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TEOPETHYECKHUE ACIIEKTbI BU3YAJIM3ALIUU PEOKAPIUOI'PAOUN
B OSKCHEPTHbBIX CUCTEMAX BAPOTEPAIINHN

bounoapuyx Buxkmopus Banepvesna,

KaHOUOam mexHu4ecKux Hayk,

3a8edyouuti 0moeIoM pacno3HABAHUs 3PUMENbHBIX 00PA308,
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ABSTARCT

The article describes the theoretical aspects of visualization of the expert system of the barotherapy process.
The implemented models of hyperbaric oxygenation modes are presented: pathologies during hyperoxia,
functional initial characteristics and reactivity to hyperoxia during hyperbaric oxygenation, indicators of the
activity of regulatory systems. Assessment of adaptation reserves. Indicators of activity of regulatory systems.
Visualization of all sessions of the system.

AHHOTALUSA

B craTtbe ommcaHbI TCOPETUYCCKHUE ACICKThl BU3YyaJIU3allH 3KCH€pTHOI71 CHUCTEMEI IIponecca 6ap0Tepam/H/I.
HpCﬂCTaBHGHH PpCain30BaHHbIC MOJCIIN PEIKUMOB rHr[ep6ap1/Iqec1<0171 OKCHUT'CHAlIUM: NATOJIOTMHU IPU THIIEPOKCUH,
HUCXOJHBIC (I)YHKLII/IOHaJ'ILHLIe XapaKTCPUCTUKN W PCEAKTUBHOCTb Ha THUIICPOKCHIO IIPpU FHH€p6apH‘{GCKOﬁ
OKCUT'CHAIINH, TOKA3aTCJIN dKTUBHOCTHU PETYJIATOPHBIX CUCTEM. OI.IGHI(a aJlalITallMOHHBIX PE3CPBOB. TlokazaTenn

JACATCIBHOCTH PETYJIATOPHBIX CUCTEM. Bmyanmaunﬂ BCEX CECCUM CHUCTEMBI.
Keywords: expert systems, baroterapy, heart rate variability, Rheocardiography, hyperoxia
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CHUCTEMBI,

Currently informatization is becoming an integral
part of the health care of the Donetsk People's Republic.
The use of achievements in the field of digital
technologies for processing large amounts of
information contributes to improving the quality of
medical services provided.

Analysis of domestic and foreign studies on the
automation of the barotherapy process has shown that
recently, scientific research devoted to the formation of
the theoretical foundations and the practical
implementation of expert decision support systems for
the formation of hyperbaric oxygenation modes have
been insufficiently conducted [2, p. 114-116]. The
solution to this problem is possible taking into account
the methodological aspects of the formal description of
the expert decision support system for the automation
of the barotherapy process (ES AB), based on the
logical-formal apparatus of description, the creation of
indirect criterion algorithms for determining the
parameters of heart rate variability (HRV) according to
the recorded during the barotherapy session cardio
signal, which rely on the frequency response of the

OapoTtepanusi,

BapHa0eNbHOCTh CEepACYHOTO pPHUTMAa,

signals and the capabilities of the instruments [3, p.
391-399].

The analysis of modern techniques and
developments determined the need for the development
of methodological provisions for the formalization of
tools for the implementation of ES AB. When
developing methodological provisions, rules were
formulated that substantiate the interaction, which
made it possible to formalize the modular structure of
ES AB. Mathematical models for converting analog
and digital signals are synthesized as parametric
structures. ldentification algorithms have been
developed to estimate the parameters of these models
[4, p. 137-142].

The developed methodological provisions of
formalization by representing their characteristics and
mathematical models of software and hardware for
computer transformation are the basis for the
algorithms of the developed system, which functionally
consists of three subsystems: information identification
of technical devices, HRV recognition and Expert
Solution.
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Within the framework of the applied research
work "Development of an expert decision support
system for automating the barotherapy process",
principles have been developed for the construction and
implementation of expert systems for the barotherapy
process, the mechanism of optimal interaction, which
establishes an unambiguous connection between the
information system, the object and the controlled
environment to obtain stable and unambiguous
characteristics of the system corresponding to the
hyperbaric state of the object [5, p. 16-21].

The proposed approach provides a good tracking
of the pressure profile, the prehistory of the barotherapy
process. Changing the pressure chamber modes
depending on the patient's real state, determined by
HRV, makes it possible to reduce the negative impact
of the HBO process, exclude unsafe alarming situations
or suspend the dynamics of the process, and, thereby,
maintain the stable operation of the system with
powerful treatment tools. Thus, mutual adaptation of
the object, the environment and the measuring system
is ensured.

The  structural-logical model  of  the
implementation of an intelligent ES AB system is
implemented using a process-system approach, event-
driven architecture; intelligence (machine learning,
context sensitivity, metadata, smart wrappers, initiation
and response, smart recommendations, automatic and
smart discoverability, smart screen savers, semantic Ul
prompts, flexible user-driven analysis of information,
flexible semantic queries, etc.).

A computer program for the selection of
barotherapy modes has been developed and included in
the expert decision support system for automating the
barotherapy process based on rheocardiography.

The proposed program makes it possible to carry
out a complete analysis of the cardiointervalogram [6,
p. 128 - 134], to calculate the heart rate variability
indices in the frequency domain (measures of the power
of the effects of neurohumoral regulation; measures of
the power of ultra-low-frequency effects of
neurohumoral regulation are associated with the
circadian period; measures of the power of very low-
frequency effects of neurohumoral regulation, which
are associated with thermoregulation, other systems
such as the reninangiotensin system and the
sympathetic nervous system; measures of the power of
low-frequency influences of neurohumoral regulation,
which is associated mainly with sympathetic and
partially parasympathetic links of regulation; the
relative level of the low-frequency link of
neurohumoral regulation is associated with the relative
level of the sympathetic link; measures of the power of
high-frequency influences of neurohumoral regulation,
which is associated mainly with the parasympathetic
link of regulation; the relative level of the high-
frequency link of neurohumoral regulation is associated
with the relative level of the parasympathetic link;
measures of the balance of low and high frequency
regulation links, which are often considered as a
measure of sympathetic balance; the average level of
activity of wvery low-frequency influences of
neurohumoral regulation, which is associated with the

influences of the suprasegmental divisions of the
sympathetic link of autonomic regulation; the average
level of activity of low-frequency influences of
neurohumoral regulation is associated with the activity
of the vasomotor center; the average level of activity of
high-frequency influences of nonhumoral regulation,
which is associated with the effects of the
parasympathetic link of autonomic regulation; the
degree of centralization of heart rhythm control (the
predominance of the activity of the central regulation
circuit over the autonomous one) links of autonomic
regulation; the degree of centralization of heart rhythm
control (the predominance of the activity of the central
regulation circuit over the autonomous one.

The created algorithms of indirect criteria for
managing the barotherapy process are based on the
following theoretical concepts. Models of HBO
pathology modes during hyperoxia (Maximum
therapeutic effect in the absence of the pathogenic
action of HBO): Normobaric oxygenation (NBO) -
NBO protocol: after sealing the pressure chamber, the
patient was in an environment of 100% oxygen without
compression for 60 minutes; Minimized mode: p =0.1-
0.49 ati, isopression time - up to 30 min.; Step mode -
compression alternates with stops, after which
compression resumes; Sinusoidal mode - after pressure
rise - decompression-compression, etc.

Models of the functional characteristics of the
initial and reactivity to hyperoxia during HBO (“+” —
good, “=” — poor): SNS / PNS tone - initial
determination, during HBO; low values of SDNN, TP
and RMSSD, PNN50 - indicate a decrease in the total
power of the NGR, tone of the PNS and an increase in
the tone of the SNS; HBO: an increase in the power of
NGR (an increase in SDNN, TP and components -
VLF, LF, HF) and increased PNS tone (an increase in
HF, HFn, RMSSD and a significant PNN50, as well as
a decrease in the LF / HF ratio) +; growth of the total
capacity of HRV +; increase in the power of the HRV
link responsible for the tone of the PNS +; pathology
models during HBO: a decrease in the total power of
the NGR, the tone of the PNS and an increase in the
tone of the SNS, as evidenced by the low values of
SDNN, TP and RMSSD, PNN50 (IHD).

1. Heart rate - average heart rate (HR in
international terminology, beats / min). Interpretation:
heart rate <50 - severe bradycardia, 50-59 - moderate
bradycardia, 60-75 - normocardia, 76-90 - moderate
tachycardia, heart rate> 90 - severe tachycardia.

2. RMS - standard deviation (SDNN, ).
Interpretation: RMS <0.04 - increased activity of the
sympathetic division of the autonomic nervous system,
0.04-0.16 - vegetative balance, RMSD> 0.16 -
increased activity of the parasympathetic department;
CV - coefficient of variation of heart rate (%) according
to R.M. Baevsky. Interpretation: CV <3 -
predominance of the sympathetic section, 3-12 -
vegetative balance, CV = 12 - the predominance of the
parasympathetic department.

3.dX - variation range - the difference between the
largest and the smallest duration of cardiointervals
(MXDMN, s). Interpretation: dX <0.05 - pronounced
predominance of the sympathetic nervous system
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(SNS), 0.06-0.15 - moderate prevalence of SNC, 0.15-
0.3 - vegetative balance, 0.3-0.5 - moderate prevalence
of PNS, dX> 0.5 - pronounced predominance of PNS.

4. AMo - mode amplitude - the number of values
corresponding to the mode, expressed as a percentage.
Interpretation: AMo <15 - pronounced predominance
of PNS, 5-30 - moderate prevalence of PNS, 30-50 -
vegetative balance, 30-10 - moderate prevalence of
SNC, AMo> 80 - pronounced predominance of SNS.

5. ID - index of stress of regulatory systems
(SI- stress index). ID = AMo / 2 Mo x dX.
Interpretation: IN <25 - pronounced predominance of
PNS, 26-50 - moderate prevalence of PNS, 51-200 -
vegetative balance, 201-500 - moderate prevalence of
SNC, ID> 500 - pronounced predominance of SNS.

6. The adaptive reserves of the subjects were
assessed on the basis of an integral index - an indicator
of the activity of regulatory systems (IARS). The
calculation of IARS is carried out according to an
algorithm that takes into account the following criteria:
the total effect of regulation; functions of automatism;
vegetative homeostasis; the stability of the regulation
processes; the activity of the subcortical nerve centers.
IARS is calculated by the sum of the modules for
evaluating the criteria (+2, +1, 0, -1, -2), taking into
account the sympathetic (+ IARS} and parasympathetic
(IARS) components. Interpretation: 0-1 - the optimality
of regulation processes, 2-4 - moderate functional
stress, 5-6 - pronounced functional stress, 7-8 - sharp
functional stress, 9-10 - failure of adaptation.

The above theoretical concepts are taken into
account in the developed GBO expert system
[6, p. 128 - 134]. Technological processes of the system
are visualized and adapted for an expert doctor
[7, p. 34 - 42]. Preliminary testing of the
implementation of the ES AB system was successfully
held in August 2020 and in April 2021 in the intensive
care unit of hyperbaric oxygenation of the Republican
Center for Occupational Pathology and Rehabilitation
of the Donetsk People's Republic.

Conclusion

The process of barotherapy is carried out thanks to
modern pressure chambers equipped with monitoring
of the environment inside the chamber (temperature,
humidity, pressure). The original expert system for
managing the barotherapy process allows monitoring
the functional state of a person during a session,
individually selecting modes for each patient.
Functional and morphological shifts occur in the
pressure chamber at the level of organs and every cell
of the human body. Some indicators can be observed in
real time during the session. After the end of the

session, the doctor analyzes about thirty indicators of
heart rate variability, on the basis of which it can be
asserted how well the patient tolerates the procedure.
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3AJAYA UIEHTUOUKALIMA KOIPOUIIUEHTOB I'MJIPABJIUYECKHAX CONNPOTUBJIEHUMA
B MAKHUCTPAJIBHOM I'A30IIPOBO/JIE
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T'acoimos I'.T.

KaHo. mexH. Hayk, ooy. Iaceimos I'acvim I'ypoan
Asepbatioocanckuti I'ocyoapcmeennvitl

Hegmsnou u [pomviunennoiii Yuusepcumem, 2. baky

AHHOTAILIUS

[IpennonokeH YHCICHHBIA MOIXOJ, OCHOBAHHBIM HA ITIONYYEHHH PACUETHHIX (OPMYJ IUIA OIpEACICHUS
K03 PHUINECHTOB THIPABIMYECCKOTO COMPOTHBICHHS YYaCTKOB B CHCTEMax TPyOOIPOBOJHOTO TPAaHCIOPTa IO
pe3yipTaTaM HaOIIOJCHUIN 3a peXMMaMu paboTHl TazonpoBoza. [IpencraBieHne THAPABINYECKOW CETH B BHIC
OpHEHTHPOBAHHOTO Tpada MO3BOIIIO CYNIECTBEHHO COKPATUTh YHCIO YPaBHEHUI B CHCTEME O KOJIUYECTBA
3aMKHYTBIX KOHTYpOB. B mporpaMMHOIl peanu3aluy OMMCAaHHOIO METOJA Ul PEIICHUS NPAKTHYECKUX 3a1ad
MPEIyCMOTPEHA BO3MOXKHOCTE TPYIIIOBOH HACHTH(QHUKAINH KO3(PPHUIINEHTOB THAPABINICCKAX COTIPOTHBIICHHH.

ABSTARCT

A numerical approach, based on obtaining design formulas for the determination of hydraulic resistance
coefficients of sites in pipeline transportation systems in the presence of the results of observations over a gas
pipeline operating regimes, is proposed. The representation of the hydraulic network in the form of a directed
graph allows to essentially reduce the number of equations in the system down to the number of closed loops. In
the software implementation of the method described, for the solution of practical problems, group identification

of the hydraulic resistance coefficients is provided for every eventuality.
Key words: stationary gas flow, hydraulic network, directed graph, hydraulic resistance coefficient of a site,

parametrical identification.

KiroueBble cioBa: CTAalMOHAPHOC MABWXCHHUC Ta3d, THAPABINYCCKAsl CCTb, OpI/ICHTI/IPOBaHHHﬁ rpa(b,

3arupavYeHHoCTb,  KOIDGHUIMEHT  THUAPABIMYECKOTO  COMPOTHBJICHHS  y4yacTKa,  IapamMeTpuyecKast
UICHTU(HUKAIIHS.

1.Bseoenue. Cuctembl HedTe- B pabore mnpeanokeH UWCICHHBIH MOAXO,
ra3oTpyOOIpPOBOJOB HIPAlOT OOJBIIYI0 pOJb B  OCHOBAHHBIM Ha MOJYYCHHBIX PacCUETHHIX (hopmyrax

TPaHCIIOPTHPOBKE CHIPb OT MeECT JOOBIYU JIO
notpebuteneii. s pacyera ¥ ONTUMH3AIIHN PEXKUMOB
TPaHCHIOPTHPOBKH CHIPhsI B HACTOAIICE BPEMsI ITUPOKO
HCIIONB3YIOTCS KOMIBIOTEPHBIE CHCTEMBI, OCHOBAHHBIC
Ha HCII0JIb30BaHUH COOTBETCTBYIOIIIX
MaTeMaTUYECKUX THApaBINYecKuX Mojaenei [1].

Kak  wu3BecTHO, Maremarmueckas  MOJEINb
CTAIMOHAPHOTO JIBM)KCHMS I'a3a OIHMCHIBACTCS B 00IIEM
cllyyae HEJNMHEHHOW cucTeMOil  anreOpanyuecKux

ypaBHEHHMH OTHOCUTETIHHO PAacX0JI0B I'a3a M0 y4acTKaM
W AaBleHMH Mo uxX BepmmHaMm [2, c.13-21] . Yucno
ypaBHEHHUH JUIs peanpHO CYIIECTBYIOIINX
ra30MpOBOJOB PA3IMYHOIO HAa3HAYEHHS Ha IpUMeEpe
COBPEMEHHBIX MECTOPOXKJICHHS OCTUTaeT MOopsaKa
HECKOJILKMX coTeH. Vcnoip3oBaHne Teopuu rpados
MO3BOJISIET CYLIECTBEHHO COKPATUTh YHCIIO YPaBHEHUN
B CHCTEME [0 KOJMYECTBA 3aMKHYTBIX KOHTYpOB.
OCHOBHBIMU napamMeTpami, BXOJSIUMHI B
MaTEeMaTHYECKYI0 MOJENIb  Ta30lpoBOJa, KpoMe
T€OMETPUYECKHUX, SBJISTFOTCSI KO3 PUITMEHTHI
THIPABIMYECKUX COMPOTHBICHUHA YYacTKOB, IS
OTIpeNeNeHUs] TEOPETHYECKUX 3HAUYEHHH KOTOPBIX
HUMEIOTCS Pa3lINYHBIe U3BECTHBIE (HOPMYIIBI, KOTOPHIE,
KaK MpaBWIIO, HEIOCTATOYHO AaJeKBaTHBI PEaJbHBIM
3Ha4YCHHSIM. B 9TO#i CBSI3M Ba)kKHOI 3amadeii sSBIACTCS
KOPPEKTHPOBKA HX 3HAYCHUI 1O HaONIOJCHUSIM 3a
peXMMaMH padOoTHI Ta30IPOBO/a, KOTOPAsi HPOBOIUTCS
C UCIONB30BaHHEM ammapaTa MaTeMaTU4ecKoi
CTaTUCTUKH U YUCIIEHHBIX METOJOB MapaMeTpU4ecKoil
unentudukanuu [3,4,7] .

U onpeziencHus Ko3()(GUIIMEHTOB THAPABINICCKOTO
COIPOTHBIICHHS YYaCTKOB B cucTeMax
TpyOOIPOBOJHOTO  TPaHCIOpPTa IO  pe3ylbTaTaM
HAONIONCHUST 3a pEXHMaMH JBIDKCHHUS CBIPbS B
BEpIIMHAX BHEIIHUX MPUTOKOB M OTTOKOB CBHIPhs. Kak
MPaBHUJIO, STUMH YYacTKaMH SIBITIOTCS T€, KOTOPHIE
MMOTO3PUTENIFHBl Ha CHIIBHYIO 3ardIpadyeHHOCTb WIIH
3aKyIOPKY.

2.Ilocmanoska 3adauu. PaccmoTpum
THIPABINYECKYIO CETh, COJACPIKAILYIO M y4acTKOB H N
BepuIrH (M>N) , IpUveM U3 HUX k;-BEPIIHH SIBISIFOTCS
MPUTOKAaMH ra3a B CeTh (MHOJKECTBa BepIInHI,),
k, -BEPILIUH SBISIOTCSA OTTOKAMU raza (MHOXeCTBO I,),
k =ky +ky, I =1, Ul , k-00111ee 4rciio HCTOUHUKOB
C TIOJIOKUTEIHHBIMHI U OTPUIIATEIHHBIMI 3HAYCHUSMHI
pacxoqoB raza Q;co 3HaYeHUsIMU JAaBiieHui P;, [ € I.
[lycTh p;- Benu4MHA JaBICHUS ra3a B i-TOH BepIIMHE
cetd, i=1,...n, q;-pacXon rasa Ha J-TOM Yy4acTKe,
j=1,...,m . Byem mpeamnoarars, 4T0 B CETH AlIPHOPHO
3aaHbl TPeIojaracMple HAIPABICHUS JIBHKCHUS
raza. OTO 03HAYAET, YTO €CJIM Ha |- TOM y4acTKe q; >
0, T0 (akTHueckoe HampaBlIeHWE IOTOKAa rasza B
KOJIMYECTBE (; COBNAJIAET C PUSTHLIM HANPABJICHUEM,
ecimu q; < 010 (aKkTHUECKH JBUKEHHUE Ta3a Ha j- TOM
yYacTKe HMMEET MPOTHBOIOJOKCHHOE HaIpPaBICHHE
OTHOCHTEIIFHO allpUOPHO MPHITHOTO.

MareMaTideckass MOJENIb  YCTaHOBHBIICTOCS
HM30TEPMHUYCCKOTO JBIKCHUS Ta3a B TUIAPABIMYCCKON
CeTH B IIEJIOM  OIpeJensieTcs B  OCHOBHOM
3aBHCUMOCTBIO MEXJy BCIMYMHAMHU JABJICHUS Ha
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KOHIIax JIMHEHHOTO ydacTka " BEJIMYMHOMN pacxoga
rasa 1o HEMY:

F(pjlvpjzfq]') =0,j=1,....m

T Pji,Djp-AaBICHHE Ta3a Ha KOHIAX J- TOTO
y4acTKa, ¢;-pacxoj Ta3a Iio j- TOMY yJacTKy.

Ilpoieccsl  TPAaHCHOPTUPOBKM — rasa IO
ra30npoBOLY Ha NMPAKTHKE C JOCTATOUHOM CTENEHBIO
aJIEKBATHOCTH ONKCHIBAKOTCS CIIENYIOIUMH
cooTHorreHusmu[2.¢c 13-25] :

ph—vh=A-q;|ql.i=1....m (2.1)

rie Aj-BenuunHa THIPaBINYECKOTO
CONPOTHBIICHUS j- TOrO y4YacTKa, OHpeAessieMas o
thopmye:

— 5 _

]=C2

/ DJ_(].Z
(2.2)
e /1j KodpurmeHT THIIPABINYECKOTO
CONPOTHUBIICHHUS |- TOr0 YdYacTKa, Ha 3HAYCHHUE
KOTOpPOTO KpoMe JuaMerpa TpyObl , BIHACT
IIEPOXOBaTOCTh €€ BHYTPEHHEH MOBEPXHOCTH, CTCIICHb
ee 3aruIpaueHHOCTH (110 IEHCTBYIOIMM HOPMAaTHBAM
tpebyercsi ¢, = 0.03817) ¢, -uncioBoit ko3¢ dunueHt
, 3ABHUCAIINN OT CIUHHUIBI U3MEPEHUs, A -OTHOIICHUS
IUIOTHOCTH Ta3a K IUIOTHOCTH BO3AyXa, |-CpemHss
temnepatypa raza(°K), z-kosppuimeHt cxxumMaeMocTr
rasa, L; -juymna y9actka (km), D;-BHYTpeHHUMH anaMeTp
TPyOBI(MM) (11 3THX €IIMHHAL] HU3MEpEHUs
¢; = 0.05591)

B kaxnol BeplmMHE TUAPABIMYECKOH CETH
BEITIOJTHSACTCA yCIOBHE OanaHca:

ZVEI; Qv _ZVE]i_ Qv = Qili = 1,...,Tl (23)

r7ie/; -MHOKECTBO y4acTKOB, NPUMBIKAIONIUX K i-TOM
BEpIINHE, ABJIIOMNECS NPUTOKAMH, J; - MHOXECTBO
Y9aCTKOB-OTTOKOB, (J;-BeTMYMHA BHEITHETO MPUTOKA
WM OTTOKA B 3aBUCHUMOCTH OT 3HaKa Q;,i = 1,...,n.
VYpasuenus (2.1), (2.3) npeacrasnsromue coooi

aHaJIor 3aKOHOB Kupxroga u3 Teopuu
JNEKTPOTEXHUKH,  ONPENENSIOT  MaTeMaTHYECKYyIo
MOJIETb YCTaHOBHMBIIETOCS N30TEPMHYECKOTO

JBIKEHHMS Ta3a, M+N cOOTHOUIEHHUH (M-TMHEHHBIX 1 N-
HeJIMHEHHbIX) cogepxar (M+n+k) mapamerpoB
P10 P+ Qms Ql""'Qk'

W3 ycrnoBus MaTtepraisHOTO GanaHca B 1eJI0M 110
TPaHCIIOPTHON CETH: Z{-‘;IQL- = 0 cnenyer, 4To s
OIpeNIeNICHNs] PeKMMa Ta3a B CETH MAaTeMaTHYECKYHO
mozens (2.1),(2.3) Heobxoaumo pomoiHUTH (K-1)
W3BECTHBIMH YCIOBHSMH O 3HAYCHHAX PEKUMHBIX
mapaMeTpoB HWIM  HEKOTOPBHIMH  COOTHOIICHHUSIMH
Mexay HAMH. Kak mpaBwiio, IS THIPABIHYECKOTO
pacuera HCIOIBb3YIOTCS 3aaHHbBIC 3HAUCHHUS BEIUUHH
pacxojia B BEpIIHHAX BHEIIHHUX MPUTOKOB, OTTOKOB U
JIaBJICHHE B HUX.

I'mapaBIMYecKyl0 CeThb MOXHO INPEACTABUTH B
BUJIC OPUCHTHPOBAHHOrO rpada, OJHOH W3 BaXKHBIX

XapaKTePUCTUK KOTOpOT'o SIBIIACTCA YHCIIO
HE3aBHUCHUMBIX 3aMKHYTHIX LHKJIOB |, ompenernsemoe,
Kak M3BeCTHO, popmynoit I=m-n+1

Kaxk yka3pIBaJIOCH BbIIIE, NPAKTHYECKUI UHTEpPEC
NPEACTaBIsIET  3ajada  ONpeJNeNieHdus]  3HaYeHUH
KOA(QPHUIUEHTOB THIPABIMYECKOTO COMPOTUBICHUS
HEKOTOPBIX OTJAENBHBIX YYacTKOB WJIM TPYIIIBI
YYaCTKOB CETH.

I[Iycte mo pesympraram N  HaOmromeHMA
Pa3IMYHBIX HE3aBHCHUMBIX YCTAaHOBHBIIHNXCSA PEKUMOB
3a7aHbl 3HaHHA pacxonos B BEpIIMHAX
I/ICTO‘IHI/IKOBQ},] €J,i=1,...,N -naBienue B OJHOH
W3 HUX, HampuMep, pji- 1 3Ha4YeHWs HAOIIOJaeMBIX
JIaBJICHUN B HECKOJIBKUX pji-, i=1,...,N,j €ly,rne Iy-
MHOXKECTBO BEPIIMH CETH, B KOTOPBIX NPOBOIMINCH
HaOTIONCHNUS 32 3HAUCHNUSIMHY BEJINUUH JaBICHUSL.

[ome3ysice  cootHOmeHmsIME ~ (2.1),  (2.3),
THIIPABINUYECKYIO MOJIeNb YCTaHOBMBIIETOCH
JOBIDKEHHSI Ta3a MOXHO OIpEeReNHTh Cleayromeit
HESIBHOM 3aBUCUMOCTBIO:

P =p@PLA)j=1.n  (24)

(B TpaBoii yacTH 3HaYCHNE AABJICHUS B OTHOW M3
BEpIINH, HAPUMED, B MEPBOil U3 [y ucnonb3yeTcs s
TIPOBUICHUS THIPABINIECKOTO pacdera),
A=A, 43,...,)-K03bOHUIHEHTH THAPABINYESCKUX
compoThBIeHn# yuactkoB cetH, Q = (Q,...,Qx)-
pacxonpl BHEUIHHX HCTOYHMKOB. Jlyisf ompeneneHus
pj,j =1,...,nm0 Marematnyeckon monenu(2.4), Kak
YKa3bIBAJIOCh BBIIIE, HEOOXOAUMO PEUIUTh CHCTEMY M
HEJIMHEUHBIX U N JTUHEHHBIX YpaBHEHUH.

[TycTs K03(GUINECHTHI THAPaBIMYECKUX
CONPOTHUBJIICHUH HEKOTOPBIX M3 YYACTKOB HE 3a/IaHbl,

HaTpuUMep, y MePBHIX t y9acTkoB: 1 = {/11, Ayyenn, At} u
TpeOyeTcs ONpeNeNUTh UX Ha OCHOBaHHH UMEIOIINXCS

COIIPOTUBIICHUM.
3anmada OIIpEJEIICHUs (uneHTHdUKAIN)
HCU3BCCTHBIX 3HAYCHUH TUAPABINYCCKUX

CONPOTHUBJIEHUI METOJOM HAMMEHBIIUX KBaJpaTOB
NPUBOAUT K MUHUMH3ALUH (QYHKIIUH:

min F(7)= i >lp@ R 2)-pf

i=1l jely
(2.5)

VuuThIBasg, YTO HEH3BECTHBIMHM  SIBJISIOTCS
repBbie t KOMIIOHEHTa BEKTOPa A OCTaIbHbIC 3HAYCHUS
M3BECTHBI U 33JIaHbl, TO B (2.4) B JaJIbHEHIIIEM BMECTO

MOJIHOTO BeKTOpa A Oy/ieM HUCIOIb30BaTh BEKTOp A T.e
TOJIBKO T€ KOMIIOHCHTHI BEKTOpa A, 3HAUYCHUS KOTOPBIX
TpeOyeTCs ONPENIEIHTD.

21.]'[5[ C€AUHCTBCHHOCTH peuicHuA 3aJa4u
UIACHTUPUKAITTT HEOOXO0 MO TIPEIO0JIOKUTH
BBIIIOJIHECHHBIM U OIIPEACIICHHBIC yciaoBuA Ha
COOTHOIIICHWE MEXKAYy YHCIOM HAONIONCHHNA |
KOJIMYECTBOM HICHTU(DUIMPYIOMNX MapamMeTpoB. B
JAHHOM CIIy4Yae JOJDKHO BBIOJNHATHECS COOTHOIICHUE
(k—=1)-N=>t.
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3. Yucnennoe uccnedosanue peuieHus 3a0ayu.
JluneapusyeM (QYHKIUIO B OKPECTHOCTH HEKOTOPOU
TOYKH:

P(Q4 P, 1) = P(Q', PLA) + XE,

¥ MCTIOJIb3Ysl HeoOXOUMBIE yciioBus Munumyma F(4)
HOJIyYHM CJIEIYIOIIYI0 CUCTEM

9]

i=1 jely

_ N o (0 i’l_o B .
6;%)2222?’(%_?) pi(Qi,Pf.lo)+z Pj(

api(QLPia0)
71}1(6/151 )(/15 - /12)!] € Ih,a

Ql’,P{,F)
—

—pi- =0u=1,...,t
A g

s=1

ap;(e'PL2°) apj(Qipiad)

i Xty Zjezh on.

o5 (’1_5_’1_2)-'_

ap i(Qi,pi a0 R )
Y S, j(m )[p,. (QLPLI0) —pi] =0u=1,..,t (3.1)
CucteMy  JHHEHHBIX  ypaBHCHHH 3.D
OTHOCHUTEIIEHO A= (Al,lz, . .,At)3am/1meM B
MaTpUYHOM BHJIE A (i — /1_0) = (7, OTKyJla UMEEM
A-20=A4"1.G (3.2)
rue
ap;(QiLPia%) ap;(elpia®
Ay = 301 S s ’(ml ). 22d = Lvu=1,e (33)
G =3V opj(@"Pi.2°) i pi 0 i].p=1 3.4
v = izlzjelHT'[pj(Q: 1 )—pl],v— AU (3.4)
CooTtHorrenue (3.2) HCIOIb3yeM IS TOCTPOCHUS
MHHUMH3HPYIOIIEH OCIeI0BATENLHOCTH {/1"}:
AR+ = 2k 4 a(A+ ag,E) Gk k=1,2,.. (3.5

I'me E - eaguHWdYHas wMarpuma pa3MEepHOCTH
(t x t); {&} - moNO)UTENBHAS TTOCIIENOBATENLHOCTE,
CTpeMSIIIAsCS K HYJII0, UTparoIiasi pojib CTabuinu3aropa
MaTpHIHI A.

OueBuAHO, YTO MaTpuua A CHUMMETPHYHA, OHA
HEOTPHUIATENIFHO OIpe/elieHa B TOM Ccly4ae, Korja
MPOU3BOIHBIC (HYHKIIUU p]"- 0 A IMHEHHO HE3aBUCHMBI.
IIar a€[1-6;1+6] HCTIOJIB3YETCSI U1
MpoBeJIeHUsI OAHOMEepHONU MuUHUMU3auK. [Ipouemypa
(3.5) ectp ananor u3BecTHOTO anropuT™Ma MapkBapara
[4, c.66-67].

W3BectHO, uTOo B cucteme (2.1) , (2.3) MOXHO
MEPEHTH K KOHMYpHbIM ypaBHEHHUsM (YpaBHEHUS II0

fi(@) = Ej%r Cy (P — P) = Xty CyAjaslas| = 0,0 = 1,1

YhiSyq;=Qsi=1,...,n

3nece Q; = Q;ecniu i € IT.e | ecTh BepuIMHA
BHEITHEro MpUTOKA WK oTToka U Q; = 0 ecom { € I,

3aMKHYTBIM KOHTYypam),
KOJINYECTBO

CYIIECTBEHHO YMEHBIINB
ypaBHEHH. IlycTb
C=(Ci]-),i=1,...,l,j=1,...,m -MaTpuma BcexX
HE3aBUCUMBIX (0a3a) IHMKIOB OpPHUCHTHPOBAHHOTO
rpada, COOTBETCTBYIOLIETO THIPABIMYECKON CETH;

(kak w3BecTHO, umcino nukiIoB (Il=m+n—1);
S = (Sl- j)-ManI/IHa WHOAACGHIMH  (CBSI3M  MEXIY
BEpUIMHAMHA u y4acTKaMH) pa3sMepHOCTH

nxmi=1,....L,j=1,...,m [3,c.483-484] . Torna
BMecTO (2.1), (2.3) MOXHO HCHOIB30BATh CIIEITYFOIIYTO
CUCTEMY YpaBHCHHH M COOTHOIICHUI:

(3.6)
3.7)

T.e i-Tass BEpIIMHA €CTh BHYTPEHHSS BEpIIMHA
TU/IPABIMYECKON CETH.
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OOmee pemenne JuHEHHON cucremsl (3.7)

MOJKHO TIPE/ICTABUTH B BUJIC:
q=B0 +C"X, (3.8)

rme  |-mepusiii  Bekrop X = {X;,X,,...,X;} THAPABIMYECKHX  COOTHOLICHWH, Tak © MO
Ha3bIBAIOT BEKTOPOM KOA(PUIHUCHTOB ap j(Qi,P{',AO) el
LHUPKYJISAIAOHHBIX ITOTOKOB. OTPCACTCHIIO  HPOU3BOMHEIX, d2o J € L,

Ananuz MaTeMaTU4eCcKon Mozenu v =1,...,t, npu Kaxaom HaOmoxenuu. { = 1,..., N.
ruapaBiauueckod  cetu  (3.6), (3.7) mo3BodMI [ocne pemenus cucremsl (3.6) ¢ yuetom (3.8),

MOCTPOUTH AHATUTHYECKUE (POPMYJIIBI MPOU3BOIHBIX,
ucone3yemsix B (3.3)-(3.5), CyTh KOTOpPHIX B

JABIICHUSI B BEPIIMHAX OIPEHCIIOTCS C IHOMOIIBIO
MaTpHLbI B = (Bl-j),i =1,..,n,

COBMCIICHHH  BBIYMCIINTENbHBIX  paboT KaK MO  j =1 .. mMakcHMaIbHOTO AepeBa NPU YCIOBHH, 4TO
TMPOM3BE/ICHUIO  THPABIMYECKOTO  pacdeTa MPH g gepiiype KOpHA AepeBa 3aaHO AaBleHne P :
TEKYIIIX 3HAYCHUAX K03 ppHUIeHTOB
2 _ p2 P
Huddeperuupys (3.8), (3.9) mo A, OyneM UMeTh
% _ i[ m 9qk | 0dk ] _
aE - pj ZZkleijqukl 0E+ lﬂ—ijvlqvlqv V= 1;---;t
opj 1
— == [237 Byl qi] (3.10)
0y Dj
94 _9q 0x _ or0X
aa ox A~ o2 (3.11)
o0p ;
Juns ompeneneHus %nponmb@)epeHquyeM obe
yacTu ypaBHeHUH (3.6) ¢ yaerom (3.8):
Of L0 | 0F da _0r 0N OF 9a x_0r AL 0F 0x_ g (3.12)
94 91 dq 0A OA 91 dq 9x A1 OA 9A  Ix 04 ’
U3 (3.12) umeem:
x_ ff_f)‘1 Lor oA
o (6x oA 02 (3.13)
Beimie npuHATBEL - cnegyiomme  00O3HAdYeHWs — IMAroHaibHas MaTtpuia pasmepHoctr (t X t) (txt) ¢
an; a afi
OX 8)(i JIMArOHaJBHEIMH 3JIEMEHTAM a_A_L = ; é = (%)-
—_— = —_— i )
0 oA -Matpuua  pasmeprocti (I X t), marpuiia pazmeproct (I X t) , smemeHTB KOTOpOH
s OTIPENIeIISIFOTCS HETIOCPEICTBCHHBIM
a af; aA
9 (L) - xpazpatmunas marpuma (I x [), 22 - Aubdepennmposaruem (3.6)
ax oxj A
afi . .
K;—Cjiqilqil,]=1,...,l;1=1,...,t (3.14)

Takum  oOpazoM, ¢opmynsl  (3.10)-(3.14)
MO3BOJISIIOT BEIYHUCITUTH IPOM3BO/IHBIC, YUYACTBYIOLIHE B

AN
(3.3), (3.4), npuuem (5) B (3.13) ompenensercs

af(x*)

k+1 _ .k
x=x +a‘(—
k dx

-1
a, =arg min T, xk+ak.(ﬂa§)+gEJ £ (x¥)

i=1

-1
+ sE) FGER) k=01, ..

HEIOCPEACTBCHHO IIPU IIPOBEAECHUU TUAPABINYECKOIO
pacyera IIpH yCJIIOBUU UCIIOJIb30BAHNS UTEPALIMOHHOTO
merona HploToHa, KOTOpBI MNpeAcTaBisieTCs B
CIIEAYIOUIEM BUIE:

(3.15)

(3.16)
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]T}(x) _ fi(x)

of ;
[ZL;L( jx)

0x;

of
ox
€AWHNYIHAaA MaTpuna , & -MajJoO€ IIOJIOKUTEIBHOEC
YHCJIO, rapaHTUPYIOIIEE C YUYCTOM BBIIICCKA3aHHOIO,

BO3MOXHOCTb O6paH16HI/IH sikoOHMaHa B JII000# ToUKe.

rae skobuaH cucrembl, E- [|-mepHas

-1
ar
0ojiee  TOYHOTO pacyera (a) HCIOJIB3YCTCA

(Zter)

)

=11 (3.17)
2

AOCHTUGHUKAIMA KOA(POUIMEHTOB THAPABIMICCKUX
CONPOTHUBIICHHH, T.€ MACHTH()HUKAIIMN MPOBOIUTCS HE
10 BCEM YYacTKaM OTAENBHO, a 10 TPyIIaM, BHYTPH
KOTOPBIX K03 (P PHUIIHEHTEI THIPABIMYECKUX
CONPOTHUBJICHUH YYacTKOB CUHTAIOTCSI paBHBIMHU. U3
(dopmyisl (2.2) ciaenyer, 4TO B OJHY IPYIINY CIEIyeT
BKJIIOYaTb CPOK W YCIOBUS OKCIUTyaTallMd, a
CJIE/IOBATENILHO, MOXKHO OXMHIATh, YTO OHH HMEIOT

B HpOl‘paMMHOf/I peaJH/IBaI_[I/II/I OIIMCAHHOTO OI[Hy nu Ty K€ CTCIICHDb 3arI/II[paquHOCTI/I.
METOoaa 1L peH.IeHI/ISI HpaKTquCKI/IX 3aaa4
peaycMOTpeHa BO3MOKHOCTb rpynnoBoii
JIampaa JIampaa
grup Ne (1e0.) (Bb1.) Howmepa yuactku

306 | 308 | 515 | 2

1 0.0090 | 0.0000 | 3 |0 221 2 13 |5 | 6 9 | 506 | 12
203 | 204 | 305 | 307

2 0.0090 | 0.0001 | 200 | 207 | 30> | 307 | a06 | 405 | 401 | 411 | 505 | 512
ggj 825 310 | 810 | 909 | 908 | 811 | 707 | 708 | 920

3 0.0090 | 0.0090 | o4 | 2 | 1003 | 1004 | 915 | 916 | 311 | 313 | 921 | 914
Vo | %221 925 | 803 | 804 | 926 | 320 | 516 | 517 | 121
o11 | 13 | 14 | 15

4 | 0o0ss | 000ss | oi1 | A3 M 1 8S a7 | 1g | 1007 | 1006 | 108 | 1005
410 | 511 | 507 | 510

5 00006 | 1005 | 4P | 21| 307 | 19 1509 | 25 | 206 | 208 | 211 | 27
ggg 603 | 610 | 701 | 702 | 501 | 502 | 508 | 806 | 807

6 0.0096 | 0.0098 | 509 | 907 | 910 | 1202 | 905 | 904 | 902 | 903 | 704 | 705
| 801 | 1001 | 1002 | 312 | 802 | 912 | 809 | 123 | 124

B Ka4dyeCTBC HpI/IMepa IS paC‘IeTa HUCITIOJIB30BaH cucremMax aBTOMaTH3HpOBaHHOFO I[I/ICHequpCKOFO

razomnpoBof ¢ 119 Bepmuramu u 91 yuactkamu. Yucio
HaOmoaeMbIX BeplinH Obuio paBHO 14. IlpuBecrtu
UCXOHYI0 HH(OpMALMIO B JaHHOH 3a/1a4e: CTPYKTYpy
THJPABJINYECKON CETH, JIMHBI U JMaMETPhl y4acTKOB,
HaOJo1aeMble 3HAYEHUsI aBJICHUH M PAacXo/loB IO
WUCTOYHMKAM B  paMKax JaHHOH cTaTbu He
MPE/ICTABISIETCST  BO3MOXHBIM — M3-32  TpeOyeMoro
obbema. [IpoBoaminCh pacdeTsl, ONpeneIIoIINe
3HAYCHHS IIPOU3BOAHBIX KaK 110 aHATUTHYECKUM, TaK U
10 Pa3HOCTHBIM (opMyJiaM. Pe3ybTaTsl MOKa3BIBAIOT,
YTO B CIy4ae  TPUMEHEHUS  IOJIYYCHHBIX
aHATUTHYECKNX (GOpPMyNT 3agada pemraercs Ooiee
TOYHO, a HCHOJB3YyeMOE TMPOILECCOPHOE BpeMs
CymiecTBeHHO MecTo. llomydeHHBIE  YHCIICHHBIC
pe3yabTaThl B AOCTaTOYHOM CTENEHH COOTBETCTBYIOT
NPaKTHYECKUM  3HAYEHUSIM  UACHTH(HUIHUPYEMBIX
KO3()(UINEHTOB THAPABIMYECKUX CONPOTHBIICHUH
Y4acTKOB.

4. 3axmwuenue. I[Ipennaraemplii B JgaHHON
paboTe MoJaX0/ K MOJTYYEHHIO PACUETHHIX GopMyIt 11t
MOCTPOCHUS UTEPALIMOHHOTO METOAA TI0 ONPECIICHHIO
KO3 (HUITMEHTOB THIPABIHYECKOTO COMPOTUBIICHHS HE
3aBHCUT OT CTPYKTYpHI camoi ceTu. CrenoBaTensHO,
OH MOXET TONYy4YHTh ULIMPOKOE IIPUMCHEHHE B

yIpaBJICHUS Ta30MPOBOIAMH. BaxHO OTMETHTH, YTO
OPEJIOKEHHBIH — moAaxom ©u  (GOPMyJbl  JIETKO
PACIpOCTPAHSIFOTCS HAa CIy4all TpPaHCHOPTHUPOBKU
XKuIKocTer (He(TH, BOJIBI)
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AHHOTAIIMA
B Hacrosmee BpeMs CyLIECTBYIOT IIPOrPaMMHBIEC NIPOLYKTHI Ul YIPABJIECHUS TPAHCIIOPTHBIM IPOLIECCOM,
HHTErpaIys KOTOPBIX B 00pa3oBaTENbHBIA MPOIECC MPOUCXOTUT MEAJICHHO. AJBTEPHATUBOW MOXET CTaTh
MMPUMEHCHUE HAJICTPOCK Y3KOT'O HA3HAYCHUA K YK€ T'OTOBOMY IPOrpaMMHOMY 06ecnequI/Ho, JOCTYITHOMY B TOM
YHCJIe B HEKOMMEPUYECKOM HCIIOJIb30BaHUU. DTO MO3BOJIHUT COKPATHTh 3aTPaThl HA pa3paboTKy TPEHHPOBOYHOM
MporpaMMBbl, a TaKXKXC [TIOBBICUTH I/IH(I)OpMaTI/IBHOCTL 1 YCBOACMOCTD 3a/laHuA AJI CTYACHTOB.
AHHOTALIUSA
Currently there are a lot of software for the management of transport process integration in the educational
process which is slow. An alternative can be the application of narrow-purpose add-ons to ready-made software,
which is also available for non-commercial use. This will reduce the cost of developing a training program, as well

as increase the information content and assimilation of the task for students.
Kurouessbie cioBa: Haacrpoitku MS Excel, TexHuko-skcrutyaTaliioHHbIe TTOKa3aTenn, 00pa3oBaTeibHbIN

rnpouecc, aBTOMOOUJIbHBIC TNEPEBO3KU

Kunrouessble cnoBa: Anrmumiickuit si3sik (To xe) MS Excel add-ons, technical and operational parameters,

educational process, road transport

TpaHcnopT sBIAETCS HEOTHEMIEMOM YaCTBIO
TEXHOJIOTUYECKOTO mmpouecca IIPOU3BOJICTBA
MPaKTHYECKU JII0OOTo MPOJyKTa U MHOTHX yciyr. C
pactymeil  rinobanMzanped M COIMYTCTBYIOIINM
HapaliBaHHEM TOBapooOOpoTa TpedyeTcss He TOJIBKO
pacumpeHnue napka CIELIUAIBHBIX u
CHENMaNM3UPOBAaHHBIX MAIIWH, HO M pa3paboTka
HOBBIX METOAOB M HHCTPYMEHTOB B 00JacTu
YOpaBIEHUS TPAHCHOPTHOW JIOTUCTHKOH. AKTHBHO
BEJIMCH MCCIICIOBAHNS B 3TOM OTpaciu B cepeauae XX
BEKa, YTO ITO3BOJIMIIO TOJNyYUTHh TOYHBIE U YIOOHBIC
pemieHns, CIOCOOHBIE YYHTHIBATH MHOTOYHCIICHHBIE

napameTphbl OTKPBITHIX CHUCTEM, HEU3MEHHO
MPUCYTCTBYIOIINX Ha TPAHCIIOPTE.
CoBpemeHHEBIE IIPOrpaMMBbl MOATOTOBKH

CHCIHAIKMCTOB IO YIPABICHUIO HAa TPAHCIIOPTE B
3HAYHUTCIILHOW CTCTIICEHW ONMUpalTcs Ha  Oolee
KOHCEPBATHBHOE pelIeHne 00yJaromux 3a1ad pyIHbBIM

criocoOoM. BrITIONHEHNE HEKOTOPBIX W3 HHUX MOMKET
OKa3aTbCsi BpEMs3aTPAaTHBIM, a W3-32 OOJBIIOTO
KOJIMYECTBA BXOMANIMX IMEPEMEHHBIX PHUCK OIIHOKU
BO3pACTaeT B IPOTPECCHH, YTO HEM30EXKHO MPHUBEIET K
3HAYUTEIBHOM  MOTPEIIHOCTH WM IOJHOMY
HCKA)XCHUIO KOHEYHOrO pe3yibrata. Ha poiHKe
MPOTPaMMHBIX HPOJAYKTOB CYIIECTBYIOT MOIIHBIE
pemenusi, Takue kak: 1C: TMS Jloructuka win
Maxoptra, HCIOJb3yeMble B MalbIX M CPEIHHX
komnanusx [2;3]. KpymHble u 0co00 KpymHbIE
NPEANPUATHS ~ HUMEIOT  BO3MOXKHOCTb — HAIMCAHUS
Y3KOHAIMPABJICHHOTO IPOrPaMMHOTO  00ECHeUYeHUs
(ITO) mox ux coOCTBEHHBIC 3a]1a4d C BO3MOXHOCTBIO
WHTETPAallUl  YHUKAJbHBIX  COOCTBEHHBIX WU
CTOPOHHHX  pemieHuii. B cBooo  odepens,
00pa3oBaTeNbHBIC OPraHU3aIUH YaCTO HE B COCTOSHUM
MPHOOPECTH JIUICH3UIO TSI TOJIb30BAHHMS 110 T00HBIMU
IporpaMMaMu u OTPAHUYHUBAIOTCS T
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TeopeTnyeckoii  0Oazoi.  PemeHmem — momoOHOM — MEXAYropogHUX — Mapuipyrax ¢ JJIbHEHIINUM
npoOIIeMbl MOKET CTaThb BHEJIpCHUE B BH3YyaJIbHBIM IPEJICTABICHHEM 3aHATOCTH aBTOMOOWIIS
o0pa3oBaTeNbHBIA TpOIecC HE HOBOHM IporpamMmbl, a B QopmMe rpapuka ©  pacuera  TEXHHKO-
y3KOCIELUAIN3UPOBAaHHON  HAaACTPOMKM K YK€  3KCIUTyaTallMOHHBIX mokasateneil (TOII).
roToBoMy U foctynHoMy I10. Jdns  BbIIOJNIHEHWS  33JaHMs  TpeOyercs
B kauwectBe mpmmepa Opmia pa3paboraHa
N MOCTPOUTh  rpaduk  paboOTBl  aBTOMOOWIS  Ha
HaJICTpOMKa [utst TabmudaHOTO Tporieccopa MS Excel na
BCTPOCHHOM s3bIKe mporpammupoBanus VBA mns  mapmpyTax " paccunraTth TEXHHKO-

olpesieNicHIe TEXHHUKO-3KCIUTyaTallHOHHBIX
moKazareien paboThI aBTOMOOMITEH Ha
MEXIYTOPOAHBIX MapIIpyTax.

Llenbro paboTEHI ABIISIETCS CO3/JaHNE UHCTPYMEHTA,
MO3BOJISIIOILETO  OBICTPO  pacCUMTHIBATH Tpedyemoe
BpeMsl  €3[KM  aBTOMOOWJII HAa  MAasSTHUKOBBIX

Ta6mua 1; Puc. 1). IIpu BBIMONHEHUH PAaOOTHI

SKCIUTyaTaIlMOHHBIE TIOKa3aTeN paboTH aBTOMOOHMITEH
Ha MEXKIYrOpoJHHX MapLIpyTaX ¢ IIPHUMEHEHHEM

CJICAYIOIUNX UCXOAHBIX TaHHBIX (

JOIEeHTa KadeApbl TPaHCHOPTHO-TEXHOJIOTUYECKHX
npoueccoB u MamnH Cankr-IlerepOyprekoro ['opHoro

UCIIONIb30BAINCh  METOIAMYECKUE  PEKOMEHJIALNU "
yHuBepcuTeTa MenyxoBoi T.A.
Tabmuma 1
IIpumep HCXOTHBIX ApaMeTPOB
INoka3arens, ea.U3M. 3HaueHHe IoKa3aTelis Ul KaXI0ro MapuipyTa
MecsiaHbli 00BEM IIEPEBO30K, T/MEC. 50
BpewMs 1ukiia paciyeTHoe, 9/Mec. 720
CpenHeTexHIYeCKast CKOPOCTh, KM/ 37
Bpewmst mpocTost noz norpy3Kkoit u pasrpy3koi, 4/mMapumpyT 1
JliiHa rpyKeHoH e31KH, KM 610
[IpoGer Ha MapmpyTe, KMm/peiic 1220
[TepBrIit HyJIEBOI pOGET, KM 0
Bropoii HyneBoit mpober, kM 610
Koa¢dunumeHT Bblycka Ha JIMHHUIO 0,85
I'py30moapeMHOCTS aBTOMOOHIIS, T 15
KoaddummeHT ncnonp30BaHus rpy30I0AEEMHOCTH 0,8

[H 7:_0 KM

[2=610 kM
[12 m]

(H2=610 kM

Puc. 1. Cxema mapwpyma: ATII — Aemompancnopmnoe npeonpusimue: I'Tl — ' pyzononyyamens.:
Ix — Xonocmoii npo6eez: 12 — I'pysicénviii npobee: Inl — Iepswiii Hynesoti npobez: \n2 — Bmopotil nyneeoii npobez

OavH W3 OCHOBOIOJIATAIONINX IAPaMETPOB B
JIOTHCTHKE SBTISICTCS TPaHCIIOPTHAs pabota
MOJIBUJKHOIO COCTaBa, COBEpIIaeMas IIOCIEIHUM B
XO0Jie TIEPEeMEIICHUSI TPy3a B 3aJaHHBIX BPEMEHHBIX
pamkax. Tak Kak pacCMaTpUBAIOTCS MEXIYyTOPOIHHE
MEepeBO3KH, TO 33 PACUETHBIA ITHKJI TPUHUMAETCS
MHTEpPBaJI, COOTBETCTBYMOLIMHA Mecsuy. st Oonee

HATJISTHOTO TPEACTaBICHUS MMPOXOXKICHHUS MapIipyTa
MTOJIBIKHBIM COCTAaBOM, ITOCTPOMM Tpaduk 3aHATOCTH
aBTOMOOWIISA, oTpeeiuM Bpemsi 06opoTa Ha HeM. 1o
nerictByromemy Ilpukazy MuHuctepcTBa TpaHcnopTa
P® ot 16 okxTa6ps 2020 r. Ne 424 «O6 yTBepKaeHUN
OcobenHocTeil pexxuma paboyero BpeMeH! U BpeMEHH
OT/AbIXa, YCIOBUI TpyJda BOAMTENEH aBTOMOOMIICH
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obecrieunBaeTcss 3alMTa  3/I0POBbS  pabOTHHKOB,
HY)KHO COOJIIOCTM HOPMBI OTAbIXa [UISi BOJIUTEJEH,
BKJIIOYMB 3TO BpPeMs B IIJIaH.

Jnst onpeneneHuss HEOOXOAMMOTO BpPEMEHH Ha
3aBepIleHHE e3[KU U JajbHelllee ero NpuMeHeHue B
pacuerax TOIl mpemmaraercss CTpPOoUTh Tpaduk
3aBUCHMOCTH MPOWAEHHOTO IyTH OT BPEMECHH B
KHJoMeTpax. TakoiW MeTOJ OIpaBHAbIBaeT cedst ecim
paccTosiHHE HEOONIBIIOE M BpeMs Ha MapuipyTe HE
TIPEBHIIIACT OAWH pabounii [eHb. B mpoTuBHOM citydae
BO3HMKACT HEOOXOAMMOCTh Y4€Ta BCEX BPEMEHHBIX
OKOH OTJbIXa BOJUTENS, C YMEHBUIEHUEM BPEMEHH
KOTOpBIX TpeOyercst Oparh HMppPanMOHAIBHO Mallblif
IIar JJist OCTpoeHHs TpaduKa, a CIUIIKOM O0JIbIINe —
NpUBEIYT K HEHY)XHOMY YBEIWYEHHIO BpPEMEHHU
mpoctos. HecmoTps Ha Kaxyllylocs IPOCTOTY
mpoliecca, KOTOPBIM 3aKiIrodaeTcss B IMOBTOPEHUH
HEKOTOPOTO IIUKJIA U3 BPEMEHH IBHKECHUS aBTOMOOHIIS
U €T0 MPOCTOsI, KOTAa BOJUTENb OTABIXAET, (0e3 ydera
BO3MOXXHOCTH yBEJHMYCHHUS OOIIETO BpPEMEHH B
nBwkeHnd 1o 10 gacos, HO He Oonee ABYX pa3 B
TeUeHHWe KaleHmapHOW Hexenn [1l]) moctymHBIE

TabynAauna BpeEMEHK

pSAZOBOMY  IOJIb30BATENI0O  METOJBI,  HAlpHMED,
aBro3anonHenue MS Excel, He Moryt obecrnedntsb
KOPPEKTHOCTH TOCIEIYIOIINX BBIYUCIICHHUH.

Paspaborannas HaJCTpoiika POCTO
yCTaHaBIMBaeTCd B OKHE HACTpOeK nporpammsl MS
Excel, mocne dero mosBiAeTCS HOBas BKIAIKa C
KHOTIKOH, 3aITyCKaroIeH IoJIb30BaTeNIbCKy0 (hopMy ¢
BO3MOXKHOCTBIO BBEJCHHS HCXOIHBIX IapaMETPOB
(Puc. 2). Tlocnme BBeAEHHS HYXHBIX YCIOBHHA —
BPEMECHH W IIyTH — W BBIOOpa CIIOCO0a MOCTPOCHUS
rpaguka,  HakaTueM  KHONKH  «BbImomHHTE»
3aIlyCKaeTcsl MOCTPOEHHUE TaOYJISIIIMK BPEMEHH €3]IKH
aBTOMOOMIIT Ha akTUBHOM nucte EXcel, naumnas c
AKTUBHON sueliku 1o 3amycka ¢opmsl (Puc. 3). B
KOHLIE IIMKJIa BBIBOXUTCS O0Iee BpeMsi €31KH B
otaenbHOM okHe (Puc. 4) n ny6onupyercs Ha HCXOTHOM
¢dopme. [Tocne 3akpbITHS OKHA BpEMEHH IIPEAIaraeTcs
mocuntats TOIl. Ecmu BeIOpats «Jla»y — oTkpoercs
BTOpas (opMa C BO3MOXHOCTHIO BBOJA HCXOIHBIX
mapameTpoB (Puc. 5). [Ipu HE0OXOaMMOCTH TOTOBBIE
3HaueHus ¢ moamuchio (Prc. 6) MOXHO BBIBECTH Ha
JIMCT TI0J] paHee CO3JaHHOH TaOysIuei.

MEYREHEH NpoSer

EpeMA Ha ooeg

EPpEMA HaMana

CpeQHETEXHHESC KaR
CHOpPOCTE

EPEMA HE OTAex1

EPEMEHN HE 830Ky
E 4aCEM: 72

E MMHyTEx: 4320

B CeyHasx: 255200
MoTepH Mo BpeHEHA
[MeHEws
YHEZEHHOMD ]
2,102%

Bpema © y4eTOM
NoTEpb, 4:

7048643

by Matvesy A.G,
610 ?
0:30
B:30

0245

v MNoCTpoHTE rpaduHK
COHOH KpHEOH

MoCTPoOWTE CERERCTED
¥ rpadukoe no xapakTepy
OEWCTEHR

MNokpacka rpaduka no
¥ EpEKTEDY OEHEEHHA
{anm cemeHcTE)

restart_the form

Puc. 2. [lepsas nonvzosamenvckas popma HadcmpoiiKu
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Puc. 3. Bbioo mabynsyuu epemenu u pesyromamsl pacuemos TOIT na nuem MS Excel

Microsoft Excel

EpemeHH Ha e3aky:
B Yacax 72

E MHUHyTax 4320
B CeKyHAaM 259200

QK

Puc. 4. Bvi6o0 mpebyemoeco epemenu e30Ku

Pacyer T3l

[ECYSTHOS BOEMA LMKNE, 4war 710

Ko hHLHEHT BLIMYCKS Ha 0,85
FIHHHIC
MPYSONOQEEHMHOCT D 3BT OMOOWNR, 15
T
kobdHUHEHT HCNONESCEIHKA 0.8
MRy SCNOEEEMHOCTH

MECRYHEIN OELEM NEpEE0E0IK, 50
T/mec,

IF EEHEL‘I’I-’I Ha ﬂl-ﬂ._l' ERNCIHATE

Puc. 5. @opma pacuéma TOI
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PesyneTaTen
Bpews obopoTa, 4fob. 72
KomwsecTeo obopoToe, en./mec. 10
MPoHEECOMTENEHOCTE SETOMCOWNR, THeC, 120
MpoHEECaMTEMEHOCTE 3ETOMObWNR, T¥ KM/, 73200
MNpober aeTomobuna, kawec, 12200
Mpy=eHbi npober aeTorobwnn, ke, 6100
KoadduunenT wononesceaHus npobera 0,5
KonwsecTeo SETOMOGHNEN B SKCMMYETIWMH, S, 04167
ABTOMCOWNE- 4200 HCNONESOEIHHA SETOMOOWA 33 MeCAL, -4/ Hec, 300
DKCMMYSTIUHOHHER CHOPOCTE, kMY 15,5444
ABTOMCOWNE-QHH B SKCTUTY3TaUHH, 3-0H./rog 150
Obwui npober aeTomobuna, afron 61000
Mpy=eHui npober aeTorobwns, kufrog 30500
Obwen nepeec=oK, T/rog 00
Mpy=cobopoT, TkMfrog 355000
CnucouHos KoNWHeCTED aETomobunei, an, 1
AeTorncbWUnNe-4ack B 3KCMYaTauMM, a-4frog 3500
Ok
Puc. 6. Pesynomam pacuemog TOIT
ITo oxoHuaHuM pacyeTa BpEMCHU B HCPBOI\/‘I q)OpMC COO6H.[€HI/II/I «MCHBIIC YKa3aHHOIo» — MalllhHa

U OTJEIBHBIM COOOICHNEM BBIBOAUTCS COOOIIEHUE O
«TIOTEpSIX BPEMEHW» B TPOIECHTaX C yKa3aHHEM B
KBaJIpaTHBIX CKOOKaxX «MEHbIIE YKa3aHHOIO» WIIH
«OOIBIlIe  YKA3aHHOTO». JTO O0COOBIH  mapamerp
(lost_hours), xoTopelii  y4uTBIBaCT BpeMsl, He
Bollequiee B TaOYyJSIIMIO M HE MCHONB3YyHoLeecs B
MOCTPOEHUU TpaduKOB, HO CYIIECTBYIOLIEE IO
TEOPETUYECKOMY pacuéry e3iaxu. [laHHbI mapameTp
MOSIBIISICTCA BBUAY CHeNU(UKH (YHKIUH IMPOBEPKH
JOCTHKEHUS TOYKHM BBITpY3kH. Ilpum ouepemHoit
MPOBEPKE B IUKJIE, KOT/Ia aBTOMOOMIIb TIPOE3KAET MITH
HEMHOTO HE J0e3kaeT 10 Tpysonomydarens (18
MHUHYTHBIH pa30er mnepepaboTKu Asl JOCTHKEHUS
KOHEYHOTO ITyHKTa, €CJIM aBTOMOOWIb HE Jl0eXal /0
rpy3ononyuatens), Oepercs Bpems, Tpebyemoe Ha
TIOKPBITHUE Pa3HUIILI pacCTossHUuA oT TEKYILIETO
MOJIOKEHHSI JI0 MYHKTa TPy30MOJIydYaTeNis € Y4eToM
yKa3aHHON Cpe/IHEeTEXHUUECKOM CKOPOCTH
TpancnoptHoro  cpeactea  (TC). 3Oro  Bpems
BBIYMTAETCS MM NPHOABIISAETCS K BpDEMEHH TEKYIIEMY,
YTOOBI KOPPEKTHO OTOOPAa3HTh MOMEHT NPHOBITHSI U
OTIPY3KH B TaOyJsiuy U B rpaduke. B cBoro ouepesns,
3TO )K€ BpeMsI YK€ HE OCTaeTCs HE YUTCHHBIM, TaK KaK
BXOJIUT B TOCJEIYIOIIYI0 TaOyJsIHIO, HO TPH 3TOM
OHO OCTaeTcs YNYIIEHHbBIM KaK BO3MOXHO BpeMs
aBTOMOOMIA B JABMKCHUN TIPU YCJIOBHUH OTCYTCTBUSA
camoro maBwkeHwms. Takum obpasom, lost_hours
paccMaTpuBaCTCA JABaXXAbl: B IIEPBOM ClIydyac — B
TaOyJIALMH, BO BTOPOM — TIPH BBIBOJAE OOIIEro
BpeMeHHU. [lorpenrHocTs Mmojay4aeTcs TOJbKO 32 CHeT
ATOrO0 mapamerpa, MOITOMY €CJIHM BbIJAeTCS B

3aTpaTHT BPEMEHH MEHBIIIE, 9YEM YKa3aHO B TAOJIHIE H,
ecIH «OOoIbIIIe YKa3aHHOT0» — Ha000pOoT.

BosmoxHOCT YBEIINYEHUs BPEMEHHY,
MPOBEICHHOIO BOAUTEIEM 3a pyieM, 10 10 gacos [1]
TaKkKe  HpedyCMOTpeHa B paccMaTpuUBaeMoi
HajacTpoiike. JlMajJoroBoe OKHO O HEOOXOAUMOCTH
WHKPEMEHTALMH BpPEMEHHU IMOSBISAETCS CIEIOM 3a
cooOIIeHneM 00 YCTaHOBJICHHOM JIpoOHOM
pasmenuTene (TOUKa WM 3amsras) Ha JaHHOM
kommeloTepe. Ecnu BeIOpath «/la» — Oyner BeiBeneHa
yerBepTas popma (Puc. 7), Tae mois3oBaTeh MOXKET
yKa3aTh B Kakoi N-il jgeHb HEOOXOANMO YBEIHMYHUTH
BpeMsl B ABIKEHHUH 1 Ha CKOJIbKO. [1pu 3TOM HOMEp Hs
MOJXET OBITh HE TOJHKO HOMEPOM JHS B Henele, a
MoOBIM HaTypainbHbIM uyncioM. CormacHo [Ipuxasy
Munucrepcrsa Tpancnopra PO ot 16 oxrs6ps 2020 r.
Ne 424 [1], yBennuuBaTh BpeMs TaKUM 00pa3oM MOKHO
He yaiie AByX pa3 B Heenmo M He Oonee kak g0 10
4acoB B CYTKH (II0 YMOJYaHUIO 9 4acoB, MOITOMY
YBEIMYUTH MOXHO TOJBKO Ha onH 4ac). HecMoTpst Ha
9TO, B 3TOH ke (hopMe MOXHO OTMETHTH, UYTOOBI
MporpaMMa WTHOPHpOBaJia JIaHHBIE OTPAaHWYCHUS, H,
IpU  KEJaHUM, TMOJNb30BaTelb MOXET YyKa3aTh
HECKOJIBKO JIHEHW M pa3Hble 4achl, Ha KOTOpbIE OyaeT
WHKPEMEHTHPOBAHO BpeMs JuIst yKa3aHHOH
rmocieioBaTenbHOCTH. HaxkaB Ha 3HaK BOIIPOCa, MOXKHO
TIOJIYIHTh Oonee moIpoOHYTO CIIPAaBKY c
MOCJHEeAYIOIHUM TepexoaoM Ha cait ¢ IIpukasom
MunucTepcTBa TpaHCIopTa (€ciaM BBIOPAaTh KHOIIKY
«Ok»).
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Increase time

HECMONEZYHTE PaEaenWTens "3

EpEHA, HCMOMNLZYA PEOsnMTens

B wasecibii ey iy 3 OEHE CyMHSPHOE EPEMA JEHISSHHA

=3 Oy THH Sy OeT YESNHYSHD Ha 1:00 43Ca,

Mpw HecbXoaMMOCTH YIKAZSHHA HECKOMEKME QHEH,

I'Ip-u Y HEEEHHW HeCHONMBH MK ,I'J,HEﬁ HOMCHD Y HaZaTh PEEHDE

BNoIHWTL ‘

'_ NoKpESCHTE N2 QHA

[ urHopwpoesTs HepensHE pexam

'_ HrHOpHPCESTE EpEMEHHBE OIEaHWEH WA

e N
£

o |

Puc. 7. Oxno uemeepmoii popmol 01 yeenuyeHuss 6pemeHU 8 08UNHCEHUU

OmHOM W3 KIIOYEBBIX (QYHKIHH HAICTPOUKH
ABISIETCS BO3MOXKHOCTH IIOCTPOEHHSA Tpaduka II0
CTeHEpHPOBaHHON TaOysIHN. [Moxp30Baremnto
npejjaraeTcs BbIOpaTh TpH BHUIA: TIpauk OIHOI
KPHBOM, CeMeicTBO rpa)iKOB M CEMENCTBO IpaduKoB
C TOKpacKoH OJHOPOJHBIX OTPE3KOB IO XapakTepy
neiictBus (Puc. 8). /IBa mocnenHux BapuaHTa MOTYT
OBITh OCOOEHHO TOJIE3HBI MPU NOOABICHUH JIETSHIBI,
TaK KakK MOAINUCH TaKKe A00aBISIOTCS MO XapakTepy

myfie -

neictBus. [Ipu 0co00 IMHHBIX MapHIpyTax BTOPOU U
TpeTuii rpauKW BO3MOXKHO HE yNACTCSl HOCTPOUTS,
9TO CBSI3aHO ¢ BHyTpeHHUM orpanunuenrem MS Excel
Ha J00aBJIeHHE DJIEMEHTOB, OJHAKO TaOyJsALus OyaeT
BBIMIOJIHEHA M OCTAHETCS BO3MOXKHOCTh IOCTPOCHUS
rpaduka ofHON KpuBOi. CTOUT OTMETUTh, YTO
OJTHOBPEMEHHO MOXXHO TIOCTPOUTH JiBa Tpaduka
(omHOM  KpWUBOM M CEMEWCTBO C  TIOKpacKou
OJTHOPOIHBIX 3JICMEHTOB WK 0€3).

Bosmka  Pauwena opasms  Gopwys  flamiwe  Peuecuposamee  Bug  Paspafiorum

Crpassa

mEEaR

7025 Oten
02,5 osen
025 Rumense
7755 Apumerne
783 Crguad
7785 O

UEUUOER IR

TaBynnun Bpemenn Q e

Puc. 8. Oonospemennoe nocmpoenue spagpuxos no 00HoU madyisyuu:

P =T

omaTe caenam? & Nogenmcn &

B D D-

c8epxy — cemelicmeo epapukos ¢ 1e2eH0ol: CHU3Y — epapuK 00HOU Kpusol

IloMuMoO mpoYero reHepupyemas TadauIa
JIeNaeTCs TAaKUM 00pa3oM, 4TOOBI OHA JIETKO YHTANIACH,
HO JUIs OOJIBIICH HATJISTHOCTH B HOBBIX Bepcusx MS
Office MmoxHO 106aBUTH MOJIKCH JAHHBIX HA TPaUK,
YTO MO3BOJIAT OBICTPO OPHUCHTUPOBATHCS MO BPEMEHU
W PACCTOSHUIO B KIIFOYEBBIX TOYKAX.

Takum o00pa3oMm, JaHHAas HAJACTPOWKA MOXKET
CIIy)KUTh TPOCTBIM, YIOOHBIM M OYEHb JCIICBBIM

MIPUMEPOM B3aMMOJCHCTBHA C 0ojee MPOJBUHYTHIMH
KOMMepYyeckuMu mporpammaMu. Ha ee ocHoBe
MOJyyaeTcss ~ XOpOWIMH  MHCTPYMEHT  pacdera
MasiTHUKOBBIX ~ MapumpyToB B  MEXIYTOpPOAHEM
COOOIECHNH, KOTOPBI TPAKTUYECKH MOJHOCTHIO
WCKJIIOYAaeT BO3HMKHOBEHHE OIIMOKM Ha JTare
uTepauuii u obierdaer cozgaHue rpaMKoB M pacyer
BpemeHH e3aku. IlomydeHHsie Tabmupl, rpaduku U
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3HA4YCHU MOXKHO OYCHb IPOCTO UCITOJIL30BATH B EXCE',
COXpaHATb U IKCIIOPTUPOBATH B APYIHUC MPOrpaMMbL.
910 JAac€T BO3MOXKHOCTb CTYACHTaAM COCPCAOTOYUTHLCA
Ha H3y4YCHUU l'[paBOBOI7I U DKOHOMHYECKOMU 6a3m, a
6nar0aap;1 6LICTpI)IM BbIYMCJICHUSAM — BapbUpPOBAThb
JAOCTYIIHBIC apaMeTpbl JUIA HarjsgaHoro
MPEACTABICHUA U JIy4IIICTO TIOHUMaHUA 3aBUCHMOCTEH
B JIOTUCTHYCCKUX CHCTEMAaX.

CHHCOK JUTepaTypshl
1.Garant.tu // Ilpuka3 MuHHCTEpPCTBA TpaHCIIOPTA
P® or 16 okts16ps 2020 r. Ne 424 “O6 yTBepKIcHUU
OcobeHHOCTEH pexxnMa pabodero BpeMeH! U BpeMEH!

OT/AbIXa, YCJIOBHH Tpyla BOIUTENEH aBTOMOOMIEH”
[DnexTpoHHBI pecypcl:
https://www.garant.ru/products/ipo/prime/doc/749242
27/ [lata obpaienus: 21.08.2021].

2.Itob.ru // 1C:TMS Jloructuka. YmpaBieHue

epeBO3KaMHU [DnexTponHsIit pecypcl]:
https://itob.ru/products/lc-tms/ [[lata obparueHus:
21.08.2021].

3.Maxoptra.ru // TlocTpoeHme MapHIpyTOB
[DnexTpoHHBIH pecypcl:
https://maxoptra.ru/postroyeniye-marshruta [dara

obpamenus: 21.08.2021].


https://www.garant.ru/products/ipo/prime/doc/74924227/
https://www.garant.ru/products/ipo/prime/doc/74924227/
https://itob.ru/products/1c-tms/
https://maxoptra.ru/postroyeniye-marshruta
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OHIHKO-MATEMATHYECKHE HAVRH

KOHEYHOMEPHASI AIMPOKCUMALMS PEHIEHUS 3AJIAYM YIIPABJIEHUSI C
MWHHUMAJIbHOM SHEPTUENM ITPOIIECCOM TEILIOINPOBOJHOCTH C UMITYJIbCHBIMHA
BO3JIEVCTBUSIMHA

Mameoos P. C., I'acvimos C. IO., Anuesa C.O.
Kanouoam ¢us.-mam. HayK, 0oyenm Kagpeopul

“Obwas u npuknaouaa mamemamuxa”’,Azepbatioxcanckuti
Tocyoapcmesennviii Yuusepcumem Hegpmu u [Ipomviwinennocmu,

np-m. Asaonvie, 20, 2. baky, Azepbaiioxcan, AZ1010

AHHOTALMUS
B pabote paccMmaTtpuBaeTcs npuOIMKEHHOE pelieHne 3ajadl 00 yHnpaBJIeHUH ¢ MHHUMallb-HOW dHEprueit
JUIsl 00BEKTa, OMKMCHIBAEMOT0 YPaBHEHHEM TEIUIONPOBOAHOCTH. [Ipy 3TOM mporecc ONMHMCHIBACTCS JIMHEHHBIM
YpaBHEHHEM I1apaboJIMUECcKOro TUIA M CHCTEMa YIPaBJISETCS. HMITYJIbC-HBIMUA BHEIIHUMH BO3JICHCTBUSIMH.
3ajaya ONTHMAJIBHOTO YIPAaBICHHUS COCTOMT B OIpEJeNCHUM YHPaBIIONIETO IapameTpa U3 Kiacca
JOIYCTUMBIX YIPaBICHUI Takoe, YTO0BI B KOHEYHOM MOMEHTE BPEMEHH JOCTUTHYTO XKETaeMOe paclpeelicHUe
TemmepaTypsl. [Ipu 3TOM 3aTparta 3HEprun, KOTOpas BhIPaXKaeTcsl KBaJApaTHIHBIM (yHKIMOHAJIOM JOJKHO OBITH

MHUHHMAaJIbHOH.

KiroueBble ¢JI0Ba: ONITHMAJIbHOE HUMITYJIbCHOC YIIpAaBJICHUC, MIPOLCCC TCIJIOMPOBOAHOCTH, HpI/I6J’II/I)KeHHO€

penienue, meron Pypee, mpobiieMa MOMEHTOB.

1. Beegenue

B  mpakTHueckux  cioy4asx  yNpaBIIONINE
mapaMeTpsl BO3ACHCTBYIOT B 3aJaHHBIX MOMEHTax
BPEMEHHU WJIH B M30JMPOBAHHBIX NPOCTPAHCTBEHHBIX
toukax [l, 2]. Takue 3amaun Ha3BIBAIOTCS 3aJadaMi
ONTUMAJIHOTO UMITYJIbCHOTO ynpasneHus.B
pabotax[3—6]paccMaTpuBaroTCs 3a1a4u
ONTUMAJILHOTO MMITYJIbCHOTO yIPaBJICHUS CUCTEMaMH
C COCPEIOTOYCHHBIMH ITapaMeTpaMu.A B padotax [7, 8]
Takas  33jada  pemaerci  ANd  CHCTEM  C
pacrpeieleHHbIMU NTapaMeTpaMu, KOIra UMITYJIbCHOE
BO37CHCTBHE UMEETCS TONBKO B OJHOM TOUKE.

B pa6ore [9] B cinydyae cocpelOTOYEHHBIX CUCTEM
JUIA pEIIeHUs] TOCTAaBJIEHHBIX 3aJad HPUMEHSETCS
meroal —mpoGmemsr MomenToB. Ilpu mpocTelimux
CITy4asiX,MCIONb3ysl yTBEepKAeHHe TeopeMsl JleBu 00
OpPTOTOHAJIEHOM Ppa3IoXKEeHUN MHOXeCTBa
KBaJIpaTUYHO  CYMMHPYEMbIX(QYHK-IMH,  yHaercs
ONpPENENNUTh CTPYKTypy MHOXECTBA ONTHUMAIIbHBIX
pemenmii. B paborax [10-12] paccmarpuBarotcs

3aJa4r OINTUMAJIBHOI'O HMITYJIbCHOTO YINPaBJICHUA C
COCPEJIOTOUCHHBIMM IIapaMeTpaMH ¥ B OCHOBHOM
MPpUMCHACTCA METOI MPUHIMUIIAa MaKCUMYyMa. HpI/I 9TOM
MOSABIISIIOTCS. HEKOTOPEIE TPYAHOCTH IIPU IOCTPOCHHUU
CONpPsKEHHOM 3a/1a4X U YIIPaBJIIOLIEro apaMeTpa.

B npexacraBneHHoW pabore s peLICHUs
TIOCTABIICHHOH 33/1a4 MPEAJIaracTcst HHOW Moaxol. A
UMEHHO, JaeTcsl TOHATHE OOOONIEHHOTO pEIICHUs

COOTBETCTBYIOIIEH ~ CMEIIAaHHOW 3a7aud M KO-
HEYHOMEpHAsi ~ aNmpoKCHMamusi 3TOr0  peIIeHUs
CTPOMTCS B BHAE YKOpodeHHOTo psiga Dypse.
[Momydaercs HHTETrpajibHOE MIpeCTaBICHUE

K03(p(PUIIMEHTOB 3TOr0 psima. DTO TO3BOJIIET UMETh
CHCTEMY HWHTErPalbHBIX  YPaBHEHUHOTHOCHUTEIBHO
yIpaBIsSONMX napameTpoB. Takum oGpasom, 3amada
NPUBOANUTCS K HAXOXJICHUIO BEKTOPA MHHMMAILHON
JUIMHBI W3  3THX  MOMEHTHBIX  COOTHOUIEHHIA.
[MpumenenneM  TeopeMy 00  OpTOTOHATBHOM
pasioKeHne HOPMHUPOBAHHOTO TIPOCT-PAHCTBA YAAETCS
OTIPENIENTUTh KaXXIIOTO TIPUOIKEHHS YIIPABIISAIONIETO

3aJaud ONTUMAJIbHOTO YNpPABJICHUS C HEJNOKAIbHBIMH  IApaMeTpa M COOTBETC-TBYIOIIETO  3HAYEHHUs
TPaHUYHBIMU YCIOBUSIMH. (YHKIOHAIA B aHATUTHIECKOM BHJIE.
Kaxk cnenyer, B O0nbIIMHCTBE PaOOTHCCIIETYIOTCS
2. ITocTaHoBKa 3a1a4Hu
Ilyctes ympaBmsieMslii  mporiecc  omuchiBaertcst  ¢GyHkumeiU (f, X), Kotopas BHyTpu 006JacTu
Q =[0<x<1,0<t <T] yIoBIeTBOPsCT ypaBHECHHIO
ou 5 0%u
—=a*—+f(t,x) + F(t,x,p), 1)
at ox
a Ha rpaHuIe  yIOBIETBOPSET HAYATLHOMYUTPAHIYHEIM YCTOBHIM
— 5,0
u(0,x) =u’(x), (2)
du(t,0) du(t,1)
—==0 au(t,1) =0 3
ox e taut 1) =0, ®3)

rref(t, X),F(t, X, p) u u%(X)3anannbie QpyHKIMM CBOMX apTyMEHTOR, a P - yIPaBJIAIONIMN NapameTp.
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Bynem paccMarpuBath 3a/laud ONTUMAIBHOTO YIPABICHUS JUTS CICIYIONIMX PA3TMYHBIX YACTHBIX CITydae:
@F =Y, 8t —t)pi(x), tne 0<t; <t,<...<t, <T OuUKCHPOBaHHBIC MOMEHTHI Bpe-MeHH, & (t)

¢byukuus upaka, p;(x),i = 1, mynpasinsiomue GyHKIUH.

Kiaccom nmomycTuMBIX yrpaBlieHHH SIBISIIOTCS Bce BekTop (yHKuuu p(x) = (p1(x), p2(x),...,pm(x)) u3
npoctpanctsa L7 (0,1).

0)F = Zﬁ-zld(x —x)p;j(t), rne 0 < x; < x, <...<x; <1 3anannble Touku Habmonenus, p;(t),j = 1,1
yIpaBistonye QyHKIHH.

Kiaccom pmomycTHMBIX ynpaBlieHHH SBISIIOTCS Bce BekTop-(yHkuuu p(t) = (p1(t), po(t),...,pi(t))
usnpocrpanctsa LY (0, T).

¢F =3, Z§=15(t — t;)6(x — x;)p;j. 3nmecy 0 < t; <t; <...<t<T 3anaHHBIc MOMEHTHI BPEMEHH, a
0<x <x; <...<x, <1 TOukM HaOIIONCHUS, P; j YHMCIIOBBIE MAapameTphl. J[OMyC-TUMBIMH YIPABIAIOMIUMU
napaMeTpaMy SBJIIETCS JTI000¢e AeHCTBUTEIBHOE YHCIIO.

Takum 00pa3oM, MOXHO CYHTaTh, YTO B KOKAOM W3 YKa3aHHBIX CIIy4acB JIOIYCTUMBIE YIIPABICHUS
OpUHAUIEKAT  KJIACCy  KBaApaTHuHO cymmupyembix — Gyukimid. [lostomy, ecmu  f(t,x) € L,(Q),
u®(x) € L,(0,1),T0 kaxmoe KOHKpETHOE NOIYCTHMMOE YNpAaBIEHUE ONpeelseT eIUHCTBEHHOE 00O0OIIEeHHOE
pemenne kpaeBoii 3anaun(1) — (3)obmanaroriee creAyOMHUMA CBOH-cTBaMu| §]:

1) u(t, x) € L,(Q).

2) ®opManIbHO BEIYHUCICHHAS IPOU3BOAHAS

ou(t,x)
ox
3) Jins mo6oit pynkuun ®(t, x) € W1 (Q) dyuxuusau(t, x) yaoBIeTBOPSAET HHTErPAILHOMY TOXKAECTBY:

nouty rpu Beex t € [0, T] npunaxn-nexurlL,(0,1).

t

1
fu(t,x)cb(t,x)| Zde—J
0 tq

0d(t,x) OJu 0P
at ox 0x

2 f ()

+[f(t,x) + F(t,x,p)]|P}dxdt + a fttlz u(t,1) ®(t, 1)dt = 0. 4

3neck ty ut,-IPOU3BOJILHBIC MOMEHTHI BpPEMEHH, yIOBIeTBOpsifomue yenoButo 0 < t; <t, < T.
4) dns mo6oit gyskmn g(x) € L,(0,1) nmeeTMecTo paBeHCTBO

lim S, T, x) — u® ()] g (x)dx = 0 2. (5)

[ycte ¢(x) 3amanHas Gynkmus u3 L, (0,1). PaccmarpuBaeMas 3agaya ONTHMAaNbHOTO YIPABICHUS COCTOUT
B TOM, YTOOBI HAUTHYTPABIISIONIYIO0 (PYHKITHIO TaKyl0, 9TOOBICOOTBETCT-BYIOIIee eif pemenue U (t, x) 3amaun (1)
— (3) ynoBneTBOpsio Obl yCIOBUIO

u(T, x) = ¢(x), (6)

U TIPH 3TOM JIOCTABIISUIa MUHUMYM (YHKIIMOHAITY

ITp] = lIplI*. (7)
B gactHOCTH, B citydae a) pyHKIEoHaN (7) MpUHIMAET BH

1] = 1Blpe s = J; T p2()dx, 8)
B ciryyae 0)
1] = IBlIZ, oy = Jy Zhea PF (D), ©)
a B CIy4yae B)
Ilp] = I Xoy P2 (10)

Kax BUJIHO B KaXxXJI0M paCcCMOTPECHHOM ClIydyac KpUTCpUAMH  KadeCTBa  SABJAIOTCA  KBaJpa-
TI/I‘{HLIG(I)yHKHI/IOHaIILI. Tak kak MHOKECTBO 3HAUECHHI OTPAaHUYCHO CHU3Y TO MOXKEM YTBECPIKAATh CYLIECTBOBAHUC
MHWHHUMAJIBHOI'O 3HAYCHUSA DTUX (byHKIII/IOHEU'IOB.

3. llpumeneHuel-npo6ieMbI MOMEHTOB
€0S Apx

Jon -’

Paccmorpum B L,(0,1) oproHOpMupoBaHHYyIO cuctemy GyHkuuid X,(x) = n=12,.., toe A,

COOCTBEHHBIE 3HAUCHUS KPAaeBOW 3a1aun
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X"(x) + 22X (x) = 0,0 < x < 1; X' (0) = 0,X"(1) + aX(1) = 0; (11)
at+a’+13 o
KOTOpPBIE SBIAIOTCS MOJOXHUTEIBHBIMH KOPHAMH ypaBHEeHUs Atgl = a, aw, = 2az+12) HOPMHpYIOIIMi

MHOXXHUTENb. YUUTBIBas 3TO, MpUOIMmKeHHOe pemienne 3anaun (1) — (3) Oymem uckaTh B BHIE KOHEYHOTO psija
Dypre

UM (t,x) = Zhoy ull (£) X (0), ull (8) = J u (6, )Xy () dx. (12)

Janee kaxaplil Cilydaid pACCMOTPHUM 110 OTAEIbHOCTH.

a) I[lycte B ypaBHeHuu (1) pyHkuums F onpenensercs kak B MyHKTe a). YMHOXUM o0e gactu ypaBHeHus (1)
HaXn(X)u iporHTErpHpyeM moXot 0 g0 1. YaureiBas rpannunbie yenosust (3), (11) u Bux ¢pyukuuu F monyuaem,
9TO KO3 UITHEHTHI ull (t) YIOBJIETBOPSIOT CIeyIomen cucreMe OOBIKHOBEHHBIX
muddepeHraIbHBIXypaBHCHH]:

dul(t
210 = —@2Zu (t) + Xy 6 (t — )P + fu(O)n = 12, N, (13)

[Mockonbky pyHkuwms (12) goymkHa yIOBIETBOPSTH YCIOBHIO (2), TO
up (0) = up, (14)

raefn(t), pinit ud ko3¢ dunuentsr Pypoe coorBercTBerHO ByHKIMiAf(t, X), Pi(X)uul (x). Toraa Gynxuuonan (8)
NPUHUMAET BH

I[p] = X531 In[P) In[P] = 21 Ph, (15)

Tak xax kosdduiuentsl Dypoe ub (t) onpenenstorcs u3 cucteMbl (13) He3aBUCHMO APYT OT JApYyra, TO
JOCTaTOYHO PACCMOTPETh 33/1a4y MUHUMH3auu QyHKImoHana I, [p].

Takum o6pa3om, 3a1a4a IPUBOJHUTCS K ONPEICSICHUIO YHCIOBBIXIIAPAMETPOB P = (P1n, Pans - - +» Pmn) € E™
TaKUX, YTOOBI COOTBETCTBYIOIME UM perieHus 3a1auu (13) — (14) yaoBieTBopsuM yCIOBUSIM

up (T) = . (16)

W TpH 3TOM sl Kaxnoro ¢ukcupoBaHHOronNdyHKunoHan I[,[p] mpuHHMaa HauMeHbIIEe BO3MOXKHOE
3HaYeHHe, r7ie @, ko03hdunnueHTs Pypne GyHKIHUE (X).
o popmyne Komm pemenne ypapaenus (13) ¢ HaganmsHBIM yetoBueM (14) MOXKHO TIpeICTaBUTh B BUJIC

t
ul (t) = ule~ @Mt 4 f
0

m

i@+ ) 8- ti)pm] e,
i=1

Torna ycnosuto (16) MOXKHO 3amucaTh B BUE

T
242
ule aAnT+j
0

m
fa®) + z 6(t — ti)pinl e~ AR~ g = b
i=1

OTcro/1a oJTy4aeM CUCTEMY YPaBHEHHH
Y e CATD) = n=12,...,N, (17)
rae
Y = by — ube VT — [T £ (£) " HRT04L, (18)

Takum o0Opa3oMm, BCAKOE JAOMYCTUMOE yIpaBlieHHe, obecreumBaroliee BbIMOdHeHUE ycioBus (16),
HETPEMEHHO YIOBJICTBOPSIOT MOMEHTHBIM COOTHOLICHUSM (17).

R —_ —q222_ _n232 _
0603HaYUMD;, = (Piny Pans - - -» P )s €n = (™% T=t0) o=@ An(T=tm)),
Torma MmomenTHbIe cooTHOMIEHHS (17) MOYKHO HarmucaTh B BUAE

(Pns €n) = VYp. (19)



Eepasutickuti Coro3 YueHbix. Cepus: mexHudYeckue u gpusuko-mamemamuyeckue Hayku. # 8(89), 2021 21

CrnenoBarenbHO, TpeOyeTcsi HAlTH BEKTOp P, MHUHHMAIbHOW JJIHMHBI, YAOBJIETBOPSIOIIUIA YCIOBHIO
(19).060312unM yepe3 HmoanpocTpancTBo npoctpancTBa E", cocrosmiee u3 ane-MeHTOB BUia

q, = anén, (20)

TZie &, TPOU3BOJIEHBIA BEIIECTBEHHBIH KO3(PPHUIMEHT, a BEeKTOp e, B3AT u3 cootHomenus (19). Torma mo
Teopeme JleBu, 1000# MeMEHT p,, € E™ MOXKHO 0IHO3HAYHO MPEACTABUTh B BUAE [6]:

Pn=0,%+9,4,€Hg9,LH

12all = [[@,,l + 19,]I

Orcrogacnenyer, 4To
(ﬁn' En) = (Qn' En)'

IJIEKOMIIOHEHTA (, 3JIEMEHTA P, HE BIUSET HA TO, yAOBJIETBOPSET JIM STOT d1eMeHT ycnosuio (19). Bmecre ¢
TeM 13 (opmyist (20) crexyer, 4TO KOMIIOHEHTAagnHE BIMAET HA HOpMy diemenTa p, . Takum 00pasom, eciu

paccMaTpuBaeMas 3ajaya ONTUMAIBHOTO YIPABJICHUS UMEET PEUICHUE, TO OHO NPUHAIICKUT H. T.e. MOXKET OBITh
MPECTAaBICHO B BUIE

— — 292 AN
D, = Qnemup;, = aye”* 0~ i =1,m, (21)
JI71st onIpe/ieIeH s HEM3BECTHOTO KO UIIMEHTA TOTyYeHHOT0 3HAYeHHs 1oAcTaBuM B (19).

OTcrozia mosryyaem, 4To

Pn Pn

n= = =~5" a2 12 (T—t)
(en en) m | e2a*An(T-ty)

a

wne—azz%(r—:i) — R

=1m;n=1N. (22)

Pin = Zgl_le_zaz’lgl(T‘_tk) L

0) B stom ciyuae, B ynpasnenue (1) dyakuusFonpenensercs kak B myHkTe 0). Torma aHaTOTHYHO ITyHKTY
a) 1ua  onpeieneHus kodpduuuentoB ul(t) nodyyaeM  CIEIYIOLIYH CHUCTEMY  OOBIKHOBEHHBIX
T QepeHInaTbHEIX YPaBHEHUH,C HaYaIbHBIM ycaoBueM (14):

PO _ _ g2 2l l = 1,2 23
dt =—a nun(t)+Zi:1Xn(xi)pi(t)+fn(t):n— ) ,---;N; ( )

Takum 006pa3oM, COOTBETCTBYIOIIAs 3agada ONTHMAJIBHOTO YIPABICHHS IMPHUBOAUTCS K OIpEe-IeICHHIO
BeKTOpa-(pyHKIIH

p(t) = (1 (6), P2 (0D, ..., (1)) € L5(0,T),

TaKuX, 4T00BI COOTBETCTBYIOIIME e pemenus 3anad (13)(14) ynosnerBopsun ycnoBusim (14) u npu atom
¢ynkironan (9) npuHUMan HauMeHbIee BO3MOXKHOE 3HAUEHHE.
Io popmyne Kommm permenue cuctems! (23) ¢ HadanbHBIM ycoBUeM (14) MOKeM Mpe/C-TaBUTh B BHIIE

l
t
wh© = ue et [ |r @+ Y KaGop(@ | dr,
0 i=1

Tornma u3 ycnosus (16) ciexyer, 94To
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T
_ 2452
ule ‘”‘"t+f
0

l
fu(©) + Xn(xi)pi(t)] e~ @M=D) g¢
2

HNJIin
S P (X () e RRED dp = = 12,...,N, (24)

rne Y, onpenmensercsi 1no Qopmyine (18).CnenoBarenbHo, BesSKOe JOIMYCTUMOE — yIpaBJICHUE,
obecreunBaromee BBITONHEHHE ycioBus (16), MTOMKHO YIOOBICTBOPATE MOMEHTHOMY COOTHOIIE-HHUIO
(24).BBenem cremyromue 0003HaYCHUS

D(t) = (01(£), P2 (), -, D1(D), Bn () = (X (1)~ 2RT=0, X, (%)) - e~ @ 4R(T-0)),

Torna ucronb3ys ckansproe npousseaenue B L (0, T) cooTHomenue (24) MOKEM HATHCATh B BUJE

(), en(t)) = Pp,n=12,...,N. (25)

Takum oOpazom, TpeOyercst HalTH BeKTOp-QyHKUMIOP(t) MHUHMUMAIBHONH HOPMOW YyIOB-JETBOPSIOIICH
ycnoBuio (25).06031aunm uepes HooanpocTtpancTso npoctpanctsa L, (0, T) cocTosimee U3 31EMEHTOB BUIA

_N _©N _

q () = Lk=1axer(t). (26)

3meck a,HeM3BeCTHRIE KOA((GHUIMCHTHI, a BEKTOPHI €,(t) B3ATH u3 cootHomeHus (25). Torma omaTs mo
Teopeme JleBn mo6oit snement p(t) € L, (0, T) 0aHO3HAYHO MOXKHO TIPEIC-TABHTH B BHJIE

P =q"(®)+9 .7 (t)EHG (t) LH,

Izl = 7" | + 13" ®l
Orcroga cnenyer, 4To

@(1),8n(0) = @' (), En(1))-

Takum 00pa3oM, eciu paccMaTpuBaeMasi 3ajadya ONTHMAIBHOIO YMPABJICHUS WUMEET pEIICHHE, TO OHO
npuHaaIexkuT H, T.e. mmeet Bup (26):

B(t) = Th_; a8, (Ommp; (£) = Y-y ap Xy (x) e T=0, i = 11, @7)

st ompenesieHHsT HEU3BECTHBIX  KOX(PQHUIIMEHTOB ), 3HaueHue (26) moxacrasum B (25).
[MomyunmcnenyronyrocucTeMyanre0paniecKuXy paBHEHU I

N
D (enl® e =,
k=1
nim
ZII¥=1 Mnkak = l,l)n,n = 1,2,...,N, (28)
rae
T l 2092 2
Mai = (en(®,6®) = [ X)X Cxe™ P00 i,
0 =1
k=1,N o o
Marpuua M = {My,;}, 75— ABIAETCS, OYEBM/IHO, CUMMETPUYHOH MATpHIEH, a ee Onpee-JuTelb €CTh
ompenenutensb [ pammaBekTopoB ei(t), €x(t),..., en(t), Tak Kak 3TH BEKTOPHl JHHEHHO HE3aBHCHMBI, TO

OTIpeJIeNIUTENh MaTpHIlbl MoTIMYeH oT HyJis, a cucteMa (28) nmeeT enuHCTBEHHOE pemeHue [5]. Takum obpazom,
B 9TOM CJIy9ae ONTHMAIBHOE YIpaBiIeHUe onpenessercs B Buae (27), rae K03 pUIIMeHTH SBISIOTCS PELICHIEM
cuctemsl (28).
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B) 3neck B ypaBHeHuu (1) dynkumsForpenensiercst kak B myHkre B). Toraa aHaJIOTMYHO MPEABLIYLIMM
NyHKTaM, JUis onpeneneHus koddduuuentos ub (t) momydaeM CIIeayroyl0 CHCTe-My OOBIKHOBEHHBIX
muddepeHInanbHbIX YpaBHEHUI:

aul() _

80 = 022, (6) + ey By 806 — 1) XDy + fu(©n = 12,0, N, (29)

¢ HaganbHBIM ycinoBueM (14).Toraa, 3agada ONTHMAIBHOTO YIIPABJICHHS MPUBOISTCS K OIPe-ACICHHIO YHCei,j,

i=1,2,..m; j=1,2,...Itakux, 9T0OBI COOTBETCTBYIOMIME ¢ii penieHne ypasHeHus (29) ¢ HauanrsHBIM ycoBueM (14)

yIOBIETBOPSUIH ycaoBUsiM (16) u ipu 3ToM pyHKImoHan (10) mpuHUMall HAaMMEHbIIee BO3MOXKHOE 3HaYECHHE.
[To ¢popmyne Komm pemienue ypasHenus (29) ¢ HauanpHbIM yciioBreM (14) umeer Bua

ul () = ude At + [((Z1, Ty 8 (7 — t)Xn ()P + fo(1))e M dr, (30)

Torna

m 1
T
uy (t) = uge—azlir + z z Xn (%)Dij e~ AR(T—t) .|-f fn(t)e—azl%(T—t) dt.
0

i=1 j=1

W3 ycnosus (16) momydaem, 4TO YHpaBIISIOIIME IAapaMETPhl YIOBJIETBOPSIOT CIEIYIOIIMM MOMEHTHBIM
COOTHOIICHHSIM

22 (Tt
ﬁ12§'=1xn(xj)pije T =4, (31)

rae P, ompenensercs mo ¢opmyne (18).[us 3amucu paBeHcTBa (31) B BHAEC CKAIAPHOTO MPOWU3BEICHHUS
BBEJIEM CJIEAYIOLINE BEKTOPBL:

5,1 = (plli'"1p1l1p21!"'1p2l1"'tpmll"'lpml)l

3 — n n n n n n
Vo = (VD V1D V2o Vo oo Vints -+ o0 Vant)s

222 (Tt
r;[evl-"]- = Xn(xj)e a“2n(T=t) Torga MOMEHTHOE COOTHOLIEHHE (31) MoXeT OBITH 3aIMCAaHO B BUJIC

(P Vn) = Yn- 32)

CrnemoBarenbHO, TpeOyeTrcs HAaWTH BEKTOp MHHUMAIbHONH [UIMHBI, YAOBJICTBOPSIONUN  yCIOBUIO
(32).Paccyxmast aHAIOTUYHO MPEIBIAYIINM ITYHKTaM, PEIICHHE TIOTyIeHHON 3a/1a4H HUIIIEM B BHJIE

P, = CnVa,

IZie &, HEU3BECTHbIC KOO(PPHUIMEHTH U IS UX ONPENEICHUS IOJCTABUM 3TO 3HaYCHHE B paBEeHCTBO (32).
Torna nomyyum:

(anVn, V) = Yy, (Vy, Vy) = Py
OTtcrona

Un Un

= (Vn' Vn) - Z:’ilzﬁzlxrzl(xj) e—ZaZl%(T—ti);

an

a YIpaBJIIIONIHE TapaMeTPhI
— —a?A3(T-t)
Pij = anXp(xj)e”* T,

OTMETHM,YTO CXOJUMOCTh BEIOPAHHON alPOKCUMAITUH CIIEAYET OT CXOAUMOCTH psifa Pypre.

7. BeiBoaAbI pa3MYHBIX ~ Ciydasx — OpuMeHeHueM|-mpoGiemsr
HccnenoBano mpuONMKEHHOE PEIIEHHE 3aJadyd  MOMEHTOB  yJAaeTCsl  ONPEeNNTh  ONTHMAalbHOE
YIIPABJICHUSA c MUHUMAaJIbHON SHepruei  yIpaBIeHHE B AHATUTUYECKOM BHJE.

napabonudeckoil cucteMbl. CucTeMa ymnpaBisieTcst
UMITyJbCHBIMH ~ BHEIIHUMH  Bo3jeiicTBusMu. B
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