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1 XKUTTEBUH LIUKJI CTBOPEHHS 3ACOBIB MOPCBKOI
POBOTOTEXHIKHU (3MP)

1 CREATION LIFE CYCLE OF MARINE ROBOTICS EQUIPMENT (MRE)

[Tporiecn TPOEKTY, IO BiTHOCATHCS
JI0 TIPOJTYKTY, YTBOPIOIOTh KUTTEBUHN ITUKIT
BupoOy (OKLIB), mig sSKuM pO3ymieThCs
PO3BUTOK JAaHOTO TIPOAYKTY B
MOYMHAIOYH BiJT 3ayMy 1 3aKIHUYIOYH HOTO
crivcanssM [ 1-3].

Tpamuiiinuit miaXia 10 BU3HAYCHHS

yaci,

X1IB
BUPOOHUIITBA

HANPUEMCTB

IPYHTY€ETHCS
PO3YMiHHI, IO e IUKIT (OPMYEThCS 3
TOCJIIJIOBHUX,

HAYKOEMHOT'O
HA  TOMY

3a3BHYall TaKUX CTali
OPOIYKTYy, L0 HE MEpEeKPUBAIOTHCS, SKI
BU3HAYEHI MOTpebaMu MOro CTBOPEHHS 1
HACTYITHOT'O BUKOPUCTAHHSI.

IIpoekt cTtBOpeHHs 3MP npuBoaUTH
BupoOy. He

JI0 TOSIBU  YHIKQJIBLHOTO

JUBJITYUCh HA Te, IO B pe3yJbTaTax
MPOEKTY MOXKYTh OYTH TIPUCYTHI €1€MEHTH,
0 TOBTOPIOIOTHCS, 1X HAsBHICTh HE
MOPYIITY€ MPUHIIMIIOBOI YHIKAJTBHOCTI POOIT
Mo KOXXHOMY Buay BupoOiB. IloTouna
orepariiiina JisUTbHICTh, $K TPaBUIO, €
MOBTOPIOBAHUM  MPOIIECOM, 3 TEBHUMH

pe3ysibTaTaMu,  OCKUIBKM  BUKOHYETHCS

BIJIMOBIAHO JIO ICHYIOUMX TEXHOJIOTIH.
3MP

JIOMTYCKAETHCS HEBU3HAYCHICTh  BiTHOCHO

Buacninox YHIKQJIBHOCTI
KO>KHOTO BHTy BUPOOY.
IIpoexTHa TISTBHICTD
NEPETUHAETHCS 3 ONEPAIfHOI0 B PI3HHUX
Toukax yacy nporsarom JKLB, nanpuknan:
dazi, 1o
3aBEPIIYETHCS, pO3pOo0KHU
HoBoro 3MP, wonepuizamii 3MP a6o

y  KOXHIA  TPOEKTHIN

Ha  fTalax

301nbIIeHH1 Bumycky 3MP, y mponecax
4

Project processes relate to the
product, form the life cycle of the
product (LCP), which is understood as
the development of this product in time,
starting from the idea and ending with
its write-off [1-3].

The traditional approach to LCP
definition of high-tech production
enterprises is  based on the
understanding that this cycle is formed
from  successive, usually  non-
overlapping, stages of the product
defined by the needs for its creation and
subsequent use.

The MRE creation project leads
to the appearance of a unique product.
Despite the fact that the project results
may contain repetitive elements, their
presence does not violate the
fundamental uniqueness of operations
on each type of product. Current
operation activities are usually a
recurring process, with definite results,
because they are performed in
accordance with existing technologies.
Due to the uniqueness of the MRE,
uncertainty is allowed with respect to
each type of product.

Project activities intersect with the
operating activities at different points in
time during the life cycle, for example: in
each project phase, it is completed at the
stages of developing a new LCP,
modernizing (upgrading) the LCP or
increasing the LCP production, in the



BJIOCKOHAQJICHHSI OIEpaliitHOl IsUIbHOCTI,
a TakoX JO MOMEHTY Yacy 3aBEpIICHHS
BupoOHunTBa y kiHm JKI[B. OOMin
pe3yJbTaTaMu iHpopMariero MK
MPOEKTHOIO 1 OMEpaliifHOI0 AiSUIbHICTIO
3IIACHIOETHCS IUISIXOM Iepeiadi pecypciB

Ta

MPOEKTY B OMepaIifHy AiSUIbHICTD y KiHIII

MPOEKTY abo yepe3 nepenavy
OlepaliiHuX PecypciB MPOEKTy HA HOTO
MOYaTKy.

Jst HAyKOEMHHUX IIPOEKTIB

BHMAracTbCsl HASIBHICTh BXIIHUX JaHUX
Bl CamMoOro MiANPHEMCTBA 1 330BHI.
Pe3ynbraT BHKOHAHHS OJHOTO MPOLECY
iHpopmarltiero s
MPOIIECY. B OCHOBHUX
METOOJIOTISIX MPOEKTHOTO MEHEIKMEHTY

CTa€ MOYATKOBOIO
1HIIIOTO

KUTTEBUN LUK MPOEKTY PO3IIIAIAETHCA
AK TPOMDKOK Yacy MiX (opmamizaliiero
O13Hec-1/1e1 1 3aBepIICHHSAM IpoekTy. [Ipu
[bOMY OCHOBHM TPOEKTHOTO YIPaBIiHHS
MICTSThCS B

omnucax MPOLIECIB,

MOB'sI3aHUX 3 MJIaHyBaHHSIM,
OI[IHIOBAHHSAM 1 YIIpaBIiHHAM [4].
3MP

HaMsICKpaBilIe NPOSBISIOTECA B CTPYKTYpI

OcoOnuBOCTI  CTBOpPEHHS
ix skurTeBoro unukiay (KIL), a came y
TpuBajocTi 1 BaptocTi. [Ipu ubomy 3HayHa
YaCTUHA 3arajibHUX BHUTpAT npotsroM KL
ctBopeHHs1 3MP cknanaerbes 3 BUTpaAT HA
(HOP) 1

pobotH

JOCJ1JTHO-

(IKP).
HeoOxinHO BpaxoByBaTH, IO BUTPATH HA
HJIP JIKP XILIB
HepiBHOMIpHI.  HaiiOunpiry — Benu4uHy

HayKOBO-JIOCTIH1
KOHCTPYKTOPCBHKI

Ta IPOTATOM

BUTpPATH MalOTh Ha MepPeABUPOOHUINX
cramisx JKILB,
cepiliHOTO

a 1Mo Mipi OCBOEHHS

BUITYCKYy Ta eKCIulyaTamii
BupoOy HJIP 1 JIKP no HpOMY mpakTUYHO

MPUIIMHSIOTHCS (32 BUHATKOM HAyKOBOIO
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process of improving operational
activities, and by the time of completion
of production at the end of MRE. The
exchange of results and information
between the project and operational
activities is carried out by transferring
project resources to operational activities
at the end of the project or through the
transfer of project operating resources at
the beginning of the project.

For  high-tech  projects, the
availability of the input data from the
enterprise and from the outside is required.
The result of running one process becomes
the source of information for another
process. In the main project management
methodologies, the life cycle of a project is
considered as a period between the
formalization of the business idea and the
completion of the project. At the same
time, the basics of the project management
are contained in the descriptions of the
processes associated with  planning,
evaluation and management [4].

The MRE creation peculiarities are
clearly manifested in the structure of their
life cycle (LC), namely in duration and
cost. At the same time, a significant part of
total expenditures during the MRE creation
LC consists of research and development
work (RDW) and experimental design
work (EDW) expenditures. It must be
taken into account that the costs of RDW
and EDW during the LCP are uneven. The
LCP pre-production stages have the
highest amount of expenditure and as well
as the development of serial production
and operation of the product RDW and
EDW on it are practically stopped (with
the exception of the scientific support of



CYNPOBOJIKEHHS BUPOOHUIITBA 1%}
eKCIuTyaTallii,  MoJepHizalli  BUpPOOIB
tomo). KpiM TOro, mianpueMCTBO MOXKE
BUITYCKATH JEeKiUJIbKa HaliMeHyBanb 3MP, 1
yactnHa Butpar Ha HJIP Ta JIKP moxe
HOCUTU 3arajbHuUi Xapaktep (TOOTO
MIPOBOJIUTHUCS HA KOPUCTH JCKUTLKOX THUIIIB
3MP), mo nopomKye 3anady po3MOILTY
BUTpAT MK pi3HUMU Bugamu 3MP.
[TocmipoBHicTh eramiB JKII 3MP sx
NPOAYKIIi HAYKOEMHOIO BUPOOHUIITBA

IIpeACTaBiIeHa Ha puc. 1.

production and  operation, product
upgrades, etc.). In addition, an enterprise
can produce several types of MRE, and
part of the costs of research and
development can be generic in nature (that
Is, be carried out in favor of several types
of MRE), which creates the task of
allocating costs between different types of
MRE.

The stages sequence of the MRE
LC as high-tech production products is
presented in Fig. 1.

PobGoue npoexTyBaHHs
JocutijiHe BHPOOHUIITBO
Texno0orivHa nijiIr0T0BKa

BHPOGHUITBA

MapkeTHHI0Bi ocIi/KeHHs Working desi Cepiiine BUpOGHULITBO
Ta 30BHINIHE NMPOCKTYBAHHSA Exper?;lell'lltgzll ;i'log(;‘uc tion Excnayaranis
‘Marketing research "““') Towyroei HAP | Technological preparation (Serial production) Yruaizanis
( external design (Search RDWs) of production Exploitation (Utilization)
OOrpyHTYBAHHS ILlnanyBannas Pozpobra Bupoéunnrse 3apepuienns
(Substantiation) (Planning) (Development) (Production) (Completion)
Thn (ﬂm) ﬁm} (me) Tiwe+ Tins Tes + Tix Tyt (T,Ll)
N (Y;ZD\’V'I" EPP) -/ (Y sp + %P)
Hepensnpoﬁﬂ;lgi craxii ZKLIB
(Pre-production stages of LCP)
Pucynok 1 — Etanm xurreBoro nukity 3MP
Figure 1 — The life cycle stages of MRE
Ha puc. 1 XK1 3MP nounHaetbes 3 In fig. 1 MRE LC begins with
MapKETUHTOBUX JOCITIIHKCHb ta | marketing research and product design
oOrpyHTYBaHHs MPOeKTyBaHHs BHpoOy. Ha | substantiation (rationale). At this stage,
npomMy erami me He Qopmyerbes | the design of the MRE is not formed,

KOHCTpyKIis 3MP, nuine BU3HAYarOTHCS

HOro  OpIEHTOBHI  TEXHIKO-CKOHOMIUH1

XapaKTePUCTHKH,  SIKI  3aJ0BOJIBHSIOTH

3amoBHHKa. Jlam B xomi BukoHanHs HJIP
JIKP
MOXJMBICT CTBOpeHHs 3MP 1 KOHKpeTHi

Ta BU3HAYAIOTHCSA  MPUHIIMIIOBA
NUIIXU JTOCATHEHHS 11i€i MeTu. [Ipu npomy
eraru JKL] 3MP mMoXyTh MaTy NEpeKpUTTS.
[le o3Hayae, MmO B TeEpiOA EKCILTyaTarli

okpemoro 3MP wmoxe TpuBaTM KHOro

only its approximate technical and
economic characteristics, which satisfy
the customer, are determined. Further, in
the course of carrying out RDW and
EDW, the principal possibility of
creating an MRE and the specific ways
of achieving this goal are determined. In
this stage, the MRE LC may have
overlaps. This means that during the
operation of a separate MRE, its mass



cepiiiHe  BUpOOHHUIITBO.  Kpim
BUPOOHUIITBO MOKE€ TPUBATH HAaBITh TO/II,
Koy yactuHa 3MP 1iboro THity BuBeeHa 3
eKCIUTyaTaIlii 1 yThiIi30BaHa.
3

TOTO,

3rigHo
KJIacuQiKaIli€e HayKOBO-IOCTIIHUX POOIT,
dbynnamentanbHi HIP, ki € HeBia eMHOIO
4qacTUHOIO cTBOpeHHs1 3MP, cripsmoBaHi Ha

TOIIMPEHOIO

CTBOPEHHSI HOBHUX MaTepiaiiB, 3aKOHIB
yIpaBiiHHA TowlO. K TpaBUiO, BOHHU
XapaKTEePU3YIOTHCSl 3HAYHOIO TPHUBAIICTIO.
Tomy dyHIaMEHTATBHI TOCTIHKEHHS HISK
He noB's3aHi 3 XKL 3MP 1 ix TpuBasicTe Ta
BapTICTh HE BKIIOYAIOTHCS 10 TPUBAJIOCTI 1
Baptocti JKIIB. JlocArHeHHs 3aMOBJICHHUX
napameTpiB 3MP Bu3Hauaerbcss B X0/l
nomrykoBux HJIP, komu Ha 6a3i icHyrounx
dbyHIaMEHTATbHUX ~ HAYKOBUX  3HaHb
OTPUMYIOTh KOHKPETHI KOHCTPYKTOPCBKI 1
TEXHOJOI4Hl pimeHHs. Ha iX ocHOBI
MOYMHAIOTECA  JOCIITHO-KOHCTPYKTOPCHKI
poOOTH 1  TEXHOJIOTIYHA  MIJrOTOBKA
BupoOHunrea (TIIB). Sfkmo otpumaru
HEOOXI1/TH1 XapaKTePUCTUKH TIPU CYy4aCHOMY
PO3BUTKY HAYKH 1 TEXHIKM HEMOKJIMBO, TO
10  eTamy
JIOCIIJDKEHD 1

JOBOOUTHCA IMOBCPTATUCA
MAapKCTUHIOBUX

OOIPYHTYBaHHS TIPOEKTYBaHHS (a TaKOX

CTaBUTH HOBI 3aBJIaHHS nepen
byHIaMEHTATbHOIO ~ HayKoro).  Takum
YMHOM, T[IOKa3aHa Ha puc. 1 JiHilHA

crpykrypa KL mae cripomennii BUrisin. Y
noBHomy Burisini KL 3MP Oyme maru
eTamy, IO TOBTOPIOIOTHCH. Buxomsum 3
1[LOTO,

MOXKHA CKa3aTd, IO IPOIECH

crBopeHHs 3MP MaloTh  iTepaTHBHUI
JKATTE€BUN 1TUKIL
Etan momykoBux HJIP € HaiOuUThII

HEBU3HAYEHUM, TOMY MOXKHAa TOBOPHUTH
Juiie mpo odikyBaHy TpuBaiicte HJIP —

7

production can last. In addition,
production can continue even when part
of the MRE of this type is taken out of
operation and utilization.

According to the widespread
classification of research  works,
fundamental research and development,
which are an integral part of the creation
of the MRE, are aimed at creating new
materials, management laws, etc. As a
rule, they are characterized by a long
duration. Therefore, the basic research
Is not related to the MRE LC and their
duration and cost are not included in the
duration and value of the LCP. The
achievements of the ordered MRE
parameters are determined in the course
of exploratory research, when specific
design and technological solutions are
obtained on the basis of the existing
fundamental scientific knowledge. On
their basis, the experimental and
development works (EDW) and
technological preparation of production
(TPP) begin. If it is impossible to obtain
the necessary characteristics in the
modern development of science and
technology, then it is necessary to return
to the marketing research stage and
design substantiation (as well as set
new tasks to basic science). Thus, the
linear structure of the LC has the
simplified view as shown in Fig. 1. In
full form, the MRE LC will have
repeated stages. On this basis, it can be
said that the processes of creating the
MRE have an iterative life cycle.

The search RDWSs stage is the
most uncertain, therefore one can speak
only about the expected duration of the



Tyypp- Y TOM e yac TPUBAIOCTI IOCIITHO-

KOHCTPYKTOPCBKHMX — poOiT  Tpp 1

TEXHOJIOTTYHOI TIJITOTOBKK BUPOOHUIITBA
Tz € HalWOUIBII IPOTHO30BAHMMH, ajle
CXWIBHUMH  JI0  PHU3UKY
tepminy. H/IP ta JIKP xapakrepusytorbes
HE TUIBKA 3HAYHOKIO YAaCTHHOKO 3arajbHUX

30UIBIIICHHS

BUTPAT, a 1 3HAYHOIO TPUBATICTIO, OCKUIBKU

crBopenst 3MP  TicHo ToB'si3aHe 3
OaraTbMa  HAYKOEMHMMH  Tally3sMHU,
HaIPUKIIa], eJIEKTPOHHOIO

MIPOMMUCIIOBICTIO, 1HIYCTPIEIO TIPOTPAMHOTO
3a0€3MeUYeHHsI Ta 1H.

Ha migcraBl BUKOHaHUX NPOEKTIB
Ta JIOCBITY
CTBEP/KYBaTH,

aBTOpA MOHa
mo TpuBaiicte HJIP

MOJXKC CKJIadaTH

Ty =60...120 nwis,

3aJIe)KHO Bij] TUMY cTBOproBaHoro 3MP.
[Ipy 1poMy 3arajmbHa TPYAOMICTKICTD
po6iT HJIP O6yne cknagatu

O,y =4800...10400 nopmo/roaum.

JOCJIITHO-
KOHCTPYKTOPCHKHUX POOIT CKIIaJa€e

TpuBanictsb

Trp =160...200 nmis,

3arajibHa Tpyaomictkicte pooiT JIKP
Oyne ckiagaTu

Or =92000 HOpMO/TOIMH.

TpuBanictsb TE€XHOJIOTTYHOT

IITOTOBKA BUPOOHHUIITBA

RDW — T,y At the same time, the

duration of experimental and
development works Tepw and

technological preparation of production
T, are the most predictable, but prone

to the risk of extending the duration.
RDWSs and EDWs are characterized not
only by a significant proportion of the
total costs, but also by considerable
duration, since the creation of the MRE
iIs closely linked to many high-tech
production sectors, such as the electronic
industry, software industry, etc.

Based on the completed projects
and the author’s experience, it can be
affirmed that the duration of the RDWs
can constitute

Trpw = 60...120days,

depending on the type of created MRE.
At the same time, the RDW total work
complexity will be

Ogpw =4800...10400 rate/hour

The duration of experimental and
development work is

Teow =160...200days,

the EDW total work complexity will be

Ogpyw =92000 rate/hour.

Duration of the
preparation of production

technological



T,z = 60 nHIB,
3arajbHa TPYAOMICTKICTh POOIT

O,z =1500 HOpMO/TOTUH.

Ockineku 3MP € crnenudiunum

BUPOOOM 3 OOMEXKEHUM TMEpeTiKOM
MOTEHIIHHUX KOPHCTYBauiB,
MapKETUHTOBI  JOCHIUKEHHS  MAaroTh

HE3HAYHYy TPUBAIICTH 1 CKJIAIAI0Th

Ty =20 nuis,

P LIbOMY, YacTIIlIe 3a BCE, 1HIIIaTOPOM
eTary € MOTeHIiiHuN 3aMoBHUK 3MP, a
3arajibHa TpyAOMICTKICTh pobOiT TIIB
OyJe ckiaaaTu

O,y =160 nopmo/romun.

OckuIbKM  cepiifHe BUPOOHULTBO
3MP B VkpaiHi
BUTOTOBJICHHSM TPbOX 3Pa3KiB KOXHOTO

00MEXyBaJoCh

TUITY, IO HAJICKUTH 10 MaJIOCEPIHHOTO
BUPOOHMUIITBA, BAXKKO 3pOOUTH BUCHOBKHU
po ONTUMAJIbHICTh TEPMiHYy
BUTOTOBJIEHHS Ta ekcruryartamii 3MP. 3
JIOCBIJy aBTOpa BIAOMO, IO TPUBAIICTH
BUPOOHUIITBA JOCHiAHOTO 3paszka 3MP

CKJIajae
Tes =120 nHiB,

Opyd LbOMY 3arajilbHa TPYAOMICTKICTb
po0Oit CB Oyne ckimagatu

Oz =5500 HOpMO/TOAMH.

T, =60 days,
total work complexity

O, =1500 rate/hour.

Since MRE is a specific
product with a limited list of potential
users, marketing research

has a negligible duration and it
constitutes:

Tur = 20 days,

at the same time, most likely, the state
initiator is a potential MRE customer,
and the TPPs total work complexity
constitutes

O, =160 rate/hour.

Since the MRE serial production in
Ukraine was limited to the manufacture
of three samples of each type, which
belongs to small-scale production, it is
difficult to draw conclusions about the
optimality of the period of manufacture
and operation of the MRE. From the
author’s experience it is known that the
production duration of the MRE
prototype is

T, =120days,

thus the SP total
constitutes

work complexity

O,, =5500 rate/hour.



3araibHUl  TEPMIH  eKCILTyaTarlii
3MP, 3a3Buyaii, ckiamgae 10 pokis. Ane y
3B’s3Ky 3 TuM, 1o 3MP moctiiiHOo
MOJICpHI3Y€TbCA I BUKOHAHHS HOBUX
VHIKQJIbHUX ~THUIIB  TIIBOTHO-TEXHIYHUX
pOOIT, BHKOHYIOTbCS MPOQUIAKTUYHI Ta
KamiTajdbHI PEMOHTH MOro oOJagHaHHS,
BIJIMOBITHO TepMIH ekcrutyararii  3MP
MIOCTIAHO 30UTBITy€eThCs. Tak, HampuKia,
TepMiH ekcrutyaraiii 3MP «Atnemnm, 1o

crBopeHo 'y HVYK, ckmamae 20 poxkis.
[HIIIMMMT CJIOBAMHU, TPUBAJIICTh
ekcruryaTauii 3MP cknanae

T.« =4960 nHis,

IpyU LbOMY 3arajlbHa TPYAOMICTKICTh
po6iT EK cknanae

O, =36680 HOpMO/TOIMH.

Eran  yrwm3amii

HAMKOPOTILIMX, HOro 3arajbHa TPUBATICTh

€ oAHuM 3

CKJIaJla€
T,; =60 nHis,

Opy LbOMY 3arajilbHa TPYAOMICTKICTb
po6iT YT cTaHOBUTH

O,; =1500 HOpMO/TOAMH.

TakuM 9yrMHOM, 3arajbHa TPUBAIICTh
XKUTTEBOTO 1KY 3MP Oyzne MaTu BUTIISA
T, 4T

HAP JKP

T

XKLIB

+TTHB + TCB + TEK + TVT

=Ty + +

1 0yne ckinagaTu
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The total MRE operation period
Is usually 10 years. But due to the fact
that the MRE is constantly modernized
for the implementation of new unique
types of underwater technical works
performing the maintenance and capital
repairs of its equipment respectively,
the MRE operation period is constantly
increasing. So, for example, the MRE
"Atlesh operation period ", which was
created in the NUS, is 20 years.
In other words, the MRE operational
time is

Top =4960 days,

thus the OP total work complexity is

O, = 36680 rate/hour.

The utilization stage is one of the
shortest, its total time constitutes

Tyr =60 days,

thus the UT total work complexity is

O, =1500 rate/hour.

Thus, the MRE life cycle overall
duration will have the form

TLCP :TMR +TRDW +TEDW +
+T

TPP + TSP + TOP + TUT

and will constitute



T =9440...5500 nnis
[Ipn LbOMY 3arajbHa

TPYAOMICTKICTB pOOIT

Oyp =142140...147740 nopmo/rosuH.
KutTeBnii UK TPOEKTY CTBOPEHHS
3MP, 3MIiCT sKOro CHpsSMOBAaHUN Ha

CTBOPEHHSI 1 HACTYIIHE CYNPOBOLKEHHS
BUPOOY MPOTArOM MO0 KUTTEBOTO LIUKITY,
NOJUIAETbCS Ha mnpoekTHl ¢azu. Ilpu
upoMy pi3Hi mpoekTHi Gazu KL MoxyTh

BUKOHYBaTucsi oaHodacHo [4]. Huni He

ICHYyE  YHIBEpCAJIbHOTO  MIIXOAY  JIO
dbopmyBaHHS 171eaIbHOT CTPYKTYpH
MPOEKTy.  AHaTi3yloud  OCOOJIMBOCTI

dbopmyBannsa etamiB JKIIB 1 partionansHi
BimmoBigHocTi 3 eramamu JKLII, moxnHa
chopmyBatd (Pa3u MPOEKTy CTBOPEHHS
3MP.

Crpykrypa (a3 mpoeKTy CTBOPEHHS
3MP ¢dopmyeThcs Ha OCHOBI TIPUHHSTOTO
METO/Iy peatizallii MpoeKTy 1 IMOB'sI3aHa 3
Hioro ooMexxeHHsiMu. KoxkeH etan npoekTy

HIIIIOETBCS ~ BU3HAYEHHSM  BUMOT 1
OYIKYBaHMX  pe3yJbTaTiB, a  TaKOX
OLIIHIOETHCS aKTYaJIbHICTh 1oro
BUKOHAHHSI, YTOYHIOIOThCS paHiie

NPUMHATI TPUIYLICHHS, NEPerisiAatoThCs
11IeHTU(IKOBaHI PHU3MKH 1 JETall3yeThCs
sMicT TiporieciB. KoxeH eram mpoekTy
3aBEPIIYEThCS AHATNI30OM 1 MPUIUMAaHHSIM
OTPUMAaHMX pE3YyJIbTATIB, BHUSBICHHIM 1
BUIIPABJICHHSIM TOMWJIOK, OILIIHIOBAHHSIM
3aBEPUICHOCT] JIOCSTHYTHX pe3yJbTaTIB 1
BIITOBIHOCTI iX BUMOTaM.

Takum YUHOM, 3aBEPILICHHSA
KOXKHOTO ~ €Tally MPOEKTYy BBAXKAETHCS
KOHTPOJILHOIO BIXOK IS OI[IHFOBaHHSI
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T, =5440...5500 days.

Thus the total work complexity is

O, =142140...147740 rate/hour.

The project life cycle (PLC) of the
MRE creation, the content of which is
aimed at the creation and subsequent
support of the product during its life
cycle, is divided into project phases. At
the same time, different project phases of
PLC can be performed simultaneously
[4]. Currently, there is no universal
approach to the formation of an ideal
project structure. By analyzing the
peculiarities of the LCP stages formation
and rational correspondence with the
PLC stages, it is possible to form the
project phases of the MRE creation.

The structure of MRE creation
project phases is formed on the basis of
the accepted method of project
implementation and is related to its
limitations. Each project stage is initiated
by defining the requirements and
expected results, as well as assessing the
relevance of its implementation,
specifying the assumptions that have
been adopted previously, reviewing the
identified risks, and detailing the content
of the processes. Each project stage is
completed by the analysis and acceptance
of the received results, identification and
correction of errors, evaluation of the
completeness of the achieved results and
the compliance with their requirements.

Thus, the completion of each phase
of the project is considered a control



pe3ynbTaTiB, 3a  MICYyMKaMH  SKHUX
NpUHAMAEThCS  PIIEHHS PO  TOYaTOK
HACTYITHOTO eTary, ab0 MOXe TPUIHMAaTHCS
pIllIEHHS TPO 3MIHM YK JOCTPOKOBE
3aBEPITICHHS YChOTO MTPOCKTY.

[Ipu  QopmyBaHHI  CTPYKTypHU
KUTTEBOTO  ITUKIY  TPOCKTY
ctBopeHHs 3MP HeoOxi11HO BU3HAYATH 111
e€Tanyd BIAIIOBIIHO OO €TamiB KUTTEBOIO

eTarrB

nukiny camux 3MP.

JUis iepexoay 10 HaCTYITHOTO €TaIry
MOBUHHI OyTH BUKOHAH] HACTYIIHI Jii:
K1

MIJITOTOBKAa  MaTepiaiib,
nepeadayeHi eTanoM, 10 KOHTPOJBHOI
moaii:

1) moxymMeHTyBaHHSI PE3yJIbTaTiB,

y
IIOTOYHOTO €Taly MPOEKTY;

OTPUMAaHHX X0l ~ BHKOHAHHS

2) po3poOKa AETadbHOTO IUIaHy 1
OIO/KETy HACTYITHOTO €Tamy MpPOEKTy, 3
ypaxyBaHHSAM MOXJIMBOCTI HETaTUBHUX
pe3yabTaTIB MPOXOHKEHHSI KOHTPOJIBHOI
o1l

— TMIPOBEJICHHS 3aXUCTYy MaTepiaiB,
K1 Iepe10ayeH1 eTarnoMm:

1) IIPOEKTY
IPU3HAYAETHCS TIOTMEPEAHs EKCIepThu3a

KOOPJIMHATOPOM

JIOKyMEHTIB, 3a pe3yJbTaTaMHh SKOi
TOTYETHCS TIOTIEPETHINA BUCHOBOK;
2) IIPOEKTY

MpU3HAYa€e CKJIaJ EKCIEepPTHOI paau, a

KOOPAMHATOP

T PEKLIS MIPOEKTY
MIPOBEJICHHS 3aXHUCTY IOKYMEHTIB;

3) pana
PIIIEHHS TIPO TOTOBHICTH AUPEKIIii IPOCSKTY

OpraHi3oBye
EKCIIepTHA npuimae

JI0 TIEPEXOAY Ha HACTYITHUM €TaIl;

— 32 pe3yibTaTaMHd  3aXHUCTy
YXBAIIOETHCS pIIICHHS npo
MIPOJIOBKECHHS abo 3aBEpLIEHHS

IPOEKTY:
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landmark for evaluating the results, the
outcome of which is a decision to start
the next phase, or a decision on changes
or early completion of the entire project
may be taken.

When forming the life cycle stages
structure of the MRE creation project, it
IS necessary to determine these stages in
accordance with the stages of the very
MRE cycle.

To proceed to the next stage, the
following actions must be performed:

— preparation of the materials
provided by the stage for the control
event:

1) documentation of the results
obtained during the implementation of
the project current phase;

2) development of a detailed plan
and budget of the next stage of the
project, taking into account the
possibility of negative results from the
control event;

— carrying out protection of the
materials provided by the stage

1) a preliminary documents expert
IS appointed as the project coordinator,
based on the results of which a
preliminary conclusion is prepared;

2) the project coordinator appoints
the composition of the expert council
(panel), and the project management
organizes the protection of documents;

3) the expert council decides on
the readiness of the project directorate
for the transition to the next stage;
based on the results of the
protection decision, a decision is made on
the continuation or completion of the
project:



1) MIPOAOBKUTH
3aTBEPIKY€ETbCS  OIOJIKET
HACTYITHOT'O eTamny
npuiiMaeThes pimeHHs npo YI1I;

2) IIPOEKT
BUKOHYIOTBHCSI TIPOLIECH, CIPSMOBaHI Ha
MPU3YIIUHEHHS MIPOEKTY;

3) 3aBEPIINTH MIPOEKT
BUKOHYIOTHCSI TIPOIIECH, CIPSMOBaHI Ha
JIOCTPOKOBE 3aBEPIICHHS MMPOEKTY;

— JOKYMEHT 3 PIIICHHSIM TIpO
MIPOXOIKEHHS KOHTPOJBHOI MO/Ii.

PobGotu mo peanizamii MOpoekTy
3MP mo’kHa OAUTMTH HA HACTYMHI (a3u

MIPOEKT
1 IUIaH
IIPOCKTY,

IMPUIIMHUTH

1) to continue the project — the
budget and the plan of the next stage of
the project are approved, the decision on
PM is made;

2) to terminate the project — the
processes aimed at suspending the
project are carried out;

3) to complete the project — the
processes aimed at the early completion
of the project are carried out;

— a document with the decision
about the passage of control checks.

Work on the MRE project
implementation can be divided into the

(puc. 2): following phases (Fig. 2):

— KOHIIENTYyaJIbHa, - conceptual;

— po3po0ka KOMEPIIHHOT —development of commercial
TIPOIIO3UIIiT;— MPOCKTYBAHHS; proposes;— design;

— BUTOTOBJICHHS; — manufacturing;

—37a4a o0'eKkTa 1 3aBepIICHHS —object delivery and project
MIPOCKTY. completion.

KUTTECBUH LIUKJI 3MP

(MRT LIFE CYCLE)

OGrpyHTYBAHHS
(Substantiation)

IlnanyBanus

Pospodra

3apepmeHHsa

BupoOuuurso \
(Completion)

)

(Planning)

~
~
~
~
~

~
~

~
~
~
~
~
~
~

~ ~

(Development) /

_ KATTCBHI UK MPOEKTY
*~. (PROJECT LIFE CYCLE)

{Production) /

|
OHITENTYANIBHA (lmsk Pasa inimianii
(Phase initiation)

|
Paza IlpOEl\"'l‘)’BﬂHlﬁ\ Manufacturing phase

31aua 00'erTa i
3aBepIIeHHS HPOeKTY

(Object delivery and)
project completion

(Pa3za BUTOTOB,/ICHHSI)

(Conceptual phase) /

Txo (Tin) T (TRS)

(Design phase) /

Ton (Tn p)

Tos (Tir) T (Tve)

Pucynok 2 — Cxema )KUTTEBOTO LMKy NMPOEKTY CTBOpeHHS 3MP
Figure 2 — Scheme of the MRE creation project life cycle

1.1 KonuenrtyamsHa ¢aza MpoekTy
crBopensss 3MP. ["onoBHUM 3MicTOM POOIT
npoekTy ctBopeHHs 3MP nHa mit ¢dasi €
po3poOKa HOro KOHIISMINi, sIka BKIIIOYAE B
ceoe:
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1.1 The MRE creation project
conceptual phase. The main content of
the MRE project work at this phase is the
development of its concept, which
includes:



— dbopmyBaHHSI Oi3Hec-171€1,
MIOCTAHOBKY IIiJICH;

— pU3HAYCHHS KepiBHUKA
NpoekTy 1 (QopMmyBaHHS  KIHOYOBOI
KOMaHJI TIPOCKTY;

— BCTAHOBJICHHS TJTOBUX

KOHTAKTiB 1 BUBYCHHSI PUHKY, MOTHUBAIIii
1 BUMOT 3aMOBHHKA Ta 1HIIUX YYACHHKIB,;
— 301p MOYaTKOBHUX JIAHUX 1 aHaJIi3
ICHYIOYOTO CTaHy;
— BH3HAYE€HHS OCHOBHUX BHMOT,
HEOOXI1THUX

0OMeXKyBaJTbHUX  YMOB,

MaTtepilalbHUX, (PIHAHCOBUX 1 TPYAOBHUX
pecypciB;

— MOPIBHSIBHY OLIIHKY
aNbTEPHATUB;

— TOJAHHS  TPOMO3HWIIHM,  iX
EKCIIePTHU3Y 1 3aTBEP/HKCHHSI.

TpuBamicte  dasu T, y
3arajJbHOMY  BHUIJISiI  BU3HAYAETHCA
npuzHaueHHsM 3MP, ymoBamu 1oro
BUKOPUCTaHHA Ta  BHUMOraMH, 11O

BHCYBAIOThCS 3aMOBHHUKOM. TpHUBaJCTh
dha3u MoXke CKIIaiaTu

Tyo =20 OHIB.
1.2 ®aza imimanii. ['ogoBHUM
3micToM  wi€i  (asu €  po3poOka
MPOTIO3HUIIIH 1 IIEPErOBOPHU 13

3aMOBHHKOM TIPO YKJIAJICHHS KOHTPAKTY.
3aranpHUM 3MICTOM pOOIT i€l a3y €:

— po3po0Ka OCHOBHOTO 3MICTY
IpOEKTy,  KIHIIeBI 1
IPOAYKTH,
CTPYKTypa IPOEKTY,

TEXHIYHOTO 3aBJAaHHS;

pe3ynbTaTh
CTaHJapTH SKOCTi, 0a3oBa

CKJIaJaHHSA

JIEKOMIIO3HUIIIA

IUTaHyBaHHS,
0a30BO1 CTPYKTYpHOI MOJENl MPOEKTY,
KOIITOPHUC 1 OFOKET MPOEKTY, moTpeda B
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formation of business
setting goals;

— the appointment of a project
manager and the formation of a key
project team;
establishment of  business
contacts and market research, motivation
and requirements of the customer and
other participants;

— collection of initial
analysis of the current state;

— definition of the basic requirements
limiting the conditions necessary for
material, financial and labor resources;
comparative  evaluation
alternatives;

— submission of proposals, their
expertise and approval.

The phase duration T, in general

is determined by the MRE designation,
the conditions of its use and the
requirements put forward by the
customer. The phase duration can be

ideas,

data and

of

Tep =20 days.

1.2 Initiation Phase. The main content
of this phase is the development of
proposals and negotiations with the
customer to conclude a contract. The
general operations contents of this phase are:

— development of the main content
of the project, end results and products,
quality standards, the basic structure of
the project, drafting of requirement
specification;

— planning, decomposition of the
basic structural model of the project,
estimates and project budget, the



pecypcax, BH3HAQUE€HHS 1 PO3MOJILI
PHU3UKIB, KaJeHJapH1 TUIaHU 1 301IbIICH]
rpadiku pooiIT;

— TpOBENEHHS 1  CKIaJaHHSI

TEXHIKO-€KOHOMIYHOTO OOTPYHTYBaHHS 1
Oi3HeC-TUIaHYy;

T ITACaHHS KOHTPAKTIB,

,I[OFOBOpiB 13 3dMOBHHUKOM, KOHTpArcHTaMn
Ta iHBCCTOpaMI/I;
BBCICHHA

KOMYHIKaIlli ~ y4acHHUKIB

3aCc00IB

B IO

INPOCKTY 1
KOHTPOJTIO 32 XOJIOM POOIT;

BBEICHHS J1§1 o)
CTHUMYJIOBAaHHSI KOMaH/IH MPOEKTY.

B CHUCTCEMHU

Tpusanicte dasu T, 30iracTecs 3
TPUBANICTIO €Tamy OOIPYHTYBaHHS Ty,

*KuTTeBOro MUKy 3MP Ta ckianae

Ty =Ty =20 nnis.

1.3 ®aza mpoextyBanHs. Ha 1ii
¢da3l BU3HAYAIOTBCS MIJICHCTEMH, iX
B3a€MO3B'A3KH, BUOMPAIOTHCS HANWOLIBII
e(eKTHBHI CIOCOOM BUKOHAHHS MPOEKTY
1 BUKOPUCTaHHS pecypciB. XapaKTepHi
pobotu 1i€i ¢azu:

— oprasizailisi BAKOHAHHS 0a30BHX
MPOEKTHUX POOIT 32 TPOEKTOM, PO3pPOOKa
TEXHIYHHUX 3aBIAHb;

BUKOHAHHS €CKI13HOTO
TEXHIYHOTO 1 poO0YOro MPOEKTYBaHHS;

TEXHIYHUX

CKJIaIaHHs
cnenugikamniii, KOMIUIEKTIB KPEClIeHb Ta
THCTPYKITiH;

— TOJaHHS TPOEKTHOI PO3POOKH,
eKCIIepTH3a 1 3aTBEPKEHHS.

Tpusanicts ¢asu T, € HalOLIBII

CKJIAAHOKO 3 TOYKH 30PYy HPOIrHO3YBAHHA,

OCKUIBKM B Xomi 1  peamizarii
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resource requirements, risk identification

and allocation, calendar plans and
increased work schedules;
— conducting and drawing

up feasibility study and business
plan;

— signing of contracts, agreements
with the customer, contractors and
investors;

— putting into operation the project
participants communication facilities and
monitoring the works progress;

— implementation of the project
team incentive system

The phase duration T, coincides

with the substantiation stage duration
T, Oof the MRE life cycle and equals

T =Tyr =20 days.

1.3 Design phase. At this phase,
the subsystems, their interconnections are
determined, the most effective ways of
project implimentation and resources
utilization are selected. Characteristic
works (operations) of this phase:

— organization of implementation
of basic project work on the project,
development of technical specifications;

— performance of sketch technical
and working design
compilation of  technical
specifications, sets of drawings and
instructions;
project design
examination and approval.

The phase duration T, is the most

difficult in terms of forecasting, because
in the course of its implementation,

presentation,



BUKOHYIOTBCSI pOOOTH, TIOB’si3aHi 3

BUKOHaHHAM nomykoBux HJIP, JIKP Ta

TIIB:

Tqar[ :THJIP +TI[KP +TTHB =

= 280...340 guis.

1.4 daza BUT'OTOBJICHHSI.
Bupobnserbes KOOPIMHAITISI 1
OMEpaTHUBHUM  KOHTPOJb  poOIT  3a
IIPOEKTOM CTBOPEHHS 3MP,

BUTOTOBJICHHS TIJCUCTEM, iX 00'€THAHHS
1 TectyBaHHsl. OCHOBHUM 3MICT pOOIT 1i€l

dazu:

— oprasizartis BUKOHaHHS
OyIiBeIbHUX POOIT Ta iX ONEepaTHUBHE
TJIaHyBaHHS;

— opraHizamiss 1  yIpaBIIHHA
MaTepiaIbHO-TEXHIYHUM  3a0€3MEUCHHAM
pooiT;

—  TIArOTOBKAa  BUPOOHUIITBA,
OyiBeNTbHO-MOHTAKHUX 1 yCKO-
HaJaroKyBaJbHUX POOIT;

— KOOpIMHALIIS poOir,

OTIEPAaTUBHUA KOHTPOJb 1 pPEryJtOBaHHS
OCHOBHHX TTOKa3HHKIB IMPOCKTY.

TpuBanicts (a3u BUTOTOBJICHHS
T

op BA3HAYAETHCSA TEPMIHOM IIATOTOBKH

BUPOOHMIITBA Ta 3arajbHOIO0 KUIBKICTIO
3MP, 1110 BUTOTOBJISIOTHCS

Tos =Top =120 nHiB.

1.5
3aBEpIICHHA TNPOeKTy. BupoOmistorbes

daza 3maur  oO'ekta 1

KOMIUIEKCHI yCKOHAJIaroKyBallbH1
poGoT 1 BUNPOOYBaHHS, JOCHITHA
eKCILTyaTaIlis CHCTCMH, BEIYThCS

MEPErOBOPU TMPO PE3yJIbTATU BUKOHAHHS
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operations related to the performance of
search RDWs, EDWs and TPPs are
carried out:

TDP :-ITRDW +TEDW +TTPP =
= 280...340 days.

1.4 Manufacturing phase. The
coordination and operational work
management on the creation project of
MRE, manufacturing of subsystems,
their integration and testing are carried
out. Main operations content of this
phase:

— organization of construction
work and their operational
planning;

— organization and management of
material and technical provision of
works;

—  preparation of
construction-and-assembling
commissioning operations;

— works coordination, operational
(operations) management and regulation
of the main project indicators.

The duration of the manufacturing

phase is T,,, determined by the period of

pre-production and the total number of
the MRE produced:

production,
and pre-

Ty =T =120 days.

1.5 Phase of the object delivery
and project completion. Comprehensive
commissioning and  testing, trial
operation of the system are being
carried out, negotiations are held on the
results of the project and possible new



MPOEKTY 1 MOJMKJIMBI HOBI
OcHOBHI BUU POOIT:
— KOMIUIEKCHI BUTTPOOYBaHHS;

MITOTOBKA KaJpiB

KOHTPAKTH.

IS
eKCIUTyaTallii CTBOPIOBAHOTO 00'€KTa;

eKCTUTyaTaIliiHOi
JOKyMEHTaIlii, 37a4a 00'€KTa 3aMOBHHUKOBI

[MArOTOBKA

1 BBEJICHHS B €KCILTyaTaIliio;

— CYHOpOBiJ, MATPUMKA, CEpPBICHE
00CITyTOBYBaHHS;

— OIllHKa pe3yJbTaTiB IPOEKTY 1
MiTOTOBKA I ICYMKOBHUX JOKYMEHTIB;

pO3B’si3aHHS  KOH(IIIKTHUX
CUTYallli 1 3aKpUTTS pOOIT 32 IPOEKTOM;
pecypciB, 110

peanizarlis
3aITUIITUIIACS;

— CTBOpEHHsS 0a3W JaHuxX s
HACTYIHUX TIPOEKTIB, aHalli3 JIOCBIY,
BU3HAYCHHS  HANpPSAMIB  TOJAIBIIOTO
PO3BUTKY;

HEOOX1THOCTI

— pu
po3(hopMyBaHHS KOMaHIU POEKTY.

Tpusanicte dasu T,, 3a1EKUTH Bif

3arajibHOI  KUIBKICTI ~ BUTOTOBJIFOBAHHUX
3MP, iX XapakTEepUCTHK, N0 BIUIUBAIOTH HA
oOcsir  BUIIPOOYBaHb,

Ta  3arajJbHOr'o

TEpMiHY eKCILTyaTallii Burotopjienux 3MP:
Ty =Tg =4960 nuiB.

Takum YUHOM, 3arajibHa
TPUBAJICTh KUTTEBOTO IUKIY MPOCKTY

ctBopenHst 3SMP Oyne matu BUTIIS

T

JKIIT = TKd) + TKH + T(DH + Td)B + T3H

1 0yze cKiagaTu

T =9400...5460 nwis.
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contracts are underway. The main types
of work:
— complex tests;

— training of personnel for
exploitation of the created object;
—  preparation  of  working

documentation, delivery of the object to
the customer and commissioning;
maintenance,

support,
service;

— evaluation of project results and
preparation of final documents;

— conflict resolution and project
work closure;

— implementation of remaining
resources;
creation of a database for
subsequent  projects, analysis  of
experience, identifying directions for
further development;

— if necessary, disband the project

team.
The phase duration T,. depends on

the total number of MRE produced, their
characteristics affecting the amount of
testing, and the operation period of the
MRE produced:

Toc =Top =4960 days.

Thus, the overall duration of MRE
project creation life cycle will be of the
form

TLCP :TPD +TRS +TDP +TMP +TPC

and will constitute

T, =5400...5460 nHiB.



Jlpyry 1 4YacTKoBO TpeTio (a3u
NPUITHATO HA3MBATU (PazaMu CUCTEMHOTO
MIPOCKTYBaHHS, a OCTaHHI JBI — (hazamu
peanizamii. OctanHl Tpu (a3u MOXKYTh
BUKOHYBaTHCS B MOCIT1JOBHO-
napayieNbHINA CXeMi.

[TouaTkoBi dazu IPOEKTY
BEJIMKY YacTHHY HOTo

OCKUIBKH

BHU3HA4YaIl0Th

pe3yibTary, B HUX

1110
BUMAaraloTh HETPAIULINHUX METOJIB 1

NPUHAMAIOTHCSI OCHOBHI  PIIICHHS,

3aco6iB YII. [Ipu upomy 30 % Bkiagy B
KIHIIEBUI pPE3yJabTaT TMPOEKTY BHOCSTH
¢da3u koHueniii 1 nporno3uuii, 20 % —
20 % ¢daza
30 % — da3za 3maui
00'eKTa 1 3aBEPIICHHS MPOCKTY.

daza MpoOEKTyBaHHS,
BUTOTOBJICHHS,
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The second and partially the third
phases are called the system design
phases, and the last two are the
implementation phases. The last three
phases can be performed in a series-
parallel scheme.

The initial phases of the project
determine most of its result, since they
make major decisions that require
unconventional (innovative) methods and
PM tools. At the same time, 30% of the
contribution to the final result of the
project is made by the concept and
proposal phases, 20% — the design phase,
20% — the manufacturing phase, 30% —
the phase of commissioning and
completion of the project.



2 MOJIEJIb PO3PAXYHKY BUTPAT HA CTBOPEHHS 3ACOFBIB
MOPCBKOI POBOTOTEXHIKH

2 COSTS CALCULATION MODEL FOR MARINE ROBOTICS TOOLS
CREATION

BigoMo, mo B OCHOBY MpPOEKTY
BXOJIUTh IIIMHA HAOIp CTPYKTYpHHUX
MOJIENEH, K1 IUPOKO
BUKOPUCTOBYIOTBCSI Ha BCIX (hazax 1
eTamax >KATTEBOTO LUKy TMPOCKTY IS
BUPIIICHHS Pi3HUX 3aBllaHb, TMOB'SI3aHUX

3 KepyBaHHAM mnpoekToMm. Haitoinpim

ICTOTHUMH 3 HUX €:

— oprasizainiiina CTPYKTypa
NPOEKTy, 10 BHU3HAYa€E l€papxiuHy
CTPYKTYpPY BUKOHABLIIB IPOEKTY;

— JIepeBO BAapTOCTI — BHU3HAYaE

MOJIEJIb BUTPAT HA MPOEKT;
— JIEpEBO pecypciB — BU3HAYAJIbHA
MOJIEIb KOHTPAKTIB MIPOCKTY;

JIEPEBO  PU3HUKIB MO/IEJIb

PHU3UKIB ITPOEKTY;

BIZIITIOB1IQJIbHOCTI

JIEpeBO
PO3MOLTY
y4aCHUKaMU

BHU3Ha4aJIbHa MOACIIb

BIJIMOBIIAJIBHOCTI  MIXK
IIPOEKTY;
— JIepeBO LIJIEH — BU3HAYAE CXEMY
1 CTPYKTYPHY MOJEIb POOIT MPOEKTY.
[epmmm pPO3pO0KH
CTPYKTYpPHOI CXEMHU pOOIT € BU3HAUYCHHS

KPOKOM

cTpykTypHOro ckiaay 3MP. BinmosigHo
70 3arajJlbHUX TPaBWI JEKOMITO3HUIIIT
MPOEKTY, BUKOHYEMO HOTO pO3OUTTS Ha
CTPYKTYpHI1 3a
po3Mipamu 1 O1IBII KEPOBaHI.

€JIEMEHTH,  MECHIII
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It is known that the project basis is
a set of structural models that are widely
used in all phases and stages of the
project life cycle for solving various
tasks related to project management. The
most significant of them are:

— organizational structure of the
project, which determines the
hierarchical structure of the project
implementers;

— value tree defines the model cost
of the project;

— resource tree is the defining
(key) model of project contracts;

— risk tree defines the project risk
model;

— responsibility (accountability)
tree is the defining model of the
responsibility distribution among the
project participants;

— objective (goals) tree — defines
the scheme and structural model of the
project.

The first step in developing a
structural scheme of work is to determine
the MRE structural composition. In
accordance with the general rules of the
project decomposition, we perform its
division into structural elements, smaller
in size and more manageable.
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OcHoBOIO JUTS noOy0Bu
CTPYKTYpPHOI MOJEI TPOEKTY CTBOPEHHS
3MP € pe3yabTaTy MOMEPETHIX TOCTIKEHb

i anam3y. Ha mouatkoBoMy erarmi IpoeKTy,

HAa OCHOBI BHUXIZHOTO 3aBJAaHHS IIO
ctBopeHHro  3MP,  po3pobmsiemo  #
OOIPYHTOBYEMO TEXHOJIOTIIO roro

3aCTOCYBaHHS. 3a pe3yJbTaTaMH CBITOBOI
NPAKTUKA TPOEKTYBaHHS, TMOOYIOBH ¥
ekcrutyaranii 3MP BUKOHyeThCS ommc Ta
psIiB
3

OOIPYHTYBaHHS ~ THUIIOPO3MIPHHUX
IT1IBOIHOT HaJaII,
ypaxyBaHHSIM  pO3po0JIEHOT  TEXHOJIOTIi,
JISITa€ B OCHOBY PO3POOKU M OOTPYHTYBaHHS

apXITEKTYPHO-KOHCTPYKTUBHOTO THUITY
KOMITOHEHTIB 3MP.

TEXHIKH, IO

BianoBigHo 10 3arajdbHUX MPaBUII
JEKOMITO3HIIIT IepEBO LIJEH CTPYKTYPHOI
MoOJiel MpoeKkTy cTBopeHHs 3MP wmae
BUIJISI], HABEICHUI Ha pHUC. 3.

HaBenene paepeBo Ha mpuKIai
KaOeJbHOI JIeOIIKK UIIOCTPYE OAHY 3
3MP.
BUKOHYEThCS

TUJIOK  TPOEKTY

[TomiOaNM

CTBOPCHHSI
YUHOM
JEKOMIIO3HIIISI KOXXHOTO CTPYKTYPHOTO
enementa 3MP Ta Bcix arperartiB i
By3JiB. MeTO Takoi JAEKOMMO3UIli €
BU3HAYECHHS TOBHOTO O0OCSTY KOMXHOI
pOOOTH MPOEKTY.

CrBopennst 3MP  sBnge  coboro

CYKYITHICTh
BUPOOHUYMX

KOHCTPYKTOPCBHKHX 1

T1IPO3IUTIB, 3aHATHX
aHAJN30M MOTPeOM I TEXHIYHOrO CTaHy
TaKUX KOMIUIEKCIB, HAIVIIAOM 34 IXHIM
TEXHIYHUM  OOCITyTOBYBaHHSIM,

PEMOHTOM 1 PO3POOKOI0 3aXOJiB MO0

CTaHOM,

3aMIHM 3HOIIEHOIro OOJIaJHAHHSA Ha OLIBII
nporpecuBHe. BuUkoHaHHS 1MX poOIT Mae
Oytu 3

OpraHizoBaHe MIHIMAJTbBHUMHU
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The basis for constructing a MRE
project structural model is the results of
previous studies and analysis. At the
project initial stage, on the basis of the
initial task of creating the MRE, we
develop and substantiate the technology
of its application. According to the world
design  practice, construction  and
operation of MRE, the description and
substantiation of standard sizes of
underwater equipment is carried out,
which in the future, taking into account
the developed technology, forms the
basis for the development and
substantiation of the architectural and
constructive type of MRE components.

In accordance with the general
decomposition rules, the objectives tree
of the project structural model for the
establishment of the MRE has the form
shown in Fig. 3.

The given tree by the example of a
cable winch illustrates one of the
branches of the MRE creation project.
Similarly, the decomposition of each
MRE structural element and all
aggregates and nodes is performed.
The purpose of this decomposition is
to determine the full scope of each
project.

MRE creation is the totality
of design and production units, engaged
in analyzing the needs and
technical condition of such complexes,
monitoring their condition, maintenance,
repair and development of measures
to replace  worn-out  equipment
with more advanced ones. Performance
of these works should be organized



HPOCTOSIMU YCTATKYBaHHS, Y MaKCHMAJIbHO with  minimal equipment downtime,
KOPOTKHI TEPMiH, SKICHO 1 3 MiHIMAJIbHIMHU in the shortest possible time, qualitatively
BUTpATaMH. - and with minimal expenses.

3acid mopcbkoi podoToTexHikn
(Marine robotics tools)

: v
v v v v '
Iinpogunii
anapat-poGoT
Underwater ) (Cable winch)
vehicle-robot

) CucTema HagicHe i
KaGennHa aedigka Imxenepni
KepyBaHHs oBJaa HAHHA CHCTeMH

Attached ) (Engineering)
equipment systems

5 SR ETh AT
!

Y ' '

(Control system)

I1puBon Ipueop Hecyua 3aboprHa Cucrema KepyBaHHA
KaGean-Tpoc kabeneyKaagaua Kﬁabe.]'%bllol'o pama e.]Ing)pO]l:)COM};lTauiﬂ NpHBOJaMH
apadana .
(Tether cable) (Cable layer) Carrier ( e}"}ct‘,’.?cr ( Actuator
drive Cab(};fh',';w" frame commutation control system

R A MR [ A R

{ 7 3 l

MexanisM cuHXpoHi3alil | | Exextponpueon TP —— l\élexani3M
feabeaeyiaazasa KabeIRHOTO GapabaH nﬁgll));g::;[
Cable-laying Gapabana Mechani ¢
synchronization) . Cable drum ( echanism o
mechanism (Cable drum drive) ( ) drum rotation

'

£ ST 5T
v v

EJeKkTpoapHIyH
Penykrop l]plll)Bo,[[a " Crioayma Myra
Electric motor Coupling box
(Reductor) ( of a drive ) ( PIne )

EEa S

v v v 3

Kopmyc i Kommencarop
EaekTpoaBHIYH | |y eKTPOBHIYHA Kabennnnii Bein TiIPOCTATHUHOr0 THCKY
(Electric motor) ( Electric (Cable Input) Hydrostatic pressure)
motor hull compensator)

B C AT

v ' ' ' ! '

Crakan Iepennsa
Kopiyca Jagna kpamka Hepeana kpumxka | (3aaaa onopa poTopa onopFa pO:Opa IconaTop cratopa
Back cover Front cover Rear rotor support ron
(Hull glass) ( ) ( ) |C pport) (rotor support (Stator Isolator)

Pucynox 3 — JlepeBo 1ineit npoekty ctBoperHs: 3MP
Figure 3 — The targets tree for the MRE creation project
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Otrxe, e(EeKTUBHICTb MPOEKTY
npsIMO  TIOB’s13aHa e(hEeKTHUBHICTIO
poOOTH BCIX MIAPO3JIUIIB Ta 3aJCKHUTh
BIJ

3
SKOCTI TEXHOJIOTTYHOTO
yCTaTKyBaHHA U oprasizariii poooTu.

Ha ocHoBi ofep)kaHoi CTPyKTYpHOI
Moei MIPOEKTY
NICPBUHHY OIIHKY MpO TependavyBaHMiA
oOcsr poOiIT 1 Mpo HEOoOXiAHI pecypcH Mo
MPOEKTy B MUJIOMY. BUKOHyeTbcs BHOIp

KOMaHJa BHUKOHYE€

MPOEKTHUX  OpraHizamiii, a  TaKoX
['enepasbHOTO T APSTHAKA 1
CyOMiIpSITHUKIB.

3a  pe3ynapTraTaMd  po3poOKHU

CTpykTypHOi Mojeni 3MP cknagaeTscs
MOBHUM mepenik neraieil (00’€KTIB), sKi
BXOJATH JI0 HOTO CKJIay 1 sIKi HEOOX1THO
po3pobnstu. Ls indopmamis 1 mocBifg
nonepeHix poOIT € BUXITHUMU JTaHUMU
JUIs1 PO3POOKH MOJICIICH.

JocBig aBTOpa, OTPUMAHHMM MpHU
CTBOPEHHI HHU3KH JOCIIAHUX 3pa3KiB
110
TPAAUIIMHUN MAXIA 0 TUTaHyBaHHS

MOPCBKOi ~ TEXHIKH,  IIOKa3aB,
poOiT 1o cTBOpeHHI0O 3MP Mae cyTTeBi
HEJIOJTIKHU:

— BTpaTU Yacy 1 MaTepiaibHUX
pecypciB
OJIHOTHUITHHX

3aBJISIKH
pooIT
BY3JIiB, IO MalOTh OJHAKOBI TEXHIYHI

BUKOHAHHIO
Ta CTBOPEHHIO
XapaKTEePUCTUKH;

— cTtBopeHi 3MP wMaioTh HH3KY
«THYYKICTB» — HE MalOTh PE3EpBIB s
MOJIepHizalii a00o MBHAKOI 3MiHH iX
TEXHIYHUX XapaKTEPUCTHK.

i
yCYHEHI1
CcTBOpeHHsI 3MP MOIyJIBHOIO NPHUHLMITY

HEJOJNIKK  MOXYTb  OyTH

3aBAJAKHN 3aCTOCYBAHHIO JIJIA

noOyZI0BH Ta MOJAIBIIOMY (POPMYBaHHIO
€JIEMEHTIB OpraHi3aIiitHOi CTPYKTypU HE
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Consequently, the effectiveness of
the project is directly related to the
efficiency of all the units and depends on
the quality of technological equipment
and organization of work.

Based on the obtained structural
model, the project team performs an
initial assessment of the estimated scope
of work and the necessary resources for
the project as a whole. A selection of
design organizations, as well as the
General Contractor and subcontractors, is
being performed.

According to the results of the
development of the MRE structural model,
a complete list of the parts (objects) which
are in its composition and which needs to
be developed is made up. This information
and the previous experience are the source
for the development of models.

The author's experience gained
during the creation of a number of
marine equipment prototypes showed
that the traditional approach to work
planning on the MRE creation has
significant deficiencies:

— loss of time and material resources
due to the implementation of the same
type of work and the creation of units with
the same technical characteristics;

— created MRE has a number of
"flexibility" has no reserves for
modernization (upgrading) or rapid change
in their technical characteristics.

These disadvantages can Dbe
eliminated due to the application of the
modular construction principle for the
MRE creation and the subsequent
formation of elements of the
organizational structure not by the objects



3a 00’eKTaMH  CTBOpPEHHsA, a 3a
TeXHIYHUMH  HampsMaMu  JisUTbHOCTI.
BignoBimHo 10  3araJbHUX — MPaBHII
JIEKOMIIO3HIIIT AEPEBO IIJICH CTPYKTYPHOI
moeini 3MP HaseaeHo Ha puc. 4 [5-11].

of creation, but by the activity technical
directions. In accordance with the general
decomposition rules, the target tree of the
MRE structural model is shown in Fig. 4
[5-11].

3a016 MopebKoi gy
POBGOTOTEXHIKH

(Marine robotics tools WAnr)

v Y 17 v v
Tinpommmiii KabembHa Crecrema Hagicie [xeHepHi
amapaT-pooT Waa neGigka | V| | KepysamHA Wek obmaararma WWHO crcrevu Wic
Underwater Cable winch Wew (COHUO] Wes ( Att_ached ) Engineering
'\fahicle—robotpVRDV ( ) system ) equ1pmentM ( systems WES)
v ] [ v ] v 17 ¢
Y Y L ]
v v v
i Y Y Y Y
v L 2 ¥
Mexania] Kopnycni Cunosa .
. . C
CHCTEMH W KOHCTPYKINI Eneicrporuxa We 8IeKTPOHNKA
hanical . , _
(l\/gn;% tgnmlsa WM) (Hull design Wit ) (Electromcs WE) (Power electronics Wi))
30upancHi 36MpansHi 36upantHi 30upannHi
| ommHmHI Wi Oﬂﬁ%ﬂm Wi Ll omMHHIN W || opmHMI We
Collecting units Way | Collecting units W Collecting units Vg Collecting units Jp,|
Aeram Wy, Teram Wi Terami Wi Heram Wea
(Detaﬂs WMZ) q:)etaﬂs WI’IZ) Detaﬂs WEZ) (Detaﬂs WPZ)
HogvnHiBHzo(Si Wars | Marepiani Wi Hg}l%ggil W | ngl{cgggil Wes
urchase . ' :
Marepiam Wy Marepiam Wes Marepiamu Wea
_(Materials W\n) ] (Materials WM) } (Materials %4)

Pucynox 4 — JlepeBo uiniei CTpyKTypHOI MOJEINI MMPOEKTY
Figure 4 — The target tree of the project structural model

AHami3z po3poOJIeHOT  CTPYKTYPHOL
mozeni 3MP nokasye, 1m0 BoHa Janeka Bij
KJIACUYHOI ~ JIEPEBOMOJIIOHOT  CTPYKTYpPH.
[IprumHa 1HOTO TIOJNISITA€ Y BUKOPUCTAHHI
NpU TPOCKTYBAaHHI €JIEMEHTIB KOMILIEKCY
MOJIyJIbHOTO TPHUHIMITY, KOIH Y BCIX
CKJIaJIOBHUX eIIeMeHTax KOMILIEKCY

BUKOPUCTOBYIOTHCSI OJHOTHIIHI CHCTEMH
(Tabu. 2).
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Analysis of the developed MRE
structural model shows that it is far
from the classical tree-like structure.
The reason for this is the use of design
elements of the module principle
complex, when all components of the
complex use the same type of system
(Table 2).



Tabmuis 2 — 3acrocyBanHs cucteM y 3MP pizHoro tumy
Table 2 — Application of systems in various types of MRE

Turmm 3MP (Types of MRE)

caMOXiJIH1 , .
, . |TpHB’sI3HL, 110
OyKCHUpOBaHi HpHE F3H OITyCKAIOThCSI | aBTOHOMHI
Tunosi cucremu 3MP (towed) (self- (decending | (autonomous)
(MRE typical systems) propelled | = oo )
tethered)
1. Mexaniuni cuctemu (Mechanical systems)
[TinBoaHMIT anmapat-poOOT + + + + + + + +
(Underwater vehicle-robot)
Py1iiiiHo-kepMOBUA KOMILIIEKC + + + +
(Propulsion and steering
complex)
PynboBuii KoMILIIEKC + + + +
(Steering complex)
O06epTy BiJICOKOMILIEKCY + + + + + + + +
(Video complex turnaround)
KaGennHa s1e011Ka + + + + + +
(Cable winch)
HagicHe oOagHaHHS + +
(Attached equipment)
[mxenepHi cuctemMu + + + + + + + +
(Engineering systems)
2. Koprrycni korctpykiii (Hull designs (structures))

[TinBoaHMIT anapat-poOOT + + + | + + + + +
(Underwater vehicle-robot)
KabenrHa 1e611Ka + + + + + +
(Cable winch)
Cucrema KepyBaHHs + + + + + +
(Control system)
HagicHe o0OragHaHHS + +
(Attached equipment)
[mxenepHi cuctemMu + + + + + + + +
(Engineering systems)
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[TponorxxeHus Tad. 2.

Table continuation 2.

Turu 3MP (Types of MRE)

caMOXiJIH1 , .
, . |IIpUB sA3HI, 1110
OyKcHpOBaHi HpHE JHL OITyCKAaIOThCS | aBTOHOMHI
Tunosi cucremu 3MP (towed) (self- (decending | (autonomous)
(MRE typical systems) propelled tethered)
tethered)
=~ R R|IBEE| B RgE 2
3. Enextponika (Electronics)
[TinBoHU# anapar-po6oT + + + + + + + +
(Underwater vehicle-robot)
Hagiramiiinuii KOMILIEKC + + + + + +
(Navigation system (complex))
INapoakycTUUHUI KOMILIEKC + + + + + +
(Hydroacoustic complex)
Bineoxomriekc + + + + + + + +
(Video complex)
[Hdopmaniitnuit oOMiH + + + + + +
(Information exchange)
Cucrema KepyBaHHs + + + + + +
(Control system)
Hagicue oOmagHaHHsS + +
(Attached equipment)
[HxeHepHI cucteMu + + + + + +
(Engineering systems)
4. Cunosa enextponika (Power electronics)

[TinBogHuU# anapar-po6oT + + + + + + + +
(Underwater vehicle-robot)
PSG control system + + + |+ + +
ABTOHOMHI JIXKEpea KUBJICHHS + + +
(Autonomous power supplies)
KabenpHa 51€011Ka + + + + + +
(Cable winch)
Cucrema KepyBaHHs + + + + + +
(Control system)
[mxenepHi cucteMu + + + + + +
(Engineering systems)
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VY HamoMy BUTIAAKY Yy3arajibHEHa
6azoBa cTpykTypa nmpoekty Wsnp MICTHTD
y co01 ITA, KJI 3 KT, CK, HO ta IC:

WSMP = W

K

W

CK?

W

HO!

{WHA ! WIC } )

VY cBor yepry, o0car HEOOXiTHUX
poOIT 3 KOXKHOI OCHOBHOI CHCTEMU
KOMIUIEKCY  3alle)KUTh  BiJ  4ucia
KOMIUIEKCHUX CHCTEM, SIKI BXOISATH [0

roro ckiany. Jlns amapara-pobora — 11€:

WHA = {WPPH ’WVBKT ’Wl'[TBK ’WHP !
Wesen Wi ga W Wo W, b,

EKA?""EJIA?' " "TBK!

1)

ne Wepny
kepMoBUM TipuctpoeM (PKII);

poboTH Hax  pyUIHHO-

Wygkr pobOTH HAJ  BY3JIOM
BBeneHH KT,

Whtsk — po0OOTH Haja MPHUBOJIOM
TEJIEBI31MTHOT0 KOMILICKCY;

Wyp — poOOTH HaJT HECYUOI0 PaMOIO;

Weka — pobotu Haa 3a00pTHOO
€JIEKTPOKOMYTALII€1O;

Weja — po0OTH Haja eNeKTPOHHUMU
CUCTEMaMU;

Wrsk — poOGOTH Haa TeNneBiI3IMHUM
KOMITJIEKCOM;

Wo

MABOJHOTO OCBITICHHS;

pobOTH Hax  CHUCTEMOIO
Wi — poGotu Haz 610KaMu T1aBY4OCTI.
Jlns xabenpHOT €01 KM
W, = {W W W W,

KT " "1IK? Kb’

(2)
WHPH ’WEKH ’WEHH } '
ne Wyt — pobotu naa KT;
Wik — pobGotu Hag MOpUBOAOM
kabeneykiamaya;
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In our case, the generalized basic
structure of the Wwmgre project includes
UV, CW with TC, CS, AE and ES:

WMRE = {WUV ’WCW ’WCS’WAE ’WES} :

In turn, the amount of work
required for each complex major system
depends on the number of the complex

systems that are included in its
composition. For a vehicle-robot it is:
Wyy = {WPSG WerinsWrvep :Wees (1)
WOEC ’WELS ’WTVC ’WUL ’WBU } !

where Wpss — work on the propulsion
and steering gear (PSG);

Weriu — work on the TC input
unit;

Wrvep — work on the TV complex
drive;

Wece — work on the carrier frame;

Woec work on outboard
electronic commutation;

WELs — work on electronic systems;

Wrvce —work on the TV complex;

WuL — work on the underwater
lighting system:

Wsy — work on buoyancy units.

For cable winches:

WCW = {WTC ’WWD 'WCTN ’WKD '

(2)
WWCF ’WWOEC ’WWES} !
where Wyc — work on TC;
Wwp — work on the cable winder
drive;



Wer — po6GoTH Hajl CTPYMOIIEPEX1THUM
BY3JIOM;

Wks pobotu
kabesnpHOro OapabaHna;

HaJ TPHUBOJOM
Whpn — po0OTH HajJ HECYUOI0 paMoOr0
71e01aKH;
Wekn
CIICKTPOKOMYTAIII€F0 JICO1IKH;

poGoT Haj 3a00PTHOIO
Wi — pobotu Haj eIeKTPOHHHUMH
cucTeMaMu J1e01IKH.
JIist cuCTeMH KepyBaHHS:

W

KIT?

W

KE?

W

Wek :{ EC? EH}
ne Wgn — poboTH Haj KOHCTPYKIIIEIO
NyJIbTa YIPABIIHHS;

Wke — po0OTH HaJ KOHCTPYKIIEIO
CHUCTEMHU EJICKTPOKUBIICHHS KOMILUICKCY;

WEgc — pobGoTu Haj eneKTpOHHUMU
CUCTEMaMU;

Wen pobotn Haj
CJIEKTPOKUBIICHHST KOMITJIEKCY.

CUCTEMOIO
JUist iH)KEHEPHUX CUCTEM:

W

CE?

W

ch :{ CHY’W3’WHH’WHH} '

ne  Weg
CJIICKTPOITOCTaYaHHSI;

Weny Han
M1HIMATEHAM IPUCTPOEM;

pobOTH HaJ CHUCTEMOIO

pobotu CITYCKO-

W3 — pobotu Haa cucTeMoIO 3B SI3KY;

Whyn — poboTu Ham CHUCTEMOIO
HaJBOJHOI HaBIraIi;
Wun — pobot HaJg CHCTEMOIO

M1IBOIHOI HaBiramii.
PobGoty 1o KOXXHIM 13 CHCTEM, IO
BXOJATh 10 ckiamy 3MP, 3Haiinemo sk

CyMY:
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Wern work on the current
transfer node;

Wikp — work on the cable drum
drive;

Wwcr — work on a winch carrier
frame;

Wwoec the winch outboard
electronic commutation;

Wwes — work on winch electronic
systems.

For the control system:

W W pg s Wi, W,

DCP!' " "DCPS?* " "ES' " "CPSS

Wes :{ } ’
where Wpcp — work on the control panel
design;

Wpbeps — work on the complex
power system design;

WEes — work on electronic systems;

Wepss — work on the complex
power supply system.

For engineering systems:

W

CE?

W

WES = { chy ’W37 HH ’WHH} :

where Wsps — work on the system power
supply;

W, p —work on the launching device;
Wes — work on communication

system;

Wsns —work on surface navigation
system;

Wuns  —work  on  underwater

navigation system.

Work on each of the systems
making up the MRE, can be found as the
sum:



W=3W, ©

ne Wi — poboTu Haa MPUCTPOEM, SIKUM
BXOJUTh JI0 CHUCTEMH; N — 3araibHa
KUTBKICTh TPHUCTPOiB, IO BXOMAATH JO
CHUCTEMHU.
AHANOTIYHO, 3 BUKOPHUCTAHHAM
BHUpa3y (2.3), BUBHAYAIOTHCS POOOTH HAJ

BYy3JlaMHU 1 CKJIaJaJIbHUMHU OJWHHUIISIMUA

ne Wi — poboTu HaJi MPUCTPOEM CUCTEMH;
W, — poGoTH Haj BY3JI0M MPUCTPOIO;

Wn — poOoTu Haa CKIaAAIBHOIO
OJIMHUIICIO, SIKA BXOJIUTh Y BY30IT;

Wy — pobGotu Hax nperamio, IO
BXOJIUTh Y CKJIAJAJIbHY OJIMHHUIIIO;

M — 3arajbHa KUIBKICTb BY3JB Yy
IIPUCTPOI;

k — 3arajibHa KiJIbKICTh CKJIQJaIbHUX
OJIMHULIb Y BY3JI;

d — 3arambHa KUIBKICTH A€Tajel, 10
BXOJISITh Y CKJIAJQJIbHY OJIMHHUIIIO.

3 oMy Ha Te, IO B amapari-poooTi
CIICKTPONIPUBOM ~ BUKOPHUCTOBYIOTHCSL Y
PYIIIHHO-KEPMOBOMY ~ TPUCTPOI Uy
TEJIEBI3INHOMY KOMIUIEKCI, a B KaOebHIN
ne0iail — B MPUBOAI KaOeneykiaaada i y
NPUBO/I Oapabana, 3

€)

KaOeJIbHOTO
ypaxyBanHsM BupaziB (1), (2) 1
OJEPKUMO:
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w=3w, ©

where Wi; is the work on a device that is
included in the system; n is the total
number of devices included in the
system.

Similarly, using the expression (3),
work on nodes and assembly units are
defined:

where W; — work on the system device;

W, — work on the device node;

W — work on the assembly unit,
which is included in the node;

Wy — work on the part included in
the assembly unit;

m — total number of nodes in the
device;

k — total number of assembly units
in the node;

d — total number of parts included
in the assembly unit.

Taking into account the fact that
in vehicle-robot, electric drives are used
in a propulsion-steering gear (device)
and in a television complex, and in a
cable winch — in a cable winder drive
and in a cable drum drive, taking into
account the expressions (1), (2) and (3),
we get:



Ton =T + T + Tom = 280...340
WHP

I[PK ﬂWHTBK ﬂWHK ﬂWKE 1

ne Wrp — pobOTH Hall €JIeKTpONpPUBOIaMU
MOPCHKOTO KOMILJIEKCY.

AHaNOTiYHO MOXKHa  BHUPA3HUTH
poOOTH Haj cuCTeMaMu KEpyBaHHA M
TereMeTpii

0a30BUX eJIEMEHTIB

MOPCBKOI'O KOMIIJICKCY:

EJ'IA ﬂWEJ'III ﬂWEC '

ne Wgg — poboTH Hajx eJIeKTPOHHUMHU

()

CUCTEMaMHU MOPCHKOTO KOMILICKCY.
PoOoru HaJl

€JIEKTPOKOMYTALII€IO:

3a00pPTHOIO

WEK WEKAﬂ EKJI 1 (6)

ne Wgx — pobotu Hax 3a00pPTHOMO
SJICKTPOKOMYTAITIEI0

KOMILJICKCY.

MOPCBHKOTO

KoxxHa 3 ocHOBHuX cucrteMm 3MP €
3aKIHYCHUM TEXHIYHUM BHUPOOOM 1 Yy
paMKax OJJHOTO KJIacy TEXHIYHUX 3aCO0IB €
OyTu
BUKOPHUCTaHA y CKJaJll Oyab-SKOro 3aco0y

VHIBEPCAJIbHUM, TOOTO  MOXKE

pOro Kiacy abo cepii. OKpiM IBOTO,
BUKOPUCTaHHSI B  yCIX  €JIEMEHTax
KOMIUIEKCY ~ OJHOTUIIHMX  BY3/1iB 1

MEXaHI3MIB, BIMOBIAHO 10 MOIYJIHHOTO
NPUHIUITY TOOYAOBH, JO03BOJISE 3HAYHO
T IBUTIATH KUBYYICTh i
PEMOHTONIPUIATHICT, BY3JiB, a TaKOX
3HAYHO CKOPOTHTH Yac 1 TPYIOBUTpATH Ha
MPOEKTHI, OyIIBENTbHI 1 PEMOHTHO-BITHOBHI1

poboTH BUHUKHEHH1

cutyamii =y

npu aBapIiHUX

mpoIeci  eKCIUTyaTartii
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Top =T + Teow + Trpp = 280...340

W EDW ﬂWTVCD ﬂWWDﬂ KD ' (4)

where Wpr — work on marine complex
electric drives.

Similarly, the work on the control
systems and telemetry of the basic
elements of the marine complex can
expressed as

WEL

ELS ﬂ WES ﬂWES 1

where WgL — work on marine complex
electronic systems.

Work on the outboard electronic
commutation:

()

OECﬂ WOEC

where Wgc — work on of marine complex
electronic commutation.

(6)

Each of MRE major systems is a
complete  technical  product and
IS universal within the framework
of one class of technical facilities, that is,
it can be used as part of any product
of this class or series. In addition, the use
of similar components and mechanisms
in all elements of the complex,
in accordance with the modular
construction principle, can significantly
improve the survivability
and maintainability of the nodes,
as well as significantly reduce time and

labor for design, construction
and repair and restoration work
in the event of emergencies



koMIuiekcy. L[ oOcTaBuHa € aKTyairbHORO
Npd BUKOHAHHI POOIT TIPU 3HAYHOMY
Bi/IIaJIeHHI BiJl peMOHTHHUX Oa3 [9, 12-14].
Ha weit y  MOTEHIINHUX
3aMOBHUKIB 1 KOPHUCTYBadiB BIJICYTHIN
IHCTPYMEHT, SIKHii OM aB 3MOTY MPOBECTH

qac

OIIIHKY 1HBECTHUIIIMHOI MPHUBAOIMBOCTI TOTO
yy iHmoro mpoekty 3MP 1 chopmyBatu
nparie3laTHe TEXHIYHE 3aBJIaHHS TPOCKTY.

TomMy  aKkTyanbHUM €  CTBOpPEHHS
MaTeMaTHYHOTO  TATPYHTS, sike O
JO3BOJIMJIO  HAa  TOMEpeAHIX  eTamax

KUIBKICHO OITIHUTH TE€XHIYHI, TEXHOJIOTTYHI 1
(iHaHCOBI pecypcH, MO OyayTh MOTPiOHI
JUI YCHIIIHOTO CTBOPEHHS 1 MOAAJIBILIOrO
3acTtocyBaHHs 3MP.

Taka  meromuka  Moxe  OyTu
CTBOPEHA Ha OCHOBI MaTeMaTHYHOI MOAETI,
32 JIOIIOMOIOXO KO, OIIEPYIOUH
3pO3YMIIMMHU BX1THUIMU JTAHUMH,
3aMOBHHUK OJIEpKY€ KOHKPETHI TEXHIYHI
XapaKTEPUCTUKN JUIS (opmyBaHHS
BUX1JIHUX JAHHX JIJIS IPOEKTY, BKITFOUAIOUH
KiH1eBy BapTictb 3MP Ta BuTpatu Ha Horo
ekcrutyaTanito. OcHOBOIO Mozeni € 0Oasza
JJAaHMX THWIIOBOro oOOJIaJHaHHA, 3 Hel 3a
JIOIIOMOT' OO MaTeMaTUYHO]1 Mozenl
(hopMy€eThCS MATPUIlI BUXITHUX JaHUX, 32
IKUMH 1 CKJIAJAETHCS TEXHIYHE 3aBIaHHSA

NPOEKTY, 3AIACHIOETBCS  OILIHKAa  MOro
TEXHIKO-€KOHOMIYHHUX MMOKA3HHUKIB.
OnHoyacHO BUKOHYETHCSA OL[IHKa

MOXJTUBOCTI BUKOPHCTaHHS BXKE 1CHYIOUHMX
TEXHOJIOTI BHKOHAHHS ITABOJHUX pOOIT
a00 BH3HAYaeTbcs MOTpPeda B PO3pOOII
HOBHX M1ABOIHUX TEXHOJIOT1H
3actocyBaHHs 3MP.

Takum 9MHOM, CHICTEMa BiJHOIIICHD
(4-6) yTBOpIOE OCHOBY JUI BHM3HAYCHHS
poOIT

BapTOCTI KOHCTPYKTOPCHKUX

IMPOCKTY I10 CTBOPCHHIO.
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during the complex operation. This fact
iIs relevant when working at a
considerable distance from the repair
bases [9, 12-14].

At present, there is no tool for
potential customers and users that
would allow an assessment of the
investment attractiveness of a given
MRE project and form a workable
project technical specification. Therefore,
it is important to create a mathematical

rationale that would allow the
preliminary stages to quantify the
technical, technological and financial

resources that will be required for the
successful creation and subsequent MRE
application.

Such a technique can be created on
the basis of a mathematical model, by
which, based on understandable input
data, the customer receives specific
technical specifications for the formation
of initial data for the project, including
the MRE final cost and the cost of its
operation. The basis of the model is a
typical equipment database, from it using
a mathematical model, a matrix of initial
conditions is formed, on which the
project technical task is compiled, and its
technical and economic indicators are
evaluated. At the same time, an
assessment is made of the possibility of
using already existing work performance
technologies for underwater operations,
or the need for developing new
underwater technologies for the use of
MRE is determined.

Thus, the relations system (4-6)
forms the basis for determining the cost
of design work of the project to create.



3a pesynbprataMd pO3pOOKH W
aHaJi3y CTPYKTYPHOI MOJEJNl €JIeMEHTU
3MP noaunaoTe Ha Tpu Karteropii. o
MepIoi KaTeropii BITHOCATD T1 €JIEMEHTH
il By3.1d, SIKi MOXKYTh OyTH BUKOPUCTaHI 3
Mo npyroi
€IEMEHTH |

MOTEPEHIX  MPOECKTIB.
KaTeropii BITHOCATH Ti
BY3JIM, SIKI MOXYTh OYTH 3aIllO3W4YeHi 3
MOMEpPEeIHIX MPOEKTIB, ajie JJIi HOBOTO
MPOEKTy BUMararoth npoBeaeHHs JIKP. I
B TPETIO KaTeropiro BHUIUISIOTH Ti
CJIEMEHTH, ISl BATOTOBJICHHSI SIKUX OyJie
noTpiOHe nposeaeHHss HJ(P.

Buxopucranss OJTHOTUITHUX
MOAyJiB y cucremax 3MP nae 3mory He
3HU3UTU  3aralibHi
pecypciB Ha CTBOPEHHsI 3aC00y B IIJIOMY,

ajie M Ha,uani SHU3UTH BHTPATH HaA

TUTBKH BUTpaTH

EKCIUTyaTallll0 KOMIUIEKCY 1 PEMOHTHO-
BIJIHOBJIIOBAJIbHI POOOTH 3a PpPaxyHOK
B3a€EMO3aMIHHOCTI OKPEMHX BY3IIB Ta
arperariB CKJIQJIOBUX €JICMEHTIB
KOMILJIEKCY.

Takuit migxin g0 npoekryBanas 3MP
3BOJIUTBCS JIO PO3POOKHM THUIIOBUX PSJIiB
o0J1aHaHHS, SIK1 MaroTh pi3Hi
XAPAKTEPUCTHKH 1 OJTHAKOBI TPUEIHYBAIIbHI
po3Mipu. HasiBHICTb TakuxX TUIIOBUX PsiIiB
JIO3BOJISIE 3MIHUTH TPAAWIIMHUN MiIXiA 70
CTBOPCHHSI MIJIBOJHOTO ariapaTta 1 ImiIBOIHO1
CHCTeMH B 1TiiomMy [13, 14].

3acTocyBaHHs MOJYJIBHOTO
npuHUUNy cTBOpeHHsT 3MP  no3Boiisie
3aCTOCOBYBATH OJAHOTHUITHI MOJYJI B yCiX
voro cucremax. lle mnpusBOAUTH [0
B3a€EMO3aMIHHOCTI €JIEMEHTIB, BY3JIB 1
cuctem 3MP.

VY3aranpHeHUN aJrOPUTM
MOJYJIBHOTO MPUHIUNY cTBOpeHHs 3MP

BKJIFOUA€ HACTYIHI OCHOBHI €TaIlu:
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According to the results of the
development and analysis of the structural
model, the MRE elements are divided into
three categories. The first category
includes those elements and nodes that can
be used in previous projects. The second
category refers to those elements and
nodes that can be borrowed from previous
projects, but for the new project, it is
required to conduct EDW. And in the third
category distinguish those elements, for
the manufacture of which will need to
conduct RDW.

The use of one-type modules in
the MRE systems allows not only to
reduce the total cost of resources for the
creation of a tool in general, but also to
further reduce the cost of operation of the
complex and repair-and-renewal
operations (damage control) due to the
interchangeability of individual units and
aggregates of the constituent elements of
the complex.

Such an approach to design the
MRE boils down to developing typical
varieties of equipment that has different
characteristics and the same attachment
sizes (mounting dimensions). The
presence of such typical varieties allows
changing the traditional approach to the
underwater vehicle creation and an
underwater system in general [13, 14].

The application of the modular
principle of MRE creation allows the use
of similar modules in all its systems. This
leads to the interchangeability of
elements, nodes and MRE systems.

The generalized algorithm of MRE
creation modular principle comprises the
following main stages:



1. AHani3 TEXHIYHOTO 3aBJaHHI,
YMOB BHUKOHAHHSI 1 BHJIB TI1JBOJHO-
TEXHIYHHUX POOIT.

2. AHam3 TEXHOJIOT1M BHKOHAHHS
1IBOAHO-TEXHIYHUX POOIT.

3. Amnams
3MP.

4. Bubip tumy i cxemu 3MP.

5. Po3paxyHOK CHJIOCHEPTETHIHHX

PIBHSIHb  ICHYBaHHSA

XApaKTCPHUCTHK.

6. BusHaueHHS XapaKTEPUCTHK
OCHOBHHMX IMIJACHUCTEM, MEXaHI3MIB 1
By31iB 3MP.

7. Bubip MexaHI3MiB, BY3JIB 1
cucteM 3MP 3 TUIIOBUX PSAIB.

8. Orinka BIJIMTOBITHOCTI
XapaKTEPUCTHUK BUOpaHUX BY3JIiB
PO3paxyHKOBHUM JTAaHUM. [Tpu

HEBUKOHAHHI ~ YMOBH  BHUKOHYETHCSA
MOBEPHEHHS /10 MYHKTY 6.

9. OuiHKa KpUTEpII0 MOAYJIbHOCTI
Ta mnoka3HukiB yHipikauii 3MP. Ilpu
HEBUKOHAaHHI ~ YMOBM  BHUKOHY€ETBHCS
MMOBEPHEHHS /10 MTYHKTY 3.

10. Ominka BigmosigHocti 3MP
[Tpu

TEXHIYHOMY 3aBJIaHHIO.

HEBUKOHAHHI YMOBH BHUKOHYETBCA

ITOBEPHEHHS J10 ITYHKTY 2.

Tl

CKJIQHUX 3aJIEKHOCTEH MDK ITi3aJadamMu

HAOYHOTO  BIIOOpaXKeHHs
BUKOPHCTOBYETHCS MEPEKEBE TUIAHYBAHHSI.
BapiaHTiB MepeXeBOro IJIaHyBaHHS ICHYE
JIOCUThL OaraTo, aje Jiis BCIX HUX 0a30BOIO
€ OJHa TepeIyMoBa: KIHIICBUM IUIaH
MIPEJCTABIICHUN CYKYITHICTIO JIiH, 3B'SI3aHUX
MK COOOKO XPOHOJIOTIYHHMMHU 1 JIOTIYHUMU
yMoBaMH peanizauii. [HImmMu crnoBamu, €
i,
TIOCTIZIOBHO, 1 € i, sSIKi MOYKHA BUKOHYBAaTH
y Oymp-skomy mopsinky. Kpim Toro, s

BUKOHYBaTM $IKI MOXKHA TUIbKU
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1. Analysis of the technical
specifications, performance conditions and
types of underwater technical operations.

2. Analysis of technologies for

performing underwater technical
operations.

3. Analysis of the MRE existence
equations.

4. Selection of the type and
scheme of MRE.

5. Calculation of power and power
characteristics.

6. Determination of the main
subsystems characteristics, mechanisms
and MRE units.

7. The choice of MRE
mechanisms, units and systems from the
standard series.

8. Conformity estimation of
characteristics of selected nodes with
calculated data. If the condition is not
met, the return to item 6 is carried out.

9. Evaluation of MRE modality
criterion and unification indicators. If the
condition is not fulfilled, it returns to step 3.

10. MRE compliance evaluation to
the technical specifications. If the condition
Is not fulfilled, it returns to step 2.

Network mapping is used to
visually display complex interactions
between subtasks. There are quite a lot of
options for network planning, but for all
of them, there is one prerequisite: the
final plan is represented by a set of
actions connected with each other by the
chronological and logical conditions of
implementation. In other words, there are
actions that can only be performed
sequentially, and there are actions that
can be performed in any order. In



BCIX 1l MO’KHA BCTAHOBUTH MOCJIIOBHICTH

iX peaizartii.
Po3butTss pobIT 3a MpOEKTOM
3MIACHIOETECI HA HE3aJleXHlI OJIOKU

(maketn) poOIT, SKI TEPEnarOThCsS B

yIpaBIiHHS MEHEKEpaM

koMaHau YII. PoGotu cTpyKTypyroThCs

OKpEMUM

Ha TPYIH TaK, 00 BIAMOBIIATH yMOBaM
JIOTOBOPY 1 JIOTIIII X BUKOHAHHSI.

TakuM 4YHUHOM,
JIOTTYHHI

BCTAHOBITIOETHCS
3B'I30K MDK poOoTaMu 1
Burparamu. KoxkHa poOoTa TOBHMHHA
CHIBBIJTHOCUTHCSI 3 II€BHOIO KUIBKICTIO
MartepialibHi

MOKA3HUKIB. JIFOJICBHKI 1

pecypey,

BUKOHABII, MOXKJIUB1 PU3UKH 1 T.JI.
Bukonanus KOXKHO1 pobotH

MOB'sI3aHE 3 TIEBHOIO (a30r0 1 CTaIi€ro

TEPMIHU BUKOHAHHS,

JKP. i 3B'SI3KH TaKOXK
BUKOPUCTOBYIOTBCSI  JIJI1  KOAYBaHHS
3aBgaHb 1 poOiT. Tomy HEoOXigHO

BCTAHOBUTHU 3B'AI3KM MK 3aBIAHHIMHU 1

poOoTamMu, BU3HAYUTH, SKAM YHUHOM
poOOTH CIIAYIOTh OJHA 3a OJIHOI, a
TaKOXX  BU3HAYUTH  THUIB  3B'S3KIB:
MMOYaTOK-KIHEIb, TOYaTOK-I0YaTOK 1 T.]I.

[lepmum KpokoM Tpu  pearmizauii
JKP crBopennst 3MP € Bu3HaueHHs came
BEPXHBOIO PIBHS JACKOMITO3MIIi MPOEKTY.
Takum piBHeM OyayThb OCHOBHI 0a30Bi
o0'extn, ckiamoBi 3MP, mepenik sKux
BU3HAYAETHCS TEXHIYHUM 3aBJIaHHSIM:

— TIJIBOJIHUM armapar;

— HaBiCHE 00JIaTHAHHS,

— Ka0esbHa J1e01IKa;

— TIPUCTPIH J1s1 IOCTAaHOBKH/BUOODY;

— kabeNb-Tpoc;

— CHUCTeMa KepyBaHHS;

— TPAHCTIOPTHHUH Bi30K;

— KOMIUIEKT 3anacHoro maiiHa (3I11);

addition, for all actions, their
Implementation sequence can be set.

Breakdown of work on the project
Is carried out on independent blocks
(packages) of works, which are
transferred to the management of
individual managers of the PM team. The
works are structured into groups so that
they meet the terms of the contract and
the of their implementation logic.

Thus, a logical connection between
work and cost is established. Each work
should relate to a certain number of
indicators: human and material resources,
works execution period (deadlines),
performers, possible risks, etc.

The execution of each work is
associated with a certain phase and stage
of the EDW. These links are also used to
encode jobs and tasks. Therefore, it is
necessary to establish links between tasks
and works, to determine how and which
work follows the other, as well as
determine the types of relationships:
beginning-end, beginning — beginning, etc.

The first step in the EDW
implementation of MRE creation is to
determine exactly the highest level of
project decomposition. This level will be
the main basic objects, MRE components,
the list of which is determined by the
technical specifications:

— underwater vehicle;

— attached equipment;

— cable winch;

— device for setting/selection;

— tether cable;

— control system;

— transportation trolley;

— a set of spare parts (SSP);
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— eKCILTyaTaliitHa IOKyMEeHTaIlis; — operational documentation;
— MOHTa)KH1 YaCTHUHH. — mounting parts.

Jlns peamizaiii KOKHOTO 00'ekTa,

For the realization of each object,

Ha koxkHoMy ertam JIKP, HeoOximHo | at each EDW stage, it is necessary to
BUKOHATH TieBHUHA mepenik pobOiT 1 | perform a certain list of works and tasks
3aBJIaHb IIpH ii BUKOHAHHI (Tab1. 3). during its implementation (Table 3).

Tabmuusg 3 — [lepenik poOit npoekTy cTBopeHHs: 3MP

Table 3 — List of MRE creation project works

Eranu JIKP OcHOBHI 3aB/IaHHs 1 CKJIaJl pOOIT
(EDW stages) (Main tasks and works composition)
Po3pobxka npunnunoBux | Development of fundamental

TEXHIYHUX PIIICHb:
— BuOIp eneMeHTHOI 0asu

technical solutions:
— the choice of the development

PO3pOOKH; elemental base;
: — BUOIp ocHOBHMX TexHiuHMX | — choice of basic technical
Ecki3ne . .
PIIIICHB; solutions;
MIPOEKTYBaHHS .
— po3pobka crtpykrypHux i |— development of structural and
(Schematic dyHKIioHaTEHUX cXeM BupoOy; | functional schemes of the product;
design) — BUOIp ocHoBHuX | — choice of main structural
KOHCTPYKTHUBHHUX €JICMEHTIB,; elements;
— MetposioriyHa  ekcneptusa | — Mmetrological examination of
IIPOEKTY; the project;
— po3pobka 1 BumpoOyBanHs | — development and testing of
MaKeTiB prototype models
Texuiune Ocrarounuit BuOip TexHiunux | The final choice of technical

MPOEKTYBaHHS | pIlIEHb MO BUPOOY B LIJIOMY 1
M0T0 CKJIQJIOBUX YaCTHHAX:

(Technical —  po3poOka  TPUHITUTIOBHX
design) CJIICKTPUYHNUX,  KIHEMAaTUYHHX,
TAPaBIIIYHUX Ta 1HILIUX CXEM;
— YTOYHCHHS OCHOBHHUX

napameTpiB BUpoOy;

— TPOBEACHHS KOHCTPYKTHBHOI
KOMIIOHOBKH BUPOOY;

— po3poOka TY Ha mocTayaHHS 1
BUT'OTOBJIEHHS BUPOOY;

— BUINIPOOYBaHHS MaKeTiB
OCHOBHMX IPHUJIAJIIB BUPOOY

solutions for the product as a
whole and its components:

— development of principal
electric, Kkinematic, hydraulic
and other schemes;

— clarification of the product
basic parameters;

— carrying out a constructive
packaging of of the product;

— development of TC for the supply
and manufacture of the product;

— test of the prototype model of
the main devices of the product
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[Tponorxenus tad. 3.
Table continuation 3.

Eranu JIKP OcHOBHI 3aB/IaHHs 1 CKJIaJl pOOIT
(EDW stages) (Main tasks and works composition)
Po3pobOka dopmyBaHHS koMmiutekTy |Formation of a set of design
pobouoi KOHCTPYKTOPCHKHX JIOKyMeHTIB: |documents:
JOKyMeHTaIlli |— po3poOka moBHOro koMminiekty | — development of a complete set

(Development
of working
documentation)

po60UO0i JOKYMEHTAIIIT;

— Y3TOJIKEHHS 1i 13 3aMOBHHMKOM 1
3aBOJIOM-BUTOTIBHUKOM CEpiiHO1
MPOTYKITii;

— TepeBipKa KOHCTPYKTOPCHKOI
JOKyMEHTaIli Ha yHipikamio 1

of working documentation;

— coordination with the customer
and the factory-manufacturer of
batch production;
verification
documentation for

of  design
unification

CTaHAapTH3AIIiI0 and standardization
BurotoBneHHs |—  BHTOTOBNIGHHs  jociigHoro|— production of the prototype;
JOCTITHOTO 3pasKa, — tuning and complex regulation;
3paska — HajamTyBaHHS 1 KoMIuiekcHe |— bench tests;

pETyJIIOBaHHS; — preliminary tests on the object;

(Production of
the prototype)

— CTEHI0B1 BUITPOOYBaHHS;

— TIONepeaHl BUMPOOYBaHHS Ha
00'€KTI;

— BUNIPOOYBaHHS HA HAJIIWHICTh

— reliability test

MixBigomMyi Ouinka BigmosimHocti BuMoram|Compliance assessment with TS
BunpoOyBanust |T3 1 MoxumBoCTI opranizanii|requirements and the possibility
(Inter- CEpIHOTO BUPOOHUIITBA of organizing batch (serial)
departmental production

tests)

BunpooOysanns |Ilepenaua nocmimHoro 3paska Ha|Transfer of the prototype to the

y CcKjiaal cyaHa
(Tests involving

SaBOI[-BI/II‘OTiBHI/IK CyJHa

vessel factory-manufacturer

the vessel)

KopekryBanns |BHecenHs HeoOXimHux yrouneHs|Making the necessary
JOKYMEHTAIlli |1 3MiH 10 TOKYMEHTAIIi. clarifications and changes to the
3a [MpuBnacHenHnss  mokymeHraiiii |[documentation.

pesyabTaTaMu | mitepu “O1” Assigning the documentation to
BUNPOOYBaHb the letter "O,"

(Documentation

correction

based on the

test results)

36




Po3pobnenmii IJ1aH TIOBUHEH
MPOUTH  TMEPEBIPKY
peamizailii 1 ONTUMAIBHICT. [IpakTUyHO

TaKU KOHTPOJIb BUPAXKAETHCS B TIEPEBIPII

HA  MOXKJIMBICTh

JOCTATHOCTI 1 HEOOXiTHOCTI TPYJOBUX Ta

MaTepiabHUX PECYpPCiB Il BAKOHAHHSL.

rpadik
Ha

Otpumanuit HEO0OX1THO
TAKOXX  IEPEBIPUTH BIITOBIIHICTH
TEepMiHaM, Tiepe0aYeHUM Ha peai3arliio
koxkHoi HJIP ta JIKP npoekty. OcoGimBo
HEOOX1THO MEPEKOHATUCS B TOMY, IIO:
— BIXH MIPOEKTY BUOpaH1 BIpHO;

poOiT
MPOEKTY YITKO MO3HAYEHI 1 BIAMOBIAAIOTh

— TEpMIHM BUKOHAHHS
NPUINHATOMY IIJIAHY 1

— po30uTT pOOIT BiANOBiNAE
BUMOTaM OPUHLUITY 3BOPOTHOTO
3B'SI3Ky 10 Yy3araJIbHEHHIO Ta aHaii3zy
MPOEKTY;

— KOJyBaHHS poOIT BIAMNOBIJAE
BapTICHOMY PO30UTTIO POOIT.

VY nopanbiioMy rpadikd NOBUHHI
X0y
BUKOHAHHS POOIT, TOMY BOHHU TOBHHHI

BiloOpakaTH TOTOYHUN  CTaH

MOCTIHHO oHOBIOBaTHCI. (OCHOBHUMU
MPUYMHAMH HEBIJIMOBIIHOCTI IJIAHOBUX
rpadikis
peanizarllii IpoeKTy €:
peanizarlis

(bakTHUHOMY PO3BUTKY

IPOEKTy  3a3HA€

y
BUTJISIII 3pUBY TEPMiHIB, Opaky, 3MiHU

MOCTIMHUX  JCCTaOUII3YyIouUMX i
yMOB (DiHAHCYBaHHS, KJIIMATUYHUX Mdii
tomlo. Ile o3Hauae, mo mependavynuTH BCl
11 noOyaoBi  rpadikiB
MPAKTUYHO HEMOXKIIHBO;

3MIHM  TIpH
— MOJECJb, Ka JIEKUTb B OCHOBI
VII, npu noOynoBi 3HAYHOIO MIPOIO
3a3HaJI0 BIUIUBY CYO'€KTUBHOTO YMHHUKA
ToOGro, rpadiku  poliT
CyO'eKTHBHI 32 CBOIM MTOXO/KCHHSIM;

yKJ1azaua.
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A developed plan must pass the
test for feasibility and optimality.
Practically, such control is expressed in
checking the sufficiency and necessity of
labor and material resources for
execution.

The resulting schedule should also
be checked for compliance with the
deadlines provided for the implementation
of each RDW and EDW of the project.
Especially it is necessary to make sure that:

— the milestones of the project is
chosen correctly;

— the works execution periods of
the project work are clearly marked and
correspond to the adopted action plan;

— the work breakdown complies
with the feedback principle requirements
for the project synthesis and analysis;

— work coding corresponds to the
work cost breakdown;

In the future, graphs should reflect
the current status of the work progress,
so they need to be constantly updated.
The main reasons for the discrepancy
between the planned schedules and the
actual development of the project
implementation are:

— project implementation is subject
to constant destabilizing actions in the
form of a breakdown of terms, marriages,
changes in terms of financing conditions,
climate influences, etc. This means that it
Is almost impossible to foresee all these
changes when plotting graphs;

— the model underlying the PM,
during construction, was significantly
influenced by the compiler’s subjective
factor. That is, work schedules are
subjective in origin;



— HasIBHICTh 0€3J114l TeXHOJOTTYHO
JONMyCTUMUX  BapiaHTIB
pOOIT.

I'padixu

ITPOBCACHHA

pooiIT
X011y
3MIHIOBATUCS

MOXYTb

neperiasgaTucss 1o MIPOCKTY.
omHa  abo

I[CKiJIBKa 3 HACTYIITHUX XaPaKTCPUCTHUK:

MoxyTb

— MOCJ1IOBHICTh BUKOHAHHS POOIT;

— TPUBAJIICTh BUKOHAHHS POOIT;

— pecypcH, BUKOPUCTOBYBaHI TMpH
BUKOHAHHI pOOIiT;

— TepMiHU BUKOHAHHS POOIT.

Jlo TUNOBUX  TOMWJIOK  MpH
MJIaHYBaHH1 BITHOCATD:
—  TIOCTaHOBKY  HENPaBUIHLHUX

1JIEH TPOEKTY;
— HEMOBHOTY MOYaTKOBHUX JIaHHUX
JUTS TIJTAaHYBaHHS,

- B1JICYTHICTh 00JTIKYy
NONEPETHBOTO JOCBIAY;
— BIACYTHICTh 1H(pOpMaLIi Tpo

JIOCTYITHICTh PECYPCIB;

— BUKOPUCTAHHA TUTbKH (haxiBIIiB 3
TJIaHyBaHHS;

— HU3BKHH CTYIIHb KOOPAWHAIIIT;

— BIJICYTHICTh MOTHBAIIIT;

—  3aliBy  getamzamiio  abo
301IBIICHHS;
—  BIJICYTHICTh  BIJICT€KYBaHHS

BUKOHAHHSI TJIAHIB.

ITpouiec ctBOpenHss 3MP mae He
TUIBKU SIKICHUM, a 1 KUTBbKICHUM XapakTep.
KinbKicTh BapiaHTIB JIOCATHEHHS METU
3poCcTae 3aB/IAKU BUKOPHUCTAHHIO
PI3HOMAaHITHUX TEXHIYHUX PIIIeHh a00 iX
noenHanHo. HeoOXifHI  XapaKTepUCTUKU
cTBoptoBaHoro  3MP BU3HAYAIOTh
e(PEeKTUBHICTb HOTr0 3aCTOCYBAaHHS, MOXKHA
OTPUMATH IIIIIXOM BHUKOPHCTAHHS PI3HHUX
MarepiaiiB, KOHCTPYKITIH,
TOWIO.

K1

00J1aIHAHHS
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presence of a set of
technologically admissible alternatives of
work excecution.

Work schedules can be reviewed
in the project course. One or more
of the following characteristics may
change:

— sequence of work execution;

— duration of work execution;
resources used in

work
execution;

— terms of work execution.

Typical mistakes in
include:

— setting the wrong goals of the
project;

planning

incomplete initial data for
planning;

lack of consideration for
previous experience

lack of information on the
availability of resources;

use of planning

— specialists
only;

— low degree of coordination;

— lack of motivation;

— unnecessary excessive detailing
or increase;

of

no
implementation.

The process of creating an MRE is
not only qualitative, but also quantitative.
The number of options for achieving the
goal increases with the use of a variety of
technical solutions or their combination.
The required characteristics of the
created MRE that determine the
effectiveness of its application can be
obtained by wusing various materials,
structures, equipment, etc.

tracking plans



BukopuctanHs Tpu  CTBOpPEHHI
3MP CKJIQTHUX KOMILUIEKTYOUHNX
3ac001B, 3pOCTaHHS BUTPAT HA HAYKOBO-
JOCIIHI, JOCTITHO-KOHCTPYKTOPCHKI Ta
OPOEKTHI  pOOOTH  CTaBUTh  TMPOEKT
ctBopeHHss 3MP ©Ha onuH piBeHb 3
MIPOTYKITI€F0 CyIHOOYTIBHOT Ta
aBlaIlifiHOT TPOMUCIIOBOCTEH.

VY xomi pearizailii MPOEKTY MOCTIHHO
BUHHUKAE IpobjieMa OaraToBaplaHTHOCTI
pillICHb, SIK1 BIIPI3HAIOTHCS 3a
XapaKTEPUCTUKAMH Ta BapTICTIO. TexHiKo-
€KOHOMIYHE OOIPYHTYBaHHSI MOTPIOHE AJIS
BUOOpY ONTUMAIILHOI'O BaplaHTa, sIKUii Oy e
BIAIIOBIAATH
HeobximHicTh B EKOHOMIYHOMY
OOTpYHTYBaHHI Ta HOTO XapakTep MOTpiOHi

Ha KOYKHOMY 3 €TalliB peani3ailii MpoeKTy, a

NPUNHATAM ~ KPUTEPLSIM.

came:

— €CKI3HUH MPOEKT, Y XOJl SIKOTO
BUKOHY€ETHCS KOHCTPYKTOpPChKa
npopoOKa onTUMaibHOTO Bapianta 3MP,
KPECJICHHSI OCHOBHUX CKJIaJI0BUX YaCTHH
Ta YTOYHIOIOTHCSA 3arajibHUM BUIJIA 1
napameTpu BHPOOY;

— TEXHIYHUM TPOEKT, Y XOJIl SIKOTO

TUIS
3MP i

JAO03BOJIAAKOTE OTPUMYBATHU IIOBHE YSBJICHHS

BUKOHYIOTh HEOOX1IH1

3a0e3eUeHHS

po0boTH,
BUMOT  JIO

npo MOro KOHCTPYKINIO, OIIHUTH HOTO

BIIIOBIIHICTD BHUMOT'aM TaKTHUKO-
texHiyHoro  3apmanHs  (TT3)  abo
TEXHIYHOTO 3aB/IaHHS (T3),
TEXHOJIOTIYHICTh,  CTYIIHb  CKJIQHOCTI
BUTOTOBJICHHS,  CIIOCOOM  TaKyBaHHS,

MOYKJIMBOCTI TPAHCIIOPTYBAaHHS 1 MOHTaXy
3PYYHICTh
eKCILTyaTallli 1 PEeMOHTONPHUIATHICTH;

—  poboua

HA  MICIIl  3aCTOCYBaHHS,

KOHCTPYKTOPCBHKa

I[OKYMGHTaHiH pIn) b BUT'OTOBJICHHS
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The application in the MRE

creation of complex component
equipment, an increase in the
expenditures of research and

development work, experimental design
work puts the MRE project creation at
one level with the products of the
shipbuilding and aviation industries.

In the course of the project
execution, there is always a problem
of multi-variant solutions, which differ in

characteristics and cost.
The feasibility study is required
to select the optimal option that will meet
the criteria. The need for
economic substantiation and its nature
are needed at each stage
of the  project implementation,
namely:

— sketch design, during which the
design developmental work of MRE
optimal version is realized, the drawings
of the main components and the general
view and parameters of the product are
specified;

— a technical project in which the
works  necessary to meet the
requirements of the MRE and allow to
get a complete picture of its design are
carried out, assess its compliance with
the requirements of the tactical and
technical specification (TTS) or the
technical  specification (TS), the
manufacturability, the degree of
production complexity, methods
packaging, transport and installation
possibilities at the place of application,
ease of use and maintainability;

— working design documentation
for the production of the prototype,



JOCITITHOTO 3pa3Kka, SKy po3poOJIsioTh
BiAnoBigHO 10 Bumor TT3 (T3);

—  BUTOTOBJIGHHA  JIOCJIJIHOTO
3pa3ka, Ha SKOMY BHUTOTOBIISIETHCA
JOCIIITHAN 3pa30K JJisi BU3HAYEHHS HOTro
BiamoBigHocTi BHMoram TT3 (T3) 1
MOJKJIMBOCTI TIpe'sABJICHHSI Ha JepKaBHI
BUIIPOOYBaHHS;

— JeprkaBH1 BUITPOOYBaHHS
JOCITITHOTO 3paska, Ha AKOMY
MIPOBOJIATECS  BUMPOOYBAHHS JOCIITHOTO
3pa3ka, BIUIMOBITHO JO PO3POOJICHUX
nporpaM Ta METOJAUK, JUIS TEPEBIPKU
BIJIIOBITHOCTI  XapaKTEPUCTUK  BUPOOY
Bumoram TT3 (T3);

— 3aTBEPIKEHHS poboyoi
KOHCTPYKTOPCBKOi ~ JIOKYMEHTallii s
oprasizaiii cepifHOro BUTOTOBJICHHSI, Ha
AKOMY BIJIOYBA€ThCS Y3TO/KEHHS Ta
3aTBEPKECHHS KOMITJIEKTY
KOHCTPYKTOPCBKOi JOKYMEHTalii Ta ii
MIJITOTOBKA IO HAJIArOXKEHHS CEPIAHOTO
BUPOOHUIITBA.

VY Xoal BUKOHAHHSI OOIPYHTYBaHHS
KOXKEH BUPIO MOxe OyTH ONMCaHUii
Ha0OpOM XapaKTEPUCTHK, SIKI BU3HAYAIOTh
1010

BiactuBocTi 3MP y  1iiomy,

eKCIUTyaTalliiHl JaHi Ta IHII TEXHIYHI

XapaKTePUCTUKH, 3a CYKYITHICTIO SKHX
BU3HAUAETHCS  BUIJBIT  TPOCKTOBAHOTO
00’€eKTa.

B xoml BUKOHAHHS  TEXHIKO-

E€KOHOMIYHOTO aHaji3y Ta OOTPyHTYBaHHS
poOiT kokeH 3MP moxe OyTu omnwmcaHui
CYKYTHICTIO XapaKTEpUCTHK, SKI MO>KHA
NOJIUTUTH HA AB1 TPYIH:

— eKCIUTyaTaliiiHl XapaKTepUCTUKU
(EX), sxi BHM3HAuyalwTh EKCIUTyaTalliiiHi
BiractuBocti 3MP; 110 HUXHaNCKUTH
MIBUJKICTh PyXy, MakCUMaJlbHa TJIMOMHA
3aHypEeHHS, TEOMETPUYHI PO3MipH, Maca

Ta 1H.;
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which is being developed in accordance
with the TTS (TS) requirements;

— production of a prototype, on
which a prototype is manufactured to
determine its conformity to the TTS (TS)
requirements and the possibility of
presenting to state tests (trials);

— state tests of the prototype, in
which tests of the prototype are carried
out, in accordance with the developed
programs and techniques, to check the
conformity of product characteristics to
the TTS (TS) requirements;

— approval of the working design
documentation for the organization of
batch  production, which is the
coordination and approval of the set of
design documentation and its preparation
for the establishment of batch
production.

In the course of performing the
substantiation (rationale), each product
can be described by a set of
characteristics that determine the MRE
properties as a whole, its operational data
and other technical characteristics, the
totality of which determines the
appearance of the projected object.

In the course of carrying out a
feasibility study and work substantiation,
each MRE can be described by a set of
characteristics that can be divided into
two groups:

— operational characteristics (OC)
that determine the MRE properties; they

include the movement speed,
maximum depth of
immersion,  geometric  dimensions,
mass, etc.,



— TapaMeTpu TEXHIYHUX PIllIeHb
(ITTP),
yBasi
MarepialiiB, BITHOCHA 3MOYE€HA IMOBEPXHSI
Ta iH. [15-17].

Cykynnicte EX ta IITP Bu3Hauae

HiI[ SKUMHU MarOTbCs Ha

MeXaHIYHi XapaKTePUCTUKU

3aranpHy KoHirypartito 3MP. 3 mocBimy
npoekTyBaHHsi 3MP pi3HOro npu3HaueHHs
MO>KHA 3pOOMTH BHCHOBOK, IO 3aKJIaCTH
yCl1 eKcIuTyaTtaliiHi xapakrepuctuku 3MP
3a3/lasieriib HeMOXKJIMBO. BoHU 1OB’si3aHi
MIEBHUMH 3aJICKHOCTSAMU 1 TOMY 3aJaHHMA
HaOlp XapaKTePUCTUK MOXE OyTH TaKuM,
M0 HE peai30ByeThcs. MOXKHA 3aJaTH
EX Ha
MIPOEKTY, MPHU 1IbOMY 3a0e3reuyBaTH 1HIII
XapaKTEPUCTHUKH Y 3a/IaHUX PaMKaXx.

Icuye  rpyna
SIKUX

OKpEM1  €JIEMEHTU MOYaTKy

XapaKTEPUCTHK,
3a/1aBaHHsA TUTS
npoektyBanHs 3MP, ane nomaBaHHsS 10
HUX Xo4ya O 1€ OJHOro MapaMmeTpa

JOCTAaTHBO

poOuUThH 1l XapaKTEepUCTUKU
HecyMicHUMHU. Yci EX MoxHa momimTu
Ha JB1 MATPYIIH:

— 0a3oB1l EX, sskuxX gocTaTHLO I
BU3HAYCHHS OCTAHHIX XapaKTEPUCTHUK
cTBOproBaHoro 3MP;

EX

IIPOEKTYBAHHSA

—  PO3paxyHKOBI SIK1

BU3HAYAIOTBCA Y XOl

b

3MP 1o 6a30BHUX XapaKTepUCTUKAX.
Ak EX 3MP
NpUAMAIOTECS: THMOWMHA 3aHypeHHs H;

pyxy V;
BIJIIAJICHHS BiJl CyJIHA-HOCIA L ; IOBXKMHA

3a3BUYAl

[IBUJIKICTD MaKCUMaJIbHE

KT |, ; ropu30oHTanbHa CKJIaI0Ba BEKTOPA

cunu Hatary Ha xonmoBoMy KiHmi KT T ;

Maca Ha MoBITpi M.

— parameters of technical solutions
(PTS), which mean the mechanical
characteristics of the materials, the
relative humidity of the surface, etc.
[15-17].

The totality of the OC and the PTS
determines the MRE overall configuration.
From the experience of designing MRE
for different purposes, it can be concluded
that it is not possible to lay all the MRE
operational characteristics in advance.
They are related to certain dependencies
and therefore the given set of
characteristics may be unrealized. You can
specify individual elements of the OC at
the start of the project, while providing
other characteristics within a given
framework.

There is a group of characteristics
that are sufficient to design a MRE, but
adding at least one other parameter
makes these characteristics incompatible.
All OCs can be divided into two
subgroups:

— basic OC, which is sufficient to
determine the latest characteristics of the
created MRE;

— calculated OCs, which are
determined during the MRE design on
basic characteristics.

How MRE OCs are usually taken:
depth of immersion H; speed of
movementV; maximum distance from

carrier vessel; L; length of TC lic;

horizontal component of the tension
force vector at the running end of the TC;
mass in the air m.
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3 MOIAEJIIOBAHHSA BAPTOCTI IPOEKTHUX POBIT

3 MODELING THE PROJECT WORK COST

Jns npuB’si3HuX 3MP K1t040BUM
18 (0) BapTICTh
npoekty y mimomy, € KT. HMoro mina,

CJIEMEHTOM, BU3HAYae
3aJIEKHO BiJl THIy Ta XapaKTEPUCTUK,
Moxe csaratu 20 — 60 BIZCOTKIB Bix
3arajibHOi Baptocti 3MP. Buxomsuu 3
1ILOTO, MOJCHIb  JJIS
po3paxyHKy 0a30BOi IIHU TMPUB’SI3HOTO
3MP Oyne BU3HAYATHCS HACTYITHOIO

MaTCMaTH4YHa

ITOCJI1JIOBHICTIO.
Bexkrop 6a3oBux EX cknagaerbcs 3
TaKHUX CJIEMECHTIB:

ne H-— rnubuna 3anypenns 3MP, ska

3aJaHa TEXHIYHUM  3aBJaHHAM  Ha
IIPOEKT;
V — MmBHIAKICTE pyxy 3MP, sxa

3agaHa T3 Ha NPOEKT;
L, — makcumainbHe Binganenus 3MP,

AK€ 3aJlaH0 TEXHIYHUM 3aBJaHHSM Ha
MPOEKT.
BekTop po3paxynkoBux EX

(7)

ne |, — noxuna KT;
T, — rOpU30HTAJIBHA CKJIJI0BA BEKTOpA

CWJIM HATATY Ha Xo7oBoMy KiHIl KT;
m — maca 3MP Ha nositpi.
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For tethered MRE, TC is the
key element determining the cost
of the project as a whole. Its price,
depending on  the type and
characteristics, can reach 20-60 percent
of the MRE total cost. Based on this, the
mathematical model for calculating the
base (reference) price of a tethered MRE
will be determined by the following
sequences.

The basic OCs vector consists of
the following elements:

H
X, =<V ¢,
I‘O
where H is the MRE immersion depth,
which is given to the project technical
specification;
v — the MRE velocity, which is

given by the TS for the project;
L, — MRE maximum distance, as

specified by the project technical
specification.
The calculated OCs vector

(7)

where I, is TC’s lenght;
T, — horizontal component of the

tension force vector at the TC running end;
m — MRE mass in the air.



Busnaunmo 3amauy onTuMizariii
npoekty ctBopeHHsi 3MP. Ilpu upomy
piBeHb (YHKIIIOHAIBHOI e(PEKTUBHOCTI
BU3HAYMMO po0oUO0I0 IUTONIEIO.
['onoBHUM TOKa3HUKOM Oyzae pamiyc mii

3MP, mo Bu3HagaeThes |,
W=a-(lg-1).

e a — Koe]ilieHT MpONOPIiHHOCTI;
|, — BTpara noexunu KT Ha nporus.

[Toka3Huk, SKUH XapaKTepU3ye

BUTpPATU pecypciB Ha cTBOpeHHsA 3MP,
BU3HAYAETHCS 32 POPMYIIOI0

C,=C+C,+C;.

ne C, — 3aJIeKHICTh BapTOCTI BiJ] MacH;
C, -

MOTY>KHOCTI1

3QJICKHICTh  BapTOCTI  BIJ

NPUBOMAIB  PYILIUITHO-
KEPMOBOT'O ITPUCTPOIO;
C, — 3anexsicts BaptocTi KT.

s

ONTUMAJIBHOCTI

BCTAHOBJICHHS TOYKHU
BUIIJIIMO
dyHKIiOHATBHY 3anexHictTh C  Bin

€JIEMEHTIB X X, BEKTOPA

po3paxyHkoBux EX (7):
C(IKT’TX) ::Bm ’ m(Tx) +ﬂp(Tx) +:B| ’ IKT’

ne By, B, B — po3mipHi koedimieHTH.

Jlist BCcTaHOBJIEHHS KOE(DILIEHTIB
ﬂ m’ﬂ p’ﬂl

PO3paxyHKIB,

BHUKOPHUCTAEMO  PE3YyJbTAaTH

Kl BHUKOHYBaJIHCh 3a

JloromMoror0 Marematnunoi moxem KT
[18, 19].

3 OTrJISIY Ha
nudepeHIiaTbHIX

XapakKTep

pIBHSIHb,  MOXHa
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Determine the task of optimizing
the project for the establishment of MR. In
this case, the level of functional efficiency
will be determined by the working area.
The main indicator will be the MRE
operation range, determined by 1.

W=a-(.-1,).

where a — coefficient of proportionality;
|, — loss of TC’s lenght on

deflection.

An indicator characterizing the
cost of resources for MRE creation is
determined by the formula

C,=C+C,+C; .

where C, —dependence of value on weight;
C, — dependence of the cost on the

rudder-steering gear drives power;

C, —TC cost dependence.

To establish the optimality point,
we select the functional dependence C
on elements x, X,0f OCs calculated

vector (7):

C(ITC’TX) :ﬂm ’ ma—x)+ﬂp ) ma—x)+ﬂl ) ITC

where B.,5,,5, are the coefficients of
proportionality;

To establish the coefficients
B By: By, we use the calculation results

performed using the TC mathematical
model [18, 19].

Considering  the nature  of
differential equations, we can distinguish



BUIUTATH 3aKOHOMIPHICTb
JorapuMIgHOTO 3pOCTaHHS MOKA3HUKIB:

f(Tx):éZL'IKT'(Tx_gz) :

YMoBa HEMepepBHOCTI BKIIIOYAE B

: OX oT
cebe moximny —%, To0T0 —=

1
il po3paxyHKy HEOOXiAHO BCTaHOBHUTH

. 3 MeTOr0

KT

sanexHictb T, (I, ), fxa BU3HaYaeTHCA K

TX(IKT) =V tn '(IKT - Iy)_l +

+72'IKT+7/3'(IKT _IX)Z’

I Yor Vv Vo V3 MacITaOH1
Koe(illieHTH;
[, 1 OyniBenpHa Ta pobOoya
yi1'x

nosxnHa KT BiamoBigHO.
Tomi BuWpa3 moxigHa Oyae MaTu
BUTJIA

dT,
dl;

+72+2’7/3'(|KT_|x)'

2 4

=71 (IKT - Iy)_

Oynukiia Jlarpamka Oyae wmatu
BUT IS

L= C(IKT’TX) +4-W (IKT) =
= - Mm(T) + B, (T,) +
e (B +A-a)—a-l,.

YMoBa ONTUMATBLHOCTI BHOOPY

EKCIUTyaTallIiHIX ~XapaKTEPUCTUK IS

nobynoBaHoi ¢yHkIii Jlarpanka HaOyne

BUTJISITY
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the regularity of the logarithmic growth
of indicators:

f(Tx):é;L.ITC°(Tx_52)'

The continuity condition includes

... OX )
the derivative —%, that is

X,
purposes of calculating it, it is necessary
to establish the dependence T, (I,.),

which is defined as

X

. For the

TC

T () =7, +7.(c - Iy)‘1 +

+¥ ke + 75 (lee — IX)Z’

where  y,, %, Vo Vs scaling

(dimensional) coefficients;
|, are the construction and

y X
working length of TC, respectively.
Then the expression derivative will
have the form

dT
== (e -1,

ITC

+7,+ 275 (e = 1)

)+

The Lagrange function will have
the form

L=C(l¢.T,)+A-W(k) =
= -M(T) + B, (T,) +
e (f+A1-a)-a-],

The of condition optimal choice
(selection) of operational characteristics
for the constructed Lagrangian function
will take the form



o =+«
Olyr

oL _ ﬂm'51m + 51P . de |
8Tx Tx _52m Tx _52p dIKT

Jlns

3HaueHb |, Ta |, mpupiBHIOEMO 10 HyIs

OTPpUMAaHHA  ONTHMAJIbHUX

BIIITOBIIHI TTOX1/1HI.

Ha I1JICTaB1
pe3ynbpTaTiB, Oepyun Ao yBaru, mo KT
HE € TMPOAYKINEI, SKa BUPOOIIETHCA

OTPpUMAHUX

CEepiiiHO, BIAMNOBIAHO [0 PO3POOIIEHOI
Mozeni (puc. 5), NpUiMaeTbCsl PILLICHHS
0JI0  BUPOOHUKA,
HACTYTHI KpUTEPIi:
— MoxJuBICcTh BUrotosieHHs KT 3

BHKOPHUCTOBYIOYH

HEOOX1THUMHU XapaKTePUCTUKAMU;
) (18:30
BUPOOHMIITBI MPOAYKIlT aHAJIOTTYHOTO

HIMPUEMCTBA Y

THUITY;

—mina KT;

— TepMiH Ta yMoBH noctadants KT;

—  HagBHICTh Yy  BHUpPOOHHKA
BIJIOBIJIHUX CepTU(]IKATIB;

— HaIIMHICTh NOCTAYaHHS.

[HIIIMM BaXKJIMBHUM  €JIEMEHTOM, IIIO
BU3HAYa€ BAPTICTh TMPOEKTY, € IliHA
MPUBOIIB PYIIIHHO-KEPMOBOTO TPUCTPOIO,
sgka Moxke csrati g0 20 BigcotkiB. Ha
IIJICTaB1

OTPUMAHOI0  3HAYEeHHA [,

391 (1) MocTayaJbHUKA
MPUBOIIB  PYITHHO-KEPMOBOTO TIPUCTPOIO
abo i

BUKOHYE€TBCA

NPUIMAETBCS  PIIIEHHS TPo  iX
CaMOCTIMHY pO3pOOKY Ta BUTOTOBJICHHSI.

VY CBITI ICHY€ HU3Ka MIIIPUEMCTB
Ta JOCITITHUX BUPOOHUIITB, SIK1
BUTOTOBJISAIOTH NpuBoau st 3MP. Tomy
KpUTEPISIMUA  JIIl TIPUMHATTA PILIEHHSA

OyIyTh:
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0T, (Ty=Gm T,—0,, ) dlic

To obtain the optimal values
T.and .., we equate the corresponding

derivatives to zero.

Based on the obtained results,
taking into account that TC is not a
serially  manufactured product, in
accordance with the developed model
(Fig. 5), the manufacturer's decision is
made using the following criteria:

— the possibility of manufacturing
TC with the necessary characteristics;

— enterprise experience
in the production of products of the same
type;

— the cost of TC,;

— terms and conditions of TC
delivery;

— availability of manufacturer's
relevant certificates;

— reliability of deliveries.

Another important element that
determines the cost of a project is the
price of the propulsion and steering gear,
which can reach up to 20 percent. On the
basis of the obtained value T, , the choice

of the supplier of the propulsion and
steering gear is performed, or a decision
is taken on their independent
development and manufacture.

In the world, there are a number of
enterprises and pilot productions producing
the drives (actuators) for MRE. Therefore,
the criteria for making a decision will be:



[Torpeba y kabemp-Tpocl Ta PyIHHO-KePMOBOMY ITPHCTPOT

(Demand for the tether cable and propulsion and steering gear)

i

HasgHicTh pilmeHHS Tpo BifOip mocTauaIbHAKIR

(Decision availability on the suppliers selection)

A 4

Tax (Yes)| Hi (No)

[lomyk noctauaabHUKA
kabem-Tpoca

(Search for tether cable supplier)

v

(Valuation of options) “ (Selection criteria)
AHais ta B1I[61p YTouHeHHS XapaKTepUCTHK Kabemh-Tpoca
(Analysis and selection) (Specification of tether cable characteristics)
Tax (Yes)l | Hi (No) A A A

Excrryararmiini xapaktepuctuku KT
(Performance characteristics of TC)

v

BrnacHe BUTOTOBJICHHS
a0o 3axynisis PKI1
(Own manufacture or)
purchase of PSG

(No) Hii |TaK (Yes)

[Tomryk mocravansHuka PKIT
(Search of the PSG supplier)

v

O1iHrOBaHHS BapiaHTIB
(Valuation of options)

v

Amnam3s Ta Bigodip
(Analysis and selection)

Kputepii Bigbopy

(Selection criteria)

Tak (Yes)l |Hi (No)

KoHTpakT 3 nocrayaibHUKaMu
(Contract with suppliers)

Pucynok 5 — Moaenp npolieciB BUOOPY CIIBBUKOHABIS TPOEKTY

Figure 5 —Selection processes model of a project collaborator
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— MaKCUMAaJIbHUI yIop MPUBOAY;

—  EJIeKTPUYHI  XapaKTEePUCTUKU
PUBOJY;

— I[1Ha MPUBOJTY;

— TEpMIiH Ta YMOBH IOCTA4yaHHS
MIPUBOY;

—  HasgBHICT y  BHUPOOHMKA
BIIMOBIHUX CePTHU(IKATIB;

— HAIIMHICTh NOCTAYaHHS.

S0 KOJleH 3 MOCTa4YaIbHUKIB HE
BIIMOBI/Ia€ KPUTEPISIM, MEHEDKEP TPOCKTY
npuiiMae pIlieHHs] PO BKIIIOYEHHST POOIT
10 KOHCTPYIOBAaHHIO Ta BHTOTOBJICHHIO
NPUBOIB PYILIIHHO-KEPMOBOTO IIPUCTPOIO B
3araJlbHUd TEpeiK  BJIACHUX poOIT 1O
cTBOpeHHI0 3MP.

OTtpuMaHi JaHi B TOAQIBIIOMY
OyJqyThb BUKOPHUCTaHI MPU PO3PAXYyHKY

BApTOCTI  3aco0iB, HEOOXITHUX JJIs
3ammycky Bupoonunrsa 3MP, C_ .
[Toka3HWK  BUTpaT  BPaxoBYE

BUTPATH YCIX BUIIB PECYPCIB: TPYIAOBHX,

¢diHaHcoBUX Ta MarepianbHux. llpu
npoekTyBaHH1 3MP, y 3B’ 513Ky 3 BEIMKUM
00CArOM HAyKOEMHHX POOIT, >KOPCTKI
OOMEXEHHS TEpMIHIB BIJCYTHI, TOMY

JOIIITBHO BCl  €JIGMEHTH  ITOKa3HUKa
peCypciB, IO BUTPAYAIOTHCS, BHUPAKATH
y IIHHICHOMY BUMIpI.

OCKUTbKH MOKA3HUK

pecypciB
00’€IHy€e BUTpaTH, SIKI 3IMCHIOIOTHCSI B
PI3HMIA Yac Ta mepeciiayoTh pi3Hi LI, iX
JOLIBHO TpPYIyBaTH, Kiacu(ikyBaTh 3a
XapaKkTepoM, MPU3HAYEHHSIM Ta MEpioJIoM
3MIACHEeHHS. 3a3BUYail BUTPATH TPYIMYIOTh
BIJITTOBITHO /IO €TAITiB YKUTTEBOTO ITUKITY.

3arasibHa cyma BUTpaT

C=C,+C,+C +C,

47

— maximum thrust on the drive;

— electric characteristics of the
drive;

— the price of the drive;

— terms and conditions of delivery
of the drive;

— availability of the appropriate
certificates from the manufacturer;

— reliability of deliveries.

If none of the suppliers meets the
criteria, the project manager decides to
include works on the design and
manufacture of drives for propulsion and
steering gears in the general list of their
own work on the MRE creation.

The obtained data will be used in
the future when calculating the cost of
the funds necessary to start the MRE
production, C, .

The cost indicator takes into
account the costs of all types of
resources: labor, financial and material.
When designing the MRE, due to the
large amount of high-tech work, there are
no hard time limits, therefore it is
expedient to express all elements of the

resources indicator consumed in the
value measurement.
Since the resource indicator

combines costs that occur at different
times and pursues different goals, they
should be grouped, categorized according
to their nature, purpose, and
implementation period. Usually,
expenses are grouped according to the
life cycle stages.
Total expenditure

C=C,+C,+C, +C,,



ne C,— BapricTh po3poOku 3MP;
C,—

MOJIEpHI3aIli Ta PO3MIMPEHHSI BUPOOHUUMX

MOTYKHOCTEH YYaCHUKIB MPOEKTY;

BapTICTb  OOJagHAHHS IS

C, — BapTiCTh NIATOTOBKH KaJpiB;

C, — BapTicTb 3aco0iB, HEOOXITHUX

s BupooHunrsa 3MP Ta Buxomy Ha
TIJITAHOBUM PIBEHb.

Baprictb PO3pOOKHU 3MP
MOAUISIOTECS Ha AB1 Benuki ctamii — HJIP
ta JKP. VYV ¢dopmyBanHi BuTpaT Ha
po3poOky 3MP BpaxoByeTbcs, IO cam
co0010

SIKOT

Mpolec  PO3pOOKHU
OararoetarnHy poOOTy, B

SIBTISIE
X0/l
BUKOHY€ThCsl HU3Ka okpemux HJIP Ta JIKP
SK CaMMM BHUKOHAaBIIEM, TaK 1 IHIIUMHU
OpraHizallisiMu 3a HOro 3aMOBJICHHSIM.

Ho Baprtocti po3pobku 3MP
BKJTFOYAIOTh!
1. Marepiasiu,  OCHOBHI U

JOTIOMIXKHI, MOKYIHI HamiBpaOpukaTH i
BUpPOOU, 3 ypaxyBaHHSM TPAHCIOPTHO-
3aroTiBeJIbHUX BUTPAT.

2. Burpatu Ha yCTaHOBKH, CTEHIH,
MakKeTH Ta IHIIE OO0JagHAHHS, HEOOXIIHE
i po3poOku npoekty ado HJIP ta JIKP,
10 BUKOHYIOTHCSI B 3a0€3MEUYEHHS I[HOTO
NpOEKTy, a TakoX  BUTpaTh  Ha
eKCILTyaTalllo IbOro 00T HaHHSA. Y TOMY
BUTIAJIKY, SIKIIIO OOJIAJIHAHHS CTBOPIOETHCS
a00 KyITy€eTbCsl TIIBKU JJIs1 OTHOTO MIPOEKTY

— HJIP a6o JIKP, BapTicTh HOTO TOBHICTIO

BIJHOCUTHCSI Ha MpoeKT. B  iHmomy
BUMQJAKY, JO coOIBapTOCTI  POOOTH
BKJIIOYAIOTHCSl  TUIBKA ~ aMOpTH3alliiH1
BlJIpaxyBaHHSI.

3. OcHoBHA 1 J0AaTKOBa 3apo0iTHA
iaTa HAayKOBO-TEXHIYHOTO TEPCOHATY 1
BiJIpaxXyBaHHS Ha COITIAJIbHE CTPaxyBaHHSI.

where C; is the MRE development cost;

C., — equipment cost for
modernization and expansion of production
capacity of project participants;

C, is the cost of training;

C, -
necessary for the MRE production and
output at the planned level.

The MRE development cost is
divided into two major stages — RDW
and EDW. In the formation of the MRE
development cost, it is taken into account
that the development process itself is a
multi-stage work, in which a number of
individuals of RDWs and EDWs are
carried out by the executor as well as by
other organizations at his request.

The MRE development
include:

1. Materials, basic and auxiliary,
purchased semi-finished products and
products, taking into account
transportation and procurement costs.

2. The costs of installations,
stands, mock-ups, and other equipment
required for the development of a project,
or research and development work
undertaken in support of this project, as
well as costs for the operation of this
equipment. In the event that the
equipment is created or acquired only for
one project — RDW or EDW, its value is
fully related to the project. Otherwise,
only the deprecation costs are included in
the work cost.

3. Basic and additional wages of
scientific and technical personnel and
deductions  for social  (provident)
insurance.

the cost of the funds

cost
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4. ButpaTu Ha HayKOBO-TEXHIUHY
iH(opMallito, BKJIIOYAIOUM JIIIEH31T Ta
MaTeHTH, MPUI0aH1 32 KOPAOHOM.

5. Omnata  KOHTPareHTChbKUX
poOiT.

6. Iumn BUTpaTu: oOIMJaTa MOCIYT
1HIIIMX OpraHi3alliid, BUTPATH 3 OPEHIU Ta 1H.

7. HaknaaHi BUTpATH.

Yactka Butpat Ha po3pooky 3MP He
€ (hIKCOBAHOIO 1 3aJIGKUTH Bl Oararbox
daxTopiB. 30Kpema, TpU  3POCTaHHI
T€OMETPUYHHX PO3MIPIB BOHA 3HMKYETHCA,
1 HaBOAKKM — MPU 3POCTaHHI CKJIAJHOCTI
3MP BoHa TakoX 3pOCTa€, IMPHU LBOMY
BUTpaTH Ha PO3pOOKYy
TMIEPEBUIILYBATH BAPTICTh 00y 10BU 3MP.

HeonnakoBicTb XapakTepy
diHaHCYBaHHS, TpyIHOUI y  BHUOOpI
MOKAa3HWKA, SKUA OW  TIEPEKOHJIMBO

MOYTb

XapaKTepH3yBaB KOHCTPYKTHBHY
CKJIQJIHICTh 1 HOBH3HY IPOEKTY, CTBOPIOE
CEpHO3HI  MepemKoau B 30MpaHHI
OJTHOPITHOTO CTaTHCTHUYHOTO Marepiaity,
SKHA MIr OM JIATTH B OCHOBY MO
po3podky. Tomy s

MIPOrHO3YBAHHS I1i€1 TEXHIKO-CKOHOMIYHOT

BUTpaT Ha
XapaKTePUCTUKU TPOEKTOBAHOIO 00'€KTa
KOPUCTYIOTbCS OpPIEHTOBHUMU  OLIIHKAMH,
CTaBISIUM 11 B 3aJIEKHICTH B BapTOCTI
rOJIOBHOTO 00'€KTA:

k.C

p

Cp:de+Cpk: 2
ne C,, —Bapricts HJP;
C, — Bapricts IKP;

C, — BapTiCTh TOJIOBHOTO 3pa3Ka;

k

o — KOE]IEHT CTYNEHs HOBU3HU

pO3pOOKH,  SKH

BHU3HAYA€TLCA CKCIICPTHOIO OHiHKOIO.

Ta CKJIATHOCTI
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4. Costs for scientific and technical
information, including licenses and
patents purchased abroad.

5. Payment of counteragent works.

6. Other expenses: payment for
services of other organizations, rent
expenses, etc.

7. Overhead expenses.

The expense ratio of MRE
development is not fixed and depends on
many factors. In particular, with
Increasing geometric sizes, it decreases,
and vice versa — as the complexity of the
MRE increases, it also increases, while
the development cost may exceed the
MRE construction cost.

The disparity in the funding nature,
the difficulty in choosing an indicator
that would convincingly characterize the
constructive complexity and novelty of
the project, poses serious impediments to
the collection of homogeneous statistical
material that could form the basis of the
development cost model. Therefore, to
predict this technical and economic
characteristics of the projected object,
use approximate estimates, placing it in
dependence on the value of the main
object:

Cy =Cy +Cye =k,C,.

where C,, is the RDW cost;
C, Is the EDW cost;
C

p
prototype;

k, is coefficient of the development
degree of novelty and complexity, which is
determined by the expert assessment.

iIs cost of the the cost of the



Bapricts rosnosHoro 3paska 3MP y
3arajJlbHOMY BUTJIsI/II Oy ie

Cz :alxl +a2X2 +"'+a'nxn

i Xy eees X, — eKCIUTyaTariitHi
xapakrepucTuku 3MP;

a, ..., a, - CTaTUCTUYHI
KOeiIlieHTH, SIK1 3aJIeKaTh BIJI
ocobmBocteit 3MP.

[lpunmyctimo, mo y  Xoxi

pO3B’si3aHHS 3a7adl MOXKHA BHUTOTOBUTH
. . . *

3aJlaHy KiHIIEBY MPOAYKIIIO B 00csI31 a , a

oOCsAT MPOIYKIIi, 10 HEI0CTaE, CKIaaae

Aa. Tomi Bektop po3Mipy HOBHUX
BUPOOHHYUX MOTYKHOCTEN VIS
3a0e3MeueHHs]  HEOOXIAHOTO  BHITYCKY
IPOTYKITiT

Ap =BgAa,

ne B — marpuns xoedili€HTiB MOBHUX

BUTpPAaT  yYacCHHUKIB IPOEKTYy  Ha

BHPOOHHIITBO MPOYKIIIi;

q

KIHIIEBOI MPOAYKITIi.

— BEKTOp TPOIOPIl BHUITYCKY
Bukonytoun [IEPETBOPEHHSA
piBHSHB, sKI po3risHyTo y [20-22],
BUpPAXAalOYd  BIAHOILUEHHS  BapTOCTI
MOJIepHIi3ali

BUPOOHNYOT TOTY>KHOCTI Ha OJUHUIIIO

Ta PO3LIMPEHHS
BUPOOHUYOI MOTYXHOCTI |-TO ydacHHKa

MPOEKTY, oocsr o0aHaHH,

HEOOXITHUW  1mJisi  MoJepHI3amii  Ta
PO3IIMPEHHS] BUPOOHUYOI TOTYXKHOCTI,

MOYHa pO3paxyBaTu:

AR =740p, 1eM,
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The cost of MRE main sample in
general will be

C,=ax +aX +..+aX,

where X, ..., X

characteristics;
a, ..., a — statistical coefficients,

which  depend on the MRE
characteristics.

Suppose that in the course of
solving the problem, it is possible to
manufacture a given final product in

volume a”, and the volume of production
lacking, amounts to Aa. Then the size
vector of the of the new production
capacity to ensure the necessary
production output

Is the MRE operational

n

Ap =BgAa,

where B is the total costs coefficients
matrix of project participants for
production;

q is the final products output

proportions vector.

By performing the transformation
of the equations discussed in [20-22],
expressing the relation between the cost
of modernization and the expansion of
production capacity per unit of
production capacity of the i-th project
participant, the amount of equipment
necessary for the modernization and
expansion of production capacity can be
calculated:

AR =y4Ap, 1eM,



I€ 7, — MaTpuus KOeQILI€eHTIB, Kl €

YaCTKOIO oOnagHaHHSA YYaCHUKIB

npoekty K y 3arampHid  BapTOCTI
o0J1aTHaHHS I-TO YYaCHHKA MPOCKTY;
M — MaTpuIsg-BEKTOp YYaCHHKIB

MIPOEKTY.

BpaxoByroun o0csar poOiT, sKki
HEOOX11HO BUKOHATH, BapTICTh
oOnmagHaHHS JUIsI  MOJEpHI3armii  Ta

PO3IIMPEHHS] BUPOOHUYNX MOTYKHOCTEH
YYaCHUKIB MPOCKTY

C, = Z vakiAFki ’

rely kelg

ne | o — MHOXKHHA THUIIIB MOJACPHI3AIIi;
|- — MHOXWMHA MIJIPUEMCTB, SKI
BUKOHYIOTh pOOOTH MO MOJIEpHIi3allii.
Baprictb MATOTOBKHU
noTpiOHUX I peasmizariii
YYaCHUKOM

KaJIpiB,
MIPOCKTY
KOKHUM 1 TUIS
KOMIUIEKTYBaHHSI TPYyIN OOCIIyTOBYIHOUOTO
TIEPCOHAITY 3MP, y

3aJIEKHOCTI BiJl MOTPIOHOTO 3aBaHTAKEHHS

3MIHIOETHCSA

MOTYXHOCTI Ta JWHAMIKH

MIATOTOBKK 1 BBEJCHHS B EKCILTyaTallio

BUPOOHUYIOT

TOTOBUX BUPOOIB. Po3zpaxyHku
BUKOHYIOTHCS 32 THUTIOBUMH METOIUKAMHU
[20]. B

aJITOPUTM, BUKJIaeHui y [21].

OCHOBI MOJEJl IIOKJIAJIEHO

3 ypaxyBaHHAM crneuudika Ta
OaratonpodiTbHOCTI TOTPIOHUX KaJpiB,
3arajbHa BapTICTh X MIATOTOBKU OyIe
MaTH BUTJISI:

Ck = iwmidmié/mi !
m=1

ne d . — 9ac Ha MAroTOBKY KaJapiB 3a M-

UM GaxoM y I-TO y4acCHUKA TPOCKTY;
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where y,,— coefficients matrix, which is

the share of equipment of project
participants k in the equipment total cost
of the i-th project participant;

M — project participants matrix-
vector.

Considering the amount of work
that needs to be carried out, the
equipment cost for upgrading and
expanding the production capacity of the
project participants

Ce = Z vaeiAFei '

rel, eelg

where .

iIs the set of types of

modernization (upgrades);
|- is the number of enterprises

that carry out modernization work.

The cost of training required for
the project implementation by each
participant and for the staffing of the
groups of MRE service personnel is
changing, depending on the required
loading of production capacity and the
dynamics of preparation and
commissioning of finished products.
Calculations are performed according to
standard methods [20]. The model is
based on the algorithm outlined in [21].

Taking into account the specificity
and the multidisciplinarity of the required
personnel, the total cost of their training
will be:

Ct :iwmidmié/mi !
m=1

where d_; is the time for training in the m-
th specialty in the i-th project participant;



W_.—  BapTICTb  OJHOIO  Yacy
iATOTOBKH KaApiB 3a M-uM (haxom y I-ro

y4acCHUKA IPOEKTY;

gmi_

TOTYIOTBCSI 32 M-uM  ¢daxoMm y
y4acCHUKA MPOEKTY.

BapricTh 3ac06iB, HEOOX1IHUX AJIs

KUIBKICTh KaJIpiB, 110

I-ro

3amycky BupoOHHITBa 3MP Ta BUXOIY

Ha TUTAHOBUM piBEHb BHUPOOHUIITBA,
3QJICKUTh BiJI PI3HUX YMOB, y SKHX
3MIMCHIOETBCS  JIISUTBHICTh  YYACHHKIB
MIPOCKTY. AJTOPUTM PO3pPaxyHKY KOIITIiB
Ha KOXXHOMY KpOKYy 3a 4acoM Yy XOj1i
peanizari
JeTanpHo po3risHyTo y [21, 22]. Ilpu

ObOMY BpPaXOBY€TLCA

MPOEKTYy € THUIIOBUM, Ta
00 y4YaCHUKH
MPOCKTY 3IIMCHIOIOTh BHIIYCK JIMIIIC
OJIHOTO THMY MpoayKitii 3MP.

Tomi 3arajibHa cyMa TpOILIOBUX

KOWITIB, Kl  MOTPIOHI  KOXKHOMY
YYaCHUKY MPOEKTY, OyJie:
T
Cn=>.Zi(1),
t-1
ne T. — wac, moTpiOHUI i-My

YY9aCHHKY TIPOCKTYy Ha BHPOOHHIITBO
3MP;
Z.

i — BUTPATH I-TO y4aCHUKA IIPOEKTY

Ha BUpoOHuUITBO 3MP.
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w,. is the cost of one hour of

training in the m-th specialty in the i-th
project participant;

¢ 1s the number of frames,
prepared for the m-th specialty in the i-th
project participant.

The cost of the funds required for
the MRE production start-up and for
reaching the planned production level
depends on the different conditions in
which the project participants activities
are carried out. The algorithm for
calculating funds at each time step in the
course of project is typical, and is
discussed in detail in [21, 22]. This
takes into account that the project
participants produce only one type of
MRE products.

Then the total amount of money
that every project participant needs will
be:

Cm :izi(t)!

where T. is the time required by the i-th

participant in the project for the MRE
production;
Z.— expenses of the project i-th

participant for MRE production.



4 IINTAHYBAHHA POBIT ITPOEKTY CTBOPEHHA 3MP

4 PLANNING OF MRE CREATION PROJECT WORK

CrpykTypHa JEKOMIIO3MIISI POOIT
poekTy cTBopeHHa 3MP € nuiie nepmmm
KPOKOM Yy 3a7a4i 1o
TUIAHYBaHHIO pob6it.  Bona
JI03BOJISIE BUKOHATH OIIHIOBAHHS BUTpAT Ta

PO3B’s13aHHI
00csTiB

pecypciB Mo poOOoTax MPOCKTY Y IIIOMY,
npote iHdopMaIli0 Tpo MOTPIOHMHA dac,
KaJICHJAApHUIA TEPMIH BUKOHAHHS OKPEMOl
pobOTH Ta po3MOALT y Yaci morped y
pi3HHX pecypcax He nae [23].

JUts ycHmilIHOI  peami3aiii MpOoeKTy
NOTPIOHO MIBUIKO OMpAIlbOBYBAaTH 3HAYHI
MacuBd 1H(oOpMalii, 10 MOMXJIMBO IPH
3aCTOCYBaHHI CITKOBUX Ta KaJeHAApHUX
rpadikiB. BoHu marTh 3MOry OnepaTuBHO
OTepyBaTH MapamMeTpaMu 4acy, BApTOCTI Ta

pecypciB. Buxopucranus X
IHCTPYMEHTIB JIa€ HU3KY IepeBar:
— BU3HAYUTHU 1 HA0YHO

IPEACTaBUTH TOBHUU 00CIT pooiT 'y
BUTJIsAII TpadiKiB;

— BCTaHOBHUTHU 00CST pecypciB, yac
Ta BapTICTh pPOOIT, SKI MOXKHA PEATBHO
JOCSITTH;

— BUKOHATH OI[IHIOBAHHS OIOJIKETY
MIPOCKTY;

— KOHTPOJIOBATH XiJi BUKOHAHHS
poOIiT Ta mependavyaTv  TOJAJBIIHIA
nepeOir moIii;

— e(eKTUBHO PO3MOAUIATH
BIIIIOBITAJIBHICTE MK YWIEHAMH KOMAHIU
MIPOCKTY;

— BHM3HAYUTU KPUTUYHI POOOTH,
MEPEMIIIlyBaTH PECYpCH, 3MCHIITYBATH
PU3UKH 1 HEBU3HAYCHICTD.

BiamosigHO bi o)

JAKP,

MOPSIAKY

BUKOHAaHHA MCPCIKCBA MOACIIb

Structural work decomposition of
MRE creation project work is only the
first step in solving the task of planning
the work scope. It allows to make
estimates of costs and resources for the
project work as a whole, however, it does
not provide information about the right
time, the calendar period of the
individual work and the needs for various
resources distribution over time [23].

For the successful implementation
of the project, it is necessary to quickly
process large amounts of information,
which is possible with the use of network
and calendar schedules. They allow to
quickly operate with parameters of time,
cost and resources. Using these tools
provides several advantages:

— to define and visualize
the full work scope in the form of
graphs;

— to determine the amount of
resources, time and cost of work that can
be really achieved;

— to perform project
estimates;

— monitor the work progress
and provide for the further course of
events;

— effectively distribute
responsibilities among project team
members;

—  identify
transfer resources,
uncertainty.

In accordance with the procedure
for the MRE implementation, the life

budget

work,
risks and

critical
reduce
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KMTTEBOTO IUKITY cTBOpeHHs 3MP Oyne cycle network model of the MRE
MaTH BUTJIS, 110 300paXKeHUI Ha pHC. 6 — creation will have the form shown in Fig.
puc. 8.  Fig. 6 — Fig. Fig. 8.

Pucynoxk 6 — I'pad poOit 3 ecki3HOMY IPOEKTYBAHHS
Figure 6 — Graph of works for sketch design

Pucynox 7 — I'pad poOiT 3 TEXHIYHOTO MPOEKTYBaHHS
Figure 7 — Graph of works for technical design
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Pucynok 8 — I'pad po3po6ku PKJI, BUTOTOBIIEHHS Ta MoNepeIHIX BUTPOOYBaHb
JIOCITITHOTO 3pa3Ka
Figure 8 —Graph of woo development, manufacture and the prototype
preliminary tests

Ilepenik nofiii Ta podIT MEpEKEBUX
rpadis HaBeneHi y Jlogatky A.

JIiis OuIbIIOCTI POOIT, OB’ SI3aHUX 31
crBopeHHsIM 3MP, TpuBasicTh BUKOHAHHS
pOOIT HOCHTh HEBU3HAYEHHWM Xapaktep 1
JUIE  OIIHKKM  4Yacy 1l  BUKOHAHHS
3aCTOCOBYIOTb ~ METOJM  MAaT€MaTU4HOI
cratuctuku [24-30]. TpuBamicte poboTH
BBAXKAETHCS  BUIMAJIKOBOKO  BEJIMYMHOIO,
MIATOPSIKOBAHOIO ~ TICBHOMY  3aKOHY
PO3MO/IiTY, 1 OUIKyBaHHM Yac ii BUKOHAHHS
t.

ij
MIEBHUMH alPOKCUMYIOUUMH  (hOpMyJIaMu

i mMcmepcis oj PO3PAXOBYIOTECS 33

Ha  IIJCTaBl EKCIIEPTHUX OL[IHOK,
OTpUMaHUX Bl BIAIIOB1AQILHUX
BHUKOHABIIIB POOIT.
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The list of events and network
graphs works is given in Appendix A.

For most of the work related
to MRE creation, the work duration
IS uncertain, and methods of
mathematical statistics are used to assess
the timing of its execution [24-30]. The
work duration is considered to be a
random variable subordinated to a certain
distribution law, and the expected time of

its implementation T, and variance o are

calculated by certain approximation
formulas based on expert estimates
obtained from the responsible work
executors.



Po3paxoBana TaKUM YHHOM
TPUBAIICTh BUKOHAHHS POOOTH
BIZIOMUM HAOJMKEHHSIM, MaTeMaTHYHUM

OYIKYBaHHSM 4Yacy

€ 3

11 BHKOHaAHHSI SK
BUTIA/IKOBOT BEJIMYMHM, ITiAIOPSIIKOBAHOT
YXBaJICHOMY 3aKOHY i1 pO3MOILTY.

s

XapakTepuctuk t; i o poGorn

BU3HAYCHHA YU CJIOBUX

P

MiJCTaBl ONWUTYBAaHHS BIAMOBITATHHUX

BUKOHABI[IB  TMPOEKTy 1  eKCIepTiB
BHU3HAYAEMO TPH TUMYACOBI OIIHKU:
— ONTHMICTUYHUH Yac (a);
— HaWOLIBIIT IMOBIpHHMIA Yac (M);
— necumictuunuii yac (b).
Ha

BUKOHYEMO PO3PaXyHOK I110JI0 HAUOUIBII

MiJICTaBl  1UX  OI[IHOK
IMOBIPHOTO Yacy Ha BUKOHAHHS poOOTU
1,  BigmoOpaxarouu

MPOMOHYEMO Kpalluidi 1 TIpIUid BapiaHT

HEBU3HAYEHICTH,
OoiHKM yacy. OTpuMyeMO 3Ha4Y€HHS
OYIKYBaHOI TPUBAJIOCTI oneparii

- _a+4-m+b
s

(8)

Ta JUCIEPCIIO OIIHIOBAHHS Yacy pooiT

5

OITIHOK
pe3yJbTaTiB PO3paxXyHKIB 3a BHUpazaMu
(8)1(9) HaBeneni y Tabu. A.l.
Tpeba

b—a
6

2_

(9)

3HayeHHS Ta

M1JIKPECIIUTH, 10

TPUBAJICTh KOXXHOI PpPOOOTH  IIUIKOM

3aJICKUThL Bl TOro, sxkui Bug 3MP

JKP.
Po3paxyHOK BHUKOHAHO Ha MPHUKIAIL

CTBOPIOETHCA B paMKax

CTBOPEHHS JIETKOro NpuB’si3HOro 3MP.
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Calculated in this way, the work
duration is, with a known approximation,
the expectation of the time it is
performed as a random variable subject
to the of its distribution official law.

To determine the numerical

characteristics §, and o of work P,
based on a survey of the responsible
project executors and experts, we
determine three time estimates:

— optimistic time (a);

— most likely time (m);

— pessimistic time (b).

Based on these estimates, we carry
out the calculation of the most likely time
to complete the work and, reflecting the
uncertainty, we offer the best and the
worst version of the time estimate. We
get the value of the expected duration of
the operation

(8)

and the dispersion of the work time
estimation

9)

The value of time estimates and
calculation results for expressions (8) and
(9) are given in Table. A.1.

It should be emphasized that the
duration of each work completely
depends on what type of MRE is created
within the EDW framework. The
calculation is made on the example of a
light-tethered MRE creation.



3aranpHa  TPUBAJICTh

HOpPMaJbHUU

KO>XHOT'O

Xy Mae 3aKOH

PO3MOZILTY 3 Cepe/HiM 3HAUYEHHM T (L) ,

CepeIHIX
TPUBAJIOCTI CKJIQJOBUX HMOro pooiT, 1
JIMCTIEPCI€l0, PIBHOIO CYMi BIJIMOBIIHUX
nucrepcii (Tadn. A.2 —tabn. A.4):

piBHUM  CyMi 3HAYEHb

t(L=>1. (10)
RjeL
c’(L)=) o . (11)
RjeL
BinnoBigHo bi (o} OTPUMAHUX

pe3yabTaTiB Ma€MO KPUTHYHUN HUIAX
OKP t, =1086,33 nnis.

Jlns

Toro, mo crtpok BuKOHaHHA OKP He

OLIIHIOBaHHS ~ MMOBIPHOCTI

NIEPEBUIINTh JAUPEKTUBHUM CTPOK T,

OTPUMYEMO
~t
P(tKPST)zd)[ p], (12)
Kp
Tt ,
e @ 2 | — 3HayeHHS IHTErpamy
o

nMoBipHOCTI Jlammaca;

@ CCpCOHE KBaAIPATHUIHC

BIJIXWJICHHS JOBXUHU KPUTHYHOTO IUIAXY.
bepyun o yBaru, mo 3HaYCHHS
ctpoky T =1100nHis,

j:O,9l.

OTPUMaHOTO

JTUPEKTUBHOTO
OTPUMYEMO:

1100-1086,33
10,09

PG@ST):Q(

BignoBigHo
P (th <T)

110

3HAa4YCHHA 3 JOCTaTHBOIO
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The total duration of each path has
a normal distribution law with an average
value (L) equal to the sum of the

duration mean values of its component
parts and a dispersion equal to the sum of
the corresponding dispersions (Table A.2
— Table A.4):

tLw=>7, (10)
RjeL
c’(L)=> o . (11)
PijeL
According to the obtained results,
we  have MRE  critical path
t,, =1086,33days.
To  assess  the likelihood

that the deadline for MRE execution
will not exceed the schedule time T, we
have

Kp

g
(12

Kp

PamsT):Q[

Kp

where d)( ] Is the integral value of

O'Kp

the Laplace probability;

2

ka

o iIs the mean square

Kp

deviation of the critical path length.
Taking into account that the value
of the directive deadline T =1100 days,

we get:
]: 0,91.

According to the obtained value
P(t, <T) with a sufficient degree of

1100 -1086,33
10,09

PGWST):Q(



MIpOI0 HAJIIMHOCTI MOKHA MPOTHO3YBaTH
BUKOHAHHS TMPOEKTY y BCTAHOBJICHUM
TEPMiH.
BusnauenHs  3a  JOMOMOTOIO
CITKOBUX TpadikiB KPUTHYHOTO LUIIXY 1
TPUBAJIOCTI BHUKOHAaHHSA POOIT 1HKOJH
110
HEePEBUIIYIOTh

Bunukae nmorpeda CKOpOUYEHHSI OKpPEMHX

MOKa3Ye, oOYHCIIeHI  TepMiHHU

IUIAHOBI 3aBJaHHS.
poOIT 17151 3a0e3MnedeHHs 3allJIaHOBaHOTO
CTPOKY BHUKOHAHHS MPOEKTY CTBOPEHHS
3MP.

CknanHicTh MepexeBOro rpadika
OIIIHIOETHCSL KOE(PIIIEHTOM CKJIQJHOCTI,
KWW BU3HAYAETHCS 3a (POPMYII010

ne N o — KUIbKICTb poOiT;

p
n

11

o KUIBKICTB ITOIH.
Bpaxosyroun, mo N, =92 Ta
N, =138 orpumyemo K  =1,5.

Takum 4uHOM, MepexkeBHil rpad
BIIHOCUTKCS JI0 MPOCTUX Tpadib.
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reliability, it is possible to predict the
project implementation within the set
time.

The determination of the critical
path and duration of work with
the help of network graphs sometimes
shows that the calculated timeframes

exceed the planned targets.
There is a need to reduce individual work
to ensure the planned

implementation period of the MRE
creation project.

The complexity of the network
schedule is estimated by the complexity
factor, which is determined by the formula

where n_. is the number of works:

wrk

n,, 1S the number of events.
n, =92 and

€

N, =138 what we get K_, =15.

Thus, the network graph refers to
simple graphs.

Considering that
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JTONATOK A
MEPEJIIK MOJIi, POBIT TA PE3YJBTATIB PO3PAXYHKY
IMMAPAMETPIB MEPEKEBOT'O IT'PA®A BUKOHAHHS JIKP

APPENDIX A

LIST OF EVENTS, WORKS AND RESULTS OF NETWORK GRAPH

PARAMETERS CALCULATION OF EDW IMPLEMENTATION

A.1 Ilepenik nmozaiit mo mepe:xeBomy rpagpy Bukonanus JIKP

A.1 List of events on the EDW implementation network graph

00 — | 3amoBnennss Ha crtBopeHHs 3MP | MRE creation order received
OTPpHUMAHO
01-|T3 (TT3) ma ctBopenns 3MP |TS (TTS) on the MRE creation is
Y3rOJKCHO agreed
02 — | omiHtOBaHHS BapTOCTI BUKOHAHHS | assessment of the MRE
JIKP BHKOHaHO implementation cost is completed
03 — | nepxaBHHMli KOHTpakT (morosip) Ha | the government contract (agreement)
ctBopeHHs1 3MP ykmaneHo on MRE creation is concluded
04 — | rpadik poOIT CKIIaIcHO the work schedule is compiled
05 — | mmanu cnibHUX poOIT y3romkeni Ta | plans of joint works are agreed and
3aTBepKEHI approved
06 — | UT3 na cxnanosi 3MP po3pobeni PRS on MRE components are
developed
07 — | mepenik cniBBukonaBuiB BusHayeno |the list of collaborators (co-
executors) is established
08 — | UT3 Biaaisly eIeKTPOHIKH BHIAHO PRS of electronics department
issued
09— | UT3 miaminy cwioBoi enektpoHiku | PRS of power electronics department
BUIAHO issued
10— | YT3 Bigminy wmexaniunux cuctem | PRS of department of mechanical
BHJIaHO systems issued
11— | 4T3 BLITLTY xopnycHux | PRS of department of hull designs
KOHCTPYKIII# BUITAHO issued
12 — | noroBopu 3 CHIBBUKOHABIIMH | agreements  with collaborators
YKIIaJICHI concluded
13— |UT3 mna poGotru cmiBBukoHaBliB | PRS on the work of collaborators
y3TrOKEHI agreed
14 — | ctpykTypHi Ta ¢yHKIionanbHi cxemu | Structural and functional electronic

EJIEKTPOHIKU pO3p0OIIeH1

circuits developed
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15 — | ctpykTypHi Ta dyHKIioHambHI cxemu | Structural and  functional power
CHIIOBOT €JIEKTPOHIKH pO3PO0IIEeHI electronics circuits are developed
16 — | KOHIIEIIiO oyaisuuisa | the concept of the construction of
MEXaHIYHUX CHCTEM PO3pOOIICHO mechanical systems is developed
17 — | xonmenito OyniBHUITBA KopiycHuX | the concept of construction of hull
KOHCTPYKIIIi PO3pO0IICHO design is developed
18 — | KOMILJICKCHI, CTPYKTYpHI ta | complex, structural and functional
(GYHKI[IOHATIBHI CXeMHU PO3p0o0JIeHi schemes are developed
19 — | BuOip enemeHTiB Ta KomIulekTyrounx | the selection of elements and
BHKOHAHO components is completed
20 — | po3paxynkn ocHoBHuX TexHiyHHX | Calculations of the basic technical
napaMmeTpiB €JICMCHTIB 3MP | parameters of the MRE elements are
BUKOHaHI fulfilled
21 — | poboTu criBBHKOHABIIB 3aBepmieHi | works of the collaborators are
completed
22— | maHi WO ecKi3HOMYy TpoekTyBaHHIO | data on the sketch design of
OKpEMHX CHCTEM OTpUMaHi individual systems received
23 — | MeTpoJIorivuHy eKcrepTu3y 3aBepieHo | metrological examination completed
24 — | mpono3uiii mo yrouneHHro Bumor T3 | proposals for clarification of the
(TT3) po3pobieHi requirements of the TS (TTS) are
developed
25 — | ecki3HMI TMpoOeKT miarorosiieHo a0 | Sketch project prepared for protection
3aXHUCTYy
26 — | ecki3HMI POEKT MpHIHATO KoMmiciero | sketch  project accepted by the
commission
27 — | yrounennss Bumor T3 (TT3) 3a |requirements of TS (TTS)
pe3ynbTaTaMu npuiiMaHHs eckiznoro | clarification on the sketch project
IPOEKTY adoption results
28 — | yrounene UT3 Bimminy enekrponiku | the clarified PRS of the electronics
BHJIaHO department is issued
29 — | yrounene UYT3 Bigminy cunosoi | clarified PRS of power electronics
CIIEKTPOHIKH BUIAHO department issued
30 — | yrounene UT3 Bigminy mexaniunux | clarified PRS of mechanical systems
CHUCTEM BHJIAHO department is issued
31— | yrounene YUT3 sigminy kopnychux | Clarified PRS of department of hull
KOHCTPYKIII# BUITAHO designs is issued
32— |yrounene YT3 cmiBBukonHaBusM | clarified PRS to collaborators is
BUIAHO issued
33 — | npuHIMIOBI  cXeMu  eyekTpoHiku | electronics circuit diagrams
po3po0bIIeHi developed
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34 — | npUHIUIIOBI cXeMHu cuIoBO1 | power electronics circuit diagrams
CJIIEKTPOHIKH PO3p0o0IIeHi developed

35 — | KOHCTPYKTOPCBHKY komroHOBKY | the design layout of the mechanical
MEXaHIYHUX CHCTEM BHKOHAHO systems is fulfilled

36 — | KOHCTPYKTOPCHKY koMIoHOBKY | the design layout of the hull designs
KOPITyCHUX KOHCTPYKIIiii BUKOHAHO | IS made

37 — | poboTu CITIBBUKOHABIIIB nio | the work of the collaborators on the
TEXHIYHOMY IIPOEKTY BUKOHAHI technical project is executed

38 — | MaKeTH eNeKTPOHIKH PO3pO0IICHI electronics layouts are developed

39 — | MakeTH CHUJIOBOI CIICKTpOHIKH | power  electronics  layouts are
po3po0bIIeHi designed

40 — | makeTu MEXaHIYHUX cucteM | mechanical systems prototypes are
po3po0IIcHi developed

41 — | maketn kopmycHux koHctpykuid | hull designs layouts are developed
po3po0IIeH1

42 — | maHi 1 po3milieHHs Ha cyaHi-Hocii | data for placement on the carrier
IiArOTOBJICHI vessel is prepared

43 — | MaKeTH CIIEKTPOHIKN BUTOTOBIICHI electronics layouts are made

44 — | makeTu CHJIOBOT enekTpoHiku | power electronics layouts are made
BUTOTOBIICHI

45 — | MakeTu MEXaHIYHUX cucteMm | mechanical systems layouts are made
BUTOTOBIICHI

46 — | maketn  kopmycHux  KoHcTpykuid | hull designs layouts are made
BHT'OTOBJICHI

47 — | matypui  BumpoOyBanHs  MakertiB | full-scale (field) tests of electronics
CJICKTPOHIKY BUKOHAHI1 models are executed

48 — | matypui  BumpoOyBanHs  MakeriB | full-scale tests of power electronics
CHJIOBOT €JIEKTPOHIKM BUKOHAHI models are executed

49 — | HatypHi  BunpoOyBanHs  MakeriB | full-scale tests of mechanical systems
MEXaHIYHHUX CHCTEM BUKOHAHI models are executed

50— | matypui  BunpoOyBanHs  MaxkeTiB | full-scale tests of hull designs are
KOPIYCHUX KOHCTPYKII1il BUKOHAHI executed

51 — | mpoextn Texniyaux ymoB (TY) na | projects of technical conditions (TeC)
nocTavyaHHs po3po0JIcHi for delivery are developed

52 — | nokymeHTalito TexHiyHoro mpoekty | technical project documentation is
PO3po0IIECHO developed

53 — | MeTposoTiuHy excrieptu3y | the metrological examination of the
TEXHIYHOTO MPOCKTY 3aBEPIICHO technical project is completed

54 — | TexHIYHMIA TPOEKT MmiaAroTosiacHo jo | technical project is prepared for
3aXHUCTY protection
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55 — | TexHIYHMIHA IPOCKT npuiiasaro | the technical project was adopted by
KOMICi€r0 the commission

56 — | koperyBaHHs  JOKyMeHTarii  Ha | adjustment of electronics
CIICKTPOHIKY  3a  pesynbraramu | documentation according to the
npUMaHHS 3aBEPIICHO acceptance results is completed

57 — | koperyBaHHsI JOKyMeHTaIlii Ha cwioBy | adjustment of power electronics
CIICKTPOHIKY 3a pesynbTatamu | documentation based on acceptance
HPUIMaHHS 3aBEPIICHO results is completed

58 — | koperyBanHs  jJokyMmeHTamii  Ha | the adjustment of documentation for
MeXaHIYHI CHCTeMH 3a pe3yibraramu | mechanical systems according to the
npUMaHHS 3aBEPIICHO acceptance results is completed

59 — | koperyBaHHs ~ JIOKyMeHTamii  Ha | documentation correction on the hull
KOPITYCHi KOHCTPYKITii 3a | design according to the acceptance
pe3ybTaTaMu NMpUiiMaHHs 3aBepiieH | results is completed

60 — | koperyBaHHS nokyMeHTartii | documentation correction of
CIIBBUKOHABIIB 3a pe3ynbratamu | collaborators on the acceptance
npUMaHHS 3aBEPIICHO results is completed

61— | pospooky KJI Ha enekrponiky | the DD development of electronics
3aBEpIIICHO engineering is completed

62— | po3pobKy K] Ha cuioBy | the DD development on power
CJICKTPOHIKY 3aBEPIICHO electronics is completed

63— | po3pooky K/l Ha mexaniuni cucremu | the DD development of mechanical
3aBEPIIICHO engineering systems is completed

64— |pospooky KJI wa  xopmychi|the DD development on the hull
KOHCTPYKIIii 3aBEpIIICHO design is completed

65— | po3pooky KJI  cmiBBukonaBusmu | the DD  development by the
3aBEpIICHO collaborators is completed

66 — | KII na enektponiky y3romkeno 3| DD on electronics is agreed with
BUPOOHUIITBOM production

67— |KJ Ha cuioBy enekrponiky | DD on power electronics is agreed
Y3TOJKCHO 3 BUPOOHHUIITBOM with the production

68— |KJI wa  wmexanmiuni  cucremu | DD on mechanical systems is agreed
Y3TOPKEHO 3 BUPOOHHUIITBOM with production

69— | K wna xopmycHi kouctpykiii | DD on the hull design is agreed with
Y3TOJKCHO 3 BUPOOHHUIITBOM the production

70 — | KJI mepeBipeHo Ha TEXHOJIOTIYHICTH, | The DD was tested for
po3pobieno TJ1 manufacturability, TD was developed

71— | maTepianu Ta KOMIUIEKTyroui Ha | materials and components for

€JIEKTPOHIKY NMpUI0aHi

electronics purchased
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72 — | matepianu Ta KoMIUIeKTyrodi Ha | materials and components for power
CHJIOBY €JICKTPOHIKY IIpHI0aHi electronics purchased

73 — | matepianim Ta KOMIUIeKTyro4di Ha | materials and components for
MEXaHIuHI CUCTEMH MpHUI0aHi mechanical systems purchased

74 — | matepiam  Ta KomIulekTyrodi Ha | materials and components for hull
KOPITYCHI KOHCTPYKIIii pu10aHi designs purchased

75 — | po3pobky mporpamu BunpoOyBaub | development of the prototype test
JOCHITHOTO 3pa3ka 3aBepIICHO program is completed

76 — | maTepianu Ta KoMIUTeKkTyroui | materials and components delivered
J0CTaBJICHI Ha BUPOOHUIITBO to production

77 — | po3poOKky mporpamu BunpoOyBanb Ha | the development of the reliability test
Ha/TIHICTh 3aBEPIIICHO program is completed

78 — | TexHOJIOTIYHE ocHarienns | technological equipment of
BUPOOHUIITBA 3aKIHYCHO production is finished

79 — | K1 1 T Bupoonunreom orpumano | DD and TD received by the production

80 — | mocmiguuii 3pazok 3MP Burorosieno | MRE prototype is made

81 — | perymoBanHs  gociigHoro 3paska | the control of the prototype is
3aBEpIIICHO complete

82 — | BunpoOyBaHHs Ha  HamidHicTs | the reliability test is complete
3aBEPIICHO

83 — | monepeaHi BurnpoOyBanHus | preliminary test of the prototype is
JOCITITHOTO 3pa3Ka 3aBepIICHO complete

84 — | nocnimuuit  3pasok mnepemaHo s | the prototype was transmitted for
MOHTaXy Ha KOpaOeb installation on the vessel

85 — | mocmignuii  3pa3ok Ha  KopaOmi | the prototype is mounted on the
3MOHTOBaHHUH vessel

86 — | peryroBaHHs J0CiHOTO 3pa3ka Ha | the test pattern on the vessel is
KopaObJIi 3aBEPIICHO completed

87 — | momepenui BunpoOyBaHHs y ckiazi | the previous tests in the vessel have
KOpaOJIst 3aBEPIICHO been completed

88 — | mocmigHui 3pa3ok mpen’siBiIeHUN Ha | prototype is presented on the (IDT)
MBB y cknaai kopats within the vessel

89 — | MBB 3aBepiiiecHo IDT completed

90 — | nokymeHTarito 3a  pesyabraramu | the documentation on the (IDT)
MBB Bigkoperosato results is corrected

91 — | nokymeHTanito niepenano Ha cepiiiae | the documentation is submitted for

BUPOOHHUIITBO

serial production
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A.2 IlepeJtik podiT no MmepexeBomy rpady sukonauus JIKP

A.2 List of works on the EDW implementation network graph

00-01 —| po3podka Ta moromkenns T3 (TT3) | Development and approval of TS
3 3aMOBHHUKOM (TTS) with the customer

01-02 —| momenmtoBanHss ~ KaOemb-Tpoca  Ta | Tether-cable modeling and EDW
po3paxyHok Baptocti JIKP cost calculation

02-03 —| miaroToBKa Ta yKJajJaHHsS yroau Ha | Agreement preparation and
ctBopeHHs1 3SMP conclusion on the MRE creation

03-04 —| cknaganns rpadika Bukonanus JJKP | EDW work schedule

03-06 —| po3podka UT3 PRS development

03-07 —| BcTaHOBJICHHS nepeniky | establishment of a  list of
CITIBBUKOHABIIIB collaborators

03-12 —| mpopoOka pe3yIbTaTiB HJIP, | processing of research results, patent
NaTeHTHOI Ta iHMmoi iHpopmarrii and other information

04-05 —| po3pobOka Ta 3arBep;pkeHHs InaHy | development and approval of the
poOIT o TiApO3IiIax work plan for subdivisions

06-08 —| Bumaua UT3 Bigaiay eIeKTpOHIKH issue of electronics department PRS

06-09 —| Bumaua YUT3 Bigminy cwuiosoi | issuance of  power electronics
CIICKTPOHIKU department PRS

06-10 —| Bumawa YT3 Bimmiry wmexaniunux |issue  of  mechanical  systems
CUCTEM department PRS

06-11 —| Bumaua UT3 Bigminy kopmycHux |issue of body structures department
KOHCTPYKITIH PRS

05-08 —| Bumaua rutany Bigainy enekrponiku | issue of electronics department plan

05-09 —| Bumaua nmany Bigginy cwiosoi | issue of the power electronics
CIICKTPOHIKH department plan

05-10 —| Bumaua mmiaHy Bigairy mexanigaux | issue of department of mechanical
CUCTEM systems plan

05-11 —| Bupmaua maHy Biaily kopmycHux | issue of  department of body
KOHCTPYKITIH structures plan

08-14 —| po3poOka CTPYKTYPHUX ta | development of structural and
GyHKIiOHATBEHUX cXeM enekTpoHiku | electronics functional circuits

09-15 —| po3poOka CTPYKTYPHUX ta | development of structural and power
¢GyHkmioHampHUX  cxeM  cuioBoi | electronics functional schemes
EJICKTPOHIKU

10-16 —| po3pobka  konmemiii  moOynosu | development of the concept of
MEXaHIYHUX CHCTEM mechanical systems construction

11-17 —| po3pobka kounenmii kopmycHux | development of the concept of
KOHCTPYKIIIi housing structures
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05-12 —| Buava miaHy CriBBUKOHABIIAM issuance of a plan to collaborators

07-13 —| moromKeHHs qT3 31 | agreement of PRS with collaborators
CHiBBI/IKOHaBHSIMI/I

12-13 —| yxiiagaHHs yToJ 3i | concluding transactions with
CITIBBUKOHABIISIMU collaborators

12-18 —| po3pobka CTPYKTYPHUX ta | development of MRE structural and
¢dyHKIiOHATHPHUX cXeM 3MP functional schemes

14-18 —| mpomno3mmii 1o  Marepiasiax  Ta | propositions on  materials and
KOMIUICKTYIOUHX BIJLIIJIOM | COMponents by electronics
CIICKTPOHIKU department

15-18 —| mpono3umii 1o  Marepiamax Ta | offers on materials and components
KOMILICKTYIOUUX BiyiijioM cuiIoBoi | by power electronics department
CJIEKTPOHIKU

16-18 —| mpono3umii 1Mo  Matepiamax Ta | proposals on  materials  and
KOMIUTICKTYIOUHX BiIijI0M | components by mechanical systems
MEXaHIYHUX CHCTEM department

17-18 —| mpono3umii 1o  Matepiamax Ta | proposals on  materials  and
KOMIUTICKTYIOUNX BijyIisIOM | cOmponents by housing structures
KOPIYCHUX KOHCTPYKIIiH department

14-22 —| mepegaua nmaHuX 10 ecKi3HoMy | data transmission on the schematic
MPOSKTY BIIIJIOM EJICKTPOHIKA project by the department of

electronics

15-22 —| mepenaua gaHMx 1O  ecki3Homy | data transmission on the sketch
IPOEKTY BiJIIIOM cuItoBOi | project by the department of power
CIICKTPOHIKU electronics

16-22 —| nepegava gaHMX 1O  ecki3Homy | data transmission on the sketch
NPOeKTy  BimaiioM  MexaHiyHMX | project by the department of
CUCTEM mechanical systems

17-22 —| nepenaua gaHux 1O  ecki3Homy | data transmission on the sketch
NpOCKTY  BiAAUIOM  KopmycHHX | project by the body structures
KOHCTPYKIIii department

18-19 —| BuOip mocrauvanbHuKiB MaTepiamiB | selection of suppliers of materials
Ta KOMIUICKTYIOYHX and components

19-20 —| po3paxynku ocHOBHUX TexHiunux | calculations of basic technical
napameTpiB parameters

13-21 —| poboTa CITIBBUKOHABIIIB no | work of collaborators on a schematic
€CKI3HOMY TPOEKTY design

20-22 —| po3poOka  3BiTHOI  jgokymeHraii | development of reporting

€CKI3HOT'O MPOEKTY

documentation for schematic design
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21-22 —| mepemaya  marepiamiB  eckiszHoro | materials transfer of schematic
IPOEKTY CITIBBUKOHABIIMU project by the collaborators

22-23 —| meTposoriuHa ekcreprusa eckiznoro | metrological examination of the
MPOEKTY schematic project

22-24 —| po3poOka TIPOTIO3UITI o | proposals development for TS (TTS)
yrounenHo T3 (TT3) clarification

23-24 —| oliHIOBaHHS pesynbTaTiB | metrological examination  results
METPOJIOTTYHOT €KCIICPTU3H evaluation

24-25 —| mpen’ IBJICHHSI €CKi3HOTO TIpoeKTy Jo | presention of schematic design for
3aXHUCTY protection

25-26 —| pobora kowmicii mo mpuiiMaHHIO | cOmmission work for the schematic
€CKI3HOTO ITPOEKTY project adoption

26-27 —| yrounenns sumor T3 (TT3) clarification of requirements of TS

(TTS)

27-28 —| Bumaua yrounenux UT3 Bimminy | issuance of refined PRS electronics
CIICKTPOHIKH department

27-29 —| Bugaua yrounenux UYT3 Bimminy |issuance of refined PRS power
CHJIOBOT €JIEKTPOHIKH electronics department

27-30 —| Bugaua yrounenux UYT3 Bimminy | issuance of refined PRS department
MEXaHIYHUX CHCTEM of mechanical systems

27-31 —| Bumaua yrounenux UT3 Bimminy | issuance of refined PRS department
KOPITYyCHUX KOHCTPYKITiii of body constructions

27-32 —| Bugaua YTOYHCHHUX YT3 |issuance of refined PRS to
CITIBBUKOHABI[IM collaborators

28-33 —| po3poOka  mpuHImmoBux  cxewm | development of basic schemes by the
BiJUIJIOM €JIEKTPOHIKH department of electronics

29-34 —| po3poOka  mpunHiunoBux  cxeM | development of principle schemes by
BIJIZILIIOM CHJIOBO1 €JICKTPOHIKH the department of power electronics

30-35 —| po3pobka KoHCcTpyKTOpCchKoi | development of design layout of
KOMIIOHOBKH MEXaHIYHUX CHCTEM mechanical systems

31-36 —| po3poOka KoHCcTpykTOpchKkoi | development of design layout of
KOMIIOHOBKH koprycHux | body structures
KOHCTPYKIIIH

33-42 —| po3pobka manux ais po3mimenus Ha | development of data placement on
CYJIHI BIJIUIOM €JIEKTPOHIKH the vessel by the department of

electronics
34-42 —| po3poOka maHux ais po3miineHHs Ha | development of data placement on a

CyIH1 BIJII1JIOM CHJIOBOI

€JIEKTPOHIKU

vessel by the department of power
electronics
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35-42 —| po3poOka maHux ais po3mimnenHs Ha | development of data placement on

cyaHi Bigaiiom MexaHiuaux cucteMm | the vessel by the department of
mechanical systems

36-42 —| po3poOka jaHux Jis po3mimieHHs Ha | development of data placement on
CyIHI BiJIILITIOM koprycHux | the vessel by the department of body
KOHCTPYKIIIH structures

33-51 —| Bumaua gmanumx |y npoekt TV |issuance of data to TC project by the
BIJUIIIOM €JIEKTPOHIKH department of Electronics

34-51 —| Bumaua gmanux |y npoekt TV |issuance of data to TC project by the
BIJUIJIOM CHIIOBOI €JIEKTPOHIKA department of Power Electronics

35-51 —| Bumaua jmammx |y npoekt TV |issuance of data to TC project by the
BIIJIIJIOM MEXaHIYHUX CHCTEM department of mechanical systems

36-51 —| Bumaua ganmx |y mpoekt TV |issuance of data to the TC project by
BIJ/IIJIOM KOpIycHUX KOHCTpyKiii | the body structures department

42-51 —| po3pobka manux s po3minieHss Ha | development of data placement on
kopabi 3MP the vessel by the Ministry of Health

32-37 —| pobotn CIIIBBUKOHABIIIB rio | collaborators’ work on technical
TEXHIYHOMY TIPOEKTY project

37-51 —| Bumaua ganmx |y mpoekt TV |issuance of data to TC project by the
CITIBBUKOHABIIMU collaborators

33-38 —| po3poOKa MaKETIB CICKTPOHIKH development of electronics models

34-39 —| po3podka MaKeTiB cuioBoi | development of power electronics
CIICKTPOHIKU models

35-40 —| po3poOka  makeTiB ~ Mexaniunux | development of mechanical systems
CUCTEM models

36-41 —| po3poOka  makeTiB  kopmycHux | development of hull constructions
KOHCTPYKIIii models

38-43 —| BUroToBJICHHS MaKeTiB elekTpoHikk | manufacture of electronics models

39-44 —| purotoBiieHHs  MakeTiB  cuioBoi | production of power electronics
CIICKTPOHIKU models

40-45 —| BUroTOBJIEHHST MakeTiB MexaHiuHux | manufacture of models of
CUCTEM mechanical systems

41-46 —| BurotoBiieHHss MakeTiB kopmycHux | manufacture of hull constructions
KOHCTPYKIIIi models

43-47 —| BunpoOyBaHHs MakeTiB enekTpoHiku | testing of electronic models

44-48 —| punpoOyBaHHs MakeTiB  cuiioBoi | test of power electronics models
€JIEKTPOHIKU

45-49 —| punpoOyBaHHs MakeTiB MexaHiunux | test of models of mechanical systems

CHCTECM
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46-50 —| BunpoOyBanHs MakeTiB koprycHux | test of models of hull designs
KOHCTPYKIIIH

37-52 —| Bugaua gaHmx 1o TexHiuHoMy | issue of data on technical project by
MIPOEKTY CIiBBUKOHABIISIMA the collaborators

47-52 —| Bumavya JgaHWMX 10 TexHigHOMY | issuance of technical project data by
MPOEKTY BIJJIIOM €IEKTPOHIKA the department of electronics

48-52 —| Bumaya gaHMX 10 TexHiuHoMmy | issuance of of technical project data
IIPOCKTY BIJIILIIOM cuinoBoi | by the department of power
CIIEKTPOHIKH electronics

49-52 —| Bumaya gaHmx 1o TexHigHomy | issue of of technical project data by
npoekTy  Bimmiiom — MmexaHiunux | the  department of mechanical
CHUCTEM systems

50-52 —| Bumaua gaHux 1o TexHiuHoMy | issue of of technical project data by
OpoeKTy  Bimgiiom  kopmycHux | the department of body structures
KOHCTPYKITIH

51-52 —| morokeHHss mpoekTy posmimenHs | approval of MRE placement project
3MP Ha cynHi on the vessel

52-53 —| meTposoriuna ekcreptusa | metrological examination of the
TEXHIYHOTO MPOCKTY technical project

53-54 —| mpen’siBIeHHST TEXHIYHOTO TMpoekTy | presentation of technical design for
710 3aXUCTY protection

54-55 —| pobora kowmicii mo mnpuiimanHio |wWork of the commission on
TEXHIYHOTO MPOCKTY acceptance of the technical project

55-56 —| koperyBanHs AOKyMeHTalli Biamainy | correction of documentation of the
CIIEKTPOHIKM  3a  pesynbtaTamu | electronics department based on the
NpUMaHHS TEXHIYHOTO MPOCKTY results of acceptance of the technical

project

55-57 —| koperyBaHHs JOoKyMeHTamii Bimmaity | correction of documentation of the
CHJIOBOI CIICKTPOHIKH 3a | power electronics department based
pe3ysbTaTaMu npuiimanns | on the results of the adoption of the
TEXHIYHOTO MPOEKTY technical project

55-58 —| koperyBanHs AoKyMeHTalli Bimmginy | correction of documentation of the
MEXaHIYHUX CUCTEM 3a | mechanical systems department
pe3yibTaTaMu npuiiManns | based on the results of the
TEXHIYHOTO MPOCKTY acceptance of the technical project

55-59 —| koperyBanHs AoKyMeHTali Bimmainy | correction of documentation of the

KOPIIyCHHX KOHCTPYKIIiH 3a

pe3ysbTaTamMmu MpUMMaHHS

TEXHIYHOT'O MPOEKTY

body structures according to the
results of the acceptance of the
technical project
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55-60 —| koperyBaHHS nokyMmenTartii | correction of documentation of
CIIBBHKOHABIIIB 3a pe3yiabraTamu | collaborators based on the results of
OpUEMaHHS TEXHIYHOTO MPOEKTY acceptance of a technical project

56-61 —| po3podka KJI Bininiom enekrponiku | development of the DD by the

department of electronics

57-62 —| po3podka KJI Bimmimom cuiosoi | development of the DD by the
CIIEKTPOHIKH department of power electronics

58-63 —| po3podka KJI Bimmizom mexaniunmx | development of the DD by the
CHUCTEM department of mechanical systems

59-64 —| po3podka KJI Bimmimom kopmycHux | development of the DD by the body
KOHCTPYKIIIH structures department

61-75 —| po3poOka manux g nporpamu | data development for the tests program
BUIIPOOYBaHb BiiIoM enekTpoHiku | by the department of electronics

62-75 —| po3poOka nmanux g mnporpamu | data development for the test
BUIIPOOYBaHb  BIAUIOM  cujoBoi | program by the department of power
CIICKTPOHIKH electronics

63-75 —| po3poOka gammx Ui nporpamu | data  development for the test
BUIIPOOYBaHb BIAIIOM MexaHiuHuX | program by the department of
CUCTEM mechanical systems

64-75 —| po3poOka nmanux s mnporpamu | data development for the test
BUIIPOOYBaHb BIJUIJIOM KOpIycHHX | program by the department of body
KOHCTPYKIIN structures

61-77 —| po3poOka nmanux s nporpamu | data development for the tests
BUTIPOOYBaHb Ha HaaidHICTh | program on the reliability of the
BiJUTIIOM €JIEKTPOHIKH department of electronics

62-77 —| po3poOka manux s mnporpamu | data development for the tests
BUIIPOOYBaHb Ha HaniiHICTh | program on the reliability of the
BIJIZIIIIOM CHJIOBO1 €JICKTPOHIKH department of power electronics

63-77 —| po3poOka mammx Uit nporpamu | data development for the tests
BUTIPOOYBaHb Ha HaaidHICTh | program on the reliability of the
BiII1JIOM MEXaHIYHUX CUCTEM department of mechanical systems

64-77 —| po3poOka manux s mnporpamu | data development for the tests
BUTIPOOYBaHb Ha HaaiiHICTh | program on the reliability of the
BIJIIJIOM KOpIycHUX KOHCTpyKIii | department of body structures

61-71 —| 3akymiBis MaTepialiB ta | purchase  of  materials  and
KOMIUIEKTYIOUUX ISl €IEKTPOHIKH components for electronics

62-72 —| 3aKyrmiBis MaTepialiB ta | purchase  of  materials  and
KOMIUIEKTYIOUYUX e cuioBy | components for power electronics
€JIEKTPOHIKY
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63-73 —| 3aKymiBIIs MaTepiajiB ta | procurement of materials and
KOMIUIEKTYIOUHX JUIs MexaHIYHHX | components for mechanical systems
CUCTEM
64-74 —| 3aKyIiBIIsA MaTepiajiB ta | purchase  of  materials  and
KOMIUIEKTYIOUUX i KoprmycHux | components for hull constructions
KOHCTPYKIIIH
61-66 —| moromkennss KJI ma enekrponiky 3 | the approval of DD on electronics
BUPOOHHUIITBOM with production
62-67 —| moromkennss KJI  wa  cunoy |approval of a DD on power
CJIICKTPOHIKY 3 BUPOOHHIITBOM electronics with production
63-68 —| moromxkennss KJI w©a Mexaniumi | coordination of mechanical
CUCTEMH 3 BUPOOHHUIITBOM engineering with production systems
64-69 —| moromkenns KJI Ha kopmychi | DD  coordination on the hull
KOHCTPYKIIii 3 BAPOOHHUIITBOM construction with production
66-70 —| mepeBipka KJ[ enmextponiku Ha | checking of electronics DD for
TEXHOJIOTIYHICTh Ta po3pooka T/] manufacturability and development
of TD
67-70 —| mepeipka KJI cunoBoi enektpowniku | Verification of the power electronics
Ha TEXHOJIOTIYHiCcTh Ta po3pobka T/ | DD  for  manufacturability and
development of TD
68-70 —| mepeBipka KJI mexaniunux cucrteM | Verification of mechanical engineering
Ha TEXHOJIOTTYHICTH Ta po3podka T]I | systems DD for manufacturability and
development of TD
69-70 —| mepeBipka KJI koprycHux | verification of the body structures
KOHCTPYKIIIA Ha TexHojoriunicth Ta | DD for  manufacturability and
po3podka T]] development of TD
70-78 —| po3poOka texHojoriunoro | development  of  technological
OCHAIICHHS equipment
70-79 —| mepemawua  KJI Tta T/  Ha | transfer of DD and TD to production
BUPOOHUIITBO
71-76 —| mocTayaHHs MmarepiaiB ta | supply of materials and components
KOMITJICKTYrOunX st enekrponiku | for electronics
72-76 —| mocTayaHHs MaTepiajiB ta | supply of materials and components
KOMIUICKTYIOUMX i1 cwioBoi | for power electronics
€JIEKTPOHIKU
73-76 —| mocTavaHHs MaTepiaiiB ta | supply of materials and components

KOMIUICKTYHOUYNX  IJIA MEXaHIYHUX
CHCTCM

for mechanical systems
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74-76 —| mocTayaHHs MaTepiajiB ta | supply of materials and components
KoMmIUTekTyrounx s kopmycHux | for hull constructions
KOHCTPYKIIiH

60-65 —| poboTtu CITIBBUKOHABIIIB no | collaborators work on the work
po0OoYOMY TTPOCKTY project

65-80 —| BUTOTOBJICHHS npoxaykmii | products  manufacture by  the
CITiBBUKOHABISIMU collaborators

76-80 —| BUTOTOBJICHHS JOCIIIHOTO 3pa3ka manufacture of a prototype

78-80 —| BUTOTOBJICHHS TeXHoJIorigHoTO | manufacture of  technological
OCHAIICHHSI equipment

79-80 —| po3poOacHHS mapmpytHo- | development  of  route  and
TEXHOJIOT1YHUX KapT technological chart

80-81 —| perymoBanHs cucteM jgociigHoro | System control of the prototype
3paska

81-82 —| BunpoOyBaHHS CUCTEM Ha | systems testing for reliability
HaIIHHICTD

81-83 —| momepenHi BunpoOyBaHHs | preliminary tests of the prototype
JIOCIITHOTO 3pa3ka

75-83 —| mepenaya JOKyMEHTAITi1 o | documentation transfer for tests
BUNPOOYBAHHSX

77-82 —| mepenava JOKYMEHTAITi1 no | documentation transfer on reliability
BUNMPOOYBAHHIX HA HAJINMHICTh tests

83-84 —| mepemaua mocmigHOro 3paska s | prototype transfer for installation on
MOHTaXy Ha CyJTHaX the vessel

84-85 —| MoHTaX TOCIIAHOTO 3pa3Ka Ha cyaHi | prototype installation on the vessel

85-86 —| perymoBaHHS CcHCTEM JOCHiAHOTO | prototype system control on the
3pa3ka Ha Ha CYJHO vessel

86-87 —| momepenHi BunpoOyBanHs | prototype preliminary tests in the
JOCITITHOTO 3pa3ka y CKJajai cucteMm | vVessel's systems
CyllHa

87-88 —| mpen’siBJCHHS JOCHIIHOTO 3pas3ka y | prototype presentation in the vessel
cknazai cynna Ha MBB on the IDT

88-89 —| yuacts y MBB participation in IDT

89-90 —| koperyBanus KJI 3a pesyabraramu | adjustment of DDs by the IDT
MBB results

82-90 —| koperyBanns KJI 3a pesynabraramu | adjustment of DDs by the tests
BUNIPOOYBaHb HA HAJIHICTD results on reliability

90-91 —| nepenaua K/ Ha cepiiiae | DD transfer to serial production
BUPOOHUIITBO
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Taoauus A.1 — Po3paxyHok mapaMeTpiB 4yacy pooiT

Table A.1 — Calculation of work time parameters

Ominka yacy (Time estimate) O‘IIKYBa.,HI/II/I Jlcnepcis
Po6ota . HAHOUTBII I . TepMIH poboTu
(Work) | OlTHMicTIHa ivoBipHa CCHMICTHYHa | BUKOHAHHA (Work
P (optimistic) (most likely) (pessimistic) | (Expected dispersion)
i a y b deadline) )
m i c
00-01 10 12 15 12,17 0,69
01-02 5 8 11 8,00 1,00
02-03 22 24 26 24,00 0,44
03-04 22 24 26 24,00 0,44
03-06 22 24 28 24,33 1,00
03-07 10 19 22 18,00 4,00
03-12 22 24 25 23,83 0,25
04-05 32 34 38 34,33 1,00
06-08 1 1 2 1,17 0,03
06-09 1 1 2 1,17 0,03
06-10 1 1 2 1,17 0,03
06-11 1 1 2 1,17 0,03
05-08 1 1 2 1,17 0,03
05-09 1 1 2 1,17 0,03
05-10 1 1 2 1,17 0,03
05-11 1 1 2 1,17 0,03
08-14 22 30 32 29,00 2,78
09-15 22 30 32 29,00 2,78
10-16 40 44 50 44,33 2,78
11-17 44 46 47 45,83 0,25
05-12 1 1 2 1,17 0,03
07-13 22 26 30 26,00 1,78
12-13 22 24 26 24,00 0,44
12-18 28 39 45 38,17 8,03
14-18 1 4 5 3,67 0,44
15-18 1 4 5 3,67 0,44
16-18 1 4 5 3,67 0,44
17-18 1 4 5 3,67 0,44
14-22 5 8 10 7,83 0,69
15-22 5 8 10 7,83 0,69
16-22 10 19 22 18,00 4,00
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[Tponorxenus Tadmaui A.1
Table continuation A.1

Ominka yacy (Time estimate) OqleBa}HHH Tucnepcis
Pobota . HaWO1IBII 0 . Bnieol)}ﬁ:m poboTtu
(Work) | OTTHMICTITHA iMoBipHa COMMICTITIA (Work
P (optimistic) (most likely) (pessimistic) | (Expected dispersion)
i a y b deadline) )
m i c
17-22 10 19 22 18,00 4,00
18-19 12 14 18 14,33 1,00
19-20 22 24 26 24,00 0,44
13-21 40 43 50 43,67 2,78
20-22 22 26 28 25,67 1,00
21-22 10 12 14 12,00 0,44
22-23 20 21 22 21,00 0,11
22-24 10 19 22 18,00 4,00
23-24 5 8 10 7,83 0,69
24-25 8 10 12 10,00 0,44
25-26 1 2 4 2,17 0,25
26-27 5 6 8 6,17 0,25
27-28 1 5 6 4,50 0,69
27-29 1 5 6 4,50 0,69
27-30 1 5 6 4,50 0,69
27-31 1 5 6 4,50 0,69
27-32 2 4 5 3,83 0,25
28-33 44 50 52 49,33 1,78
29-34 46 50 54 50,00 1,78
30-35 42 45 50 45,33 1,78
31-36 55 60 63 59,67 1,78
33-42 5 13 15 12,00 2,78
34-42 5 13 15 12,00 2,78
35-42 5 12 12 10,83 1,36
36-42 24 30 32 29,33 1,78
33-51 2 4 5 3,83 0,25
34-51 2 4 5 3,83 0,25
35-51 8 11 12 10,67 0,44
36-51 8 10 11 9,83 0,25
42-51 22 26 27 25,50 0,69
32-37 55 64 65 62,67 2,78
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[Tponorxenus Tadmaui A.1
Table continuation A.1

Ominka yacy (Time estimate)

OuikyBaHui

, Hucrniepcis
PobGota . HaOLIbII - ) TCpMIH poboTtu
(Work) Olz(”)[I/H\-/IlC-TI/I.‘-IHa iMOBipHa eCI/HVfIC".FI/ITIHa BHUKOHAHHA (WOrk
P ptimistic) (most likely) (pessimistic) | (Expected dispersion)
! a b deadline) )
m ¢ o
37-51 5 8 12 8,17 1,36
33-38 16 18 22 18,33 1,00
34-39 16 20 22 19,67 1,00
35-40 12 13 23 14,50 3,36
36-41 15 17 22 17,50 1,36
38-43 21 30 32 28,83 3,36
39-44 22 30 32 29,00 2,78
40-45 22 26 30 26,00 1,78
41-46 30 34 35 33,50 0,69
43-47 18 22 24 21,67 1,00
44-48 18 22 24 21,67 1,00
45-49 15 22 25 21,33 2,78
46-50 20 22 30 23,00 2,78
37-52 22 26 30 26,00 1,78
47-52 10 19 22 18,00 4,00
48-52 10 19 22 18,00 4,00
49-52 12 19 22 18,33 2,78
50-52 16 20 22 19,67 1,00
51-52 5 11 15 10,67 2,78
52-53 18 21 22 20,67 0,44
53-54 10 13 15 12,83 0,69
54-55 1 2 4 2,17 0,25
55-56 5 15 18 13,83 4,69
55-57 5 15 18 13,83 4,69
55-58 8 15 16 14,00 1,78
55-59 10 15 18 14,67 1,78
55-60 12 15 22 15,67 2,78
56-61 70 75 80 75,00 2,78
57-62 80 86 90 85,67 2,78
58-63 62 64 68 64,33 1,00
59-64 98 107 110 106,00 4,00
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[Tponorxenus Tadmaui A.1
Table continuation A.1

Ominka yacy (Time estimate)

OuikyBaHui

, Hucrniepcis
PobGota . HaOLIbII ) TCpMIH poboTtu
(Work) OHTI/H\-/IIC-TI/I.‘-IHa iMOBipHa HGCI/HVfIC".FI/ITIHa BHUKOHAHHA (WOI'k
P (optimistic) (most likely) (pessimistic) | (Expected dispersion)
! a b deadline) )
m i c
61-75 5 11 14 10,50 2,25
62-75 5 10 14 9,83 2,25
63-75 5 10 12 9,50 1,36
64-75 5 11 14 10,50 2,25
61-77 5 11 12 10,17 1,36
62-77 5 11 12 10,17 1,36
63-77 5 11 12 10,17 1,36
64-77 5 11 12 10,17 1,36
61-71 10 22 24 20,33 5,44
62-72 10 22 24 20,33 5,44
63-73 10 22 25 20,50 6,25
64-74 10 22 25 20,50 6,25
61-66 1 2 4 2,17 0,25
62-67 1 2 4 2,17 0,25
63-68 2 4 6 4,00 0,44
64-69 3 4 6 4,17 0,25
66-70 18 22 24 21,67 1,00
67-70 16 22 24 21,33 1,78
68-70 20 28 30 27,00 2,78
69-70 30 34 35 33,50 0,69
70-78 18 22 24 21,67 1,00
70-79 16 19 22 19,00 1,00
71-76 120 129 150 131,00 25,00
72-76 22 37 40 35,00 9,00
73-76 50 60 64 59,00 5,44
74-76 18 22 23 21,50 0,69
60-65 33 43 45 41,67 4,00
65-80 35 43 50 42,83 6,25
76-80 75 86 90 84,83 6,25
78-80 18 22 24 21,67 1,00
79-80 12 22 23 20,50 3,36
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[Tponorxenus Tadmaui A.1
Table continuation A.1

Ominka yacy (Time estimate) OqleBa}HHH Tucnepcis
Pobora . HaWO1IbII - . BHT;OP:I\E:H;I poboTH
(Work) OHTI/H\-/IIC-TI/I.‘—IHa iMOBipHa eCI/HVfIC”.FI/ITIHa (Work
P (optimistic) (most likely) (pessimistic) | (Expected dispersion)
i a y b deadline) )
m i c
80-81 16 22 24 21,33 1,78
81-82 18 22 30 22,67 4,00
81-83 14 22 28 21,67 5,44
75-83 10 15 18 14,67 1,78
77-82 12 15 18 15,00 1,00
83-84 14 21 22 20,00 1,78
84-85 13 22 26 21,17 4,69
85-86 15 22 24 21,17 2,25
86-87 22 36 40 34,33 9,00
87-88 10 13 15 12,83 0,69
88-89 60 64 66 63,67 1,00
89-90 50 62 70 61,33 11,11
82-90 50 62 75 62,17 17,36
90-91 22 26 30 26,00 1,78

Tadoanusa A.2 — Hlnsixu rpada podiT no ecKi3HOMY NPOEKTYBAHHIO
Table A.2 — Ways of work schedule on schematic design

HInsx mepeskeBoro rpada (Network graph path) t_( L) o’ (L)
Loz | 00-01-02-03-06-08-14-22-23-24-25-26 14750 | 8,14
Lo | 00-01-02-03-06-08-14-22-24-25-26 136,67 | 11,33
Los | 00-01-02-03-06-08-14-18-19-20-22-23-24-25-26 211,50 | 10,58
Los | 00-01-02-03-06-08-14-18-19-20-22-24-25-26 200,67 | 13,78
Los | 00-01-02-03-06-09-15-22-23-24-25-26 147,50 | 35,50
Los | 00-01-02-03-06-09-15-22-24-25-26 136,67 | 11,33
Loz | 00-01-02-03-06-09-15-18-19-20-22-23-24-25-26 207,33 | 10,33
Los | 00-01-02-03-06-09-15-18-19-20-22-24-25-26 196,50 | 13,53
Los | 00-01-02-03-06-10-16-22-23-24-25-26 173,00 | 11,44
Lio | 00-01-02-03-06-10-16-22-24-25-26 162,17 | 14,64
Li; | 00-01-02-03-06-10-16-18-19-20-22-23-24-25-26 222,67 | 10,33
L, | 00-01-02-03-06-10-16-18-19-20-22-24-25-26 211,83 | 13,53
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[TponopxxenHs Tadauill A.2
Table continuation A.2

[Insx mepexkeBoro rpada (Network graph path) t_( L) o? (L)
L1z | 00-01-02-03-06-11-17-22-23-24-25-26 17450 | 8,92
Lis | 00-01-02-03-06-11-17-22-24-25-26 163,67 | 12,11
Lis | 00-01-02-03-06-11-17-18-19-20-22-23-24-25-26 224,17 | 7,81
Lis | 00-01-02-03-06-11-17-18-19-20-22-24-25-26 213,33 | 11,00
Li7 | 00-01-02-03-04-05-08-14-22-23-24-25-26 181,50 | 8,58
Lis | 00-01-02-03-04-05-08-14-22-24-25-26 170,67 | 11,78
Lis | 00-01-02-03-04-05-08-14-18-19-20-22-23-24-25-26 245,50 | 11,03
Ly | 00-01-02-03-04-05-08-14-18-19-20-22-24-25-26 234,67 | 14,22
Lo1 | 00-01-02-03-04-05-09-15-22-23-24-25-26 181,50 | 8,58
L2, | 00-01-02-03-04-05-09-15-22-24-25-26 170,67 | 11,78
Lo | 00-01-02-03-04-05-09-15-18-19-20-22-23-24-25-26 241,33 | 10,78
Los | 00-01-02-03-04-05-09-15-18-19-20-22-24-25-26 230,50 | 13,97
Los | 00-01-02-03-04-05-10-16-22-23-24-25-26 207,00 | 11,89
Ly | 00-01-02-03-04-05-10-16-22-24-25-26 196,17 | 15,08
L,7 | 00-01-02-03-04-05-10-16-18-19-20-22-23-24-25-26 256,67 | 10,78
Los | 00-01-02-03-04-05-10-16-18-19-20-22-24-25-26 245,83 | 13,97
Ly | 00-01-02-03-04-05-11-17-22-23-24-25-26 208,50 | 9,36
Ls | 00-01-02-03-04-05-11-17-22-24-25-26 197,67 | 12,56
Ls; | 00-01-02-03-04-05-11-17-18-19-20-22-23-24-25-26 258,17 | 8,25
Ls, | 00-01-02-03-04-05-11-17-18-19-20-22-24-25-26 247,33 | 11,44
Lss | 00-01-02-03-12-18-19-20-22-23-24-25-26 211,17 | 14,36
Lss | 00-01-02-03-12-18-19-20-22-24-25-26 200,33 | 17,56
Lss | 00-01-02-03-04-05-12-18-19-20-22-23-24-25-26 246,83 | 15,58
Lss | 00-01-02-03-04-05-12-18-19-20-22-24-25-26 236,00 | 18,78
Ls7 | 00-01-02-03-12-13-21-22-23-24-25-26 188,67 | 7,56
Lss | 00-01-02-03-12-13-21-22-24-25-26 177,83 | 10,75
Lsy | 00-01-02-03-04-05-12-13-21-22-23-24-25-26 224,33 | 8,78
Ly | 00-01-02-03-04-05-12-13-21-22-24-25-26 213,50 | 11,97
L4y | 00-01-02-03-07-13-21-22-23-24-25-26 184,83 | 12,64
Ls, | 00-01-02-03-07-13-21-22-24-25-26 174,00 | 15,83
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Taoauusa A.3 — llasixu rpadga podiT no TeXHIYHOMY MPOEKTYBAHHIO
Table A.3 — Ways of work schedule on schematic design

[nax mepexesoro rpada (Network graph path) t_( L) o’ ( L)
Laz | 26-27-28-33-38-43-47-52-53-54-55 182,50 | 13,47
Las | 26-27-29-34-39-44-48-52-53-54-55 184,67 | 12,89
Lss | 26-27-30-35-40-45-49-52-53-54-55 171,83 | 14,81
Lss | 26-27-31-36-41-46-50-52-53-54-55 199,67 | 9,94
Ls7 | 26-27-28-33-42-51-52-53-54-55 143,83 | 10,36
Lag | 26-27-29-34-42-51-52-53-54-55 144,50 | 10,36
Lag | 26-27-30-35-42-51-52-53-54-55 138,67 | 8,94
Lsop | 26-27-31-36-42-51-52-53-54-55 171,50 | 9,36
Ls; | 26-27-28-33-51-52-53-54-55 110,17 | 7,14
Lsy | 26-27-29-34-51-52-53-54-55 110,83 | 7,14
Lss | 26-27-30-35-51-52-53-54-55 113,00 | 7,33
Lss | 26-27-31-36-51-52-53-54-55 126,50 | 7,14
Lss | 26-27-32-37-51-52-53-54-55 127,17 | 8,81
Lsg | 26-27-32-37-52-53-54-55 134,33 | 6,44

Tadumua A4 — Hlaaxu rpada po3podoku PK/l BuroroBieHHs Ta

NonepeaHix BUNpPoO0yBaHb JOCTIAHOI0 3pa3Ka

Table A4 - WDD development graph paths, manufacturing and
preliminary tests of the prototype

HInsax mepexxeBoro rpada (Network graph path) t_( L) o’ (L)
Ls; | 55-56-61-71-76-80-81-83-84-85-86-87-88-89-90-91 628,50 | 83,69
Lss | 55-56-61-71-76-80-81-82-90-91 457,17 | 69,08
Lso | 55-56-61-66-70-78-80-81-83-84-85-86-87-88-89-90-91 459,50 | 48,47
Leo | 55-56-61-66-70-78-80-81-82-90-91 288,17 | 35,64
Le1 | 55-56-61-66-70-79-80-81-83-84-85-86-87-88-89-90-91 455,67 | 50,83
Le, | 55-56-61-66-70-79-80-81-82-90-91 284,33 | 38,00
Les | 55-56-61-75-83-84-85-86-87-88-89-90-91 374,50 | 43,81
Les | 55-56-61-77-82-90-91 202,17 | 28,97
Les | 55-57-62-72-76-80-81-83-84-85-86-87-88-89-90-91 543,17 | 67,69
Les | 55-57-62-72-76-80-81-82-90-91 371,83 | 53,08
Le; | 55-57-62-67-70-78-80-81-83-84-85-86-87-88-89-90-91 469,83 | 49,25
Les | 55-57-62-67-70-78-80-81-82-90-91 298,50 | 36,42
Leo | 55-57-62-67-70-79-80-81-83-84-85-86-87-88-89-90-91 466,00 | 51,61
Lo | 55-57-62-67-70-79-80-81-82-90-91 294,67 | 38,78
Ls1 | 55-57-62-75-83-84-85-86-87-88-89-90-91 384,50 | 43,81
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[Tponorxenus Tadnuii A.4
(Table continuation A.4)

[nsax mepexeBoro rpada (Network graph path) t_( L) o’ ( |_)
L7> | 95-57-62-77-82-90-91 212,83 | 28,97
L7z | 55-58-63-73-76-80-81-83-84-85-86-87-88-89-90-91 546,17 | 60,25
L7s | 55-58-63-73-76-80-81-82-90-91 374,83 | 45,64
Lzs | 55-58-63-68-70-78-80-81-83-84-85-86-87-88-89-90-91 456,17 | 45,75
L7 | 55-58-63-68-70-78-80-81-82-90-91 284,83 | 32,92
L7z | 55-58-63-68-70-79-80-81-83-84-85-86-87-88-89-90-91 452,33 | 48,11
L7s | 55-58-63-68-70-79-80-81-82-90-91 281,00 | 35,28
L7g | 55-58-63-75-83-84-85-86-87-88-89-90-91 363,00 | 38,22
Lso | 55-58-63-77-82-90-91 191,67 | 24,28
Ls; | 55-59-64-74-76-80-81-83-84-85-86-87-88-89-90-91 551,00 | 58,50
Ls, | 55-59-64-74-76-80-81-82-90-91 379,67 | 43,89
Les | 55-59-64-69-70-78-80-81-83-84-85-86-87-88-89-90-91 505,17 | 46,47
Lsa | 55-59-64-69-70-78-80-81-82-90-91 333,83 | 33,64
Lss | 55-59-64-69-70-79-80-81-83-84-85-86-87-88-89-90-91 501,33 | 48,83
Lss | 55-59-64-69-70-79-80-81-82-90-91 330,00 | 36,00
Ls7 | 55-59-64-75-83-84-85-86-87-88-89-90-91 406,33 | 42,11
Les | 55-59-64-77-82-90-91 234,00 | 27,28
Lgy | 55-60-65-80-81-83-84-85-86-87-88-89-90-91 403,67 | 52,56
Loo | 55-60-65-80-81-82-90-91 232,33 | 37,94
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