHHOTO MO CTPYKType
kiacca HBCII (roe nHTepBaibl cpabaTbiBaHUT KOH-
(IIMKTHBIX TIEPEX0IOB CTAHOBSITCSI HECYIIICCTBEHHbI-
MH) C HEKOTOPBHIM II0H00MEM Cj1aboii BpeMEeHHOM
CTpaTeruu, T.€. XOJ BpEeMEHU BIieped HeOTpaHUYEH,
KakK B cJ1a00Ii cTpaTern, HO BO3MOXEH X0 BpeMEHU
BCIISITh, YTOOBI MIEPEXOIbI CPAGATHIBAIU C YUETOM MX
BpPEMEHHBIX MHTEPBAJIOB, KaK B CWJILHOI CTpaTerUM.
B pa6ore [14] anss HBCII co cnaboit BpeMeHHOI U
MMPOMEXYTOYHOM! ITPOCTPAHCTBEHHOM CTpaTerusIMu
IMoKa3aHa KOPPEKTHOCTb YaCTUYHO-YITOPSIIOYCHHO
CEeMaHTUKU, TPU OCTPOSHU N KOTOPOIi UCITOJIb30Ba-
JIOCh TIpeoOpa3oBaHUE LETOYKNCIACHHBIX 3HAYEHMIA
XoJa BpeMEHHU B criennaibHbIe tick-coobiTrst BITCC.
OngHako Takoil MeTOI MPUBOAUT K 3HAUYUTEIbHOMY
yBeJIMYeHUIO KoandecTBa aneMeHToB BITCC.

B nmanHoiIt paboTte uzydaeTcst BIuUsIHAE ci1aboil Bpe-

MEHHOI ¥ YCTOYMBO aTOMAapPHO IIPOCTPAHCTBEHHOI?
CTpaTeruii Ha MOCTPOEHUE CEMAHTUKU YACTUYHOTO
nopsinka HBCII. B yvactHocTH, ripenjiaraeTcst METO/I,
OCHOBaHHbII1 Ha COMOCTaBJIEHUM ‘pa3MeTKaM’ (ceue-
HusiM) BITCC BpeMeHHBIX XapaKTEpUCTUK, COOTBET-
CTBYIOIIUX X0ay BpeMeHU B cocTtostHusIx HBCII, To-
raa Kkak BeinojiHeHus1 coowiTuii BCIIII, nmpeacraBisi-
IolIKe cpabaTblBaHUS TEPeX0a0B, MTHOBEHHbI, UTO
aJeKBaTHO OTpaXkaeT 0COOEHHOCTU MOBENECHUS U3Y-
yaemoro kinacca HBCII, u noka3bsiBaeTcsi KOppeKT-
HOCTb TaKOTO MOAX0/Aa OTHOCUTEIbHO UHTEPJIMBUH-
TOBOM U IIIAaTOBOU CEMAHTUK.

CraTbs TIOCTpOEHa cliefyloluM oopa3omM. B pas-
Jiejie 2 paccMaTpuBalOTCsl OTpeNieJIeHUs] CUHTaKcuca
HBCII 1 ux UHTEepJIUBUHIOBOI W IIaroBOIA ceMaH-
TUK B TEPMMHAX Mpodera — MocjieoBaTeIbHOCTU CMe-
Hbl COCTOSIHUM TTOCPEICTBOM XOJa BpEMEHU U cpada-
TBHIBAHWI OJHOTIO TIepexo/ia WIM Ilara TapajllebHbIX
Mepexoa0B COOTBETCTBEHHO. B pasnesne 3 onpenensiercs
BITCC u nHTepJIMBUHTOBBI/1I1aTrOBBII I'pauK €€ BbI-
MOJTHEHUSI, U3Yy4aloTCsl CBOMCTBA BpDEMEHHOTO TIpoLieC-
ca HBCII, cocrosinero n3 BIICC u ee romomoppuzma
B HBCII. B cienyroiem pasneire ycTaHaBJIMBaeTCs Cy-
IIIECTBOBAaHUE OMEKTUBHOTO OTOOpaXKEHUS MEXIY
WHTEPJIMBUHTOBBIM/IIIarOBbIM TI'papKOM BpeMeH-
Horo nponecca HBCII u mHTEepJIMBUHIOBBIM /IIIar0-
BbIM nipooerom HBCII. Paznen 5 3aBepiiiaet craThbio.
JoxazaTeabcTBa JIEeMM MOXHO HAWTU MO aapecy:
https://www.iis.nsk.su/files/proofs2021.pdf.

2 HanomHuwMm, yto B pabotax [8] u [9] ObuIO MOKa3aHO, 4TO cia-
0ast ¥ clJIbHasl BpeMEHHBIE CTpaTerM HECPABHUMBI U yCTOM-
YMBO aTOMapHasli CEMaHTHKa SIBJISIETCSI O0Jiee MpeanouTUTEb-
HOI TSI MOZIEIMPOBAaHUS 1 BepU(MUKAITY PeATbHBIX CUCTEM.

[MPOTPAMMUWPOBAHUE Ne5 2021
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2. HEITPEPBIBHO-BPEMEHHDIE
CETHU IIETPU

B sTOM pasmerne paccMaTpUBarOTCS ONIPEIeIeHUS,
OTHOCSIIMECS K Monesn ceTeit [leTpu ¢ BpeMeHHBI-
MM WHTEpPBaJaAMU, TPEICTABISIONINMUA BpeMeHHBIC
3alepXKM cpabaTbiBaHMiT TlepexoqoB. CHavyajga Ha-
ITOMHHUM CHMHTaKCHUC ¥ CEMaHTHKY ceTeit [leTpm.

Certsb Iletpu (CII) cocTouT U3 IBYX pa3HBIX MHO-
JKECTB BJIEMEHTOB — MECT U TepeX0A0B; OTHOILIECHUS
MHIMISHTHOCTA MEXIy 2JIEeMEHTaMM W HadaJlbHOM
pa3MeTKU — pacIipeneaeHus (pUIeK 10 MECTaM CETH.
CocrossHue CII 3amaetcst pa3MeTKOf — MOAMHOXKe-
CTBOM MECT, KOTOpbIC coaepKaT (PUILIKU IIPU PYHK-
muonupoBanuu cetu. Ilepexon CII pa3periieH B pa3-
METKE, €CJIM BCE €ro BXOIHbIE MECTa coepkKat (hHIII-
K. MHOXecTBO NnepexoaoB, BXOAHBIE U BBIXOAHBIC
MecTa KOTOPBIX He IepeceKaloTcst, 00pa3yroT 1iar na-
pajuieabHBIX IepexonoB. Illar pa3peliieH B pa3MeTKe,
€CJIM KaXIbIi Mmepexo 11ara pa3pelieH B 3TOM pa3-
MeTke. CpabaTblBaHME pa3pellieHHOTO B pa3MeTKe
11ara rMpuBOJIUT K HOBOM pa3MeTKe, B KOTOPOM (hulil-
KM yIaJeHBI 13 BXOIHBIX MECT 1 TOOABJICHBI B BEIXOI -
HbBIE MecTa IepexonaoB aToro mara. [locienoBaTesb-
HOCTb CMEHBI Pa3METOK ITOCPEACTBOM CpabaThIBaHUI
rnepexoa0B Ha3biBaeTcs rpoderom CIT.

Omnpenenenne 1. Cems Ilempu (CII) — 310 Habop
N=P,T,F,M;), tne P — KOHEYHOE MHOXECTBO
mecm 1 T — KOHEUHOE MHOXECTBO nepex0doe TaKue,
qyt0o PNT =0u PUT #0; F c(PxXT)u (T xP)
— omHoweHue unyudenmuocmu; O # My, c P — Ha-
yanvHas pazmemka. st anementa x € P U T omnpe-

JEIUM MHOXeCTBO “x ={y | (y,x) € F} éxo0nbix u

L]
MHOXeCcTBO X ={y | (x,y)€ F} 6biX00HbIX 21eMeHMO08,
KOTOpbIE IS MOAMHOXECTBAa 3JeMeHTOB X C PUT
0000111aI0TCSI  COOTBETCTBEHHO  J0  MHOXECTB

.X:Uxe)( .X u X. - Uxe)( X..

e Pasmemxa M CII N — 310 mo6oe ITogMHOXKe-
ctBo MHOXecTBa P. Ilepexon ¢t € T paspewen 6 pa3-

memke M, ecau’t c M.
Hemyctoe monmHoxecTtBo U < T Hazvieaemcs wia-

eom, ecn (tU)YN(Crur)y=0mascext e U.
lar U paspewen 6 pazmemxe M, eCliy KaxXXIblid Tiepe-
xon t € U paspewmeH B pasmetke M, t.e. ‘U Cc M.
O6o03HauuM yepe3 En(M) MHOXECTBO BCEX IIIaroB,
paspeiieHHbIX B pa3metke M. Ecnu {t} € En(M), TO
Oynem nucatb t € En(M).

Cpabamobleanue waea, pa3pellieHHOTO B pa3METKe
M, npuBOOUT K HOBOM padMmeTke M' (0obo3HayaeTcs

M—Y—s M), tne M=M\'U)uU". Bynem nu-
catb M—2—> M, ecu 9=U,..U, u M =

n

ITPOTPAMMUPOBAHUE Ne 5 2021

=M —Y M . ML M =M (n>0).
Batom ciiyyae O — npobee uz M (6 M'), a M' — docmu-
acumas uz M pazmemka é N.

CI1 N Ha3bIBaeTCs1 OeCKOHMAaKmMHOLL, €CIW ISl TI00O0I
JOCTKUMOM 13 M, paameTku M 1 moboro iiara U, pa3-

peweHHoro B M, BepHo, urto (M\'U) N U"* = 0; T -3a-

Kpoimoil, ecin 't # ) ut # () ISk BCEX EPEXOIOB CETU.

HenpepriBHO-BpeMmenHas cerb Ilerpu (HBCII)
cocTouT u3 6a30Boii cetu IleTpu u cTtaTudeckoii Bpe-
MEHHOM (DYHKIIMM, OTOOpaxKalollleil KaxKIblii rmepe-
XOJ, BO BpEMEHHOI MHTEpBaJl ¢ HEOTpULATSILHBIMU
pallMOHaJILHEIMU TpaHunamMu. IlompasymeBaetcs,
YTO y KaxKIOro Iiepexoda €CTb COOCTBEHHBIE YacCHI,
KOTOpbIE OTCUMTBHIBAIOT BpeMsI, IPOILIEAIIEe C MO-
MEHTa, KOTJa Mmepexoj cTaj pa3pelieHHbIM. OmgHoit
pa3MeTKM HEIOCTAaTOYHO, YTOOBI 3aJaBaTh COCTOSI-
ane HBCII, mosToMy K pa3mMeTke moOaBieHa TTHA-
Mu4Yeckass BpeMeHHasi (yHKIMS, IOKa3biBalollas
3HAYCHUS YaCOB MEPEXO0B, pa3pelleHHbIX B 3TOI
pa3metke. HauanbpHoe cocrosstnue HBCII cocTout n3
HayvyaJbHOM pa3MEeTKM U IMHAMWYECKOU BPEMEHHOM
(YHKIIMM C HYJIEBBIMU 3HAYEHUSIMU YaCOB BCEX pa3-
pelIeHHBIX mnepexodoB. Ilpu GYHKIMOHUPOBAHUM
HBCII cMeHa cocTOSTHUIT OCYILIECTBIISIETCS IMOO XO-
JIOM BpeMeHH, JuOo cpabarbiBaHueM Imara. Ilo-
CKOJIbKY paccMaTpuBaeTcs cjaabast BpeMeHHas cTpa-
teruss HBCII, To xon BpeMeHU MOXET OBLITh IIpe-
CTaBJICH JIIOOBIM JIe/AICTBUTEILHBIM YHUCJIOM, KOTOPOE
J00aBISIETCS K 3HAYEHMIO YaCOB pa3pellIeHHBIX Ie-
PEXOI0B IMPU CMEHE TEKYIIETro COCTOSIHUSI Ha HOBOE.
[IIar MmoxxeT cpaboTaTh B COCTOSIHUH, TOJILKO €CJTU OH
paspelleH B pa3MeTKe 1 3HAUSHMST YaCOB BCEX Iepe-
XOIOB M3 IlIara MpuHAamIIeKaT UX BpeMEHHBIM UHTEP-
BasiaM. CpabGarbsIBaHue 11ara MpuBOAUT K HOBOMY CO-
CTOSTHUIO, T.€. HOBOI pa3MeTKe U HOBbIM 3HAYEHUSIM
JIWHAMMYECKON BpEeMEHHOM (PYHKIIMU. YCTOIYMBO
atoMapHas mnpoctpaHcTBeHHas1 crtpaterust HBCII
OIpenessIeT MpeauKar T enabled(t, M,U), KOTOpPBIA
YKa3bIBaeT, HY>KHO JIM COpachIiBaTh Yackl Iiepexona ¢
nocJjie cpabateiBaHus mara U B pazmeTtke M. JlaH-
HBI pearKaT MIpUHUMAaeT UICTUHHOE 3HauyeHue, ec-
JIM { HE SBJISUICS MEPEXOOOM, pa3pellicHHLIM B pa3-
MeTKe M 1 CTAaHOBUTCS pa3pelieHHBIM B HOBOI pa3-
METKE, MOJyYeHHOI ITocje cpadbaTbiBaHus 11ara U B
M. IlocnenoBaTeIbHOCTb CMEHBI COCTOSIHUIA ITOCpE -
CTBOM XOJla BpEMEHHU U CpadaThIBAaHUIA 1ITarOB HA3bI-
Baetcsa nnpoderom HBCII.

IMyctp (U, — MHOXECTBO HEOTPULIATEIBHBIX pa-
UMOHAIBHBIX yucen u Interv = {(a,bl,[a,b) | a € Qs,,
be (Qsy U {co}),a < b}

Onpenenenne 2.

* Henpepuvisno-epemennas cemo Ilempu (HBCIT) —
aronapa I N = (N, D), tne N = (P, T, F, M,) — 6a3o0-
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Bas cetb Iletpu u D : T — Interv — cmamuueckas
8pemenHas )yHKyus, COTIOCTaBISIIONIAs KaKA0MY Te-
pexony u3 7 BpeMeHHOU uHTepBan us Interv. s
nepexona ¢ rpaHMIbl MHTepBajda D(f) Ha3bIBaIOTCS
COOTBETCTBEHHO panuum (Eft) v nozonum (Lft) epeme-
HeM cpabambleaHust 3mMoeo nepexooa.

» Cocmosnue HBCII I N — ato mapa S = (M, 1),
rne M — pazmemka v I : En(M) — R, — dunamuue-
ckas epemennas @yukyus. Hauanvnoe cocmosinue TN —
aro napa S, = (M, 1,), rne M, — HaYaJIbHas1 pa3MeT-
ka u [,(r) =0 ona Beex t € En(M,). lar U, paspe-
IIEHHBIN B pa3MeTke M, moicem cpabomams 8 cocmo-
anuu § = (M, T), ecnu Eft(t) < I(¢) < Lft(t) nns Bcex
t € U. O603HaunM uepe3 Fi(§) MHOXECTBO BCeX 11a-
roB, KOTOpbIe MOTYT cpaboTaTh B cocTosiHUM S . Eciu
{t} € Fi(S), To Oynem nucarb t € Fi(S).

Jnas HBCII Bo3MOXHEI 1Ba crmtocoda M3MeHEHUS
COCTOSIHUSI: X00 8peMeHU U cpabamuléanue uiaea.

Xoo epemenu t e Ry, 6 cocmosnuu S = (M, I') npu-
BOJIUT K HOBOMY cocTosiHuIo §' = (M', I') (06o3Haya-
erca S——S8), tne M =M u I'(t) = I(t) + T wisa
Bcex t € En(M').

Cpabamuvieanue waea U € Fi(S = (M, 1)) npuso-
IUT K Hogomy cocmosanuro S' = (M',1") (o6o3HavaeTcs
S —Y ") Takomy, 9TO BEPHO:

M =M\"U)uU";

Vie En(M): I(t) =

0, ecim Tenabled(t,M,U),
- I(#), wHaue;

20e npedukam T enabled(t, M,U) = t¢ En(M) A
Ate En(M)? ykaszvieaem na neobxooumocmo copoca
uqcoe nepexoda t, KOmopbiii He Obll pA3PeUleHHbIM 6
pazmemxe M u cman pazpeuiennoim 6 pazmemke M’ no-
cae cpabamovieanus waea U .

bydem nucamv S§S—2>—S§', ecau G = X
x, € (PT)URy) u S=5" —xu
S % 58" = §' (n>0). Bomom cayuae G — (uia-
roBeIit) Tipober TN uz cocmosinus S (B COCTOSTHHE
S"). Ilyemo FL(TN) — muoncecmeo cex npobezog us

S, 6 TN . O603nauum uepes Untimed(G) npoexyuro npo-
beea o Ha mroxcecmeo P(T), m.e. bezspemeHHYI0 uacmo

3 B ciryuae mpoMeKyTOUHOM IPOCTPaHCTBEHHOMN CTPATerty IIpe-
KAt onpenessieTcs TaK: T enabled(t, M,U) =
=(te EnM\'U)vte U)ate En(M\"U) U U"), a B cryuae
aToMapHOIt — TakK: T enabled(t, M,U) =
=(@e EnM)yvteU)ate En((M\'U)uU").

N D
TN
7, mm_[0, 2]
p2 / \
ﬁ)m
t2 — [0, 1] t3 T [314] I4 T [2) 3]
J O Pa O Ps

Puc. 1. HenipeprsiBHO-BpeMeHHas ceTh [leTpu TN

npobeea G. bydem Ha3zviéamb G WHTEPJIUBUHTOBBIM
IIPOOEroM, ecau |x,| =1 daa ecex x; uz Untimed(C).

HBCII IN Hazvieaemcs GecKOHTaKTHOM (7-3a-
KPBITOI), ecau 6azoeas cems seasenmcs GECKOHTaKT-
HoM (7-3aKpbITOit). B daavuetiutem 6ydem paccmampu-
éamb monvio beckonmaxkmuvie u T-3axpovimoie HBCII.

Hnst HBCIT I N 0603HaumM yepe3 @(WN) MHO-
JKECTBO BCeX IIaroBbiX Mpoberos u3 (T N) ciaemy-
omero Buma: 6 =60,U0,...U,0,, tne 6,e€ R,
(0<i<m)ynU;e PT) (1< j<n),T.e X0 BPEMEHU
1 cpabaTbIBaHMs ILIArOB YEPELYIOTCS B Ipobere u3

@(gj\f ). Torma B I N st ripobera 6 € @(Q'N ) Oy-
OYT UMETb MECTO CJIEAYIOLINE U3MEHEHUSI COCTOSIHUIA:

(Mo, 1)) —2— (My, I)) —%— (M,,1}) —2—
— (M, 1)) "-(Mn—l’ln—l)_en;]_>(Mn—1’1r'l—l)_Un_>
—(M,,1,) —2%— (M, 1,).

Oka3zajoch, 4To J060it mpoder uz FF(TN) mMo-
XKeT OBITh MpPeoOpa3oBaH B IIPEICTABICHHYIO BHIIIE
dopmy. CripaBeIMBOCTh 3TOTO (haKTa HEITocpen-
CTBEHHO CJieAyeT U3 OIpele/ieHUsI Xoaa BpeMEHU B
cocrossauu HBCII.

Jlemma 1. ITycme SN — HBCIT u 6 € FS(ITN).

Toeda cywecmeyem 6 € @(ﬁj\f )  makoii, umo
Untimed(c) = Untimed(6).

,Z[IISI IIPOCTOTHI N3JIOKECHUA MaT€pHajia gajlcc 6y—
JEM paCcCMaTpuBaThb TOJbBKO r[po6er1/1 C Y€p€aoBaHMN -
€M XO0Ja BpEMCHHU U Cpa6aTbIBaHHﬁ araros.

IIpumep 1. Ha puc. 1 mokazana HBCIT J N, B ko-
TOPOI MecTa MpecTaBIeHbl OKPY>KHOCTSIMU, a Tiepe-
XOIbl — GapbepaMu. PsgoMm ¢ aneMeHTaMM yKa3aHBI
WX UMeHa. MexXmy 3ieMeHTaMH, BXOISIIINMHU B OTHO-
IIeHWe WHIMICHTHOCTU, M300paskeHbl HampaBJIeH-
Hble myru. Kaxkmoe MecTo, TiprHaaexkaliee Hadarb-
HOIT pasMeTKe, OTMEYeHO HaJIMIMeM B HeM (hUIITKI
(CKMpHOM TOYKM). 3HAYEHUST CTAaTUIECKOM BpeMEeH-
HOI (DYHKIIMM yKa3aHBI PSIOM C TIepEeXOIaMM.

IMPOTPAMMMWPOBAHUE
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IMokaxem, uto o=0 {#} 1 {t} 2 {4t}
3 FRTN), Te. Sy=(My, 1) —2— S) = (M, I})
— s S =M, 1) —— 8 =M, [})) —“—
= 8 =M,1)) —— 8§ =(M,1,) —Li
=8 = (M, ;) —— 83 = (M3, ).

NsHavasHO nMeeMm, uto S, = (M, 1)), toe My ={p,}
u I,(t,) = 0, nockoneky En(M,) = {t,}. Torna S, = (M,,
1)) —2— S, = (M,, 1), tae 1,(t,) = 0, 1o onpeiene-
HMIO X0on1a BpeMeHU. [Tockoneky 1, € En(M,) v Efi(t)) =
=0< 1)) < Lfi) =2, 1.e. t, € Fi(S,), TO, IO OTIpe-
IeJICHUI0 cpabaThIBaHUs IIara, IIOJydaeM, 4TO
Sy —1— 8, = (M, 1), tne My = (My\"{1)) U {r}" =
= {p,, p3} U UIs1 BCexX t€ {1y, 1, 1,} BEpHO, uTO /,(¥)=0, TaK
Kakte En(My)ute En(M,),1e. T enabled(t, M,,{t,}) =
=true.

Harmee, comlacHO OMNpeNelICHUIO XOlIa BPEMEHH,
umeem, uro S, = (M, 1)) —1— 8§ =M, 1)), roe
IiO=1 + 1 =1 ana te {t,t,t}, TaKk Kak
te En(M,). Tlockonbky t, € En(M,) n Efi(t,) =
=0<I,@t,) < Lfi(t,) = 1, 1.e. t, € Fi(S}), TO, IO OTIpe-
IeJIeHNWIo cpabaThIlBaHUs IIIara, IIOJydaeM, 49TO
S — 8, =(M,, 1), tne M, = (M\"{1}) U {t,}" =
= {p,, p3} W 04 Bcex t € {t,,1,1,} BEpHO, uTO L,(f) =
=I/(t) =1, tak kaK t€ En(M,) v te En(M,), T.e.
T enabled(t, M,,{t,}) = false. XoTs1 nepexon t, cpabo-

TanB S| = (M, I), ero yacsl He COPOCUITNCh, KaK ObI-
JIO OBI TP IPOMEXKYTOUYHOM 1 aTOMapHOM IIPOCTpaH-
CTBEHHBIX CTpaTerusx. Torma Kak mocjie cpadaTbiBa-

HUS TIepexofa f, 9achl Tepexona t; cOpoCUIuch Obl
TIPY TIPOMEKYTOYHOI cTpaTernu, HO He COPOCUITICH

OBl PY aTOMAPHOIA, a Yackl Miepexona ¢, He copachl-
BaIOTCSI HU TIPYM KaKOM CTpaTeruu.

Tenepsb, Mo ornpeneseHUIO Xo0Ia BpeMeHU, ToTyJa-
eM,uto0 S, = (M,, I,) —2— S, = (M,, I5),tne I;(f) =
=L + 2 = 3 nmna Bcex te€ {1,541}, TaK Kak
t e En(M,). Bunum, uto I,(t,) =3 > Lfi(t,) =1, T.e.
t, ¢ Fi(S;). Braronapst ciaboit BpeMEHHOI CTpaTeruu,
CTaJI0 BOBMOXKHBIM He (hOpCHPOBATh cpabaThIBaHUE TIe-

pexona 7, 10 TOro, Kak BpeMs Ha €ro 4yacax Hepeﬁz[eT
BEPXHIOIO IrpaHUILy €T0 BDEMEHHOI'O MHTEPpBAaJIa. Ucxons

uz toro, uto (‘t; U ) N (", U ty) =0, {t,4,} — war B
HBCII T N. Kpome, Toro {t,,1,} € En(M,) u Efi(t;) =
=3<Ih) = 3<Lf) = 4, Efi(t) =
=2 < I,) = 3< Lfit,) = 3, Te. {t1,)e Fi(S)).
CrenosatenbHo, S, —4l 5§ = (M, I,), rne My =

ITPOTPAMMUPOBAHUE Ne 5 2021

= (M \"{t;,1,}) U {t;,1,}" = {p,, ps} m I Heompenene-
HO, TaK KaK En(M;) = 0.

M HakoHel, Mo omnpeneneHuio Xoda BPEMEHHU,
umeeM, uto Sy = (M;, I;) —— S = (M,, I3), tae I
HEOIIPENENIeHO, TaK Kak En(M;) = 0.

Takum o6pazom, noayuunu, yto ¢ = 0 {#} 1 {z,} 2
(t,1,)3€ FRTN).

3. BPEMEHHBIE IMTPOUECCHI HBCII

B nanHOM pa3znesie BBOOAUTCS U U3y4yaeTcs KOH-
LIETTMsI BpeMeHHbIX npoieccoB B KoHTekcTe HBCII
co cnaboif BpeMEeHHOM U YCTOMYNBO aTOMAapHOU MTpo-
CTpaHCTBEHHOI cTparerusimu. CHayajaa omnpenaeanm
MPUYUHHO-CJIEICTBEHHYIO CETh, KOTOPasi COCTOUT U3
COOBITUIA M YCJIOBUIA, CBSI3AaHHBIX OTHOIICHUSIMU
NPUYWHBI U TTapaJUIeIu3Ma.

Onpenenenne 3. [lpuuunno-caedcmeeHunas cemo
(ITCC) — oTO0 KOHeuHasl aluKJIu4yHas1 ceTb N =
=(B,FE,G), tTne B — MHOXECTBO ycao8uil; E — MHO-
XKecTBO cobuimuii; G < (BX E) U (E X B) — omHowe-

HUe UHYUOeHMHOCMY TAKOE, UTO ‘b" <lm ‘b‘ <1 s
Bcexbe BUE="B=8".

Hnsa TICC N = (B, E,G) BBeneM AOINOJHUTEb-
HBIE TIOHATUS Y 0003HAYEHUS:

—*N={beB|'"b=0,,N"={be B|b" =0};
— x<xX o xG'x nu x=<x o xG*¥', e x,
x'€ B U E (omHowenue npuuuHbt);

X & Ax2xX)vE =2x), e x,
x'€ B U E (omHnowenue napanneauzma);

— X <

— HEIyCToe IOIMHOXeCTBO E' C F Ha3bIBaeTcs
waeom BIICC N,ecnine _ e musiBcexe #¢e' € E;

— HEMyCTOe MOAMHOXECTBO B' C B Ha3bIBaeTcs
—-mHoxcecmeomB N,eciu b _ b' nnsiBcex b # b' € B'.
Ceuyenue C B N — 3TO MaKCUMaJIbHOE T10 BKJIIOUEHUIO
—-MHOXecTBO. O603HauuM yepe3 GUT (N) MHOXKE-
ctBo Beex ceyeHuit B [ICC N. Insg C € GUIT(N)
nyctb L C ={ee E | e < (e' € "C)} (mHoxcecmeo cobbi-
muil, npedutecmsyioujux ceuenuro C). HedopmaabHo
roBpops, ceueHre — 3710 ‘pasmerka’ I[ICC N, koTopas
JIOCTUTAETCS MOCJIe TOTO, KaK MPeAllIeCTBYIOIINE Ce-
YEHUIO COOBITUS MPOU3OLUIM. 3aMeTUM, 4TO
*N,N'e €UIT(N)ud N° = E,ecnu B # 0.

s ceuennii C,C' € 6UT (N) onpenelimM ClIery-
IOLIME TTOHSITUSI:

* cobbiTue e € E paspeweno 6 ceuenun C, eciu

‘e c C;wmar V paspewen ¢ C, eCliv KaXI0€ COObITHE
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e e V paspemieno B C, 1.e. 'V < C.Yepes En(C) 060-
3HAaYMM MHOXECTBO IIAroB, Pa3pellieHHbIX B ceye-
Huu C. Ecmu {e}e En(C), TO Oymem mnucaThb
eec En(C);

cC—YL sC o VeEn(C)ulC =C\V)uV".
3aMeTUM, 4YTO IJIS JIro0oro 1rara V' 1 aroboro cede-
Hust Ce QUIT(N) takux, uyto Ve En(C) BepHO
(C\'V)uV*) € BUIT(N)“
C—=2—;C,eciuV = {e}. Ecnu mar V'He cymectBe-

bynem mmcarb

HEH, To OyeM onyckath ero. Toraa <= (=) (omHo-
WeHue NpUYUHbl HA CeYeHusx). 3aMeTUM, 4YTO

c=<=Ccolcclcoy

cC_Co—~A(Cx0)v(C=0) (omnowenue
napaineauzma Ha cevenusix). Ilyemv Cut(C) =
={C'e CUT(N) | C _ C'} (mHoxucecmeso ceuenuii, napan-

senvrbix ceweruro C). SIcno, uro C _ C' & —.(i cclo
u—1 Cclo.

ITpumep 2. Ha puc. 2 mnpeacrasieHa IICC
N =(B,E,G), tne B={b, ..., b}, E={e,..., e},
G ={(b,e), (e,b), (e,b), (by,e), (bs,e), (eyby),
(e4,b5), (by,e3), (e3,b5)}. Jlerko Bumeth, uto |b°| <1 u
6| <1 nnst mo6oro be Bu E="B=B". Tak KaK e, _
e, (es — e), 10 {e,, ¢4} ({es,e,}) — mar B N . TNonsaTHoO,
YTO KaXJI0€ COOBITHE SIBNIsIETCsI 1aroM B N . TTocKOMbKy
b, uby, (byub,) m He cywectByer be B\{b,,b;}
(be B\{b;,b,}) Takoro,uto b _ b, u b _ by (b _ by n
b _b,), 10 {by,b;} ({bs,b,}) — ceuenue 8 N . Herpyano
MPOBEPUTH, YTO MHOXECTBA {b} = °N, {by, bs}, {bs, bs},
{by, bs}, {bs,b} = N° Takxke SBISIOTCS CEUEHUSIMU B
.{32, e} € {by, b3}
(‘{es,es} < {b3,b,}), T0 {e5,¢,} ({e3, es}) — 1mar, paspe-
IIEHHBIN B {b,, by} ({by,b,}). Torna {b,, by} —al
— {by, bs} ({by,b}—=4 5 (b h}), moTOMy uTO

({52, b3}\{by, bs}) U {by, bs} = {by, bs} (({b3, ba}\{b3, ba}) ©
U {bs, b} ={bs,bs}). Hdanee, mocTOpoUM MHOXeECTBa

N. HWcxomss w3 TOro, 4TO

TNpe/IlIeCTBEHHUKOB ceueHuit: L {h} = 0, {by, b} =
=fe, L (b by ={e, exh L {by, b5} = ey, e}, L {by, b5 =
={e, e, ey}, l {b3,bs} ={er, e, e}, \J {bs,bs} =
={e,e,,e;5,¢,}. Torma wumeem, uto Cut({b}) =

4 Ormerum, uto cederns C u C' =(C\*e)ue’ (C =\ V)uV®)
YHUKAJIBHO OMpPENessiioT COObITUE e (1ar V), BhIMOJHEHUEe KO-
Toporo B C nipusesio K C', UTO rapaHTUPYETCsl CTPYKTYPHOI Op-
ranuszauueit [1CC.

O—F—0

b3 6’4 b5
Puc. 2. [ICC N

= Cut({b,, b;}) = Cut({bs, bs}) = 0 u Cut({b,, bs}) = {{bs,
be}}, Cut({b,, bsy) = {{bs, by}, {bs, be}}-

Bsenem BpemenHoe pacimmpenHue ITCC 3a cuer
COITOCTABJICHUSI UX CEYECHMSIM BPEMEHHBIX XapaKTe-

PUCTHK, KOTOpbIE, KaK OyaeT MOKa3aHo aajiee, COOT-
BETCTBYIOT Xoay BpemeHHM B cocTtosiHussx HBCIT.

Onpenenenne 4. Bpemennas IICC (BIICC) — ato
mapa TN=(N,1), tme N — TICC u
T:B6UT(N) > Ry, U{L} — epemennan dhynxyus ta-
Kast, uro misg Bcex C € BUT(N) BepHo: T(C) =
=1 3C € Cut(C) : «(C") > 0. ITycte RGUIT(TN) =
={C e GUT(N)|1UC) € Ryy}.

IIpumep 3. Paccmorpum IICC N u3 npumepa 2.
Onpenenum dyHkumio T: GUT(N) = Ry, u{ L}
caenyomuM  obpasoM:  Tt({h}) =0, T({by, b)) =1,
s, b)) = 2, Wbs, bs}) = 3, by, bs}) = w{bs, b}) = 0,
T({b,, bs}) =L. Ilokaxem, 4TO T SABJIIETCSI BPEMEHHOMN

dyuxkumeit. Ons ceuenuss C € {{b},{b,, b}, {bs, bs}}
umeeM, uto T(C) #L, Tak Kak Cut(C) = 0. CeueHue

{bs, bs} mapaneabHo ceyeHusIM {b,, bs} u {b,, bs}, onHa-
Ko T({by,bs}) #L, moromy uto T({h,b}) =1 wm
©({by, bs}) = 0. Hnst ceyenus: {b,,b;} uMeeMm, 4YTO
T({by, bs}) # L, MOCKONBKY XOTs1 { by, bs} M mapajuieIbHO
{bs, bs}, HO T({b5, bs}) = 0. CeueHnue {b;, b,} napaniennb-
HO ce4yeHUIo {b,,bs}, onHako T({b;,b,}) # L, moTomy
uto T({by,bs}) =L. Haxoneu, mns ceyenusi {b,,bs}
nMeeM, 4To T({b,, bs}) =L, moromy uto {b,, b5} mapai-
JIeJIbHO {b;, by} u T({b;, bs}) = 2 > 0. 3HAUUT, LIS JIIO-
6oro C € GUT(N) BepHO, uto T(C) =L, ecmu u
ToJbKO ecnu cyuectByer C' € Cut(C) Takoe, 4TO
7(C) > 0. CnenoBaTeibHO, T — BpeMeHHast QyHKIMSI.
Takuwm o6pasom, TN = (N, 1) — BIICC.

His cedenust C € REUT(TN) onpeneaum cie-
IYIOILINE TTOHSTHSI:

* cobbitue e € E moncem npousoimu ¢ C, ecnu

ec En(C) u C'=((C\'e)ue’)e REUT(TN). War V
Moxcem npousoiimu ¢ C, €C/IN KaXI0e COObITHE e € V' MO-
IMPOTPAMMMWPOBAHUE
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xer mpousoittu B C u C' = ((C\'V)uUV") €
€ RGUT(TN)>. Yepes Fi(C) 0603HAYMM MHOXKE-
CTBO IIIaroB, KOTopbklie MOTYT Tpousointu B C. Ecom
{e} € Fi(C), To 6ynem nucatb e € Fi(C).

. CéC S Ve FilC)ul =(C\'V)uV'. Byrem
mmcats C = C', ecmu V = {e}. Ecnu war V' He cyue-
CTBEHEH, TO OydgeMm omyckaTh ero. Torma C = (:>)*
(omHOweHUe NPUYUHbBL HA BPEMEHHbIX CEHEHUSIX);

* RCut(C) = Cut(C)y " REUIT(TN).

Hdnsa ceueHmii n3 MHoxectBa REUT(TN) ycra-
HOBHUM PSII CBOMCTB, KOTOPBIE CJEAYIOT M3 BBIIIIE-
MPUBEIEHHBIX ONPEACICHUIA.

Jlemma 2. /lns cevenuii C,C' € REUT(TN) sepHo:

(@C=<C'=>CLCC

(6) °(C) = (C") = 0 das arob0eo C" € RCut(C);

(8) odaa awboeo ee Fi(C)N Fi(C') cywecmeyem
C"e RCUIT(TN) maxkoii, umo e Fi(C"), C" <C u
c'=C.

Paccmorpum nmoBenenme BITICC B TepmMuHax mo-
HITUS rpaduka.

Onpenenenne 5. Ilycts TN = (N,t) — BIICC.
IMocnenoBatenbHOCTh ceueHuit U3 REGUIT(TN) u

marosB Buga w = C, V; C, ...V, C, (n = 0) Ha3bIBaeTCH
(waeosvim) epagpuxkom BIICC TN, ecnu BepHO:

C,="N,C,=N"mu CHéC,- mst Beex 1 < i < n. Ec-
m C;_, :e>,- C; niga Bcex 1 <7 < n, TO () HA3BIBAETCH UH-
mepauguneosvim epagurxom BIICC TN. bynem rmcaThb
®=C, ... C,, eClIy 11aru He CyLLECTBEHHbI JI5I U3JI0-
>xeHust Matepuania. ns rpaduka @ = C, ... C, omnpe-
nenuM |of = n u npeguxc @, = C, ... C; LIS HEKOTO-

poro 0 £i < n. llyctb Graph(TN') o603HayaeT MHO-
xkectBo rpacukos BIICC TN .

Hpumep 4. Tycts TN = (N, 1) — BIICC u3 npu-
mepa 3. PaccMotpum nocnegoBateabHoCTh ® = C, V]
GV, G Vs Gy, e Gy =1{b}, Vi ={e}, C, ={b), b5},
Vy ={e}, Cy={b, b}, Vi={es, e} m C3={bs,b}. U3
npumepa 2 usBecTHo ciaenyioiee: Cy={b}="N, C;=
={bs, b} = N*, V; —mar u C; = (C_\V))UV; €

€ GUT(N) s Becex | < i < 3. Ausnpumepa 3 3HaeM,
aro YCy ={h}) =0, UC, ={b,, b}) = 1, AC, ={b3, b,}) =2,

UCs = {bs, b)) = 3, 1({b,, bs}) =L v ©1({by, bs}) = T({b;,

3 TakuM 0Gpa30M, 3aIPELIAETCs, YTOOI CeYeHNUE, [IOMYICHHOE B
pe3ysibTare BBIIOJHEHUs] Pa3pelieHHOro coObITUsl (11ara),
VMEJI0O HEOMpEAETICHHYI0O BPEMEHHYIO XapaKTepUCTUKY (T.€.
1), Tak KaK 3TO O3HAYaeT, YTO BPeMs BBIMIOJTHEHUSI COOBITUS
(wara) euie He MoJOIILIO.

ITPOTPAMMUPOBAHUE Ne 5 2021

be})) = 0. Torna C,, C,, C,, Cy € REUT(TN). Ioka-
xeM, uto V; € Fi(C,_;), T.e. V; MOXET IPOU3ONTU B
C,_,, nnamoboro 1 <j < 3.

i = 1. ‘ecC, T1e ec€kEnC,), un
UC = (Co\'e) Ue ={b,b}) uc) = 1,
C' e REUIT(TN). Torna cobObITUE e, MOXET MPO-
usoitu B Cy, 1.€. V| = {e;} € Fi(Cy).

T.C.

i = 2. ‘eecC, Te ee€kEnC), u
UC = (C\'ey) U e; = {b3,b,}) ()
C' € REUIT(TN). 3Ha4uT, COOBITUE €, MOXKET MPO-
nzoiitu B C), T.e. V, = {e,} € Fi(C)).

2, T.e.

i = 3. 'e,cC,, Te. e€ EnG), u 1(C' =
= (C,\"e;) U e = {bs, b)) =0, T.e. C € REUT(TN).
Torna cobeiTue e; Moxer npousoiitu B C,. anee,
‘e, = (), Tie. e, € En(Cy), n A(C"' = (C\'e)) Ue; =
={b,, bs})=0,1..C" € 97%%9(7%). 3Ha4YuUT, COOBI-
THE e, TOXe MoxeT mpousoiitu B C,. Kpome Toro,
umeeM, uto T(C™ = (C,\*{e;,e,}) Uies, ;) ={bs, b)) =
=1(C;)=0,T..C" € %%%ﬁ(ﬁ). CitenoBaTeIbHO,
noJjiyyaem, uro V; = {e;,e,} € Fi(C,).

Vi .
3Hauut, C;_, = C; ns1 Beex (1 <7 < 3). Takum 06-
pasoMm, nocjenoBaTeabHOCTh 0 — rpaduk BITCC

TN.

CdhopmynrpyeM U TOKaxKeM CBOMCTBA TpacMKOB
BIICC TN.

Yr1Bepxnenue 1. /lna epaguka o =C, V; C, ... V,
C, € Graph(TN) sepro:

@ (\Vi=oulJV =E;

I<i<n I<i<n

6) °(C") =0 0as arwboeo C' € (REUT(TN)I\(C,,
C,....,Cl)

(8) ecau C € REUIT(TN), mo cywecmeyem epa-
dux ' € Graph(TN) makoit, umo @, = C, ... C; = C,
20e0<i<|o]

Hoka3areabctBo. [Tockonbky o€ Graph(TN), To
we REUT(TN)*,Cy,="N,C, = N"uC_ =C, ms
Bcex 1 < i < n. bnarogaps onpeneineHuro 3, mMmeem,
yro LN =0 u | N° = E. Ucxomst u3 Ttoro, uro
0clCcE, nonyyaeM C, < C <XC, nasa Bcex
Ce REUI(TN). Tak kak C,_, gC,., TO BEPHO, YTO
Ve Fi(C,,). vrndC,=0 u C =
=(C_\V)uV', 1eV,cl C nnaseex1 <i<n.

3HauwnT,
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(a) IMTokaxem, 4yTo ﬂ V. = 0. Ilpennonoxum

1<i<n
obpaTHOe, T.e. CyLLeCTBYeT e € V, NV, nist HeKoTo-

ppix | <k </<n Tak xak k </, T0 C, X C,_, T.€.
lc,clc, ,, uto mpotusopeunt ecV, clC, clC, |
uvnlc  =o0.

Mockonbky 4 Cy =0, L C, =1 C,_, UV, na Beex
1<i<nulcC, ZE,TOUKKHVI- =F.

(6) Bozsmem IIPOMU3BOJILHOE C €
€ (RECUIT(TNO\{C,, C,, ..., C,}). TormaCy < C < C,,.
IMpenmonoxum obpaTHoe, T.€. T(C) > 0. I1o onpene-
neuuto 4, umeeMm, uro C ¢ Cut(C;). Torma nmbo
C<C;,T.e. iCciC,-, mmbo C; < C, T.e. \LC,- CJ/C,LUI;I
mob6oro 0 <7 < n. ITocKoIbKyY l C, = E, To HajigeTcs
1<k <n rakoit, uto LC,_,clCclC,, Tax xak
C, £ C,£C,. Vcxons u3 Toro, uto ec LC\IC <
c V, e Fi(C,_,), To BepHo, utO e € Fi(C,_,). 3HauuT,
nonyyaeM, uto C,_, =; C' € REUT(TN). Cnenosa-
tesibHO, T(C') #L u C € Cut(C'). IIpullUIn K TIPOTUBO-
peunto ¢ TeM, yto T(C) > 0, 1o ornpenesieHuIo 4.

(B) TMockonbky ‘N =Cy<C=C,=N" nu
C,C,C,, € R6UIT(TN), 10
C, C CLCC,, no nemme 2(a). CremoBaTebHO, Cy-
mectByeT rpaduk ®' = C, ... C; = C ... C,, ¢ npeduK-
com®; =Cy...C,raem=|w|n0<i<m. O

I1ojJy4yacm, qyTO

OmpenenuMm ortobpaxenne u3z BIICC TN B
HBCITIJN.

Onpenenenne 6. Ilyctb IN=WN=(P, T, F,
M,), D) — HBCIl u TN =(N =(B, E, G),1) —
BIICC. I'omomopgpusmom w3z TN B I N HazbIBaeTCs

otobpaxenue ¢:(BU FE) > (PuUT) Ttakoe, 4To
BEPHO:

@B cCcPupE)CT;
* CYXKCHHC (p Ha IMOIMHOXKECTBO 'e — 6I/IGKL[I/IH

Mexny ‘e v "@(e) st Beex e € E;

¢ CyX€HHUE (p Ha INOAMHOXECTBO e' — Ouekuus

Mexay e’ 1 (e)’ 1ist Beex e € E;

* CYXEHME () Ha MMOIMHOXECTBO N — OUEKLU
mexay "N u M,

B aroMm ciryuae napa ©t = (T'N, () Ha3bIBaeTCA gpe-
mennvim npoyeccom HBCIT T N'.

IIpumep 5. Paccmorpum HBCII TN , TIpeacraB-

JieHHy1o0 Ha puc. 1, BIICC TN us3 npuMepa 3 1 0To0-
paxeHHe (O, OMpeleJeHHOEe CIEOYIOINM 00pa3oM:

o) =p; nna i€ {1,2,3,5, b)) = p,, ¢bs)=ps u

o) =1 mnal<i<4. Torna umeem, uro ¢(B) c P,
O(E) c T u cyxeHue ( Ha IOIMHOXECTBO ‘N ={b} —
Ouekuusi Mmexay "N u M, = {p}. Kpome Toro, mis
BCcex e € {e, ..., ¢;} BEDHO, YTO CYXEHHE () HA MOI-
MHOXECTBO "e (e") — Ouexkuus Mmexmay e (e') u "¢(e)
(9(e)"). CnenoBatesnbHO, () — TOMOMOPGHU3M 13 TN B
TN un= (TJVV , ®) — BpemeHHoOi1 mporiecc HBCIT TN.

JBa BpemeHHbIX Tipoliecca m = (TN = (N =
=(B,E.G) Do un =(ITN =(N=(B,E,G)1),9)
SIBJISIFOTCSI U30MOp@HbMU (0OO03HAYAECTCS TT = TU'), €CJIU CY-

LLIECTBYET OUEKTUBHOE OTOOpakeHue Y: BUE — B U E'
TaKoe, YTO BEPHO:

* Y(B)= B uyE)=E;
* xGy & Y(x)GY(y) nast mobbIX X,y € BU E;
* 7(C) = T(Y(C)) nns modoro C € €UT(N);

* O(x) = 0'(y(x)) anst moboro x € BU E.

PaccMoTpum cBoiicTBa romMoMopdu3Ma U IIara
BpeMeHHoro Tpouiecca HBCIT I N, KoTopkle cieny-
10T u3 onpenencHuit IICC u romomoppusma.

Jlemma 3. I/lycmo @ = (TN, @) — épemenHoil npoyecc
HBCIT TN, Ce R6UT(TN) u cyucenue @ na C —
ouexyua mexncdy C u @C). Toeda o0aa arwboco
V e En(C) gepHo:

(a) cyxcenue ¢ na mroxcecmeo 'V — Guekyus mexc-
ayVu'elV),

(6) cyxcenue © na V — buexyus mexncdy Vu oV');

(B) ecau (V') —wae HBCII, mo cyxucenue ¢ Ha mHO-
acecmeo V'* — ouexyus mencdy V=: u o(V')'.

ITyctb T = (TN, @) — BpemeHHoii npouecc HBCII
IN u 0=C,...C, € Graph(TN). Ona npedukca
o; = C,...C; rpadpuka ® u nepexona t € T Takux, 4yTo
t € En(@(C;)) onpenenuM pyHKUUIO

uC)),
max k< j<i:te En(¢(C,))
dk <i:te En(o(Cy)),
%C)),

0<j<izte En(p(C))

ecian
Clock(w;, 1) =

MnHaue.

3HavyeHne NJaHHOM (PYHKIIMM COOTBETCTBYET Bpe-
MEHU, TIpOIIEAIIEMYy C MOMEHTa, KOrma Iepexon f
cTaj pa3pelieHHbIM B pazMmeTke ¢(C, ), 1 10 MOMEH-
Ta, KOTJa 3TOT MePeX0I BCE ellle OCTAETCS pa3pellcH-

HbIM B pasmetke ¢(C;).
YcTaHoBrM NoNIE3HBIN (DAKT, KOTOPBIN CIIENYET U3

omnpenelieHrii BpeMeHHOM GyHKUMM U Tpaduka
BIICC TN.

[MPOTPAMMUWPOBAHUE Ne5 2021
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Jlemma 4. IIycmo © = (T'N, ) — 8pemeHHOl npoyecc
HBCIT N, v, =C,...C, u w,=C;...C,, — npe-
@uxcol epagukos ® u ' u3z Graph(TN) coomeem-

cmeenno u nepexod te€ T makue, umo C, =C,, u
te En(o(C, = C,,)). Toeda

Clock(w,, 7) = Clock(®,,, 7).

HMcnonb3ys aTy 1eMMy U TOT (GakT, YTO 5T KaxK-
moro ceueHust C u3z REGUIT(TN) cyiiecTByeT rpa-
UK, nmpedukc KOTOPOro 3aKkaHYUBAETCS ITUM ceue-
HYEeM, MOXeM B KayecTBe IapaMeTpoB (yHKIIUU
Clock B3sTh ceueHne C v mepexoq f, pa3peICHHBIN B
o0).

BBeneM moHsITHE donycmumozo épemeHHO20 npo-
uecca HBCII.

Onpenenenne 7. BpemeHHoit npouecc © = (TN =
= (N = (B,E,G)),0) HBCII1 JN nHassiBaetcst dony-
CMUMbBIM, €CITA TSI KaXIIOTO COOBITUS e € E U Kax-

moro ceueHUst C € RGUT (TN) takux, uaro e € Fi(C),
BBITIOJTHSICTCS

Eft(¢(e)) < Clock(C, ¢(e)) < Lft(g(e)).

Ilyctb Proc(IN) obo3HaYaeT MHOXKECTBO HOIY-
ctuMbIx TiporieccoB HBCIT I N'.

IIpumep 6. Paccmorpum HBCII TN us npumepa
1 1 BpeMeHHOI mpolecc T = (ﬁ , () U3 npumepa 5.
IMoxaxkewm, 4TO T € Proc(ﬂ).

Ilepeuncnum Bce ceyeHUs U3 9]?56%9'(7% ) u3
npumepa  3: UC, ={h}) =0, UC ={b,b5}) =1,
UC, = {bs,b,}) =2, UC; ={bs,bs}) =3 u UC; = {bs,
be}) = UC; = {by,bs}) = 0. Jlerko y6enuTbcsi B TOM,
aro ' = Cy {e} €\ {ey} G, {e3} G fey} G m " = G {ey}
C, {e,} C, {e,} C5 {e;} C; — rpacpuku BITCC TN . Kpo-
Me Toro, umeeM, uto Fi(C,) = {e}, Fi(C) = {e,},
Fi(G)) = {es, e, es,e4}}, Fi(C3) = {ey}, Fi(Cy) = {es} m
Fi(C;) =0. 3ameruM, 4YTO KaXIOE CEYEHUE U3

REUT(TN) u Kaxnoe coObITHE, KOTOPOE MOXKET
MIPOM30MTU B KAKOM-HUOYIb U3 3THX CEYCHUIA, TIPH-
CYTCTBYIOT XOT$ ObI B OTHOM U3 rpachMKOB ®' U ®".

Boruuciaum 3HaueHue ¢pyHkiuu Clock:

* Clock(Cy, 9(e))) = UCy) = 0;

* Clock(Cy, 9(e,)) = «C)) = 1;

* Clock(C;, 9(e3)) = UC)) + UC,) = 3;

¢ Clock(C;,, p(ey)) = UC)) + UC,) = 3.

* Clock(C3, ¢(ey)) = UC)) + UC,) + UC3) = 3.
* Clock(Cy', p(e;)) = 1(C) + °(C,) + U(C;) = 3.
Torna momy4yaem:
IMTPOITPAMMMWPOBAHUE
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» Eft(t)) = 0 < Clock(C,, 0(e))) = 0 < Lft(1) = 2;
* Eft(t,) = 0 < Clock(C, 0(ey)) =1 < Lft(t,) = 1;
* Eft(t;) = 3 < Clock(C,, 0(e;)) = 3 < Lft(t;) = 4;
» Eft(t,) = 2 < Clock(C,, ¢(e,)) = 3 < Lft(ty) = 3.
« Eft(t,) = 2 < Clock(C;, 9(e,)) = 3 < Lft(t,) = 3,
* Eft(t;) = 3 < Clock(Cy, 9(e;)) = 3 < Lft(t;) = 4.
CJ'[CI[OBaTeJIBHO, T ABJIACTCA OOITYCTHUMBIM BpPEC-
MeHHbIM npouieccom HBCIT TN.

4. BBAUMOCBA3U TPAOUKOB BPEMEHHDBIX
ITPOLIECCOB M ITPOBEI'OB HBCII

B sTOM pazngene usyyamTcsl CBS3M MPOOETOB
HBCII u rpaduKoB IOITyCTUMBIX BPEMEHHBIX ITPO-
neccos HBCII.

IIycte = (TN,@p) — AONMYCTUMBI BpPEMEHHOM
npouecc HBCII TN nw = Cy V| C, ...V, C, — rpadux
BIICC T'N. Onpenenum orodpaxkenue FSTpaduka m
BIICC TN B mocienoBaTeJbHOCTh BPEMEHHBIX 3a-

nepxek v maros B HBCIT I N cienyromym o6pazom:
FS(0) = 9Cp) V) «C) - 9V,) UC,).

IToxaxeM, uto ecim FS oTobpaxaeT nmpeduKc ,,
(0 £ m < n) rpaduka ® B Ipoder U3 Ha4yaJIbHOI'O CO-
crosinust (M, 1,) B cocrosinue (M,,I,) B HBCII
I N, To @ otobpaxkaet C,, B M,, u 3HaueHUE AMHAMU-
4yeckoit BpemeHHo hyHkuuu I, () pasHo Clock(C,,,
1) s moboro nepexona ¢, pazpeieHHoro B M,,.

YtBepxknenue 2. [lycmo Tt = (TN = (N, 1), ) — do-
nycmumotii gpemennoil npoyecc HBCITTN u w= CyV,
¢ ...V, C, — epagpux BIICC TN. Ecau
FS(®,)e SFTN) (0 < m < n), me. (M, I,) —2C
— My, Iy) —29— (M, I)) —29L— (M, I}) ...
M, 1, ) —22— (M, 1) —— (M, 1),
mo 0as kaxcdoeo 0 < i < m éepHo:

(a) cyucenue ynxyuu @ Ha C; — buexyus mexncdy C;
u M;

(6) 1;(r) = Clock(C,,7) dns 6cex t € En(M,).

Jloka3zarenscTBo. bynemM moka3nIBaTh MHAYKILIACH
nmo0<i<m.

i =0.Torma C, =N u 1(C,) € R, 10 onpexneJie-
HUIO 5.

(a) Cyxenue pyHkunu @ Ha Cy, — OUeKLUS MEXIY
C, 1 M,,, coriacHO oITpeneeHUIO 6.

(6) BospMem npousBosibHOE f € En(M,). Tak Kak
He cyuectByeT k < 0 takoro, yto ¢t ¢ En(¢(C,)), TO
Clock(Cy, 1) = 1(C,). B cuty onpenesieHus 2, uMeeM, YTo
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1,0)=1,(#)=0)+1(C,). Crnenosarensto, Clock(C), 1) =
= 1,(?).

i > 0. ITo mpeanoaoXeHNI0 MHAYKIIUN, CYy>KEHUE
¢pyukuun @ Ha C;_; — ouekuusa mexny C,_, u M, u
1!_,(t) = Clock(C,_,, ) nns Bcex te En(M,_,=@(C;_,)).

(a) CorniacHO yCJIOBUIO YTBEPXKAEHUS, UMEEM, UTO
@(V;) —mwar HBCITu o(V;) € Fi(M,_,,I;_,). Ucrionb3ys
onpenenenue 2, noctpoum M; = (M,_\'oV;)) U V,)".
bnarogaps nemme 3(B), nosyyaem, 4yto M, =
=(@C_N\o)uel) = oC\VHUV') =
¢(C). Tak xak J N — 6eckonraktHass HBCII, To Bep-
Ho, uTo (O(C;_)\"0(V;)) N (V;)" = 0. CnenoparesbHo,
cyxeHue pyHKuuu @ Ha C; — ouexkuys Mexny C;u M,.

(6) BozsmeM nTpou3BoNIbHBI niepexon f € En(M,).
Hpennonoxum, uro 1 enabled(t, M, ,, ¢(V;)) — uc-
tuHa. [1lo onpenenenuto 2, umeem, uro t ¢ En(M,_, =
= @(G_ ), 1€ En(M; = 9(C))), 1,(t) = 0n I;()=1(C)).
Torna Clock(C;,t) = °(C;)=1;(t). Teniepb Npearono-
xuM, uto | enabled(t, M; _, V;)) — noxs. ITo onpe-
JeJIeHuIo 2, TomydaeM, uto te€ En(M,_, =@(C,_))), I(H) =
=[1_,Oul ) =1_/) +1(C). Takkak t € En(M,_))
ute En(M;), To Clock(C,, f) = Clock(C,_,,?) + 1(C)).
CrenoBarenibHo, BepHO, uto Clock(C,,¢) = I;(¢). [

IMokaxeMm, uto pyHkuus FS orobpaxaeT 110060it
rpaukK AOIMYCTUMOrO BPEMEHHOTO IMpoliecca B He-
KOTOPBIH mTpober B KoHTekcte HBCIT TN

Teopema 1. Ilycme m = (IN = (N, 1),
©) € Proc(TN) u ow=CWVC, ...V,C, € Graph(TN).
Toeoa FS(®) UCo) o) UC) oV,)
UC,) e SFTN).

JlokasareancTBo. byneM mokaspIBaTh MHAYKLIAEN
no0<i<n.

i=0. OueBunHo, uto FS(0,) = 1(C,) € @(Q'N).

i > 0. ITo mpenrnonaoxXeHUO UHAYKIIUU, UMEEM,
yto FS(w;_;) € @(9N ). 3 nemMmbl 3(a) U yTBepXKie-
Hus 2(a) caenyet, uto @(V;) — war HBCII. Tak kak
we Graph(TN), TO CHgC,. 3HaYUT, BEPHO, UYTO
V,e Fi(C,_,). Torma V;e En(C,_,), 1.e. V,cC,,.
Kpome Toro, B cuiy yrBepxiaeHus 2(a), IoaydaeM,
uro “@(V)) € 9Cr) = My, Te. o) e En(M,).
Tak kak V; € Fi(C,_)), 0 e; € Fi(C,_)) nisi Bcexe; € V.
Torma, mno omnpeageaeHur 7, UMeeM, UTO

Efi(g(e;)) < Clock(C,;, ¢(e) < Lfi(q(e;)) wst Beex
e;e€ V. CornacHo yrBepxiaeHuo 2(0), BEpHO, 4TO

Eft(ple))) < 1;1(9(e,)) < Lft(¢(e;)) ans

o(e;) € oV;). 3Hauur, @(V;) MoxeT cpaboTaTh B CO-

BCEX

crostiuu (M,_, I;_,). Vicnionb3ysi onpenesieHue 2, mo-
crpouM M;, [ I;. Torna umeem M; = (M,_\ " @o(V;)) U
U o;)". Kpome Toro, mist Beex t € En(M;) noo-

0,ecu T enabled(t, M, ,,o(V})),
xuM: I,(t) = ITo-

I} ,(t),unaue.

ckonbKy T(C;) € R, TOo X08 BpeMeHU T(C;) TPUBOAUT
K HOBOMY coctostHuto (M, I}), tne I;(t) = 1,(t) + W(C;)
s Beex t € En(M,;). CinenoBarenbHO, UMEEM, YTO
FS(@) € IPTN). O

IMokaxkeM, uyTo FS — ClopbeKIus, T.¢. IJIsT IIPOU3-
BOJIbHOTO 3agaHHoro npodera HBCIT I N cyiiecTBy-
€T ee MOMYyCTUMBbI BpEMEHHOI mpouecc ¢ HEKOTO-

pbIM rpaduKOM, IIpUMEHEeHUE K KOTOPOMY (DYHKIIMU
FS maet 3agaHHBII1 TIpOOeET.

Teopema 2. Ilyemv IN =((P,T,F,M,),D)
HBCITu6=6,U,9,..U,0, ¢ @(Q‘N). Cywecmay-
em donycmumbtii epemernoil npoyecc ©¥ HBCIT I N ¢
epachuxom 0* maxum, yumo 6 = FS(0*).

Joka3zarenbcTtBo. CHayasa MOCTPOUM KOHCTPYK-
muto N* = (B*, E*, G*) cinenyolmuM oopa3om:

B*z{ba'fp|pe MO}U{b,Tp|p€ U'1<i<ny
E*={ef |te U,1<i<n};

G* ={(e, b)) e E*xXB*| pe
1<i<mpui(b),e)e B*xE*| pe’t,

j=max{k <i|bf,e B*}1<i<n.
Jlerko BuaeTh, uto N* = (B*, E*,G*) — I1CC, no-
ckonbKy J N — T-3akpeitas HBCII.

[Moctpoum maru V;* = {ef € E*|t e U,} nns Beex

1<i<nuceuenusa Ci= N*uC*=(C*\V*)uV*
oA Beex 1 <i < n.

Omnpenenum byHKiuo T : GUT(N*) >R, U{L}
TaK:

C=Ck
st HeKoToporo 0<i<n,
1, ectu C e Cut(C¥)~ 6, >0
st HekoTtoporo 0 < < n,

0;, ecim

(C) =

0, WHaye;

[MPOTPAMMUWPOBAHUE Ne5 2021
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SIcHo, uto TN* = (N* 1) — BIICC. Torna o* = C§
V¥ Ci ... V¥ CF — rpaduk TN*, 110 TIOCTPOEHUIO U
nemme 2(0).

Ocrtastoch onpeneMTh GyHKLMIO @ Tak: ¢*(b*,) = p

nns Beex b, € B* u ¢*(efy) = t s Beex e, € E*, Ko-
Topasi, KaK cieayeT u3 nmoctpoeHus TN*, aBnsgercs
TOMOMOP(pHU3MOM.

Takum obpazom, m* = (TN* ¢*) — BpeMEHHOM
npouecc I N'. [ToHaTHo, uto FS(0*) = 6.
HokaxeM, uro T € Proc(JI N). PaccmoTpum mpo-

M3BOJILHOE COOBITHE ¢ € E* 1 mMpoM3BOJILHOE Ceue-
Hue C € REUT(TN*) Takue, uto e € Fi(C). 1o mo-
crpoeHwIo, cyiiectByer mmar V* (1 < i < n) Takoit, 4to
ec V;*. Tak kak w*e Graph(TN*), 10V ;* € Fi(C'=C}))
u C' € REUIT(TN*). Torna e € Fi(C"). TTockonbKy
FS(w*) = 6, u3 ompeneneHusT 2 ciaedyeT, 4TO IIar
@(V;*) moxer cpaborars B (M, _,, 1)), T.e. ¢(e) €
€ En(M,_y) n Eft(@(e)) < I;_1(¢(e)) < Lft(g(e)). Bonee
toro, I;_(p(e)) = Clock(C',®(e)), cornacHo yTBep-
xaeHuto 2(0). 3Hauut, Eft(p(e)) < Clock(C', @(e)) <
< Lfnp(e)).

ITokaxem, uyto Clock(C,@(e)) = Clock(C', ¢(e)).
Tak xak e € Fi(C) N Fi(C'), To cymectByer C' €
€ REUI(TN) Ttakoe, uro C"'=<C, C"<XC u
e e Fi(C"), mo nemme 2(B).

Paccmotpum  cnywait, korma C" < C. Ecmm
C"=C, 10 Clock(C,¢(e)) = Clock(C",¢(e)). Ilyctb
C" < C. CornacHo nemmMme 2(a), C' C C, T.e. cylle-
cTByeT rpaduk ® e Graph(T'N) Takoii, uro w,,, = C,
.C=C"Cy ..Cpp=C,tme 0</<|@,m21m
0</+m< |(u| PaccMoTpyM TIpOU3BOJIBHOE CEUCHHE
C,; (<j<m). Tak xak e Graph(TN), T0
C., € REUT(TN)ul €' ! C,,; <l C.Tockons-
Ky ee€ Fi(C)YNFi(C), 10 "'ecC'NnC nu C" =
=((C\’e)ue’) e REUI(TN).
‘ec Cpy e @ el C,., Tak kak o=l ulie,
o -dc"clc,) v —(c,,clcm, e
C"—C,;. CornacHo snemme 2(0), moiyyaem, 4TO

Kpome Toro,

UC), ;) =0.Tlo onpenenenmio 6, ¢("e) ="@(e) < G(C,, ),
T.e. P(e) € € En(¢(C,;)). B cuny npousBonbHOCTH
BbIOOpa 1 < j < m, umeeM Clock(C, ¢(e)) = Clock(C",
0@©) + D UCy). Tak xak Y Cp,,) = 0, 10

1<j<m 1<j<m
Clock(C, @(e)) = Clock(C", ¢(e)).
Paccyxnas aHanorudHo B ciyvae, korna C' < C,
nosyyaeM, 4to Clock(C', ¢(e)) = Clock(C", ¢(e)).
ITPOTPAMMMWPOBAHHE
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CrnenosarensHo, Clock(C, ¢(e))=Clock(C', ¢(e)). [

IIpumep 7. ITosiIcCHUM KOHCTPYKIIMIO TOMYCTUMOTO
BPEMEHHOTO Tpolecca T* U3 JoKa3aTeJIbCTBa Teope-

MBI 2 ¢ ucrionb3oBaHrueM HBCII QAN, npeacTaBaeH-
Hoit Ha puc. 1, unpoderaG =06, U, 6,U,0,U;6, =0
{6y 146} 2 {t;,1,} 3 € @(ﬂ) u3 npumepa 1.

Chavana mnoctpouM N* = (B* E* G*) ciuenyio-
MM 00pa3oM.

“BE =B}, | pe MyyU{bY, | pe Ul 1<i<3} = (B},
b, b, by, b, by, ), Takkak My = {p}, Uy = {p,,
P}, Uz = {po}, Us = {ps, ps};

* E*={ef, |te U,1<i<3Hef,,ef,,ef e}

. GF={(e.bi)e E*x B* | pe s, 1<i<3) U
U (6%, e)e B E* | pe’t, j=maxik<i|bf,e B,
1<i<3 = {(el*m, blfpz), (el*’,], b1>,kp3)3 (e;f,z, b;fpz), (e;‘f,},
b5 (€31 B3, )} VA, » €)s (B, €3,)s (85,5 €5

(B> €32
Bunmum, uyro monyuusm IICC, mpencTaBieHHYIO

Ha pUC. 2, C TOYHOCTHIO 10 IEPEUMEHOBAHUS YCIIO-
BUI1 U COOBITUIA.

Ceituac MoOxeM mHoCTpouTh wwiaru V™ = {ef},
* _ (% kg% k b —
v, _{eZ,tz} u v _{63,t39 e3,t4}5 IOCKOJIBKY V;* =

={ej e E* | teU,;} nnascex1 < i < 3. Torma nonydaem:

c Cf="N*={be B*|'h =0} = {bg'j,,]};

© G =C\TH U = BN, Y
o {brpz’ blikp3} = {bff< Py bfp;};

© CF= (VU = (B, BN Y
4By} = 4B B

* CF=(CA\V) UK = (b5, , bF, \ (b, b5, 1) L
) {b;'fm,b;'fps} = {b;fm,bfps}.

Jlerko mipoBepuTth, uto 6UT (N*) ={C§, C}¥,C5, C¥,

{bﬁﬁz’b;fl’s}’ {blikﬂz’b;ljm}’ {b;fpz’b;jps}}‘
Teneps moxeM noctpoutb TN* = (N*,7%), tne

c UCH=0,=0, UCF) =0, =1, U(CF) =0, =2,
UCY) =05 =3;

* 1({b*, , by, }) =L, Tak kak {b’, , b5, } € Cut(C5)m
0, >0;

‘ T( {bfps > b;ljm }) = T( {b;jpz 4 b;fps }) =0.
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Hakoneu, onpeagenum ¢* : (B* U E*) > (PuUT)
Tak: Qb)) = p nna Beex b, € B* m @(ef) =1t nna
BCex e € E*.

Takum 06pa3oM, MOJYYUIM BPEMEHHOM IIPOLIECC
= (TN* ¢*) HBCII JN. 3aMeTuM, 4To T ABJISAET-

¢l U30MOpPGHBIM JTONMYCTUMOMY BPeMEHHOMY IIpO-
eccy U3 nmpumepa 5.

Jlamee yctaHOBUM, UTO FS — mABEKINS, T.€. KOH-
CTPYKLMSI OOIIyCTUMOTO BpPEMEHHOIro IIpoliecca
HBCII JN B mokasaTeabCTBE TEOPEMBI 2 €IUH-
CTBEHHAsI C TOYHOCTBIO 10 n30Mopdu3Ma.

Teopema 3. I[Ilycme TN — HBCITu 6 =6, U, 6, ...

U, 0,¢ @(WN ). donycmumbtii epemennoil npouyecc
¥ HBCII IN c¢ epagukom o maxkum, wmo G =
= FS(0*), seasaemcsa eOUHCMBEHHbIM ¢ MOYHOCHbIO 00
uzomopghusma.

JokazarensctBo. Ilyctb w = (TN = (N
=(B,E,G),T),()) — NPOM3BOJILHBINA HOITYCTUMBIA
BpeMeHHoI Tipotiecc HBCII TN nuw=C, V| C, ...V,
C, — rpabuxk BIICC TN Ttakoit, yto FS(®w) =
=6 =uCy) o) UCY) ... o) TUC,).

PaccMorpuM MHOXecTBO E . COrnacHo yTBepKie-
Huio 1(a), BepHO, YTO ﬂlSiSnI/i =0n Ulgigan =F.
ITo nemme 3(6), UMeeM, YTO CYXKEHUE () HA MHOXKe-
ctBo V; — ouexumst mexny V,u o(V;) =U; (1 £i < n).
Torma 0e3 moTepu OOIIHOCTHM IT1ojaraeMm, 4ro £ =
={e, eV, |telU,1<i<nuq@le,)=1tn1dKaxioro
e, € E.

PaccmorpuM MHoOXecTBO B. M3 onpeneneHus 3

AMEEM, 9TO ‘b‘ <1 gnst mo6orobe Bu E = "B. To-

rna ‘h=0, eciu be "N, U CylIeCTBYeT €IMHCTBEH-
Hoe cobbITHE e € ETakoe, uto {e} ="b,T.e.be e, ec-
m be B\"N. Ilo yreepxaenuro 1(a), BEpHO, UYTO
ﬂ V.=0n U V. = E. 3Hauut, 1js 11000ro
1<ign ! 1<ign !
yenosust b e B\"N CyllecTBYeT eIMHCTBEHHBII 1I1ar
V: (1 £i < n) c eIMHCTBEHHBIM COOBITHUEM ¢ € V; Ta-
L]
KNMM, 9TO b € e , 1 ISl 11000r0 COOBITHS e € E cyte-
crByeT be B\"N Takoe, uto be €', mockonbky E ="B.
CiiegoBaTtebHO, TTIOJIydaeM, YTO ﬂ V=0 u

1<i<n

U|<~< V' = B\"N. B cuny onpenenenus 6, cyxxeHue
SIsn

¢ Ha *N — G6uekuus mexay N u M, Kpome Toro,
tak Kak @(V;) (1 £i £ n) — war B HBCIT I N, To u3
JIeMMBI 3(B) ClIelyeT, YTO CY>KEHUE () HA MHOXKECTBO

V' — 6uekuust mexny V; u o))" =U; (1<i<n).

Torma ©6e3 mnorepu OOLIHOCTM TIOJIATaeM, YTO
B={b,,€ "N | pe My} U {b, eV, | peU;,1<i<n
nu (p(bj,/,) = p IJI4 KaXO0ro bj,/, € B.

Paccmorpum MHOXectBO G. Bo3bMmeM mpous-
BOJIbHOE ¢;, € E. CornacHO KOHCTpyKuusiM B u E
uMmeeM, 4To e;, = {b,, € B | p € 1'}. VI3 onpenenenus

5 cnenyer, uto ‘e, < 'V; < C,_;. B cuny yrBepxkue-
Hud 2(a), cyxkeHue dbyHkuuu ¢ Ha C; _ | — duekuus
mexay C; _, u M; _,. Kpome Toro, us onpeneneHus 6
umeeM, uto ¢("e;,) ="@(e;,) = "t. Torna e, = {b; , €
€ B| pe’t,b;,€C, \}. 3naunr, ‘e, = {b; ,€ B| pe 1,
j=max{k <i|b,,e B}}, nockoneky Cy="'N mu
C,= (C,_\V,)uV, (1<k<n). CrenosaresbHo,
G= {(e;;, b,)e ExB|pet, 1<i<n U {(b,
¢, )€ BXE | pe’t,j=max{k<i|b,, € B}, 1<i<n}.

Tak kak FS(w) = 6, To, UCOAB3ysl ONpeAcacHUe
4 u yrBepxnenue 1(0), misg kaxmoro C € €UT(N)
MOJIy4aeM:

0;, ecnu C = C;
st Hekotoporo 0<i<n,
UC)=<1, eciu Ce Cut(C;)) A 6; >0
11 HeKoToporo 0 </ < n,
0, WHayue.

CpaBHUM [OITyCTUMBIM BpPEMEHHOM IIpolecc T
HBCII I N u rpaduk @ BIICC TN ¢ nomyCTUMBIM
BpeMeHHBIM nporieccoM t* HBCIT I N u rpadhukom
o* BIICC TN* u3 mokaszarenbcTBa TeopeMbl 2. Tak
Kak FS(w) = FS(w*) = 6, To 3TH rpadUKM UMEIOT
OIVHAKOBYIO MIMHY. Torma, U3 MOCTpOeHUR T U TT*
MoJTy4aeM, 94to 7t = 7t*. []

HTtak, ObU10 mokazaHo, 4To FS — OMEeKTUBHOE
oToOpaxkeHue Mexay rpadpukaMu BpeMEHHbBIX ITpO-
1IECCOB M NpoOeraMu M3 HayaJIbHOI'O COCTOSIHUSI B
koHTekcre HBCIT TN,

5. SAKJIIOYEHHME

B crarse niis HBCII co cTpaTernsimu ci1aboro xo-

J1a BpeMeHU U YyCTOMYMBO aTOMapHOTro cOpoca yacoB
ObLIU OoTpelesieHbl U U3ydYeHbl MHTCPIMBUHTOBAST U
JIBe ‘MCTUHHO ITapajuleJibHBIe’ (I1aroBas M 4acTH4-
HO-yIopsiiodyeHHas) ceMaHTUKM. Ilpu cimaboii Bpe-
MEHHOI CTpaTerMd XOI BPEMEHU B COCTOSTHUSIX
HBCII mpon3BoJjieH, TaKk KakK HeOrpaHU4YeH He00X0-
IUMOCTBIO cpabaThbIBaHUS IIEPEXOJO0B B COOTBET-
CTBUM C WX BPEMEHHBIMM WHTepBaiaMu. [loaTomy
IMTPOTPAMMMWPOBAHUE
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npu cmeHe coctossHuit HBCII xon BpeMeHn He Mo-
XKET OBITh COBMEIIIEH CO CpabaThIBAHMEM IEPEXOI0B.
B maTepamBuHTOBOM Tipobere Takmx HBCII cmena
OOHOTO COCTOSHHUSI HA IPYroe OCYIIECTBISICTCS 3a
cYeT TU00 X0oIa BpeMeH!, TN00 cpadaTEIBAHUS TIepe-
xoma. B mmmaroBoM mmpo0ere cpadaThIBacT HE OIUH IIepe-
XOII, a MHOXECTBO ITapaJUIeIbHBIX ITepexonoB. YacTud-
HO-YIIOPSIIOYEHHAs] CEMaHTHKA IIPEICTaBIISIETCS B BU-
JIe MHOXECTBAa BPEMEHHBIX MPOLECCOB, COCTOSIINX
n3 BITCC n nx romomopdusmon B HBCII. I[1pu sTtom
BO BPEMEHHBIX IIPOIlIeccax cpabaThIBAHUSIM II€PEX0-
noB HBCII conocrasistiorest coositnss BITCC, a xo-
ny BpeMeHn B HBCII — BpeMeHHBIE XapaKTepHUCTUKHI
ceuenuit BITICC. brto BBeneHO 1 M3y4eHO MOHSTHE
I1aroBoro (MHTepJMBUHIOBOro) rpacduka BIICC —
IIOCJIeIOBATEIBHOCTA CMEHBI CEYCHUI TTOCPEICTBOM
BBITIOJTHEHUS TTapajljIe/IbHBIX COOBITHI (OTOHOIO CO-
obpITHust). Takke, ObLIO JOKA3aHO, YTO IIPU OTOOpazKe-
A romoMopdu3MoM rpadpmka BITCC B mpober
HBCII pasmetkn B coctosguusx HBCII cootset-
CTBYIOT Ce4eHUSIM Ipaduka, a 3HaYeHUE TUHAMUYEC-
CKOIf BpeMEHHOM (bYyHKIWM TSI pa3pellleHHBIX Iepe-
xonoB B coctosgHusax HBCII — 3HayeHUAM crneuu-
ammpHO paszpadoranHoi ¢yakonn Clock, KoTopas
HaxomuT OJvKaiiliee ce4eHNe, B COOTBETCTBYIOIIEH
pa3MeTKe KOTOpPOTro Mepexol He ObUI paspellleH, U
CYMMUpPYET 3HAaY€HMsI BPEMEHHBIX XapaKTePUCTUK
CE4YCHUIi, COOTBETCTBYIOIINX pa3MeTKaM, B KOTOPBIX
repexon CTal U IIPOAOoJIKaeT OBITh pa3pellleHHBIM.
Takum o6paszom, B pyHkuuu Clock ectecTBeHHBIM
o0pa3oM OTpaXeHa yCTOMYMBO aroMapHasl IIpo-
crpaHcTtBeHHas crpaterust HBCII. [l Toro, 4ToObI
BO BPEMEHHOM IIPOILIECCE YUYUTHIBAJIMCH BpEMEHHEIC
3alepXKNU CpabaThIBAHUM IIEPEXOm0B, 3adaHHBIE B
cuntakcuce HBCII, onpeneeHbl yCI0BUS €ro KOp-
PEKTHOCTH (IOIIyCTUMOCTH ), KOTOPHIE BEIUMCIISTIOTCS
Ha OCHOBE I'paHUI] BPpEeMEHHBIX MHTEPBAJIOB pa3pe-
IIEHHBIX IiepexonoB M 3HadeHuit ¢pyHkuum Clock.
OCHOBHBIM pe3yJIbTAaTOM JAHHOW pPaOOTHI SIBJISIETCS
YCTaHOBJICHNE OMEKTUBHOTO COOTBETCTBUS MEXKIY MH-
TepAMBUHTOBEIMY/TIaroBeIMU  TTpoderamu HBCIT n
MHTEPJIMBUHIOBBIMI,/IIaroBeIMU Tpadukamu BITCC
BO BpeMeHHBIX ITpolieccax HBCII. Ha ocHoBe BhIIIe-
CKa3aHHOI'0 MOKHO ClIeJIaTh BBIBOII, YTO pa3paboTaH
METO/I ITIOCTPOSHMS afieKBaTHOI'O Y KOPPEKTHOTO Ya-
CTUYHO-YIIOPSIIOYEHHOTO IIPEACTABIIEHUSI B BUIE
BpeMeHHBIX mnpoueccoB noseaenuss HBCII co cina-
00i1 BpeMEHHOM M YCTOMYMBO aTOMapHOI CTpaTeru-
samu. HackoabKo HaM U3BECTHO, aHAJIOTOB 3TOMY Me-
TOIy HET B JINTEpaType, a TAKXKE MBI HE BCTpeYalIi pa-
OOTBI, IIOCBSIIIIEHHBIE ‘MCTUHHO IIapajUIeJIbHOM’
cemaHnTuke Takux HBCII.

OTtMeTnM, 9TO TpenaoxXeHHBIN B [10] MeTom mo-
cTpoeHusT BpeMeHHBIX ImporeccoB misg HBCIT ocHo-
BbIBA€TCs HAa CUJILHOW BPEMEHHON M MPOMEXYTOY-

ITPOTPAMMMWPOBAHHE
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HOM IIPOCTPAHCTBEHHOI CTpaTeTusX M II03TOMY HE
MOXET OBITH MCHOJB30BaH IJIsI pacCMaTPUBAaeMBbIX B
aToM craThe crpareruii moseneHns HBCII. B curb-
HOM BPEMEHHOI CTpaTeruy XOI BPEMEHM B COCTOSI-
ann HBCII orpanmyeH cpabaTeIBaHWEM pa3pelneH-
HOTO IIepexoaa, MoKa3aHMUs 9aCOB KOTOPOIO TOCTHT -
JIM 3HAYEHUI ero BpeMeHHOro nHrepsaia. Iloatomy
cmeny cocrosHuii B HBCII Bo3MoOXHO ocCyIiecTB-
JISITh TIOCPEICTBOM OOBEAMHEHHBIX B €IMHOE Ieii-
CTBHE XOIa BPEMEHM M cpabaTbiBaHUS IIEpexona.
B sToMm cityuae BpemeHHbIe ripouieccbl HBCIT moryt
OBITh ITOCTPOEHEI 3a CYET COIIOCTABICHMS COOBITUSIM
BIICC BpeMeHHBIX XapaKTEpUCTUK, COOTBETCTBYIO-
X BpeMeHaM cpabaThIBaHMII mepexomoB. Kpome
TOTO, OCOOEHHOCTHU CWJILHOM BPEMEHHOM U IIPOMeE-
XYTOUYHOII MPOCTPAaHCTBEHHOI CTpaTErnii oTpakeHbl
B YCJIOBUSIX KOPPEKTHOCTU BPEMEHHBIX IIPOILECCOB,
onpeaesieMbIX C YIETOM I'PaHUI BPEMEHHBIX HUHTEP-
BaJIOB pa3pelIeHHBIX IIEPEX0A0B U 3HAYCHUIT (PYyHK-
muu TOE, BBIUMCIISIEMBIX HA OCHOBE BPEMEHHBIX Xa-
paktepuctnk cooprTii BIICC MOoMeHTHI BpeMeHU,
Koraa (OUIIKHU ITOSBJISIOTCS BO BCEX BXOMTHBIX MECTaX
pa3pelIeHHBIX IIEPEXOI0B.

B xagecTBe manmpHeWIE pabOTHI TIAHMPYETCS
HCIIOJIb30BaTh pa3paboOTaHHBIC B 3TOI CTaThe CeMaH-
TUKU U ONIPEeACICHUS Y U3yYeHUS TTOBEeAeHYCCKUX
skBuBajieHTHOCcTeit HBCII co ciaboit BpeMeHHOI 1
Pa3IUYHBIMU TTPOCTPAHCTBEHHBIMU CTpaTerusiMU B
JUXOTOMUSIX MHTEPJIMBUHT — YACTUYHBIN IMMOPSIIOK U
JIMHEMHOE — ‘BeTBSIICECST’ BpeMd.
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