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AHOTAIUS

IInomnixoe B.I. TlinBuieHHs (YHKIIOHAIBHOI CTIMKOCTI HAaBIraliiHOTO
KOMILJIEKCY MOPCBKUX CYJI€H METOAaMH MaTEeMaTUYHOrO MOJICTIOBAHHS. —
Ksamidikariiina HaykoBa Tparis Ha MpaBax PYKOIHCY.

Hucepramisis Ha 3700yTTS HAyKOBOTO CTymeHS HOoKTopa ¢inocodii 3a
crieliaipHICTIO 275 — TpaHCHOPTHI TexHoJsorli. Jlucepraiiio BHUKOHAHO Y
XepcoHChKIM AeprKaBHIM MOpChbKi akanemii, XepcoH. I[logano Ha 3axuct y
XepCOHChKY JIEp’)KaBHY MOPChKY akajemito, XepcoH, 2025.

JuceprariitHa poboTa MpUCBIYCHA BUPIIICHHIO HAYKOBO-TEXHIYHOI 3ajaui,
sKa MOJIArae y MiABUIIECHHI (JYHKIIOHAIBHOI CTINKOCTI HABITAIIITHOTO KOMIUIEKCY
MOPCBKHMX CYyJ€H METOJIaMH TeOopii MacoBOro oOCIyroByBaHHs, AyOJIFOBaHHS Ta
OaifeciBCbKOro Miaxoay. BupilieHHs HayKOBO-TEXHIYHOI 3ajadl MOJsIrae y
po3po0Ill  BIAMOBITHUX  PEKOMEHJAIlIM MO0  PEVIAMEHTY  ITiJBUIIEHHS
(GYHKITIOHATBHOT CTIMKOCTI HABITaIItHOTO KOMILUICKCY.

AKTyaJbHICTh AOCIIHDKEHHS 3yMOBJICHA TUM, IIIO i/ Yac IUIABAHHS 3aBXKIH
ICHy€ BIpOTIJHICTh BIMOBHM OJIHOTO a00 OlJIbIlI€ MPHIIAIiB HABITaIliiHOI CUCTEMU
MOPCBHKOTO CYyJIHa IiJ] A1€0 30BHIIMIHIX a00 BHYTPIIIHIX YUHHUKIB, sIKa 3pOCTA€E MpPHU
YCKJIaAHEHHI YMOB CYJHOTIUIaBCTBA. BuUXOAs4m 3 I[bOTO, BAKIWBUM MNUTAHHSIM
eKCIUTyaTaiii Ta OOCIYroByBaHHS HaBITaI[iiHOTO KOMILUIEKCY € CTBOPEHHS
MojieJieil, MeToMIB Ta 3aco01B JIarHOCTUKHM JJisi BUSIBJICHHS HECIPABHOCTEW Ta
MTOMHJIKOBOTO (DYHKITIOHYBaHHS, a TAaKOXK IMPOTHO3YBAHHS HOTO CTaHY.

Memoto pobomu € moONEpeKeHHs] BUHUKHEHHS aBapiiHUX CHUTyaIlii
MOpPCBHKHX CYyJIEH 3a paxyHOK IJBHUINCHHS (QYHKIIOHATBLHOT  CTIAKOCTI
HaBITAI[IMHOTO KOMIUIEKCY B pe3yJIbTaTl 3MEHIIEHHS BIPOTiJHOCTI BIIMOB HOTO
KOMITOHEHTIB.

3asoanns, K1 3aT7IAHOBAHO BUPIIIUTH JJIS JOCSITHEHHS METH POOOTH:

1. Bu3HauuTH  OCHOBHI  BUMOTM 10  (DYHKI[IOH&JIbHOI  CTIHKOCTI

HaBITaIiifHOr0 KOMIUIEKCY MOPCHKOI'O Cy THA.
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2. Po3poOuti MoOJeap TPOIECiB 1 CHUCTEM HaBITal[iiHOIO KOMIUIEKCY
MOPCBHKOTO CYJIHA.

3. [Iposectu €KCIIEpUMEHTAJIbHE JOCTIIKEHHS (YHKI[IOHYBaHHS
HaBIralIMHUX CUCTEM MOPCHKOTO CYJIHA.

4. TTpoBecTH TOCIHIKEHHS HABITalIMHOTO KOMIUIEKCY SIK CHCTEMH MacOBOTO
00CITyroByBaHHS.

06’ekm  Oocniddcenns. Tiponiecd  (YHKI[IOHYBAHHS  1HTETPOBAHOTO
HaBITaIifHOTO KOMIUIEKCY CY9acHOTO MOPCHKOTO cyaHa. [Ipedmem 00cCniodiceH s
GbyHKITIOHATIbHA CTIMKICTh HABITAIIMHOTO KOMILIEKCY MOPCHKOTO CY/IHA.

Haykosa nosuzna ooepaoicanux pesynomamis

1. Briepuie po3po0ieHO MaTeMaTH4HY MOJENb HaJiHHOCTI HaBIramiiHOTO
KOMITJIEKCY SIK CHCTEMH MacOBOT'O OOCIYTrOBYBaHHS, 3aBISKH SIKiH BCTAHOBJICHO
CHIBBITHOIIEHHS MDK CKJIQJHICTIO YMOB IUIaBaHHS Ta MOYJIUBOCTSAMH CHUCTEMH,
10 JI03BOJISIE TIPOBOJIUTH PO3PAXYHKH WMOBIPHOCTI OOCIYyrOBYBaHHS OTPUMAHOIO
3aITHTY.

2. Ha ocHOBi po3po0ieHOi Mojem OIliHIOBaHHS HAJIMHOCTI CYIHOBOTO
HaBITaI[IMHOTO KOMIUIEKCY TpH MiJABUIIEHIM HaBITAlllMHINA CKJIATHOCTI, sKa
BKJIFOYA€ AMpPOKCUMAIlIHI PIBHSAHHS JIPYrorO TOPSIKY, 10 TOB’ SI3yIOTh
WMOBIPHICTh pOOOYOTO CTaHy HAaBITAIliIHHOT CHCTEMH 3  BIJIMIOBIIHUMU
IHTEHCUBHOCTSIMM ~ TOTOKIB  BIIMOB Ta  OOCIyroByBaHHs, M0OOYJ0BaHO
4OTUPHOX(AKTOPHY JIIHINHY perpecito, sika Oyia Bi3yaii3oBaHa B HOMOTpami 1 €
MPUIATHOIO JIJIST BUPIIIICHHS HU3KHU MPAKTUYHKUX 33]1a4.

3. HaOyB momambmioro po3BUTKY METOJ, 3aCHOBaHWUW Ha 0ale€CiBCbKOMY
MIIXO01 IIOAO0 OIIHKK aroCTEPIOPHUX HWMOBIPHOCTEM PI3HUX TIMOTE3 MO0
HAJIHHOCTI €JIEMEHTIB TEXHIYHOI CHUCTEMH, SIKMH BIIPI3HAETHCA BiJ ICHYHOUMX
BI3yaJli3aIli€l0 PO3PAXyHKIB MPHU TOPIBHSIHHI amoCTEPIOPHUX WMOBIPHOCTEH 3
anpiOpHUMU,SAKI  BIAOOpaKarOTh HU3KY 3aKOHOMIPHOCTEH, 10  JI03BOJISIE
BUKOPHCTOBYBAaTH  alloCTEPIOpPHI  WMOBIPHOCTI  TiMOTE3 JUIsl  PO3pPaxyHKIB
WMOBIpHOCTEW MaiOyTHIX MOJiM, TAKUX SIK BIIMOBHU HABITAI[IHHOTO 00JIaHAHHSA,

Ha OCHOBI1 HasiBHOT 1H(opMallii Ipo HOro HaJAIMHICTb.
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4. Y 1oCKOHAJIEHO MIOX1J IIOA0 BH3HAYEHHS CTIMKOCTI TEXHIYHHMX CHCTEM,
KWW BKJIIOYAE MPOBEICHHS OI[IHKU PI3HUX CXEM TyOJIOBaHHS €IEMEHTIB CUCTEMU
1 iX MaremaTWyHe MOJCITIOBAHHS, a TaKOX WPHUKIAA TOMIPHO TJIMOOKOTO
TyOJIFOBaHHS HaWMEHI HAJIIMHUX €JIEMEHTIB CUCTEMH, 10 3HA4YHO (OLIbIe HIXK
yABIY1) MIBUILYE HAAINHICTG CHCTEMH B I[IJIOMY, IO BiJIPI3HIETHCS BiJ ICHYFOUMX
ypaxyBaHHSM BIUIMBY JHWCIEPCli 3HA4YeHb IMOBIPHOCTI O€3BiIMOBHOI poOOTH
€JIEMEHTIB CUCTEMU Ha 3HAYEHHS B1JIHOCHOT MOMMIIKH.

Y BCcTymi ONHCAaHO OCHOBHY TpOOJEeMYy TMONIYKY TOMHJIKOBOTO
(GYHKITIOHYBaHHSI, IIarHOCTUKK 00JIaTHAHHS HABITaIIfHOTO KOMIUIEKCY MOPCHKHUX
CyJIeH, BU3HAUYCHHS HAJIIMHOCTI 1 Mparie3/1aTHOCTI €JIEMEHTIB HaBIralliiHUX CUCTEM
Ta HEOOX1THOCTI 1 CTYTIeHs JyOIIOBaHHS JJIsi HAlOUTBII Bpa3IMBUX €JIEMEHTIB.

Po3gin 1. Po3risiHyTi OCHOBHI BUMOTH J10 (DYHKI[IOHAJBHOI CTIMKOCTI
HaBITaIlIfHOTO KOMIUIEKCY MOPChKOTO cyAaHa. OmucaHa CTpyKTypa HaBIraIiiiHOTO
KOMILJIEKCY MOPCBKOTO cyJHa. BU3HAaueHO OCHOBHI MOHATTS MPO (PYHKI[IOHAIbHY
CTIMKICTh HABITAIlIMHOTO KOMILIEKCY MOPCHKOTO CyjaHa (HaAiiHICTh, IMOBIPHICTh
BiJIMOBH, HaIpaIlfOBaHHS JI0 BIIMOBH, IMOBIPHICTH 0€3BIIMOBHOT POOOTH 3a TaHU
yac, Tomio). Bu3HaueHO OCHOBHI 3a7a4l 1 MPUHIMIKM MOOYAOBH HaBIralifHOIO
KOMIUIEKCY MOpChKOro cynHa. Omucani MareMaTH4HI Mojeli (yHKI[IOHYBaHHS
HaBITaIiHOTO KOMILIEKCY MOPCHKOTO CYJTHA.

Po3ain II. Po3risHyTi Mojiesi IPOIIECiB 1 CUCTEM HaBITAI[iHHOTO KOMILJIEKCY
MOPCHKOTO cynHa. HamaHo 3aranpHy XapakTEpUCTHKY 1 Kiacudikaiiro Mojaenen
GyHKIIIOHYBaHHS ~ HaBIramiiHoro  komiuiekcy.  IlpoBemeHo — aHamiTU4YHE
JOCHTIDKEHHST MoJieJied MacoBOro OOCIyroByBaHHs. BuKOHaHO i1MiTalliiiHe
MOJICJTIOBAHHSI HAaBITAIIMHUX CHCTEM. BH3HA4eHO OCHOBU TMOOYIOBU MOjEIEH
HaBITal[iMHUX CHCTEM 3a JIaHUMHU EKCIIEPUMEHTIB (KOpelsaIiiHO-perpeciiuuit
aHaii3, moOyaoBa perpeciiHuxX MoJelei, HoMorpam, TOIIO).

Po3zgin III. Po3rnsHyTi nuTaHHS EKCIIEPUMEHTAIBLHOTO JIOCHIIKCHHS
(YHKIIOHYBaHHS HaBITalllTHUX CHUCTEM MOPCHKOTo cyaHa. PosrisiHyTa npobiema
HOLIYKY TOMUJIKOBOTO (YHKI[IOHYBaHHS, MIIarHOCTHKU. Bu3HaueHo dacToTy

BIJIMOB €JIEMEHTIB OOJIa/IHAHHS 1 CTYIIHb 1X TPUBAJIOCTI — Yacy, HEOOX1THOTO JIJIst
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BIJIHOBJICHHSI ~ mpare3natHocti.  I[IpoBeneHO  BHU3HAYEHHS  HAIIMHOCTI 1
mpare3aaTHOCTI €JEMEHTIB HaBiralliiHUX CHUCTEM MOPChKOro cynHa. IIpoBeneHo
BU3HAUEHHS HEOOXIIHOCTI 1 CTymeHs AyOJIOBaHHS MAJisi HAWOUIbLI Bpa3iMBHUX
€JIEMEHTIB HaBITAllIHHUX CUCTEM.

Po3nin IV. Po3rasHyTi nuTaHHs TOCHIKEHHS HABITallIHOTO KOMIUIEKCY SIK
cuctemMu MacoBoro ob6cmyroByBanHs (CMO). Hamano TeopeTwdHi OCHOBU
MaTeMaTHYHOTO MO/JICJIFOBAHHS HABITaI[IHHOrO KOMIUIEKCY Ha ocHOBI Teopii CMO.
[IpoBeneHO BU3HAYCHHSI YHCIIOBUX XapaKTEPUCTUK JUIsI CHCTEM HAaBITaIlliiHOTO
KOMIUIEKCYy cyaHa sk cucteM CMO  (1HTEHCHMBHOCTI TOTOKIB — 3asiBOK,
o0ciyroByBaHHs, Tomio). IIpoBeaeHO BH3HAYCHHS BIAMOBITHUX XapaKTEPUCTHK
epextuBHOCTI CMO (aOcoitoTHa 1 BiIHOCHA TMPOITYCKHA 3/IaTHICTh, IMOBIPHICTH
BIJIMOBH, JTIOBXKMHA YEpru, yac OOCIyroByBaHHs, TOLI0). BUKOHAHO MOpIBHSHHSA
TEOPETUYHUX PO3PAXYHKIB 3 EKCIEPUMEHTATHPHUMHU JaHUMH 1 KOPHUTYBaHHS,
MOJIEpHi3allisl Mojenei. Bukonana po3poOka BIAMOBIIHMX PEKOMEHJAIHN 1070
MiJBUIICHHS (DYHKITIOHAIBHOI CTIMKOCTI HABITaI[IHHOTO KOMILJIEKCY.

Kniowuosi cnosa: Ge3nexa CyaHOBOJIIHHS, HaBITaIliiiHI CHCTEMHU, CHUCTEMU
MacoBOTO OOCIYroBYBaHHS, HaJIAHICTb CHUCTEMH, TEXHIYHUH (PakTop, MOTIK
3amuTIB, 3011 1 BIAHOBJICHHS CHCTEMH, MaTeMaTHYHE MOJCIIOBaHHS, TPaHCIIOPT,

eKCILTyaTarfis.



ANNOTATION

Plotnikov V.I. Increasing the functional stability of the navigation complex
of sea vessels using mathematical modeling methods. — Qualification scientific
work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 275 —
transport technologies. The dissertation was completed at the Kherson State
Maritime Academy, Kherson. Submitted for defense at the Kherson State Maritime
Academy, Kherson, 2025.

The dissertation is devoted to solving the scientific and technical problem of
increasing the functional stability of the navigation complex of sea vessels using
the methods of queuing theory, duplication and the Bayesian approach. The
solution to the scientific and technical problem consists in developing relevant
recommendations regarding the regulations for increasing the functional stability
of the navigation complex.

The relevance of the study is due to the fact that during navigation there is
always a probability of failure of one or more devices of the navigation system of a
sea vessel under the influence of external or internal factors, which increases with
the complexity of navigation conditions. Based on this, an important issue of
operation and maintenance of the navigation complex is the creation of models,
methods and diagnostic tools for detecting malfunctions and erroneous
functioning, as well as predicting its condition.

The purpose of the work is to prevent the occurrence of emergency
situations in sea vessels by increasing the functional stability of the navigation
complex as a result of reducing the probability of failures of its components.

The tasks that are planned to be solved to achieve the goal of the work:

1. Determine the basic requirements for the functional stability of the
navigation complex of a sea vessel.

2. Develop a model of processes and systems of the navigation complex of a

sea vessel.
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3. Conduct an experimental study of the functioning of navigation systems
of a sea vessel.

4. Conduct a study of the navigation complex as a mass service system.

Object of research: processes of functioning of the integrated navigation
complex of a modern sea vessel. Subject of research: functional stability of the
navigation system of a sea vessel.

Scientific novelty of the results obtained

1. For the first time, a mathematical model of the reliability of the navigation
complex as a mass service system was developed, thanks to which a relationship
was established between the complexity of navigation conditions and the
capabilities of the system, which allows calculations of the probability of servicing
the received request.

2. Based on the developed model for assessing the reliability of the ship's
navigation complex with increased navigation complexity, which includes second-
order approximation equations that relate the probability of the operating state of
the navigation system to the corresponding intensities of failure and service flows,
a four-factor linear regression was constructed, which was visualized in a
nomogram and is suitable for solving a number of practical problems.

3. A method based on the Bayesian approach to estimating the posterior
probabilities of various hypotheses regarding the reliability of elements of a
technical system has been further developed, which differs from existing
visualization calculations when comparing posterior probabilities with prior ones,
which reflect a number of patterns, which allows using posterior probabilities of
hypotheses to calculate the probabilities of future events, such as failures of
navigation equipment, based on available information about its reliability.

4. An approach to determining the stability of technical systems was
improved, which includes an assessment of various schemes for duplicating system
elements and their mathematical modeling, as well as an example of moderately
deep duplication of the least reliable system elements, which significantly (more

than twice) increases the reliability of the system as a whole, which differs from
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existing ones by taking into account the influence of the dispersion of the values of
the probability of failure-free operation of system elements on the value of the
relative error.

The introduction describes the main problem of finding erroneous
functioning, diagnostics of the equipment of the navigation complex of sea vessels,
determining the reliability and operability of navigation system elements and the
need and degree of duplication for the most vulnerable elements.

Section I. The main requirements for the functional stability of the
navigation complex of a marine vessel are considered. The structure of the
navigation complex of a marine vessel is described. The main concepts of the
functional stability of the navigation complex of a marine vessel are defined
(rehiability, probability of failure, operating time to failure, probability of failure-
free operation for the current time, etc.). The main tasks and principles of building
the navigation complex of a marine vessel are defined. Mathematical models of the
functioning of the navigation complex of a marine vessel are described.

Section I1. Models of processes and systems of the navigation complex of a
marine vessel are considered. A general characteristic and classification of models
of the functioning of the navigation complex are provided. An analytical study of
mass service models is carried out. Simulation modeling of navigation systems is
performed. The foundations of building models of navigation systems based on
experimental data are determined (correlation-regression analysis, construction of
regression models, nomograms, etc.).

Section 111. Issues of experimental research of the functioning of navigation
systems of a marine vessel are considered. The problem of finding erroneous
functioning diagnostics is considered. Construction of histograms of functional
stability of navigation system elements (determination of the frequency of failures
of equipment elements and the degree of their duration - the time required to
restore operability). The reliability and operability of navigation system elements
of a sea vessel is determined. The necessity and degree of duplication for the most

vulnerable navigation system elements are determined.
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Section 1V. Issues of studying the navigation complex as a mass service
system (MSS) are considered. Theoretical foundations of mathematical modeling
of the navigation complex based on the MSS theory are provided. Numerical
characteristics for the ship's navigation complex systems as MSS systems are
determined (intensity of application flows, service, etc.). The corresponding
characteristics of MSS efficiency are determined (absolute and relative throughput,
probability of failure, queue length, service time, etc.). Comparison of theoretical
calculations with experimental data and corrections, modernization of models were
carried out. Relevant recommendations were developed regarding increasing the
functional stability of the navigation complex.

Keywords: navigation safety, navigation systems, mass service systems,
system reliability, technical factor, request flow, system failure and recovery,

mathematical modeling, transport, operation.



10

OITYBJIIKOBAHI MPALII 3A TEMOIO JJUCEPTAILIIMHOI POBOTH

Iyonixayii' y gpaxoeux suoanusax kameopii «by:

1. Plotnikov V.l., Dudchenko S.V., Abramov G.S., Makarchuk D.V.
Mathematical modeling and analysis of the reliability of the navigation complex.
Haykosuii éicnux XJIMA, 2023, Ne 1-2 (26-27), c. 82-95. DOI: 10.33815/2313-
4763.2023.1-2.26-27.082-095. (BHecok aBTOpa: KOHKpETH3allil MaTEeMaTHYHHX
MoOJIeJIel HaBIraliifHOTO KOMILIEKCY)

2. Abramov G.S., Plotnikov V. I. Analysis of the reliability of the navigation
complex and recommendations for increase of reliability. Hayxosuii éicnux X/IMA,
2024, Ne 1 (28), c. 68-78. DOI: 10.33815/2313-4763.2024.1.28.068-078. (Buecok
aBTOpa: aHaJl13 MapaMeTPiB HAIIMHOCTI1 HABIralITHOTO KOMILIEKCY)

3. Abramov G.S., Plotnikov V.l. Application of Bayesian approach for
determining the reliability of the navigation complex. Bicuux Ilpuazoecvkoeo
epoicasnoco Texuiunoeo Yuieepcumemy. Cepis: Texuiuni nayku, 2024, No2 (49),
c. 127-137. DOI: 10.31498/2225-6733.49.2.2024.321374. (BHecok aBTopa:
OOYHCIIEHHS alpiOPHUX Ta allOCTEPIOPHUX BIPOT1THOCTEH)

4. A6pamoB I'.C., IlnotnikoB B.I. MonentoBaHHs MPOIECIB IMiABUIIICHHS
HAJIWHOCTI HABITAI[IHHOTO KOMIUIEKCY 3a JIONOMOTOI0 JYyOJIFOBaHHS HOTO
enemeHTiB. Haykoeuti eicnux X/MA, 2024, Ne2 (29), c. 164-177. DOI:
10.33815/2313-4763.2024.2.29.164-177. (Buecok aBTOpa: no0y10Ba
MaTEeMaTUYHUX MOJIEIICH )

5. Abramov G.S., Plotnikov V.I. Mathematical modeling of the processes of
increasing the reliability of the navigation complex through redundancy. Boonuii
mpancnopm.  30ipHux  Haykoeux — npayv  Jlepoicaenoco  YHigepcumemy
ingppacmpykmypu ma mexnonoeiu, 2024, Ne 3 (41), c. 147-158. DOI:
10.33298/2226-8553.2024.3.41.17. (BHecok aBTOpa: CTaTHCTHYHA OOpOOKa

pe3yabTaTiB 0OUUCIICHHS)



11

Te3u oonosioeli:
1. [TnotHikoB B.I., Makapuyk JI.B. ba3oBi acrekTu cTiiKOCTI HaBIramiiHoOro

KOMIUIEKCY Cy4aCHOTO MOPChKOro cyaHa. [IpobieMu ctanoro po3BUTKY MOPCHKOI
rany3i (PSDMI-2021): Matrepiamu [ MixHapoaHoi HAyKOBO-TIPAKTHYHOT
koHpepenIii, M. XepcoH, 3-5 mucromana 2021 p., ¢. 133-136. (BHecok aBTopa:
OIKC OCHOBHUX MapaMeTPiB HAaJIHHOCTI HABITAI[IITHOTO KOMILIEKCY)

2. Plotnikov V.1., Abramov G.S., Makarchuk D.V. Analysis of the stability
of marine navigation complex systems from the point of view of the QS. Modern
information and innovation technologies in transport (MINTT-2023): Materials of
the 15th international scientific and practical conference, Kherson, May 24-25,
2023, pp. 244-249. (Buecok aBTOpa: 00poOKa pe3ynbTaTiB 00UUCICHHS)

3. Abramov G.S., Plotnikov V.I., Zinoviev V.l. Analysis of the reliability of
the navigation complex and its influence on the functioning of the maritime
logistics system. “Transport, port, logistics, security: modern-day challenges and
development prospects”: Materials of the 1st International Scientific and Practical
Conference, Kherson, September 28, 2023, pp. 16-29. (BHecok aBTopa: aHami3
HAJ1MHOCTI (PYHKI[IOHYBaHHS HaBIrallliTHOrO KOMILIEKCY)

4. Plotnikov  V.I. Implementation of e-navigation concept. Modern
information and innovation technologies in transport (MINTT-2024): Materials of
the 16th international scientific and practical conference, Odesa, May 29-31, 2024,
pp. 149-152. (Buecok aBTOpa: aHali3 Cy4yaCHHUX TEXHOJIOT1M 3ampoBaKEHHS e-
HaBirarii)

5. Plotnikov V.I. Use of bayesian data analysis to monitor the condition of
navigation devices. Problems of sustainable development of the maritime industry
(PSDMI-2024): Materials of the 4th International Scientific and Practical
Conference, Odesa, November 28-29, 2024, pp. 39-41. (Buecok aBTopa: ommc

3aCTOCYyBaHHS 0al€CiBCHKOTO aHAII3y JTAHUX )



PO3/I1JT 1. OCHOBHI BUMOTI'M 1O ®YHKIIOHAJIBHOT CTIMKOCTI
HABITALIMHOI'O KOMIUIEKCY MOPCBKOI'O CYJIHA..................
1.1. CTpykTypa HaBiramiifHOro KOMIUIEKCY MOPCHKOTO CYHA. ...............
1.2. ®ysKIIOHATBHA CTIMKICTh HABITAIIHHOTO KOMIUIEKCY MOPCHKOTO
cyaHa (HaaIAHICTh, IMOBIPHICTh BIMOBHU, HAMpaIlOBaHHSA /O BiJIMOBH,

IMOBIPHICTb 0€3B1IMOBHOI1 pobotu 3a TaHUN yac,

1.3. OcHoBHI 3a7a4i 1 NPUHIMNN TOOYJOBU HABITaI[iiHOTO KOMILIEKCY
190 TR N W O I 03 1 1< - H
1.4. MarematuuHi Mojeii (QyHKIIOHYBaHHS HaBITallIfHOTO KOMILIEKCY
Y0 TR ) W O I 0} 1 1= - F
337 (05 00):3:97 891 (30 101031 111 ) 2N
PO3JIIJT 2. MOJEJI TIPOLIECIB 1 CHCTEM HABITAIIITHOI'O
KOMIUIEKCY MOPCBKOT'O CYJTHA . ...,
2.1. ImiTariigne MOIETIOBAHHS HABITAIIHHUX CHCTEM. . .. 'eeeeeeaeeennnnnss
2.2. TloOynoBa Mojienei HaBiralifHUX CUCTEM 3a JaHUMU €KCIIEPUMEHTIB
(KopesLiitHO-perpeciiHuil  aHami3, MoOyAOBa pErpeciiHuX MoJeNe,
LY (o) o X 1Y I 1011 0 )
1337 (012 00):3:97 801 (30 | B 010 1c 31 1 1 2 P
PO3 LI 3. EKCITEPUMEHTAJIBHE JOCJIJIPKEHH A
®YHKIIOHYBAHHSI HABITAILIIMHUX CUCTEM MOPCBLKOI'O

3.1. BuszHaueHHsI mapameTpiB BUOIPKOBOTO KOHTPOJIKO JUJISI BUSIBJIICHHS
CTaHy €JIEMEHTIB HaBiramiiHuUX cucreM (peryiaMeHT BHUOIPKOBOTO
100201 10110 T
3.2. BuszHaueHHS HEOOXIMHOCTI 1 CTymeHs ayOJtOBaHHS sl HAHO1IbII

BPA3JIMBUX €JIEMEHTIB HABITAITIMHIX CHCTEM ... e eurtnvenaneennnenaeeennnannes

12

21
26

38

44

o1
55

S

57

/8
84

86

86



BucHOBKH 710 ITI POBAITY . ..o e 117
PO31JT 4. JOCJIJKEHHSA HABIFAL[IVIHOFO KOMIUIEKCY JSK
CUCTEMU MACOBOI'O OBCJIYTTOBYBAHHA (CMO).......cccvvnnn.. .. 120

4.1. MaTeMaThu4yHe MOJIEIIOBAaHHS HAaBITallfHOTO KOMILIEKCY Ha OCHOBI
TEOPIT CMO ... e e e e 120
4.2. Bu3HaueHHA 4YMCIOBHX XapaKTEPUCTUK JJI CHCTEM HaBIramiifHOro
KoMmIuiekcy cyaHa sk cucteM CMO (1HTEeHCHMBHOCTI TMOTOKIB 3asiBOK,
OOCITYTOBYBAHHST, TOTIIO ).+« v e uveeneeenaeeneeeneeenneenneenneeeneeaneeanneenneenes 121
4.3. Bu3HaueHHs BIANOBIIHUX XapakTepuCTUK edekTuBHOCTI CMO

(abcomoTHA 1 BIJHOCHA MPOIYCKHA 37aTHICTh, IMOBIPHICTH BiJAMOBH,

JOBKMHA YEPTH, YAC OOCTYTOBYBAHHS, TOIIO ). ..\ s uvveneenneenneenneennnenns 125
BucHOBKH 710 IV POBIIITY. ...t 130
OCHOBHI BUCHOBKHU TA HAYKOBI PE3VIJIbTATH....................... 131
CIIMCOK BUKOPUCTAHUX JIKEPEJL. ..o 134

TOTIATKIL. ..o, 150
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BNWAS — Cuctema TpuBOru HaBiraumiifHoi BaXTH Ha MICTKY;
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DGPS - Tudepenmianpua cuctema ri100aibHOTO MO3UIIIOHYBaHHS,
DTMC - Jlanitor MapkoBa 3 TUCKPETHUM 4acoM;
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FD — BusiBneHHsI HECITPaBHOCTEH;
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MTTR — Cepenniii yac HampairOBaHHS IO PEMOHTY;

M/M/1 — OaHocepBepHa MOJIeIb MACOBOT'O OOCITyTOBYBaHHS;
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Q — BigHocHa mporryckHa 31aTHICTB,

Q. — CepenHs BiJHOCHA MPOITYCKHA 3/1aTHICTH,
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BCTYII

Jlnst  3abesmeueHHs Oe3MEKW MOpEIUTaBaHHS CyYacHI MOPCHKI  CyaHa
OCHAIllEeHI  UUIMM  PSAJIOM  HaBIraliiHUX  TpWIaAiB,  IHTETPOBAHUX Y
0araTOKOMIIOHEHTHY CHCTEMY, I[0 Ma€ Ha3By HaBiramiiiHuii komriekc. Ilix yac
IUTABaHHS 3aBXKJIU ICHYE BIPOTIAHICTH BIIMOBH OJHOTrO a0o Ouiblie MpHIajIiB
CUCTeMM TijJ JI€l0 30BHIMIHIX a00 BHYTpPINIHIX YWHHUKIB. ICHyroul Ha
CHOTOJIHIIIHIN JIeHb QJITOPUTMHU J1arHOCTYBaHHS HEIOCTaTHbO 3aJ0BOJIBHSIOTH
NOTpeOur BUSABJICHHS HECIPABHOCTEN Ta TOMHJIKOBOTO (DYHKI[IOHYBaHHSI.

AKTyaJbHicTh podoTtu. Y 2014 pomi MixHapoaHa MOpChKa opraHizarlis
(IMO) mnpwuitasina CrpaTeriyHuil IJIaH BIOPOBA/DKEHHS E€JIEKTPOHHOI HaBirarii
(SIP). Ile#t mnaH cripsMOBaHUN Ha OIIHKY BILUIMBY 3aC001B €JIEKTPOHHOI HaBirarmii
Ha 3MCHILIEHHS HaBIralifHUX aBapii, TaKUX AK 31TKHEHHS CYyJEeH 1 MOocajKa Ha
MIJIUHY, SIK 116 BU3HaU€HO M1KHApOJHOI KOHBEHIIIEIO 3 OXOPOHU XKUTTS Ha MOpI1
(SOLAS). OuikyBaHMM pe3yJIbTaTOM € CYTTEBE 3MCHIICHHS TaKMX HEIIaCHUX
BUIIAJKIB, 110 MPOTHO3YETHCS MPUONM3HO Ha 65 BiACOTKIB. BinmoBiganbHiCTh 3a
Oe3MeKy CyIHOIUIaBCTBA Ta €(hEeKTUBHUN PyX CYJIEH JISKUTh Ha AeprKaBax-dJIeHax
IMO sk Ha MI>KHaApOJHOMY, TaK 1 Ha HalloHaJbHOMY piBHAX. 100 3ampoBaauTu
HOBI KOHIIEIII1 Ta 1HHOBAIIIi{HI CHCTEMH B PyX CY/EH, BaXKJIMBO PETEIbHO OL[IHUTU
iXHIM MOTEHIIIWHUM BIUIMB Ha CyJHA, 110 BiAMOBiAat0Th BuMoram SOLAS 1 Ha Ti,
10 He BignosigaoTh Bumoram SOLAS, 3a0e3neunBimm koMIuiekcHUM ananis. 1106
JIOCSITTH 1IbOT'0, HEOOX1HO BUBYATH Ta BUKOPUCTOBYBaTH MeTozosiorito IMO ms
BUMIPIOBaHHS BIUIMBY €JIGKTPOHHOI HaBiramii Ha Oe3NeKy CYJIHOILIaBCTBA. Y
BOMY JUCKYpPCl pO3IJISAAIOTHCS MUTAHHS, IO OXOIUIIOIOTH 1ACHTHU(]IKAII0 Ta
YCYHEHHS HeCIIpaBHOCTEH B 1H(OpMaIIifHO-BUMIPIOBAILHUX CUCTEMAaX.

3B’A30K po0OTH 3 HAYKOBHMHM NPOrpamMaMu, IVIAHAMH, TeMaMH. ABTOp
nucepTarlii OpaB 6e3mocepeIHIO y9acTh y BUKOHAHHI TEMU SK BUKOHaBelb, y H/[P
«Mojeni Ta METOAM TMPOTHO3YBAaHHsS JIOBTOBIYHOCTI OOJajHaHHS 3aco0iB
pPIYKOBOTO Ta MOPCHKOTO TPAHCIOPTY B YMOBax eKCIUTyaTarlii 3a TEXHIYHUM

ctanom» Ne J[P (PK) 0120U104335.
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Mera i 3aBaaHHsi AociHigkeHHsA. Mema pob6omu — TnONEpPEIKEHHS
BUHUKHEHHSI aBapiiiHUX CHUTyalllil MOpPCHKUX CYyJE€H 3a PaxyHOK I1JBUILIEHHS
(GYHKIIIOHATBHOI CTIMKOCTI HABITallIMHOTO KOMIUIEKCY B Pe3yJbTaTl 3MEHILEHHS
BIPOT1THOCTI BIJIMOB OTO KOMITOHEHTIB.

3aBaaHHsl, SKi 3aIIAHOBAHO BUPIMIUTH JJI JOCSITHEHHS METH POOOTH:

1. BusHauuT  OCHOBHI  BUMOTH 10  (DYHKI[IOHAJIBHOI  CTIHKOCTI
HaBITaI[IHHOTO KOMIUIEKCY MOPCHKOTO CYJIHA.

2. Po3poOuti Mojenb TMpoLeciB 1 CUCTEM HAaBITAIIfHOTO KOMILIEKCY
MOPCBKOTO CYJIHA.

3. IIpoBectu €KCIIEpUMEHTAJIbHE JOCITIJIKEHHS (GyHKIIOHYBaHHS
HaBITaIifHUX CUCTEM MOPCHKOTO CY/THA.

4. TTpoBecTy TOCTIKEHHS HABIraliitHOTO KOMILJIEKCY SIK CUCTEMHU MaCcOBOTO
00CITyroByBaHHS.

O6’exm  Oocniddicenns.  Tpouecu  (DyHKIIOHYBaHHS  1HTEIPOBAHOTO
HaBITAI[IHHOTO KOMIUIEKCY CYy4aCHOTO MOPCHKOTO CYy/IHA.

Ilpeomem  Oocniddcenns.  (QyHKIIOHANbHA  CTIHKICTH  HaBITAI[IHHOTO
KOMITJIEKCY MOPCBHKOTO CY/THA.

Memoou Oocniosxcennsn. TeopeTudHl 1 EKCIEPUMEHTATbHI JOCITIKEHHS
ITPYHTYIOTbCSI Ha TMpoIecax eKcIulyaTallii HaBiramiiiHoro oOJagHaHHS, SKI
MPOTIKAIOTh MPU PI3HUX YMOBAxX CKJIQJHOCTI CyJHOIUIaBCTBA. J[OCHimKEeHHS, SKI
MOB’s13aH1 3 BUPINICHHSIM 3aBJaHb OI[IHKA HAJIMHOCTI HABITAIIHHOTO KOMILIEKCY,
BUKOHYBAJIU 3 BHUKOPHCTAaHHSAM  MaTEMaTUYHOTO  MOJICIIOBAHHS,  Teopil
WMOBIPHOCTEH 1 MATEMAaTUYHOI'O aHAJI3Yy.

HaykoBa HOBH3HA 0oJiep:KAHUX pe3yJabTATiB.

1. Bnepie po3po0sieHO MareMaTUyHy MOJIeb HAJIMHOCTI HaBIraliiHOIO
KOMITJIEKCY SIK CHCTEMH MacOBOT'O OOCIYTOBYBaHHS, 3aBISKU SIKii BCTAHOBJICHO
CHIBBIJHOIIIEHHS MK CKJIAJHICTIO YMOB IUIaBaHHS Ta MOJIMBOCTSIMU CHUCTEMH,
110 JI03BOJISIE MPOBOAUTH PO3PAXYHKH HMOBIPHOCTI OOCIYrOBYBaHHS OTPUMAHOIO

3aIuUTy.
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2. Ha ocHOB1 po3po0ieHOT MOjeli OIlIHIOBaHHS HAIIHHOCTI CYJAHOBOTO
HaBITaI[iIfHOTO KOMIUIEKCY TpH IJABUIIEHIM HaBITAllliHINA CKJIAIHOCTI, sKa
BKJIIOYAE aAMpPOKCHMAIIMHI PIBHIHHS JPYroro MOPSAKY, IO IOB’SI3YIOTh
WMOBIpHICT, pO0OOYOro CTaHy HaBITAlllMHOI CHUCTEMH 3  BIJANOBIAHUMU
IHTEHCUBHOCTSMH  TIOTOKIB  BIIMOB Ta  OOCIyroByBaHHS, TOOYJIOBaHO
4OTUPHOX(AKTOPHY JIHINHY perpecito, sika Oyina Bi3yajizoBaHa B HOMOIpaMi 1 €
MPUAATHOIO JIJISl BUPIIIEHHS HU3KU MPAaKTUYHUX 3a]1ay.

3. HabyB momambmioro po3BUTKY METOJ, 3aCHOBAaHUW Ha Oali€CIBCHKOMY
MIJXOA1 IIOAO0 OIIIHKM aloCTepIOPpHUX WMOBIPHOCTEH pI3HUX TINMOTE3 MO0
HAJIAHOCTI €JIEMEHTIB TEXHIYHOI CUCTEMH, SKUW BIJPI3HAETHCA BIJl ICHYIOUMX
Bi3yali3alll€l0 po3paxyHKIB MpH MOPIBHAHHI aNOCTEPIOPHUX HMOBIPHOCTEH 3
anpiOpHUMU,SAKI ~ BIAOOpaXarOTh HU3KY 3aKOHOMIPHOCTEH, 10  JI03BOJIsIE
BUKOPHCTOBYBaTH  allOCTEPIOpHI  MMOBIPHOCTI  TiMOTE3 M  PO3PAXyHKIB
HMOBIpHOCTEM MaillOyTHIX MOAIN, TaKUX SK BIJIMOBU HaBIraliitHOTO OOJaHAHHSI,
Ha OCHOBI1 HasiBHOT 1H(opMallii Ipo HOro HaAIMHICTb.

4. Y10CKOHAJEHO MiAXIJ IIOJ0 BH3HAYEHHS CTIMKOCTI TEXHIYHUX CHCTEM,
KU BKJIIOYAE MPOBEICHHS OI[IHKU PI3HUX CXEM TyOJIIOBaHHS €IEMEHTIB CUCTEMU
1 iX MaremaTMyHe MOJIEITIOBAHHS, a TaKOX NPHUKIAA TOMIPHO TJIMOOKOTO
nyOMIOBaHHS HAaWMEHIN HAJIMHUX €JIEMEHTIB CHUCTEMH, IO 3HA4YHO (OLIbINE HIXK
y/ABIY1) TIABUIIYE HAIIMHICTh CUCTEMH B IIJIOMY, IO BIAPI3HAETHCS BiJ ICHYFOUUX
ypaxyBaHHSM BIUIMBY JHUCIEpCii 3HA4€Hb IMOBIPHOCTI 0€3BIAMOBHOI poOOTU
€JIEMEHTIB CUCTEMHM Ha 3HAYEHHS BIJHOCHOI IOMMUJIKH.

IlpakTHYHe 3HAYEeHHNA OTPUMAHHUX pe3yJbTaTiB. Ha 0CHOBI mpoBeaeHUX
eKCIIEPUMEHTAIbHUX JOCHIKEHb BU3HAUYEHI HEOOX1IHICTh 1 CTYMiHb JyOIIOBaHHS
JUIST HaWOUIbII Bpa3IMBUX €JIEMEHTIB HaBITAIIMHUX CHUCTEeM, IO 3a0e3rneuye
MiABUIIEHHS (DYHKIIIOHATBHOT CTIHKOCTI HABITAIlIMHOTO KOMILIEKCY.

JlocnmigHy mepeBipKy Ta  BOPOBAKEHHS METOAIB  MaTEMaTUYHOTO
MOJICJIIOBaHHS (DYHKIIIOHAJIBHOI CTIMKOCTI HAaBIralllfHOTO KOMIUIEKCY MOPCHKHX
CyJleH TIpOBEJACHO 3a CIUIBHOI ydYacTi 3 TOBApPUCTBOM 3 OOMEXEHOIO

BIJIMOBIJIAJIBHICTIO «XEPCOHCHKUI MOPCHKHMI CIELIali30BaHUil  TpeHaKepHUN
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HEeHTp». BnpoBamkeHHs 3a3HAYEHUX METOJIIB IMiJBUIIMIO €(EeKTUBHICTh OLIHKHU
(GYHKIIIOHATBHOT ~ CTIMKOCTI  HABITamifHOTO  KOMILJIEKCY,  ONTHMIi3yBaBIIU
MPOLIEIypU TPUUHSTTS PIlIEHb B yMOBaX HaBITAIliHOI MisSUTBHOCTI, aBapilHUX
cutyarii Ha 10% Ta BIOCKOHAJIWJIO CUCTEMY MIATOTOBKH (haxiBI[iB MOPCHKOI
ramysi, a came npoaykt «Tropical storm and heavy weather navigation» (DS-101-
35-KMSTC), momarox A. JlomaTKOBO Marepiayd JTucepTallii BIPOBAKCHO B
HaBYAJILHOMY TIpoIiecl XEpCOHCHKOI Jep)KaBHOI MOPCBHKOI akajgeMii s
3100yBaviB OCBITHBOTO CTymeHsi «Marictpy, ¢akynprery «CyTHOBOIIHHS» TpU
BUKJIAJIaHHI OCBITHBOI KOMIOHEHTH «MaremMaTH4yHa CTAaTHCTUKA Ta TEOPETUYHI
3acaii CyJHOBOMIHH», Kadeapa «CyqHOBOMIHHAY», JOAATOK b.

OcoOucTuii BHecok 37400yBaua. 3100yBay CaMOCTIHHO BUKOHYBAaB
EKCIIEPUMEHTAJIbHI JTOCTIPKEHHS, O0OUYMCIIIOBAIbHI €KCIIEPUMEHTH TIPU PO3PpOOIT
MOJIeJICi,HAKOTIMYEHHsT 1 aHami3 ampiopHoi BXigHOi 1H(opmalii, BHUKOHAaB
PO3paxyHKH CTaTUCTUYHUX JIAarHOCTUYHUX XAPAKTEPUCTHUK 3 YpaXyBaHHSIM BUMOT
JI0 TPOBEJICHHS eKcrepuMeHTy. OcoOuCTO BHKOHYBaB OOpOOKYy 1 y3arajibHEHHS
pEe3yNbTATIB  EKCIEPUMEHTAIBHUX  JOCHiMKeHb. CHIUIBHO 13 HAyKOBUMU
KepiBHUKaMHU K.(.-M.H., noi. A6pamosum I'.C. ta k.T.H., n10o1. Makapuykom [I.B.
po3pobsieH0 MaTeMaTHuHI Mojenl (DyHKIIOHYBaHHS HaBIralifHOTO KOMILIEKCY
MOPCBHKOT'O CyJTHA.

Anpobauis pe3yabTaTiB aucepranii. OOroBopeHHs pe3ysbTaTiB poOOTH
3MIACHEHO HAa HACTYNHMX HayKOBUX KoH(pepeHuiax: | MixHapoaHiii HayKoBO-
npakTuuHii kKoHpepeHii «IIpodieMu cTamoro po3BUTKY MOPCHKOI Tamy3i» (M.
Xepcon, 2021 p.), XV MixunapoHiii HayKOBO-TIpakTU4HIN KoHpepeHnii «CydacHi
iHGOopMaIliiiH1 Ta 1HHOBAIIIIIHI TeXHOJOTr1l Ha TpaHcnopTi» (M. XepcoH, 2023 p.), |
MixHapoHIi HayKOBO-TIpaKTU4YHIN KoH(epeHIli « TpaHcmopT, mopT, JIOTICTHKA,
Oe3mneKa: BUKJIMKH CYy4acHOCTI Ta MEPCIEKTUBH PO3BUTKY» (M. XepcoH, 2023 p.),
XVI MixHapoaHiii HaykoBo-nipakTu4Hiil kKoHpepenuii «CyyacHi iHpopmMaliiiHi Ta
1HHOBAIlIHI TexHoJjorii Ha TpaHcnopTi» (M. Oneca, 2024 p.), IV MuibkuHapoauHii
HAyKOBO-TIpakTHUHIA KoH(pepeHuii «[IpobmemMu cTamoro po3BUTKY MOPCHKOI

rany3i» (M. Oxeca, 2024 p.).
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Ilyo6aikanii. OcHOBHI pe3yibTaTh AWCEPTAIliiHOI pPOOOTH BHCBITICHI B
10 naykoBux mpaisix: 5 crarei y (paxoBux BUAAHHAX, 5 MaTepianiB KOHGEpEHIIIH.

Ctpykrypa Ta odcar aucepramii. J(ucepraiiiina po6oTta MICTUTh: BCTYII,
YOTUPH PO3/1JIU, OCHOBHI BUCHOBKH, BUKOPHUCTaHY JiTepaTypy, noaaTku. Pobora
BUKJIaZieHa Ha 123 cTopiHKax MAaIIMHOMUCHOTO TEKCTY, MICTUTh 29 pPHUCYHKIB,
6 Tabmump, 111 miTeparypHux mkepen, 3 J0MaTKH. 3aradbHUN OOCAT aucepTarlii

ckiaae 153 cTopiHKH.
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PO31TI 1
OCHOBHI BUMOT'M 10 ®YHKIIOHAJIBHOI CTIMKOCTI
HABITAIIHHOI'O KOMILJIEKCY MOPCBKOT'O CYJHA

VY nepioxn 3 2011 mo 2018 pik Ha ¢uoTax AepxaB-uieHIB €BPONEHCHKOTO
Coro3y ab6o B mMopchkux aaminicTpaTuBHUX Bojax €C cramocs 23073 MOpChKUX
aBapiii Ta 1HIMJICHTIB, WJEThCS y 3BiTax €BPONEHCHKOr0 areHTCTBa 3 MOPCHKO1
Oe3neku. Y 3B'SI3Ky 3 1L1€I0 BEIUKOIO KIIBKICTIO 1HOUACHTIB 699 oci0 3arunynmu,
7694 ocobu otpumanu mnopaHeHHs, 230 cyaeH OyiaM MOBHICTIO 3HUIIEHI, 1
Bi10y/oCs moHaA 566 BuUManKiB 3a0pyaHeHHS okeaHy. OTxe, OCTaHHIM YacoM
MOPCHKI aBapii Ta IHIUJEHTH CIPUYUHWIN BEJIWKI €KOHOMIYHI Ta €KOJOT14HI
Haciaku. CTBepKyBaJloCs, 110 MOPCBHKI KaTacTpou MOXYTh MaTH TpUBAIUN
BIUIMB HAa €KOCHUCTEMY Ta HaBKOJMIIHE cepenoBHIle perioHy. Och YoMy OpraHu
BJIAJAM Ta MDKHAPOAHI O0’€HAHHS TOYMHAIOTH PETEIHHO aHalli3yBaTH OCHOBHI
NPUYMHA MOPCHKUX aBapidl Ta IHIUACHTIB, a MOTIM OL[IHIOBATH iX, 100 KepyBaTH
HaCHiAKaMM Ta IMyKaTH MUIXW 1X MiHiMizamii. JlocmigHunbkui mpoekt [1]
MOETHYE OMUCOBUIN OTJISI/ BIATIOBIIHUX CTAaTeH 13 010J10TEUHUMH JOCIIKECHHIMU
HIOPIYHUX 3BITIB €BponeichKoi IHPOopMaliifHOI MIaTGOpMu MOPCHKUX aBapii AJis
aHami3y JaHux 1 ePeKTUBHUX (HaKTOpPIB MOPCHKUX aBapiil. [loTiM MpoOmOHyeETHCS
MOJIITUKA Ta CTpaTeris JIJIsi 3MEHILICHHS aBapiil Ta IHIMACHTIB, OB’ I3aHUX 13 [IUMU
dakTopamu.

3aBAsSKM  KpamoMy  TEXHIYHOMY  OOCIyroByBaHHIO,  CTaHJIapTaMm
MPOCKTYBaHHS, HABYAHHIO Ta MOHITOPUHTY MOPCBHKHUH CEKTOp MOKE 3MEHIIUTH
BIUTMB aBapidl 1 MIJBUINMTH piBEHb Oe3meku Ha Mopi. Posmmpeni mpoToxonu
TEXHIYHOTO OOCIIyTOBYBaHHsI, IMOKpPAIEHI CTaHIAPTH MPOEKTYBAaHHS, HABYAHHS
EKIMa)Ky HOBUM TEXHOJIOTISIM 1 MOCTIHHUN MOHITOPUHT CHUCTEM € BAKJIUBUMM JJIS
YHUKHEHHSI aBapiil, CHPUYMHEHUX TEXHIYHUMU TTPOOIeMamMu.

bynu 3HalimeHi 4YHCIEHHI METOMW aHali3y HaAIHHOCTI eJIEeKTPOHHUX
HaBIFalIMHUX CHUCTEM, 3 OCHOBHUM aKIIEHTOM Ha OLIHKY XapaKTEePUCTHK

HAJIAHOCTI SK CHCTEeMH B IUIOMY, TaK 1 ii OKpeMHX IIJICUCTEM. Y JIesSKHX
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JOCHIDKEHHSAX I10JI0 HAJAIMHOCTI HaBIralliiHUX CHCTEM 3raaye€ThCsi BU3HAYEHHS
HAJIAHOCTI SIK CHPUMHATIMBICTH HABITAIHOTO MPHUCTPOI0 a00 KOHKPETHOI
CUCTEMH YW KOMIIOHEHTa (SKIIO0 BIH €) JO0 TOMHJIOK MPOTATOM BU3HAYEHOTO
nepiojly 4acy Ta KOHKpeTHHMX yMOB. lle Bkazye Ha HMOBIPHICTh BUKOHAHHS
KOHKPETHOTO 3aBJaHHs 0e3 Oyab-akux iHiuAeHTiB. CepeaHiil yac HampaioBaHHs
Ha BigMoBy (MTBF) € BiIMIHHUM mapameTpoMm, SIKHH BHKOPUCTOBYETHCS ISt
BU3HAUYCHHs HaJliiHOCTI. Lle TUIMOBUI MPOMIXKOK Yacy Mk MOCIIIOBHUMH 3005IMU
cucteMn ab0 KOMIOHEHTIB cucTeMH. Pasom 13 HamiiHicTIO, MiXHapoHa
acomiamis Masyaux cayx0 (IALA) [2] Takok ommcye AOCTYNHICTh, sKa
OMMCYETHCS SIK IMOBIPHICTh TOTO, IO J0MIOMOra ado JOMOMIXKHA CUCTEMa BUKOHYE
CBOIO MpH3HAYCHY (DYHKI[IIO 3a MEBHUX YMOB Yy BHUMAJKOBO BUOpaHUI MOMEHT.
[TapameTp cepennboro yacy a0 peMoHTy (MTTR) BUKOPHUCTOBYETHCS JIs OIIHKU
JIOCTYITHOCTI.

3 Touku 30py AochimpkeHHsa HanaiiHocTi cucteM DGPS, Ilnexr [3] onucas
CTPYKTYpPY HaAIHHOCTI CUCTEMHM Ta 1i KOMIIOHEHTIB 3 OTJIAIYy Ha iXHI (yHKIIII Ta
B3a€MO3B’A3KU. 3rOoJlOM KOMIIOHEHTaM 1 cucTemMaMm OyJo HaJaHO JIBa CTaHU
3aJIe’HO BiJ iXHBOT poboTu: 0 — HecnpaBHICTh, | — HOpManbHE (YHKIIIOHYBAHHS.
Kpim TOro, HagiliHICTh HaBIralmiiHOT CHUCTEMH OIIHIOETHCS  MPOTITOM
BCTAaHOBJICHOTO TEPiOAYy, BIJOMOIO SIK MMOBIPHICTh BHKMBAHHS CHUCTEMHU, Oepydu
JI0 yBaru 3ajJlaHy CTPyKTypy HajiHocTi. HagifiHicTh HaBiramiiHoi cucteMu Ta ii
rpaHWYHa HaAIWHICTH MPOTATOM IMEBHOrO Mepioay 4Yacy OyJu po3paxoBaHi Ha
OCHOBI1 €KCITOHEHITIAIbHOTO PO3MOALTY TPHUBAIOCTI CIY>KOU Ta MPOCTOTB.

Amnaniz  gocrynmHocti cucremu  AlS, pospoOinenuii  Sckinbebkum 4],
BUKOPUCTOBYEThCS JUIsl JaHIioriB  MapkoBa. Tpu pi3HI CTaHUM CHUCTEMHU
(pyHKIIOHYBaHHS, TPOMDKHUNA Ta 301i) Oynm imeHTU(]iIKOBaHI HAa OCHOBI
KoedilieHTa JOCTynmHOCTI nepenayi gaHux AlS, mo konTposoeThes. Ilicns nporo
Oyna CTBOpeHa MaTpuilsl HMOBIPHOCTEH TMEpPEeXOMiB MIXK PI3HUMH CTaHaMHU
noctynHocTi AIS. Matpuis Oyna chopMoBaHa 3 BUKOPUCTAHHSAM 1HTEHCHUBHOCTI
Mepexo/iiB CTaHiB, 1EHTU(PIKOBAHUX HUISIXOM aHalI3y CHUTHAIB 0a30BOi CTaHIIIi

AIS, sxi Oynm 3ammcadi. 3pemTor, WMOBIPHICTH NepeOyBaHHA CHCTEMH B
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KOXXHOMY poOO4YOMYy cTaHl OyJia BCTAHOBJIEHA LUISIXOM PO3IJISY MOYAaTKOBOIO Ta
CYKYITHOT'O PO3MOJILIIB MEPEXOIIB MK KOHKPETHUMHU CTaHAMH.

Or1iaka HaIIHHOCTI €JIEKTPOHHOT CUCTEMHU nepemayi 1010
CJICKTPOMArHITHUX Tepenko], sk omucano [lac 1 Pocincekwmii [5], BKiOWae Tpu
piBHI: TOBHA (DYHKI[IOHAJIBHICTh, IPIOPUTET OE3MEKU Ta HeHalexHUM 3axuct. Lle
OyJo JocArHyTO HUIAXOM audepeHtianii Mix ctaHamu. s onucy aHani3oBaHOl
cUCTeMH OyJI0 BHKOPHCTaHO cucTeMy piBHsAHb Uemmena-KomamoropoBa muisxom
BU3HAUEHHS NEPEXOJiB MDK TMEBHUMHU Oe3neyHuMH cTaHamu. llotiMm Oynu
peanizoBaHi TMOYATKOBI yYMOBH Ta BHKOPUCTAHO TeperBopeHHs Jlarumaca s
o0uuncIeHHs UMOBIPHOCTI nepedyBaHHSI CHUCTEMH B NeBHOMY cTaHl. Kpim Toro,
HMOBIpHICTh TOTO, IIO CHUCTEMa 3aJHUIIUTHCA B POOOYOMY CTaHi, BU3Hayauacs
IUISIXOM BIJICTEKEHHSI IIBUIKOCTI TMEPEMHKAHHS MK OKPEMHUMH CTaHaMH Ta
UMOBIpHOCTI nepedyBaHHs B ogHOMY cTaHi. [Iporpamu, siki OLIHIOIOTH HAIHHICT
CHUCTEM TpPAHCIOPTYBaHHS E€JEKTPOHIB, CIHMPAIOTHCA HA MEPEKOHAHHS, L0 Yac
nepexoly MDK OKPEeMHMH CTaHaMHu Oe3MeKH BIJANOBIJA€ EKCIOHEHIIAIbBHOMY
PO3MOILITY.

CrangapTu NPOJYyKTUBHOCTI HABITAIITHOIO KOMIUIEKCY MOPCBHKOTO CyJHA
MaloTh BUpIIIAJIbHE 3HA4YeHHS Ui 3a0e3neyeHHs Oe3nedHoi Ta e(eKTUBHOI
Hapiramii. [li craHmapT#  3a3BWYail  BCTAHOBIIOIOTHCS  MIKHAPOJTHUMU
opranizaitismMu, takumu sk IMO, 1 yacto BKIIOYarOTh HaI[lOHANBHI TpaBuia [6].
Ocb €K1 3 OCHOBHUX BUMOT':

1. To4HICT®b.

[To3urionyBaHHs: HaBIraliiHUM KOMIUIEKC TIOBMHEH HaJaBaTH TOYHI
MO3UIIIiHI JaHl (IMpoTa, MOBroTa Ta BHCOTA), 00 CYIHO 3aJMINATIOCS Ha
HaMIYE€HOMY KypCi.

IBUAKICT, 1 HaNpsIMOK: CHUCTEMHU T[OBHHHI TOYHO BHMIPIOBAaTH Ta
BiJIOOpaKaTH MIBUAKICTH 1 HAMPSMOK Cy/JHA, BKIIOYAIOUYN MOXKIIMBICTH BUSIBICHHS
Ta KOMIIEHC Al Apeudy.

2. Hapniiinicts [7].



24

Pe3epByBaHHS: KPUTUYHO BaXKJIMBI HaBiramiiiHi CHUCTEMHM IOBHHHI MaTu
pe3epBHI KOMIIOHEHTH a00 pe3epBHI CUCTEMH I 3a0e3rnedeHHs Oe3nepepBHOI
poOoTH B pasi 30010.

[{imicHICT, CHCTEMH: HaBITaIllifHI CUCTEMH MOBHHHI MOJABAaTH CHOBIIICHHS
abo TpUBOTH, SKIIO OyJb-fKa YaCTMHA CHCTEMU BHXOJUTH 3 Jlagy abo Hajaae
HEJOCTOBIPHI JaHi.

3. Yac Biaryky.

Jlani B peaqbHOMYy 4daci: HaBiTamiiiHi JaHlI MOBHHHI 00poOIATHCS Ta
BiloOpakaTUCd B PEXHMI peadbHOro abo Maike peajJbHOro uacy, 1100
3a0€3MeYUTH CBOEYACHE IPUIHSATTS PIllIEHb €KIMaXeM.

YacToTra OHOBJIEHHS: CHCTEMa ITOBUHHA OHOBIIOBATHCS Yepe3 JOCTaTHI
OPOMDKKM 4Yacy, 1100 MIATPUMYBAaTH TOYHY Ta aKTyallbHy HaBiramiiHy
1H(pOopMAaLiO.

4. CyMICHICTb 3 HAaBKOJIMIIIHIM cepeaoBuineM [8].

CTifikiCTh 10 TOTOJIHMX YMOB: HaBiraiiiiHe oOJiaJJHaHHsS TMOBUHHO Ha1WHO
MparoBaTi B PI3HUX YMOBaxX HABKOJMIIIHHOTO CEPEJOBUINE, BKIIOUYAOUU
eKCTpeMajbHl OTOAH1 YMOBH, KOJMBAaHHS TEMIIEPATypH Ta BUCOKY BOJIOTICTb.

BignoBimnicte EMI/EMC: cuctemun MaroTh OyTH  3axuileHl Bij
enextpomaruitHux nepemikoa (EMI) i BiamoBigatu cTaHaapTam eIeKTpOMarHiTHOT
cymicHocrti (EMC).

5. InTerpartis 3 iHmMMu cucreMamu [9].

3B'130K: HaBITallifHUI KOMIUIEKC MOBUHEH OYTH 3aTHUI 10 Oe3nepebiiHoi
iHTerpauii 3 1HIMMH OOPTOBHUMHM CHCTEMaMH, TAKUMU SIK CHCTEMH 3B'SI3KY,
KEepyBaHHS JIBUTYHOM 1 CHCTEMH aBTOMAaTH3AIlli.

CrannapTu3oBaHi iHTEppENcH: BUKOPUCTAHHS CTaHIapTU30BaHUX (POpPMATIB
JaHUX Ta 1HTEepdEHCIB I B3a€EMOII 3 THITUMH MOPCHKUMH CHCTEMaMH, TaKUMH
sk AIS (cuctema aBTomaTnuHoi 1neHTU(iIKaIii) Ta ECDIS (cuctema BimoOpaxxeHHs
€JIEKTPOHHUX KapT Ta 1HpopMallii).

6. InTepdetic kopuctyBaua Ta 3pyuHicTh Bukopuctanss [10].
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[IpocToTa BUKOPUCTaHHS: CUCTEMAa MOBMHHA MaTH IHTYITUBHO 3pPO3yMUIHMA
iHTepdeiic KopucTyBaya, SKUW J03BOJIAE CYTHOBOJIISAM JIETKO PO3YMITH Ta
B3a€MOIIATH 3 HaBITAIIMHUMH JTaHUMHU.

HapuanHs Ta [gOKyMeHTallis: HEOOXIAHO HaJgaTH aJcKBaTHI HaBYaJbHI
MaTepiany Ta JOKYMEHTAIIll0, MO0 MEePEeKOHATUCA, IO EKIMaK MOXe e(PEKTUBHO
KEepyBaTH CUCTEMOIO.

7. BiamoB1IHICTh MIDKHAPOHUM CTaHAApTaM.

Crangaptu IMO: BignosigHicTe ctangaptamMm IMO mpoayKTHBHOCTI AJist
CyJIHOBOTO pajio- Ta HaBIramiiHoro oOJiaJHaHHsA, Hanpukiaa, y KoHBeHIi
SOLAS.

[IpaBuna kimacugikauiifHOTO TOBAPUCTBA: JTOTPUMAHHS KOHKPETHHX BUMOT
BIJIMOBITHUX Kiacudikariiiaux ToBapucts (Hampukiaa, ABS, Lloyd’s Register,
DNV).

8. Bumoru o0 sxuBiienns [11].

Jlxepeno JKUBJICHHS: HaBiraimiiiHa cuUcCTeMa MOBHHHA MaTH MOJJIUBICTh
MpaIoBaTi BiJ JpPKepesa JKUBICHHA CyJHA Ta MaTH BapiaHTH PE3EPBHOTO
YKUBJICHHS.

EneproedexTuBHICTh: cHUCTEMa MOBHMHHA OyTH PO3pOOJICHA TaKUM UYHUHOM,
1100 CIOKUBATH €HEPrit0 ePEeKTUBHO O€3 MIKOAM JIJIsl TPOTYKTUBHOCTI.

9. PeecTparris Ta 3anucC JaHUX.

3anuc qaHuX peicy: HaBIraliiiHUM KOMIUIEKC MOBUHEH BKJIIOYATH CHUCTEMU
JUISL peecTpalii Ta 3amnucy HaBITaliMHUX JaHUX I MalOyTHROTO aHali3y,
BIJIMOBITHOCTI Ta pO3CJIiAyBaHHs aBapiil.

10. Besneka Ta pesepByBanHs [12].

BigMoBOCTINKI MeXaHI3MH: CHCTEMa IMOBHHHA BKJIIOYATH B1JIMOBOCTIMKI
MEXaHI3MH IS IJATPUMKHA a00 IMIBUAKOIO  BIJHOBJICHHS  HAaBITaIllHHHX
MO>KJIMBOCTEH y pasi 3001B CUCTEMHU.

Acnexktu iHTepdeiicy moauHa-mamurHa (HMI): mpoekT cucteMu NmOBUHEH
BPaxOBYBAaTH JIOJCHKUI (haKTOp, MIHIMI3YIOUM PHU3UK TOMUJIKH CYJAHOBOJIS Ta

3a0e3neuyroun 0e3rneyny poooTy 3a Oyb-SKIUX YMOB.
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Ili craHmapTd npu3HayveHi sl 3a0€3MEUEeHHS HaAIMHOCTI, TOYHOCTI Ta
Oe3leKy HaBIramiHoi CHUCTEeMH CyJHa, 10 BIAMNOBia€ MOTpedaM CydaCHHUX

MOPCBHKHX OTleparfiii.

1.1. CrpykTypa HaBiraniiHoro KOMIIeKCY MOPCHLKOI0 Cy/IHA

HapiramiiiHuii KOMIUIEKC MOPCBKOIO CyJHa — L€ CKJIaJHa CHCTEMa,
npu3HaueHa uig 3abe3neueHHs 0e3nevyHoi Ta epeKTUBHOI eKCIUTyaTalii cyiHa. Bin
00’elHy€e Pi3HI KOMIIOHEHTH Ta TEXHOJIOT1i, KOKHA 3 SIKUX BIJIrpa€ BUPILIATIbHY
poJIb y HaBiraiiii, 38’s13ky Ta KoHTpoJi [13]. Ock orsi Horo CTpyKTypH:

1. MicTok.

Po3ramryBaHHsA: MICTOK € LEHTPOM KEpyBaHHS CYJHOM, 3a3BHYai
pO3TalllOBaHUN Ha caMii BEpXHIM MmayryOl, 3BIAKU BIAKPUBAETHCS YITKUM OTJISIA
HABKOJIMIIIHBOTO CEPEOBUIIIA.

OyHKIA: HA MICTKY IEHTpalIi30BaHO HABITAIlliHI Ta KOHTPOJbHI CHUCTEMU
CyaHa. Y HBOMY pO3TalllOBaHI OCHOBHI €JIEMEHTH KEpyBaHHsS JUIsl PYIbOBOIO
KepyBaHHsI, KEpyBaHHs IBUTYHOM, 3B 53Ky Ta HaBiraiii.

2. Hagiraniiiui npuagu [14].

Panap: BusBisiec 00’€KTH Ta 1HIN CyJHA HABKOJIO CYy/IHA, HEOOXITHUU IS
YHUKHEHHS 31ITKHEHb, 0COOJIMBO B yMOBaX MOTaHOi BUJAUMOCTI.

GPS (cucrema rio0anbHOrO TMO3MIIIOHYBAHHS): HaJa€ TOYHI JaHl PO
MICIE€3HaXO/KEHHSI, J0TIOMaraiouy BUSHAYUTH KypC CyIHa.

['ipokoMmac: BU3Haya€e Kypc CyJHa BIJTHOCHO ICTHHHOI MIBHOYI, HE3AJIEKHO
B1JI 30BHIIIHIX BIUIMBIB, TAKUX SIK MartiTHE MOJE.

MarHiTHUl KoOMIac: pe3epBHE yOJIIOBaHHS TiIpOKOMIIaca, BIH BKa3ye
HaIpPsIMOK HAa OCHOB1 MarHiTHOTO MOJISI 3eMJIl.

ABTOIIJIOT: cHUCTEMa, sIKa MIATPUMYE KopaOenb Ha 3aJaHoMy Kypci 0e3
PYYHOTO KEpyBaHHSI.

Exonotr: BuMipioe TauMOMHY BOAM TiJ CYJHOM, IO Ma€ BHpIIIAIbHE

3HAYEHHS /111 YHUKHEHHS I11/IBOJTHUX HEOe3IEeK.
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Jlar: BuUMIpIOE MIBUAKICTh CyAHA BIJHOCHO BOJW (BIAHOCHHWU jar) abo
BIJIHOCHO IPYHTY (a0COJIIOTHHMI JIar).

3. Cucrtemu 3B's13Ky.

YKX-panio: BUKOPUCTOBYEThCS JIJIs 3B'SI3KY Ha KOPOTKIM BIJICTaH1 3 1HIITUMU
CyJIHaMH, TIOPTaMH Ta OEPETOBUMH CTAHITISIMHU.

Panio ITY/KX: BUKOPUCTOBYETHCS JIJIs 3B'A3KY Ha Jajeki BIJCTaHi, 0COOIUBO
BXKJIMBO IT1]1 Yyac rnepedyBaHHs mo3a aiamnazoHom YKX.

CynyTHUKOBI CUCTEMH 3B'S3KY: HAaJalOTh MOXJIMBOCTI INI00ATBHOTO 3B'SI3KY,
BKJIIOUYAIOUM [HTEpHET 1 CITy:KO0u nepeaadl JaHuX.

AIS (cucrema aBTOMaTWyHOi 1AeHTH(]IKALI]): Tepenae MOJIOKEHHS,
HIBUJKICTH 1 KypC CyJHa IHIIUM CYJHaM 1 IPUOEPEKHUM OpraHaMm.

4. Cucrema BioOpaXKeHHS €JICKTPOHHUX KapT Ta iHpopmaiii (ECDIS) [15].

OyHKILIS: pO3UIMPEHUN HaBITalllfHUIA 1HCTPYMEHT, SKUH BigoOpaxkae
CJICKTPOHHI MOPCBHKI KapTu, 00’€HYIOUM JaHi 3 PI3HUX JATYUKIB (HANPHUKIIAI,
GPS 1 panmap), mo6 3a0e3reyuTd TMOBHE YSBICHHS MPO OTOYEHHS CyJHA Ta
3aIlJIAHOBAaHUM MapUIpyT.

[lepeBaru: ECDIS mnokpamye curyauiiny OOI3HAHICTh, JO3BOJISIE
ABTOMATUYHO TIUIAHYBAaTH MapuIpyT 1 3MEHIIY€E 3aJCKHICTh BiJl TPATUIIHHUX
nanepoBuX Kapr.

5. InterpoBana Hagirariiiiina cuctema (INS).

OyHKIiA: 1 cucTeMa o0 ’€AHye JaHl 3 PI3HUX HaBITalIMHUX MPUIIAJIIB
(trakux sk panmap, GPS, ripokommac Tomo) B enunuid iHTepdeiic. Lle no3posie
[EHTPaJIi30BaHO KOHTPOJIFOBATU HABITAIlIIO CYyJIHA.

KomnonenTu: yacro Bkirodae madi pamapa, ECDIS, AIS, aBrominora Ta
1HIINX JaTYHUKIB.

6. PynpoBuit MexaHi3M 1 €JIEMEHTH KepyBaHHS JBUTYHOM.

PynboBuii MexaHi3M: MeXaHI3MH, K1 KEPYIOTh KEPMOM, IO TO3BOJIIE CYAHY
TIOBEpPTaTH.

EneMeHTH KepyBaHHS JBUTYHOM: CUCTEMH, SIKI KEPYIOTh PYLIIHHOIO CHIIOIO

CyJlHa, BKJIFOYAIOYH 3aITyCK/3yNMHKY JIBUTYHA Ta KEPYBAHHS 33 JHIM XOJIOM.
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7. Cuctemu O€3IeKH Ta MOHITOPHUHTY.

CucrteMa TpuBOrM HaBiramiitHoi Baxtu Ha MicTKy (BNWAS): rapantye, 1o
BaxTOBUH 0Qillep 3HAXOJAUTHCS HANIOTOTOBI Ta MOMEPEKAE THIIHNX, KO odirep
cTa€ Heale3aTHUM.

CucreMu BUSBIEHHS BOTHIO Ta JUMY: BIJCTEXKYIOTh HAsBHICTh BOTHIO YU
UMY Ha MICTKY.

Cucrema  BimeocnoctepeskenHs (CCTV):  BHUKOPHUCTOBYETBCS IS
MOHITOPUHTY KPUTUYHHUX 30H CyJHA 3 MICTKY.

8. CucTeMu pe3epBHOTO KOIIOBaHHS Ta PE3ePBYBaHHS.

Pyune kepyBaHHS: pe3epBHa KOIlig aBTONUIOTA, IO JIO3BOJSIE BPYUYHY
KepYyBaTH HANPSIMKOM CYy/IHA.

[Taneposi kaptu: xoua ECDIS BUKOpHUCTOBYETHCS BCE YaCTIIIE, CYIHA YaCTO
MaloTh MManepoBi KapTH K PEe3EPBHY KOIIIIO.

BtopunHi cuctemMu 3B'S3Ky: y pa3i BIIMOBHU IMEPBUHHUX CHUCTEM 3B'S3KY,
JIOCTYITHI BTOPUHHI CUCTEMU (HampukiIa, (hakenu, aBapiiiHi Masiku).

9. JlaTuynky HABKOJMIIHBOTO CEPEIOBHUIIIA.

AHeMOoMeTp: BUMIPIOE HIBUIKICTD 1 HAMPSIMOK BITPY.

bapomerp: Bumipioe aTMocpepHH THUCK, BHUKOPHCTOBYETHCS IS
IIPOrHO3YBaHHS 3MiH MTOTO/IH.

JlaTuuky TemMmnepaTypu: KOHTPOJIOE TEMIIEPATypy MOPS Ta MOBITPSL.

10. Cucremu 3anucy aanux [16].

Peectpatop peiicoBux ganux (VDR): momibHo 10 "4OopHOI CKpUHBKH" B
JITaKy, BiH 3alKCy€e HaBIraliiHI J1aHl, TOJOCOBHM 3B'A30K Ha MICTKY Ta I1HIIY
BaXJIMBY 1HGopMarliro. Lle BaximBo 17151 po3ciiyBaHHS HENACHUX BUMAKIB.

11. JlonaTKoB1 CUCTEMH.

GMDSS (I'mo6anbHa MOpChKa CHUCTEMa TMOIMEPEIKEHHs Tuxa Ta 0e3meKH):
rapaHTye, 10 Cy/JIHO MOK€ HaJCWJIaTU CUTHAJM JMXa Ta MIATPUMYBATH 3B'A30K 3
PATYBAJIILHUMU CITY>)kKOaMy B HAI3BUYAMHUX CUTYyAIlisX.

HagiraniiiHi BOTHI Ta CUTHAJIM: TapaHTye, M0 CyJHO BUIHO IHIIUM 1 MOXeE

MOBIJJOMJISITH PO CBiM CTaTyC 3a IONOMOTOIO CBITJIOBUX 1 3BYKOBUX CUTHAJIIB.
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HapiramiifHuii KOMIUIEKC MOPCBKOTO CyJHa € BHCOKOIHTETPOBAHOIO
CHUCTEMOIO, SIKa MOEIHYE TEPEAOBl TEXHOJIOTII 3 TPATULIMHUMU METOJaMH JIJIst
3a0e3neyeHHs Oe3nevyHoi Ta edekTuBHOT Hapiramii. [lnsg pobGotu 3 ummu
CHUCTeMaMU Ta IHTEepHpeTallii JaHuX MoTpioeH KBaji(pikoBaHUH eKinax, 10 pOOUTh
€ OJTHUM 13 HalBaXKJIUBILINX aCMEKTIB MOPCHKHUX ONEpalliil.

Hagiramiithnit komruiekc (HK) Bu3HadaeThCsi SK CyKYyNHICTh CYIHOBHX
BUMIPIOBAJIBHUX MPUIAAIB 1 OOUYHCIIIOBAIBHOI TEXHIKH, SIKa J103BOJIIE€ BU3HAYATU
MOJIOKEHHS 1 MBUAKICTh CyAHA BimHOCHO 3emuti. JKoneH 13 HasSBHUX Ha JTaHUU
MOMEHT HAaBITAIlIHHUX BUMIPIOBAYiB HE MOXE IIJIKOM BHUPIMHUTH Il 3ajaadi,
OCKUIBKM  KOXKHOMY  OKpeMO  He  BHCTaya€  HEOOXIJHOi  TOYHOCTI,
NEPEIIKOAOCTIHKOCTI YU HaIIHHOCTI.

3aBmanns, ski Bupinrye HK, pisaomaniTHi. OgHUM 13 KITFOYOBUX ACIEKTIB €
BUMIPIOBaHHS MPOWJICHOI BIJCTaHI, IO TapaHTy€ IOCTIMHY OIIHKY KOOpJWHAT
00’ekta. OCHOBHUM HEAOJIKOM PO3PaXyHKOBHUX CHCTEM € 3HUKEHHS TOYHOCTI
BU3HAYCHHSI KOOPJWHAT 13 301IbIIEHHAM 4acy poOoTu. OTxe, s JOCSITHEHHS
HEOOX1THOT TOYHOCTI OOYMCIICHI KOOpJWHATH HEOOXIMHO TOCHII0BHO abo
NepioIMYHO  KOPUTYBATH 3a JIAHWUMH, OTPUMAaHUMHU 3  PaJiOTEXHIYHHX
BUMIPIOBa4iB, TOOTO MPOBOAUTH PETEIBHY OOPOOKY TaHUX.

VY HaBiramiiHux cucTeMax 13 BHUIIMM pIBHEM IHTerpaiii oO0jaJHaHHS
BUKOPUCTOBYETHCSI 3BOPOTHUM 3B’S30K. 3aBJSKM IIUM 3B'S3KaM TapaHTYEThCA
HaWBUIIMK piBEHb HaJIWHOCTI. BpaxoByrwoum, 110 CHCTEMH BCEpeIuHI
HABITaI[IfHOTO KOMILJIEKCY BCTAHOBIIOIOTH HaBITalliliHI MapamMeTpu y CBOId
KOHKPETHIM CHUCTeM1 KOOpAMHAT, aJrOPUTMU HABITallIMHOTO OOYHCIIOBAIBHOTO
IPUCTPOI0 MAIOTh MPOLEAYPY NEPETBOPEHHS IaHUX 13 LIUX CUCTEM Y OCHOBHY
CUCTEMY KOOPAUHAT, € OOUYUCIIOETHCS TPONICHUN NUISIX.

Kpim Toro, HK MicTuTh aBTOMaTH30BaHy CHCTEMY KEepyBaHHS CYJHOM 1
HaJalTyBaHHS ISl 1HAWKAIli Ta BiIOOpakeHHs HaBiramiiaux manux. HK
OpU3HAUYCHUN [Isl HaBIramii Ta yNpaBIiHHSA CyJHOM Ha BCIX eTamax peicy.

3aBnanns, skl BukoHye HK, okpiM MOCHIIOBHOrO BH3HAUYECHHS  MICIls
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po3TalryBaHHS CyJIHA, PO3paXxyHKy Ta KOPHUTYBaHHS HOTo NUISAXY, MOJSATAIOTh Y
nporpaMyBaHHI MapHIpyTy IUIaBaHHS, mojadi iHdopmallli BiJ CUCTEM 1HJIUKAIIIT,
aBTOMAaTUYHOMY KOHTPOJI1 3a cTaHOM IpuiafaiB 1 cucteM HK.

Ha pucyHKy HIX4Ye MOKa3aHO CTPYKTYpHY CXE€MYy THIIOBOI 1HTErpOBAaHOl
HaBITaI[IiHOT CHCTEMHM, MPU3HAYEHOI JIsl aBTOMAaTH3allli HaBiraiii Ta 3amnooiraHHs
3ITKHEHHSIM. Bu3HaueHHA LUISIXYy B JaHOMY KOMIUIEKCl 3/IHCHIOEThCS 3a
iHopMmalriero Bij jara Ta ripokommaca. ['moOanbHa HaBiraiiiiHa CymyTHHKOBA
cucrema (GNSS), taka sk "GPS", ciyXuThb CHCTEMOIO KOpEKIii KOOpAMHAT

pO3TallyBaHHs, IPUUIOMY IITYpMaH BUKOHYE PyUHI KOPEKIIIi.

PJIC 'HCC Jlar I'ipokommac
A 4 A J
Kepyroui
PymeoBa |  curmamm HK )
:_ MaIllHHA
I Ll
[z
I aTIHK
| Curaamm
— KyTa N
3BOPOTHOTO
IIOBOPOTY 3BTIKY
CHcTeMa
"l IEgHKamii

Pucynok 1.1 — CTpykTypHYy cxema IHTerpOBaHO1 HaBIraliiHOT CHCTEMU Cy4acHOTO
MOPCBKOTO CyJIHa

Hagiramiina cucrema cyjaHa BHKOPUCTOBYE BIAMOBIIHI aJITOPUTMHU IS
MEPETBOPECHHS KOOpAWHAT 1 e(heKTUBHOI OOpOOKHM JaHWX BiJ YCIX HaBiramiiHUX

I[aT‘II/IKiB, a TaKOX BI/Ip06J'I}I€ BA)KJIMBl CUTHAJIN 1 CUCTEM aBTOMATHYHOI'O

KepyBaHHS pPYyXOM CyJHa Ta CHCTEMH, sSKa BKazye Ta BigoOpaka€ yMOBH B
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HaBiramiiHii 30H1. PamionokariiiHe 300paxkeHHs, oTpumane Ha PJIC cynHa,
aHaAJIOT1YHO BBOJMTHCS B cHCTeMY iHauKari [17].

Hagiramiitna cucrema cyaHa — 1€ 0araTOKOMIOHEHTHUW €JNEeKTPOHHUN
KOMITJIEKC BOJHOTO TPAHCIOPTY, MPHU3HAYCHUHN /I BU3HAYCHHS ONTUMAIBHOTO
MapuIpyTy pyxy. 3a TOUHICTh OOYMCIIEHb 1 BUKOHAHHS HaBITal[iiHUX PO3PaXyHKIB
BIJINTOBI/Ia€ HaBIraI(iiHa CUCTEMa Cy/IHa, SKa BKIIOYAE:

- CynHoBI TexHI4HI 3aco0M HaBiraIii,
- CynHoBe ycTaTKyBaHHS JUIsl 3aBJlaHb YIPABIIHHSI MaHEBPaMU CYJIHA.

BuainsroTs HACTYIIHI MiICUCTEMH:

- CynHOBI HaBiraiiHi CHCTEMH,

- T'ipockoriuHi CyJTHOBI HaBITaIlIiHI TPUIAJIH;

- CynHOBI HaBiTalIHI MPUTIAIN I BU3HAYCHHS KOOPJUHAT CYy/THA;
- CynHoBi naru;

- MarsiTHi CyHOBI KOMIAcH;

- CynaHoBI HaBiramitHi IHCTpyMEHTH.

CynHoBa Hagiramiiaa iHpopmariitaa cuctema (HIC) — me npuctpiid, sikuit
30upae, 30epirae Ta o0OpoOIsLe AaH1, HEOOX1AH1 I COPSMYBaHHS CyJHA BiJ] MOPTY
BIANIPABIICHHSI /IO TMOPTY TMPU3HAYEHHS, a TOTIM HpelcTaBisie 00poOiIeHy
iH(opMaIlito Ha ENEeKTPOHHIN KapTi TaKuM YMHOM, 00 chpusTd Oe3reyHid Ta
e(eKTUBHIN HaBirarii.

Tepmin HIC Bxitouae pizHi xkomOiHalli 3aco0iB, sIKi CTBOPIOIOTH OOpPTOBI
iH(opMalliitHi cucTeMu, IPU3HAYCHI U1 HaBITaIlli.

HIC BUroToBIsI0THCS B pI3HUX KOHQITYpaIlisx, 0 T03BOJISIE aJanTyBaTH 1l
CUCTEMH J0 PI3HUX TUMIB CYJIEH 1 KOHKPETHUX 3aBJ/laHb, SIKI BOHU BHUPIIIYIOTb.
Icaytorp  HIC jamsa  BeNMMKUX  BaHTOKHUX  CYJEH, KPYi3HHX JIalHEpIB,
CHelialli30BaHuX CyJieH (prOaIbChKUX, T1AporpadiyHuX TOLIO0), OPEHAHUX YOBHIB,

SIXT Ta 1HIINX.
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T

Pucynoxk 1.2 — bnok-cxema HIC 3 nepudepiitHumMu npucTposMu

OcuoBauMu yactuaamu Bcix HIC e:

- amapatHi 3aco0u;

- irdopmMariiite 3ab6e3nedeHHs (J1aHi);

- mporpamHe 3a0e3MeUeHHS;

- 3aco6u B3aemozii HIC 13 onepaTopom.

Amnaparae 3a0esneuenHs HIC

CKJIaJa€TbCA

3

pesepBHOTO OJIOKy Ta mnepudepiitHoro o0JagHaHHS

rOJIOBHOI'O MOAYJIA,

(puc. 1.2).

ba3oBa
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koHpirypamis HIC Bkimroyae nuiie TOJOBHUM MOAYJdb Ta OCHOBHI JaT4YMKU
iH(}opMmarii.

['oloBHMM MOAYNb — L€ B 3arajJlbHOMY BMIIAQJAKY BCTAaHOBICHHU Y
crieniajgbHIi KOHCOJI BHUCOKOINPOAYKTUBHUN MEPCOHATBHUNA KOMM'IOTEp, IO Ma€e
KaHAIM JUTsl 3'€JHAHHS 3 HaBIralliiHUMH MPUJaaMu Ta MPUCTPOSIMU KepyBaHHS
CYJHOM.

INomoBHuit monyne HIC BcTaHOBIIOETHCS Y py/aboBii pyo1i. Bin Bkiouae
CUCTEMHHI OJIOK, MOHITOP, KEPYIOUy MaHEb.

Jlo ckiagy CHCTEeMHOro OJOKY BXOHSTh: MPOLECOp, CHIBIPOIIECOp,
orepaTHUBHA TIaM’sITh, HAKOMHWYyBad Ha >XOPCTKOMY JHCKY, IOJATKOBI OJIOKH
nam’siTi, TPUCTPOI IJIsi BBEICHHS JAaHWUX 3 THYYKHX MATHITHUX Ta ONTHYHHUX
JIMCKIB, TIOPTH BBEICHHS/BUBEJICHHS TOIIIO.

[Ipouecop ympapnsie 3HIMaHHAM 1HQOpMalii 3 JaTYMKIB, KOHTPOIIIOE
iH(opMaIIiitHl MOTOKU MK YaCTUHAMHM CHUCTEMHU, BUKOHYE OOpoOKy 1H(opmarlii,
roTy€ Ta BUJA€E JIaH1 Ha BITOOPaKEHHS Ta IPUCTPOI YIIPABIIIHHS.

HakormmuyBaui Ta J0maTKoOBI OJIOKM MaM'siTi CIyXaTh JUisl 30epiraHHs
iH(popmarlii, sika noTpidbHa 1y BukoHanus gyukiiin HIC.

Jlucrnielt ToJIOBHOTO MOAYJS CIY>KUTh JJisi BIJOOpa)KeHHS HaBiramiiHoi
KapTH, MICIS CyJHA Ha HiM, KIHEMaTHYHHX MapaMeTpiB CBOTO CyJHA, HOTO
3aIJIaHOBAHOTO NUIAXY Ta MOJAHHS 1HIIUX JaHUX.

Jlucruieit 3a3BU4ail Ma€ JBa PEKUMHU B1IOOPaKEHHS MPOIIECY CYTHOBOIIHHS:
B ICTUHHOMY Ta BiJTHOCHOMY pYCI.

B icTuHHOMY pekuMi 300paK€HHSI KapTH HEPYXOME, a YMOBHUI 3HAK CyAHa
PYXa€ThCS MO €KpaHy BIAMOBIAHO M0 MIJISXOBOTO KyTa Ta MIISXOBOI HMIBUIKOCTI
cynHa. Ilpum migxodli CHUMBOJYy CyJHA JI0 Kpar €KpaHa 300paKe€HHsI KapTu
3CYBA€THCS, OO CYAHO 3aJIUINATIOCS HAa EKPaHi.

VY BIZTHOCHOMY pPEXHMI LIEHTP CHUMBOJY CyJHAa Ha JUCIUICT HEPYXOMHH i
nepedyBae y CcepeluHl €KpaHa, a KapTa «umBe» WoMmy Hasyctpiu. [lpu
HEOOX1IHOCTI yYMOBHMH 3HAK CyJHa MoO)Ke OyTH 3MIIIEHUN 3 LEHTpy MAJs

30UIBIIEHHS! HA €KpaHl IUCTaHLIi oIy MO HOcy cynHa. Jlyig peamizauli pexxumy
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BIJIHOCHOTO PyXy KOMM'IOTEp MOBUHEH OYTH JOCUThH MOTYKHUM, 3IaTHUM LIBUKO
nepepaxyBaT Ta BijoOpa3uTH HOBI MO3UIIIT BCIX 00'€KTIB KapTh 3a Maymii (1 cex. 1
MEHIIIe) IHTepBaJI Yacy, BUOpaHUH JJis MOAAHHS PyXY.

Jlucrield Mo’ke TOKa3yBaTH OOCTAHOBKY 3 PI3HOIO OpIEHTAIIE0 KapTu,
HallyacTime «3a HOopAom» Ta «3a Kypcom». Psang HIC no3BonsioTs opieHTyBaTu
KapTy B Oyb-sIKOMY 33JJaHOMY HalpPSMKY.

Ha naneni, mo ynpagsisie, po3TaiioBaHiil MaHIIyJaATop (3a3Bu4ail Tpek0oi),
JIOTIOBHEHUH K1JTbKOMa KJ1aBinmamu. Moxe BUKOPUCTOBYBATHCH 1 KJIaBiaTypa.

PeszepBuuii 6510k HIC y moBHOMY 260 0OMexkeHOMY 00cs31 BUKOHYE (DYHKITIT
TOJIOBHOTO MOJYJSl CUCTEMH TPHU BHUXOJI OCTaHHBOTO 3 Jany. PesepBHa cuctema
3a0e3neyye MOXJIMBICTh OTpPUMaHHS Bciei HeoOxigHoi 1Hpopmaiii  Bix
HaBITaIlIMHUX JATYUKIB, PE3YJIbTATIB MOMEPEIHBOI MPOKIAJIKHU, JaHUX KOPEKTYD.

llepugpepiiina anapamypa. Hagiramiitno-indopmarriiina cucTema
BUKOPHUCTOBYE JIaHi, 110 HAAXOATh 3 PI3HUX JKEpEJl, Ta Mepeiac CBOi BiJIOMOCTI
iHImMM cucTtemMaMm Ta mpucTtposiMm. Ha puc. 1.2 HaBeneHO OJHY 3 MOMKIMBHUX
koH(pirypamiit HIC 3 nepudepiiinumu npunagamu.

Hatuuku nHairamiinoi iHpopMmauii HIC oTpumye kypc BiJl Tipokomracy,
MIBUIKICTh — Bij Jlara, TMIMOWHY — BiJl €X0J0Ta, 00CepBOBaHI KOOPJIWHATH — BiJl
npuiiMade-iHAUKATOPIB CYMyTHUKOBUX Ta OEPEroBHX pPa/iOHABITallifHUX CHUCTEM
(PHC).

Kpim 3a3HaueHnx Ha ManoHKy AaTdukiB, 70 HIC MoxyTe miakirouaTucs:
MOKa)XYMK MIBUAKOCTI TIOBOPOTY, CJIIEKTPOHHMI MAarHITHUW KOMIAac, JaT4hK
napameTpiB BITPY Ta Psijl IHILIUX TPUIIAIIB.

Onniero 3 060B's3koBux o3Hak HIC € aBroMarndHe BBEIECHHS KOOPIAWHAT
MICLS BiJl mpuiiMaya CymyTHMKOBOI HaBiraimiiiHoi cucremu GPS, mo 3abe3neuye
MO>KJIMBICTh MOHITOPHHIY TOYHOI MO3MIII Cy/lHA Ha €IEeKTPOHHUX KapTaX y BCIX
paiionax CBiToBOTO OKeaHy. Ll MoxnuBiCTh - 071Ha 3 ocHOBHUX TiepeBar HIC.

Ha 300paxenns EK moxe Hakmanatucsa ingopmauist Big PJIC, mim Biag
3aco0iB  aBTOMATHYHOI pajionokariiaoi npokiaaku (3APII) Tta GoproBoi

anmaparypu AlS, a Takox MeTeoposoriydi AaHi Ta KapTH, 0 OTPHUMYIOTHCS IO
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KaHallax CYNyTHUKOBOTO 3B's3ky. Uepe3 cymyTHukoBi kaHaiu B mnam'ste HIC
MOXYTh HAJIXOJUTH KOPEKTYpH Ta 1HIIA 1H(opmallis, Briatodarouu HOBI EK. Ha
mucriei HIC 3'sistitoThes 1 monepemkenHs, mo nepenatotbes Jiniero HABTEKC.

IaTepdeticanit moayns PJIC (IMP) npusnauenuii nis noegnanns PJIC 13
komm'rorepamu HIC. Ile amapatHo-mporpamumii 6y0k, 1o 3abesmeuye HIC
MOXJHMBICTE pobotu 3 PJIC y HeoOXigHMX [ianma3oHax: 3-CaHTUMETPOBOMY: X-
band (9300+9500 Mr1), 10-cantumerpoBomy: S-band (2900--3100 Mr).

IMP nepetrBoptoe exocurnanu PJIC y nudpoBy dhopmy, nepenae ix y 1K Tta
JIO3BOJIIE HAKJIACTU PpaJliojioKalliiiHe 300pa)KeHHs Ha EJIEKTPOHHY KapTy. Kpim
TOTO, LIEW MPUCTPIA Ja€ MOXIMBICTH MEpeNaBaTU pajiojoKaliiiHe 300paKeHHs
yepe3 mepexy Ethernet (a0o uepe3 BOJTOKOHHO-ONTUYHHM KaHa) Ha Oyab-sIK1 1HIII
KOMII'FOTEPH.

3 inmoro Ooky, IMP Hagae mnepcoHampbHOMY KOMI'tOTEpY GYHKIIT
ynpasiinasa PJIC. InrepdeiicHuii Moynb J03BOJISIOTH 3'€IHATH 3 KOMII'FOTEPOM
oynp-axy PJIC, mo Binmosigae Bumoram IMO, Ta 3a0e3neuuTd ymnpaBiaiHHA id 3
OyIb-SIKOTO0 KOMIT'TOTEpa CUCTEMH, TOJIOBHOTO, PE3EPBHOT0 200 IOMOMIKHOTO, J1e O
BiH HE 3HAXOJUBCS Ha CY/]IHI.

Psan cygacuux PJIC (RadarPC) cami Bukonytots QpyHnkiii IMP Ta nmoBHicTiO
cymicHi 3 HIC.

HonatkoBuit Moxaynb BimoOpaxkenHss HIC € 3abe3nedyeHuM opraHamu
YIPaBIIHHS MOHITOPOM, SIKUM BCTAHOBIIOETHCS HA MICTKY. BiH mpu3HaueHuit mis
MO>KJIMBOCTI TIapaJieIbHOTO 3 OCHOBHMM MOJYJIEM BiTOOpaKCHHS JaHUX B OJHOMY
abo B pi3HUX pexkuMax (opieHTarlii, MacimTaOyBaHHs, 3MICTy naHux). Llei Omox
TaK0X KOPUCHUHN y CUTYallsIX, KOJIH 0 KEpyBaHHS CyIHOM 3aJy4eHO KiJbKa 0cCi0.
Ha wMicTKy, $KIIO HEOOXITHO, MOXKE BCTaHOBJIIOBATUCH KiIbKa JOJAATKOBHUX
moHniTopis HIC.

Bunocuuii moxyne. Psang HIC nmo3Bonsie mo kanamy Ethernet mepemaBatu
300paxeHHs 3 roysioBHoro I1K Ha aucmiei KoMI'FOTEPiB, 10 3HAXOATHCS B 1HIIMX

npuMiIeHHAX (y IITYpMaHChKid pyOIll, KaroTi Kamitada 1 T.1.). Ll xomm'rotepu
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cTaroTh BUHOCHUMHU Onokamu HIC. Marouu Takuii BUHOCHUM MOAYJIb y CBOIH
KaroT1, KaliTaH MOXe OyIb-KOJIM IPOKOHTPOJIOBATH MPOIIEC CYTHOBOIIHHS.

Busenenns indopmanii 3 HIC Moxke mpoBoauTHCS Ha aBTOPYJIbOBUH,
MIPUHTEP Ta 1HIII MPUCTPOT T4 CUCTEMH.

[adopmartiiine 3a0e3medeHHs (MaHl) BKIIOYA€ KOMIIOHGHTH KapT, IO
306epiratotbes B mam’sti HIC, kopekTypu 10 HuX, iH(opMaliio, OTpUMaHy 3 pi3HUX
HaBIraIifHUX 3aco0iB, AaH1, OTPUMaHI [0 KaHajaX 3B’S3KY 13 30BHIIIHIX JKEpeE, a
TaKOX JOAATKOBY iH(OpMaIlito, HeoOXiAHY IJii BUKOHAHHS 3aBJIaHbh HaBirarii
CyJIHa BiJl OPTY BiANpaBieHHs 10 nopTy npuszHadeHHs. Jlani HIC 36epiratotbes B
nam'aTi y BUTJIA 1HpOpMaIiitHuX MacuBiB (0a3 JaHUX Ta IHIIMX CTPYKTYPOBAHHUX
HaOOpIB).

[ndopmartiitHi 6a3u po3MIILIYIOTHCA Y 30BHIIIHIN nmamM'ati komm'torepa. s
30epiraHHsl MEpPEeBaKHO BUKOPHCTOBYIOTHCS JKOPCTKI MAarHiTHI Ta KOMIIAKTHI
ONTUYHI JUCKU, TPUUOMY OCTAaHHI € HAWOUIbII MIIXOMSIIMUMHU JJIS HaBITaIlIHHUX
cucteM. BoHU MICTATH OUIBIIMI OOCSAT JAaHWUX, HEUYTJIMBI IO MAarHiTHUX TIOJIB,
BUTPUMYIOTh 3HauHI (DI3UYH1 HABAHTAKEHHSI.

ba3u nanunx HIC noaungroTecsa Ha cTaTUYHI Ta JUHAMIYHI.

[adopmartisi cratuyanx ocHOB miepedyBae y mam'sti HIC momruit wac y
noctiiHomy Burisai. KopuryBanHs 10 Hel BHUXOASTh MOPIBHAHO PIAKO 1
30epiraroThbCs OKPEMO BiJ] CTATHUHUX 0a3.

Junamiuai 6a3u MICTATh 1HGOPMAIIIIO, 10 JTOCUTH IIBUAKO BTPAYaE CBOIO
IIHHICTB. [Ipy OHOBJIEHHI TUHAMIYHUX 0a3 TOBHICTIO 3aMIHIOETHCSA 1X 3MICT.

Huxue HaBegeHO psi cTaTUYHUX 0a3, TaH1 SKUX BUKOPUCTOBYIOThCS B HIC:

- Kaprorpadiuna 6a3a;

- baza BimoMocTel rpo HaBirauiiHi 3acoou;

- ba3za pexomeH0BaHUX MapIIPYTIB;

- Knimatnuna 6a3a;

- baza ganux 10 po3paxyHKy MPUIMBHUX SBUIIL;
- baza BimomocTeii mpo nopTu;

- ba3za ganux npo cynHo.
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OcCHOBHOIO 31 cTaTUYHUX 0a3 € KapTorpadiyna 6asa, sika MOXKe MICTUTH JaH1
CJICKTPOHHUX KapT y pacTpoBOoMy abo0 BekTopHOMY dopmati. Psa cuctem mae
KUTbKA Takux 0a3, mo 30epiratoth pizHi konekiii EK.

VY nunamiuaux 6azax HIC 36epiraroTbest BiIOMOCTI TIPO:

- JThOJIOB1 MIOKPUTTS;

- 3MIHHI Teuii;

- OkeaHorpadiyHi SBUIIA;

- TIOrojny.

[IporpamHe  3abe3meueHHs  HaBiramiiiHoi  1H(pOpPMAIHHOI  CHCTEMU
CKJIAJIA€ThCS 3 YCIX MPOTPaM 1 MPOrpaMHUX MaKETIB, 110 30epiratoThbCs B ii mam’sTi.
[TpoananizyBaBIIM BIUIMB MPOTPAMHOIO Ta amapaTHOro 3a0e3leyeHHs] Ha BapTiCTh
cyudacHoi HIC, moxna 3pobutu BucHOBOK, 1o HIC € mepeBaxkHO mporpaMHuUM
3a0e3MeYCHHSIM.

Bono cknanaernbes 3:

- OlepalliitHOT CUCTEMHU;

- TMporpaMHUX 3ac00iB, MO 3a0€3MeUyl0Th 3HIMaHHS JaHUX 3 HaBIramiiHUX
NPWIAJIIB Ta BUIaYy 1HPOPMAIIii IHIIUM TEXHIYHUM IPUCTPOSIM;

- TNPUKIATHOTO TMporpaMHOTO 3abe3nedeHHs (010MIOTEKH MPUKIATHUX
mporpam JJis BUPIIMICHHS HaBITAIlIWHUX Ta 1HIIUX 3a7a4, 10 CTOCYIOTHCS
HaBirarfii).

Omneparriiina cucreMa € KOMIUIEKCOM TpOrpam, siKI OpraHi3yloTh PoOOTY
KOMIT'FOTEpa Ta YNPaBIIIHHS HOTO PECYypCaMHu.

[Iporpamu ang npuiiomy Ta BuAadl AaHUX (AgpaiiBepu) 3a0e3MeUyIOTh
3HIMaHHs 1HGOpMAaIli 3 HaBIraIIWHUX TPWIAMIB Ta Mepefady JaHuX Ha 3acolu
B1JIOOpa)KE€HHS, KEpYBaHHA Ta IHIIUM (I3UYHUM IPUCTPOSIM.

[Tpuknagne mporpamHe 3a0e3MeUYeHHS CKIAAETHCSA 3 OKPEMUX MPOrpaM Ta
MpPOrpaMHUX TMMAKETIB, MPU3HAYCHUX IS BUKOHAHHA (YHKIH, 3apagu SKHX
ctBopeHo HIC. IlpuxnagHe nporpamHe 3a0€3MEUEHHS, 3aJIEKHO BiJI aKTHUBAIli
KHOIIOK, KJIIOYIB Ta IHIIUX €JEMEHTIB I1HTep(deiicy KOpHCTyBaua, JI03BOJISIE

BUpPILIYBaTH pI3HI HaBIraliiHI 3aBAaHHsS, KEPyBAaTH 300pa)KEHHSM EJIEKTPOHHOI
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KapTH, CUTHANII3YyBaTH MPO BMHUKHEHHS CUTYalliil, 110 BUMararoTh yBaru ta/abo
JI1A BAXTOBOT'O TOMIYHUKA, OTPUMYBATH Pi3HI JOBIJIKH 1 T.1.

3aco6u B3aemonii HIC 3 omeparopom BIIOUaroTh iHTEp(delic kKopucTyBaua,
MeToau Ta opmu BigoOpakeHHs iH(opMallii, 3ByKOBY CUTHaTI3al1li10, Bi3yaabHI Ta
rOJIOCOBI NOTIEPEIKEHHSI.

IaTepdeiic kopuctyBaua HIC € cepemoBuiiem opranizaifii B3aeMoOii
omepaTopa 3 cHCTeMor. BiH J03BOjisi€ CYJIHOBOJIIIO 3MIHIOBaTH CHCTEMHI
napaMeTpH, BBOAUTHU JlaHi, BAOUpATH BUIM CepBICY Ta QYHKIII, AKi Ma€ BUKOHATU
cucrema.

Meroqu Tta  QopmMu  BigoOpakeHHs  iHdopmanii  3a0e3nmevyroTh
KOHIICHTpOBaHE, HAOYHE, TOYHE IIOJAaHHA HEOOXIJHMX BAXTOBOMY IOMIUYHHUKY
JIAHUX, CIIPHUSAIOTH TIMOOKOMY PO3YMIHHIO HMM CHUTYaIlli, 10 CKJIAJAIThCA MPU
CYIHOBO/IIHHI, Ta JOTIOMAaratoTh MPUIUMAaTH MPABUIIbHI PIIICHHS 11100 YIPABIIHHSA
CYJIHOM.

3ByKOBa CUTHaJII3allisl, BI3yallbHI Ta TOJOCOBI MOMEPEIKEHHS PUBEPTAIOTh
yBary CyJHOBOJIS IO CUTYyalliid, sIKi TOTPEOYIOTh MIBUIKOI OI[IHKH Ta MPUHHSATTS

niit [18].

1.2. ®dyHkuioHajJbHa CTilKiCTHL HaBIramiiHOro KOMIJIEKCY MOPCHLKOI0
cyaiHa (HagifiHicTh, IMOBIPHICTH BiIMOBH, HANPAlIOBAHHA /10 BiIAMOBH,

iMOBipHiCTH 0€3BIIMOBHOI pO0OOTH 32 IaHUH YacC, TOLIO)

[lin ¢GyHKIIOHATBHOIO CTIMKICTIO HABITAIIMHOTO KOMIUIEKCY MOPCHKOTO
CyllHa PpO3YMIEThCA 3JaTHICTh CHCTeMH 30epiraT CBOIO Tpale3gaTHICTh 1
GbyHKITIOHAIBHICTh B PI3HUX YMOBax ekcruryaTtaiii. Lle nepeadadae 3abe3nedeHHs
TOT0, 00 KOMIUIEKC 3aJUIIaBCs HAJIHHUM, MaB HU3bKY WMOBIPHICTH BiIMOBH Ta
NpOJIOBXKYBaB e(PeKTHUBHO mpalfoBat 3 dacoMm [19]. Hwkue HaBeaeHo meski
OCHOBH1 TMOHSTTSA, TMOB’A3aHI 3 (YHKIIOHAIBHOIO CTIMKICTIO HaBITalliHOTO
KOMILIEKCY:

1. HamiiHiCTb.
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BusnaueHHs: HaAIWHICTH O3HA4Ya€ WMOBIPHICTh TOTO, IO HaBIramidHUN
KOMIUIEKC BHUKOHYBaTHME CBO1 TIpu3Ha4yeHl (QyHKIii ©0e3 300iB MOpOTIroM
BU3HAYEHOTO MEPI0ly 38 HOPMAJIbHUX YMOB €KCILTyaTallii.

KiroyoBi ¢akrtopu: Ha HaIIWHICT, BIUIMBAIOTh SKICTh KOMIIOHEHTIB,
MIIHICTh ~KOHCTPYKIlli, METOAU TEXHIYHOTO OOCIyrOBYBaHHSI Ta YMOBHU
eKCIUTyaTarii.

2. ImoBipHicTh BigmoBH [20].

BusnaueHHs: 11e WMOBIPHICTh TOTO, 110 KOMIOHEHT a00 BECh HaBiraliiHHMA
KOMILJIEKC HE 3MOXE€ BHUKOHYBAaTH CBOIO TMpPHU3HAYEHY (YHKIIIO MPOTITOM
BU3HAUYEHOTO MEPI0JTy Yacy.

BupasHicTe: yacTo BUpakaeTbecs SIK (PYHKIIS 4acy, sika 3a3BUYail 3pocCTae,
KOJIM CHCTeMa 3acTapiBae abo MiIaEThCs BIUIMBY CYBOPUX YMOB.

3. [linrotoBKa 10 BiIMOBH.

BusHaueHHs: mIATOTOBKA J0 BIAMOBU O3HA4a€ Tepiod JI0 BIJIMOBH,
MPOTATOM SKOTO CHCTEMa MOYKE JICMOHCTPYBATH O3HAKHU MOTIPIIICHHS UM 3HUKCHHS
MPOTYKTUBHOCTI.

MOHITOPUHT: PEryJISIpHUA MOHITOPHUHT 1 J1arHOCTUKA MOXYTh JOIMOMOITH
BUSIBUTH paHHI O3HAKW ITOTSHIIMHOI HECHPaBHOCTI, JO3BOJISIIOUM ITPOBOJIUTH
npodiaKTUYHE TEXHIYHE 00CITYrOBYBaHHS A0 MOBHOI HECIIPABHOCTI.

4. IMoBIpHICTh 0€3BIAMOBHOI pOOOTH (IMOBIPHICTH BUKUBAHHS).

Busnauenns: 1me WMOBIPHICTH TOTO, MO HABITAIIWHUN KOMIUIEKC Oyje
npaitoBatu 0e3 Oyap-SKMX 300iB NPOTArOM TNEBHOTO MEpioay, SKUH 4YacTo
HA3MBAIOTh «9aCOM JIOPYUCHHSI».

BaxnuBicTh: BUCOKa MMOBIPHICTh BIDKUBAHHS Ma€ BHpINIAIbHE 3HAYCHHS
Jutst 3a0e3nedeHHs] 0e3MeKku Ta eEeKTUBHOCTI MOPCHKHUX oOlepaliid, 0coOJMBO il
yac KPUTUYHMX €TaIliB, TAKUX K HaBITaIlis yepe3 HeOe3neuH1 BOIH.

5. Cepenniit yac HanpairoBanHsa Ha BinMoBy (MTBF).

Buznauennsi: MTBF — ne wmipa cepenHboro 4acy MK MOCHTIJIOBHUMHU
BiJIMOBaMH HAaBITAIlIMHOTO KOMIUIEKCY abo #oro kommoHeHTiB. lle wimtouoBuii

MOKa3HUK HaJIMHOCTI.
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Pospaxynok: MTBF = 3aranpauii yac po6otu / KinbKicTh BIIMOB.

6. Cepenniii yac 10 pemonty (MTTR).

Busznauenns: MTTR - cepenHii wac, HEOOXiIHUH [UIi PEMOHTY
HECIIPaBHOTO KOMIIOHEHTAa HaBIrallifHOTO KOMIUIEKCY Ta BIAHOBIECHHS HOTO
pare3aaTHOCTI.

Brmuus: Hmwkunit MTTR cnpuse Bumiiii 3arajibHiii JOCTYITHOCTI CHCTEMH,
OCKUJIBKH 4ac MPOCTOI0 Yepe3 PEMOHT MiHIMI3Y€EThHCS.

7. JIOCTYTIHICTb.

BusHaueHHs: TOCTYIHICTh — 1€ YacTKa 4acy, IPOTITrOM sIKOro HaBiramiiHun
KOMILJIEKC MPAIIO€ 1 3[aTHUN BUKOHYBATH HEOOX1IH1 (PYHKIIII.

Pozpaxynok: noctynuicte = MTBF / (MTBF + MTTR).

BaxnuBicTh: BHCOKA JOCTYMHICTh BaXKJIuBa JJIsS 3a0€3MEUYeHHs TOro, 1100
CYJHO MOTJIO O€3MeYHO IIaBaTH Ta pearyBaTy Ha JMHaMIYHI YMOBU O€3 mepeps.

8. Haamipwuicts [21].

BusHnaueHHs:  pe3epByBaHHS  Tiependavyae  BKIFOYCHHS  JIOJATKOBHUX
KOMITOHEHTIB a00 CHCTEM [JIsi pe3epBYBaHHS OCHOBHUX, 3MEHIIYIOUM BILJIUB
€IMHOI TOYKHU B1IMOBH.

Tunu: pesepByBaHHS MOke OyTH amapaTHUM (HANpUKIAM, KiJIbKa paaapiB)
a00 (QyHKITIOHAIbHUM (HAMPUKJIIA], KIJTbKa CUCTEM 3B’ SI3KY).

IlepeBara: mMIABUINYETHCS HAAIMHICTH 1 JOCTYIIHICTh HaBITamiiHOIO
KOMITJIEKCY.

9. B1IMOBOCTIHKICTS.

BusHaueHHs: BIIMOBOCTIMKICTh — 3JaTHICTh HABITAIIHHOTO KOMILJIEKCY
POAOBXKYBaTH KOPEKTHY poOOTY HaBITh Y pa3l BIIMOBH KOMIIOHEHTA.

MexaHi3MH: 11e¢ MOKE BKIIFOYaTH aBTOMATHYHE MEPEMUKAHHS Ha CHCTEMH
PE3epPBHOTO KOIMIIOBAHHS, IPOTOKOJM BUIPABICHHS MOMWJIOK a00 J1arHOCTUKY B
peasbHOMY Yaci.

10. Jlerpanarist Ta 3HOC.

Jlerpapamisi: 3 4acoM KOMIIOHEHTH HaBIralliHOTO KOMIUIEKCY MOXYThb

JerpaJyBaT 4epe3 TakKli YMHHMKHU, SK MEXaHIYHUM 3HOC, KOpO3isl Ta BILIUB
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HABKOJIMIITHBOTO cepefoBuia. Jlerpanaiisi 3HWKYE HaAIRHICTh 1 30UIbIIYyE
HWMOBIPHICTB B1JIMOBH.

[lepion 3HOCY: 1e ocTaHHs (ha3a >KUTTEBOTO ITUKIY KOMIIOHEHTA, KOJIH
HMOBIPHICTh BIAMOBH PI3KO 3pocTae. PerymspHe TexHIuHE OOCIYyroBYBaHHS Ta
CBO€YACHA 3aMiHa JACTalled € BAXJIMBUMH, MO0 YHUKHYTH TOJIOMOK Ha I[bOMY
eTari.

11. [IpodinakTuyHe TexHIYHE 0OCITYyTOBYBaHHSI.

Busnauenns: mnpodinakTuuHe TEXHIYHE OOCIyroByBaHHs Tiepemdayae
peryJisipHi EepeBIPKHU, TECTYBaHHS Ta OOCIyTOBYBaHHS HABITAIlIMHOTO KOMILUIEKCY
JUTS1 3a11001raHHs MOJOMKaM 1 IPOJOBKEHHS TEPMIHY CITY»KOU 00JaHaHHS.

Crparerii: rpadika TEXHIYHOTO OOCIYyroBYBaHHS YacTO O0a3ylOThCS Ha
peKOMeHJaIlIsIX BUPOOHMKA, POOOYMX JAaHUX 1 YMOBaxX HABKOJIMIIHBOTO
CEpENOBHILA.

12. JliarHOCTHKa Ta MOHITOPHUHT CTaHY.

Bu3zHaueHHs: [1arHOCTHKA Ta MOHITOPUHI CTaHy MependavyaroTh MOCTIHHY
a00 TepioANYHY OLIHKY HAaBIrallifHOrO KOMIUIEKCY JUIS BHSIBICHHS OYJb-SKHX
03HAaK HECIPABHOCTI 200 MOTIPIIECHHS.

[HCTpYyMEHTH: BOHM MOXYTh BKIJIFOYaTH CHUCTEMH MOHITOPHHTY Ha OCHOBI
JATYMKIB, JIarHOCTUKY TMPOTPAMHOTO 3a0€3MEUeHHs] Ta 3BHYaliHI TEPEeBIPKU
BpPYYHY.

[lepeBara: paHHe BUSABJICHHsS MPOOJIEM MOXKE MPHU3BECTH 0 CBOEYACHOTO
BTPYYaHHS, 3MEHIIYIOUM WMOBIPHICTh PAaITOBUX 300iB.

13. Ouinka Ta ynpasiiHHS pu3ukamu [22].

BusnaueHHs: oIiHKa pU3MKY BKIIIOYA€ BU3HAYCHHS MOTEHIIMHUX PEKUMIB
BIJIMOB Yy HaBIramiiHOMy KOMILJIEKCI Ta OI[IHKY WMOBIPHOCTI Ta HACIIJKIB IHX
BiJIMOB.

VYrpaBmiHHA: PO3pOOJISIOTECS CTpaTerii oM’ IKIICHHS IUX PU3UKIB, TaKl SK
YIOCKOHAJICHHS MPAKTUK TEXHIYHOTO OOCITyrOBYBaHHS, ITOCUJICHHS pe3epBYyBaHHS

a00 OHOBJIEHHS KOMIIOHEHTIB CUCTEMHM.
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OyHKIIIOHAIbHA CTIMKICTh HABITaI[IHHOTO KOMILUIEKCY Ha MOPCBKOMY CYAHI1
Mae BUpIIIaIbHE 3HAUYCHHS TSl 3a0e3neueHHs 0e3MekH Ta e(EKTUBHOCTI MOPChKHUX
omepaniii. Po3ymioun Ta Kepyroud KOHUEHI[SMU HaAIMHOCTI, HMOBIPHOCTI
BIJIMOBH Ta BIJANOBIIHUMH TOKa3HUKAMH, CYIHOBOJII MOXYTh MIiATPUMYyBaTH
BUCOKUH pIBEHb MPOIYKTHUBHOCTI CHUCTEMH, 3MEHIIYBAaTH HMOBIpHICTH 300iB 1
3a0e3neuyBatu Oe3nepepBHY poOOTY B Pi3HUX YMOBAX.

CriiikicTh  (YHKIIOHYBaHHS  BIJHOCUTBCS JO MIATPUMKH  TEBHUX
XapaKTepUCTUK  mpolecy  (YyHKIIOHYBaHHS B  yMoBax 30ypeHb  abo
HEBU3HAYCHOCTEHW Yy PI3HUX MapaMeTpax cuUcTeMu abo 1i MaTeMaTUYHOMY
IPEACTaBICHHI. Y I1bOMY CIi€Hapii BaXJIMBO BU3HAYUTU JOIMYCTUMY KaTeropito
30ypeHb. B manuii wac icHye Oe3nmid BH3HA4Y€Hb TEpPMiHA «CTIHKICTB», fKi, 5K
paBUiIO, BIJIPI3HIIOTHCA B 3aJE€XKHOCTI B KOHKPETHOI cdepu, B SKId BOHU
3aCTOCOBYIOThCSI. KOHIIeNIliss CTIHKOCTI MO BIIHOLIEHHIO JIO CKJIAJIHUX TEXHIYHUX
CUCTEM 1 MEXaHI3MIB iX YIpaBIiHHS € 0COOIMBO CKJIaIHOIO.

[Toxa3Huk HaIIMHOCTI 3a3BUYAll IHTEPIPETYETHCSA K 3HAYEHHA abo rpyna
3HAY€Hb, SIK1 AKICHO 200 KUJIBKICHO OLIIHIOIOTh, HACKUIBKU JOOpE CUCTEMH MOXKYTh
ajanTyBaTUCS O BUKOHAHHS  3aBJaHb, SKIIO BHKOPUCTOBYIOTBCA 32
npU3HaYeHHsAM. Buxoasum 3 1iei DOCHiIKeHHsI, BpaXOBYIOTh SIKICHI, MOPSIKOBI
Ta KUIBKICHI ITOKAa3HUKHA HAAIHHOCTI.

SIKicHI TOKa3HMKHM HQIIMHOCTI HE BHPAXKAIOTHCS YHCEIBHO 1 HE Ial0Th
OOTpYHTYBaHHS IepeBaru OJHOro o0'€eKTa HaJl aHAJIOTiYHUM. BOHU 03BOJIAIOTH
11eHTU(IKYBaTH OAWH 00’ €KT BiJl 1HIIOTO, ajie HE JJO3BOJISIOTH MOPIBHIOBATH PI1BHI
iX MPOJYKTUBHOCTI 1010 KIt0uoBUX (GyHKIN. [lokiIananHs BUKIIOYHO HA SIKICHI
MOKa3HUKN 0OMEKY€E 3aCTOCYBaHHSI METO/IIB T€OP1i HAAIHHOCTI.

[TopsinkoBl TOKa3HUKKA HAIIWHOCTI JO3BOJIAIOTH OOIPYHTYBAaTH IEpeBary
OJIHOTO BaplaHTy CHCTEMH HaJI IHIIKM IIiJl 4ac MOPIBHAHb, HABITh HE BUMIPIOIOUU
CTYIiHb L€l nepeBard. BoHU 03BOJSAIOTH OpraHizyBaTH JOCTIIKYBaH1 BaplaHTU
CHUCTEMH B TOPSAIKY 3pOCTaHHS HAIIMHOCTI, ajieé He JIO3BOJISIOTH OIIHUTH CTYIIiHb

BIJIMIHHOCTEH y TOCATHYTUX PIBHSX BapiaHTIB, IO PO3TIISIAIOTHCS.
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KinpkicH1 MOKa3HMKK HAAIMHOCTI BKJIIOYAIOTh JIaHl, SIK1 OI[IHIOIOTh TIepeBaru
BUOOPY OJIHIET CUCTEMU MOPIBHSHO 3 1HIIOK, 1 BUPAXKAIOTh HAJAINHICTh YHUCEIIBHO.
KibKiCHI TTOKa3HUKY BUBOJSTHCS IUIIXOM aHAII3y PE3YJIbTATIB CIIOCTEPEKEHD 32
poboTamMu TIpU BUKOPUCTAHHI 00'€KTIB 3a MPHU3HAYCHHSIM a00 mpu crernudiaHux
BUIIPOOYBaHHIX. BOHM TakoX MOXYyTh OyTH OTpUMaHi 3a JIONOMOI'OI0 OOYHUCIIECHb
ab0 MOJENIOBaHHSA OMNepaliiHoOro mpouecy o00°ekTiB. KigbKiCHI MOKa3HUKU
HAJIHHOCTI € OCHOBHMMH TIOKa3HUKaMHU, SKI OXOIUTIOIOTh HaWBaKJIUBIILY
iH(poOpMaLllI0 TPO Te, HACKUIBKUA 00pe 00 €KT MOXKE aJanTyBaTHCS /0 CBOTO
npusHaueHHs. Jlep)kaBHUN cTaHIapT YKpaiHM BHU3HAYa€ TMOKA3HUK HAIHHOCTI
BUKJIFOYHO SIK KUTbKICHY O3HAKY OJIHI€T UM KUTbKOX BJIACTMUBOCTEM, 1110 CTAHOBIISATH
HaI1HHICTG.

lloxasnuxu 6e3siomosrHocmi. IMOBIpHICTH 0€3BIIMOBHOI pOOOTH — 1I€
HMOBIPHICTH TOTO, IO MPOTITOM 33JJaHOTO MepPioy POOOTH HE CTAHETHCS KOIHOI
BiZIMOBH 00'exTa. ["aMMa-BiJICOTKOBE HaIpaIlfOBaHHS JO BIIMOBH BITHOCHUTBHCS 0
TPUBAJIOCTI pOOOTH, MPOTITOM SIKOI HIMOBIPHICTh BIIMOBU 00’€KTa HE OUIKYETHCS 3
IMOBIPHICTIO Y, TPEICTaBICHOI0 Y BiJIcOTKax. KoxkeH ramma-BiJICOTOK MO CYyTI
MPEJCTaBIIs€ KBAHTUIII BIJMOBITHUX PO3IOILTIB.

JIist moka3HUKIB 0€3BIJIMOBHOCTI MapamMeTp 7Y 3aJal0Thb HACTYIHHUMH
sHaueHHsAMH: 90; 95; 99; 99,5% 1 T. A. OTxe, IMOBIPHICTH BIIMOBH Ha iHTEpBaJIl
[0; t] cranoBuTtuMe Bigmomimuo 0,10; 0,05; 0,01; 0,005 1 t.x. Jlmxs miHiMizamii
BUHUKHEHHSI KPUTUYHUX BIMOB OO’€KTIB eKCIUTyaTallii 3HA4eHHS Y JUIs IHX
BIAMOB MOBUHHI Oyt HabmmxeHi 10 100 %. KputuuHicTh BiIMOBU BH3HAYA€ETHCS
O3HaKaMH, SIKi BIUIMBAIOTh Ha PE3yJIbTaTU BIAMOBU. BOHM MOXYTh MpenCTaBlIATH
3HAUEHHS MPSIMHUX YU HENpSIMUX BTpaT, MOB’S3aHMX 13 TOSBOIO BIAMOBH, abo
TPYAHOIII BITHOBJICHHS €JIEMEHTa Iiclisg BiMOBH. Lli XapakTepuCTUKU B3a€EMHO
MOTOKYIOTHCSI BAPOOHUKOM 1 3aMOBHUKOM 1 BUKJIJICHI B HOPMATUBHO-TEXHIUHIN
JIOKyMEHTAITi.

CepenHe HaIpalfoBaHHS JI0 BIIMOBU TPEACTABIII€ OUIKyBaHY TPUBAIICThb

poboTu o0'ekta 70 ¥HOro modatrkoBoi BiAMOBH. CepenHe HamNpaifOBaHHS Ha
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BIJIMOBY — I1€ BIJTHOIIICHHS 3arajbHOi TPUBAJIOCTI €KCIUTyaTallii BiIpEMOHTOBAHOTO
BUPOOY 70 OYIKYBaHOTO 3HAYCHHS MOro BIAMOB MPOTATOM I[LOTO TIEPIOaY
excrutyararii. [{eii moka3sHUK BCTAaHOBJICHO JJISl BITHOBJICHUX €JIEMEHTIB, TIPH SKUX
JIONYCKAIOThCS TOBTOPHI BIJIMOBH, OCKUIBKM BOHM HE MPHU3BOJASTH JI0 1CTOTHHX
HACIAKIB 1 HE BHMAralTh 3HAYHUX (IHAHCOBHX BHUTPAT [JISI BiIHOBICHHS
Ipare3 aTHOCTI. Y3/I0BXK OCl 4acy BHUMAJK{ BIIMOBU CTBOPIOIOTH MOTIK BiJIMOB,
TOJ1 SIK BUIAJKKU BIJIHOBJICHHS CTBOPIOIOTH IMOTIK BiHOBJICHB. [lapameTp moToky
BiJIMOB SIBJISIE COOOIO BITHOIICHHSI OYIKYBaHO! KIJTBKOCTI BIIMOB PEMOHTOBAHOTO
00'ekTa 3a KOPOTKHH IMepioJi MOro eKcrulyartaiii 10 TPUBAJIOCTI I[LOTO YaCy

ekcruryaranii [17].

1.3. OcHoBHIi 3a/1a4i | NpUHIUNK MO0YA0BU HABIrauiiiHOro KOMILIEKCY

MOPCBKOI'0 CyJiHa

HagiramiifHuii KOMIUJIEKC MOPCHKOIO CyJIHA TPU3HAYEHUHN JJ1s1 3a0€3MeUYeHHS
0e3neuHoi, epeKTUBHOT Ta HAJIIHOI eKCIuTyaTallii Cy/IHa IiJl yac HOoro IiaBaHHA B
pi3HUX MOpChKHX cepeaoBulax. CTBOpEHHS LBOIO KOMILUIEKCY Iepeadadae
IHTErpalio IIJIOr0 psjay CUCTEM 1 TEXHOJIOTIH, SKI MPalloTh pa3oM s
HiATPUMKH HaBiraiii, KOHTPOIIO Ta 3B’s3Ky cymaHa [23]. Hwkye mepepaxoBani
OCHOBH1 3aBJIaHHSI Ta MNPUHLMUIH, SKUMU KEPYETbCS MOOYyJ0Ba HaBIralliHOTO
KOMILJIEKCY:

OcHogHi 3a80aHHs HABI2AYITIIHO20 KOMNIIEKC).

1. Be3neuna Hasirarms.

Mera: mepekoHaTHCs, IO CYAHO CJiaye Oe3lMeYyHHM Ta ONTHMAIbHUM
MaplipyTOM, YHUKAaIOUM TakuX HeOe3MeK, SK MUIKOBOIJSA, I1HIII CyJIHa Ta
NEPEIIKO/IH.

IncTpyMenTu: cucrema BimoOpakKeHHS €JIEKTPOHHMX KapT Ta iHdopmaiii
(ECDIS), panmap, cuctema aBroMaTuyHoi iaeHTudikamii (AIS) 1 cucrema
rinobanbHoro no3uiiionyBanus (GPS).

2. [InanyBaHHs Ta ONITUMI3allisl MAPLIPYTY .
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Mera: crianyBaTH Hale(EKTUBHIIIMA MapuIpyT 3 ypaxyBaHHSM TaKuX
dbakTopiB, K MOrojaa, TeUii, CIIOKUBAHHS MMaJIMBa Ta HOPMATUBHI OOMEKECHHS.

Incrpymentu: ECDIS, nporpamue 3a0e3neueHHs ISl TUTaHYBaHHS peiicy,
CHUCTEMH MTPOTHO3YBAHHS MTOTOJIH.

3. YHUKHEHHS 31TKHEHHSI.

Merta: BUSBICHHS W YHUKHEHHS MOTEHLIMHUX 31TKHEHb 3 IHIIUMH CyJIHAMU
Y1 00’ €KTaMHU.

Iactpymentu: pagap, AIS, aBTOMIOT 13 MOXJIMBICTIO YHUKHEHHS 31TKHCHBD,
Bi3yaJIbHE CITIOCTEPEHKEHHS.

4. dikcarist Do3uIi.

Merta: moCTiiHHO TOYHO BM3HAYaTH MOJOKEHHS CyAHA, 00 MepeKOHaTHUCH,
110 BOHO 3aJIUIIAE€THCS Ha 3aTUIAHOBAHOMY KYpCI.

Incrpymentu: GPS, mudepenumiansauii GPS (DGPS), ripoxommac,
MarHiTHUN KoMIIac.

5. MOHITOPUHT HABKOJMIITHLOTO CEPEIOBHUIIIA.

Mera: KOHTpOJNIOBaTM Ta pearyBaTd Ha yMOBH  HABKOJHUIITHLOTO
Cepe/IoBUINA, Takl K BITEp, XBWJI, Te4li Ta MOToja, JJs MATPUMKUA O€3MeUHOl
HaBlrarii.

[HCTpyMEHTH: aHeMOMeTpH, OapOMETPH, €XOJ0TH, METEOPOJIOTIUHI pajapH,
TATYNKH TEMIIEPaTypH.

6. IligTpumKa 3B’S3Ky.

Mera: miaTpuMyBaTH HaJIMHUNA 3B’S30K 3 IHIIMMU CYJHAMH, MOPTAMH Ta
MOPCHKMMH OpTaHaMH JIJIsl KOOPAUHAIT Ta Y HAA3BUYAMHHX ITLIAX.

Incrpymentu: YKX/TTU/KX paaiocTtaHiiii, cicTeMu CyImyTHUKOBOTO 3B’ SI3KY,
GMDSS (I'mobGanbHa MOpChKa cUCTEMA MOBIAOMIICHB PO JIMXO Ta 3a0e3MedYeHHs
Oe3mnekn).

7. YrpasiiHHS CYJHOBUMHU cucTeMamu [24].

Merta: iHTerpamiss Ta KOHTPOJIb CYJHOBHX CHCTEM, TaKHX SK PYyJIbOBE
yIOpaBIIHHS, PYIIiH Ta KEpyBaHHS >KUBICHHSAM, JJIsl 3a0e3nedeHHs Oe3nepediitHol

poboTH.
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[ncTpymenTu: iHTerpoBaHi HagiraiiiiHi cucremu (INS), aBTonuioT, cucTeMu
KEpyBaHHS JIBUTYHOM, CHCTEMH JMHAMIYHOIO TMO3UI[IOHYBAHHS (IJ1 TMEBHHUX
CyJICH).

8. 3amuc 1 peecTpallis J1aHHX.

Mera: 3anmucyBatu Ta 30epiraTu HaBiraiiiHi JaHi, KOMYHIKaIii Ta poOoui
napaMeTpu Ul aHalidy, BIAMOBIIHOCTI 3aKOHOAABCTBY Ta PO3CIIAYyBaHHS
HEI[AaCHUX BUMOAIKIB.

IncTtpymentu: peectparop peiicoux nanux (VDR), xypuamu ECDIS,
KYpHaJIU ABUTYHA Ta PYJIbOBOTO KEPYBaHHS.

9. Curnamizarlisi Ta MOHITOPHUHT.

Mera: KOHTPONIOBATH CTaH KPUTUYHO BAXJIMBUX CHUCTEM 1 TIOJIaBaTH
CUTHAJIM TPUBOTH Y pa3l HECIIPaBHOCTEN a00 HEHOPMAJILHUX YMOB.

[HCcTpyMeHTH: cucTemMa CcuTHami3alli HaBiraiiHOi BaxTH Ha MICTKY
(BNWAS), cucremu  BUSBJICHHS  BOTHIO Ta  JUMYy,  MOHITOPUHT
B1JICOCIIOCTEPEIKCHHSI.

10. PearyBanHst Ha HaJ3BUYANHI CUTYaIIIl.

Mera: chopusTd MBHAKOMY Ta e(QEKTHBHOMY pearyBaHHIO B pasi
HAJ3BUYAHUX CUTYAIlIH, TAKUX SK 31ITKHEHHS, MTOCA/IKa Ha MUTHHY a00 MOXexX1 Ha
oopTy.

[nctpymentu: GMDSS, aBapiifHa curHamizailis, CHUCTEMH PO3TOpPTaHHS
PATYBAIBHUX MUTIOMOK, CUTHAIIN JIUXA.

Ipunyunu nobyoosu Hagieayiiiho20 KOMNIEKCY.

1. InTerpamis.

[IpunHiumn: HaBiramiiHUN KOMIUIEKC Mae€ OyTH TMOBHICTIO IHTETPOBAHUM,
JO3BOJISIIOYM PI3HUM cHCcTeMaM Oe3[0raHHo mpaioBatu pazoM. Llg iHTerpamis
MOKpalrye 0013HaAHICTh IPO CUTYAITi0, TPUIHATTS PIICHb 1 €PEKTUBHICTH POOOTH.

[Tpuknan: iaTerpamis ECDIS i3 pamapom ta AIS 3ab6e3nedye KOMILIEKCHE
YSBJICHHS TTPO OTOYCHHS CYAHA, MOKPAITYFOYH MOYKJIMBOCTI YHUKHEHHS 31TKHEHb.

2. HagmipHICTB.
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[IpyHUUI: KPUTUYHO BAXKIMBI CHCTEMH T[OBHHHI MaTH pe3epBHI
KOMIIOHEHTH a00 pe3epBHI CHUCTeMM JJisa 3abe3leueHHs Oe3nepepBHOiI poOOTH
HaBITh y pa3i 30010 OCHOBHOI CHCTEMHU.

[Tpuknan: moABIMHI paaiofiOKaIiiHI CUCTEMU ab0 KiJbKa KaHaIIB 3B’SA3KY
rapaHTyOTh, 1110 HaBIrais Ta 3B 530K 3aJUIIaTUMYThCs (QYHKIIOHAIBHUMU Y pasi
30010.

3. MoaynbHICTb.

[lpuHiumn: HaBITaiHUN KOMILJIEKC Ma€ CKJIQJaTUCS 3 MOMIYJIbHUX
KOMITIOHEHTIB, 1110 JIO3BOJISIE JIETKO MOJEPHI3YBaTH, 0OCIyTrOBYBaTH Ta 3aMiHIOBATH
OKpeMi YaCTHHH 0€3 MOpYIIEeHHs pOOOTH BCI€T CUCTEMHU.

[Tpuknan: monmynpHi 610k ECDIS, siki MOXXHa J1€TKO OHOBUTH HOBHM
porpaMHUM abo anapaTHUM 3a0€3MEUEHHSM.

4. MacmtaboBaHICTb.

[IpyHMn: cucTeMa TOBMHHA OyTH MaciiTaboOBaHOIO, 100 BiJAMOBIIATH
noTpedaM pi3HUX THUMIB CYZAEH, BiJl HEBEJIUKUX NPUOEPEHKHUX CYJEH JI0 BEIMKHUX
OKEaHCHhKHUX CYJICH.

[Ipuknan: macmtaboBaHi CUCTEMH 3B 43Ky, SIKI MOXYTh BapiloBaTHUCS Bij
0azoBux HanamrtyBaHb VHF 10 ckiagHux CymyTHHKOBHX CHCTEM 3aJI€KHO BiJ
30HU eKCIUTyaTalli cyaHa.

5. JIromMHOOPIEHTOBAHMM THU3alH.

[IpuHIUI: y MPOEKTI HABITAIITHOTO KOMILJIEKCY MPIOPUTETOM Ma€e OyTH
IpPOCTOTAa BHUKOPHUCTAHHS 3 IHTYITMBHO 3pO3yMUIMMH 1HTepdeiicamu Ta
eJIEMCHTaMH KepPyBaHHS, SIKi 3MEHIITYIOTh PU3UK JIFOJICHKOI ITOMUJIKH.

[Ipuknaza: eproHOMIYHO PO3POOJICHI MAKETH MICTKY 3 YITKUMU, JTETKUMU JJIsI
YUTAHHS JUCIICSIMU Ta €JIEeMEHTaMH KepYBaHHS, PO3TAIIOBAHUMH JJIsl JETKOTO
JOCTYITY.

6. HamiiiHiCcTh 1 MIIIHICTb.

[IpuHIMII: CHUCTEMH MarOTh OYTH BHCOKOHAJIMHUMH Ta 3JaTHUMH
mpaioBaTi B IIMPOKOMY Jiama3oHi yMOB, BKJIIOYAIOYM CyBOpPY IIOTOJy Ta

OypxJiMBe MOpE.
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[Ipuknan: obinaaHaHHS MOPCBHKOTO Kjacy, CTiMKe 10 Koposii, yaapiB 1
BiOpariii.

7. BinmoBigHicTh cTanaapTam [25].

[IpyuHIMO: HaBIralifHUN KOMILJIEKC IMOBMHEH BIAMOBIIATA MIKHAPOJIHUM
MOPCHKMM TIpaBWJaM 1 CTaHmapTaM, TakuM sk BctaHoBieni IMO 1
KkjacudikaifHIMU TOBAPUCTBAMH.

[Tpuknan: 3a0e3neyeHHs BIIITOB1THOCTI ECDIS CTaHJlapTaM
IpOAYKTUBHOCTI, BcTaHOBIeHUM IMO.

8. be3meka.

[Ipunnun: Oe3nexka Mae MEpHIOYEProBe 3HAYEHHS MPU MPOEKTYBAaHHI Ta
eKCIUTyaTallll HaBiramiiHoro Komiuiekcy. CHCTeMH MOBHMHHI BKJIIOYATH 3acO0HU
0e3MeKH, CUTHAJI3a1IiI0 Ta TPOTOKOJIM HaI3BUYAHHUX CUTYALIN JIJIs 3aXUCTY CyJHA
Ta EKIMmaxy.

[Tpuknan: BxkimrodeHHss BNWAS s 3a0e3rneueHHs] MUIBHOCTI BaxXTOBOI'O
odinepa.

9. O6podka naHuX y peaJbHOMY 4aci.

[TpyuHIMN: HaBiramiiHUNA KOMIUIEKC MOBUHEH OyTH 3/IaTHHM OOpoOJATH Ta
BiI0OpaKaTy JaHi B peaTbHOMY Yaci BiJl PI3HUX JATYHUKIB 1 CHCTEM JJISl MIATPUMKHA
CBOE€YACHOT'O MPUUHSATTS PIllICHb.

[Ipukian: OHOBIEHHS MOTOAHMX YMOB 1 CTaHy MOpPS B PEXKHUMI peagbHOTO
qacy BiI0OOPaKarOThCS HA MICTKY.

10. InTeponepabenbHICTb.

[lpyHnmn:  HaBiramiiHUM  KOMIUIEKC TOBMHEH MAaTH  MOJKJIUBICTH
B3a€MOJISTH 13 30BHIIIHIMU CUCTEMaMHU, TAKUMU SIK O€pEeroBl IIEHTPU YIPaBIIHHSA
pyxom abo iHII cyHa, Aj1s1 OOMiHY Ta OTpUMaHHS 1H(opMaIrii.

[Tpuxnan: o6min qanumu AlLS 3 HalOMMKYUMU CyaHAMH Ta MPUOEPEKHUMU
opraHam¥ BJIaJI¥ JIJIsl TOKPAIIeHHsI 0013HAHOCTI PO CUTYAITIIO.

[Ipu mpoexkTyBaHHI Ta OYIIBHHUIITBI HaBIrallitHOTO KOMIUIEKCY MOPCHKOTO
CyJlHa HEOOXITHO PETeThbHO BPAXOBYBATH 3aBJAaHHS Ta MPUHIUNK 3a0€3MeUeHHS

Oe3neyHoi, e(eKTUBHOI Ta HaAidHOI eKcrutyaTtauii. JloTpumyrounch LHUX
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MPUHIINAIIB, KOMIUIEKC MOKE 3a0€3MeUYUTH CYJHO 1HCTPYMEHTaMHU, HEOOX1THUMU
J1s1 O€3MEeYHOl HaBIraIlli B pi3HOMaHITHUX 1 CKJIQJHUX YMOBAax.

[IpoGnema BusiBieHHS 300iB y (DYHKILIOHYBaHHI, AIarHOCTHKH MpoOJeM 1
BIIPOBAPKCHHSI BUOIPKOBOTO KOHTPOJIIO B MOPCHKUX HAaBITAIlIMHUX CHUCTEMax Mae
BUpIIIATbHE 3HAYCHHS I 3a0€3MeUeHHs] O€3MeKu Ta HaAIMHOCTI POOOTH CynHA.
Ochb neTanbHUMA MIIX1J A0 BUPIMIEHHS Li€T TpoOIeMu:

1. BusiBieHHst HecnipaBHOCTEH [26].

1.1 MoHniTopuHr 1 30ip 1aHUX.

besnepepBHUil  MOHITOPUHI:  BOPOBAAUTH  CHUCTEMH, SKI  IOCTIMHO
KOHTPOJIIOIOTh pOOOTY BCiX KOMIIOHEHTIB HaBiraiii, Takux sk GPS, panmap, AIS,
ECDIS, ripokommac To1o.

Peectpanis gaHmx: 3amucyBaTH JaHi 3 IIMX CHUCTEM JUISl TOAABIIOTO
aHaJi3y, BKJIIOYAIOYM BUXIJIHI JaHl JATYUKIB, MOBIJOMJICHHS NpPO MOMMIKHU Ta
1HIUKATOPU CTIIPABHOCTI CHUCTEMH.

ba3oBl TMOKa3HUKHA MPOAYKTUBHOCTI: BCTAHOBUTH HOpPMaJbHI poOoUi
napameTpH JJIsi KOXKHOT CUCTEMH, 3 IKUMHA MOYKHA TTOPIBHIOBATH JIaH1 B PEATbHOMY
yacl JUI BUSABJICHHS aHOMAJIIH.

1.2 BusiBieHHs: aHOMATI1.

BusiBneHHs Ha OCHOBI MOPOrOBOIO 3HAYEHHS: YCTAHOBUTHU IOMEPEIHBO
BU3HAUCHI TMOPOTOBI 3HAYEHHS JUIS KIIOYOBUX MapamMeTpiB (HampuKiIaj,
HNOTY)XHICTh CUTHAJy, TOUHICTh MO3UIIIOHYBaHHS). Byab-AKi BIAXWJIEHHS 3a MEXI
[IUX TTOPOTiB BUKJIUKAIOThH CIIOBIIICHHS.

CraTUCTHYHI METOAM: BHUKOPHUCTOBYBAaTH CTATUCTHYHUN aHami3 s
BUSIBJICHHS MOJICJICH, SKI BIAXWISIOTHCS BiJ OYiKyBaHOi moBemiHku. Lle moxke
BKJIFOYATH Taki METOJH, SIK aHaJi3 CTaHJAPTHOTO BIJIXUJICHHS, KOB3al4l CepesHl
a00 OUTBII MPOCYHYTI CTATUCTUYH1 MOJIENI.

2. liarHoctuka [27].

2.1 YcyHeHHs HECTIPaBHOCTEMN.

CucremMatryHe TECTYBaHHS: SIKIO BHUSBJICHO HECIPABHICTh, CUCTEMATUYHO

TECTYyBaTH KOKE€H KOMIIOHEHT HAaBITalllitHOI CUCTEMH, 00 130J1I0BATH HECIPABHY
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yacTuHy. lle MoXke BKIIIOYAaTH 3amyCK JA1arHOCTUKHA a00 3aMiHy KOMITIOHEHTIB, 1100
MIePEBIPUTH, YU HECTIPABHICTD 3aTUIIAETHCS.

AHaji3 NepuIoNPUYUHU: BUKOPHUCTATU TaKi METOAM, SIK aHANI3 PEXUMY Ta
HachiakiB BigMoBu (FMEA) a6o anami3 nepea nomuiiok (FTA), mo06 BiCTEXUTH
OpUYUHYy HecrpaBHOCTI. lle Mo)ke BK/IIOYAaTH BHM3HAYEHHS TOrO, YM MpodiemMa
NOB’sI3aHa 3 anapaTHUM 300€M, MOMIJIKAMH MPOTPaMHOro 3a0e3MeueHHs, BIUTMBOM
HABKOJIMIITHBOTO CEPEIOBUIIA YA IOMUIIKOIO KOPUCTYBaya.

2.2 [HCTpYMEHTH A1arHOCTHUKH.

Boynosane tectoBe obnanHanHus (BITE): Bukopuctatu cucremu BITE, sxi
MO>KYTb 3aITyCKaTH CaMOJIIarHOCTHYHI TECTU Ta MOBIJOMIIATH PO CTaH CIIPABHOCTI
PI3HUX KOMITOHEHTIB.

ImiTamiitHi MoJiesni: CTBOPUTH 1MITalliiHI MOJIeJl HaBIraliiHUX CUCTEM, 100
BIITBOPUTH YMOBU HECHPABHOCTI Ta 3pO3YyMITH, SIK Pi3HI ()aKTOpU BILUIMBAIOTH Ha
npobiiemy.

ExcniepTHi cucteMu: po3poOUTH €KCIEPTHI CUCTEMHU, Kl BUKOPUCTOBYIOTh
0a3y MaHWX BIIOMUX MPOOJIEM 1 PIIIEHb JJIS JOTOMOTH B JIarHOCTHUIII HOBUX
HECIPAaBHOCTEH HA OCHOBI IIA0JIOHIB CHMIITOMIB.

3. BubipkoBuii koHTpOoJb [28].

3.1 YnpaBniaHs pe3epByBaHHSIM.

Kinmbka cuctem: BOpPOBAaAWTH PE3EPBHI CHUCTEMHU IS  KPUTHIHHUX
HaBiramiianx QyHKIi#A (Hanpukiaza, nmonaBiitHi mpuctpoi GPS, kinbka pagapHUX
cUcCTeM), 00 J03BOJUTH CYAHY MPOJOBXKYBaTH O€3IleuHy poOOTYy, HaBITh SIKIIO
OJTHA CHCTeMa BUXOJUTH 3 JIaTy.

ABTOMaTUYHE TIEPEMUKAHHS: PO3POOUTH  AITOPUTMH, SIKI  MOXYTh
aBTOMAaTUYHO TIEPEMHUKATH KEPYBaHHS 3 HECIPABHOI CHUCTEMH Ha pe3epBHY 0Oe3
nepepuBanHHs omnepauiid. lle Bkimowyae 3abe3nedyeHHs TOro, 00 cucTeMa
PE3EePBHOTO KOIIIOBaHHA 0yJia MOBHICTIO MPale3/aTHOIO Ta BiIKaI1OpOBaHOTO.

Takuii miaxia 3ade3nevyye KOMIUIEKCHY CTPATEriio MIATPUMKH LITICHOCTI Ta
HAJIHHOCTI HaBITAI[IHHUX CHUCTEM MOPCHKOTO CYyJIHA, TUM CaMHUM IIABUIIYIOUU

Oe3mnexy Ta e)eKTUBHICTh €KCIUTyaTarlii.
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1.4. MaremaTtuuHi MoaeJi GyHKIiIOHYBAHHSI HABIraIiHOT0 KOMILJIEKCY

MOPCHKOI0 Cy/Ha

MaremaTuyHi MoOJeal  HEOOXigHI JjIs  aHalli3y, MPOTHO3YBaHHS Ta
onTuMizalii poOOTH HaBITalITHOrO KOMILUIEKCY Ha MOpchbkomy cyaHi. L{i moxeni
MOKYTh MPEICTaBIATH Pi3HI acleKTH (YHKI[IOHAIBHOCTI CHUCTEMH, BKJIIOYAIOUU
HaAIMHICTh, TOYHICTh HaBIraIii, JMHAMIKy CHCTEMH Ta HMOBIpHICTh BiaMoBH [29].
Hwxue HaBeneHi neski OCHOBHI MaTEeMaTH4HI MOJENI, sIKI BUKOPHUCTOBYIOTHCS B
(GyHKITIOHYBaHHI HaBITAIIMHOTO KOMILJIEKCY:

1. Mopent HagiIiiHOCTI.

1.1. ExcrioneHmiaigsHa MOIETH HAIIHHOCTI.

[Tpu3HavYeHHS: BUKOPUCTOBYETHCS IS MOJACIIOBAHHS Yacy MiX BiJMOBaMu
KOMITOHEHTIB HABITAI[IHHOTO KOMIUIEKCY, WPHUIYCKAlOYH TMOCTIHHY YacTOTy
BIIMOB.

Mojenb:

R(t)=e M

ne:

R(t) — HamiHICTh Y MOMEHT 4acy t;

A — IHTEHCHUBHICTH BIIMOB (B1JIMOB 32 OJMHUIIIO Yacy);

t —4Jac.

3acToCyBaHHS: MIAXOAWTH JUIS MOJETIOBAHHS HAAIMHOCTI EJIEKTPOHHUX

KOMITOHEHTIB HaBITAIIITHOTO KOMILIEKCY.

1.2.Monenb posnosainy BeliOyia.

[Ipu3HaueHHA: MOMAETIOE JaHI TPO TEPMIH CIYyXOM KOMIIOHEHTIB,
BpPaxOBYIOUH, 1[0 YaCTOTa BIJIMOB MO’KE€ 3MIHIOBATHCS 3 4acoM (301JIbIITyBaTHCS,
3MEHIIyBaTUCS 200 OyTH TOCTIHHOIO).

Monenb:

t

—(HB
R(t) =e &

Iie:
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R(t) — HAmilHICTh Yy MOMEHT 4Yacy t;

1 — napaMeTp Macitaly (XapakTepHUl pecype);

f — napametp hopmu (BU3HaUYA€E TTOBEIIHKY 1HTEHCUBHOCTI B1JIMOB).

3acToCyBaHHS: BUKOPUCTOBYETHCA [IJISl aHANI3y KOMIIOHEHTIB, SIKI MOXYTh

MaTH Mepi0J1 3HOIIYBaHHS a00 a3y «IUTI40T CMEPTHOCTD.

2. Mopem macoBoro oocinyroByBanss [30].

2.1. JIanmror Mapkoga 3 6e3nepepBauM yacoM (CTMC).

[Ipu3HaueHHA: BUKOPUCTOBYETHCS [UIsI MOJCIIOBAHHS MEPEXOMIB MIXK
PI3HUMHM CTaHAMHU HaBITAlIMHOTO KOMILUIEKCY, TAKUMH SIK POOOYMH, OTIPIICHUHN Ta
HECIPaBHUM CTAHMU.

Mopenb: BU3HAYAETHCA MATPULICIO HIBUAKOCTI Mepexony @, e KOXeH
EJIEMEHT (;; TIPEJCTABIISIE INBUJIKICTh IEPEXOJLY BiJl CTaHy i JI0 CTaHy j.

3acTocyBaHHS: MIAXOAUTD JIJIsl MOJIETIOBAHHS CUCTEM, J€ Yac MEePEXOoay MK
CTaHAMU PO3MOJIIEHO €KCIIOHEHIIaIbHO, a IEPEXOAN HE MAIOTh IIaM’SITi.

2.2. JIanior Mapkoga 3 quckpetHuM yacom (DTMCO).

MeTta: MopentoBaHHS CHUCTEM 13 MepexoJaMH CTaHIB Ha JUCKPETHHUX
1HTEepBaJIax 4acy.

Mopenb: BU3HAYAE€THCA MaTPUIICI0 WMOBIPHOCTI mepexony P, ne KoxkeH
€JIEMEHT p;; € WMOBIPHICTIO TEPEXOAY Bijl CTaHy i JI0 CTaHy j 3a OJIMH YacCOBHH
KPOK.

3acTocyBaHHS: 3aCTOCOBYETHCS JIO CIICHApIiB, KOJM TEPEBIpKH abo
OHOBJICHHSI B1I0OYBaIOTHCS Yepe3 PErysipHI IPOMIKKH Yacy.

2.3. M/M/1 Yepra.

[Ipu3HaueHHs: MOJEINIOE CUCTEMH, € 3aIUTH (Taki K 00poOka AaHux abo
3aBJaHHS 3B’SI3KYy) CTaBJSTHCS B 4Yepry Ta OOCIYrOBYIOTHCS OJHHUM CEPBEPOM
(manpuka, 6J10koM 00poOKH a00 KaHAJIOM 3B’S3KY).

Mopenb:

[IBuAKICTH HATXOMHKEHHS A (3aIIUTIB B OAMHMUITIO Yacy).
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IBuakicTh oOCIyroBYyBaHHS U (KIJIBKICTH 3asBOK, IO OOCITyTOBYIOTHCS B

OJIMHUITIO Yacy).

3aBaHTAXKEHICTh CUCTEMHU:

A
p==
U
CepenHsi TOBXWHA YEPTH:
L, = i
q 1— p
CepenHiii yac O4iKyBaHHS:
p
W, =———
Top@-p)

3aCTOCYBaHH}12 BHUKOPUCTOBYETBCA I MOICIFOBAHHA HpOI[YKTI/IBHOCTi

CHUCTEM 3B'A3Ky B HaBIraliifHOMy KOMIUIEKCI, 1€ 3aBJaHHS CTOATh y uep3l Ha

00poOKYy.

3. Monens ¢inbrpa Kanmana.

[Ipu3HaueHHs: PEKYpCUBHUM aJIrOpUTM, SKHUM BHKOPUCTOBYETHCS IS

OIIIHKK CTaHy JIWHAMIYHOI CHUCTeMM (HANpHUKIIAJ, IOJOXKEHHS, IIBUJKOCTI) 3a

HAsIBHOCTI IIIyMY, Y4aCTO BUKOPUCTOBYETHCS B HABITALIMHUX CHCTEMAaX.

Monaenb:
[Iporno3yBaHHs:
Xijk—1 = FXy_1jk—1 + Buy_q
Peje—1 = FP_q1—1FT +Q
OHOBJICHHS:
Ki = Pyt H' (HPy e H” + R) ™
Xiepe = Xppk—1 + Ki(zie = HXppe—1)
Pej = (I — K H)Pyjie—1
ne:

Xk|k—1 — POTHO30BaHA OLIIHKA CTaHY;
Py |k—1 — IPOrHO30BaHa KOBapiailis;

K;, — xoedimient migcunenus Kanvana;
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Z} — BUMIPIOBaHHSI B MOMEHT 4acy k;

F — 11e MaTpuIisg nepexo/iiB CTaHiB,

H — MaTpwIisi CiocTepeKeHHSI.

Q 1 R € xoBapialisiMH MPOILIECY Ta IIYMY BUMIPIOBAHHS BIOBIIHO.

3acToCyBaHHs: 3a3BUYail BHUKOPUCTOBYeTbcsl B cucremax GPS Ta
1HepIIaJIbHUX HaBITallIMHUX CUCTeMax I (inbTpallii mymy Ta TiJBUIICHHS
TOYHOCTI OI[IHKH MOJOKEHHS.

4. baifecoBCHKI MEpEexKi.

[Ipu3HayeHHs: iMOBipHiICHa TpadiyHa MOJelb, IO MPeACTaBisie HaOIp
3MIHHMX Ta IXHIX YMOBHHMX 3aJIeKHOCTEH 3a JIOMOMOTOI0 CIIPSIMOBAHOIO
arukiigHoro rpaga (DAG).

Monenb:

Bysnu mpencraBnsioTh 3MiHHI (HampWKiIaa, TOKa3aHHsS JaTYMKIB, CTAaHU
CUCTEMHU ).

PeGpa npencTaBisitoTh YMOBHI 3aJI€KHOCTI.

CriibHHI PO3MOALT HMOBIPHOCTEH PO3KIIAIA€THCSA SK:

n
P(X1, X5, ., Xp) = HP(Xi |Parents(X;))
i=1i

3aCTOCYBaHHS: BHMKOPUCTOBYETBCS ISl TPOLECIB MPUNUHATTSA PpIILLEHB,
J1arHOCTHKHU HECTIPAaBHOCTEW Ta OLIHKH PU3UKIB Y HaBITaI[IITHOMY KOMILIEKCI.

5. Mojeni cucteMHOT TUHAMIKH.

[Tpu3HaueHHs: MOJENIOE MOBEAIHKY CKJIQIHUX CHCTEM Yy Yacl, BKIIOYAIOUU
IIUKJIM 3BOPOTHOTO 3B’A3KY, YACOB1 3aTPUMKH Ta HAKOTTHUEHHSI.

Monaens:

JudepenianbHi piBHSAHHS: BUKOPUCTOBYIOTHCA JJII OINHUCY IIBUIAKOCTI
3MIHH CTaHIB CUCTEMH.

3MiIHHI CTaHy: MPEJACTABISAIOTH KJIKOYOBI CUCTEMHI NapaMeTpu (HAIpUKIIa,

MIOJIOKCHHS, IIIBUIKICTB ).
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[Tetnmi 3BopoTHOrO 3B’s3KY: (DIKCYBaHHS B3a€EMOAIl  MDK  PI3HHUMH
KOMITOHEHTaMHU CUCTEMHU.

3acTocyBaHHS: MIAXOAWUTH JUIsI MOJCITIOBAHHS JUHAMIYHOI TOBEIIHKU
CHUCTEM HaBITaIlli Ta KEPyBaHHsS CYJIHOM, BKJIIOYAIOYH B3aEMOJII0 MK CYJIHOM,
HABKOJIMILIHIM CEPEOBHUINEM Ta HaBITalIHHUM 00JIaIHAHHSIM.

6. Mopenni siHiitHOTO porpamyBanHs [31].

[Ipu3HadyeHHs: MOJeNl ONTUMI3AIlll, Kl 3HAXOJATh HAWKpaIUh pe3ysbTaT
(HampuKiaa, MiHIMAJIbHY BapTICTh a00 MaKCUMallbHy €(EeKTHUBHICTb) y CHCTEMI 3
JHIAHUMHA OOMEXEHHSIMU.

Monenb:

[{inpoBa QyHKIIIS: TpeACTaBiIsge METy (HAPUKIIA, MiHIMI3allis CIIOKUBAHHS
najrBa).

OOMEXeHHSI:  NPEACTaBIAIOTh  CUCTEMHI  OOMEXeHHs  (HampuKIaj,
MaKCHUMaJlbHa IMIBUKICTh, 3a11ac 0€3MeKH).

PilieHHs: BUKOpPHUCTATH Takl ajJropuTMH, sk Simplex Meroxa, mo0 3HaWTH
ONTUMAJIbHE PIIIICHHS.

3acTOCyBaHHSI: 3aCTOCOBYETHCS I ONTHUMI3allll MapHIpyTy, PO3MOJLTY
pecypciB 1 IJIaHyBaHHS B HaBITallIHHOMY KOMILIEKCI.

MaremMatiyHi MoOJENl BIIITPAlOTh BUPIIIAIBHY pOJb Yy PO3YyMIiHHI Ta
onTuMizalli (QyHKIIOHYBaHHS HaBIralliiHOIO KOMIIJIEKCY Ha MOPCHKOMY CY/IHI.
3acTOCOBYIOUYH TaKi MOJEIII, sIK TEOPisk HaIIWHOCTI, Tipoiiecu MapkoBa, (ibTpartis
Kanmana Ta Merogu  onTuMiszalii, CyAHOBOIII MOXYTh  MOKpAIUTH
MPOJYKTUBHICTh CUCTEMH, 3a0€3MEeUUTH O€3MeKy Ta MIATPUMYBATH €()EKTUBHICTD

po6oTH 3a pizHuX ymMoB [32-49].
Bucnosku a0 I po3ainy
1. B ganii pobGoti, mod QopmaiizyBaTu XapaKTePUCTHUKY O3HAKH

dynkuionansHoi crifikocti HK, cdopmynboBano mnousaTTs mnpo ¢yHKINT, sKi

Bukonye HK, BpaxoByiouM cTaH [JOCTYNHHMX HaBIraliMHUX 3aco0iB 1
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BUKOPUCTOBYBAaHUX CHUCTEM PYXOMOTro pajio3B’s3ky. IlokazaHo, 1o 3aBaaHHs
3abe3rneueHHs QyHKIIOHAIBHOI cTabuibHOCTI HK mosnsdrae B miarpuMini 1CHyrO4Oi
axocti ¢ynkuid HK B 3amani iHTepBamu mpoTarom meBHOro mepioay 4acy. s
BUKOHaHHs I1boro mnporecy B HK HeoOXimHi cmemiaabHl 3aco0M Ta METOIU
pekoH(irypairii Ta peoprasizailli CHCTEeMHHUX PECYpCIB, Kl TapaHTYIOTh Oa)KaHUN
piBeHb sikocTi pyHkuin HK 3a HecnipusTiMBUX BIUIMBIB.

2. TlocTaBiieHo psja 3a7ad JIOCTIKEHHS. BU3HAYUTH OCHOBHI BHMOTH JI0
GyHKIIOHATBHOT ~CTIMKOCTI HABITallifHOTO KOMIUIEKCY MOPCBKOTO  CY/HA.
Po3pobutr Mojenb, MpoIEciB 1 CHUCTEM HAaBITAllIMHOTO KOMIUIEKCY MOPCHKOTO
CyJIHa: TIPOBECTH JIOCTI/DKCHHS pe3yJbTaTiB MaTEMaTHYHOTO MOJICTIOBAHHS;
BU3HAUUTH, SIK TOYATKOBI IapaMeTpU CUCTEMH BIUIMBAIOTh Ha HMOBIPHICTb
BUKOHAHHS BXIiAHOro 3amuTy. [IpoBecTH eKCIEpUMEHTAIBHE JTOCIIKESHHS
(YHKI[IOHYBaHHSI HaBITalllMHUX CHCTEM MOPCHKOTO CyJHA: MPOBECTH OLIHKY
e¢(PeKTUBHOCTI PI3HMX CXeM AYyOJIOBaHHS €JIEMEHTIB CHCTEM HaBIraiiifHOTo
KOMIUIEKCY 1 IX MaTeMaTU4yHe MOJCITIOBaHHS;, 3aCTOCYBaTH 0aleCiBChKHUM MiAXia B
OIIHII  HAAIMHOCTI HaBITaIifHOTO KOMIUIEKCY. [IpoBecTH  MOCIHIKEHHS

HaBITAI[IHHOTO KOMIUIEKCY SIK CHCTEMH MacOBOTO 0OCITyTOBYBaHHS.
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PO3/1 2
MOJIEJII MMPOLIECIB I CACTEM HABITALIIITHOTO KOMILIEKCY
MOPCBKOI'O CY/THA

2.1. ImiTauiiine MoaeJI0BaHHA HaBiramiiHUX cUCTEM

ImiTamiitne MojieTIOBaHHS HaBIrallItHUX CUCTEM € BaXKJIUBUM 1HCTPYMEHTOM
JUISL TIPOCKTYBAaHHSI, TECTYBaHHS Ta ONTHMI3alli MPOIYKTUBHOCTI HaBiramidiHUX
TexHosorid. CTBOPIOIOUM pealTiCTUYHI BIPTyalbHI CEpPEeAOBHINA Ta CIEHapii,
1HKEHEPHU Ta JIOCHITHUKU MOXKYTh PETEJbHO OILIIHIOBATH HABIrallliiHI CUCTEMHU 32
PI3HHX yMOB, IO TPHU3BOAUTH JO OE3MEUHINUX, €(PEKTUBHIMNUX 1 HATINHIIIIX
peaiizalliii y pealbHOMY CBITI.

besneka MOpPChKUX MepeBe3eHb 3HAYHOIO MIpOI0 3aJICKUTh BiJl HAAIHHOCTI
HapiramiiHoro ooOmagHanHsA. [1o6 mocartd 1BOro, MOPSKH, AaHATITHKH Ta
JOCJIAHUKN ITOBHHHI BOJIOAITH HAaJIMHUMH TEXHIYHUMH 3HAHHSAMHU Ta JTOCBIIOM.
3BiTH BiAALTy posciigyBaHHsS Mopchkux aBapii (MAIB) 3 1993 mo 2012 pik
MOKa3yloTh, 1O 6692 MOPCHKMX I1HUUIEHTIB OYyJW TOB’S3aHI BUKIIOYHO 3
TeXHIYHUMU (aKTopamu, ToJl K 69% IHIMACHTIB BKIIIOYAIW KOMOIHAIIIO 1HIITHX
daktopiB. Texuiuni QakTopu OXOIUTIOIOTH HHU3KY AacCMleKTiB, TaKuX SK
OCHOBHI/JOTIOMIKHI/TIATyOH1 ~ MEXaHI3MH, MPOLEAYPH MICTKY, MaHEBPEHICTb,
31TKHEHHSI/KOHTAKT, €JICKTPUYHI CHUCTEMH, 3aMOODKHI 3aXOIU MPOTH TMOXKEXKI Ta
BUOYXY, pU3UKHU 3aTOIJICHHS, 3arajbHE YIPaBIiHHSA Ta MPOLEIYpHU, AISIIBHICTh Ha
CyaHi, HeOe3mneKa IMOCaJKu Ha MUIMHY, HeOe3Ne4yHi BUMaJK{, HaBIraliiHe Ta
KOMYHIKaI[iiiHe oOJaJHaHHS, MIPKYBaHHsS IIOAO €KCIUTyaTalliHOTO Au3aiiHy,
npobsieMu  3a0pyJHEHHs, 3aXOAud CTaOUILHOCTI, UUIICHICTh KOHCTPYKIIIi,
obOnagHaHHs OE3MEeKH Ta MPOTOKOJIM PearyBaHHS Ha HAJA3BUYAWHI CUTYyaIlli, cepen
iHmoro. Ilpotarom icropii drOACTBA OJHMM 13 HAMOUIBII HIMPOKO BU3HAHHMX
N1AX0IB OyJIO BUTAITU LIHHY 1HGOPMALIIO 3 MUHYJIUX HeOaXaHUX MOJIH, 110, Y

CBOIO 4UCpry, Aommomarae JIRAasM 1moaojiatu MO>KJIMBI PO aBH.
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Mertoro SIP € oriHka BIJIMBY €JIEKTPOHHOI HaBiraiii 3 MeTOK MiHIMI3aIlli
HaBIralliMHUX 1HIUJEHTIB, TaKUX SK 3ITKHEHHS Ta IIOcCajka Ha MIUIMHY,
JOCATHYBIIIM 3HAYHOTO 3MeHIIeHHs Ha 65% came mnsa cyneH SOLAS. Curyaris 3
O€3MeKo0 Ha MOP1 BIAPI3HAETHCS B KpaiHM J0 KpaiHU. Y peallbHI MOPCHKid
npaktuii cynHa SOLAS dYacto CTHUKalOThCS 3 CyJHaMH, SKI HE BIAMOBIAA€
BumoraMm SOLAS. [lpaktuka BOpOBaKEHHS €JIEKTPOHHOI HaBiramii Moxe
BIIPI3HATUCS B PI3HUX KpaiHax 4epe3 BIAMIHHOCTI B IXHIX NMPiOpUTETax, PiBHAX
TOTOBHOCTI Ta OYIKYBAaHHUX pe3yJlbTaTaX 3aCTOCYBaHHSA ii B IXHIX aKBaTOPIsX.
3aBAsSKU CTBOPEHHIO €(DEeKTUBHOTO Ta Ji€BOro HarioHaibHoro SIP ne momomarae
Jep’KaBaM-ujieHaM MaKCUMI3yBaTH MepeBaru BIPOBAJKEHHS  €JIEKTPOHHOI
HaBirarii Jy1s IXHIX aKBaTOPIH.

HarmrionanpH1 opranu Biiaayd HECYTh BIJINMOBIAAIBHICTh 32 PO3CIIIIyBaHHS Ta
MOHITOPHUHT BIJIMOBIAHUX CHUTYalliif, M0 CTOCYIOTbCS IXHIX HAI[lOHAJBHUX BOJ 1
cyaHoruiaBaoro ¢uory. Asropu crarti [50] mpeacraBinsioTh HOBHMH MiAXid Uis
e(eKTUBHOI OIIHKMA BIPOBAKCHHS IIporpaM eJIeKTPOHHOI HaBiramii. MeToro
METOJly € KUIbKICHA OIIHKA BILIMBY pILICHb €JIEKTPOHHOI HaBIramii 3 TOYKU 30pYy
3MEHIIICHHS aBapii, IKMX MOTEHIINHO MOKHA YHUKHYTHU 3a JOIOMOTIOI0 Mporpam
CJIEKTPOHHO1 Hapiramii. lleii Merom mpencraBieHO Ta JOCIIIKEHO B paMKax
kopeiicbkoro npoekty SMART-Navigation, sikuii IpONOHY€e MOCIYTH €JIEKTPOHHOI
HaBirarlii gK JUIs CyJeH, Kl He BiAnoBigaoTh BumoraM SOLAS, Tak 1 ais cyjeH
SOLAS. Ileii mnpoekT MoOxe CIyryBaTd 3pa3KoM HJisi BCEOIYHOI OIlIHKH
BIPOBA/PKCHHS €JIEKTPOHHOI HaBIraIii 3 ypaxyBaHHSIM YyHIKaJIbHUX OOCTaBUH 1
YMOB TMpUOEpPEKHUX JAepkaB. Y paMKax IbOTO MPOEKTY BIPOBATKYIOTHCS
crieriajii3oBaHi pileHHs y BUDIa 3aco0iB e-Navigation toolkit. Ha npe3enrartii
OTIPWJIIOAHEH] Pe3yJIbTaTH MAacCIITaOHUX JOCIIKEeHb, MpoBeAcHUX BcecBiTHIM
MOPCHKHM YHIBEPCUTETOM Yy CIIBIpalll 3 pi3HUMHU naptHepamu. Lle mocmimpkeHHs
Ma€ Ha METl BU3HAUYUTH BHMOTH JIO HABYaHHA Ta TEpPeBard KOPUCTYBadYiB,
HEOOXIJHI JUIsl YCIIIIHOTO BIPOBA/XKEHHS MEPEOBUX pIlIEHb E€JIEeKTPOHHOI

HaBirarii Ha MPaKTHII].
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IHTerpoBana Mopchka cucrema BKIIIOYae B ceOe KiJTbKa KOMIIOHEHTIB, SIKi
BKJIIOYAIOTh  1HEpIlaJibHY HAaBiramiiiHy CcUCTEMy, MNpHiiMad CyMyTHUKOBOI
HaBiramiiaoi cucremu (SNS), s)xypHaI 1 KOMI'TOTEp, MPU3HAYCHUN 111 00pOOKHU Ta
MOHITOPUHTY 1H(}oOpMalii. AHOMalbHI JApeidu Tipockona Ta 3MIIICHHS
aKkcejlepoMeTpa  BH3HAYEHI K NEPBUHHI  NOMHJIKM  1H(pOpMalii, 10
cnoctepiraiotbes B fatunkax INS.

Y HaykoBiil JiTepaTypi IIMPOKO PO3MIIAAETHCA NpoOjeMa BHUSBJICHHS
HecrnpaBHocTeil (FD) B iHpopMmamiitHux 3005X 1 po3poOKH cHUCTEM, SIKI MOXYTb
IPOTUCTOSATH UMM 300siM. MaTeMaThyHa MOCTAaHOBKa MPOOJIEMH, OB’ A3aHOI 3
iH(popmarliitHo-BuMiproBaibHUMH cuctemMamu (IMS) y kontekcti FD, cniupaerses
Ha TPUHIUON CTATUCTHMYHUX pilieHb. Lle mepenbadae mpoBeneHHS MNEPEBIPOK
rinore3, o0 BU3HAYUTHU HASBHICTh YW BIJCYTHICTb HECHPABHOCTEH y CHUCTEMI.
Cepen MeTOJIB, SIKI BUKOPUCTOBYIOTHCS [UIsl BUPILICHHS 1€l MpoOiIeMH, MOKHA
BUJIUIUTH JIBa KJIACHW — 3HIMOK 1 MOCIiI0BHI MeToau. Ilepmmii moknagaeThcs Ha
OKpeMi BHUMIpPIOBAHHA [Jisi MPUUHATTSA pIlIEHb, TOMI SIK APYrUd BHUMarae cepii
NOCTIIOBHUX BHMipioBaHb. Y cTarti [51] mocmimkeHO METoa BUPIMICHHS
npobonemu FD 1nuiixom BHKOpUCTaHHS TOCIITOBHOCTI BuMiptoBaHb. [1[00
BUPIIIUTH 110 TPOOJIeMy, MOTPIOHO BBECTU AMHAMIYHY MOJEh ISl TOMUIOK IMS
K y HOMIHQJIbLHOMY CTaHI, TaK 1 B HECIIPAaBHHUX CTaHaX, a TAKOXX MOJIENI NePexoy
MDK CTaHaMmM. SIK 3raayBajocs paHillie, po3B'si3aHHS KOMOIHOBaHOI MpoOJieMu
MEepeBIpKUA TIMOTE3W Ta OIIHKKA HEBAadl € O00OB'I3KOBUM. BukopuctoByroun
anmocTeplopHi UMOBIPHOCTI TIMOTE3, MOKPAIYETHCS BIJIMOBOCTIHKICT CUCTEMHU, Ha
10 BKa3ye€ 3BAYKEHA OI[IHKA MMapaMeTpiB.

OyHKIIE aBTOHOMHOI HaBiraimii MATPUMYETHCS  1IEHTU(PIKOBAHUMH
KOMITOHEHTAaMU CUCTEMH, K1 3a0€e3MeuyoTh Oe3MeyHe MPUNUHATTA Ta BUKOHAHHS
pimeHb. Ili KOMIOHEHTH OXOIUTIOIOTh IUIAHYBaHHS MAapUIPYTy, KEpyBaHHs
pelicaMu, YHUKHEHHS 31TKHEHb Ta yCBIJJOMJICHHS cutyallli. BincyTHicTe Ha 60pTY
eKIMaxy, IKU OM KepyBaB HaBIralli€lo, MIABUILYE PU3HK CEPHO3HUX HaABITAIMHUX
aBapiil, BKJIIOYAIOUM 3ITKHCHHS 3 1HITUMU CyJIHAMH, HAJIBOJHUMHU Ta MiJBOJHUMHU

NepelKolaMi Ta Mocaaky Ha MUlMHY. Lleil pu3uk B mepiry depry BUKIMKaHUN
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300MH B TPOrpaMHOMY 3a0e3NedeHHI, amapaTHoMy 3a0e3ledyeHHl Ta JHKepeni
JKUBJICHHS aBTOHOMHOI HaBirariiinoi cuctremu (ANS). [1lo6 rapantyBatu Oe3mneky
JOCITIIKYBAaHOT CHCTEMH, JOIUIHPHO BKJIFOYHTH PE3EPBHI 3aXOIU I OCHOBHHX
koMmnoHeHTIB ANS, Takux sik mporpamHe 3a0e3IeueHHs, anaparHe 3a0e3neyeHHs,
JDKEpeIio JKUBIIEHHS, cucteMa exosoryBaHHs, ECDIS 1 mikpodoH.

Pe3epByBaHHSI BOXXIMBUX IJs1 O€3MEKH CHUCTEM a00 JATYUKIB A1MCHO MOXeE
3a0e3neYnTH JTOCTaTHIN piBeHb OE3IMeKH IJisi TaKUX CKIATHUX cuctem, sk ANS.
Opnak med cmoci0 He € HaWBurigHimmM BapianToMm. [1[006 migBumuUTH
MPOJYKTUBHICTh 1 €(PEKTUBHICTH, JOIUJIBHO BKJIIOYATH OHOBJICH1 BEpCii KUTTEBO
BOKJIMBUX KOMIIOHEHTIB 1 JAaTYMKIB, SIKi 3a0€3MeuyrOTh JOBIIMH cepeaHiid uac
HanpauoBaHas Ha BitMoBY (MTBF). Kpim Toro, BukopuctanHs iHTEIEKTYaIbHOTO
IPOrpamMHOro 3a0e3MeUeHHsl, HapUKIaJl MOHITOPUHTY Mpale3laTHOCTI JaTYHKIB,
MO>K€ JJOTIOMOTTH BYACHO BHSIBUTH MPOOJIEMH Ta CIUIAHYBAaTH HEOOXiAHI 3aBIaHHS
3 TEXHIYHOTro oOciyroByBaHHsA. HaocTaHOk, piBHI O€3MEKH KOHIENTYaJbHOIO
MPOTPaMHOro 3a0e3MedeHHs, 3raJIaHOr0 B JOCHIIKYBaHIH cUCTeMi, TOBUHHI OyTH
BU3HAYCHI MIJITXOM Bastiiamii Ta Bepudikartii.

VY cyuyacHy enoxy MOUIMPEHICTh HAJIMIIKOBOrO 00JaHAHHS 3yCTPI4a€ThCs
yacTimle, HiK Horo AedinmuT, 1 4acto 1e po3yMHo. HecnpaBHICTh HaBiramiitHOTro
oOJaiHaHHS MOXe COPUYMHUTH 3HA4H1 (P1HAHCOB1 30MTKU SIK Ul CYJHOBJIACHUKA,
Tak 1 JJisl BaHT@KOBIAMPAaBHUKA, 110 HeOa)kKaHO, BPAxOBYIOUM BHCOKY BapTICTh
BaHTaXy Ta CyaHa. BapTicTh caMoro o0JialHaHHS TOPIBHSIHO HEBEIMKA MTOPIBHIHO
13 3araJlIbHUMH BUTPATaAMHU.

3araibHOMPUUHSATAM METOJIOM OIlIHKH €(PEKTHUBHOCTI TEXHIYHUX CHUCTEM €
BUKOPUCTAHHS TEOPii CHUCTEM MacoBOTO oOciayroByBaHHsA. Ll Teopis mo3Bosise
po3paxyBaTl MMOBIPHICTh PI3HMX YMOB y CHCTEMaxX MacOBOr0 OOCIyrOBYBaHHS
(CMO) 1 BCTaHOBUTH 3B’S30K MK KOHKpeTHMMH mapametpamu CMO Ta
MOKa3HUKAMHU iX €()eKTHBHOCTI.

3 oryisiy Ha Te, 110 BC1 KaHAJIU B CHCTEMI € 0a30BUMU, IIPOIIECH, K1 3a3HAE
CMO, moxHa omucath fK MapKOBChKHMM BUNagkoBuil mpouec. lleil mpomec

CKJIAJIA€ThCS 3 TUCKPETHUX CTAHIB 1 BIOYBAETHCS MPOTATOM O€3MEepPepBHOTO Hacy.
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Y Bumanky, SKIIO MPOIEC 3aJ0BOJIBHAE YMOBH €pProOJWYHOCTI, JOCATAETHCS
OCTAaTOYHHI CTaIllOHAPHUN PEKUM. Y IIBOMY PEXKHUMI UMOBIPHOCTI CTaHIB Ta 1HIII
napaMeTpH Ipolecy He 3ajiexaTh BiJ 4acy. JlOCHIIHUKHM 4acTO 30CEpeKYIOThCS
Ha [UX YCTaJICHUX 1 CTINKUX prcax y BIACHUX JOCIIPKCHHSX.

PobGota cymgHoBOro odirepa posrasaaTuMeThes Sk ogHokananbaa CMO, sika
Ma€e TEHIEHIo 10 30010. 11 modaTKy Ba)XIMBO BH3HATH, 10 odilep Hece
BIIMOBIJANBHICTh 32 KEPYBaHHsI PI3HUMM IMOTOKamMu 3anuTiB. IlepeOyBaroun Ha
city>k01, BIH MMOBUHEH HE TUIBKH 3BEPTATH yBary Ha HAaBKOJMIIHE OTOYEHHS, ajne i
dbikcyBatu pubau3Ho 10 mapameTpiB, BKIHOYAIOUU KYPC, MBUAKICTh, TOTYXKHICTh
Ta iHmi. HexTyBaHHsS HETaTUBHUMU MOKa3HUKAMU JIESKUX MapaMeTpiB MOXKe OyTu
HACJIIJIKOM 30CEpe/KeHHs] BCi€l yBaru Ha OJHOMY 3 HHUX. SIKIIO BUSBIICHHS
HEraTUBHUX 3HAYEHb SIKMXOCh MapaMeTpiB Oy/Jie HECBOEYACHUM ab0 3ami3HIIMM,TO
y Iux oOcCTaBMHaxX HEOOXiAHO OyAe MIBUAKO MPUHAMATH pIIICHHS, IO MOXE
BUKIIMKATH CTPECOBI CUTYaIlii, IKi B CBOIO YepPT'y MOKYTh MPU3BECTU J0 TTOMHJIOK.

Heperynsipauit moTik 3anuTIB 1 pi3HUNA Yac iX 0OCIyroBYBaHHS MPU3BOIATH
710 HemocioBHOrO 3aBaHTaxkeHHss CMO. byBaioTh BUNaAKH, KOJM HEOOCITyrOBaH1
3alUTH HAKOMUYYIOTHCS HA BXOJi, IO MPHU3BOAUTH N0 mepeBaHTakeHHs CMO. |
HaBIaky, OyBaloTh cuTyallii, ko Ha BxoAal CMO € noctynHi kaHalu, aje Hemae
3alWTIB, IO MPHU3BOAUTH N0 HeJocTaTHhOro 3aBaHTaxeHHs CMO 1 crany
Oe3isuIbHOCTI Moro kaHamB. Bxigm CMO — 1e miclie, ¢ HaKOMMMYYIOThCS 3aIUTH.
i 3anuTH MalOTh J1Ba MOXJIMBI pe3yJlbTaTh: BOHU a00 MPHUETHYIOTHCS 0 YEeprH,
a0o0, SKIIO BOHM HE MOXYTh OilbIlne yekaTd B dyep3i, 3anumate CMO 06e3
00CITyrOBYBaHHS.

OTxe, iCHye HMOBIPHICTH TOrO, 110 poOouMii KaHan (CyAHOBUH oditep)
3ITKHEThCS 3 MOMIJIKAMU Ta MEBHOIO MIpPOI0 BTPATUTh €PEeKTUBHICTH poOoTH. Lle
MOke OyTH CHpPOBOKOBAHO pI3HMMH (aKTOpaMu, TaKMMH SIK XBOpoOa, BTparta
CBIIOMOCTI a00 CHUJIBHUW CTpEC, IO MPU3BOIUTH 1O TICUXIYHOTO 3aBUCAHHI.
31aTHICTh HIBUAKO OIIHIOBATH OOCTaBMHU Ta NPUMMATH ONEPATHBHI PIMIECHHS

HCHAaBMHUCHO 3HWIKYETBHCA.
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VY pasi HecnpaBHOCTI KaHalIy MpOLEC BiJHOBJICHHA IMOYMHAETHCS OIpaszy
micisg BUHUKHEHHs. Lle Moxke mMposBIsATHCA y MNPUXOAlI A0 TIMH, HpUioMi
BIMOBIAHUX JIKIB ISl JIKYBaHHS XBOpPOOM abo0 yCHIIIHOMY OJYy>KaHH1 Miclis
KapaHTUHY.

I'padp cxemu «3aru0eni-po3MHOKEHHS» MPEACTABISE CTaHU CUCTEMH Ta
300paXeHUI HACTYITHUM YMHOM:

A v

Pucynok 2.1 — I'pad cxemu crany CMO

Ie. Sp — KaHaj BUILHUY,

S1 — KaHAN 3alHATHH (TPAITIOE);

S, — KaHaJ BUMIIOB 3 JaJy, BiTHOBIIOETHCS.

Hexaif HalmpoCTIIIHIA MOTIK 3alUTIB TOCSITae CBOTO BXOAY 3 IHTEHCUBHICTIO,

nmo3HaueHow A. Yac oOCIIyroByBaHHsS — €KCHOHEHI[IAJILHUM 3 MapaMeTpoM L =

1 - .o .
T , A€ t obenr — CCpCIIHlI/I yac 06CHerBYBaHHH BaHI/ITy. He O3Hada€, o IIOTIK
o6ca

00CITyroBYBaHHS € HAUTPOCTIIINM, a caMe CTalliOHAPHUN MTyacCOHIBCHKHI MpoIiec,
KU MOXHA OMUCATH MapaMeTpOM IHTEHCHUBHOCTI, SIKHH TO3HAYa€ThCs SK . €
HMOBIPHICTH TOTO, IO (PYHKITIOHATHHUIN KaHAT MOXE BUWTH 3 JIay — BiJIMOBHTH.
3po0MMO TPUNYIICHHS, 110 1HTEHCHBHICTh V € HAWUIpOCTIIION (GOPMOI0 IO
BIJHOILLIEHHIO JI0 TOTOKY BiAMOB. Bigpa3sy micias 30010 KaHaly NOYHMHAETHCA

MpoIeC BIHOBJICHHS KaHany. Yac BIJHOBJICHHS KaHAJly Ma€ €KCIIOHCHIaIbHUN

. . . . . 1
PO3MOJIL, AKMH XAPAKTEPU3YETHCS MAPAMETPOM, BIIOMUM SIK IHTEHCHBHICTD Y = —,
p

ae t, — cepenHii 4ac BiIHOBJIEHHA (PEMOHTY). 3afaya Oysia BUpa)KeHa IOI0HUM
quHOM y [52], 30cepekyounch Ha CYyTHOBOJIIT SIK CEpBICHOMY KaHaji. Y JaHOMY

JOCIIDKEHH] ~ CKJIQJIHICTh MNpOoOJeMH BHHHUKAE 3 PO3TISAAY TMOTEHIIHHOIO
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BUHUKHEHHS BiIMOBM KaHaJly y CTaHI OYiKyBaHHS Ta WOTro BIUIMBY Ha CTaH
OYiKyBaHHS, 10 TTO3HAYAETHCS IHTEHCUBHICTIO V'. PO3yMHO MpUITYCTUTH, 110 V' <V.

I'pad cxemu, mo npencrasise ctatyc CMO, MaTuMe Takuid BUTJISL:

Pucynok 2.2 — I'pad cxemu ctany CMO 3 MOXKJIMBICTIO BIJIMOBH TIiJ] 4ac

IPOCTOIO

ne: So — KaHaJl BUILHUH;

S1 — KaHA 3aHATHH (TIPAIIIOE);

S, — KaHaJl BUMILIOB 3 JIaAy, BITHOBIIOETHCS.

Teopis cucremHOi HAAIMHOCTI Mae Pi3HI MIAXOAW A0 PO3MIIALY HAAIHMHOCTI
CKJIaJIHOTO O0JIaJiHaHHs, TAKOTO SIK HaBiraiiiiHi cucTeMu abo CyJHOBI MEXaHI3MHU.
AnHamiz edekTiB 1 kpuTHuHOCTI pexumy BigmoBu (FMECA) mmpoko
BUKOPHCTOBYETbCA B TEXHIUHOMY OOCIYrOBYBaHHI Ta aHali3l pPHU3UKIB, 100
3a0€3MeUUTH TOBHE PO3YMIHHSA MOTCHIIWHMX BIIMOB, 1X HPUYMH 1 MOKJIHUBHUX
3ax0JliB 3 BUIpaBieHHs. Llei miaxiag OKpeciroe crnocoOH, SIKUMHU MOJIl MOXYTh
HITH HE TaK, BU3HA4Ya€ NPUYMHHU IMX 300iB 1 MPONOHYE PO3YMIHHS CTpaTerii
BUTPABJICHHS YU MTOM KIIeHHA. AHami3 KpUTUHIHOCTI (CA) BUKOPUCTOBYETHCS JIJIsI
BU3HAYCHHS TIOJIM, BUIAJKIB a00 KOMIIOHEHTIB, SIKI BUMAararTh OUIBIIOI yBarw,
o6 3amo6irTu OiIbII cepilo3zHuM abo karactpodiunum cutyanismM. FMECA
MPONOHYE CHUCTEMATHUYHY METOJIOJIOTII0 JUIsi BCEOIYHOTO PO3YMIHHS NPHUYMH 1
HACJIIJIKIB HECITPABHOCTEH KOHKPETHOTO OOJaJHaHHS YU CUCTEMH, JOTPUMYIOUNCH
MEePCIIEKTUBH «3HU3Y Bropy». BumiproBanHsa KpUTHYHOCTI 3a qonomororo FMECA
JIOTIOMAara€e BUSBUTH HAHOUIBII BAKIIMBY HECIIPABHICTh KOMIIOHEHTA, TAKIM YHHOM
MIITPUMYIOUM i1 3 TEXHIYHOTO0 OOCIyrOBYBaHHSI Ta IUIaHYBaHHS, BIJKpUBAIOUYU

yiTKy 1Hpopmaiito. Cy0’eKTUBHI BX1JIHI JAaHl omeparopa, 310paHi 3a JOMNOMOTOIO
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FMECA, moxHa onucatu ABoma crocodamu. OJIHUM 3 acCIleKTiB, Ha SIKOMY CJIiJl
30CEPEIUTHCS, € OIlIHKA HaJlallITyBaHb 1 MPIOPUTETIB OlepaTropa, 30KpeMa IIo0
HECIpaBHOCTEW 1 mpobieM 3 oOcimyroByBaHHsAM. lle BKIIOWae aHami3 TaKUX
dbakTopiB, K JIOCBiJA, 1 BU3HAUYCHHS NMPUYMH TpHUBaIuX mpocrtoiB. KpiMm Toro, 115
TEXHOJIOTISl CIIyTye MET1 BUSBIICHHS BaXXJIMBUX HECIPABHOCTEW B 0OCIYroBYBaHHI
Ta KOMIIOHEHTaX MallluH. 3 TOYKH 30py HAMHCAHHS, IPYTHH acleKkT mependadae
MepeBIPKY BAXKIUBUX KOMIIOHEHTIB, OTPUMAaHUX 3a JIOTIOMOI'OI0 SIKICHOTO aHaJi3y
gyepe3 MUHaAMIYHUK aHami3 jnepesa HecrpaBHoctel (DFTA). s mocsrHeHHS 1uX
JIBOX IiIel 3a mormomororw aHanizy FMECA MokHa CTBOPUTH Ta PO3MOBCIOJIUTH
aHKETy uepe3 nporpamue 3abdesneuenns Qualtrics.

OcHOBHA MeTa ONMMUTYBAHHS TOJSITAE B TOMY, 1100 BU3HAYUTH KOMIIOHCHTH,
Kl CTAHOBJISITh HaWOUIbIIy TPOOJIeMy [Jii BUKOHAHHS pPOOIT 3 TEXHIYHOIO
oOciIyroByBaHHsI Ha OOpTy, BUKOPHCTOBYIOUM HOMep mpioputery pusuky (RPN).
RPN BukopucTOBY€ TpH KaTeropiajibHi 3MiHHI, a came iaeHTudikario,
CEepHO3HICTh Ta WMOBIpHICTH. Lli 3MiHHI 3a3BUYail BUMIPIOIOTHCS Ha JIHINHIN
IKai, 10 BioOpaxkae IXHIO 3pocTarouy BakiauBicTh. lllkana, BUKopucTaHa s
aHaji3y, TMpejcTaBiieHa B Tabiumimi 2.1, sika Mokasye JIHIAHY IIKaly Ta IIKaTy
JlaiikepTa, 1110 IPEICTABIISIOTH BIMOBITHI 3HAYEHHS IITKAJIH.

RPN Bu3HauaeThCs 3 ypaxyBaHHIM CEpHO3HOCTI BIUIMBY 30010, IMOBIPHOCTI
HOro BUHMKHEHHSI Ta TOTO, HACKUIbKU JIETKO HOTr0 MOKHA BUSIBUTHU JJISi KOXKHOTO
pexxumy 30010. BinnosigHo no HactynHoi ¢popmynu RPN BUXOIUTH MHOXKEHHSM
X TPbOX YUCEN:

RPN =S X P XD,

Iie S — TSOKKICTh HACIIAKIB BIZIMOBH,

P — iiMOBIpHICTb BiJIMOBH;

D — nerkicTh BUSIBJICHHS.

Hespaxxaroun Ha T1e, mo RPN moxxe He Maru 3HA4YHOrO BIUIMBY Ha
BU3HAUCHHS IUIaHy Jid NPOTH PEXKHUMIB BIJIMOBH, BIH MOXE€ JTOMOMOITH Y

BU3HAYCHHI TOPOTOBUX 3HAauY€Hb, SKI BU3HAYAIOTH 00JacTi, SKI MOTPEOYIOTh
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HaWOLIBIIOT yBaru. [HaKIe Kaxy4du, aHajal3 1 KOpUryBajbHI Jii TIOBUHHI BiJgaBaTu

MPIOPUTET PEKUMaM BIJIMOBH 3 BUCOKUM unciioM RPN.

Tabmuisg 2.1 — Buznadyenns kpurepiis [53]

Jiniunui

. . . . Pigens Biocomox
macuimao Pisenv masxckocmi Pigenv kpumuunocmi . . , .
(1-10) umogipnocmi 6ioMmo6
1 He3naunwuii: 306iii a0o mois, He3naunmii: 30ii He3naunuii: 36ii 10°-10°
sika MaJto ab0 He Ma€ 3HAYHOTO | KOMITOHEHTa a0o0 MO, SKa HEe | MaJIOMMOBIpHUH.
BIUIMBY Ha MOXJIMBOCTI Ta Ma€e HeraiiHOro BIUIMBY Ha
JIOCTYIHICTb CUCTEMHU. wiatdopMy uu Gesnexy
HepCcoHaTy.
2-3 Husbkwuii: 36iii a0 mofis, sika Husbkwuii: 36iii a0 moxis, ska | HusbKuii: 10%-10°
MOJKE TPU3BECTH 10 MOJKE MPHU3BECTHU JIO HEBEIHMKOI | 130JIbOBaHA
HE3HAYHOT'O MOTiPIIEHHS 3aTPUMKH/TIOTIPIICHHS HECIIPaBHICTB,
MOJKJIMBOCTEH CHCTEMH, aJic He | MOXKIIMBOCTCH CUCTEMHU, ajie He | IOB’sI3aHa 3
BIUIMHE HA ii JOCTYIHICTB. BIUIMHE Ha i TIOCTYIHICTb. KOMIIOHEHTOM a00
Cucrema Moxe moTpedyBaru 00JaTHAHHSAM.
HE3HAYHOTO PEMOHTY.
4-6 I'pannynuii (momipHuii): 36ii | I'paHuuHuii (moMipHmMii): HomipHwuii: 10°-10"
MOK€ ITPU3BECTH JI0 301, AKHIA MOYKE TTPU3BECTH BHITAIKOBUH 30iH,
MOTIPILICHHS] MOXKIIUBOCTEH JI0 TIOTIPIICHHS MOXIIUBOCTEH | aje He B BEJIMKUX
CHCTEMH, 1[0 MOXKE BUMAaraTu 1 TOTOBHOCTI CHCTEMH, 1110 TIPOTIOPIIIsIX.
M03aIJIAHOBOTO PEMOHTY a00 MOJKE BUMaratu
MOJXKE CIIPHYMHUTH HE3HAYHY M03aIJIaHOBOTO PEMOHTY,
3arpo3y 3J0pOB’I0 YU TPABMY SIKHIA MOYXE MTPOBOIUTH
KOPHCTYBava. MIEPCOHAN CyJTHA.
7-8 Kpurnunmnii (BucoKHii): 30ii Kpurnunnii (Bucokmii): 36ii, | Bucokmii: 10°-107
CIPUYHHSE BTPATY SIKHI TPU3BOANTH 10 BTPATU 3a3BUYail
MOJKJIMBOCTEH 1 IOCTYIMHOCTI MOXJIUBOCTEW CUCTEMHU Ta OB’ sI3aHUH 3
cucteMu abo Moxke MOJKE BIUIMHYTH Ha €(peKTHBHY | KOMIIOHEHTaMH a0o
CIPUYHHUTH CEPHO3HY 3arpo3y | poOOTY iHIIMX CHCTEM. CHCTEMOIO, K1
3/I0POB’I0 YU TPABMY 4aCcTO BUXOSATH 3
KOpHUCTyBava. nany.
9-10 3HaYHMiA (IysKe BUCOKMIA): 3HayHMii (TysKe BHCOKHIA): Jly>Ke BHCOKHMIA: 107107

MTOTEeHINHMIH 3011 MOXKe
MIPHU3BECTH JI0 MMOBHOT BTPATH
cucTeMHu Ta/abo cMepTi
kopucrysaya(is). [Toxis 30010,
sIKa MOJKE TIPU3BECTH JI0
TPHUBAJIOT'O MPOCTOO Yepe3
3aracHi YacTUHU 200 JOMIOMOTY
OEM.

MMOTEHIIMHUI 301 MOXeE
MPU3BECTH JI0 TIOBHOT BTPATH
CHCTEMH, IO MOTpeOyBaTHME
nornomoru FSG abo OEM.

KOMITOHEHT a00
o0naHaHHSA 3 IyXKe
BHUCOKUM PiBHEM
BiZIMOB.

[lepeiinemMo 10 BHU3HAUEHHS KIHIIEBUX MMOBIPHOCTEH CTaHIB CHCTEMH, a

TakoXX aTpuOyTIB i1 epekTHUBHOCTI: A, IO MO3HA4Ya€ aOCONIOTHY MPOIMYCKHY

3MATHICTB, 1 Q, 110 MpencTaBis€e BITHOCHY IMPOIYCKHY 3/aTHICTh (WMOBIPHICTD

YCHIIIHOT 00pOOKH BX1JHOTO 3aMUTY).

KinmeBi #MOBIpHOCTI CTaHIB cUCTeMH, rpad sikoi 300paxeHo Ha puc. 2.2,

BHU3HA4YAaIlOTHCA B

anreOpaiuHiii

CUCTEMI  pIBHSHb,

1o

OTPUMYIOTBCA 3

nudepenIiaabHux piBHsIHB KoJiIMOropoBa nuisixoM JTOpiBHIOBAHHS iX JIIBUX YAaCTHUH
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(MoXiHI KMOBIPHOCTEH CTaHIB 3a YacoM) JI0 HyJisA. BiAmoBigHO cucTeMa JTiHIHHUX

OJIHOPITHUX alreOpaidyHuX PIBHAHb MA€ HACTYITHUN BUTIISIA!

(A+v)py = upy + ¥P2
(u+v)p; = Apg (2.1)
Yp2 = vpy +V Dy

71ie: po — UIMOBIPHICTh NIepeOyBaHHS CUCTEMU Y CTaHi So;

P1— UMOBIPHICTH NIepeOyBaHHS CUCTEMH y CTaHi Sy,

P2 — IMOBIpHICTh IEpeOyBaHHS CUCTEMH Yy CTaHi Sy;

¥ — IHTEHCUBHICTb MOTOKY BiTHOBJICHHS;

A — IHTEHCHUBHICTh MOTOKY 3aITUTIB;

L — IHTEHCUBHICTb IMOTOKY OOCITyTOBYBaHHS;

V — IHTEHCUBHICTh TTOTOKY BiJIMOB;

V' — IHTEHCUBHICTh IOTOKY BIJIMOB y CTaH1 OUiKyBaHHS.

[I[o6 cucTema mana exuHe PIlIEHHS, 10 HEl T0JA€ThCS yMOBa HOPMYBaHHS
Ha OJIUHHUIIIO:

Potpr+p=1 (2.2)

3aBnaHHs TMOJsrae B TOMY, 1100 BUSBUTH TepeadadyBaHi (iHAIBHI

HWMOBIPHOCTI:
1 rq4—1
A Av+uv +wvv
py=|1+——+2F (23)
p+v y(u+v)
-2 2.4
b1 = 0 +vp0 .
W+ +w
= 2.5
(%) v+ v) Po (2.5)

JIist  BU3HAYEHHsS BIMHOCHOI TIPOIYCKHOI 3JaTHOCTI  3aCTOCOBYEMO
OpUHLKNK, HaBedeHi B [52]. /A 1bOro MOMHOKHMO HMOBIPHICTH po Ha
WMOBIPHICTB p' TOTO, IO BX1HUM 3aIUT OyJie BAKOHAHO, TOOTO KaHaJ He Ja€ 30010

i yac 0OpoOKH 3amuTy:
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' H
— —ut o=Vt Jt = j —(ut gt = (2.6)
p Oj pe e ) ue v

= pop = (2.7)

Q =poP = Po Ry,

AGCoI0THA IPONYCKHA 3/1aTHICTB!
Ap

A=/1Q=P0H+v (2.8)

[Ticast cmpomenHs Bupaszy st Q (BIAHOCHA MPOIYCKHA 3[aTHICTH) MOTO
MOXHa 3anucatd y (opmi, OUIbII 3py4dHIA JJI1 YHUCEJIBHOTO0 OOYHCIIECHHS,

HAaCTYITHUM YHHOM:

_ uy
U+ +v)+ Ay +v)

Q (2.9)

IMoBipHiCTh 00CTYrOBYBaHHS BXiTHOTO 3amuTy (Q BH3HAYAETHCS M'AThMa
napamerpamu. L{i mapameTpu € iIHTEHCUBHOCTSIMHU BIJIMOBIAHUX MOTOKIB: A, W, Y, V
Ta v’

Tenep po3paxyemo 3HaueHHsS Q i pi3HUX KOMOIHAIIA mapameTpis,
3rajlaHuX BUIIIE.

OOGuucneHHs WMOBIPHOCTEH BUKOHAHHS BXIJHOTO 3alHUTy 3a PI3HUX YMOB
IUIaBaHHS Ta 1HTEHCHBHOCTI IOTOKIB BXIJIHUX 3aIIMTIB, IIOTOKIB BIJMOB 1 IIOTOKIB
BIJTHOBJICHHSI MOXKHA 1MoOa4ynTH Ha puc. 2.3-2.8.

Buxigni pgani, oTpumaHi 13 JOCBiAYy MOPCHKOTO IIJIaBaHHS Ta aHaji3zy
IPAKTUYHUX YMOB, BUPAXKAIOTh IHTEHCUBHICTD MTOTOKY MO/1i B OJUHUIIIO Yacy.

Puc. 2.3-2.4 1imocTpyioTh 3aJ€XKHOCTI, IO CIOCTEPIraloThCs Mia 4ac
COPUATIUBUX YMOB IUIABaHHS, 30KpeMa VY BIAKPUTHX MOpSX 1 OKeaHax.
[HTEHCUBHICTh TIOTOKY 3alUTIB 3pOcTa€ 3 2 10 6 Ha TOAWHY, IO MPU3BOAUTH JI0
3HUKEHHS WMOBIPHOCTI BUKOHAHHS 3amuTiB. 1100 mocsartv BUCOKOI HMOBIPHOCTI
Q (6mm3bko 1), MOXHA MIABUILIMTH MPOIMYCKHY 3JaTHICTh SK KaHalLy

00CITyrOBYBaHHS, TaK 1 KaHATY BiIHOBJICHHS.
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MmosipHicTb 06cnyrosyBaHHA OTpMMaHOro 3anuty, Q

m0,7-0,75 ®0,75-0,8 m08-085 ®085-09 m09095 m0,951
Pucynox 2.3 — 3anexuicts Mix Q Ta A, L, v, v, V. [ATEeHCUBHOCTI
BIJMOBIAHUX MOTOKIB Taki: v = 0,5 3a roauny; v’ = 0,1 3a ronuny; A= 2; u Bixg 20

1o 80 Ha roiuHYy; ¥ B 1 10 6 HA TOIUHY

_ 20-1
(204 0,5)(1+0,1) +2(14+0,5)

Q = 0,7828

Q, = 0,6824 40,0079 +
+(0,0474 + 0,0029)y + (—0,0047 + 0,0004)y> + (2.10)
+(0,0041 + 0,0003)p + (—=2,7579 x 107 + 0,2881 x 10~>)?
R =0,9765; ¢ = 0,0065.



MmosipHicTb 06cnyrosyBaHHA OTpMMaHOro 3anuty, Q

0,95
0,9
0,85
0,8
0,75
0,7
0,65
0,6

v=0,5Vv=01;A=6

m0,6-0,65 mO0,650,7 m0,7-0,75 m0,75-0,8 m0,8-08 m0,85-09 m0,9-0,95

Pucynox 2.4 — 3anexnicTs Mixk Q Ta A, L, v, v, V. [HTEHCUBHOCTI
BIJIMTOBITHUX MOTOKIB Taki: v = 0,5 3a ronuny; v' = 0,1 3a roguny; A= 6; u Big 20

1o 80 Ha ronuny; vy Big 1 10 6 Ha TOAMHY

20-1
0= (204+0,5)(1+0,1) +6(1+0,5) 0,6339

Q, = 0,4641 + 0,0104 +

+ (0,0525 + 0,0038)y + (—0,0052 + 0,0005)y* + (2.11)
+ (0,008 + 0,0004)p + (—5,2609 x 10~ + 0,3793 x 107>)u?

R?=0,9855; c = 0,0085.
3anexHOCTI JUIsl YCKJIaJHEHUX YMOB IUIaBaHHS B NPUOEPEKHUX 30HAX

nmoka3aHi Ha puc. 2.5-2.6. Y mpoMy clieHapii IHTEHCHBHICTh TOTOKY BiJMOB

3pocTae 10 1, ToAl sSIK IHTeHCUBHICTh TOTOKY 3aMUTIB KoJuBaeThes Bia 10 1o 20, sk
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nokazaHo Ha rpadikax. OrTxe, WMOBIPHICTb BUKOHAHHS 3alUTIB 3MEHIIYETHCS
MOPIBHSIHO 3 HABEJICHUMU paHillie JaHUMH.

MmoBipHicTb 06cNyroByBaHHA OTPUMAHOrO 3anuTy, Q

Q —
0,95
0,9
0,85
0,8
0,75
0,7

v=1;v'=0,2; A =10
0,65

120

140

m 0,65-0,7 m0,7-0,75 m0,75-0,8 m 0,8-0,85 m 0,85-0,9 m 0,9-0,95

Pucynox 2.5 — 3anexnicts Mixk Q Ta A, L, ¥, v, V'. [HTEHCUBHOCTI BiJIITOBITHUX

MOTOKIB Taki: v = 1 3a ronuny; v' = 0,2 3a roguny; A= 10; u Big 40 1o 160 Ha

TroJIMHY; Y B 2 10 12 HA TOIUHY

40-2
0= (40+1)(24+02)+10(2+1) 0.6656

Q, = 0,5098 + 0,01 + (0,0258 + 0,0018)y + (—0,0013 + 0,0001)y? + (212)
+(0,0036 + 0,0002)p + (—1,2002 x 107> + 0,0912 x 107>)u? '
R?=0,9839; ¢ = 0,0082.
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MmosipHicTb 06cnyroeyBaHHA OTpUMaHOro 3anuty, Q

0,9
0,85
0,8
0,75
0,7
0,65
0,6

0,55 v=1;v'=0,2; =20
0,5

120

140

m0,5-055 m0,55-06 m0,6-0,65 mO0,65-0,7

m0,7-0,75 m0,75-0,8 m0,8-0,85 m0,85-0,9

Pucynox 2.6 — 3anexnicTs Mik Q Ta A, LW, v, v, V. [HTEHCUBHOCTI
BIJIMOBITHUX TIOTOKIB Taki: v = 1 3a roquny; v' = 0,2 3a ronuny; A= 20; u Bix 40 1o

160 Ha roguny; ¥ Big 2 10 12 Ha roguHy

40-2

C=mor DT r20z D o326

Q, = 0,3222 + 0,011 + (0,0275 + 0,002)y + (—0,0014 + 0,0001)y> + (2.13)
+ (0,0051 + 0,0002)p + (—1,6011 x 107> + 0,101 x 107>)p? '
R?=0,9897; ¢ = 0,0091.

VY cknanHUX HaBITalIWHUX YMOBaX, TaKuX SIK PIYKH, MOPTH, IHTEHCUBHUU
pPyX BOJHOTO TPAHCIOPTY Ta IIOTaHA BHWJIMMICTb, pucC. 2.7—-2.8 1TIOCTPYIOThH
3aJIEKHOCTI, IO CIOCTEPIraroThCs 1T Yac TaKMX YMOB IJIaBaHHS. |[HTEHCHBHICTH

NOTOKY B1IMOB 30UIBLIYETHCS 10 S, TOJI SIK MOTIK 3alUTIB KOJIUBaeThes Bia 20 10
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40, mo MpU3BOJIUTH O MOJAJBIIOTO 3HM)XEHHS WMOBIPHOCTI BUKOHAHHS 3alUTY
MOPIBHSIHO 3 TOTIEPEAHIMU JJAHUMH.

MmoBipHicTb 06¢NYroByBaHHA OTPUMAHOrO 3anuTy, Q

0,8
0,75
0,7
0,65
0,6
0,55
0,5
0,45
0,4
0,35
0,3 +
0,25

120
140
160
Tl
m0,2-0,25 m0,25-0,3 m0,3-0,35 m0,35-0,4 m0,4-0,45 m0,45-0,5
m 0,5-0,55 m 0,55-0,6 m 0,6-0,65 m 0,65-0,7

®0,7-0,75 #0,75-0,8
Pucynox 2.7 — 3anexHicts Mix Q Ta A, L, ¥, v, V'. [HTEHCUBHOCTI BiJIITOBITHUX

MOTOKIB Taki: v = 5 3a ronuny; v' = 1 3a roguny; A= 20; u Big 40 go 160 Ha

TroJMHY; Y B 2 10 12 HA TOIUHY

40-2
= = 2
C=GornerDrzozrs 2%

Q. =-—0,0095+0,0163 +

+ (0,0667 + 0,003)y + (—0,0031 + 0,0002)y? +

(2.14)
+ (0,0049 + 0,0003)p + (—1,5023 x 107> + 0,1487 x 10~>)u?

R%=0,989; ¢ = 0,0134.
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MmosipHicTb 06cNyroByBaHHA OTPMMaHOrO 3anuTy, Q

120

140

m0,15-0,2 m0,2-0,25 m0,25-0,3 m0,3-0,35 m0,35-0,4 ®0,4-0,45
m0,45-0,5 m0,5-0,55 m0,55-0,6 m0,6-0,65 m0,65-0,7

Pucynoxk 2.8 — 3anexnicTs Mixk Q Ta A, L, ¥, v, V'. [HTEHCUBHOCTI BiJIITOBITHUX
MOTOKIB Taki: v =5 3a ronuny; v' = 1 3a roguny; A= 40; u Big 40 go 160 Ha

TroJIMHY; Y B 2 10 12 HA TOIUHY

B 40 -2
(40+5)(2+1)+40(2+5)

Q =0,1928

Q, = —0,1196 + 0,0171 +
+(0,0604 + 0,0031)y + (—0,0027 + 0,0002)y? + (2.15)
+ (0,005 + 0,0003)p + (—1,3831 x 107> + 0,1561 x 107>)p?
R*=0,9886; ¢ = 0,014.

PiBusaas Q. (MaremaTuyHa MOJENb) MiJ KOKHUM TpadikoM OTpHUMAHO 13
3aCTOCYBAaHHSIM METOAY KBaJpaTHYHOi JIBO(AKTOpHOI ampokcumaiii. Bucokwuii
piBeHb koe¢iuienTiB gerepMminauii  (R“=0,98-0,99) cBimuuTh nOpo BHUCOKY

aJIeKBaTHICTh OTPUMAHUX CTATUCTUYHUX KBaJApaTHYHUX Mojened. KBampatuuni
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perpecii JeMOHCTPYIOTh HAJ3BUYAHO HU3bKI cTaHmapTHi BigxwieHHs (o=0,006-
0,014), mo Bka3ye Ha iX BUHATKOBY TO4YHICTh. OTXe, 111 MOJEII MOKHA BIIEBHEHO
BUKOPHUCTOBYBATH JIJIsl OTPUMAHHS BUCOKOHAIIMHUX OIIHOK HMOBIPHOCTI.
OTpuMaHi 3a JOMIOMOTOI0 MOJIENI JJaH1 TaK0X Y3TOKYIOThCS 3 HACTYITHUMU
pPEeKOMEHJAIlIIMUA 100 BaxTOBOi pPOOOTH Ha MICTKY y PI3HUX CKJIaJHUX

HaBIraliiHUX YMOBax.

TaOauis 2.2 — BaxToBi yMOBH Ha MICTKY, sIKi CTOCYIOThCSI YMOB IIaBaHHs [54]

Biokpuma Oomerncenuii docmyn 00 600u, HOCMAHOBKU Bxio y nopm aébo
600a Ha AKip, nocaoKku ado eUcaoKu 10yumMana 6uUXi0 3 Hb02O
Scna moroja, Mano abo | I m
HEMae pyxy
 flena norona, I Il a6o I 1
IHTCHCUBHUH pyX
OOMexeHa BUIUMICTD,
PYX TpaHCHOPTY I I Il
HE3HAYHUH 200 BiICYTHIH
OOMexeHa BUIUMICTD,
IHTEHCUBHUH pyX Il a6o 111 Il a6o Il 1l
TPAHCIIOPTY
JloriMaHChbKa IPOBOIKA | | a6o Il Il a6o 11

BaxToBuii ctan Ha MicTKy — |.

[Ilo6 BUKOHATH IO YMOBY, Ha MICTKY MOBHUHHI OyTH SIK BaXTOBHM odiliep,
TakK 1 criocTepiray.

BaxTtoBuii odiniep BUKOHY€E peryysipHi 0OOB'SI3KM 3 HECEHHS BaxTH, a 1HO/II
Ooepe Ha cebe pOJb E€IWMHOTO HArjsjadya MPOTATOM JHSA. 3a OOCTaBUH, SKi
BUMAararloTh PyYHOTO KEpyBaHHS, Ba)XJIMBO 3a3HAYHUTH, 110 KEPMAHUY HE MOXKE
BUKOHYBAaTH PpOJIb crHocTepiraya. TakumM 4YHWHOM, HEOOXITHO MPU3HAYUTH
JOJJaTKOBOTO  4JieHa eKIMaxy sK CIeHiaJbHOro crocTtepirada. MamimHHe
BUIIVICHHS Ma€ MOXJIMBICTh IIpallloBaTU SK B IJOTOBAaHOMY, TakK 1 B
0€3MIJIOTHOMY peKUMax.

BaxToBwii cran Ha micTky — II.

JI71s1 BUKOHAHHS 111€1 BUMOTH HEOOX11HO, 11100 Ha MICTKY OYJIM MPUCYTHI TaKl
ocobu: kamiTaH abo0 cTapiidii MOMIYHHUK, BaxTOBUH odiuep, crocrepirad 1

KepMaHUY.




75

besneyHe 1u1aBaHHS Ta  3arajibHa  OpraHi3alis BaxXTU  EKIMaxy
KOHTPOJIFOETHCS KaliTaHOM ab0 cTapIiuM MOMIYHHUKOM. Jlormomararouu KariTaHy
abo crapimioMy MOMIYHHKY, BaXTOBUHM odilep nepeaae BIANOBIAHY iHQOpMAaIilo,
31MCHIOE HaBITallil0 Ha CYAHI Ta KOHTPOJIIO€ BUKOHAHHS HaKa3iB. Y CHUTYaIlisX, sKi
oditepn BBaXAIOTh 32 HEOOXiTHE, a00 KOJIU CTUKAIOTHCS 31 CKIAJHUMHU YMOBAMH,
TaKUMH SIK 1HTEHCUBHUN pyX, OOMEXKeHa BUIUMICTh, MAHEBPH B TMOPTYy abo
nmocajka Ha OOpT JioliMaHa, KepMaHU4 Oepe Ha ce0e KepyBaHHS CyJHOM BPYUHY.

BaxnuBo, mo6 y MamMHHOMY BIAJAUICHHI 3aBXAd OyB JOCTYNHUN
nepcoHaj, aje B KIHIEBOMY IIIJICYMKY KalliTaH BUpIIIye, TMpU3HAYaTH TYIu
NepCcoHa UM Hi.

BaxToBwii cran Ha micTky — l11.

JI1s1 BUKOHAHHS 111€1 YMOBHM Ha MICTKY HE0OX1JHa MPUCYTHICTh HACTYITHOIO
NepcoHay: KariTaH, BAXTOBHI, 10IaTKOBUI odiliep, criocTepirad i KepMaHu.

Y pa3i ymoBu Il BaxTtoBHU odinep 3BUIBHAETBCS BiJg 00OB’S3KIB
CIIOCTEPEKEHHSA 3a 3ITKHEHHSIMH, a J0JaTKoBHMl odinep Oepe Ha cebe uei
000B’s130K, BukopucTtoBytoun cucremu AIS/ARPA. Bonu HanawoTh BaXTOBOMY
odiuepy BIMOBIIHY HaBirauiiHy iHdopMallio Ta JaHi MO0 HAHOIMKIMX CYJIEH.
BaxxnuBo, 11100 y MalimHHOMY BiJA1JIEHH1 OYB MPUCYTHIN 1 TOTOBUIA MEPCOHAIL.

[ikaBum € mocsig Kopei y BIpoBaIXeHHI CHCTEM €JIEKTPOHHOI HaBirarii.
Kopelicbka peamizaiis KoHmeniii enekTpoHHoi Hagiramii IMO, Bigomoi sk
SMART-naBiraiisi, 3acCTOCOBYEThCS JO KOPEHCHKMX BOJ 1 Ha KOPEUCHKHX
apumiiopanux cynHax. Ha mgomatrok no cdepu enektpoHHoi Hapiramii IMO,
SMART-HaBiraiis po3muproe CBOI MOCAYTH Ha CYJHA, K1 HE MiANagal0Th ITi]T
SOLAS, Taki sik pubanbChKki Ta HepHOAIbChKI Cy/IHA, IO MPALIOIOTh Y BHYTPIIIHIX
npubepexHux 30Hax. Lle mpumynieHHs BUHUKA€E 3 PI3HUX MPUYHMH, HacamImepen
4yepe3 Te, 0 CyJIHA, K1 He BiAmoBigaoTh BuMoram SOLAS, OubIn CIpUiHSATINBI
no amapiid, HibK cymHa SOLAS. [0 cnpudHATIUBICTP MOXKHA TOSCHUTH
HEaIeKBaTHUM HaBITalllHHUM 00J1aTHAHHSIM, 30UIBIIEHHSIM  POOOYOTO
HAaBaHTaXEHHA Ha OopTy Ta oOMexeHoro iH(popmalielo mpo Oe3meKky Bix

OeperoBUX CTaHIII.
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Mera SMART-Navigation nojssrae B ToMy, 100 3ampoOIrOHYBaTH CYJHAaM,
K1 He BIAMOB11at0Th BUMoram SOLAS, moaaTkoBi crieliaii3oBaHi MOCIYyTH, IO
13 mociayramu enekrpoHHoi Hapiramii IMO. OcHoBHe 3aBgaHHS CiIyxk0 -
nepea0ayuTH Ta NONepeIUTH MOKIIMBI IpUurHU aBapiil. Lle nocsraerbes 3aBasku
OPOAKTUBHIM MIATPUMII Ta YHOPaBIIHHIO TEPUTOPISIMH, SKI BBa)KaIOTHCA
Bpa3iuBUMHU 10 aBapiil. I1li BHU3HAUEHHS BUKOHYIOTHCA ILISXOM aHaJi3y
CTaTUCTHKU B peajlbHOMY Yaci Ta JaHUX MPO MICIEBY CHUTYyaIlito, Ikl OTpUMaHi 3
OeperoBux cranuii. Lli mociayru oXoriomTh:
- IligTpuMKa NPUUHSTTS PIllIeHb 1100 3aMo0iraHHsS HEIaCHUM BHUIAJKaM €
HaJA3BUYalHO BaKJIMBOIO.
- Awnamni3 ¢akTopiB 0e3MeKr Ha MOp1 3 BUKOPUCTAHHSIM BEJIUKUX JTaHUX.
- CynHa, SKUM 3arpoXXye aBapis, MOXYTb OTpPUMYBaTH HaJaHy iM
1H(pOopMaLiIo PO Oe3MeKy.
- Hapanus moTokoBoi mociyru enekTpoHHux Hasiramiitaux kapt (ENC).
- JlucraHuiliHa MITPUMKa Ta KEpyBaHHS CYJHOBUMH KOMAaHJaMU 3 HaBYaHHS
0e3MeKu € BAKIUBUMH 7151 €EeKTHBHOT pOOOTH.
- 3paTHiCTh e(EeKTMBHO 1JIEHTU(]IKYBaTHU Ta pearyBaTd Ha BCi MOPCHKI
CEKTOPH B KO)KHOMY PETi10HI KOPEHCHKHUX BOJ] € 000B’SI3KOBOIO.
- Hapmanus indopMarnii mpo MisUIBHICT HE3aKOHHOTO HE3apeECTPOBAHOTO
HEPEryJIbOBaHOTO pUOaIbLCTBA.
- Iloganus moapoOUIlh MO0 PO3MUBY HAPTH.
- JlomoMixkHI 3aX0Ju JJis 3arno0iraHHs HEe3aKOHHOMY CKHJIaHHIO BIJIXOJIB 1
3a0pyIHIOIOUUX PEUOBHH 3 CY/ICH.
- Hapanusa momomoru i pi3HOMaHITHUX 3aXO/IIB MO0 O€3MeKu Ha MOPi.
Jlist nocsirneHHs uux 1iieil meroro SMART-HaBiranii € cTBOpeHHS Mepexi
3B’a3ky LTE-Maritime sik ocHOBM 15 Cy/ieH, iK1 He miananaoTts nig SOLAS, mo0
3a0€3MeYnTH PO3TOPTaHHS OCHOBHUX CIIYXO €JeKTpoHHOI Hapiraiii. Kpim Toro,
KOMYHIKaIlliiHI Mepexxi, HeOOXiJHI AJis MOCIYT €JEeKTPOHHOI Hapirauii, OyayTh

OCHAIIIEH] CTPYKTYPOIO JIaHUX, 0 0a3yeTbcsl HA 3arajibHii CTPYKTYpPl MOPCHKHX



77

nanux (CMDS). s ctpykrypa nanux Bkiatouatume VHF oomin ganumu (VDE), a
takox nudposuii HF/MF 1 cynmyTHUKOBHI 3B’ A30K.

{06 orinuTy BriiB SMART-HaBiranii Ha 3MeHIIIeHHs aBapiii, aBTopu [50]
MPOBEIM KOMIUIEKCHUM aHali3 JaHUX Mpo aBapii B KOPEUCHKUX BOJAX IS BCIX
CYJIeH 1 CyJeH TiJ KOPEHChKUM mparnopoM y BcboMy cBiTi 3 2009 mo 2013 pokwu.
Hani, npencrasieni B wid poboti, Oyaum orpumano Bin Kopeiicbkoro cymy 3
oesnexkn Ha Mopi (KMST). 3a pesynpraTamu aHamizy Oyino obctexxeHo 4871
aBapiiiHe cyaHo. Buxoasuu 3 1poro, aBTopu BU3HauuWian 3366 aBapiiHUX CYJIEH,
10/I0 SIKUX BOHH CIEHIAIIbHO PO3IJISHYJIM JIETAIbHI NPsAMI IPUYUHU aBapii, sSIKUX
MOXHa OyJi0 3amoOirTd 3a JOMOMOrow BapiaHTiB KoHTpoiwo pusukiB (RCO),

3alPOIIOHOBAHUX E€JIEKTPOHHOIO HABITAIETO.

Tabmuns 2.3 — Peiitmar RCO Ha 0CHOBI ITOTEHINIHOT BTPATH XXHUTTS [55]

Bcvozo
Tun newacnozo sunaoxy Jloocoki | Texuniunuit | 3o0eniuwnii
nomuaku 30ii daxkmop Dakmuunuii | E¢pexm
DakTHYHUI 465 14
% (13,8%) B (0,4%)
IIBuakicThb
SOLAS 3HIDKCHHS 65,1% - 65%
PH3HKY
Hepubanbcpki Hasirauiiina Edexr 8,9% — 0,3% 828 14.8%
CynHa aBapist DaKTUYHUN 338 11 (24,6%) '
% (10,0%) B (0,3%)
He- IIBuakicThb
SOLAS 3HIDKCHHS 55,1% - 55,0%
PH3HKY
Edexkr 5,5% - 0,1%
DakTHYHUI 163 37 4
% (4,8%) (1,1%) (0,1%)
IIBuakicThb
SOLAS 3HIDKCHHS 65,3% 64,9% 65%
PH3HKY
. Edekr 3,1% 0,7% - 353
HepuGanscsci Henapiraiifna Py —— R LT 27 3 105%) | 2%
cynma % . (3,5%) (0,8%) (0,1%)
He- [IBuaKkicTh
SOLAS 3HIDKCHHS 55,2% 54,9% 55%
PH3HKY
Edekr 1,9% 0,4% 0,1%
DakTHYHUI 1,085 64 32 1181
Cyma % (32,2%) (1,9%) (0,95%) (3é 1%) 21,0%
Edekr 19,4% 1,1% 0,5% '
DakTHYHANR 1,155 2 16
% (34,3%) (0,1%) (0,5%)
i IIBuaxicTs
P “Si;;‘;"‘“ Hapirauiiina asapis | 0 | g 2 9% - 5a00 | 1173(348%) | 19.1%
pH3UKY
Edexr 18,8% - 0,3%
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Tabmuns 2.3 nemoHctpye BB SMART-HaBiramii Ha 3MEHIICHHS
BUNaakiB aBapiid. Ll ominka Oyna mpoBejeHa 3a JIOMOMOTOK 3alpONOHOBAHOI
dbopMynu, OTpUMaHOI B pe3yibTaTi aHami3y JAaHUX Npo aBapii. OUiKyeThbCs, IO
CKOpOYEHHS MepeBUlUTh 56,6% BiJl 3arajgbHOI KUIBKOCTI aBapii 3a y4yacTio 3366
cyneH, Bmodaroun 13% cynen SOLAS 1 43,6% cynen e SOLAS, 30kpema
pubabehbkux cyneH. OUiKyeThes, 10 HaBiramiiHi aBapii 3MEHIIAThCS OUTBIN HiX
Ha 33,9%. Lle Bxiroyae 3MeHIneHHs Ha 14,8% nia Hepubanbecbkux cyneH 1 19,1%
s pubanbChkux cyaeH. OudiKyeTbes, IO KUIBKICTh aBapid, HaBiTh 0e3
CYIHOIUIaBCTBA, 3MEHIINTHCA Ha 22,7%. Lle CkopodeHHs BKJIIOYa€ 3MEHIICHHS Ha
6,2% 1 HepubanbChbkUX cyaeH 1 16,5% nns pubanbebkux cyneH. OuikyBaHe
3HIDKEHHS aBapid, CIPUYMHEHUX MOMMWIKAMH JIOAUHM, cTaHOBUTH 50,2%. Ilpu
IbOMY  KUIBKICTh  aBapii, CHPUYMHEHHUX TEXHIYHUMHU  HECIPABHOCTSIMH,
nependavaeTbCsi 3MEHIUTH Ha 5,4%, a aBapiid, CHOPUYMHEHUX 30BHIINIHIMU

dakTopamu, — Ha 1% [56].

2.2. TlobynoBa mojeneil HapirauniiiHmx cucreMm 3a JaHUMU
eKCIIEPUMEHTIB (KopeJsliiHO-perpeciiHnii aHaJ i3, nmodyaoBa perpeciiHux

Mojies1eil, HOMOrpaM, TOLIO)

Cymuu Ta iH. [57] BukopucTamum Mojenb MapkoBa UIS JOCITIIKECHHS
HajiHOCTI Ta jgoctymHocTi cuctemu ECDIS 3 ocHOBHOIO (TONOBHOK0) Ta
BTOPHMHHOIO MiJACHCTEMaMH (pe3epBHOIO ImiacucTeMO0). OCHOBHA Ta pe3epBHA
CHUCTEMH CTBOPIOIOTH MapayiesIbHy YCTAaHOBKY, y SKIM, SIKIIO KOXXHa IMiJICUCTEMA
MoOke repeOyBaTH B poOouoMy ab0 HE(PYHKIIOHAJbHOMY CTaHl, CHCTEMa MOXeE
nepedyBaTd B OJIHOMY 3 UYOTHUPbOX CTaHIB. BHUKOPHCTOBYIOUM XapaKTEPUCTHKU
MapKOBCBKOI MoJieNl (J1e MMOBIPHICTh MAaOYTHIX CTaHIB 0a3y€ThCs BUKIIOYHO Ha
MOTOYHOMY CTaH1; HACTYMHUN CTaH BU3HAYAETHCS JIUIIE TOTOYHUM CTAHOM, a HE
MOAISIMM, 110 BEAYTh JO HBOTO), HAJIWHICTH CHUCTEMH OyJia po3paxoBaHa SK

HMOBIPHICTB TOTO, 1110 BOHA He TiepedyBae B cTaHi BiIMOBH. OCHOBHUM BUCHOBKOM
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JOCIIKEHHST OYyJIO Te, 110 3alUIaHOBAaHUN PiBEHb HAJAIMHOCTI HE OyB JOCSATHYTHM.
[le cnoHykano aBTOPIB 3aMpOINOHYBATU I1HIIUN MiAXiJA, BIJOMHUN SK CHCTEMa
XOJIOTHOTO pEe3epBYBaHHsA, sKa Imependavae o0’€IHaHHS CHUCTEM pPE3EePBHOTO
KOITIFOBaHH, 3’ €JTHAHUX IMOCI1IOBHO a00 MapaJiesIbHO.

BukopuctanHs Teopii CHUCTEM MacoBOr0 OOCIYrOBYBaHHS € IIHUPOKO
BUKOPHCTOBYBAaHUM CIIOCOOOM OIIIHKM €()EeKTHUBHOCTI TEeXHIYHUX cuctem. Lls
TEOpis J03BOJISIE HAM OOUYMCIUTA WMOBIPHICTh PI3HUX CTaHIB Y CUCTEMi1 MacOBOIO
obcayroByBanHa (CMO) 1 BCTaHOBUTH 3B’SI30K MK KOHKPETHUMHU MapaMeTpaMu
CMO Ta noka3HUKamH ii €eKTUBHOCTI.

Skio Bci KaHaIM B CUCTEMI PO3MIISAAIOTHCS SK 0a30Bi KaHAIM, OMEpallito
CMO, sxka nOpoxXoguTh B JaHW MOMEHT, MOXXHA OXapaKTEepU3yBaTU SK
MapKOBCHKUH BUMAAKOBUH mporiec. L{g mporienypa ckiaagaeTbesi 3 OKpEMUX €TaliB
1 BIgOyBaeTbcs Oe3MepepBHO MPOTATOM TMEBHOrO Imepioay yacy. ko
BUKOHY€ETHCS YMOBa €pProJUYHOCTI, CUCTEMa JOCATAE KIHIIEBOI'O CTAlllOHAPHOTO
cTaHy. Y 1bOMYy CTaHl WMOBIPHOCTI CTaHIB Ta IHII MapaMeTpu MpoLeCcy He
3anexarb Bil 4Yacy. JlOCHIAHMKM YacTO 30CEpe/DKYIOThCS Ha IHUX YCTAJICHUX,
CTIAKHUX pUCaX.

VY pasi 30010 KaHaTy MpoOIEC BiAHOBJIEHHS MOYMHAETHCS BiApaszy. Lle Moxe
BKJIFOUATH MPOOYKEHHsI, OTPUMaHHsS HEOOX1IHOTO JIKYyBaHHS JUIsl 3LIJICHHS a00
edeKTUBHE BITHOBJICHHS TICIIS THIIUICHTY.

Ha ocHOBI mpoBeoeHOTO MOJCIIOBAHHS  BHKOHAHO  KOPEJSIiIHO-
perpeciiiHuii aHaii3 OTpUMaHUX 3alieHocTer 3a gornomoroto gyskirii LINEST B
Microsoft Excel. IIpoananizoBano piBHSHHS, HAaBEACHI HIKYE, MPH YCKJIAIHEHHI

YMOB CYJIHOILIaBCTBA:

Q, = 0,5098 + 0,01 + (0,0258 + 0,0018)y + (—0,0013 + 0,0001)y? +
+ (0,0036 4 0,0002)p + (—1,2002 X 107> + 0,0912 X 10™>)u?
R*=0,9839; ¢ = 0,0082.

(2.12)



80
Q, = 0,3222 + 0,011 + (0,0275 + 0,002)y + (—0,0014 + 0,0001)y% +
+ (0,0051 + 0,0002)p + (—1,6011 x 107> £+ 0,101 x 10™>)p?
R*=0,9897; ¢ = 0,0091.

(2.13)

Amnani3 piBHsSHb (2.12) 1 (2.13), oTpuMaHUX MPU OJIHAKOBUX 3HAYEHHSIX
v=1,0 1 v'=0,2, ane 3 pi3HOI IHTCHCHBHICTIO MOTOKY 3aIlUTIB A, TMOKa3y€, IO
30utbiieHHsT A Big 10 mo 20 3MmeHIye WMOBIPHICTH OOCTYrOBYBaHHS BXI1JIHOTO
3anuTy Q (BIIHOCHA MPOMYCKHA 37aTHICTh) Ha 0,2.

Ipu upoMy koedirieHTH s [ i p° 30iIBIIYIOTECS TIPHOIH3HO B MiBTOPA
pasu, a koedimieHTH st y i y® 3aiMIIAIOTBCS MPAKTHYHO He3MiHHEME. Lle

O3Hauae, 110 30epe’KeHHsT BUCOKOTO piBHS (Q 3HAYHOIO MIPOIO 3AJIEKUTH Bif L, a HE

BTl .

Q, = —0,0095 + 0,0163 +
+(0,0667 + 0,003)y + (—0,0031 + 0,0002)y* + (2.14)
+ (0,0049 + 0,0003)p + (—1,5023 X 107> 40,1487 X 10™>)p?
R*=0,989; ¢ = 0,0134.

Q,=—0,1196 + 0,0171 +
+ (0,0604 + 0,0031)y + (—0,0027 4+ 0,0002)y* + (2.15)
+ (0,005 + 0,0003)p + (—1,3831 x 1075 + 0,1561 x 1075)p?
R?=0,9886; ¢ = 0,014.

Bomgnouac awnaniz piBHaHp (2.14) 1 (2.15) moxaszye, mo 301IbIICHHS
IHTEHCUBHOCTI MOTOKY BIIMOB KaHaiy v Bif 1 g0 5 (V' Big 0,2 1o 1) npu Tikk camiit
IHTEHCUBHOCTI MOTOKY 3anuTiB (A=20) 3mentye Q Ha 0,3. [Ipu nbomy KoediiieHT
s y 3poctae B 2.4 pasu (wist y2 — y 2,2 pasu), xoua xoedimienTs mist p i p’

MPAKTHYHO HE 3MIHIOIOTHCSI.
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Lle o3Hayae, 110 30epexkeHHsT BUCOKOTO PiBHA (Q 3HAYHOIO MIPOIO 3aJE€KUTh
B 1HTCGHCHUBHOCTI TOTOKY BIJHOBJICHHS Y, a HE BIJ I1HTEHCUBHOCTI MOTOKY
00CITyrOoByBaHHS |L.

Takum yuHOM, Ha 30UIBIIECHHS 1HTEHCUBHOCTI MOTOKY 3alUTIB A CHCTEMa
pearye 30UTbIICHHSIM POJIl IHTEHCUBHOCTI MMOTOKY OOCIYTOBYBaHHS |l 1, HABIAKH, 31
301IBIICHHAM 1HTEHCUBHOCTI OTOKY BIJIMOB V CHCTEMA pearye MiJBULICHHIM POl
1HTEHCUBHOCTI ITIOTOKY BIJTHOBJICHHS Y.

OTtpumaHi Ha OCHOBI MOJEIIOBAHHS JaHI TaKOX Y3TOKYIOThCA 3
HaBeJeHUMHU BuIle (Ta0i. 2.2) 010 BaXTOBUX PEKHUMIB Ha MICTKax y Pi3HHUX
CKJIaJIHMX HaBITaIlliiHUX yYMOBaXx.

Takoxx Oyno mNpoOBEAEHO CTAaTHCTUYHE MOJCIIOBAaHHS  pPe3yJbTaTiB
YUCEIbHUX €KCIIEPUMEHTIB, 110 MPeACTaBiIeH] Ha puc. 2.3-2.8. 3 i€t MeToro Oyia
noOynoBaHa 4-(hakTopHa JiiHIHHA perpecis s 3aJ1eKHOCT1 BenuuH Q Big ycix 4
dakTopiB (A, v, Y Ta 1). OTpuMaHe piBHSIHHS MHOXXHHHOI perpecii mpeacTaBieHO
HKye (2.16).

[TobymoBa MHOKMHHOT JIIHIIHOT perpecii mpoBoauacs Ha OCHOBI 168 TO4OK

3a 4 3MIHHUMU.

Q, = 0,6377 +0,0138 +
+(0,0157 + 0,001)y + (0,0018 + 8,678 x 10~>)u + (2.16)
+(—0,0412 + 0,0024)v + (—0,0063 + 0,0004)A
R*=0,9329; ¢ = 0,045.

OTpuMaHe pIiBHSHHS  Bi3yaji30BaHO 3a  JOMOMOIOI  MOOYAOBaHO1
HOMOIpamu, sika IpejacTaBieHa Ha puc. 2.9. HaBeneHa Homorpama a03BOJIsI€
IIBUJIKO BUKOHYBAaTH Oy/b-sIKI HEOOX1THI pO3paxXyHKH Ta OIIIHKU 1 Ma€ JeKiIbKa

BapiaHTIB 3aCTOCYBaHHSI.
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Pucynoxk 2.9 — Homorpama yotupuakTopHOi MOJE s OLIHKUA BITHOCHOT

MIPOMYCKHOI 31aTHOCTI Q B 3aJIE)KHOCTI BiJl 3MIHHUX 1HTCHCUBHOCTEH A, Vv, ¥ Ta |

Jlana MoJiesib Ma€ BUCOKHUH MOKa3HUK KoedilieHTa JeTepMiHaIii R2=0,9329,
0 CBIIYUTH IMPO BUCOKY aJEKBATHICTH MOOYJAOBaHOI MOJENI Ta CTaHJIapTHE
BiaxusieHHs perpecii o = 0,045, npuliHATHE 11 MPAKTUYHOTO BUKOPUCTAHHS.

Hagpenemo kisibka MpUKIIaIiB BUKOPUCTAHHS HOMOTPaMH.

Bubupaemo 3nauenns A (Hanpukian, 30), pyxaemocs B HalpsIMKy CTPUIKU
BJIIBO, BUOMPAEMO 3HAUCHHA V (B JaHOMY BHMAJKY Lie 1), pyXxaemocs MO CTpiiLl

Bropy BuOMpaeMo 3HaueHHS Yy (y HaBeneHomy mnpukiani 10), pyxawoouuck Mo
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CTPUIIIl BOpPaBO B MEPHIOMY KBaJApaHTI BUOMpaeMO 3HA4YECHHA | (B JaHOMY
npukianl 160) 1 B camoMy KiHII HAEeMO MO CTPUIl BHHU3 1 Ha oci Q oTpumaemo
Horo 3HadeHHs. MOXJIMBHUM 1 3BOPOTHUN HAMPSIMOK PYXy MO HOMOTpami, TOOTO
pO3B’sI3yBaHHs OOEpHEHOI 3ajadi: 3a 33JaHMMH 3HAUEHHSMH, KPOK 3a KPOKOM
pyXarwounuch MO HOMOTpPaMi MPOTHU CTPUIKA 4Yacy, BUOMPAEMO 3HAYEHHS BX1JTHHX
napaMeTpiB Mojieni, siki 3abesneunsin 6 3amane 3HadeHHs Q. lle 3aBmaHHs Mae
0araTo MOXXJIMBUX PILIEHb 1 3aJ€KUTh Bl PEaJbHOT MOKJIMBOCTI 3a0e3meueHHs
KOHKPETHOTO PIBHA KOXXHOTO 3 (akTopiB, 3pEIITOI0, B CTYNEHS iX peasibHOl
JOCSKHOCTI.

3acToCcyBaHHSI HOMOTpaMHU HE OOMEKYEThCS HABEJACHUM BHIIAJIKOM.
MoskiuBHi 1 3yCTpIUHMM pyX: 3a BKa3aHOK cxeMoro. Harmpukiaj, BU3HAUMBIIN
IJIboBe 3HaueHHS Q 1 BIgOMI 3HAYEHHS IEeBHUX (AKTOPIB MOJENI, MOXKHA
11eHTU(IKyBaTH HEOOXIHI 3HaYEHHS 1HIIKUX (AKTOPIB JIJs JOCATHEHHS 33JaHOTO
Q. V¥ it mocTaHoBIII 33724l HOMOTpaMa J03BOJISIE€ OIIHUTH ICHYBaHHS PO3B’S3KY
Ta, SKIIO BOHO €, BU3HAYMTH MAlania30H MOXJIMBUX 3HAYCHb 1ACHTH(IKOBAHUX
dbakTopiB pa3oM 13 MOTEHIIAIOM iX 3aMiHM (y TIEeBHUX MeXax 3MEHIICHHS
3HAQYEHHS OJHOTO (aKTopa MOXKE KOMIICHCYBAaTUCA 30UIBIICHHSAM 3HAYEHHS
1HIIoro (hakropa).

Jlana HoOMoOrpamMa TIPONOHY€ YHCJICHHI MOJIMBOCTI JUIS  OLIHKHU
NOTEHIIITHUX MeX 3HaueHb (Q 32 YMOBH, 1110 3p03yM1JIO J11alla30H, y IKOMY MOXYTh
KOJIMBATUCS BXIAHI KoedilieHTH Mojeni. [HmmMu crmoBaMu, SIKIIO BCTAHOBIIEHI
Jllara3oHu, B AKUX 3HAYEHHS KOXKHOTO (haKTopa MOKHA BIEBHEHO 1A€HTU(IKYBATH,
MO’KHa CHUCTEMAaTHYHO IMEPEXOAUTH BiJl OJHOTO (pakTopa A0 1HIIOTO MO 3aJaHid
HOMOTpaMmi 3a JOTOMOTOI0 «CMYTH» 3HAYEHb, 7€ KOKHA «CMYKKa» LTIOCTPYE MEXKI
Bapiailii MOXKJIMBUX 3Ha4eHb 1HOTO ¢akTopa. [licas 3aBepiieHHs ILOTO MPOLECY
OTPUMAEMO BIJMOBIAHY «CMYXXKy» 3HadeHb (Q, TOOTO MaTUMEMO OIlIHKU
NOTEHIIMHUX BIIXWICHb BiJI CEPEIHbBOrO MPOrHO30BAHOTO 3HA4YeHHS Q (SK

MECUMICTHYHI, TaK 1 ONTUMICTHYHI TPOrHo3u) [58].
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Bucnosku 10 Il po3ainy

1. Amnami3yioud pe3ynbTaTd MOJEIIOBAHHA, MOXHA 3’5ICYBaTH BILUIUB
MOYAaTKOBUX MapaMeTpiB Ha MMOBIPHICTh BUKOHAHHS BXiAHOTO 3anuty. OTxe, cTae
MOXXJIMBUM TIEpen0aYuTH CTAOUTbHICTh KOMIIOHEHTIB HAaBIraIliifiHOI CHCTEMHU.
OTpuMaHi pe3ysbTaTu Jal0Th MOXKJIHUBICTH PO3POOUTH BIANOBIIHI PEKOMEHJAI]
010 MIABUIIEHHA (YHKIIIOHAIBHOI CTIMKOCTI HaBITaI[ifHOTO KOMILIEKCY.
Pe3ynbpTat MozenOBaHHS AEMOHCTPYIOTh, IO 31 30UIBLICHHSIM YaCTOTH BIJMOB 1
30UTBIIICHHSIM YacCTOTH 3alWTIB MMOBIPHICTh BUKOHAHHS BXIJIHUX 3alHTIB Pi3KO
3HW)KYEThCA.  BiAnmoBiHO, MOTIPHIYEThCS  Mpale3JaTHICTh  HaBIramiiHoro
KOMITJIEKCY. Y 3B'SI3Ky 31 3HAYHUM 3HIDKCHHSM IIIaHCIB Ha OE3B1IMOBHY POOOTY
00JIaIHaHHS, BaXXJIMBO CIUIAaHYBAaTU IIBHUJKY 3aMIHY B HaBiramiiHiil cucTemi
MOJyJiB 1 OJIOKIB, 10 BUHNUIK 3 Jaay. Takuil miaxig 3HaYHO MPUCKOPUTH TEMIIH
BiIHOBJICHHS. KpiM TOro, B KPUTHYHUX CHUTYaIlisiX OOOB'A3KOBO MOTPIOHO
BCTAHOBJIIOBATH «rapsiuyuil pesepB», 00 TrapaHTyBaTh Oe3nepediiiHy poOoTy
HaBiramiiHoro komiwiekcy. Kpim Toro, icHye pu3MK BiJ’€THAHHS BHYTPIIIHIX
KOMITIOHEHTIB CUCTEMHU. Y TIpOKOMIIaca, HAPUKJIAJl, BIICYTHI JIaH1 TIPO IIBUJKICTh
Cy[Ha, 10 BUKIUKA€E BIIXWJIEHHS HOro MOKa3HHUKIB. SIKIIO omepaTopy Opakye
MOBHOTO PO3YMIHHS CTPYKTYPH CHUCTEMH Ta ii €JIeMEHTIB, BiH HE Oyje 3HATH PO
neit ¢dakr. Sk HacHiAOK, e MOXKe MPHU3BECTH 10 MOMUJIOK i 9ac KepyBaHHS
cynHoM. TakuM 4HHOM, PO3POOJISIFOYM MOJENh CTIMKOCTI HaBITAIIHOI CHCTEMH,
CTa€ MOXJIMBUM MOJENIIOBATH Pi3HI aBapiiiHi cuTyauii. MoJeatoBaHHS BUSIBUIIO
KOPEJISIIiI0 MDK TPOAYKTUBHICTIO CHUCTEMHU Ta 1l mapamerpamu: A, W, Y, V, V'
ToOTo, cucTema xapakTepHu3yeThCsl MUPOKUM HAOOPOM BHYTPIILIHIX 3'€1HaHb. [Ipu
NOpyLIeHH! Oynb-KOr0 3 HHUX MOXE CTaTUCAd HEKOpPEKTHa po00Ta CHUCTEMH.
Pesynbrat MOCHIIKEHHS MiIKPECIIOTh BaXKIMBICTh BU3HAUYCHHS a/IeKBAaTHOTO
piBHS NyOJIIOBaHHS HaBIraUlMHUX MPUCTPOIB JUIsl 3a0e3MeyeHHs HaAiHHOCTI
cuctemu. ko 3HaueHHss Q nagae Hwkye 0,7, 1€ CTBOPIOE KPUTUYHY CUTYAIIlIO
Ha 0opTy cyaHa. IMOBIpHICTh BUKOHAHHS 3AIUTY 3QJICKUTH BiJl HaBIral[liHUX YMOB

IJIaBaHHA, $K TMOKa3aHO Ha pucyHkax 2.3-2.8. Omxke, crae HEOOXIIHUM
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BIIPOBAJIUTH 3aX0JIH, SIKl TAPAHTYIOTh CTa01IBHICTh HABITAIIMHOI CUCTEMHU Mij Yac
CKJIaJHUX o0cTaBuH. Pe3ynpTaTu AOCHIDKEHHS MaloTh MOTEHIIAN i
MOKPAIICHHS PO3YMIHHSA THWTaHb, TOB’SI3aHUX 3 HEOE3MEKOI Ta BiJIMOBIIHOTO
piBHs pu3uKy. He3Bakarouum Ha 3pocTaroudii iHTEpec 10 IIi€i raimysi, Mpo Mo
CBITUUTD 3POCTAHHS KIJIBKOCTI IMyOIiKalliil, BAKJIMBO BU3HATH ACPILUT JIITEpaTypu
Ta HaroJIOCUTH Ha HEOOXIJHOCTI MOJANBIIMX JOCHiIXKeHb. CTelkxomaepam
PEKOMEHIYEThCS TPOBECTH KOMIUIEKCHUN aHalli3 HeOe3nek, Kiacupikyrouu
HeOe3mmekn 3 OunbInoro aeramsamiero. Lled miaXim g03BoJIs€ TIHMOIIE OIIHUTH
cripusrodl (pakTopu, M0 MPU3BOAUTH JO OUIBII KOHKPETHHUX Ta €(EeKTUBHHUX
CTpaTerii ynpaBiIiHHSI pU3UKAMH.

2. 3aBASKU JOCTIIKEHHIO Pe3yJbTaTiB MOJCIIOBAaHHS MOKHA BU3HAUMTH, K
MOYATKOBI MapaMeTpu BIUIMBAIOTh HA MMOBIPHICTh BUKOHAHHS BXIJHOTO 3aIuTYy.
Ile mo3BoJsie TPOTHO3YBATH CTAOUIBHICTH KOMIIOHEHTIB HABITaIllifHOI CHCTEMHU.
OtpuMaHi pe3yJabTaTi Jal0Th MOXJIUBICTH CTBOPUTHU BIJINMOBIAHI MPOMO3HUIIIT OO0
NIJBUIIEHHS (YHKIIOHAJTBHOT CTaOUIbHOCTI HaBIrauiiHUX cucTteMm. Pe3ynbratu
MOJICJIOBaHHSI BKa3ylOTh Ha T€, 10 MMOBIPHICTP BHKOHAHHS BXIJHOTO 3aIUTY
CYTTEBO 3MEHIIYETHCS 31 30UIBIICHHSIM YacTOTH BIJIMOB 1 YaCTOTH 3amuTiB. Tomy
OPOAYKTUBHICTh HABITAIlIMHOTO KOMIUIEKCY 3HIKYETbCA. TakuM YHHOM,
CTBOPEHHS MOJIeJel CTIMKOCTI M HaBIraliiHUX CHCTEM JIO3BOJISE MOJICIIOBATH
pI3HI clieHapli HAA3BUYaWHUX CUTYalllid, YMOKJIMBIIIOIOUN IBUIAKAN PO3PAXYHOK 1
OIIIHKY PI13HUX MOKJIMBOCTEH 3a JOMOMOTOIO Bi3yaui3allii HOMOTpaMu, OTPUMAHOT
3a JIOTIOMOIOK0 JIHIAHOI perpecii. MojentoBaHHs BHUABUIO 3B 30K MIXK
MPOIYKTUBHICTIO CHCTeMH Ta ii mapamerpamu: A, W, y, v, V'. lle o3nagae, 1o
30€peKEHHSI BUCOKOTO piBHSA (Q 3HAYHOI MIPOIO 3aJICKHUTh BiJ 1HTEHCHUBHOCTI
NOTOKY BITHOBJIEHHS Y, @ HE BiJ] IHTEHCUBHOCTI ITOTOKY OOCIYroBYBaHHS . TakuM
YUHOM, Ha 30UIbIIEHHS IHTEHCHUBHOCTI IOTOKY 3alHUTIB A CHCTEMa pearye
30UTBIIEHHSIM PpOJII IHTEHCUBHOCTI TMOTOKY OOCIYroByBaHHS [L 1, HaBIaKW, 31
30UTBIIICHHSM IHTEHCUBHOCTI TIOTOKY B1JIMOB V CUCTEMA pearye MiBUIIEHHSIM POJil

1HTEHCUBHOCTI TOTOKY B1JIHOBJICHHS .
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PO3/11 3
EKCIIEPUMEHTAJIBHE JOCJIUKEHHS ®YHKIIIOHYBAHHS
HABITALIHHUX CUCTEM MOPCBLKOI'O CYJHA

3.1. BusHaueHHs mapaMeTpiB BUOIPKOBOr0 KOHTPOJIIO /1Jisl BUABJICHHSA

CTAHY eJIEeMEHTIB HaBiraiiHUX cucreM (perjaaMeHT BUOIPKOBOr0 KOHTPOJIIO)

BusHaueHHs Ta peryiioBaHHS MapameTpiB BHOIPKOBOTO KOHTPOJIO MJis
BUSIBJICHHSI CTaHY €JIEMEHTIB HaBIraliiiHUX CHCTeM Iepeadadae BCTAaHOBJICHHS
CHUCTEMHOTO MIIXO0Jy /10 MOHITOPUHTY, JIarHOCTUKHU Ta YIPABIIHHS CHPABHICTIO
mux cucreM. BuHOIpKOBHII KOHTpOJIb 30CEPEKEHO Ha BHM3HAYEHHI OKPEMHX
CJIEMEHTIB HAaBIralifHUX CHUCTEM Ui JETaJIbHOTO aHajizy, 1o 3abe3nedye
MPOAKTUBHE 00CITyrOBYBaHHS Ta CBO€YACHE BTpyuaHHs [59].

Ocb OKPOKOBa IHCTPYKIIiS I10/I0 BUSHAYCHHS Ta PETyJIIOBAHHS MMapaMeTpiB
BHUOIPKOBOTO KOHTPOJIIO:

1. Buznauenns Metr BUOIPKOBOTO KOHTPOJTIO.

Mera: BCTaHOBUTM OCHOBHI IIIJIi BHOIPKOBOTO KOHTPOJIIO, TakKi SIK
MIBUIIEHHS HAIIMHOCTI CHUCTEMH, CKOPOYECHHS dYacy TMPOCTOI0, IiBUIICHHS
Oe3nexu abo ONnTUMI3allist 3yCHib 3 00CIyTrOBYBaHHS.

OOcsr: BU3HAYUTH, K1 €JIEMEHTH HaBIralliHuX cucteM (Hampukian, GPS,
panap, AIS, ripokoMriac) miusIraTUMyTh BUOIPKOBOMY KOHTPOJTIO.

2. BusHaunuTH KpUTHYHI CIIEMCHTH.

KpuThyHi KOMMIOHEHTHU: BU3HAUYUTH HANUOUIBII KPUTHYHI KOMIIOHEHTH
HaBITaIlIMHUX CUCTEM, 3011 SKMX MaB OM HAWOUIBIINIA BIUTHB HA poOOTY cyaHa. e
MOXYyTh OyTH Taki ocHOBHI cucteMu, ik GPS, ECDIS, panap i cuctemu 3B’s3Ky.

BoiuB  BiZMOBHM: OIIHUTH IIOTEHIIWHWN BIUIMB BIAMOBH KOKHOI'O
KOMITOHEHTa Ha Oe3mneKy HaBiraili Ta e)eKTHBHICTh eKCILTyaTaIllii.

3. BuznaueHHs napameTpiB AJi1 BUOIPKOBOI'O KOHTPOJIIO.
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KiroyoBi  mapameTrpu: — BU3HAYMTH  TapaMeTpu, sKi  HEOOX1JTHO

KOHTPOJIOBATH, HIO6 OHiHI/ITI/I CHpaBHiCTL KOXXHOI'0O KPHTHUYHOI'O KOMIIOHCHTA.

3araibHi MapaMeTpu BKIIOYAIOTh:

[ToTyxHicTh curHany: mis cucteM GPS, pagapis 1 AIS.

TounicTh: mo3wuriitna TouHicTh 1y1st GPS Ta AlS.

Yac BiAryky: yac, HEOOXITHUI cucTeMaM JUIsl peakiii Ha BXIAHI JaHi a0o
3MIHU YMOB.

EneprocrioxuBanHs:  JJii  KOMIIOHEHTIB, YYTJIMBHX JI0 KOJIMBaHb
MOTY>KHOCTI.

YMOBU HaBKOJIMIIHBOTO CEpPEOBUIIA: TEMIIEpaTypa, BOJIOTICTh 1 BiOparis,
SIK1 MOXYTb BIUTMHYTH Ha MPOTYKTUBHICTH CUCTEMH.

Konu momuiok: creriaigbHi A1arHOCTUYHI KOJIU, CTBOPEHI CHUCTEMOIO, IO
BKa3yIOTh Ha MOKJIUBI TPOOJIEMHU.

4. BcTaHOBJIEHHS] IOPOTOBUX 3HAYEHB Ta JIOMYCKIB.

[ToporoBi piBHi: BCTAHOBUTH MOPOTOBI PiBHI AJI KOXKHOTO Mapamerpa, sKi

BKa3ylOTh Ha HOpMaJlbHE YW HeHopMaibHe (QyHKIioHyBaHHs. Ili moporosi

3HAYEHHS MOXKYTh I'PYHTYBaTHUCA HA:

Crnenmdikarmii BHpOOHMKA: PEKOMEHIOBaHI poOOYl diama3oHW, HaJaH1
BUpOOHUKAMU 00JIaqHAHHS.

[cTopuyHi nmaHi: IaHi MONEPeNHIX oOmepaliid, sKi BU3HAYAIOTh HOPMasbHI
Jiana3zoHU JUIsl KOYKHOTO MapameTpa.

["any3eBl craHgapTH: BIAMOBIAHICT MOPCHKHUM CTaHAApTaM, TaKUM SIK
cragaptu IMO a6o MixnapoaHoi enekrpotexHiunol komicii (IEC).

Mexi nm0omycKy: BH3HAQUMTH MEXI1 JOMYyCKy, 3a SKUMH 3aIlyCKaeTbCs

NOMNEPEIKEHHS, 110 CUTHAI3YE PO MOXKJIMBE MOTIPIICHHS YU 3011 CHCTEMH.

5. Po3pobiienHs cTpaTerii MOHITOPUHTY Ta KOHTPOJIIO.

[locTifiHuii  MOHITOPUHT:  3ampPOBAJAUTH  OE3MEPEPBHUNA  MOHITOPUHT

i1eHTU(PIKOBaHUX TMapaMeTpiB 3a JONMOMOTOK  JATYWKIB, JIIarHOCTMYHHUX

IHCTPYMEHTIB 1 CUCTEM MPOTPAMHOTO 3a0€3MeYeHHSI.
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[InaHoB1 TIepeBIpPKU: JOMOBHUTH TIOCTIMHUNH MOHITOPUHT PETYJSIPHUMU
nepeBipkaMi BPY4YHY, OCOOJIMBO JJIsi KOMIIOHEHTIB, SIKI MOXYTh HE Maru
aBTOMATHU30BaHO]I 11arHOCTUKH.

MOHITOPUHT Ha OCHOBI1 CTaHy: 3aCTOCOBYBAaTU MOHITOPHHT Ha OCHOBI CTaHY,
KOJIM CUCTEMH MEPEBIPAIOTHCS YACTIllIE, SIKIIO BOHU MPALIOIOTh Y BAXKKUX YMOBaX
ab0 MarOTh O3HAKU 3HOCY.

AnanTuBHE  KEpyBaHHsS: BUKOPUCTOBYBATH  QJaNTHBHI  aJITOPUTMHU
KEepYBaHHsI, SKI PETYJIOI0Th poOodl MmapaMeTpu B PEXHUMI pealbHOro 4acy Ha
OCHOBI JJaHUX MOHITOPHUHTY, 1100 3aro0irTyu 3005M CHUCTEMHU.

6. BipoBaikeHHs1 IHCTpYMEHTIB 300py Ta aHali3y JIaHUX.

PeecTpaliis maHuX: BUKOPUCTATH CUCTEMHM peecTpauii JaHuX Ui 300py Ta
30epiraHHs JaHUX yCiX KOHTPOJIbOBaHUX mapaMeTpiB. L1 JaH1 TOBUHHI MaTH MITKY
yacy Ta Ki1acu(ikoBaHi 32 KOMIIOHEHTaMH CHUCTEMHU.

JliarHoCTHYHE TIporpaMHe 3a0e3MledeHHs: 3alpoBaIUTH J[1arHOCTUYHE
nporpamMHe 3a0e3MeueHHs, 3/1aTHE aHaI3yBaTH J1aHl B PEKHUMI PealbHOTO dYacy,
NOpIBHIOBAaTH iX 13 BHU3HAYEHUMMH IIOPOTOBUMHU 3HAUEHHSMU Ta BUSBIATU
NOTEHI1ITHI TPOOIeMH.

[IporHo3na aHamiTUKa: BHUKOPUCTATH MPOTHO3HY  aHAIITUKY  JJIs
MPOTHO3YBAHHS MOTEHIIMHUX 3001B HA OCHOBI TEHJEHIIIN Yy 310paHUX TaHUX, IO
JI03BOJISIE€ TIPOBOJIUTH TIOTIEPEIKyBalIbHE 00CTYyTrOBYBaHHS.

7. PerymtoBanHs BUOIPKOBHUX 3aXO01B KOHTPOJTIO.

Cucremu CroBillleHb: po3poOUTH OaraTOpiBHEBY CHUCTEMY CHOBILIEHB, SKa
kiacudikye npoosIeMu Ha OCHOBI CEpHO3HOCTI:

- IlomepemkeHHss HU3BKOTO PIBHS: BKa3ylIOTh HA HE3HAYHI BIIXWJICHHS BiJl
HOPMAaJIbHOT POOOTH, BKAa3ylOUl Ha HEOOXIJHICTh PETEIHHOIO MOHITOPUHTY
CUCTEMH.

- [IlomepemkeHHss cepeHBOTO PIBHA: BKA3ylOTh HA 3HAYHI BIAXWJICHHS, SIKI
noTpeOyroTh 00CIyroByBaHHs a00 HEraiiHOi yBaru.

- IlomepemkxeHHs BHUCOKOIO piBHS: BKa3ylOTh Ha KPUTHUHI 3001, K1 MOXYTb

BUMAaraTH BIJIKJIFOYEHHS CUCTEMHU a00 HEraitHOTO BTPyYaHHS.
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ABTOMaTHUYH1 BIAMOBIL: J€ II€ MOXJIMBO, aBTOMAaTU3yBaTH BIAMOBIJI Ha
MEeBHI CIIOBIIICHHS, TakKl SIK MEPEMHUKAHHS Ha PE3ePBHI CHUCTEMH, KOPUTYBaHHS
poOounx mapameTpiB ab0 1HINIFOBAHHS CaMO[1aTHOCTHUKH.

[lepeBu3HaUYCHHS BPYYHY: MEPEKOHATHUCS, IO CYJHOBOJII MOXYTh BPYUYHY
NEepeBU3HAYATH aBTOMATUYHE KEpPYBaHHA, SKIIO 1€ HEOOXiTHO, OCOOJIMBO B
KPUTUYHUX CUTYAITISX.

8. Baminaris ta TecTyBaHHS.

CuMyndniifHe TeCTyBaHHS: 3allyCTUTH MOJCNIOBaHHs, 00 NEpeBipUTH
¢()eKTUBHICTh BUOIPKOBUX KOHTPOJBHUX MapaMeTpiB 1 MOPOTOBUX 3HAYECHBH 3a
PI3HUX ClLIEHApiiB, BKIIOYAIOYH HOPMaJIbHI Ta €KCTPEMaIbHI YMOBH.

Mopceki BUnpoOyBaHHS: NMPOBEACHHS BUMIPOOYBaHb MiJl 4yac (aKTUYHUX
omepaiii Ha CyJHi, MO0 MIATBEPAUTH €(EKTUBHICTh CHCTEMH BHOIPKOBOIO
KOHTPOJIIO B peajJbHUX YMOBaX.

[{ukyi1 3BOPOTHOrO 3B'SI3KY: BHUKOPHUCTATH PE3YJNbTATH TECTYyBaHHS IS
TOYHOI'O HaJIAIITYBaHHS MapaMeTpiB, MOPOTOBUX 3HAYEHb 1 CTpATEril KepyBaHHS
JUTSI T ABUIIICHHS] HAMIMHOCTI Ta TPOTyKTUBHOCTI CHCTEMHU.

9. loxyMeHTaIlis Ta 3BITHICTb.

3BITH PO KOHTPOJIb: CTBOPUTU 3BITH 3 JI€TAJbHOIO 1H(OpMAIlIE PO
MPOIYKTUBHICTh CHCTEM BHOIPKOBOTO KOHTPOJIIO, BKJIIOYAIOYM KUIBKICTh
CHOBILIEHB, TUIHM BUSBIEHUX MPOOJIEM 1 BXKUTI Il pearyBaHHS.

[lepernsan mapameTpiB: PEryJIspHO MEPErIAIaTh Ta OHOBIIOBATU IMApaMETPH,
MOPOTOBl 3HAYEHHS Ta CTpPATErii KOHTPOJII0 HAa OCHOBI OCTaHHIX ONepaliiHuX
JAHUX 1 TEXHOJIOTIYHUX JIOCSTHEHbD.

BianoBigHICTh HOPMATHBHUM BHMOTaM: IIEPEKOHATHCS, IO BCl 3aX01u
BUOIPKOBOTO KOHTPOJIIO 3aJ0KyMEHTOBaH1 BIAMOBITHO 10 BHUMOT MOPCHKOIO
3aKOHOJIaBCTBA Ta IO CYJHO 3aJIMINAETHCS BIAMOBITHUM CTaHIapTaM O€3MeKH.

10. HaBuanHs Ta mocTiitHE BJOCKOHAJICHHS.

HaBuaHHs ekimaxky: HaBYaHHS CYAHOBOJIIB CHUCTEMaM BHOIPKOBOIO
KOHTPOJTI0, BKJIFOYHO 3 THM, SIK IHTEPIPETYBaTH CIIOBIIIEHHS, KEPYBaTH PYUYHUMHU

OJIOKYBaHHSIMH Ta MPOBOJAMTH MEPEBIPKHU.
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[TocTiifHE BAOCKOHAJEHHS: PETyJspHA OIIHKA €()EKTUBHOCTI BHOIPKOBHX
3aX0JliB KOHTPOJIO Ta 3a MOTPeOM BHOCHTU TOKpAIIEHHS, BPaXOBYIOUH YPOKH,
OTpUMaHi 3 MUHYJIMX 1HIUACHTIB, 1 HOBI pO3pOOKH B HaBITAI[ITHIUX TEXHOJIOT1SX.

CucreMaTHYHO BCTAHOBIIOIOUHN Ta PETYIIOI0YHN TapaMeTpH sl BHOIPKOBOTO
KOHTPOJIIO, MO’KHA MIABUIIUTU HaAiMHICTh 1 Oe3MeKy HaBiralifHMX CHUCTEM Ha
MOPCBKOMY CY/IH1, 3a0€3MeUUBIIN BUSIBJICHHS W YCYHEHHS MOTEHIINHUX MpoOsieM
JI0 TOTO, SIK BOHU IIEPETBOPIATHCS Y KpuTHYHI 3001 [60-73].

EnekTpoHHI TpaHCHOPTHI CHUCTEMHM BIOITpalOTh poib Yy 0OaraThox
TPAHCIIOPTHUX CHUCTeMaX. besmeka Ta e(EeKTHBHICTH MEpeBe3eHHs IJojIeH i
BaHTa)Xy 3HAYHOIO MIpOIO 3aJIEKHUTh BiJl iX €eKTUBHOI poOOTH. 3arpo3u Oe3melii
MOXXYTh BUHUKHYTH 4Yepe3 HEHaAIWHICTh eJIeKTPOOOJaAHAHHS Ta MOMMIIKU
onepaTtopiB. KoHueniis HEHaAIMHOCTI 30Cepe/keHa Ha BHUBYEHHI TOrO0, SK
MOIIKO/KEHHST OO0JIaIHaHHS Ta TIOMHIJIKM OTIepaTopa BIUIMBAIOTh HA KOHKPETHI
MOKA3HUKU HeHaAilHOCTI. Teopis Oe3MeKku 30Cepe/KYEThCS Ha pe3yJbTarax
IIKOJIM Ta TOMWIOK, SKi NPHU3BOAATH JO PHU3UKIB s Oesmeku. IlpaBuiibHa
imeHTudiKkamis A0MyCTUMUX 1 HEIPUILYCTUMUX CTaHIB y CHUCTEMI Ma€ BHUpIIIAIbHE
3HAYEHHS 3 TOUKU 30py O€3MeKu.

Cran 3arpo3m Oesmemi 1HOAI MOXXHA 3MIHUTH, BXKUBIIHA 3aXOJIB IS
BIJIHOBJICHHS TIOBHOI TPHUJATHOCTI, HAMPUKIAJ JIarHOCTUKY TOIIKO/KEHb 1
cripoOy pEMOHTY, BUIIPaBJICHHS TIOMWJIOK ofepatopa abo HehTpami3aiito
30BHIMHIX moaid. KoAaTp3axin mae OyTu 3A1HCHEHO MPOTATOM JOCTYITHOTO Yacy.
SKi0 KOHTp3axij HE Mpairoe abo Jli€ HAJATO MOBLIBHO, CUCTEMA MEPEXOAUTH 13
craHy Oe3IeKu /10 CTaHy HeOe3IeKH, TaKOoX BIJOMOTO SIK CTaH HEHaJIHHOCTI
Oe3nexwu.

[TinBumeHHa mapamMeTpiB HAIIMHOCTI €JIEKTPOHHUX TPAHCIIOPTHUX CHUCTEM
MOXE€ TPHW3BECTH 10 MIJBUINCHHS PiBHS ix Oesmeku. [limBuineHHS HamIHHOCTI
MOke OyTW pe3ynpTaTOM MIJBUIICHHS HAIIKHOCTI KOMIIOHEHTIB  abo
BIIPOBA/KCHHSI pPE3epBHUX CTPYyKTyp. [lodaTrkoBe pimieHHs COpsSMOBaHE Ha
YHUKHEHHS IIKOAW. Y JpYyroMmy cIeHapii BUKOPHCTaHHS TMOJBIMHOTO a0o

MOTPIHOTO pPE3epBYBaHHS MOXKE 30UIBIIMTH PO3MIP CHCTEMH, ajie JT03BOJISE
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NPUIHATHA OYb-sIKi TIOIIKO/KEHHS, sIKI MOXKYTh BUHUKHYTH. Pe3epByBaHHS MOXKe
3aCTOCOBYBATHUCS 710 KOMIIOHEHTIB MPUCTPOIB, CHCTEMHHX MOJIYJIB 1 KOMII FOTEPIB,
Kl KOHTPOJIOIOTH TPAHCHOPTHI omepamnii. BaxiuBicTh AaHHMX, OTPUMaHUX
JaTYMKaMH, JJIs1 CHCTEM TaKOXK Mae€ BUpilmIaiabHe 3Ha4YeHHS. Jlesiki JOCHiTHUKA
IPOMOHYIOTh BUKOPUCTOBYBATH HEUITKY JIOTIKY a00 IITY4YHI HEWPOHHI MEPEXKI.

Po3yMiHHS ~HamIHHOCTI CHUCTEMH MAa€ BUpINIAJbHE 3HAYEHHS IS
e(DeKTUBHUX CTpaTerii TEXHIYHOTrO OOCIYroBYBaHHS, MPOIOHYIOUH I[IHHY
1H(pOpMaLiI0 PO TPOAYKTUBHICTh OOJaJHAHHS Ta HACHIAKHU 300iB HA TOTOBHICTH
oOnasiHaHHS, TOIMIUPIOIOYKNCh HAa BIUIMB ycCi€l cucTeMu. [HCTpYMEHTH aHai3y
HAIIMHOCTI 3a3BUYail BUKOPUCTOBYIOTHCS JIJIsl JOMIOMOTH y BU3HAYCHHI CTpaTeTii
TEXHIYHOTO OOCIYyroByBaHHS, SKI BIAMNOBIAAIOTh IUISIM opradizamii. Bonu
3a3BUYail OIIHIOIOTH BIUIMB 1 MOTEHIIIAJ BIJIMOBH, aHATI3YIOUH SIK KUIBKICHI, TakK 1
AKICHI aCTMIEKTH TEXHIYHOTO OOCITyrOBYBaHHS Ta €KCILUTyaTalllHHUX TaHUX MAIlUH.

Jlns ~ MonenroBaHHS — ITUIAHYBaHHS ~ TEXHIYHOTO  OOCIYroBYBaHHS
BUKOPHUCTOBYIOTBCSI PI3HI METOJU, Takl sIK OaleCiBChbKI MEpeki, MOJEIIOBaHHS
Mounrte-Kapino, nanmtorn Mapkoa, mepexi [letpi Ta anani3 BeitOynna. | HaBmakw,
aHajl3 HAAIMHOCTI CKIIQOHUX CHCTEM, SIKI BKJIIOYAIOTh HEIBIMKOBI BXOIM Ta
Oe3nepepBHy CTOXAaCTUYHY MOBEAIHKY BIJIMOB, BUMaraB OM YHIKQJIbHOTO MiAXOAY
70 PO3MIISIy TUMYAcOBOTO CTaHy CHUCTEMH ab0 PEMOHTO3JAaTHOI MEXaHIYHOI
CHUCTEMH, SKa MOXX€ HOPMaJIbHO (YHKIIIOHYBaTH HAaBITH Yy pa3l MOTIPIICHHS.
OcTaHHI JOCHIIKEHHS TaKOoX OylIM 30Cepe/PKeHI Ha BUSBIECHHI aHOMATId Yy
CyJIHOBOMY OOJaJHaHHI B PEXKUMI peajlbHOTO Yacy Ui J1arHOCTUKHU
HECTPAaBHOCTEH; BUKOPUCTaHHS Oali€CiBCBKOIO Ta MAIIMHHOTO HABYaHHS IS
BUSIBJICHHS Ta J1arHOCTUKHA HECTIPABHOCTEH; OIlIHKA KEPOBAHOTO JAaHUMU B PEKUMI
PEANbHOTO Yacy 3aMiHU BiJICYTHIX JIaHUX Y KOPOTKOCTPOKOBHX JAHHMX JATYUKIB 3
MOpPCBKHMX CHCTEM; 1 CTBOPEHHS METOAYy 300paK€HHS YacOBUX pAIIB Ui
knacudikanii HecmpaBHocTed. Otmxe, Oyne moTpiOHa Oinbla THYYKICTH IS
CTBOPEHHSI MOJIEJII, SIKa MPEJCTABIISAE BCl MOXKIIMBI (PaKTOPH.

VY pe3ynbrari AOCTHIAHMKH 3BEPHYNHCS 1O PI3HUX IHCTPYMEHTIB MJis

BI/IpiH_ICHHH CHCTEMHHUX 3aJIC)KHOCTEH 1 CKJIa,IIHOHliB Y MYIBTHCUCTCMHHUX
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ycraHoBKax. Lled miaxia A03BoOJiss€ BUKOPUCTOBYBATH PI3HI TUNU JaHUX IS
MPOBEJICHHSI aHaJi3y HaAIMHOCTI Ta BUKOPUCTAHHS 1HCTPYMEHTIB Yy OUIBII
anantoBaHuil croci0. Byso mpoBeseHO peTenbHy OIIHKY, 1100 BUBUMTH ILIIOCH Ta
MIHYCH 1HCTPYMEHTIB HaIIMHOCTI, SIKI BUKOPHUCTOBYBAJIUCS.

BBaxkaeThcs, M0 CHOpaBXHIO YacTOTy BIIMOB (DiI3MYHOTO TPOIECY MOKHA
BU3HAYUTH 32 JOMOMOTOI0 0aileCiBCHKOTO aHalidy, a He TPAaIULIHHOTO METOIY.
He3Bakatoun Ha Te, IO JNOBIPYMI PO3MOALT MOXKE OyTH CTBOPEHUH MLUISXOM
PO3IIMPEHHS TPATUIIIHOT 111 J0BIPUOro 1HTEpBaly, el MeTo1 He OyB MOBHICTIO
dopmamizoBanuii  3rimHo 3 ®Dpeizepom  [74]. IlepeBara BHKOpHCTaHHS
0alleCiBCBKOT0 MIiAXOy MOJISITa€ B TOMY, IO BiH 3a0e3neuye OUIbII 1HTYiTUBHO
3pO3yMUTUN  CMOCIO TPEACTaBICHHS AaloCTEPIOPHOTO PO3MOAUTY  OI[IHEHOTO
BUIAJIKOBOro mapameTpa. Kpim Toro, BpaxyBaHHs IbOro (pakTopa sIK MOCTIMHO
3MIHIOBAaHOTO Ta Hemepen0auyBaHOTO CHPOIIyE aHalli3 CUTyallid, y SKHX METOJ
MIXOIUTh.

PosrnsHemo 3amady OIIHKHM Oal€CiBCBKOI amoCTEpiOpHOi MMOBIPHOCTI
BIIMOBH 11 CUCTEMH 3 IBOMa By3iamu. [IpoBeneMo mMaTemMaTuyHe MOJIETIOBAHHS
0alleCiBChKMX MMOBIPHOCTEH T1MOTE3 B 3aJIEKHOCTI BiJl HMOBIPHOCTI O€3B1AMOBHO1
poOOTH KOXKHOTO By3Ja.

HapiramiifHuii KOMIUIEKC MOPCBHKOTO CYJHA SIBJIIE€ COOO0 CKIIAIHY CUCTEMY
B3a€MOIIOB'SI3aHUX MPUCTPOIB, BY3JIIB 1 €JIEMEHTIB, BUXIJ 3 JIaAy KOXKHOTO 3 SIKHX
MO>KE MPU3BECTH JO IIJIOTO Py HACHIJKIB, IO ICTOTHO MOTIPIINTh HATIHHICTD 1
CTIAKICTb CUCTEMHU B LILJIOMY.

VY 3B'SI3Ky 3 MM Ui PO3paxyHKy HWMOBIPHOCTI BiAMOB ab0 HMOBIPHOCTI
0€3BIIMOBHOI pOOOTH SIK OKPEMHUX €JIEMEHTIB, TaK 1 HAaBIraliiHOTO KOMIUIEKCY B
IJIOMY HEOOXIJTHO BHMKOPHUCTOBYBATH TOHSTTS TMOBHOI HMOBIPHOCTI Ta

0aiieciBCbKOi HMOBIPHOCTI BIAMOBIIHUX TIIOTE3.
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Puc. 3.1 —Ilomist A 1 rimore3u Hq, H,, ... H;, ... H,.

Skio MoXHa BUCYHYTH N B3aEMOBHKIIOYHUX Tinore3 Hy, Hy, ... Hj, ... H,
o0 oO0cTaBuH (YHKIIIOHYBaHHS cHUCTeMH (y JaHOMY BHIIQJIKy €JEMEHTIB
HaBITAI[ITHOTO KOMIUIEKCY) 1 SIKIIO Mol A, sika LiKaBUTh (HampuKiIan, 301
CHUCTEMH), MOKE 3'SIBUTHUCS Pa30M 3 OJHIEIO 3 IMX TiMOTe3, TOBHA HMOBIPHICTH ITI€]

noii P(A) o04KCITIOEThCS 3a TaK 3BaHOI0 (DOPMYJIOO MOBHOT HMOBIPHOCTI:

P(A) = > P(H)Py, (A) 3D
i=1

ne P(H;) — iiMoBipHicTh rinoresu H;, a Py, (A) — ymoBHa HMOBipHicTh nofii 4 3a
I1€10 TIMOTE30I0.

[To cyti (3.1) € cymoo n0OyTKIB MMOBIpHOCTEW TINOTE€3M HAa YMOBHY
MMOBIPHICTb MO 32 LI€I0 TIIOTE30I0.

SAkmo B pe3yibTaTi eKCHEepUMEHTY cTanacs mojis A, To HOBI (YMOBHI)

nMoBipHOCTI rinote3 Py (H;) MoxkHa po3paxyBatu 3a popmyioro baiieca:

P(H;)Py,(A)

Pa(H;) = i=1 P(H) Py, (4)

(3.2)

[MoyatkoBi (HOeKCHIepUMEHTAITbHI) iiMOBipHOCTI rinote3 P(H;) Ha3uBalOThCs
anpiopHUMH, a MiCISIeKCIIEPUMEHTaNbHI, po3paxoBaHi 3a baitecom, Py(H;) —
arocTepiOpHUMH.

Criuparounch Ha HaBeJEHY BUILE TEOPil0, PO3IISIHEMO HACTYIHY 3ajady.

PosrnsinemMo mpucTpiid, 0 CKJIAJAEThCs 3 ABOX BY3IIIB, B IKOMY (YHKI[IOHYBaHHS
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000X By3J1B HEOOXIMHO Isi poOOTH TPHUCTPorO B miyioMy. Hexait HamiiHICTh
(MMOBIpHICTH  0€3BIIMOBHOI pPOOOTH TMPOTATOM 3aJaHOTO dYacy) IMEepIIoro
npuctporo Py, a npyroro P,. Hexail npunaa nepeBipsitoTh 1 BUSBUIIOCS, 110 BIH
HECITPABHUM.

3HaiiieMo HacTyIHI TMOBIPHOCTI:

1. Buiimos 3 nagy TUIbKU NEpIUINi By30I1, JPYTHil MIPALIIOE;

2. Jlpyruii By30J1 BUHIIOB 3 Jajy, NEPIIUN MPAILIIOE;

3. O0uaBa By3JId BUHIIUIM 3 JTafdy.

Jlo TecTy BIpOTiTHUMH OYJIM TaKi T1IoTe3u poOOTH HABITAIIMHOI CUCTEMHU:

Ho = {o0uaBa By3:11 mpaIrooTh }

H, = {nmepuuii By301 BUHIIOB 3 Jaay, ApYTHil MPaIIOE }

H, = {apyruii By30J1 BUIIIIOB 3 Jajy, MEPUINNA MPaIIOE }

H3; = {oOuaBa By3:11 BIIMOBHIIN }

Busnaunmo anpiopHi HMOBIPHOCTI T1OTE3:

P(Hy) = P,P,; P(Hy) = (1—P)P,
(3.3)
P(Hy) =P (1—-P,); P(H3) =(1—-P)(1—-Py)

ne: P, — iimoBipHICTh 0€3B1IMOBHOT POOOTH MIEPIIIOTO PUCTPOIO;

P, — iIMOBIpHICTH O€3BIIMOBHOI POOOTH JIPYrOro MPUCTPOIO.

Croocrepiramacss moxmis A = {BimMOBa NPUCTPOIO}, 1 OCKUIBKH YMOBHI
MMOBIPHOCTI B LbOMY BUMAAKy HopiBHIOIOTH Py (A) =0, Py (A) = Py, (A) =

Py, (A) = 1, To nosHa iimosipnicts P (A) nopiBHIOE:

3

P(A) = ) P(H)Py,(A) =
; ! (3.4)

=(1-P)P,+P(1-P)+(1—-P)1—-P,)=1-PP,

Toni anocTepiopHi KUMOBIPHOCTI T1OTE3, BIAMOBIAHO 10 hopmynu balieca:
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1—P))P
Py(Hy) = % (3.5)
P;(1—-P
Py(Hy) = i(——Ple) (3.6)
P, (H,) = 1-P)A—-P) (3.7)

1— P,P,

Takum uymHOM, amocTepiopHi WMOBIPHOCTI TinoTe3 30UIblIyI0Thes B (1 —
P1P2)—1 pa3ziB, T06TO ynM Onrkue A7 1 A2 no 1, THM OLIBIITUM € 16 MHOYKHUK.

Y po6ori Bupasu (3.5) — (3.7) nporalynboBaHi A1 pi3HUX 3HAYCHb Pii P,, a
Ha puc. 3.2-3.7 BOHM Bi3yasli30BaHi Ta MOPIBHSHI 3 apPIOPHUMHU UMOBIPHOCTAMU
P(H;) (i=1, 2, 3).

BuaHo, mo moBepxHi amocTepiopHux iimoBipHOCcTEH Py (H;) po3raiioBadi
3HAYHO BHUIIE alpPIOPHUX.

Takoxx BHOHO, IO ampiopHa Ta amocTepiopHa WMOBIPHOCTI rimore3u Hj
3MEHIIYIOTHCS 31 3pOCTaHHAM P; 1 301IIIYIOTHCS 31 3pOCTaHHIM P, a HIMOBIPHOCTI
rinore3u H, , HaBNaku, 3MEHIIYIOTHCS 31 3pOCTaHHSIM P, 1 30UIbLIYIOTHCS 31
3pOCTaHHSIM P .

ImoBipHicTh TimoTe3u Hz 3MEHIIyeThCS SIK 31 3pOCTaHHAM P;, Tak 1 31

3pOCTaHHAM P, .



0,6

P(H,)

0,68

®
c 9
=

0,64
0,66

P P,

00,1 m0,1-0,2 m0,203 m0,3-04 m0,4-05 m0,5-0,6

Pucynok 3.2 — AnpiopHi #MOBIpHOCTI rirmore3u H,

P(Hy) = (1—-0,72)0,8 = 0,224
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Pa(Hy)

0
et
=)

0,88

0,62
0,66

0,64

P P,

®m00,1 m0,1-02 m0,2-03 m0,3-04 m0,4-0,5 mO0,5-0,6

Pucynok 3.3 — AnoctepiopHi HMOBIPHOCTI rinoTe3u H,

(1-0,72)0,8
Falth) = 1575 0,8 = 05283
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P(H,)

0
~
o

0,76
0,74
0,72
0,78

P, P,

00,1 m0,1-0,2 m0,203 m0,3-04 m04-05 m0,506 m0,6-0,7 m0,7-0,8

Pucynok 3.4 — AnpiopHi iiMmoBipHOCTI TinoTe3un H,

P(H,) = 0,9(1 — 0,62) = 0,342
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Pa(H,)

0,8

0,7
0,6
0,5 P
0,4
0,3
0,2

0,1

0
™~
o

0,76
0,74
0,72
0,78

P P,

m0-0,1 m®01-02 0203 m03-04 m0405 m0506 m0,60,7 m0,7-0,8
Pucynok 3.5 — AnoctepiopHi HMOBIpPHOCTI rinoTe3u H;

0,9(1 — 0,62)

Pa(H) = T—o970as = ©7738




0,2
0,18
0,16
0,14
0,12

0,1
0,08
0,06
0,04
0,02

© 3
&8, 3 9 o
o © e o
o
P1 PZ
m 0-0,02 m 0,02-0,04 m 0,04-0,06 m 0,06-0,08 m0,08-0,1
m0,1-0,12 m0,12-0,14 m0,14-0,16 0,16-0,18 m0,18-0,2

Pucynok 3.6 — AnpiopHi #MOBIpHOCTI rimore3u Hs

P(H3) = (1 —0,72)(1 — 0,62) = 0,1064

100
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P.(H,)

0,2
0,18
0,16
0,14
0,12

0,08
0,06
0,04
0,02

0 (o) 8
< o N
sy & o °
=
P1 Pz
™ 0-0,02 ™ 0,02-0,04 ™ 0,04-0,06 ™ 0,06-0,08 ®0,08-0,1
®0,1-0,12 "0,12-0,14 "0,14-0,16 0,16-0,18 "0,18-0,2

Pucynok 3.7 — AnoctepiopHi iMOBIpHOCTI TinoTe3u Hj

(1—0,72)(1 - 0,62)

P,(H,) =
a (Hs) 1-0,72-0,62

= 0,1922;

OTpumaHi 3HAa4Y€HHS AaMoOCTEPIOPHUX WMOBIPHOCTEH TINOTE3 BaXKJIUBI,

OCKUJIBKH iX MOHa BUKOPUCTOBYBATHU JIJIsl PO3PAXyHKY MMOBIpHOCTEH MailOyTHIX
TIOJTIHA.
Tak, sIKIIO TICHIA €KCIIEPUMEHTY, B Pe3yJbTaTi SKOro BiaOyyacs momis A,

IPOBOAUTHCS EKCIIEPUMEHT, B pe3yibTaTi SKOro BigOyBaeTbcsi abo He

BIIOyBaeThCsl TOJMIA B, TO yMOBHa MHMOBIpHICTH TONIi B pPO3paxoBYEThCS 3a

dbopMyIlIOl0 TIOBHOI WMOBIPHOCTI, B SKiil IOYaTKOBi (ampiopHi) HMOBIPHOCTI
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rinote3 P(H;), 3aMiHIOIOTbCS. HOBUMH (armOCTEPIOPHIUMHU) WMOBIPHOCTSIMHU TiMOTE3

Py(H;):

PAB) = ) Pa(H)Py,a(B) (38)
i=1

Tomy dopmyny (3.8) HazuBawTh (opMyJIOH WMOBIpHOCTEH MaiOyTHIX
NOJIIN, SIKYy MOXHa BHUKOPUCTOBYBATH JJII NMPOTHO3YBAaHHS HMOBIPHOCTI BIAMOBHU
HaBirarifHoro o0Jia;JHaHHS HAa OCHOBI HasBHOI 1H(oOpMaIlii Mpo Horo HaaIMHICTH

[75].

3.2. BuzHayeHHsI HEOOXiTHOCTI i cTyneHsi Ay0JI0BaHHS sl HANOIIBII

BPa3JIMBHX e€JIEMEHTIB HaBiraiiHuX cucTemM

MeToto gaHOTO PO3MiTy JOCHIKEHHS € BU3HAYCHHS METOJY ITiJIBHIICHHS
HAJIHHOCTI CHUCTEM HAaBITAllIHHOTO KOMIUIEKCY MUISIXOM JyOJIOBaHHS HOTO
eJeMeHTIB (By3JiB, OJIOKIB, MOJYJIB) 3a pizHUMH cxeMamu. OCHOBHI 3anauyi: 1)
OLIIHKAa 1 MOJIENIOBAHHSA HAAIMHOCTI MpU PI3HUX CXeMmaxX AYyOJIIOBaHHS €JIEMEHTIB
CHUCTeMH; 2) OI[iHKa HAJIHHOCTI CHCTEMH, IO CKJIAJAEThCS 3 PIBHOHAIIMHHUX
CKJIaJIOBUX €JIEMEHTIB; 3) OIllHKa HaJIMHOCTI CHCTEMHM, W0 CKJIQJAEThCA 3
HEPIBHOHAAINHUX CKJIAJIOBUX EIEMEHTIB.

3 METOI0 BHU3HAUECHHS PIBHS HAAIMHOCTI HaBIramiiHoro oOJaJHaHHS
METOJIOM E€KCIIEPTHOI OLIHKK OyJ0 MPOBEIECHO aHKETyBaHHS 22 KamiTaHIB Ta
CTapIIMX MOMIYHHUKIB KamiTaHa 31 cTakeM poOoTu Bix 5 10 8 pokiB. Ha ocHOBI
OTpPUMAaHUX BIJNOBiACH OyJ0 CTBOPEHO JAiarpamH, siKi UTFOCTPYIOTh 4acTOTy 3001B
KOKHOTO KOMIIOHEHTa HaBiramiiiHoi cuctemu cyana (puc. 3.8) Ta IOIUIBbHICTD

MyOJIFOBaHHS JIJIs KOKHOI'O KOMIIOHEeHTa cuctemH (puc. 3.9).
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1) BramiTe, OyOb Nacka, AK YacTo KOXHWA KOMNOHEHT HaBirauiMHoro obnagHaHHA @ OauH pa3s Ha 1 pik
MOPCLKOMo CygHa BMXoAWTE i3 nagy, ©asyroduce Ha Bawomy goceigi? {ognH BMnagok @ Cawv pas Ha 2 pokn
Ha ckinbku pokis) / Please indicate how often each component of a marine vessel's @ Ogwu pas Ha 5 poxia

navigation equipment fails based on your experience? (one case in how many years} @ Opuw pa3 Ha 10 pokia

Fipoxosnas (Gyro compass) Panap (Radar) MarHiTHHi Kemnac (Magnetic compass)
2 manceagi 22 pgnoeigl 2 mancaigi

ABTCDYNBOBHA | Autopilot) Nar (Speed and Distance Log Devics) Exonct (Echo sounder)
22 miancein| 22 sanceigl 22 mianceig|

Enektpanni kapT (ECDIS) GPS npuamady (GPS recelver) ABToMATHYHA ineHTAdikayifta cueTema (AIS)
22 mincain| 22 manceigi 2 miancaini

GMDSS oBnagHanHa (GMDSS equipment) Haplraylinl sordl {Navigation lights) JeykosHA THdou (Ship whistle)

27 mgnomagi 27 mgnooigi 27 mgnoaugl

CHCTEMH AaNEHBOT IAEHTWHIKALT T2 KOHTRONM PO3TaWYBaHHA cyaeH (LRIT system) PeccTpatop AguWx pefcy (Voyage Data Recorder, VDR)
22 signosigi 22 mgnoeigi

Puc. 3.8 — Pe3synbraTu onuTyBaHHS 11010 BIPOT1AHOCTI BIAMOBU
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HODHL
ANEoMAdE

TH109
[HUITeII9e

ddAn

1147 ewaron)

KHHEBHIRIFQO
SSAINS

SIV

renwyndon ggon

S1ao3

LOLrOXH

Jeyr

ungodrAdoray

JIINOX
HWHUHLIHIBIA

dereq

Ta6nuis 3.1 — Pe3ynbpTaTi omuTyBaHHS 11010 BIPOT1AHOCTI BIIMOBH

oetmododr |

19

12
11

pa3
Ha 1
pik
Ha 2
poxu
pa3
Ha 5
pOKIB
pa3
Ha 10
pOKIB

OnuH
O
O
OnuH
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2) BrawiTe, Byge Nacka, 4k gouinsHo 6yno 6 ayBnioBaHHA KOMHOTO 3 KOMNOHEHTIE @ Tak/ Yes
HaBirauiiHoro obnagHaHHA Mopckkoro cygHa? (Tak abo Hi) / Please indicate whether @ Hi/No
it would be advisable to duplicate each of the components of the navigation
equipment of a marine vessel? (yes ar no)

Mpokomnas (Gyro compass) Banap (Radar) WardiTHuin kemnac (Magnetic compass)
27 mignosin| 27 edpnosigl 27 mignosigl

ABTCPYNBOBHA | Autopllot) Nar (Speed and Distance Log Devies) Exonct (Echo sounder)
22 mgnooigi 22 manooigl 22 mignooigi

EnekTpaMHl kapTi (ECDIS) GPS npHiaMad (GPS recelver) ABTCMATHYHA IeHTAdIkaUIAMa CHeTeRa (AIS)
22 migncsigl 2Z eigneedgl 22 mignosigl

GMDSS oBnaaHanHa (GMDSS eqguipment) Hagiraulinl sordi {Mavigation lights) JeyrosnA Trdon (Ship whistle}
2 miancean| 22 mancoigl &2 mancaigl

CHcTeMA gansHeol jgesTrdikayil Ta KoHTpOMK po3TalwyeaniA cypes (LRIT system) Pecctpatop gamux pedcy (Voyage Data Recorder, VDR)
17 saneeigi 22 manceEgi

Puc. 3.9 — Pe3synbpTaTi onuTyBaHHS 11010 AOLUIBHOCTI AyOIOBaHHS
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Ta6nuis 3.2 — Pe3ynbTaTi OMUTYBAHHS 11010 AOLUIBHOCTI TyOIFOBaHHS

[Nipoxomrac
Panap
Maruitaui
KOMIIac
ABTOpPYJILOBUI
Jlar
Exomnot
ECDIS
GPS npwuitmau
AlS
GMDSS
oOJtagHaHHS
Cucrema LRIT
VDR
Hasiramisi
BOTHI
3BYKOBHIA
TU(hOH

OnuH
pas 4 2 4 7 6 2 9 5 2 5 4 6 19 8

Ha |
pik

O
pas 4 12 5 3 0 6 4 5 6 4 2 1 1 6

Ha 2
poxu

O
P& 111 6 7 6 9 11 9 8 7 9 9 8 1 6
HA S
POKIB

OnuH

pas 3 2 6 6 7 3 0 4 7 4 7 7 1 2
Ha 10

POKIB

Sk BUIHO 3 HaBEJEHUX BHIINE JiarpaM, JesKi KOMIOHEHTH HaBirarifHOIo
o0JyaiHaHHS HEJOCTAaTHBO HAJINHI 1 TOMY HEOOX1THO MIABUIIUTH 1X HAIAHICTb.

[IIupoko  BUKOPUCTOBYBAHMM  MIAXOJOM  TMIABHUINCHHS  HAIHHOCTI
oOnasHaHHSA € peajizalis pI3HOTO CTyNeHs IyOJiOBaHHA MWOTO EJIEMEHTIB.
[Iponienypa nyOmroBaHHS OCOOJMBO BaXKJIMBa B CUTYyalllsiX, KOJU TEPBUHHA
HAJIIAHICTh €JIEMEHTIB KOMIUIEKCY OOJaJHaHHS € HEIOCTaTHhOI. SKIINO BIACYTHI
MIPUHITUTIOB] TEXHOJIOTTYHI MOXKJIMBOCTI MMIIBUIIICHHS SIKOCTI, a OTXKE, 1 HAMIMHOCTI
€JIeMEHTHOI 0a3u o00JaJiHaHHsA, TO MNPUUOMH JyOJIFOBaHHS € YW HE €AUHUM

MIXO0M 10 TIABUIICHHS 3arajibHOI eKCIUTyaTalliiHoOl HaMIMHOCTI 00JagHaHHS
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cuctemMdu. Mertoau Teopii WMOBIPHOCTEH TO3BOJISIOTH TEOPETHUYHO OI[IHUTH
HAJIIHHICTh PE3ePBOBAHUX CHUCTEM 1 IMpoaHaIi3yBaTH €QGEeKTUBHICTh PI3HHUX
MiIXOMIB 10 AyOdIOBaHHS I1X KOMIIOHEHTIB. Po3ristHeMO KigbKa 1CHYHOUHMX
npoOjieM 00 HAAIWHOCTI HAaBITAIlIMHUX CHCTEM, 30CEpPEIWBIIM YBary Ha
HAJMIPHOCTI X OKPEMHUX KOMIIOHEHTIB.

1. Orminka Ta MOJETIOBAaHHS HAMIMHOCTI PI3HUX METOJIB IyOJTIOBaHHS
KOMIIOHEHTIB CHCTEMH.

PosrnsimemMo  koMIuiekc (CHCTeMy) HaBITalifHOTO OOJIaTHAHHA, IO
CKJIaJIa€ThCs 3 N €JIEMEHTIB, IMOBIPHICTh O€3BIIMOBHOI POOOTH SKOTO MO3HAYEHA
gk P. [ns 3a06e3nedeHHs: epeKTUBHOI poOOTH 00JIaIHAHHS BAXJIMBO, 1100 yC1 HOTO
CKJIaJ0Bl YacTUHU TpaIoBain O0e3 300iB. Jlnga migBUIEHHS HAIIAHOCTI
oOnaHaHHSA TIPOBOAMTHECS JYOIFOBAaHHS CHCTEMH, JUISI YOTO TPHU3HAYAETHCS N
JIOJATKOBUX KOMIIOHEHTIB.

PosrnsHemo 1Ba MOTEHIIIMHI METOAM AyOIIOBaHHS B IIbOMY KOHTEKCTI:

a) n1yOIrOBaHHS KOKHOTO KOMIIOHEHTA

= B

Pucynok 3.10 — Cxema gay0itoBaHHS KOKHOTO KOMIIOHEHTA

0) nyOiroBaHHS CHCTEMH B LIIJIOMY

= R S
PI*PI*-"—lP

Pucynok 3.11 — Cxema qy0Jit0BaHHSI CUCTEMH B IIIJIOMY




108

[IpoBenemMo HeOOXiAHI pPO3pPaXyHKH Ta YHCEIbHE MOJEIIOBaHHA, 1100
BU3HAUWTH, SKa CXE€Ma pe3epByBaHHS 3abes3reuye OUIbIIy eKCIUTyaTallliHy
HaI1HHICTG.

Haniitaicte P, (mo mpeacraBise HWMOBIPHICTH O€3BIIMOBHOI pOOOTH),
JOCSITHYTa IIUISIXOM JyOJIFOBAaHHS HA OCHOBI CXEMH «a», BHUPAKAETHCS TaKUM
YUHOM:

P, =[1-(1—-p?" (39)

Bianosigawnii Bupa3 P; 11t cxeMu «0» BHPaKAETHCSA TAKUM YHHOM:
Ps=1—-(1- p")2 (3.10)

3niiicHtotoun nopiBHsHHA (3.9) 1 (3.10), mokaxemo, 1o P,>P;.

[Mepedopmymroemo Bupasu (3.9) i (3.10):
Po=[1-1-p)?"=p"Q2-p) (3.11)
Ps=1-(1-p")?=p"(2-p") (3.12)
JloBeieMO HEpIBHICTb:
Q2-p)">2-p" (3.13)
3Baxkarouu, mo q = 1 — p, HepiBHICTH (3.13) Oyae MaTu HACTYITHUMN BUTJIS;
C-1+g)">2-(1—-¢9g)", abo (3.14)
QI+g)"+(A—gq)">2 (3.15)
3actocoBytouu Ghopmyay O1HOMA, OTPUMAEMO:

A+)"+(A-q)" =
g+ n(nZ!— 1) o+ n(n — 13)!(71 —2) . .16)

nn-—1 nlm—1)(n—2
..+1_nq+%q2_ ( 3)'( )q3+-..=
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=2+ n(n—-1)q? + 0 (*E22E2g4) > 2

Takum yunoM, (2 —p)" > 2 — p". lle cBiqUATH MPO TE, MO CXEMa «a» €
Kpamioro Ta OUIbII HAAIMHOIO TOPIBHAHO 31 CXEMOIO «0»; 1HIIMMH CJIOBaMH,
JyOJIFOBaHHS KOKHOTO KOMIIOHEHTa CHUCTEMU 3abe3reuye OuIblly HaAllHICTh, HIXK
yOJIFOBaHHS BCI€T CUCTEMU.

Amnani3 HepiBHOCTI (3.16) mOKa3ye, 110 MEpeBaru CXeMU «a» CTaHyTh OLTBII
BUPKCHUMHU, KOJIM BUXI1JIHA HAJIHHICTh KOMIIOHEHTIB HEJIOCTATHS, 30KpeMa, KOJIn
3HAYCHHS WMOBIPHOCTI P 3HAYHO MEHII 3a OJMHHUIO. | HaBMaku, KoIu P
HaOJIMKAETHCSA 10 OJIMHMIN, PO3OLKHICTD MK CXEMaMH «a» 1 «0» 3MEHIIYEThCA, 1
HaJIiHICTh (MMOBIpHICTH O€3BIIMOBHOI po0OTH) 000X CcXeM Bce Oliblie
HAOMKAETHCS IO OJUHUIIL.

[IpomeMoOHCTpYEMO  pe3yibTaTH, OTPHUMaHI  IUIIXOM  YHUCEIHHOTO
MOJIeNIIOBaHHs 3a jgonomoroto piBHsSHB (3.11) 1 (3.12) ansa pi3HuX 3HA4eHb N 1

IIMPOKOTO Jlana3ony Bapiarii 3Hauenns p (Big 0,7 o 0,99).

n=2

0,9 P, - 77_
y /‘ /
_— by

0,7

0,6

0,5

0,4

0,3

0,7 0,75 0,8 0,85 0,9 0,95 1

P;

Pucynok 3.12 — Pe3ynbTaTy MOJIETIOBAaHHS CUCTEMU TIPU N=2



0,9

0,8

0,7

0,6

0,5

0,4

0,3

n=3
_—
pa// /
/
/ Py
7~
0,7 0,75 0,8 0,85 0,9 0,95 1

Pi

Pucynok 3.13 — Pe3ynbratu Mo/ieII0BaHHSI CUCTEMH MPH N=3

0,9

0,8

0,7

0,6

0,5

0,4

0,3

n=4
—
E5<7cesEEEEEscs
s <
F
07 o7 08 08 09 09 1
Pi

Pucynox 3.14 — Pe3ynbraTi MOACIIIOBAaHHS CHCTEMH TTPH n=4
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0,9

0,8

0,7

0,6

0,5

0,4

0,3

Pucynoxk 3.15 — Pe3ynbTaTi MOJEIIOBaHHS CUCTEMU TIPH N=5

Ha puc.

n=5

pa/

_—
//

BEegiil
b
$%

o

0,7 0,75

3.12-3.15

0,8 0,85 0,9

P;

ITOKa3aHoO

pe3yJibTaTu

0,95

MOJICIIOBaHHS,
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AK1

MIJITBEP/KYIOTh BUCHOBKH, OTpHMaHI B pe3yJbTaTi MepeBipku HepiBHOCTI (3.16).

OnHak HECMOMAIBaHUM 1 HEOYEBUIHHUM PE3YJIbTATOM € T€, IO 31 30UIbLICHHSIM N

cxema «0» 3abe3medye MOMITHO HWXYY HAQAIMHICTh, HIK BHXITHA HAAINHICTH

€JIEMEHTIB [, 332 YMOBH, 1[0 OCTaHH1 HE MepeBUIYI0OTh Aiana3oH 0,85-0,9. [amumu

CJIOBaMH, SIKIIIO 3HAYECHHS ) HEIOCTATHHO BUCOKI, TO JyOJIOBAHHS 32 CXEMOIO «O»

HE TUIbKHU HE MIJIBUIIUTh HAAIHHICTh CUCTEMH, ajie ¥ MOTIPIIUTH 1.

Kpusi nHaxgifinocTi 3a cxemorw «0O» Ha puc. 3.12-3.15 cBimuath mpo

HAsBHICTh TOYOK TIEpPEruHy. 3arajbHOBIAOMO, HIO iX 3HAXO/JKEHHS BUMAarae

oOYHMCIIeHHS APYToi MoXiIHO1 Bupa3zy (3.12) 1 AopiBHIOBAHHS ii HYIIO.

n

Py = 2np (1= p)

Ps =2n[(n— Dp"2(1 —p") —np

JIopiBHIOIOUM OCTaHHIN BUpa3 HYJIO, MAEMO:

Z(n—l)]

(3.17)

(3.18)
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p"2n—1)—(n—1Dp* =0 (3.19)
Taxum ynHOM:
p"2n—1)=n-1 (3.20)

ToOTo BHUpa3 AJId TOYKH IICPCTUHY MA€ BUTITIAL!

1

p = (%)_ (3.21)

2)3 ~ 0,737:

Takum ynHOM: N = 2; p = \/% ~0,577,n=3; p= (E

1 1
3 4

n=4; p= (7)Z ~0809:n="5 p= (5)g ~ 0,850

[TopiBHSHHS pO3paxOBaHUX KOOPJMWHAT TOYOK MEPETHHY 3 KPUBUMU I Pj
Ha puc. 3.12-3.15 cBiAYUTH MPO TOYHICTH PO3PaAXyHKY. 3HAHHS KOOPJWHAT TOYKHU
NepeTuHy MJsi cXeMH «0» MOXKe BHUCTYNMATH TIEBHUM KpPUTEPIEM, 3a SKUM
HAJIAHICTB IT1€1 CXEMU TIOCTYIIOBO JIOCSATHE OJTUHUIII.

31a€ThCsl BOXKJIMBUM PO3TJIIHYTH JIB1 3ajayl I10JI0 HAAIHHOCTI TEXHIYHOI
CHUCTEMHU 3 N KOMIIOHEHTIB, MPUITYCKAIO4YH, IO il OKpeMi KOMIIOHEHTH OJIHAKOBO
HaJI1}HI1, a TAKOX Y BUIAJKY, SKIIO BOHU HE € TAKUMH.

2. OniHKa HaJIWHOCTI CUCTEMU 3 OJJHAKOBO HAIHHUMHU KOMIIOHEHTAMHU.

Cxema TEXHIYHOI CHCTEMH, IO CKJIAJA€TbCs 3 OJHAKOBO HAMIMHUX

KOMITOHEHTIB, /i€ (DYHKIIIOHYBAaHHSI KOXXHOTO € BaXUJIMBUM JIJIsl 3arajibHOi poOOTH

CHUCTEMH, TIOKa3aHo Ha puc. 3.16:

v 14 4 — . — v —

Pucynoxk 3.16 — Cuctema 3 0THAKOBO HAJIIHHUX KOMITOHEHTIB

SIKIIO TEXHIYHA CHCTEMa CKJIAJa€eThCs 3 N OJHAKOBO HAIMHUX KOMIIOHEHTIB,
Je BigMOBa OyNb-SKOTO OKPEMOT0 KOMITOHEHTa IMPHU3BOAMWTH O BiJAMOBH BCi€i
CHUCTEMH, TOl 3arajbHa HaJIHHICTh CUCTEMHU (MMOBIPHICTH 0€3B1IMOBHOT pOOOTH)
P:
P =p" (3.22)
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3BIJIKM HAJIMHICTh [ KOXXHOTO KOMIIOHEHTa, II00 TapaHTyBaTH 3arajibHy
HaJIIHHICTH P, TOBUHHA JIOP1BHIOBATH:
n
p=+YP (3.23)
MoskHa BH3HAUUTH TMOPOTOBE 3HAYEHHS JUIA KUIBKOCTI €JIEMEHTIB N 3
HaJIIAHICTIO P, 00 rapaHTyBaTH 3aJaHy HaAIHHICTh cucTeMu P:
~ InP
n = int[—] (3.24)
Inp

ne int[x] - 1iJa yacTuHA X.

[IponemMoHCTpy€eMO BHILIE3TaaHy 3a1€KHICTb!

0,97
0,95
0,99 — — 09 P
// //0,85
0,98 // P
0,97 // ,/
0,96 /
Y /
0,95 /
0,94 //
0,93 /
0,92
0,91
2 3 4 5 6 7 8

n

Pucynok 3.17 — 3anexHictb (3.23) He0oOXi1HOT HaAIHHOCTI KOMITOHEHTIB P Ha
OCHOBI 3araJibHO1 (3a7aH01) HAAIHHOCTI CUCTeMH P 1 KUJIBKOCTI KOMIIOHEHTIB N B

Hil
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OueBuaHO, MmO 31 30UIBIIEHHSM HAMIHHOCTI CHUCTEMHM P 1 KIJIBKOCTI
KOMIIOHEHTIB N B HIiM 3pocTae BUMOra J0 HAJIMHOCTI CKJIAJIOBUX KOMIIOHEHTIB
CHUCTEMH .

3. OmiHka HaJIHHOCTI CUCTEMHU 3 HEOJHAKOBO HAMIMHUMU KOMIIOHEHTAMH.

ko cucTeMa CKIAZaeThes 3 HEOJHAKOBO HAMAIMHHUX KOMIIOHEHTIB (II0
3a3BUYAl TPAIUISETHCS HAa MPAKTHIN), OLIHUTH HMOBIPHICTh TOrO, IIO KOXXEH
KOMIOHEHT (YHKIIOHyBaTUMe ©Oe3 300iB, JIOCUTh CKJIATHO, 1 BOHHM YacTo

3aMIHIOIOTHCS IPUOIU3HUM CEPEIHIM 3HAUCHHSIM:

i Pi (3.25)
i=1

OmiHUMO JOCTOBIPHICTH Takoi 3aMiHM 1 SIK OyAZyTh 3MIHIOBATUCS

S|

ﬁ:

WMOBIpPHOCTI Ha O€3BIIMOBHY POOOTY CHCTEMH, PO3PaxOBaHi 3 BUKOPHUCTAHHSIM
(baKkTHYHUX 3HAYEHb P 11X CEPETHBOTO 3HAUCHHSI.

Ax6u Oynu BijoMiI MMOBIPHOCTI Pj KOXKHOTO KOMIIOHEHTA, 110 Ipaioe 0e3
3001B, TOJII, IPHUITYCKAIOUH, 10 3001 KOKHOTO KOMIIOHEHTA € He3aJe)KHUMHU, TOYHA

HMOBIPHICTB TOTO, 110 BCs cucTeMa (QyHKIIoHye 6e3 3001B, Oyia 6:

p = l_[pl- (3.26)
i=1

Po3paxyHkoBe 3HaueHHS P, oTpuMaHe 13 cepeiHbOi HMOBIPHOCTI P, MaTUME

BUTJISII
I RN
= (— )" 27
P (nzlpl) (327)

Takum urHOM, MTOTPiIOHO MOpiBHATH BennumnaH (3.26) Ta (3.27).
3p0o3yMijio, 10 CepeIHE TEOMETPUYHE PI3HUX JOJATHUX 3HAUCHb HIIKYE iX

CEePEeTHBHOTO apU(PMETHIHOTO:

(3.28)

3B1JIKH BHILJIMBAE, 11O:



115

Nn (3:29)

i=1

[ <

i=1

Tobto P < P. lle BKazye Ha Te, IO OIliIHKa HMOBIPHOCTI 0€3Bi1JIMOBHOI
po6oTH cucTeMH P, oTpuMaHa i3 cepejiHiX 3HaueHb JUIS p;, Oyje MOCTiHHO eI
3aBHUILICHA MOPIBHSIHO 3 (PAKTUYHOIO MMOBIPHICTIO.

Buxonsuu 3 nomnepeaHix MipKyBaHb, BUSBISIETBCS, IO Ha 11€ PO3PI3HEHHS
Ma€ BIUIMBATH JUCIIEpPCisl HAOOpY 3HAYEHB P;.

[TpoBeneMo ynceNnbHI eKCTIEPUMEHTH 3 HACTYITHUM MacHBOM SIK 3pa3KOM:

p;: 0,55; 0,6; 0,65; 0,7; 0,75; 0,8; 0,85; 0,9; 0,95.

Bynemo cucremaTudHo aHajizyBaTu rpynu 3 3, 5, 71 9 KOMIOHEHTIB pa3oM
13 ix cepemnim 3HadeHHsM p= 0,75.

JHucnepcii o0urciaumo 3a BiioMuMu popmMyiamMu:

n n

2 = %Z(xi — %)% = %Z x? — x? (3.30)

i=1 i=1

%)

BiamoBinHO cepenHbOKBaApaTUIHE BIIXWICHHS (CTaHIapTHA TIOMIJIKA):

s =52 (3.31)

Takoxx oOumciuMo Koe]illieHT Bapiallii Y sIK Mipy BIZHOCHOI MOXHOKH Ta

BiJJHOCHY IOXHOKY & Mi 3HaueHHsAMH P i P:

y ==-100% (3.32)

P—P
5= — 100% (3.33)

OTpuMaHi pe3yJbTaT BioOpakeHi B Tabmuill 3.3.

Hapenemo npukiiag BU3HAYEHHS Mepiioro psjaka tadbsauimi npu n = 3: 0,7; 0,75; 0,8.

P=0,7-075-08=0,42; P = 0,753 = 0,422
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1
s? = 3 (0,49 + 0,5625 + 0,64) — 0,5625 = 0,00167

s =0,041;y = 2=+ 100% = 5,47%
_ 0422~ 042 1 o0 — 0489
042 0= RS

Ta6bmuus 3.3 — 3nauenss P, P Ta noMunok s,y i & mis Habopis 33,5,719

KOMIIOHEHTIB
n P P S Y, % 8, %
3 0,42 0,422 0,041 5,47 0,48
5 0,232 0,237 0,071 9,47 2,16
7 0,1253 0,1335 0,1 13,3 6,54
9 0,0655 0,0751 0,1292 17,23 14,7

OdeBuaHO, 10 31 30UTBIIICHHSM AUCTIEPCii 3HAYEHB P; BITHOCHA MOXUOKa O
3HAYHO 3pOCTa€, MPUUOMY 3HAUEHHS MepeBUlyIoTh 10%, 10 CTaBUTH MiJ CyMHIB

JOIIJIBLHICTh 3aMiHU MACHUBY P; 1X CEpPEAHIM 3HAUCHHSIM.

4. Tlpukmang cxeMd OyOJFOBaHHS JUIsi CHUCTEMH, IO CKJIQJA€THhCS 3
HEOJHAKOBO HAIIMHUX KOMITIOHEHTIB.

SIKIIO cucTeMa CKJIaJaeThesl 3 HEOAHAKOBO HAJIMHUX KOMIIOHEHTIB,
BQXUJIMBO BHUPIMIHUTH MpoOJaeMy TyOJdIOBaHHA KOMIIOHEHTIB 13 HEJIOCTaTHHOIO
HAJIHHICTIO, OCKUIbKM BOHHW BIUIMBAIOTh Ha 3arajbHy HaJIAHICTh CHCTEMHU.
EdextuBHicTh ayOntoBaHHS HalMEHII HAIIHUX KOMIIOHEHTIB CHUCTEMH MOKHA
POJAEMOHCTPYBATH B HACTYITHOMY TIPHUKJIAII.

PosrnsHeMo TexXHIYHY CHCTEMY, IO CKJIQJA€ThCS 3 T’ SITH KOMIIOHEHTIB, iX
HaJIHHICT, (IMOBIPHICT, 0€3BIIMOBHOTO (DYHKIIIOHYBAaHHsI) HACTylHA: P =
0,85;p, = 0,75;p3 = ps = 0,95;p; = 0,75. OueBupno, mo 1-i, 2-i1 1 5-i
KOMITOHEHTH MOTPEeOYIOTh TyOIFOBaHHS Yepe3 HEAOCTATHIO HAMIWHICTD, a I 2-TO
1 5-r0 KOMITOHEHTIB HEOOX1AHO 3aCTOCYBaTU TPUKpaTHE AyOsroBaHHA (puc. 3.18).

[Tpu BincyTHOCTI AyOItOBaHHS HAIHHICTh CHCTEMU CTAHOBUTB:
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P=[1-Q-p)]l' [1-A=-p)]l- [1-A=p)] - [1-(1-p]-
-[1-(1—-ps)] =0,85-0,75-0,95-0,95-0,75 = 0,418
Skmo BW3HAYMTH HAMIAHICTh 3a cepenHiM 3HadeHHsMm p = 0,85, To BoHa

Oyze, sk 1 mepeadavanocs, TPOXH 3aBUIIICHA:

n

_ 1

P = %Z p)" = 0,85° = 0,444
i=1

A
e

Pucynox 3.18 — Cxema npoay0,1b0BaHOl CUCTEMH

HaniitaicTh npoy0asoBanoi cuctemu (puc. 3.18) cTaHOBHTS:
P=[1-1-p)?* " [1-A=p)1"p3 ps-[1 -1 —ps)] =
=0,9775-0,984-0,95-0,95-0,984 = 0,854
OueBuaHO, 110 HAAIWHICTD CHUCTEMH 3  BIAINOBIOHUM  YHUHOM

npoyOJbOBaHUMHM KOMIIOHEHTaMHU 3pOocTae OUTbLI HIXK BABIYl 1 nepeBuurye 85%

[76].
Bucnosku g0 III po3ainy

1. TIIponemoHCcTpoBaHO e(PEKTUBHICTh Oal€CIBCHKOrO MiAXOAYy B OIlIHIII
HAJIMHOCTI HaBIraiiHOro KOMIUIEKCY. Takuil miAXia T03BOJIAE IOCHIKYBAaTH
NPUYUHHO-HACIIJIKOBl 3B’SI3KH, MOTJIMOUTH PO3YMIHHA MNpoOiIeMHOi obmacti Ta
MPOTHO3YBaTH WMOBIPHICTh BIJIMOBM HaBITalIiHOTO OOJIaJIHAHHS TIPU BUXOMA1 3
Janxy WOro KOMITOHEHTIB. O4YeBHIHO, IIO amnoCTepiOpHI HMOBIPHOCTI TiMOTE3
3HAYHO TMEPEBUIIYIOTh AIllpPiOpHi, 1 11€ MEPEBUIIICHHS TUM OLIbIIe, YUM OJIMKYE 10

OJUHUII T0OYTOK MMOBIpHOCTEH O€3BIAMOBHOI poOOTH BY3IiB. SIK MOKa3aHO Ha
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puc. 3.2-3.7, oTpumaHi pe3yiabTaTd BI1JOOpa)KalOTh HU3KY 3aKOHOMIPHOCTEH:
WMOBIPHOCTI TOTO, IO MEPIIMK BY30J] BHUMIIOB 3 Jady, a JPYyruM IMpallroe,
3MEHIIYIOTHCS 31 30UTBIIEHHSAM HAIMHOCTI MEPIIOro MPHUCTPOIO Ta 3pOCTAIOTh 13
30UTBIICHHSIM HAAIHHOCTI JPYroro; 1 HaBMAaKW, WMOBIPHOCTI TOTO, IO JPYTHUM
By30J1 BHUMIIIOB 3 Jlaay, a MEPIIUN TMPaIoe, 3MEHIIYIOTHCS 31 30UTBIICHHSIM
HAJIMHOCTI APYroro MPUCTPOIO 1 3pOCTAIOTh 31 30UIBIIEHHSIM HAIIHHOCTI MEPIIOro;
y CBOIO 4YepTry, IMOBIPHICTh TOTO, 1[0 OOM/IBA BY3JIM BIAMOBUIIN, 3MEHIITYETHCS SIK
31 30UTBIICHHSIM HaIHHOCTI MEPILIOTO MPUCTPOIO, TaK 1 31 30UIBIICHHAM HaIHOCTI
JPYroro, 1o BUIHO 3a pe3yjbTaTaMH PO3paxyHKiB. BalleCiBCbKUM MIIXid TyKe
e(peKTUBHUN B OI[IHII HAIIAHOCTI HABITAIITHOTO KOMILJIEKCY 3aBJISKH HOTO
3IaTHOCTI CHPABJIATUCS 3 HEBU3HAYCHICTIO, BKJIIOYATH TIOTIEPEAHI 3HAHHS Ta
OHOBJIIOBATH OIIHKHM HAJIWHOCTI, KOJIM HOBa 1H(pOpMAIIis CTA€ TOCTYIHOIO.

2. OuiHeHO e(EeKTUBHICTh PI3HUX METOIIB JyOIIOBaHHS KOMIIOHEHTIB
HaBITAI[IHHOT CHUCTEMHM Ta MPOBEACHO iX MaTeMaTWyHE MojeitoBaHHs. OTpuMaHi
pe3yJabTaTh  JIO3BOJIMJIM  3pOOMTHU  KiJlbKa BHUCHOBKIB II0JAO0 HMOBIPHOCTI
0€3BIIMOBHOI POOOTH CHUCTEMM IpPH 3aCTOCYBaHHI MEBHOI CXEMH TyOJIFOBaHHS.
SIKIO cucTeMa CKIQJAacThesl 3 KOMIIOHEHTIB OJIHAKOBOI HAJIMHOCTI, TO
TyOIOBaHHS KOKHOTO KOMIIOHEHTA € O11bIll €()eKTHBHUM METOJOM TiBUIIECHHS
HAJIWHOCTI, HDK JyONtoBaHHSA Bci€l cuctemMu. KpiM TOro, SKIO MOYaTKOBE
3HAYEHHS HAJIHHOCTI KOMIOHEHTIB cTaHOBUThH 0,85 a00 Hmkue, TO AyOJtOBaHHS
BCi€l CHUCTEMH pa3oM 3 KOXHHUM HOBHM JyOJIOIOYMM KOMIIOHEHTOM 3HA4YHO
3HU3UTh HAAIMHICTE cucTeMH. I[l[IIBHUIEHHS HATIMHOCTI CHUCTEMH IUIIXOM
nyOJIFOBaHHS KOXKHOTO KOMIIOHEHTa 3 HEJIOCTATHBOK IMOYaTKOBOKO HAJIIMHICTIO
Oyne Outbil €PEeKTUBHHUM, SIKIIO III KOMIIOHEHTH MaloTh 3HAYEHHS HAJIHHOCTI
amxue 0,85. SKmo cucreMa CKIIagacThesl 3 HEOJHAKOBO HAIMHUX KOMIIOHEHTIB,
TOJI1, KOJIA OIlIHKa WMOBIPHOCTI 0€3BIIMOBHOT POOOTH JJII KOKHOTO KOMIIOHEHTA
OKpPEMO € HEMOXJIMBOIO, 3aMiHa iXHIX 3HAYCHb CEpPEAHIM 3HAYCHHSIM CTae
CYMHIBHOIO (30KpeMa, KOJIM 1ICHY€E BeJIMKa Bapiallisl 3Ha4eHb). [{e MokHa MOsICHUTH
BHCOKOIO JHCIIEpCI€El0 HMOBIpHOCTEH 0€3BIIMOBHOI POOOTH KOMIIOHCHTIB

CHUCTEMH, 1110 MPU3BOJUTH 10 3HAYHOI'O 3POCTAHHS BITHOCHOI MOXHOKH, SIKa MOXKE
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nepesuiyBati 10%. JlyOmtoBaHHs HallMEHII HAAIMHMX KOMIIOHEHTIB CHUCTEMH 3
HEOJJHAKOBO HaJIIHHUMHM KOMIIOHEHTAMHM MOXKE MiABHIIUTH 3arajbHy HaIiHHICTb
CHUCTeMH OUIBII HDX y JBa pa3u, 32 YMOBH, IO II€ BUKOHYETHCS 3 ypaxyBaHHSIM

HMOBIpHOCTI 0€3B1IMOBHOT pOOOTH KOXXHOT'O KOMIIOHEHTA.
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PO3/11 4
JOCJIPKEHHSI HABITALIIMHOTO KOMILIEKCY SIK CUCTEMHU
MACOBOI'O OBCJYTOBYBAHHS (CMO)

4.1. MaremMaTH4He MO/IeJTIOBAHHS HABIramiiHOro KOMILIEKCY HA OCHOBI

Teopii CMO

TeopernyHi OCHOBM MaTEMaTUYHOTO  MOJICTIOBAHHS  HABITaIIfHOTO
KOMIUIEKCY Ha OCHOBI Teopii cucteM mMacoBoro oociyroyBanus (CMO) 3nauHOIO
MIpOIO CIUPAIOTHCS Ha JEKUJIbKa MaTeMaTUYHUX AMCIUIUIIH, BKIIOUYAIOUU TEOPIIO
MacoBOr0o OOCIYrOBYBaHHS, CTOXAaCTHYHI MPOLIECH, ONTHMI3aI[I0 Ta TEOPIIo
cucteM [77]. Huxkue HaBeIeHO AOCIIHKCHHS IIMX TCOPETUYHUX OCHOB:

1. Teopist MacoBOro 00CITyroBYBaHHS.

OcHOBHA KOHLIETIIS: TEOPisi MACOBOTO OOCIyTOBYBaHHS — 1€ MaTeMaTHUHE
JTOCII/DKEHHSI 4Yepr OdYiKyBaHHsA. BoHa MoOJENIOE CHCTEMHU, B SKHUX OO0 €KTH
(Hampukian, cynHa) TpuOyBarOTh, YEKalOTh OOCIYrOBYBaHHsS, a IOTIM
OOCITyTOBYIOTBCSI  JICSIKUMH ~ pecypcamMH  (HampWKiIad, 3aco0aMud  HaBirari,
CHUCTEMaMH KepyBaHHS).

KitouoBi enemeHTH:

[Ipotiec HAAXOHKEHHS: OMUCYE, SIK 00’ €KTU HAIXOIATh 10 CUCTEMH, YacTO
MoAemoeThest Ak mporec Ilyaccona, skuii mepenbavae, 10 HAIXOHKCHHS €
HE3aJIeKHUMHU Ta PIBHOMIPHO PO3MO/IIJIECHUMH B Yacl.

2. [loka3HUKH MPOTYyKTUBHOCTI.

[IpomyckHa 37aTHICTH: IIBUAKICTh, 3 SAKOI 00 €KTH OOCIYrOBYIOTHCA
CHCTEMOIO.

Cepenniii yac O4YIKyBaHHS: CEpeaHIN dYac, SKWil Cy0’€KT MNpPOBOAUTH B
OUIKyBaHHI B 4ep3i, MepIi HiXK OTPUMATH OOCTYyTrOByBaHHS.

BukopucraHHs CHUCTEMH: 4YacTKa 4Yacy, HPOTATOM SKOTO PECypcH
(HampukIa, 3aco0M HaBIraIlii) akTUBHO 3a]lisTHI B 00CITyrOByBaHHI 00’ €KTIB.

Po3noain AOBXKMHU 4Yepru: po3MoAl WMOBIPHOCTEH KUIBKOCTI OO0 €KTIB Y

4ep3i, 10 JI0MIOMarae 3p03yMiTH IEPEBAHTAKEHHS CUCTEMH.
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3. TeopeTnuHi 3aBIaHHS.

MacmitaboBaHIiCTh: 3a0e3MedeHHs] TOro, 10 MOJEIb MOXE IpalioBaTH 3
BEJTUKUMHU CKJIQJIHUMH CHCTEeMaMu 3 Oararbma 00’ €KTaMU Ta pecypcamu.

Ckiaagl B3aeMo3aieKHOCTI: HaBiramiiiHi KOMIUIEKCH 4YacTO BKJIHOYArOTh
B32€EMO3AJICIKHI MICUCTEMH, [0 YCKIIATHIOE MOICITFOBAHHS.

OOMexeHHST peajdbHOr0 dYacy: MOJeNll YacTo TOBWHHI TMpaIOBaTH B
peallbHOMY Yaci, BUMararoud e(EeKTHBHUX aJTOpPUTMIB, SIKI MOXKYTh IIBHJIKO
HaJaBaTH PIIICHHS.

Hecramionapna mnoBejiHKa: TOBeJIHKAa OaratbOX HaBIraliiHUX CHUCTEM
3MIHIOETBCS B Yaci, [0 BUMara€ MOJCJICH, 3/JaTHUX aJalTyBaTHUCS JI0 MiHJIMBHX
YMOB.

4. 3acToCcyBaHHS.

KoHTposib MOPCHKOTO pyXy: ONTHUMI3AIlS PYXY CYJEH y TMEpEeBaHTAKECHUX
BOJHUX LUISIXaX 1 MOpPTax.

Mepexxi aBTOHOMHHMX TPaHCHOPTHUX 3ac00iB: KepyBaHHA  (JIOTOM
aBTOHOMHHUX CyJeH, 3a0e3leueHHs IUIABHOTO pyXy CyJeH Ta MiHIMi3alis
3aTPUMOK.

TeopeTyHi OCHOBM MaTEMAaTHYHOTO  MOJCIIOBAaHHS  HaBIramiiHOTO
KOMITJIEKCY SIK CHCTEMH MAacOBOTO OOCIIyTOBYBaHHSI MOEAHYIOTh TEOPi0 MacOBOTO
00CIIyTrOBYBaHHSI, CTOXaCTUYHI MPOLIECH, TEOPII0 CHUCTeM Ta onTumizamiro. L1
MOJIeJII CIPSMOBAaHI Ha ONTHMI3AIIKD POOOTH CKIATHUX BEIMKOMACIITAOHUX
HaBIralIMHUX CHUCTEM, FapaHTYIOUH, [0 BOHH MOXYTh OOpOOJSATH BEJIUKI 00CsITU

tpadiky, 30epiratoun eheKTUBHICTh, Oe3MeKy Ta HaailHHICTh [78].

4.2. BU3dHA4YeHHsSI YMCJIOBUX XapaKTEPUCTHK /IS CHCTeM HaBirauiifHoro
KoMILIeKcy cyaHa sk cucrteM CMO (IHTeHCHBHOCTI TOTOKIB 3asiBOK,

00CJIyroByBaHH#, TOLIO)

BusHaueHHsT YMCIOBMX  XapaKTEPUCTUK  CYJHOBOTO  HaBITaIiitHOTO

KOMIUICKCY SIK cuUCTeMu MacoBoro oociyroByBanHs (CMO) nepenbauae aHami3
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TaKuX KIIOYOBUX ITOKA3HUKIB, SIK 1HTEHCHUBHICTh MOTOKIB MHPUOYTTS (TIOTOKIB
3asiBOK), IHTGHCHBHICTh OOCIIyrOBYBaHHS Ta IHIII MOKa3HHUKH ¢heKTUBHOCTI [79].
Ili xapakTepucTHUKH HEOOXIAHI Jjs omnTUMizalii poboTh Ta e(PeKTUBHOCTI
HaBITaI[IfHOTO KOMILJIEKCY.

1. InTeHcuBHICTH TOTOKY pUOYTTs (A) [80].

BusHaueHHs: 1HTEHCUBHICTh NOTOKY MPHOYTTS, MO3HAUEHA A, MPEICTABIISIE
CEepEeIHIO IIBUAKICTh, 3 KO HaBIralliiiHi 3amuTU MPUOYBaIOTh O CUCTEMH JIJIs
0o0cnmyroByBaHHs. 3a3BUYail 1€ BUMIPIOETHCS B KUIBKOCTI 3alUTIB HA OIUHUITIO
yacy (HampuKJjaj, 3alUTiB Ha TOJIUHY).

Pospaxynok:

SIkmo moTiK 3anuTiB BiAnoBigae mpouecy Ilyaccona, A — 1e odikyBaHa

KUIBKICTh 3alMTIB 3a MIEBHUM MEP10/]] Yacy.

=1,
T

ne N - 3arajibHa KIJIbKICTb 3alUTIB, IO CHIOCTEpiraoTbes 3a nepioa T.
[Ipuknan: skmo, Hanpukiaa, 120 3amuriB npuOyBalOTh 10 CHUCTEMHU

IpOTATOM 24 TOAMH, IHTEHCUBHICTh MPUOYTTS CTAHOBUTB!
120 :
A= EYie 5 3anuTiB Ha TOJIUHY.

2. InrercuBHicTh 00cmyroByBanas () [81].

Bu3sHnaueHHs: 1HTEHCUBHICTh OOCIYrOBYBaHHS, MO3HAYEHA |, € CEPEIHBOIO
IIBUJIKICTIO, 3 SIKOIO CyJHa OOCIYrOBYIOTBCS CHCTEMOIO. BuMIiproeThes sk
KUIBKICTb CyJIeH, OOCITYKeHHX 3a OJIMHUIIIO Yacy.

Po3paxyHok:

Sxmo yac 0O0CTyroByBaHHS Ma€ EKCHOHEHIIAIbHUM pO3MOALL, | €

BEITMYMHOIO, 3BOPOTHOIO CEPEAHBOMY Yacy oOciyroByBanHs E[S].

-1
:Ll - E[S]’
ne E[S] — ouikyBanuit yac 006CIyroByBaHHs.

SIKmo cepenHid 4yac MPOXO/KEHHS 3alUTy 4Yepe3 CUCTEMY CTAaHOBUTH 2

. . 1 .
T'OAWMHHU, TO IHTCHCUBHICTD O6CHYTOBYB3HH$I U= E =0 ,5 34IIMTIB HA TOAWHY.
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3. IntencuBHicTh pyxy (p) [82].

BusHaueHHs: 1HTEHCHUBHICTh TMOTOKY, IIO3HA4e€HAa p, € BiAHOIICHHSIM
IHTEHCUBHOCTI MpHUOYTTA3aNUTIB A0 1HTEHCHUBHOCTI OOCIYrOBYBaHHS, IO
IIPE/ICTaBIIsIE HABAHTAXKCHHSI HA CUCTEMY.

Pospaxynok:
A

p=-
U

Jliia cTabinpHOi cucteMu NoTpibHe p < 1, ToOTO cucteMa Moke o0poOISITU

IIBUJIKICTh HaJIXO)KCHHS 0€3 YTBOPEHHSI HECKIHUEHHOT YeprHu.

[Tpuxnan: npu A=5 3anuTiB/ToauHy Ta W=6 3amutiB/roauny, p = = =~ 0,83.

[ N3

e cBimuuTH IPO TOMIPHY HABAHTAXKEHOCTI CUCTEMH.

4. Nowxwuna uepru (Lq) [83].

BusnaueHHs: cepelHs KUIBKICTh 3allUTiB, $KI OYIKYIOTh y Uep3l Ha
00CITyroByBaHHS.

Po3paxyHok:

s cuctemu M/M/1 (ogun cepsep):

p2

1-p

Lg =

Jnsa cuctemu M/M/c (kisibka cepBepiB) pO3paxyHOK € OUIbII CKJIAJAHUM 1
BKitouae popmyny Erlang B a6o C.

[Mpuxnan: ana onHocepsepHoi cuctemu npu p=0,83:

0,832 0,6889
Lq = =
1-0,83 0,17

=~ 4,05 3amnuriB.

5. Cepenniii yac ouikyBaHHs B uep3i (Wq) [84].

Busnauenns: cepeaHiil yac, SKMM 3alUT BUTpayae Ha OYIKYBaHHS B 4ep3i
nepes1 00CITyTrOBYBaHHSM.

PospaxyHok:

s cuctemu M/M/1.
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__ P
w1 —p)
4,05

IMpuknan: mpu Lg=4,05 3anutiB 1 A=5 3anutiB/roguny, Wq = =~ 0,81

Wq

roauHu (a0o mpuban3HO 49 XBHINH).

6. CepenHs KUTbKICTh 3anuTiB y cuctemi (L).

BusnaueHHs: cepeliHs KUIbKICTh 3alMTIB Y CUCTEMI, BKIIOYAIOUH SIK Ti, 110
OUIKYIOTb y 4ep3i, TaK 1 Ti, 10 00CITYTOBYIOThHCA.

PospaxyHok:
L=L +/1
= Lq —
U

s cuctemu M/M/1:

p
L=——
1-p

[Tpuxnan: npu Lg=4,0512A=5, L = 4,05 + % = 4,05 + 0,83 = 4,88 3anuTis.

7. Cepenniit yac y cuctemi (W).
BusnauenHs: cepeaHiil yac, KMl 3alUT MPOBOJUTH Y CUCTEMI, BKIIOYAIOUU
4ac O4iKyBaHHsI Ta 00CIYrOBYBaHHS.

Po3paxynok:
1
W=Wq+-
U

st cucremu M/M/1:
we_ -
u(l—p)
[Mpuknan: mpu Wq=0,81 roguau ta p=0,5 3amutis/ron, W = 0,81 + 2 =
2,81 roau.
8. Bukopucranus cucremu (U) [85].
Bu3HadeHHs: 9acTKa 4acy, MPOTSATOM SKOTO CIYy>KOOBI pecypcH CHCTEMH
3aHATI.
Po3paxyHok:

U = p nig 0THOCEPBEPHOI CUCTEMH.
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Jliist GaraTocepBepHUX CUCTEM:

Jie ¢ — KUIBKICTh CEpPBEPIB.

[Tpuxnan: mpu A=5 3anuTiB/TOAMHY Ta =6 3aMUTIB/TOANHY, 1 TPUITYCKAIOUU
cucteMy 3 onHuM cepepom, U = 0.83 ab6o 83%.

9. MmoBipHicTs n cyen y cucremi (Pp).

BusHauenHs: HMOBIPHICTH TOTO, III0 CAME N 3aMUTIB € B CUCTEMI.

Po3paxyHok:

Jlns cucremu M/M/1:

P, =(1—-p)p"

[Ipuknan: iIMOBIPHICTh TOTO, 1110 B CUCTEeMI PiBHO 3 3anuTu, ko p = 0,83 €
P; =(1-0,83)x0,83%=0,17 x 0,573 = 0,097, a60 9,7%.

Bu3HaueHHsT 4MCIOBUX XapaKTEPUCTUK HABITalIfHOrO KOMIUIEKCY CyAHa
nepeadavae  po3paxyHOK KIFOUOBHX IMOKA3HUKIB, TaKWX SIK 1HTCHCHUBHICTH
NpUOYyTTs, 1HTEHCUBHICTh OOCIYTrOBYBaHHs, 1HTCHCHBHICTh PYXy Ta IOKa3HUKU
IPOJYKTUBHOCTI cUCTEeMHU. L[i MOKa3HHKM >KUTTEBO BAXKIUBI JUIsl 3a0€3MeUeHHs
epexkTuBHOT poOOTH HAaBITaIifHOrO KOMIUIEKCY, MiHIMI3alli 3aTpUMOK 1
onTUMI3allli po3nojiIy pecypciB. Teopis MacoBOro oOCIyroByBaHHs Ta OB’ s3aH1
3 HEI MaTeMaTH4HI MoJell 3a0e3MeuyloTh OCHOBY [UIsl IUX PO3PaxyHKIB,

J03BOJISIOUH JIETaIbHO aHAII3yBaTH Ta ONTHMI3YBaTH HaBiramiiHi cuctemu [86].

4.3. Bu3HaveHHsi BiamoBigHumx xapakrepucTuk edextuBHocti CMO
(a0coul0THA i BiITHOCHA MPONYCKHA 3IaTHICTh, IMOBIPHICTH BiIMOBH, I0BKHHA

Yyepru, 4yac 00cJIyroByBaHHs1, TOLIO)

BusHaueHHs BiMOBITHUX XapaKTEPUCTUK €(DEKTUBHOCTI CUCTEMU MaCOBOIO
obcayroByBanHs (CMO) nepeabayae OIIHKY pI3HUX NOKa3HUKIB epexkTuBHOCTI. L1

MOKA3HUKHU JIOTIOMAararTh OILIIHUTH, HACKUIBKH J00pe cucTeMa Kepye BXIAHUMU
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3alUTaMM 1 HAaCKUIbKM €(EeKTUBHO BOHa BHUKOpUCTOBYye pecypcu [87]. Ocbhb
JIeTalIbHE TIOSICHEHHS ITUX XapaKTePUCTHK:

1. AGcomroTHa pomyckHa 31aTHicTh (A) [88].

BusHadeHHs: aOCcoOTHA MPOMYyCKHA 3[aTHICTh — II€ 3arajbHa KiJIbKiCTh
00’€KTiB (HampHKIIaJ, HaBITAIIMHUX 3alMTIB), AKI CUCTEMa MOXE€ OOCIyroByBaTH
3a MEeBHUH MEPioJ Jacy.

Po3paxyHok:

A = A, 1e A — WBUAKICTh HAAXOKEHHS, IPUITYCKAIOUH, 10 CUCTEMA MOXKE
00po06sTH BCl MpUOYIIi 00’ €KTH.

VY Bunajakax, KOJIHM CUCTEMa BUKOPHUCTOBYETHCS HE TIOBHICTIO,

A =M1-P),

ne Pgil € IMOBIPHICTIO BIJIMOBH.

[Mpuknan: sxkmo 100 3amuriB mpuOyBalOTh Ha JEHb 1 CHUCTEMa MOXeE
00CJIyroByBaTH iX yci, aOCOJIFOTHA MTPOMycKHa 3AaTHICTh A = 100 3anuTiB/IeHb.

2. BinHocHa npomyckHa 31aTHICTB (Q).

BusnaueHHs: BiIHOCHA MPOITYCKHA 3[AaTHICTh — I1€ BIIHOIIEHHS KUIBKOCTI
(bakTHYHO 00CITyroBaHUX 00’ €KTIB JI0 KIJILKOCTI MPUOYIUX 00’ €KTIB.

PospaxyHok:

KinbkicTh 00CIyroByBaHUX 00’ €KTIB

KinpkicTh npudynux 00’ €KTiB
Q = 1-Pgj, e Pgjj — AMOBIPHICTH BiIMOBH.
[Tpuknan: skmo npudyBae, Hanpukian, 100 3anuTiB, ane 0OCITYroBYEThCS

auie 95 (5 BigxuneHo abo 3aTpuMaHo), BIAHOCHA MPOMYCKHA 3/1aTHICTh

_ = 0,95
Q_100_ ’

3. ImoBipHicTh BiqmoBH (Py;) [89].

BusHaueHHs: IMOBIPHICTh BIJIMOBH — II€ WMOBIPHICTh TOTO, IO MPUOYIUI
00’exkT HEe Oyne 0oOCITyroByBaTHMCS HETAWHO (HAMPHUKIAA, Yepe3 Te, M0 CHUCTEeMa
MOBHICTIO 3aiiHATa a00 NEPEBAHTAKEHA).

Po3paxyHok:
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Jst uepru M/M/1 Pgyji MOXHA IHTEPIIPETYBATH K Ppyeye >y, 1€ N — 1€
MNOTY>XHICTb CUCTEMH.

Jis wepru M/M/C Py 3a3BHuaii BU3HAYa€ThCS 3a JIONIOMOTOI0 (hOpMYITH
Erlang B qyist cuctem 13 Brpatamu abo dopmynu Erlang C s cuctem i3 uepramu.

[Ipuxnan: y cucremi 3 ofHUM cepBepoM 13 p = 0,8 IMOBIpHICTH B1IMOBU 200
3alIOBHEHHS CUCTEMH MOKe OyTH Pg=0,2.

4. Cepenus nosxuna uepru (Lq).

BusnauenHs: cepeAHs KUIBKICTh O0’€KTIB, SKI OYIKYIOTh y dYep3l Ha
00CJIyrOByBaHHS.

Pospaxynok nist cuctemu M/M/1:

p?

Lq

s cucremun M/M/c (kinbka cepBepiB) LLq BuU3Ha4aeThecs 3a (GPopmysoro
Erlang C.
[puxnan: skuo p=0,8 y cuctemi M/M/1,

0,82 0,64 , .
Lg = o802 = 3,2 00’€KTIB B CEPEHBOMY.

5. Cepenniit yac oocimyroByBanss (E[S]).
Busnauenns: cepeaniii yac, HeoOOX1IHUM 111 OOCITyrOBYBaHHS 3alUTYy, BiJl
4acy MovyaTKy 0OCIyroByBaHHS JI0 MOTO 3aBEPIIICHHS.

Po3paxyHok:

1
E [S ] =

U
Jie |\ — MBHAKICTH 00CITyTOBYBaHHSI.
Ipuknan: SIKIO IIBMAKICTH OOCIYrOBYBaHHS | CTAHOBMThH 5 3alMTiB HA

TOJUHY, TO1
1
E[S] = o= 0,2 roaunu, a00 12 XBUIUH.
6. Cepenniit yac ouikyBaHHs B 4ep3i (WQq).
Busnauenns: cepeaniil ac, skuil 00’€KT MPOBOJUTH B OYIKyBaHHI B 4ep3i

J10 TI0YaTKy 0OCIyroByBaHHS.

Po3paxyHok:
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s cuctemu M/M/1.

ne Lq — cepenHs 10BKHUHA Yepry, a A — MBUAKICTh HAJXOKESHHSI.

[Mpuknazn: Axmio p = 0,8 1 u =5 3anuTiB/TOaUHY,

08 _ 08 _
q= 51-08) 1 0,16 roauH (a60 9,6 XBUIUH).

7. Cepenns KUTBKICTh 3auTIB y cucteMi (L).
BusnauenHs: 3arajgbHa cepeiHsl KUIbKICTh 3allUTIB Y CHUCTEMi, BKJIIOYHO 3
00CJIyrOByBaHUMH Ta YEKAIOUUMHU B Uep3i.

PospaxyHok:
L=L +/1
= Lq —_
U

Jlns cuctemu M/M/1:

P
L=1—5

[Mpuxnan: mpu Lq = 3,2 1 A = 4 3anuTiB/roguny, L = 3,2 +§ =32+08=

4 3anuTiB.

8. Cepenniit yac y cuctemi (W).

Busnauenns: cepeaHiii yac, AKUW 3alUT MPOBOJIUTH Y CUCTEMI, BKIIFOYAIOUN
Yyac O4iKyBaHHs B uep3l Ta yac 0OCIyroByBaHHS.

Po3paxyHok:
1
W=Wq+-
U

Jlns cucremu M/M/1:
1
u(l—p)
[Mpuxnan: mpu Wq = 0,16 roguau ta u=>5 3anutiB/roguny, W = 0,16 + 0,2 =

W =

0,36 roguuu (abo 21,6 XBUIMH).

9. Bukopucrtanss cuctemH (p).
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BusHaueHHs: dYacTKa 4dacy, MNpPOTATOM SKOTO CHCTeMa 3aifHsaTa, abo
B1JIHOIIICHHSI IIBUJKOCTI HAIXOHKEHHS JI0 MIBUIKOCTI 0OCTYyTrOBYBaHHS.

Pospaxynok nist cuctemu M/M/1:

A
p=-
U
s cuctemu M/M/c:
p = Ei

Jie C — KIJIBKICTh CEpPBEPIB.

[Tpuxnan: sxmo A = 4 3a0UTIB/TOAUHY Ta L = 5 3aNUTIB/TOAUHY B CUCTEMI 3
4 .
OJTHHUM CEPBEPOM p = = = 0,8, To6TO cucrema 3aitasTa 80% Yacy.

10. ImoBipHicTh n 3anuTiB y cuctemi (Pp).

BusnaueHHs: IMOBIPHICTH TOTO, 110 B CHCTEMI B OyIb-IKUii MOMEHT 4acy €
PIBHO N 00’€KTIB.

Pospaxynoxk st cucremu M/M/1:

Pr=(1-p)p"

st cuctemu M/M/c, P, po3paxoByeThbes 3a O11bII CKIATHUMU (popMyIaMu
B 3QJIC)KHOCTI BiJ] KUTLKOCTI CEPBEPIB 1 KOHKPETHOTO CTaHYy.

[Mpuknan: ans p = 0,8 y cucremi M/M/1, IMOBIpHICTH TOTO, IO B CUCTEMI
piBHO 3 3ammtH, ctaHoBuTh P; = (1 — 0,8) X 082 =0,2x0,512=0,1024, a6o
10,24%.

[li moka3HukM 3a0e3MedylOTh IOBHE PO3YMIHHA €(GEKTUBHOCTI CHUCTEMU
MacoBOro 0oo6cimyroByBaHHs. Po3paxoByrouM 1i XapakTEpUCTUKU, PO3POOHUKH Ta
ornepaTopd CHUCTEMH MOXYTh OITHUMI3YBaTH MPOAYKTHUBHICTh HaBITaIlitHOTO
KOMIUIEKCY, 3abe3neuyoun e(eKTHBHE BUKOPHUCTAHHS PECYpCiB, MiHIMI30BaHUMN
Yyac OYiKyBaHHS Ta 3[aTHICTh CHCTEeMH 00poOIsaTH BXimHMA Tpadik 06e3 HaaMipHUX

3aTpuUMOK abo 300iB [90-111].
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BucnoBku 10 IV posainy

1. OOrpyHTOBaHO TEOPETUYHI OCHOBH MAaTEMaTHYHOTO MOJCIIOBAHHS
HaBiramifHoro komrmiekcy Ha ocHoBi Teopii CMO. Konmeniiisi HapiramiiHoro
KOMIUIEKCY $IK CHCTEMH MAacoBOro OOCIyroByBaHHs Iiependauvae aHami3 Ta
ONTHUMI3AIlI0 POOOTH HaBITaIifHOI CHCTEMH MOPCHKOTO CyJHA, HaAIMHICTD
(GYHKIIIOHYBaHHSI SIKOi € KPUTUYHO BaXKJIMBOIO JJIsl O€3MEKH CYHOTUIABCTBA.

2. BuzHaueHO 4YHCIOBI XapakTEPUCTUKU Ui CHUCTEM HaBIraliiHOTO
KOMIUIeKCy cyaHa sk cucteM CMO  (1HTEHCHMBHOCTI TOTOKIB — 3asBOK,
00CIyroByBaHHs, TOIIO) Ta BIAMOBIIHI XapakTepucTtuku edextuBHocti CMO
(aOconoTHA 1 BITHOCHA MPOIYCKHA 3[aTHICTh, IMOBIPHICTH BIIMOBH, JOBXKHHA
yepru, uac oOCIyroByBaHHs, ToIlO). HaBeneHo neTanbHE MOSCHEHHS IUX

XapaKTePUCTHK Ta MPHUKJIAIN YUCIOBUX PO3PAXyHKIB BIAMOBITHUX [TapaMeTpiB.
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OCHOBHI BUCHOBKH TA HAYKOBI PE3YJIbTATH

Y nuceprauiiiHid  poOOTI BHpillleHA HAayKOBO-T€XHIYHA 3ajada —
MIABUIICHHS (YHKI[IOHATBHOT CTIHKOCTI HAaBITAIlIHHOTO KOMIUIEKCY MOPCBKHX
CyleH MeToJaMH Teopli MacoBoro oOOCIYroByBaHHS, JAyOJIIOBaHHS  Ta
OalleCiBCBKOTO MiAXOAy. BupilieHHs HayKOBO-TEXHIYHOI 3ajiadl IOJsrae y
po3poOIli  BIAMOBIAHUX  PEKOMEHJAIlM 100  pPerjaMeHTy  IiJABUIICHHS
(GYHKI[IOHATBHOT CTIHKOCTI HaBIraliifHOTO KOMILIEKCY.

Y po060Ti OTpUMAaHiI HACTYIIHI TEOPETUYHI TA MPAKTHYHI pe3yJIbTaTH:

1. Po3pobieHo mojenb CTIMKOCTI HaBIraliifHOI CHUCTEMH, fKa Ja€
MOXJIMBICTh MOJICJIIOBATH PI3HI aBapiiiHi cuTyallii. MoJentoBaHHS BHUSBUIIO
KOPEJISIIiI0 MK MPOTYKTUBHICTIO CUCTEMH Ta ii mapamerpamu: A, W, v, v, V. Ilixn
Jac CHPHATIIMBUX YMOB IUIaBaHHS, 30KpeMa y BIIKPUTHX MOPSX 1 OKeaHax,
IHTEHCUBHICTh TOTOKY BIIMOB J0piBHIOE 0,5, TOAl SIK 1HTEHCUBHICTH IOTOKY
3aMHTIB KOJIUBAETHCS B 2 10 6, HMOBIPHICT, BUKOHAHHS 3amUTIiB Q KOJMBAETHCSA
Bix 0,63 mo 0,95. Tlpu ycknagHeHMX yMOBax IJIaBaHHS B MPUOEPEKHUX 30HAX
IHTEHCUBHICTh TOTOKY BIMOB 3pocTa€ 10 1, TOAl SIK IHTEHCHUBHICTh TOTOKY
3anuTiB KoymBaeTbes Big 10 mo 20, M0 NpU3BOAUTH 0 3HWIKEHHS HMOBIPHOCTI
BUKOHAHHS 3aMHTiB, ToMy 3Ha4eHHS Q konmmBaethbes Bix 0,53 mo 0,92. V cknagamx
HaBITalIfHUX yMOBAaX, TAKUX SK PIYKH, TMOPTH, IHTEHCUBHUNU pPyX BOJHOTO
TPAHCIIOPTY Ta MOTaHa BUIUMICTh, IHTEHCUBHICTh MOTOKY BiAMOB 30UJIBIIYETHCS
0 5, TOAl SK TOTIK 3amuTiB KoymBaeThes Big 20 mo 40, mo mpU3BOAHMTHL 0
MOTAJTBIIIOTO 3HMKCHHSI HMOBIPHOCTI BUKOHAHHS 3alUTY,3HaUYeHHS (Q KOJMBAETHCS
Bix 0,19 no 0,77. Axmo 3HaueHHs Q magae Huxye 0,7, 1€ CTBOPIOE KPUTHYHY
CUTyallil0 Ha OOpTy cyAHa. IMOBIPHICT BUKOHAHHS 3alMTy 3aJ€XKHUTh BIJ
HaBIralifHUX YMOB IUJIaBaHHA, SIK OyJI0 MOKa3aHO Ha BIANOBIIHUX TPUBUMIPHHUX
rpadikax. OTxe, cTa€ HEOOXIIHUM BIPOBATUTH 3aXOJH, SKI TapaHTYIOTh
CTaOUIbHICTh HABITAIIIHHOT CUCTEMH M1 Yac CKIAJHUX OOCTaBUH.

2. Ha ocHOBI pe3ynpTaTiB MOJCIIOBaHHS BH3HAUEHO, SK IOYAaTKOBI

napamMeTpy BIUIMBAIOTh HAa WMOBIPHICTh BHKOHAHHS BXIAHOTO 3amuTy. AHaNI3
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PIBHSIHb, OTPUMaHUX MPH OJHAKOBUX 3HadeHHsX v=1,0 1 v'=0,2, ane 3 pi3HOIO
IHTEHCUBHICTIO TOTOKY 3allUTiB A, MOKa3ye, 1o 30uibmieHHs A Big 10 go 20
3MEHIITy€e WMOBIPHICTh OOCIYTOBYBaHHS BX1IHOTO 3anuTy Q (BiZHOCHA MPOITyCKHA
3natHicTs) Ha 0,2.I1pu 1poMy KoedimieHTH 11t [ i B’ 361IBIIYIOTECS IPHOIN3HO B
1,5 pasu, a xoebiuienTr mIs Yy i Y° 3aNMIIAIOTECA NPAKTHYHO He3MiHHMME. Lle
O3Hauae, 110 30epeKeHHsI BUCOKOTO piBHS (Q 3HAUHOIO MIPOIO 3aJIEKUTH Bif L, a HE
B y.BogHouac aHaii3 piBHSHb MOKAa3ye, M0 301IbIIEHHS THTEHCUBHOCTI MOTOKY
BiZMOB KaHaiy v Bix 1 mo 5 (v' Bix 0,2 10 1) mpwu Tiif camiii IHTEHCUBHOCT1 TTOTOKY
3anuTiB (A=20) 3menmye Q Ha 0,3. [Ipu 11boMy koediieHT 1 Y 3pocTae B 2,4
pasu (uis y° — y 2,2 pasu), xoua koebimieHTH mis p i p’ NPAKTHYHO HE
3MIHIOIOThCS. Pe3ynbTatu MoOfentoBaHHS BKa3ylOTh Ha Te, [0 HMOBIPHICTD
BUKOHAHHS BXIJIHOTO 3alMTY CYTTE€BO 3MEHIIYETHCS 31 30UIBLIEHHSM YacTOTH
BIIMOB 1 YacTOTH 3amMTiB. TOMY MPOAYKTHBHICTh HAaBITalIMHOTO KOMIUIEKCY
SHIDKYEThCSL. Brcokmil piBeHb koedimientis nerepminanii (R?=0,98-0,99) cBigunts
PO BUCOKY aJIEKBAaTHICTh OTPUMAHUX CTATUCTUYHUX KBAAPATUYHUX MOJEIIEH.
KBanmpatuuHi perpecii JI€MOHCTPYIOTh HAA3BUYAlHO HM3bKI  CTaHJAPTHI
BimxwieHHs (6=0,006-0,014), mo Bka3dye Ha iX BHUHATKOBY TOYHiCTh. OTXe, I
MOJIeJII MOXHA BIIEBHEHO BHKOPUCTOBYBATH JUIsl OTPUMAHHS BHCOKOHAIMHHUX
OIIIHOK MMOBIPHOCTI.

3. TlponemoHCTpoBaHO €(PEKTUBHICTH 0AMECIBCHKOTO TIIXOMy B OIHII
HAJIIMHOCTI HaBIraliitHOTO KOMIUIEKCY. BUsiBIIeHO, 110 anmocTepiopHi WMOBIPHOCTI
rinoTe3 3HA4HO MEePEeBUIIYIOThH anpiopHi y 1,8...3,6 pa3iB, 1 1ie IEPEBUILICHHS TUM
OunbIe, YuM OJIMKYE O OJWHHMIN JOOYTOK MWMOBIpHOCTEH Oe3BIIMOBHOI poOOTH
By3JB. SIKk OyJi0 MOKa3aHO BHINE, OTPUMaHI pPe3yJbTaTH BIJOOpaKarOTh HU3KY
3aKOHOMIPHOCTEH: WMOBIPHOCTI TOTO, IO MEPIIM BYy30J BHMIIOB 3 Jamy, a
JPYTUMA TIPaIffo€, 3MEHIIYIOThCS 31 301IBIIEHHSIM HAJIIMHOCTI MEPIIOTO MPUCTPOIO
Ta 3pOCTAIOTh 13 30UIBIICHHSAM HAIMHOCT1 APYroro; 1 HaBMaKW, KMOBIPHOCTI TOTO,
0 JOPYyruid BY30J BHMINOB 3 Jaay, a MEpIINd Tpairoe, 3MEHIIYIOThCS 31
30UTBIICHHSIM HAJIHHOCTI JAPYroro MPUCTPOIO 1 3pOCTAaOTh 31 301IBIICHHAM

HAJIMHOCTI MEpPIIOTo; y CBOIO Yepry, HMOBIPHICTH TOTO, IO OOHIBAa BY3IU
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B1JIMOBUJIM, 3MEHIITYETHCS 5K 31 301JIBIIEHHSIM HaIMHOCTI MEPIIOr0 MPUCTPOIO, TaK
1 31 301IBIIIEHHAM HAAIHHOCTI JPYroro, 10 BUIHO 32 pe3yIbTaTaMH PO3PaXyHKIB.
4. OuiHeHO e(EeKTUBHICTh pPI3HUX METOJIB JIyOJIOBAHHS KOMIIOHEHTIB
HaBITalliHOI CUCTEMHU Ta MPOBEJICHO IX MaTeMaTH4He MOAeNoBaHHA. OTpuMaHi
pe3ynbTaTH  JIO3BOJMWJIM 3pOOWTH KUTbKa BHCHOBKIB IIOAO HMOBIPHOCTI
0€3BIIMOBHOI POOOTH CHUCTEMM IpPH 3aCTOCYBaHHI MEBHOI CXEMH TyOIIOBaHHS.
SIKIO cucTeMa CKIQJacThesl 3 KOMIIOHEHTIB OJHAKOBOI HAIIMHOCTI, TO
TyOIOBaHHS KOKHOTO KOMIIOHEHTA € OUIbIl €()eKTHBHUM METOJOM IIiJBUIIECHHS
HAJIAHOCTI, HIK AyOroBaHHS Bciei cucteMu. KpiM TOro, sKmio IOYaTKOBE
3HAYEHHS HAJIMHOCTI KOMIOHEHTIB cTaHOBUThL 0,85 abo0 Hmkue, TO AyOJIOBAaHHS
BCi€l CHUCTEMH pa3oM 3 KOXHHUM HOBHM JyOJIOIOYMM KOMIIOHEHTOM 3HA4YHO
3HU3UTh HAAIMHICTE cucTeMH. I[[iIBHUINEHHS HATIMHOCTI CHUCTEMH IUIIXOM
nyOMIOBaHHS KOXKHOTO KOMITOHEHTa 3 HEJOCTATHHOIO TOYATKOBOK HAMIMHICTIO
Oyne Outblll €(pEeKTUBHUM, SKIIO Il KOMIIOHEHTHM MarOTh 3HAYEHHS HaJIHHOCTI
amxkue 0,85. SIKmo cucreMa CKIIagacThesl 3 HEOJHAKOBO HAIIMHUX KOMIIOHEHTIB,
TOJI1, KOJIU OIlIHKa WMOBIPHOCTI 0€3BIIMOBHOT POOOTH JJII KOKHOTO KOMIIOHEHTA
OKpPEMO € HEMOXJIMBOIO, 3aMiHa iXHIX 3HA4YeHb CEpPEAHIM 3HAYEHHSIM CTae
CYMHIBHOIO (30KpeMa, KOJIM iICHY€ BelIMKa Bapiallis 3Ha4eHb). Lle MokHa mosicHUTH
BHCOKOIO JHUCIIEpCI€El0 HMOBIpHOCTEH 0€3BIIMOBHOI POOOTH KOMIIOHCHTIB
CUCTEMH, III0 MPU3BOJNTH 0 3HAYHOTO 3POCTaHHS BiTHOCHOI MOXHOKH, SIKa MOYKE

nepesuiryBatu 10%.
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