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2. Hosrie TCXHOJIOTHYCCKHNC IO0AX0 b1 K
CO3JaHHUI0 TCKCTYp U COINIAaCOBAHUIOTECPMUYCCKOTO
pacmmpeHud B I[H3al71He BI)ICOKO3(1)(1)CKTI/IBHI)IX

KPEMHHEBBIX COJIHEYHBIX (hoTompeobOpazoBareneit. //
®u3nKa U TEXHUKA MOJYNPOBOIHUKOB, 2018, ToM 52,
Boim. 13. C. 1675-1682.
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@I'HOY BO «Hcesckuil 2ocyoapcmeentbitl mexHuyeckuil ynugepcumem umenu M.T. Kanawnuxogay,

Poccus

BHEJPEHHUE PLM CUCTEM B ITPOU3BO/ICTBO.

AHHOTanus. B HacTosiee BpeMs 3KOHOMHUYECKasi CUTyalus B Poccuu mepekuBaroT HE JTyYIIUe BpeMeHa.
MHorue rocynapcTBa NpeAbsBISIOT IPOTUB HAC CAHKIIMHU, KOTOPIC OTPAaHHMYMBAIOT BOBMOXKHOCTH HAIICH CTPAHBL.
B cBsi3u ¢ 3THM, NMPaBUTEIECTBOM OBLIO MPHHATO PEHICHUE MOBBICUTH KOJMYECTBO M KAY€CTBO BBIMTYCKAEMOM
NPOIYKIUK NPEANPUATHI Ha HOBBI YPOBEHb. B pe3ynbrare TakuX W3MEHEHHU COBPEMEHHbBIC MPEATPHSTHS
CTOJIKHYJIMCh C PSAAOM MpOOJIeM, OJMH M3 KOTOPBIX YCTapelble METOMbl YIPABJICHHS >KU3HCHHBIM IUKIOM
u3enus. BBIXOMOM M3 CIIOKHMBIICHCS CHTyalMyd NOCHyxuio BHempenue PLM cucrem. B panHO# cTarhe
PacCMOTPEHBI yay4IIeHUs OJTyYeHHbIC B pe3yJibTaTe MPUMEHEHHS IPOrpaMMHOro npoaykra Teamcenter.

Kurouesvie cnosa: mawunocmpoenue, usdenue, sxcusHennsiti yuxn uzoenus, PLM, Teamcenter.

B cBasu ¢ ykasom mpesuaeHra Poccuiickoi
Depnepanuu 00 OCHOBHBIX HaTpaBJICHUIX
roCy/JapCTBEHHOM MOJUTHUKU 1o Pa3BUTHIO
koHKypeHuuu Ne 618 ot 12 nexadps 2019 roxa 6bu10
MPUHATO pEIICHHE TIOBBICUTH YIOBIETBOPEHHOCTH
JKU3HH  HaceleHHs C  TOMOILIbI0  YBEJIWYEHUS
acCOpPTUMEHTA TOBAapOB IMOBBIIIEHHUA WX KadecTBa U
CHIXEHUs IeH. HeoOXoamMo co3maTe yCIOBUS Ui
MPOM3BOJICTBA OTCUYECTBEHHBIX TOBAPOB, CIOCOOHBIX
3(h(heKTHBHO  KOHKYpHpOBATH C  3apyOCKHBIMU
aHaloraMHM Ha BHEUIHMX W BHYTPEHHUX pBIHKAaX.
IIoBBICUTE 3KCHOPT POCCUHCKUX INPOMBIIIIEHHBIX
TOBapoB B oO0meM o0beMe, H3rOTaBIMBAaEMbIX Ha
TEPPUTOPUU HAllleH CTPAHBI.

B pesynbpTaTe Takux M3MEHEHHUM yBEIMYMBAETCA
HOMEHKJIaTypa BBITyckaeMoil mnpoxykmuu. OpHa u3
mpobieM, ¢ KOTOPOHW CTalKHBAIOTCA COBPEMEHHBIC
HOPEANpUATHSA, 3TO ycTapenble METOAbl XPAHEHUs
nHpopmanmn. KoHCTpyKTOpCKas M TEXHOJIOTHYECKast
JOKyMEHTAIlsl XpaHWTCS B OyMaxHOM BHIe (Ha
Kaibkax). MHOTHE JOKYMEHTHl W3HALIMBAIOTCA U
Tepsitoresi. [lonck Hy)XHOH WH(pOpMAalWMU 3aHUMAET
MHOIO BpPEMEHH. OTO MNPHUBOAUT K CHIKEHHIO

PLM

MPOU3BOJUTEILHOCTH U YBEIWYEHHUIO  CPOKOB
BBITIOJIHEHMSI TIOCTaBJICHHOM 3ajaun. TeM cambIM
MOSIBIAETCS HEOOXOIUMOCTh CO3JAHUS €IUHON 0a3bl
MaHHBIX.

Jns  3aBoeBaHMS YCTOMYMBBIX MO3UIUH Ha
BBICOKO-KOHKYPEHTHOM  pPBIHKE  MAalIMHOCTPOSHUS
HE00XOIUMO BHEJPATH COBPEMEHHBIE METOIbI OOMEHa
nHpOpMAINH, MTO3BOJISIOIINE YIPaBIAThH
WHXXCHEPHBIMM JaHHBIMH M POU3BOJACTBEHHBIMU
MPOLIECCaMU Ha BCEM MPOTSKEHUH KUZHEHHOTO LIMKJIa
H3JIeTHA.

Bce atu mpobaemsl pematotr PLM cuctemsr.

PLM  (Product Lifecycle Management —
yHpaBlieHUE KU3HEHHBIM IUKIOM MPOIYKIIMH) — 3TO
KOMIIJICKC COBPEMECHHBIX MH()OpPMALMOHHBIX

HpOTpaMM, TTO3BOJISIOMINHN YIPABIATE BCEMHU TaHHBIMU
00 m3genuu. JlaeT OIHOBPEMEHHBIH JOCTYI pPa3HBIM
KaTETOPHSM CIICIHAINCTOB, JUIS PEATU3aIiH B TIOJTHOM
o0beMe MPUHINIIOB NAPAIIEIBHOTO MTPOEKTUPOBAHUS
W3AETHH, T.e. MPOIYKLIUS KOHKPETHOTO THIA MOXET
OJTHOBPEMEHHO HaXOJWThCSI B HECKOJBKUX CTAIHAX
KM3HEHHOTO  IMKJa,  HampuMmep, B  CTaauAX
TIPOM3BO/ICTBA, SKCILUTyaTallul U PEMOHTA.

ERP

CRM

SCM

J

Pucynox 1 — PLM-cucmema u ee mecmo 6 ungopmayuonHot ungppacmpykmype npeonpusimusi.
ERP — xonmponws pecypcos npeonpusmus; CRM — ynpaenenue 63aumooeticmeuem ¢ KiueHmom,
SCM — koumponb yenouku nocmasox.
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ERP, CRM u SCM - npexcraBisitOTCS B BUAE
JIMAJIOTOBBIX PEIICHUN, OTpa)karolllhue MaTephalibHbIC
acmeKThl pabOThl ¢ W3JCIMEM M BEJCHUS OW3Heca
(3atpartsl, 3aKyIKH, 0CTaTOK Ha CKJIaje,
MPOM3BOJCTBEHHBIN [IUKIT U3/IEITHUS).

OcHOBHBIMH KOoMMoOHeHTamMu PLM-cucreMbl Ha
MPEANPUATUH SABIISIOTCS:

PDM — cucrema, npeHa3HaueHHAs 17151 XpaHEHUS
W VyOpaBIeHUS MJaHHBIMH 00 W3IENnH, SBIACTCS
ocHOBOM PLM;

CAD - oTBeuaert 3a NIpOEKTUPOBAHUS U3AEIIHIA;
CAE — npoun3BoauT MHXEHEpPHBIE PacUeThl;

CAPP - cucrema, mnpeaHa3HaueHHas Ui
pa3paboTKu TEXIPOLIECCOB;
CAM - cucreMa, pa3pabaTbIBaroas

YIPaBIAIOLLYIO IporpamMmy i ctaikos ¢ UIIY;
MPM - cucrema njaaHUpOBAaHUE MPOU3BOACTBA
MIPOAYKTA.

AHanus
n3genuna

KoHcTpyKuma
nsgenua

TexHonorus
MU3roTOBJIEHUA

Mogenb
Nnpou3BOACTB

yny

Pucynox 2 — Ocnosnuie cocmasnaowue PLM cucmemsi

PaccmotpuM  oaMH W3 Hauboliee  MOIIHBIX
MPOTPAaMMHBIX MPOJIYKTOB YIPABJICHUS JKU3HEHHOTO
[MKJIa TPOU3BOJACTBA KommaHuu Siemens PLM
Software — nporpammy Teamcenter.

Teamcenter — 3To HHTErpUpPOBaHHEI Habop PLM
u PDM pemrenuii, oOecrieynBaromuii OpraHU3aIHIO
KOJUICKTUBHOW pabOTBl COTPYAHUKOB IPEIIPHUATHS
(Tpynmsel TpeanpUsSTH) ¢ JaHHBIMA 00 H3IENHAX U
CBSI3aHHBIX C HHUMH Tpoleccax. Vcnoap3oBanne
cucreMbl Teamcenter MO3BOJISIET MIPEATIPUATHIO PE3KO
NoBBICUTh oThauy oT npumeHenuss CAD/CAM/CAE
CHCTEM.

[MpeumyiecTBa MCMONB30BAaHHUS MPOrPAMMHOTO
nponykra Teamcenter:

- Teamcenter He TO3BOJSIET  CO34aBAThH
IyOonmMpyeMblii Habop TaHHBIX, TEM CaMbIM COKpaIlaeT
00beM XpaHUMOH HH(POPMAIIH;

- YOpOUIIAaeT MOMCK HeoOxoaumon MHpopMannuu
00 M3roTaBIMBaEMOIl JieTaN;

- TI03BOJISIET OCYIIECTBUTH OBICTPBI MPOCMOTP
TeOMETPHUH JIeTalIH;

- JIJaeT YBEPEHHOCTh B TOM, YTO HCIOJb3YIOTCS
MOCJIE/IHSISI BEPCHUST ITAaHHBIX;

- TO3BOJISIET JIETKO CO37aBaTh M HM3MEHATH
CTpyKTYpy m3nenus (BOM);

- TIO3BOJIIET ITOCMOTPETH UCTOPHUIO Pa3pabOTKH U
W3MEHEHHMS U3JIeIINS;

- BElICHHWE KOJUIEKTUBHOM M COTJIACOBAaHHOM
paboThI B X071€ IPOSKTHPOBAHNS;

- obecnieynBaeT ymnpaBJIeHHE BCEMH JIaHHBIMH,
JIOCTYIIOM M XpaHeHue HeoOxoanumoit nHpopmanuy.

Teamcenter MO3BONAET OTCIEKHUBATh OOJBLIOE
KOJIMueCTBO MH(pOpMALMK, HEOOXOAMMOM Ha JTamax
NIPOEKTUPOBAHUS U IPOU3BOACTBA u3xenuil. Jlaer
BO3MOXKHOCTb MOJJICPKKH 9KCIUTyaTaIlH,
COMNPOBOXKAEHUS U YTHIM3ALNH TEXHUIECKNX JaHHbIX.
OOvenuHsieT wHpOPMANMIO IHOOBIX (OpMATOB U
THIIOB, IIPEAOCTaBIssl €€ II0JIb30BaTEIsIM yXKEe B
CTPYKTYpUpPOBaHHOM BHJe. [laHHBIA mporpamMMHbIN
MPOXYKT PaboTaeT € TEKCTOBBIMH JOKYMEHTaMH,
pUCyHKamH H uepTexaMu. ITo3BosseTr mpocMaTpuBaTth
U YOPaBIATH TI'EOMETPHYECKUMH  MOJCISAMH U
HapaOoTKaMH, NpPUYEM JIOCTYNl K TakKUM JIAHHBIM

MOXET OCYIIECTBJIATHCA HETIOCPEACTBEHHO n3
Teamcentra.
OZ[HOP'I H3 CaMbIX BaXXHbIX COCTaBJIAKOIINUX

KOMIIOHEHTOB TIPOTPaMMBI  SIBJIICTCS  IMOJCHUCTEMa
(Moxyne) maTerpamuu ¢ CAIIP. Pagora ¢ CAIIP B
coueraHun ¢ nporpammoii Teamcenter pe3ko
MOBBITIACT A(PPEKTHBHOCTD, 32 CUET HOOABICHHS K
STHM CHCTEMaM BO3MOXXHOCTEH TI0 XpaHCHUIO
npeapymux Bepcuid. [lo3Bomsier TpopabaThIBaTh
aIbTePHATHBHBIC BapHAaHTHI, MEXaHU3MBI
MHOTOIIOJIb30BaTENbCKOW ~ paboThl  Hajg — oOmiei
MOJICNIbI0  COOPKH, (YHKIIMOHATBLHOCTH TIO OOMEHY
uHpopManueil MeXIy COTPYAHHKAMH B peabHOM
BPEMEHH, aBTOMAaTHYECKOTO BEJCHUS COCTaBa U3ICITUS
W VIOpaBIICHWS JIOCTYIIOM Ha OCHOBE HepapXuu
cOOPOYHOM eUHUIIBI.

I[Mo 3asBieHN0 pa3pabOTYMKOB
MPOrpaMMHOTO TPOIyKTa |eamcenter
CIICAYIOIIHNE TIOKA3aTEIIH:

BHEJIpEHHE
yaIydiaer
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1. Bpems Ha MPOEKTUPOBAHWEC YMEHBIIACTCS HA
45%;

2. 3arparel  Ha
cokpamatorcs Ha 20 — 25%;

3. Omubku mpu mepenaye NaHHBIX CHUKAIOTCS
Ha 80 — 90%;

4. Bpems Ha IUIaHUPOBAHHE COKpAIIACTCS Ha
60%:;

BBITNIOJIHCHHUC IIPOCKTOB
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5. Bpems Ha nouck MH(pOPMAIMH COKPAIIAETCs
Ha 40%;

6. CronMoCTh IIOJTy4eHUs Hy)KHOW nH(opManuu
cHmkaeTcs Ha 20 — 60%;

7. Bpems Ha  HU3MEHEHHUE HOPMaTUBHO-
TEXHUYECKON M WHOW JTOKYMCHTAIMH CHIDKACTCS Ha
30%;

8. CroumocTh
ymeHbiaercs Ha 30%.

TEXHUYECKOH  TOKyMEHTalll’

4 m5 m6 m7 m8

Pucynox 3 — Iloxazamenu ynyywenus npu enedpenuu Teamcenter

BeiBox: BHeapenue Takoro nporpamMMHOIO
MpOAyKTa Kak [eamcenter 3HAYHTENBHO OOJErduT
paboTy MO TMOUCKY U TPOCMOTPY HEOOXOAUMO
nHPOpPMAIIMH, a TaKKe CO3JACT €IMHbIC MpaBuia s
BEJICHUS TaHHOM 0a3bl MX aIMUHUCTPATOPAM.

Buenpenne mporpammber Teamcenter yMeHbITUT
BpeMsl HaJ paboTOW MPOEKTa, COKPATHT BEPOSTHOCTH
Opaka W TOBBICHUT HAACKHOCTb W3TOTOBISIEMOMN
OPOAYKIMHU. A 3TO 3HAYMUT, YTO BHEAPEHHE TaKHX
MpOrpaMM B TPOU3BOJCTBE SBIISIETCS HEOTHEMIIEMOU
COCTaBISIIOLLEH MpPEyCHEeBAOIUX Ha CErOAHSIIHUN
JIeHb OpTaHU3aLHH.
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STABILIZATION OF LONGITUDINAL MOTION OF UNDERWATER VEHICLE

Annotation. The mode of longitudinal motion of attached underwater vehicles under the action of propulsors
is considered. The behavior of the devices in the aqueous environment and methods of stabilizing their movement
are analyzed. Since among the machines it is possible to find both well-streamlined bodies and low-mobility
platforms carrying equipment open to water, approaches to solving this problem differ. Often, the devices are
required to have increased maneuverability, and the walking is sidelined. From here approaches to selection of
power armament and propulsion-steering complex are formed. When calculating statics and dynamics, there are
features that distinguish underwater vehicles from conventional floating objects. For them, in most cases, high
stability cannot be achieved. It is necessary to provide either excessive volumes inside the pressure hull, not used
for equipment accommodation, or additional buoyancy units made of light material, located outside the pressure
hull of the apparatus. The ability to lower the centre of gravity by moving the equipment is also limited. Therefore,
there is a problem in providing the necessary stability both in static and dynamic, although for an underwater
vehicle the concept of rollover differs significantly from surface vessels. The method of selection in the first
approximation of the minimum required metacentrical altitude for binding systems is proposed. Ways of stability
regulation and its rationing are proposed.

Keywords: stability, underwater vehicle, motion stabilization, metacentric height, stability regulation.

Introduction

When designing attached underwater vehicles, the
question arises about the use of special devices or
structural measures stabilizing their movement in
different planes. The main movements of the apparatus
are horizontal and vertical displacement. Disturbances
in movement have different causes. This can be poor
hydrodynamic balancing, lateral flow, housing
asymmetry, etc. The nature of the flow related to the
difference in speed and shape of the body also differs.
In fact, among the machines there can be found well-
streamlined bodies designed for movement at high
relative speeds, and low-mobility platforms carrying

equipment, open to the action of water and designed to
perform works in the local space.

Numerous researchers have studied the stability of
underwater vehicles Professor. A. Basin, in a
fundamental work on stability and controllability of
ships [1] as early as 1949, gave generalized formulas
for calculating the steering devices of surface vessels,
which can be used to assess automatic stability of
traffic, in relation to surface objects. Pantov E.., and a
group of researchers in 1973 formulated the main
mathematical provisions of the theory of movement of
autonomous underwater vehicles [2], but their work is
rather staged and gives a wide field for researchers.
Greiner L. in 1978 in his work on hydrodynamics and



