% Problems of Informatics. 2021. N 2

NUMERICAL INVESTIGATION AND OPTIMIZATION OF
OUTPUT PROCESSES IN CYCLIC CONTROL OF
CONFLICTING FLOWS

A. M. Fedotkin

Lobachevsky State University of Nizhni Novgorod
603950, Nizhnij Novgorod, Russia

DOT: 10.24412/2073-0667-2021-2-69-80

In this article, we consider a non-classical queuing system with waiting, in which m conflicting
flows are managed in a class of cyclic algorithms. Conflicting threads mean that they cannot be
summed up and this does not allow you to reduce the problem to a simpler case with a single thread.
Requirements from different conflicting threads are served at non-overlapping intervals. In addition,
there are additional time intervals — readjustments, due to which the problem of conflicting threads
is resolved. Such systems are adequate models of real-world systems for processing and transmitting
information, technological systems, transport systems, etc.

Unlike most well-known works, the so-called non-local description of the requirements flow proposed
in [1-6] is used to comnstruct a mathematical model of output flows. The description of output
streams includes the state of the service device and the values of queues for conflicting streams. Note
that the functioning of the system under consideration for servicing heterogeneous requirements and
managing conflict flows in continuous time is a complex non-Markov process. Therefore, studying the
characteristics of the system and the properties of the output streams in continuous time is a difficult
task. Using the theoretical results of works [7—12|, this article substantiates the method of numerical
investigation of the system by simulation methods using computer and information technologies. The
results of studies of the dynamics of output processes for servicing requirements on a simulation model
are interpreted on the problem of managing conflict heterogeneous traffic flows at isolated intersections.

The problem of cyclic management of m conflicting flows IIj,Ils,...,IL, heterogeneous
requirements during their maintenance by the system is considered. Input streams ﬁj, je{1,2,...,m}
are considered conflicting and independent. Conflicting input streams means that the maintenance
of the streams must occur at non-overlapping intervals. Moreover, the specified intervals should be
separated by time intervals during which the service of any requirements is prohibited. The j stream
requests only go to the O; drive with an unlimited number of waiting places. In the system without
loss of requests, it is possible to record the outgoing flow N; with an unlimited supply of pending
requirements in the O; storage and with maximum use of the resources of the service device for each
j€{L1,2,...,m}. Flows II;,Iy,...,II,, are called saturation flows. The need to introduce saturation
flows arises primarily in those real queuing systems in which it is clear in advance that the service
durations of different requirements can be determined by the state of the service system and, as a result,
be dependent and have different distribution laws. As an example, the process of crossing the stop line
by vehicles with a green traffic light allowing it can be cited. If there is a queue, the first cars only start
moving and move more slowly than those who arrive at the intersection at the green light interval and
continue driving at maximum speed. The service device has 2m states T, T . T@™) For a fixed
n € {1,2,...,2m}, the duration of stay in the state '™ is equal to T),. For all j € {1,2,...,m} in
state T'(2—1) only the requirements of flow ﬁj are served. The maximum possible number of serviced
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requirements of the flow ﬁj in the state I'27=1) is determined by the saturation flow IT; and is equal to [;.
Forall j € {1,2,...,m} in state %) the requirements of each of the threads are not served. The service
device changes states cyclically in the following sequence: I'V) — T — ... — 7@m) , P So,
the service of conflicting threads occurs in non-overlapping time intervals, which are separated by
changeover intervals. An adequate mathematical model of this kind of real problems is the control
systems of service with a variable structure [1].

We consider input streams II;, Iy, . . ., II,,, to be nonordinary Poisson random processes Gnedenko-
Kovalenko [1]. Then the sequence of calling moments at which the requirements arrive in the system
for each thread ﬁj is a Poisson process with the parameter \;. Moreover, let’s assume that at each of
these moments, one or two applications appear, respectively, with probabilities p; or ¢; = 1 — p;. Let
the random variable 7;(t) for each j € {1,2,...,m} determine the number of received requests to the
storage O; along the stream ﬁj for the time interval [0,¢). An important characteristic of the process
of cyclic management of conflicting flows of requirements is the loading of the service system for each
flow and its overall loading for all or only some pre-fixed flows. Unfortunately, determining the load of
managed unconventional queuing systems is always a difficult task. In classical single-channel systems
with an unlimited queue, Poisson input flow, and demand service, according to the exponential law,
the probability that there will be at least one demand in the system in stationary mode Ap~! < 1.
Here, the parameters \ and p are the intensities of receipt and, respectively, demand service. Let 6(t)
is the total length of those time intervals between zero and the moment ¢, during which there will be
at least one requirement in the system.

Monitor various real experiments show that with increasing system load typically increases during
Tper the transition process for its entry into the quasi-stationary mode and time computer modeling
to calculate its probability and the numerical characteristics with specified degree of accuracy and
reliability. Because of this, when the choice of algorithm parameters to determine when 7)., the end
of the transition process, and the job accuracy and reliability of calculations of probability and its
numerical characteristics substantially overlook the importance of load estimation system. For the
stationary mode of the system at [; # 1, it is analytically impossible to obtain observable formulas for
the laws of distribution of queue lengths, service waiting time, and, finally, for the laws of distribution
of output streams. To obtain estimates of these distributions, some numerical characteristics for the
solution of the optimization problem to the minimum weighted average waiting time and service
requirements in the arbitrary flow developed a computer simulation videomodel the cyclic control
m flows.

Key words: conflict flow, homogeneous Markov sequence, conditional distribution, Markov
process.
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B nammoit cTarhe paccMaTpuUBaeTCd HEKJIACCHUECKAs] CUCTEMA MACCOBOTO OOCTYKUBAHUS C OXKUIa-
HUEM, B KOTOPOIi OCYIIECTBAAETCA YIIPABICHNE 1M KOHMINKTHBIMI TOTOKAME B KJTACCE TTUKINIECKIX
aropuT™MoB. KoH(MIUKTHOCTL TOTOKOB 03HAYAET, UTO UX HEJb3s CYMMUPOBATH, U 3TO HE [T03BOJIAET
CBECTH 33/1a9y K HoJiee MPOCTOMY CIyYato ¢ OmHUM TOTOKOM. ObcayknBanve TpeboBanmit 3 pasind-
HBIX KOH(JINKTHBIX TOTOKOB IPOUCXOIUT B HEITEPECEKAIOIIIeCs TPOMEXKYTKHN BpeMenu. Kpome Toro,
eCTh ellle JOTOTHUTEeNbHBIE TPOMEXKYTKN BPEMEHN — TepeHaaIKn, 33 CIeT KOTOPBIX pa3pertaercs
npobsiema KOH(MJIMKTHOCTH MOTOKOB. TaKoT0 poJia CUCTEMBI ABJISIOTCS aJIEKBATHBIMU MOJIEISIMU pPe-
aJIbHO JAEHCTBYIONNX CUCTEM T10 epepaboTke u nepemate nHMOPMAIMH, TEXHOJIOTTIECKUX CUCTEM,
TPaHCHOPTHBIX CUCTEM U T. JI.

B ommmane or 60/bIIIMHCTBA U3BECTHBIX TPYAOB, A/ OCTPOCHUS MATEMATUYECKON MOJIE/IN BBIXOI-
HBIX [IOTOKOB B paboTe UCIOIb3yeTCs TaK Ha3bIBAEMOE HEJIOKAIBLHOE ONUCAHNe I0TOKa TpeboBanuit. B
OTICAHNUE BHIXOHBIX TOTOKOB BKIUEHBI COCTOSTHIE 00CTYKUBAOIIET0 YCTPONCTBA U BEJIMUNHBI Ote-
peseit o KOHQMIUKTHBIM MOTOKAM. 3aMETHM, UTO (PYHKIIMOHIPOBAHIE PACCMATPUBAEMON CHCTEMbI
00CTyKUBAHUS HEOTHOPOIHBIX TpeOOBaHMII U yIIpaBIeHNsS KOH(MIUKTHBIMY TTOTOKAMY B HEIIPEPHIB-
HOM BDEMEHU HABJISI€TCH CJIOXKHBIM HEMAPKOBCKHUM IIPOIeccoM. 1109ToMy m3ydeHume XapaKTePUCTUK
CHUCTEMbl U CBOMCTB BBIXOJHBIX IIOTOKOB B HENPEPBIBHOM BPEMEHU $BJSETCA TPY/IAHOPa3PElMOii
zagadeii. B 910t crarhe 000CHOBBIBAETCH METOMMKA YUCIEHHOTO MCCAEIOBAHNS CHCTEMBI METOIAMU
UMUTAIMOHHOTO MOJEJIMPOBAHUS C HUCIOJB30BAHUEM KOMIBIOTEPHBIX U MH(MOPMAIMOHHBIX TEXHO-
sioruit. Pe3yibTarsl nCCIeI0BAHNN TUHAMUKY BBIXOIHBIX IIPOTECCOB 00CTyKuBanus TpeboBanuii Ha
UMUTAIMOHHON MOJIE/IN TPOUHTEPIIPETUPOBAHBI HA 33/1a9€e yIpaBieHus KOH(MIUKTHBIMU HEOTHOPO/I-
HBIMU TPAHCIOPTHBIMU ITOTOKAMH HA M30JIMPOBAHHBIX TTEPEKPECTKAX.

KiroueBbie ciioBa: KOH(MIUKTHBIN ITOTOK, OJHOPOJHAS MAapKOBCKasi ITOCJEI0BATEIBLHOCTD,
YCJIOBHOE pacrpejie/ienne, MapKOBCKUM TTPOTIECC.

Beenenne. B ommmdne or GOIBITHHCTBA H3BECTHBIX TPYIOB, /Il MOCTPOCHUST MaTEMaTHIe-
CKOM MOJIETH BBIXOJHBIX MOTOKOB B pafOTE UCIONB3YETCsT TAK HAZBIBACMOE HEJIOKATHHOE OIICA-
HEE TI0TOKa TpeboBaHuii, npeaoxkennoe B [1-6].

B omucanue BEIXOIHBIX TOTOKOB BKJIIOUEHbBI COCTOAHIE 0OCTYKUBAIOIIEr0 yCTPOHCTBA U Be-
JIMYUHBL o4uepejieil 10 KOHMIUKTHBIM IOTOKaM. 3aMeTHM, ITO (DYHKIHOHUPOBAHUE PACCMATPH-
BaeMOii CHCTEMBI O0CJTYKHBAaHHUsT HEOJIHOPOJHBIX TPEOOBAHUHA M yIpaBIeHUs KOHMIHKTHBIME
IOTOKAMH B HENPEPHIBHOM BPEMEHH SIBJISIETCS CJOXKHBIM HEMAapKOBCKHM TIporeccoM. [losromy
M3ydeHHe XapaKTEePUCTUK CHCTEMbl U CBOCTB BBIXOJHBIX MOTOKOB B HEHPEPHIBHOM BPEMEHH
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SIBJISIETCS] TPY/THOpa3perumMoil 3a1adeii. Vcnoss3yst Teoperndeckne pe3yabrarsl pabor [7-12],
B 9TOI cTaThbe 0OOCHOBBIBAETCI METOJNKA IUCJIEHHOTO MCCJIEI0OBAHUSA CUCTEMbBI METOJAMU MM~
TAIMOHHOTO MOJIEJTUPOBAHUS C HUCHOJIH30BAHUEM KOMIBIOTEPHBIX W WHMOPMAIMOHHBIX TEXHO-
qoruii. Pe3yabTaThl nccaenoBaHUil TUHAMUKH BBIXOJTHBIX ITPOIECCOB OOCTYXKHBAHUS TpeboBa-
HUIl HA UMUTAUOHHON MO/IE/IN HPOMHTEPIPETUPOBAHBI HA 33/1a4e YIIPAB/IeHUs] KOH(MDJIUKTHBIMI
HEOHOPOIHBIME TPAHCIOPTHBIMHU MOTOKAMHI Ha M30JHPOBAHHBIX MMEPEKPECTKAX.

1. TTocTaHoBKa 3a/1aun HA COAep>KATEJILHOM ypOBHEe. PaccMaTpuBaeTcs 3a1ada, K-
JIMYECKOTO YIPABJICHUA M KOHMIMKTHBIME ToTokamu 11y, Iy, ..., II,, HEOJIHOPOIHEIX Tpe6o-
BaHWi Mpu UX o6CTyZHBAHNN cucTeMoil. Bxommbie motoxku 11, j € {1,2,...,m} cuntaiorcs
KOH(DJIMKTHBIMU ¥ HE3aBUCUMBIMU. KOHMIUKTHOCTD BXO/HBIX IMOTOKOB O3HAYAET, ITO OOC/IY-
JKUBAHUE MTOTOKOB JIOJI?KHO TPONCXOINTH B HEMEPECEKAIONINeCd TPOMeXKYTKH BpeMenu. Bosee
TOTO, YKa3aHHbBIE TMPOMEXKYTKH JIOJKHBI OBITH Pa3jesieHbl MPOMEKYTKAMU BPEMEHU, B KOTO-
phle 3aIpelnaercsa odc/IyKHBaHUue KaKuX-1100 Tpebopanuii. TpedboBanus moroka ﬁj HOCTYHAIOT
TOJIbKO B HakonuTejb O; ¢ HeOrpaHUIeHHBIM YHCJIOM MeCT [ oxKujanud. B cucreme Ges 11o-
TePb 3adBOK UMeeTCd BO3MOXKHOCTD (DUKCUPOBATDH BbIXoAAmuil noTok II; npu Heorpanndennom
3amace oXxpmapmux Tpeboannii B Hakonutejse O; U IpH MAKCHMAJIbHOM HCIOIb30BAHUN De-
cypcoB obcayKuBatotero ycrpoiictsa npu kaxiaom j € {1,2,... m}. Toroku Iy, Iy, ...,
IT,, Ha3BIBAIOTCSA OTOKAMU HAchIeHnd. HeobxoamMocTh BBeIeHNS MOTOKOB HACHIIEHUS BO3-
HUKAaeT B TEPBYIO OYePe/lb B TeX PEaJbHBIX CHCTEMaX MaCCOBOTO OOCIY KHWBAHUs, B KOTOPBIX
3apaHee TOHITHO, YTO JIIUTEILHOCTH OOCTYKUBAHWI DPA3JUUHBIX TPEOOBAHUIT MOTYT Ompese-
JISITHCST COCTOSTHUEM CUCTeMbI O0CTy JKUBAHUS U, KAK CJICJICTBUE, OBITh 3aBUCUMBIMEI U UMETH Pa3-
HbIe OTJINYAIONINECs] 3aKOHBI pacIpejiesienns. B kadecTBe mpuMmepa MOYKHO ITPUBECTH MPOTIECC
nepeceveHns] TPAHCIOPTHBIMU CPeJ/ICTBAMY CTOI-JIMHUH [IPU Pa3peNIaroieM 3eJeHOM CUTHAJIe
ceerodopa. [Ipn HaTWIUU OvYepe T epBble MAITMHBI TOJIBKO TPOTAIOTCS C MeCTa U COBEPIIAI0T
nepee3ql MeJJIeHHee, YeM Te, KTO TpUe3zKaeT K MePeKPecTKy Ha MPOMEKYTKe 3eJeHOrO CBeTa 1
POJIOJIZKAET JIBUKEHHE Ha MAaKCUMaJIbHON ckopocTu. Obc/1yKuBaloIiee yCTpoicTBO UMeeT 2m
cocrosmit M, T T@™ Tlpu dbukcuposannom n € {1,2,...,2m} aiureabHocTs mpe-
opianna B cocroaumu 1™ pasna T),. Iaa seex j € {1,2,...,m} B cocroanmu I'*~Y o6cmy-
YKUBAIOTCS TOIBKO Tpebopanus noToka I'(% 1 MakcnMabao BO3MOKHOE YHCI0 06CTY KeHHBIX
TpeGosamuit notoxa I1; B coctosuun %~ onpeensercs norokom nacwimienns 11; u pasro [;.
Jas seex j € {1,2,...,m} B cocroanun ['?) rpeGosanus KazIoro u3 NOTOKOB He 0BCILYKN-
BaroTcst. OOCTyKUBAIOIIEe YCTPOICTBO N3MEHSIET COCTOSTHUSI IUKJIHIECKN B CJIeIYIONIEH TOCe-
nosarensuoctm: 'MW — T — 5 7@ 5 7MW 5 Trak, obcayknpanne KOHGINKTHBIX
MOTOKOB TIPOUCXO/IUT B HellepeceKarolecs: IPOMeKYTKI BpeMeHH, KOTOPble pa3/ieIeHbl HHTeP-
BaJIAMH TEPEHATAI0K. AIEKBATHON MaTeMATHIECKOH MOJEIBI0 TAKOTO PO PEANBLHBIX 3a1a1
SIBJISIFOTCSL yIIPABJISIONIAE CHCTEMBI O0C/IY KUBAHUS € HEPEMEHHO cTpyKTypoii |1].

2. UncieHHOE nCCIeI0BAHNIE BHIXOMHBIX MPONeccoB. Bxoaubie noroku 11, Iy, . . ., II,,
CYUTAaeM HeOPIMHAPHBIMHI TyACCOHOBCKUMU CJIydailHbIMu mpotieccamu [ Heaerko-Kopanenko [1].
Torma mocaen0BaTEIbHOCTD BBI3BIBAIONINX MOMEHTOB, B KOTOPBbIe TPeOOBaHUS MOCTYIAIOT B CH-
CTeMy 10 KazkJIoMy TOTOKY 11, TpejicTaBiisteT coboil MyaccOHOBCKUH MPOTECe ¢ TTAPAMETPOM ;.
Bonee Toro, qomyctuM, 9T0 B KayKIbIil U3 3TUX MOMEHTOB MOSBJISIOTCS OJHA WU JIBE 3asBKU
COOTBETCTBEHHO ¢ BepoATHOCTAME p; mwin ¢; = 1 p;. [ycrs caywaiinas seswdanna 1);(t) mpu
KaxKaIoM j € {1,2,...,m} ompeneiser 4nca0 mOCTynuBInX TpeGoBanuil B HaKomuTeab () 10
noroky 11, 3a pomeskyTok Bpement [0, t). Bazkuoit xapakTepucTuKoii Iiporecca MUKIMIeCKOTo
yIpaBieHnss KOH(MIMKTHBIMA TOTOKAMU TPeOOBaHUN SBJseTCS 3arpy3Ka CHCTEMBI OOCTYKIBa-
HUS MO0 KaXKJIOMY TIOTOKY W ee 00Iasl 3arpy3Ka Mo BCEM WM TOJIBKO IO HEKOTOPBIM 3apaHee
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dpukcupoBaHHBIM MoTOKaM. K cokaieHnio, ornpeeneHne 3arpy3KH yIIPaBIgeMblX HETPAUITHOH-
HBIX CHCTEM MacCOBOIO OOCIyKMBAHUS BCEIVIa IIPEJCTaBIAeT coboil TpyaHyio 3a1ady. B Kirac-
CHYECKUX OJHOKAHAJBHBIX CHCTEMAX € HEOTPAHUYEHHON 0Yepeblo, IMYACCOHOBCKUM BXO/IHBIM
MOTOKOM U OOCTyKUBaHUEM TPeOOBaHUI MO MOKA3ATEIBHOMY 3aKOHY BEPOSITHOCTH TOTO, YTO B
CTAIMOHAPHOM PEXKHMe B CHCTeMe OyJeT He MeHee OJHOro Tpebosanus, pasna Ay~ < 1. 3gecn
ImapaMeTpbl )\ n [ ABJAAIOTCA MHTEHCUBHOCTAMU NOCTYILJICHUA U, COOTBETCTBEHHO, O6Cﬂy)KI/IBa—
Hust Tpebopanuii. [Tycrs 0(t) ecTh cymMMapHast JIJIMHA TeX TIPOMEKYTKOB BDEMEHN MEZK/LY HyJIeM
U MOMEHTOM t, B T€YeHHe KOTOPBLIX B cucTeMe OyIeT He MeHee OJIHOTO TpeboBaHusi. XOPOIIO
U3BECTHO, UTO JJIs J1I0Ooro € > () mMeeT MecTo mpejeTbHOe PABEHCTBO

lim P(|t710(t) — A < &) = 1.
t—o00

Cuyuaiinas sesuuuna suja t~10(t) oupejesser cpejiHee OTHOCUTEILHOE BPeMsl 3aHATOCTH
cucremMbl Ha npoMexyTke [0, 1) u mpuOJNKEHHO TIPH JOCTATOYHO DOJIBITIX 3HAYEHUSAX ¢ COBIA-
JaeT ¢ BeaMduHON A\l B CMBICIEe CXOAMMOCTH 110 BeposATHOCTH. [109TOMY MOCTOAHHYIO Ap ™t
€CTeCTBEHHO HA3BIBAIOT 3aIPy3KOil UM MepOil 3aHATOCTH CHCTEMEI.

Bynem Tenepnb 715 3a1a4u 06 yipapieHIU KOH(DJIMKTHBIME TOTOKAMH TpeOOBaHMI B KJ1acce
IMK/IHIECKUX aATOPUTMOB PACCY?KAaTh aHAJIOIHYHBIM criocoboM. Torma BepoATHOCTD p; TOTO,
9TO B CTAIHOHAPHOM DeYKIMe B CHCTeMe OOCTy’KUBAaHWUS MO MOTOKY 11; OyneT He MeHee OJHOI
3asIBKHM, MOYKHO Ha3BaTh 3arPy3KOil CHCTEMBI TI0 9TOMY TOTOKY. [IycTh MBI XOTHM OTpPeIe/uTh
O6TIYI0 3aTPY3KY p1o CHCTEMbI, HAIPHMeED, 10 ABYM moTokaMm 11, u Il,. Torma, B cumy Hezapu-
CUMOCTH BXOJIHBIX TOTOKOB, MOTOKOB HACBIIICHHUS U IUKJIUIECKOTO MEPEKIIOUeHHsT COCTOAHMIMA
00CJLY ZKHBAIOIIErO yCTPOHCTBA, YAA€TCS MOJYIUTh |3], 9T0 BEPOSITHOCTD HAIMYMS HE MEHEe OJI-
HOII MAIIHHBI XOTsI Obl B OHOM U3 1m0TOKOB 11; u Iy paBHa py + pa — pipe. [103TOMY MOZKHO
camTaTh, 9TO MO MmoToKaMm 1, m Il ofmmas 3arpyska pi, = p1 + pa — pipe. K coxanenmto,
JJId TpoTiecca yIpaB/IeHns KOHMDINKTHBIMI TPAHCIOPTHBIME HOTOKaMH IpH [; # 1 He ymaercd
ONIPEeIENIUT POCTYIO HPOPMYITy st BeposiTHOCTH p;. Tonapko mpu [; = 1 B padore [3]| 6bL10
HOJIYYeHO, UTO I CTAIMOHAPHOTO PEeXKUMA BEPOSITHOCTH HAJIHIHUS HA IEPEKPECTKe O MOTOKY
II; e Menee OHOTO TPeGOBAHUS PABHA

T

(1 4 N2 + e~ (Toj+To5+1) L+ B—Aj(T—Tz,j—1)>(1 _ )\j(]. + Qj))7

p] 2m

rne T' =T, + 15 + ...+ T5,. Haxke sra dopmysia siBasieTca CJIOKHOW I BbIYUCIeHHiT 6e3
Komnbiorepa. [losTomy Bo3HUKaeT HENpoCTast 3a/1a4a ONPE/IeIeHNst ONEHKHU ); JUIs 3arPY3KH p;
o noroky I, mpu [; # 1.

Ecniu HeoOXomuMble ¥ J0OCTATOYHBIE YCJIOBHS CYNECTBOBAHUSI CTAIMOHAPHOTO DPEKUMA B
YIIPABJISIEMON CHCTEME MACCOBOIO OOCIYKMBAHUST COBIAJIAIOT M HMPOCTHIM 00PA30M 3aBUCAT OT
MHTEHCUBHOCTEH MOCTYILIEHUsT 1 00CJIyKHBaHUsT TPeOOBAHUIA, TO TU YCJIOBHsI, KaK MPABUIIO,
SIBJISIIOTCSI OCHOBOW OTIpeJ/le/IeHlsl 3arpy3Ki WJIM, B KpaiiHeM cJjiydae, ONEHKH JJisi 3arpys3KH.
Tak HEOOXOMUMBIE U JJOCTATOYHBIE YCIOBHS CYIIECTBOBAHHUS CTAIMOHAPHOTO PEKUMA B CUCTEME
110 TIOTOKY j, COIVIACHO pe3ysbraraM paborsl 3], MoxkHO 3amucars B Buge \;1(1+ ¢;)/l; < 1
i B dkBuBaseHTHOM dopme N\, T(1 + g;)/[p;Thj—1] < 1. 3mecy mapamerp ,uj_l oIIpeIesieT
cpestHee BpeMsi 0OCTyKuBaHua Tpebosamms noroka 11, u ; = [p;Ty;1]. Orciona caemyer,
9TO B KadecTBe OIEHKH p; MOXKHO LIPEIOKUTL dbopmyry Buna: p; = pij(N;,qj.p;,1Th—1) =
NT(1 4+ gj)/[1iT2j-1]. Bynem cuantars BHIOPAHHYIO OIEHKY p; IPHEMJIEMOIl M HOAXOIAMIIEI,
eCJIN OHA YJOBJIETBOPSIET CJIEIYIONIM €CTECTBEHHBIM TPEOOBAHUAM: 1) IS OIEHKH p; BHIMOJ-
usiercst Hepasenctso 0 < p; < 1; 2) npm 3amanneix mapaverpax 1’ u Th; ; 3HAYeHHE OLEHKH
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pi(Nj, qj, 1, T, Toj—1) He yObIBAET € POCTOM KazKIOTO U3 MAPAMETPOB \j, ¢; H HE BO3PACTAET C
POCTOM KazKJI0TO U3 HAapaMeTpoB [i;, Th;_1; 3) €ciu Ipu HEKOTOPBIX H3MEHEHHdX HabOpa Ia-
pamMeTpoB Aj, q;, fj, T u Thj_y 3nagenue \;T(1 4+ ¢;) — [p;15;—1] npubmmkaercsa K HyJIIO, TO
3HadYeHNe ONEHKU p; JOJKHO CTPEMUTHCHA K €JUHHIE. JIerKO MPOBEpHTD, ITO Ipei/IaraeMast
ouenka p; upu A\T(1 + q;) < [p;1j—1] aBaserca noaxopameil. B nambueiimmen, pagm mpo-
CTOTBI, OTeHKY p; Gy/eM Ha3bBaTh KBa3n3arpyskoii mo notoky Il;. Temeph MOXKHO NpHBeCTH
CJICJIYIONLYIO TOIXOJSAIYI0 ONEeHKY

P12(A, qu, pa, Aoy g, o, T, 10, T3) = pr + pa — prpe

AJIA 3arPY3KH P19 = P1 + P2 — P1pP2 CUCTEMBI IO ABYM IMOTOKaM ﬁl u ﬁg.

Ha6JHO,ZLeHI/IH 3a Pa3JIMYHBIMU peaJIbHBIMH IKCIIEPpUMEHTaAMH IMOKa3bIBAIOT, YTO C yBeJIU4Ye-
HUEM 3arpy3KH CHCTeMBI, KaK MPABUJIO, YBEJIUIUBAETCI BpeMd T}..ns MEPEXOTHOTO TIPOIEcca
CUCTEMBI JIJIsT €€ BXOXKJIeHHS B KBA3UCTAIIMOHAPHBINA PEKUM U BpeMs KOMIBIOTEPHOTO MOIEJIH-
pPOBaHu#Ag JJ1d BbIMUC/ICHU A €€ BEPOATHOCTHDBIX U YUCJIOBbIX XaPaKTEPUCTUK C Sa.,ZLaHHOIU/I CTEIICHbIO
TOYHOCTH U HAJEKHOCTH. B CHIy 3TOr0 TP BHIOOPE KAK MapaMeTpPOB aJropuTMa OlpeIeIeHuns
MOMEHTA 1}qns OKOHYAHUS MEPEXOTHOTO TPOIECCa CUCTEMBI, TaK W MPHA 33IaHUN TOYHOCTU WU
HAJIE?KHOCTHU JIJIS BBIYHCJIEHUN ee BEPOITHOCTHBIX M UHCJIOBBIX XapaKTEPUCTUK CYIIECTBEHHO
VIUTHIBaETCS 3HAUEHNE ONEHKHU 3arPy3KW CUCTEMBI. /[JIs cTaIlmOHApHOTO PeXKUMa CUCTEMBI TTPH
l; # 1 anaIuTHYeCKN He yIaeTcs MOTyIuTh 0003puMble (bOPMYJIBL [T 3aKOHOB PACIIpe/IeJIeHUS
JUTHH o4epe/iei, BpeMeHH OXKUJIaHus 0OC/IYyKUBaHUs U, HAKOHEII, JI/Is 3aKOHOB pacIiIpeieeHus
BBIXO/IHBIX MOTOKOB. JI/1s1 IOJTydeHus ONEHOK YKA3aHHBIX 3aKOHOB pacCIpee/IeHns, HEKOTOPHIX
X YHACJIOBBIX XapPAKTEPUCTUK W I PeNleHus 3a/a9d ONTUMU3AINNN [0 YCJIOBHIO MHHUMYMA
CPeJTHEro B3BEIIEHHOI'O BPeMeHN OXKWIaHUs Hadasa 00CTy KUBaHUs TpeOOBaHUS B CUCTEME MPO-
U3BOJILHOTO MTOTOKA ObLITa pa3zpaboTaHa KOMObIOTEPHAS MMUTAIIMOHHAS BUICOMOIETH TTPOIEcca
NUKJINYIECKOI'O yIIpaBJIeHUd T IIOTOKaMH.

[Tycts cumBo v = 1,2,... 3a/1aeT NOPAJIKOBBINA HOMEP TpeOOBAHUS NP €0 MOCTYILICHUH
B HakonuTenb O; cucTeMbl obcayzkKuBanud. O603HaUUM depes 7?,0 BpeMs (B CEKYHIAX) OXKHU-
JaHUA HavdaJla O6Cﬂy}KI/IBaHI/IH V-0 3a9BKH MOTOKA4 ﬁj B cucreMe C HYJIEBbIMU HaYaJIbHBIMNU
odepesIIMU U depes 7;7“1] BpeMs (B CEKYH/IAaX) OKUJIAHUS HAdaga OOCTYyKUBAHUS U-OH 3asiBKU

noroka II; B cucreme ¢ 3ajannbiMu Hemy/IeBbIMU Hada/ibHbIMU odepejamu. Ha nepsom srare
MMHATAIHOHHOTO MOJIEIHPOBAHNSI IPOUCXOUT BBIYUCIEHHE BPeMEHH Ti.qns (B CEKYH/IAX) mepe-
XOJIHOT'O TIPOIECCa WM MOMEHTa JIOCTUXKEHWS CUCTeMONl KBa3WCTAIIMOHAPHOTO pexkuma. s
3TOTO MO KAXKJIOMY IOTOKY ﬁj MOCJeJOBATENbHO 0 ¥ = 1,2,... IPOUCXOIUJIO BBIYUCICHHE
cpeIHUX apupMeTHIECKHUX

M(’Y;‘),U) = U—l(fy;?’l —i—’y;-)’Q + ... +72v)7 v=1,2,...,

HAO0JTI0/IaeMbIX BPEMEH OKMJIAHUA B CHCTEME C HYJIeBLIMH HAYAJbHBIMU OYepPEIIMU U BhIUUCTIE-
HUE CPeTHUX apudMeTHICCKUX

M(’Y;U):p—l(fy;fl—i—’yﬁ—l—...—%-y;‘v)? v=1,2,...,

HaOJII0IaeMbBIX BpEMEH OXKUJIAHHSI B CUCTEME C 3a/IJaHHOW BeJIHINHOM Zj0 > 0 HagaabHOI OYe-
pean. Hactymieane momeHTa T}.qns KBA3UCTAIMOHAPHOTO PEKUMA WJIM OKOHYAHWS BpPEeMeHU
KBA3HUIIEPEXOIHOIO IPOIECca B CUCTEMe CUYUTAJIOCH TOIa, KOTIa MepPBBIH pa3 HpOUCXOIMI0 k
KpaTHOE€ 110 ¥ BbIIIOJIHEHHE YCJIOBUA BHIa



8 Teopemuseckas u cucmemnas UHHOPMAMUKA

(M(5,) = M)/ M5, < 8

cpasy g Beex j = 1,2,...,m. 3xech narypajibhoe unciao k u 0 < 0 < 1 gapigrorcs 3aiaH-
HBIMU TTapaMeTpaMHu aJrOpUTMa ONpPeAeeHUs OIEeHKH BPeMeHH 1}.q,s HEPEeXOJTHOr0 MPOIecca.
Ha BTopowm 3Ttame npoao/zKaaoch IMATAIMOHHOE MOJIETUPOBAHUE TOJBKO CUCTEMbI C HYJIEBHIME
HAYAJIbHBIMU OYEPEIAMHE C IIeJIbI0 BBIYHCICHHUS 110 KaXKJIOMY H3 M IIOTOKOB OIEHOK C 3aJaHHOM
TOTHOCTBIO € 7151 OCHOBHBIX XapaKTePUCTUK CUCTEMBI B KBa3UCTAIIMOHAPHOM pexkuMe. [Ipn sTom
3HAYEHUE TOYHOCTU £ KOHKPETHO OIEeHKH OBLJI0 PABHO MPOU3BEICHUIO HEKOTOPOI KOHCTAHTHI A
Ha 3HAQYEHHE 3TOH OICHKH. Ha I/IMI/ITaL[I/IOHHOfI MOJEJIN OJ1d IIOTOKa ﬁ] B KBa3UCTAITHOHAPHOM De-
JKUMe € 33/]aHHOM HaJIe?KHOCTHIO 3 U 33JaHHO TOYHOCTBIO € BBIYUC/ISLTACE CJIe/IYIOIUe OleHKH:
1) omenkn M(vy;) u D(7;) i MATEMATHIECKOTO OKHUAAHUS M, COOTBETCTBEHHO, sl THCIIED-
CHU BpeMeHH 7y; OKHJaHUA HadasIa 00CIy’KHBaHHA IIPOU3BOJILHON 3adBKH ﬁj; 2) oleHKA BUJIA

m

M(v) = (Do A (L 4g5)) 71 320 (1 + ) M () Tl MATeMaTHYECKOTO OXKHJIAHMS CDE/THe-
0 B3BELICHHOI0 BPEMEHM 7y OJKH/IaHusl Hadasia 00C/IyKHBaHUs 3asdBKH IPOU3BOJILHOIO 1I0TOKA;
3) omenku M (ee;) u D(ee;) Ao MATEMATHIECKOTO OKHIAHHS M, COOTBETCTBEHHO, AUCIEPCHH
caydaifHoil IJIMHET &; ouepean ManmiH ToToKa [I; B TpousBOIBHLI MOMEHT BKJIIOUEHUS 00CITY-
AKUBATOTMIAM yCTpoiicTBoMm coctosaus 1'% D; 4) omerxn ]\7(5;) i 5(5;) JUI MaTeMaTH9eCKOr0O
OKHJIaHUsl U, COOTBETCTBEHHO, UCIEPCUN CIyuaiinoro uncia & Tpebopanuii HOTOKa I1;, oku-
JAoNHX HakonuTe b O; 3a IPoMeKyTOK T5;_1; 5) 3HAUEHHE p; OIEHKN KBA3H3ArPY3KU CHCTEMBI
1O KazKJIOMy TOTOKY 11; U 3HAYeHHe pj o OMEHKH /1,151 oblleil 3arpy3KH CHCTEeMbI, HAIPUMeD, 10
notokam 11; u Ily; 6) oleHKa 3aKOHa pacHpejeeHns W BHJ PHCTOTPAMMBI OTHOCHTEILHLIX da-
cror jjis esmaunbl . B xavecrse mmocrpanun 5hdeKTHBHOCTH COBMECTHOTO TIPHMEHeHH st
AHAJMTHIECKIX METO/IOB U METO/[a MMUTAIIMOHHOTO MOJICIMDOBAHUS IPUBEIEM PETeHue CIeLy-
IONTIX KOHKPeTHBIX 33/1a4. [lepBagd 3aa4ua 3ak/II09aeTcd B KAUeCTBEHHO-YHCJIEHHOM UCCJIeT0BA~
HUU [poIecca MIKINIECKOTO YIIPaBIeHUs TOJBKO IBYMsd HanOOIee NHTeHCUBHBIMYI TPAHCIIOPT-
neiMu oTokamu 11, u Il ma mepekpectke. Ilosromy cetodop (06cTyKuUBaIOIIEe YCTPOICTBO)
mveer dersipe dazsl min cocrosiams M, ') T'G) and T™W, Bropas 3a1aua — 310 onpejeenue
KBa3MONTHMAILHON aymreabroctn T) senenoii dasnl (cocrosmma) I'Y nra moroka I1; n xBa-
3HONTUMATBHOM AnuTesnbHOCTH Ty 3esenoit daswl (coctognna) ') aaa moroka Il no yeaosmio
MUHAMYMa, JIjIs0 OIEHKH M (7) MareMaruyeckoro OXKUJAHUS CPEJHErO B3BEIIEHHOI'O BPEMEHU
OKUTAHUS HA4Yaaa 00C/IyKHBAHUS MAIIHHBI IIPOM3BOILHOTO TPAHCIIOPTHOTO MOTOKA.

[Tporpammvuas peasu3anus UMUTAIMOHHON MOJEIN HA KOMIIHIOTEPE BBITIOJHEHA CPEJICTBA-
Mu paspadborok Embarcadero Delphi 10.4.1 na a3pike Object Pascal. MuTtanuonnas Moaesnb
MOXKeT padoTaTh KaK B pekKuMe, KOrja TpeOOBaHUS TOKHUIAIOT CUCTEMY TI'DYIIIaMU, TaK W B
pexKuMe, Korjia 3asBKU 00C/IY2KUBAIOTCS 110CJIEI0BATEIbHO 10 OJIHOM 110 Mepe UX HOCTYIJIeHUS.
Kowmmbiorepras nMuTanmontas MOIEIb MO3BOJILET He TOJIHKO B PEKUME CYeTa BBIYHCIUTH OC-
HOBHBIE XapPaKTEPUCTUKHI PAOOTHI IIEPEKPECTKA C 33/ JaHHOI CTEMeHbIO TOYHOCTH U HAJEKHOCTH 1
Ha 9TOI OCHOBE HAWTH KBa3HONTHMAJIbHOE YIIPABJIEHNE MOTOKAME, HO TaKKe MO3BOJIAeT HADJIIO-
JIaTh B BUJEOpeKUMe BeCch Iporece 00CTyKIBaHus TpeOOBaHU W yIpaBieHre KOHMINKTHBIMA
NOTOKAMY HA TpUMepe JIBUKEHUS aBTOMOOWIEH Ha TepeKpecTKe.

PaccmorpuM npuMep peasbHOrO epeKpecTka, s Koroporo Ay = 0,16 mammu/¢, ¢; = 0,3,
w1 = 1 mammn/c, Ay = 0,22 mammun/c, go = 0,4, ps = 1 mammuu/c, Ty = Ty = 4 c¢. Ucnonb3ys
IMATAIHOHHY0 Momeab npu k = 2, 0 = 0,1, 5 = 0,9, A = 0,02 u MoaudunrpOBaHHBIH METO,T
OKOOPJMHATHOTO CIYCKa, OBLJIN OIpesiesieHbl KBa3HONTUMAaIbHbIe 3Hadernd 1) = 10 c u T3 =
15 c. JIuTeabHOCTEH 3e/eHBIX (a3 cBeTodopa JIs TOTOKA 11, B COOTBETCTBEHHO IS TIOTOKA,
IIy. Bnavenns T7 u Ty obecnednBaroT KBa3H3arpysKy p12 = 0,8989 u 3HaueHUE BeJMYUHDI
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Tabauya 1
SHaUeHN OTEHOK XaPaKTEePUCTUK HA KPUBOI PABHBIX KBA3U3ATPYy30K

T | Ty | T5 | M(ya) | M(y2) | M(y) | M(eer) | M(e2) P1 P2 P12 D(ee1) | D(z2) | D(&)
30 | 9 | 13 | 12,883 | 10,0960 | 11,220 | 5,1486 | 6,1482 | 0,6933 | 0,711 | 0,9113 | 8,7867 | 11,635 | 5,598
31 | 9 | 14 | 14,322 | 9,2331 | 11,280 | 54963 | 5,9406 | 0,7164 | 0,682 | 0,9098 | 10,5700 | 10,270 | 5,534
32 | 10 | 14 | 12,201 | 10,5290 | 11,183 | 5,0690 | 6,6167 | 0,6656 | 0,704 | 0,9010 | 8,1432 | 12,443 | 6,499
33 | 10 | 15 | 13,148 | 9,3841 | 10,903 | 5,3938 | 6,1513 | 0,6864 | 0,678 | 0,8989 | 85311 | 11,086 | 6,616
34 | 10 | 16 | 14,324 | 9,1314 | 11,226 | 5,8074 | 6,1556 | 0,7072 | 0,655 | 0,8989 | 9,3487 | 11,067 | 6,409

Tabauua 2
SHadYeHNs OIIEHOK OCHOBHBIX XapaKTepUCTUK Ha, rnpsiMoit 11 4+ Th = 25

T | T | T3 | M(yi) | M(ye) | M(y) | M(ae1) | M(z2) p1 p2 P12 D(ee1) | D(e2) | D(&))
33 | 8 | 17 | 25,5660 | 7,3854 | 14,739 | 8,0262 | 5,4289 | 0,858 | 0,5979 | 0,9429 | 25,5150 | 9,0236 | 3,167
33 9 16 17,4340 8,2612 11,957 6,4330 5,6971 0,763 | 0,6353 | 0,9134 | 13,9250 9,8279 4,901
33| 10 | 15 | 13,1480 | 9,3841 | 10,903 | 5,3938 | 6,1513 | 0,686 | 0,6776 | 0,8989 | 8,5311 | 11,0860 | 6,616
33 | 11 | 14 | 11,5710 | 10,9960 | 11,239 | 5,0696 | 6,7562 | 0,624 | 0,7260 | 0,8970 | 8,2046 | 12,0920 | 7,463
33 12 13 10,1040 | 13,0420 | 11,923 4,6664 7,3472 0,572 | 0,7819 | 0,9066 7,2232 16,1610 8,385
33 | 13 | 12 | 8,8784 | 18,3700 | 14,000 | 4,2971 | 9,2859 | 0,528 | 0,8470 | 0,9278 | 6,3238 | 23,6060 | 8,732
33 14 11 7,9915 33,4080 | 23,223 4,1897 14,0670 | 0,490 | 0,9240 | 0,9613 5,5462 66,6070 8,696

M (), pasuoe 10,93 c. [1s cpaBHenns yKayKeM, 9TO UCHOIb3yeMble HA TPAKTUKE IHTEIbHOCTH
T, =41 ¢ n Ty = 51 ¢ palor 3nadeHue M(fy) = 20,265 c u 3Hauenue p; o = 0,8049.

B Tabu. 1 npuBegena 4acTh pe3yibTaToOB cYeTa B TOYKAX Ha KPUBOI paBHBIX KBa3W3arpy30kK,
a B TabJI. 2 mpuUBeJEHbl pPe3y/abTaThl cdeta Ha npaMoi 1) + 1o = 25. OTMeTruM, 9TO IOJHBIH
nepebop BKao4aeT 431 Touky. Ksasmontmmasbnble gmmrensnoctu 17 = 10 u 175 = 15 da3s
CBeTO(bopa obecriednBaloT 00ILYI0 KBasu3arpysky pi2 = 0,8989 n MunumasbHOe 3Ha4YeHue Be-

JINYUHBI M( ), pasroe 10,903, u TeM caMbIM peniaroT 3a/a4y OUTUMUBALKMU 110 KPUTEPUIO M('y)
Jlnst cpaBHEHUsT yKaxKeM, 9TO MCIIOJIb3yeMble Ha IIPAKTHKE 00J1ee MPOJIOJIAKNTEbLHBIC JIJTH-
teapHOCTH 1) = 41 m T5 = 51 obecneumBaroT OONIYIO KBAa3m3arpysky pi, = 0,80486 u mator

3HAYCHHUEC OIICHKI M(’}/) CpeaHero B3BEHIEeHHOI'0 BpEMEHHN 7y OXKHAaHUYd Ha4daJla O6Cﬂy}KI/IBaHI/IH
MaIlIMHbI IPOU3BOJILHOIO IIOTOKA Ha TAKOM IepeKkpecTKe, papHoe Besumdnne 20,265, Otenku i
CpeJHero BpeMeHU OKUJIaHUsT MAIIMHBI IIPOU3BOJILHOTO IOTOKA, KAK MPABHIO, YMEHBIIAIOTCS
U COKPAIEHUH 3HAYEHHS Tepuoia 1 MUKINIecKoro yipapiaenus. Hanpumep, 175 3Toro nepe-
KpecTKa npu dbukcuposannom 1" = 60 kpasuonTumasbHoe suadenue g 11 pasuo 20, Koropoe
obecniedanBaer oONTyI0 KBasu3arpysky pj, = 0,84114 u omenky M(y) = 13,808. Dra onenka
MenbIre Bemannbl 20,265, KoTopasi cooTBeTcTByeT 3Hadennto 17 = 41 u T3 = 51. Bamerum,
YTO /IS 9TOTO IepeKpecTKa B 00JIACTH CYIIECTBOBAHUA CTAIMOHAPHOIO PEXKHUMa MUHHMAJILHOE
3Havenue obIeit kBazuzarpys3ku pasuo 00,7661, koropoe mocturaercs npu 1 = 10000, T} = 4028.

s kBazuonTuMaabHoro yupasienns 17 = 10 u 75 = 15 naiijgeM Ha MMUTAIMOHHOM MO1e/11
6oJ1ee TOYHBIE OIEHKN OCHOBHBIX XapaKTEPUCTUK ITOr0 rnepekpectka. [lycTs Teneps napamerps
0 m A pacuera ormeHOK coorBercTBeHHO paBHbl: 6 = 0,09 1 A = 0,01. B 3tom cayuae Gosee
TOYHBIH YUCICHHBIA pacYeT ONECHOK XapaKTEePUCTHK JAET CJIeIYIONHUe Pe3yIbTaThL:

a) OleHKA Ttmns BpeMeHH 1}, MEPEXOIHOTO Mpollecca papHa 472;

b) ornenka M(fyl) = 13,178 ¢ Tounoctnio € ; = 0,1317 u onenka M(’yQ) = 9,4986 ¢ To4HO-
cTBIO €19 = 0,0949 1714 cpennero 3HaveHNs BpeMeHH OKHJIaHUA Hadasaa OOC/Iy?KUBAHH Mallll-
HbI 10 n0TOKY II; u, coorBercTBeHHO, MO MOTOKY Il);

¢) omenka M () = 10,982 cpenHero B3BeleHHOrO BPEMEHU Y OKUIAHUS HAUAIA OOCITYIKH-
BaHUd MalllMHbI IIPOU3BOJIbBHOT'O IIOTOKA;
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Tabaruuya 3
SHadyeHNs OIIEHOK XapaKTEPUCTUK

T |Ty [ T3 | M(n) | M(y2) | M(y) | D(&)
33 | 10 | 15 | 13,148 | 9,3841 | 10,903 | 9,5337
40 | 12 ] 20 | 15,096 | 8,9403 | 11,398 | 12,827
60 | 20 | 32 | 18,223 | 10,854 | 13,808 | 22,235
80 | 27 | 45 | 23,493 | 12,316 | 16,812 | 30,993
100 | 34 | 58 | 28,722 | 14,096 | 19,979 | 41,793

d) onenka D(v1) = 84,9 ¢ ToaHOCTBIO €31 = 0,849 u onenka D(73) = 60,2 ¢ TOYHOCTBIO
€22 = 0,602 m1g aucepcud BpeMeHU OKHMJaHUA HadaJsa OO0C/Iy’KUBAHHA MAIIMHBI 110 IIOTOKY
II; n, coorBeTcTBenHO, MO MOTOKY Ily; .

e) omenka M (&) = 5,3459 ¢ Tounoctnio €37 = 0,0534 u onenka M (sey) = 6,2151 ¢ Touno-
cTBIO €32 = 0,0621 ny1s cpegmeit aymubl oYepean MammuH 1o noToky Il m, coorBeTcTBenHO, 1O
noToKy Ily B MOMEHT BK/IIOYCHUA [ KazKI0r0 U3 HUX 3eJeH0l (aspl 00C 1y KUBaHn;

f) omenka D(ee;) = 8,7962 ¢ Tounoctoio €47 = 0,0879 u D(aey) = 10,866 ¢ TOYHOCTDHIO
€s2 = 0,1086 a1 gucnepcuy JIMHBI OodepeJd MalllMH 1o NOTOKy II; u, cooTBeTcTBeHHO, 1O
0ToKy Il B MOMEHT BKIIOYEHHS JIJI KazK/I0r0 U3 HUX 3ej1eH0i (a3l 00C 1y KuBaHus;

g) ounenka M (&]) = 6,795 ¢ TounocTsio €51 = 0,0679 u onenka M (&) = 10,132 ¢ TounOCTBIO
€52 = 0,1013 cpegmero umcia MammmH, KOTOpPBle TOKUAAIOT TIEPEKPECTOK 3a 3es1enyio (dasy 1o
noroky II; u, coorsercrBerno, o moroky Ily; B

h) onenka D(§]) = 6,6377 ¢ ToanocTbio €51 = 0,0663 n omenka D (&) = 11,733 ¢ TouHOCTBIO
€62 = 0,1173 nucnepenn 4mcesia MalinH, KOTOPble IIOKHIAI0T HePEeKPeCTOK 33 3e/enyio a3y 10
notoky Il; u, coorBercTBenHO, M0 MOTOKY Il).

KavecTBenno-uncjieHHbIe UCCTAETOBAHUS Ha WMHUTAIMOHHON MOJIEIN TO3BOJISIOT CJIe/IaTh
OYeHb BaXKHBIM BBIBOJ JIJId BBIXOJHBIX IIOTOKOB IIPH KBa3HOITUMAJIBLHOM YIIPABICHUU KOH-
(JIMKTHBIME TIOTOKAMH B KJIACCE TUKJINYECKUX aJrOPHTMOB. IIpH KBasHonTHMAaJIbLHOM yIIpaB-
JIEHUHM KOH(JIMKTHBIMU IIOTOKAMU B KJIACCE HUKJIMYECKUX ajropurmos ouenka D(E') cpejueit
B3BEIIEHHOW JUCIEPCUU BBIXOJHOIO MOTOKA MPUHUMAET OTHOCUTE/IHHO HEOO/IbINTNE 3HAYCHUS.
Hanpumep, nns nepekpecrka ¢ napamerpamn Ap = 0,16, ¢1 = 0,3, uy =1, Aa = 0,22, g2 = 0,4,
pe = 1u Ty =Ty = Ty = 4 npu KBasHONTUMAJIBHOM yrpasienuu ornenka D(E') cpesueii
B3BENTEHHON TUCIIEPCHU BBIXOIHOTO TTOTOKa paBHa 9,5337.

B Ta6u. 3 nmpu 3amaHHBIX AauTeabHOCTSX nepuoga 1 = 33, 40, 60, 80, 100 mMuUKIHIECKOTO
YIpaBJIeHUs TPUBEJEHBl COOTBETCTBYIOIINE 3HAYEHUS: a) KBA3HONTHMAJBHBIX HapaMeTpOB
anurenbrocreit T u Ty dasz aBromara-ceetodopa; b) onenku M (71) st cpeHero 3HavYeHust
BPEMeHH OKWJaHWs Hadajga OOCJIY:KHBAHUS MAIHHBI 10 MOTOKY Ilj; ¢) oreHkn M (7v2) amst
CpeJIHero 3Ha4YeHWs] BPEMeHW OXKMJIaHWs Hadasa ODCJIYyKHBAHWsI MAINIMHBI M0 TOTOKY Ilp; d)
OLIEHKH M () Juist CpejiHero B3BELIEHHOIO BPEMEHH OXKHJIAHUS Havaia 00C/Ly )KMBAHUSI MALIMHbI
IPOU3BOJIBLHOTO MOTOKA; €) OIEHKH ZND(S’ ) JUig CpejiHeli B3BEIIeHHOW JMCIEPCUU BBIXOJIHOTO
noToka. U3 31oit TabauIbl Jerko BHIETh, YTO MPOUCXOJUT PE3KOEe YBEJIUYECHUE ONECHKH 5(5’ )
JIISE CpeJIHel B3BEIIEHHOH JIUCIIePCUH BBLIXOIHOTO IOTOKA IIPU OTKJIOHEHHH OT KBa3HOITHMAJIb-
HBIX 3HAYeHHUl ImapaMeTpoB yIpabieHus. ZIcHO, YTO BBIXOJIHBIE IOTOKH MAIUH C HEKOTOPOIO
HepeKpPecTKa MOCTYHAIOT HA CJACAVIOMMI COCeTHUA ¢ HUM IEePEKPECTOK H SIBASIOTCA JIJIsI
CJCJIYIOIIEr0 MEPEKPEeCTKA yKe BXOJHLIMU HmOTOKaMu. Ha npakTuke XOpOIIO HU3BECTHO, 4YTO
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AJITOPUTM YIPABJIEHHUS Ha MepekpecTke Oyaer Gosee pocThiM (Hampumep, ¢ (bUKCHPOBAHHBIM
PUTMOM HePeKTIOYeHHsI) U TeM YCIIeIHee, 9eM MeHbIIe JUCIePCHs BXOIHOTO MOTOKA, T.e. UeM
Doslee CTaHIAPTH30BAHBI BBIXOJHBIE W BXOJHBIE MOTOKW. IDTOT BBIBOJ MOATBEPXKIAET YACTO
BBIJIBUTAEMBIil TE3UC JIJIS CAYUANHBIX IKCIIEPUMEHTOB C YIIPABJIEHUEM O TOM, UYTO CPABHUTETHHO
60JIbIIIOE 3HAYEHUE JUCIHEPCUU HEKOTOPOH XapaKTEePUCTUKHU CJIyYalHOIO0 JKCIEPUMEHTA €CThb
pe3y/IbTaT HEONTHMAIBLHOTO YIPAB/ICHUSI.
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