YOK [532.5:534-14]:629.584.017.2
TpyHoe A.H.

rTMAPOAMHAMUYECKASA 3AO0AYA
O KOJIEBAHMAX NOABOAHOIO ANMNAPATA

Memodamu 2udpoduHamuveckol meopuu Kadyku peweHa 8 npubnuxeHHoOU mocma-
HOBKe Kpaesasi 3a0aya meopuu nomeHyuana O 803MYUEHHOM O8UXEHUU XUOKocmuU,
8bI36AHHOM  KONebaHUsIMU  MOMTHOCMbIO  NO2PYXXeHHOo20 N00800HO20  annapama,
8bleedeHbI chopmyrbi Onsi pacdyema a2udpoduHaMu4ecKUX cusl.

Knroveeblie crnoea:. audpoduHamuka, Kadyka, KonebaHusi, Kpaeeas 3adauya,
noepyxeHHbill MOO8OOHbIL annapam.

Memodamu zidpoduHamiyHOI meopii Xumasuui po3e’sisaHa y HabsiuXeHill nocmaHosyi
Kpaesa 3adava meopii momeHyiany npo 36ypeHull pyx piduHU, WO BUKIIUKaHO
KOMU8aHHAMU [MOBHICMIO 3aHypeHo20 Mi080OHO020 anapamy, eusedeHi cbopmynu Ond
po3paxyHKie 2i0poOUHaMIYHUX CUIT.

Knroyoei cnoea: 2idpoOuHamika, Kauyka, KonugaHHS, Kpaliosa 3adayva, 3aHypeHul
nié8oOHul anapam.

Boundary-value problem solved by the methods of naval hydrodynamics which is
made as approximated solution of the potential theory on fluid motion disturbed by
oscillations on of the floating underwater robot, the mathematical forms for calculations of
hydrodynamic forces are obtained as well.

Key words: hydrodynamics, tossing, vibrations, task, submerged submarine vehicle.

OnbIT prMeHeHust noaBoAHbIX anmaparoB ([TA) B kauecTBe OCHOBHOTO JIMOO BCIIOMOTraTeIbHOTO
TEXHOJIOTHYECKOTO0 00OpY/MOBAaHMs Ul BBITIOJHEHHS OTAENbHBIX ONepanuyii B TMEpHOI aBapHiHO-
criacaTesIbHbIX PaboT MPUBOAWUT K HEOOXOAMMOCTH WX OKCIUTyaTallid B YCJOBHUSX TOBBIIIEHHBIX
BHEIIHUX BO3MYILIEHHI Ha MOBEpXHOCTH Boabl. OnHOM W3 3anay [1; 3], pelueHne KOTOpOM MO3BOJIsET
obecrieunts  QgyHkumoHupoBanne [IA B TakMx yCIOBHMAX ~ SBISETCS  3aJada  pacyeTa
T'MAPOAMHAMUYECKMX CWJI M MOMEHTOB JJIsi TOJHOTO TOTPY)KEHHs TPH HAJIMYUM BHELIHHX
BO3MYLIEHHUI Ha TOBEPXHOCTH BOJBI.

B paborax [1; 4] paccmaTtpuBajach 3aJavya BO3HHUKHOBEHHS KAauyKH CyaHAa W3 COCTOSHHS
a0COJIOTHOTO WM OTHOCHUTENLHOTO MOKosi. OIHaKO, M3MEHEHHs YCIOBUH OOTEKaHUs CYIECTBEHHO
YCIIOKHSET THAPOANHAMHUUECKYIO 3a71ady TEOPHUH MOTeHIHANA.

I'1aBHOIi He pemeHHOI MPOOIeMOii SBIsETCS 3a7a4a O MaJIbIX HEYCTAHOBUBIIMXCS KOJIEOAHUAX B
peXHMe MOJTHOCTBIO MOrpykeHHOTO 1A, KOTOpBIe BO3HUKAIOT BCIIEACTBHE BHEIIHUX BO3MYILCHHIA.

Ieablo cTaTbl SBIATbCA ONpelelieHHWe TMOTeHUMala CKOpOCTeld Kak pelieHHe T'MIapo-
JMHAMHUYECKOH 3aJ1auM 1 ONpeiesIieHHe CHII 1 MOMEHTOB, IeHCTBYIOIIMX Ha TOrpy keHHbIH [1A.

H310:xeHHE OCHOBHOIO MATEpHAIA.

[loctaBum oOmIyI0 3amauyy O MaiblX HEYCTAaHOBHMBLIMXCS KOJIEOaHUSX B PEXKMME ILIaBaIOLIErO
aBapHifHO-crlacaTesIbHOro armapara, BO3HHMKAIOIIMX OT BHECEHHBIX BO3MYILEHMH Ha MOBEPXHOCTH
Bonbl. MccnenoBanue 3TuMX KosieOaHWil BBIMIOJMHKMM C YYETOM MABXKEHMs TSDKENOM Hec)kMMaeMoi
JKUAKOCTH. B 370l cBA3M chopMupyeM rpaHHUHbIC YCIOBUs AJ1s MOTeHLMana ckopoct ¢(X,Y,zt) :

—YCJ'[OBI/Ie O6T€KaHI/I}I Ha HOBerHOCTI/I moaABOAHOT'O annapaTa:
¢
— =4 (mt), 1
5 = Sh(m) (1)
3, (mt)=RF + (£ xR, 2)

83



Haykosi npaui. Komm'tomepHi mexHonoeii

rae I, (m,t) HOpMaJibHasi CKOPOCTb NMPOM3BOJBHOM TOUKHM M 3aJaHHOM paauycC-BEKTOPOM ﬁ: Ha

MOBEPXHOCTHU arrmaparta S, KOTOpasd onpeAC/IMTCA Y€PE3 BEKTOPA CKOPOCTHU Havajla KOOpAUHAT

F=s1+8]+9K (3)
Y YTJIOBOM CKOPOCTH
H=sf+9. +9K; (4)
— YCJIOBHE MOCTOSTHCTBA IABJICHHs Ha MOBEPXHOCTH npu Z=0
0p  0°p _
ko : 5
J 0z at ®)

yCJIOBHE OrPaHUYEHHOCTH M €IMHCTBEHHOCTH TOTEHIMalla Ha pedpax, KOTOpoe B COOTBETCTBUH C
[1], MOxHO 060OLIMTH

#(x.y.z,t)~O(x)=kr"

rae O(X) — CUMBOJI MOPSi/IKA, A — IEWCTBUTENBHOE YKCIO, [ — PACCTOSHUE OT TeKyILEN» TOYKH
1o Touku P Ha pebpe ¢ koopauHatamu
P(x,Y'2);
— yCJIOBHE OTPaHUYE€HHOCTH MPOU3BOAHBIX MOTEHLMANA B 00IACTH, 3aHIATOM JKUAKOCTBIO KOTOphIE
TaKXKe JOJIKHBI CTPEMUTCS K HYJIIO MpU Z — 00 y _, +oo ; X — F00;

— HavdaJIbHbIC YCJIOBUA

t=0; 2=0; #(x,y.00)= f,(x,y); %= f,(xy). (8)

Pernenue 3aa4vu MnpoBeaAcM METOAOM HUHTErpaJibHOI'oO HpeO6pa3OBaHI/I$[.
HpI/IMeHI/IB npeo6pa3OBaHHe Jlannaca AJid IOTCHLKaJia MO0 BpEMEHHA

7ﬁ(x’ Y.z, p) = Te_pt¢(X, Y, Z,t)dt ;

¢ Gopmyioii obparieHus
l ytico
d(x,y,z,t)=— Je"t(ﬁ(x, y,z, p)dp
2” y—ico
K ypaBHeHuto Jlaraca, momy4ynm

0’g  9°
049090 <0, )
ox® ody® 0z
B cuny nuneitHocTH ypaBHeHus (7) v rpaHnuHbIX yeioBui (1)-(6) ¢ menbro ynpouieHus aropurma
pelueHre MpeCTaBMM B BUIE CYMMBI

p(xy.zt)=¢ (xy.2t)+9° (x.y.2t), (8)
rie ¢*(X,y, Z,t) — ¢yHKUMS TapMOHHWYEecKas B HIDKHEM TMOJYNPOCTPaHPAHCTBE 3aHSITOM
JKUAKOCTBIO U KOTOpas TakKe yHOBHeTBOpHeT YCJIOBUIO Ha MOBEPXHOCTHU
(T2 09
= + 00 9
LB = 192 v paly o) ©

a ¢° (X,y, Z,t) TaKke rapMoOHUYECKas (byHKumI B 00J1aCTH 3aHATON JKUJKOCTBIO U YIOBJICTBOPSET

YCJIOBUAM Ha NMOBEPXHOCTHU

@4.&2@"3:0, (10)
0z g
%—V( p)—% va S (11)

Kak creactBue mpemioxeHHOW cynepriosvuuu pemenuid (8), ucxomHas KpaeBas 3ajada
pacnagerca Ha ase (7), (9) m (7), (10,) (11) coorBeTcTBeHHO mnsl (QyHKUMHA @ (X,y, Z,t) -
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Bunyck 121. Tom 134

OMMCHIBAIOIIEH PACTIPOCTPAHEHHE MEPBOHAYATBHOTO BO3MYylleHHs Ge3 mpensteteuii U ¢°(x,y,z,t)

BbI3BAHHOM B3aMMOJICHCTBUEM C KOpImyCOM MOABOAHOI'O arriaparta.
Beenem npeo6pazoBaHMe Jlannaca o KOOpauHate Z

#(x.y.q,0)= Te'qzaf(x, Y,z p)dz

¢ Gopmyioii obparieHus
yico
#(x.y.z.0)= Je“z (x.y.q.0)dq.
271 2
1% ico
[Mpumensist ero k ypaBHeHuto (7) ¢ y4eTOM HayalibHBIX W TPAHUYHBIX YCIIOBHI Ha MOBEPXHOCTH,
3anuieM

0p 0P, .5 [azﬁ ! }
—+ + +| — &% +qpe ™ =0.
x> ay? ae 0z a9

z=0
Otkyna cienyet

0p 0’9 op
+

x> oy’ qa 0z

0

a—f 0 +08(x,y.0,p).

Hanee npumenum k (12) npeobpasopanue Jlannaca B moy0eckOHEUHbIX Mpeienax Mo KoopAuHaTe
Xuy.

+q#(x,y.0,p). (12)

z=0

OGosmaunm 9(x,y) = F (%,y,q, 0)» L(x,y,q, p)=

I(a,y)= Te“’xﬂ(x, y)dx,

3(a.p)= Te"’”ﬁ (x, y)dx.
0
B pesynbTaTe nonyunm

5(a.B.a.p)= He P L(x,y,q, p)xdy-

f+ﬁ2 a0

T|:%i + aq§:|| xzoe_wdy_|:a +18q1§:|| y=0

0

(13)

rae q,, 5, 0003HaYeHbl COOTBETCTBEHHO KOPHH YpaBHEHHUH
03 09
—+a,7|=0; —+ B
[ ox } [ ay e }
C yvetom BBeaeHHBIX 0003HaueHu# (8) HavanbHbIX (6) rpann4uHbiX (9) yeioruii npeodpasyem (13)
TIPH 3TOM HIXKHHUE MHJEKCHI TIPH KOPHAX ¢, 3, OyayT OmyIeHsl

©

3 (a.p.a, D)=mlf{ xy)+ p[f( )= p7 (x.y0.p)+ qga(x yo )}} (14)

* @ e P dxdy
[TpumenuM nocnegoBaTeabHO TpH 00paTHBIX MpeobpazoBanus Jlamaca o nepeMeHHbIM d,[3, q

¢*(X y,.zp)=

LT e i babesttlest-po v Cofernnfe-e ooz
xy)+ P f,(x )= p@" (x.y 0 p)+==3(x,y,0 p) e e dxdycdRig
gnmmmwm a’+F+q p
M =
OyHKuus P D(X,y, Z, p) JOJDKHA  yIoBJIeTBOpATh yciosusm (11), rme V(m, p), _Q(m, p) -

I/I306pa)KeHI/ISI BEKTOpa JIMHEWHOU M yrHOBOﬁ COOTBETCTBEHHO CKOPOCTHM TOYKH M l'[Ol"py)KeHHOﬁ
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Haykosi npaui. Komm'tomepHi mexHonoeii

MOBEPXHOCTH TOJABOIHOTO ammapata. [IpeacraBum mocneaHne B BUAE€ COOTBETCTBYIOIIMX MPOEKIUI

npeobpazoBaHHbBIX 10 Jlamacy:

P _ P P
Vv (m, p)=|pV1+ f)vz +KkV,
P _ P P
Q(m, p):|pv4 + ﬁ)vs +KkV,,

Torna B cuiy JuHeitHoctH (11), BBenem:

M M
5°(x.y.2,p)= @, + B,V +&, 2. (16)
FpaHI/ILIHBIe yCJ'IOBI/ISI AJIs1 BCE€X BBEACHHbBIX (I)YHKL[I/Iﬁ 3alivilaeMm
[ [ .
00, _p. 99, _p,p. 0% _ 37 (xy.2.p) 17)
on on on on
[IPUYEM BEKTOpA 51 u ’52 MPEACTABIIAIOTCS !
N p b,oop
b, =g+ 14, +Kp,; &, =1, + 4, +Kp,. (18)
BBenennble npencraBieHus ans GQyHKUWR ¢ i (X, Y, Z); i=l_6 MO3BOJISIFOT 3anucarh id HHUX

I'paHUYHBIC YCIJIOBMS Ha MOBEPXHOCTH arrapara:

3¢, (x.y.z )—cos( ) 39, (x. Y, )—coe(nDy); 0¢3(x,y,2)zcos(nmz);

an on on
% - YCOE(nDZ)_ ZCO?(nDy); % - ZCOJ\”DK)‘ KCOS(nDZ);
% = xcodny)- yeodnT). (19)

PaccmoTpum ciyvaii onpeneneHus 5TUX GYHKUMI U1 MOABOJHOTO ammnapara, Morpy>KeHHOTo Ha
riy6uny h npu ycnosuu, uto dopma ero kopryca UMIMHApP paauyca R, a och uumuHapa u och ¥,

COBIIagaroT. I[J'ISI HaXO0XXACHHUA (I)YHKLII/Iﬁ ¢ i BBECAEM LUWIHHAPHUYECKYIO CUCTEMY KOOpAUHAT

cemaHHylo ¢ koprmycoM ITA (puc.l). Jlns Bcex | HCKOMble (YHKUMM OyayT YIOBIETBOPATH
ypaBHeHuro Jlannaca:
2 2 2
0°¢; 104, 10°¢, 09,
a? ror rray’ ox

HO B CBA3U C TEM, UTO I'PAHUYHOC YCJIOBUSA 3aBUCAT OT MHACKCA J , PACCMOTPHUM IOCJICJOBATEJIBHO

:0,

COOTBETCTBYIOLIKE CIIyYaH.
Cnyuaii | =1. I'paHnuHble ycJIOBUS IS 5TOTO cllyyast B cooTBeTcTBUM ¢ (19) 3anmuryres:

0 0
% r:R:O |:a¢|il+ ¢1C0w:||r =h lcosy 0'
¢, _ :
ox, |X, =L /2 =1 ¢1x1:¢|_/2~o(x)=ikrA (20)

BBeZ[eM npeo6pazoBaHMe (Dypbe, I'aHkensa B KOHEYHBIX npeaeiax COOTBETCTBEHHO:
#,(r.nx)= j¢lK dy, (21)

B KOTOPOM:
i j=2n-1
K = sinny p J
' |cosny j=2n

7.(0,0,%) = [ 1K, (0,1 Wk (22)

®Dopmysibl o0palleHust ist STUX IpeoOpa3oBaHU UMEIOT BU]T
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.= HV; + 3 (Braasinny + cosnw)} (23)

e oo = [ H,00: P = [4,SNNGAW ; B, = [ 9,comydys:

$LJ.(r,n,xl):iKn(om,r)ﬁl(om,n,xl). (24)
Snpo npeoOpazoBanus [aHkens onpeaesnseTcs M0 BhIPAKESHUIO!
Kn(am,r)=—¢"(2m’r), (25)

roe @, (am , r), 0, —CcoOCTBeHHbIE (PYHKLIMH U COOCTBEHHBIE YMCIIa COOTBETCTBEHHO HAXOIATCS U3

pelueHus BcnoMmoratenbHoi 3agaun Lltypma-JIlnysumns:

d’e 1 dCD n?

dr2 rodr [02 _r_z}p =0 (26)
do _A.|d®  p?
AR AR L] S @)

Pewennem kpaeBoit 3amaum (26), (27) Oynmer nuHeiiHas koMmMOWHanus OeccelieBbIX (YHKLMI
MIepBOTO U BTOPOTO pojia mopsizika n,

® (0..r)= J.(a.r) _ Y, (g,

2
O-m‘];(a-mh)-l-z‘]n(amh)bj a-mYn’(a-mh)-I-

) (28)
Y,(o,.h)b;

[Mogumnsas (28) rpanuyHomy ycnoBuio (27) Ha ILMIMHIPUYECKOW MOBEPXHOCTH Kopryca [IA,
3arnuiuemM:
J(o

()i

[MonoxuTenbHple KOPHU TPAHCIIEHAEHTHOTO ypaBHeHMs (29) maroT coOGCTBeHHbIE 3HAUECHHS O

n m
2

(o,h)b, amYn'(amh)+ZYn(amh)b,-

R - A =0. (29)
3,

JJIL KaXXa0ro N v P, Torga HopMa BbIYACIATCSA MO BbIPAYKCHHUIO:

szfrcp (o, r)dr——2 Pl (- (o, ,h)- Rl ??(0,,R).  (30)
A 2| g°d? g )| | T g R e

m

[Mpumensist mocnenoBareabHo npeobpasoanre Dypoe (21) u Nankens (22) k ypasHenuto Jlamnaca
MOJTYYHM:

d*g,

-0.°%,=0, 30
dx, 2 (30)
da_ _ = . ~ _ k1 h "
o= Byl = 8 A=K (o, g
Pemennem (30) Oyaer:
5_1 =C,e "™ +C,e"™, (31)
e—amL/Z ;j:
C =-C.=-
roe C; ) o [t1+e s

NpyU 3TOM HE CIIOXKHO y6ez[HTc;1, YTO yCJOBHE Ha JIEBOM M TpaBOM peOpe BBIMONHAIOTCA, a
KO9(PULMEHTH MPOMOPLUMOHATIBHOCTH Ky M k, PaBHBI MO MOIYJIIO W MPOTHBOMOJIOKHBI 10 3HAKY.

HOCHCI{HCC 00BACHAETCS TEM, 4YTO IJIs1 AAaHHOTO criocoba peuieHuda 3aga4 METOAOM KOHEYHO —
HUHTETrpaJibHbIX npeo6pazoBaHH171, KOTOpLIﬁ MNPUMEHUM TOJIBKO MPHU BBIMTOJIHEHUUN YCJIOBUA pa3aC/ICHUA
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Haykosi npaui. Komm'tomepHi mexHonoeii

NMEPEMEHHBIX KakK Jid Ha4YaJlbHbIX W TI'paHUYHBIX yCHOBHﬁ, TaKk U Jid caMOro ypaBHEHUA Jlammaca
ycioBu€ €AUHCTBEHHOCTH pCH.ICHI/Iﬁ BCErja BbBITIOJIHACTCA Ha I'paHULE NMEPECCUCHHUA KOOPAHMHATHBIX

MOBEPXHOCTEN.
[Mpumensist popMyibl 0OpalieHusl, 3alMIIeM [JTsl PeLIeHNs] KICXOJHOM KpaeBoii 3aiaun B Buze (23),

rie Ko3(PUIUEHTHI BBIYHACIATCS

B, = mZ.:;(Clyoe‘ 4 CZ,O"mxl)EKO(Jm,r), (32)
Brons = 2(C e +C, e K, (o,.r),
Bron = Z.OJ(CL”(&"’le +C, 67" K, (o,.1).
Chyuaii 2. 'paHruHbIe yCIIOBUS L[J'Iﬂm;FOFO ciydast 3annmch;1:
aafz |- =sing; {MZ +-—¢, cos:,11}|r oo =0 (33)
o4 o

[Ipumenss k ypaHenuto Jlamaca mpeoOpazoanms Dypbe u ['aHkens aHAIOrMYHO Kak 3TO
BBITOJIHEHO [U14 cityyas 1, momyuum:

d%g, —  dK,
L., = R K o, REimu -2 o, R (R ) | @)

rae rpaHuyuHble ycinoBus (27) 11 coOCTBEHHBIX (QYHKIMI 11e1eco00pa3HO COXPAHUTb.
Pewenuem (35) ¢ yueToM rpaHMYHBIX YCIOBHI 1S 5‘ , Oyner:

5-2 = C:lewmx1 + Czegmx1 + RK”(OJw,

m

C =C,=0
[Tpumensist Gopmysibl OOpallieHHsT 3aruilieM s pelleHuss MCXOMHOM KpaeBOW 3a1auyd B BHUIE
BoipaxkeHus (23), rae Ko3hPUITHEHTDI:
= R .
52,0 = Z 2 KO(Um' R)SIN/IKO(Um'r) 1
m=1 g m
> R
¢-2,2n—1 = Z 2
m=1 m
> R

¢-2,2n = Z 2

O,

K, (o, R)singK (a,,.r),

K, (o,,R)singK, (o,,.r).

Cnyuaii 3. 'paHuuHble YCI0BHSA [/ 3TOrO CIydast 3aHHmch;1'

= cosy {‘”’3 +Py, mosw}
0p,
ox, %72

Ocy1iecTBiisist aHATOrMYHO ciyydaro 2 npeobpasoBanus @ypbe u ['aHkens, pemas ypaBHeHHUE 1S
n300pakeHus peleHue 3anuiieM B Buae (23), rae OyayT U3MEHEeHbI TOJIBKO MOCTOSHHbIE MHOXKHUTEIH

siny Ha cos y

"=Veosp
=0. (36)

ar

2 KO(Um' R)EWO(Um'r)’

oo =25 K0, RI08K, (0,,),
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Bomn =S K, (0, RICOSK, (0,.7).

m=1

Cayuaii 4. 'paHruHbIe YCIOBHS AJISl 3TOTO Cllyvast 3aIlULLyTCs:

00y _q. |08, P’ .
ar4|r=R _07 |: ar4 + g ¢4cog//i||r=hlcoﬂll =0;
0¢ _
axf‘xlle_/z =0. (37)

OcyiecTBisis aHAIOTMYHO city4ato 2 nipeoOpasoBanus Dypoe u [aHkens, pemas ypaBHeHHe IS

uzobpakenus nonyunm @, =0, a cnenosarensho @, =0

Cayuaii 5. 'paHruHbIe YCIOBUS AJISl 3TOTO Cllyvast 3aIlULLyTCs:

0 0 2
0
&hmmu- (38)

Ocy1ecTBiisisi aHAJIOTMUHO city4ato 2 npeobOpasoBanus Oypre u [aHkens pewias ypaBHeHHE s
N300paXKEHHUS TOJTyUNM:

5‘5 =C,e "™ + C,e’™ + S, X,Cosy/ ,
rie
— RKn(an ! R)

o’
- saole o)
(2 - s.com Jg7 - ¢~ ")

o (ea- L e_a“L)

[Mpumensist  GopMyabl oOpallieHHs, 3amuiieM pelieHHe WCXOJHOW KpaeBOW 3ajaud B BHIE
BoipakeHus (23), rae k03hUIMEeHTbI:

ZK [Cloe m"'czol7 X1+Sox COS//]

Cun=

Cen=

¢_5,2n—1 = i K n (Jm ! r )[Cl,ne_JmXi + C:z,ngmx1 + Sn Xlagl/] ’

m=1
Pson = Z K, [Cloe 4+ C,, T+ S X, cos//]

Cuyuaii 6. ['pann4Hble yCIOBHS AJIsl 3TOTO Cllydast 3anHmch;1'
0
=xsing; { 2 +— ¢6 cosg[/}|r hicosy =05
09,
0%,

Ocy1iecTBiisisl aHAIOTMYHO cityvato 2 npeobpasoBanus Dypee u [aHkesns, pewast ypaBHeHUe, A5
N300paKEHHUS MOTyUNM:

o

‘x1=tL/2 =7y (39)

§, =C,e7™ +C,e"™ + snxisi_nw :

(y +S,siny e e—a.,L/Z)
o e*at ea})

Cin=

89
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= (§ +S, ?rlwxe—o,}/z _eth/z) |
| onlg?t -7

[Mpumensist opmynbl  oOpallleHHs, 3anulIeM pelIeHHe WCXOAHOW KpaeBOM 3aJaud B BHIC
BIpaxkeHus (23),rae K03 PULIUESHTHI:

ZK [Cloe I+ C, T soxlsm//]

¢6,2n—1 - Z_ Ky (Jm’ r )[Cl,ne_gmXl + Cz,nam S )(1;'1//],

Poon = ZK [Cme o+ C,L, T &&Sln//]

I[J'ISI onpeacjeHus Ccujil U MOMCHTOB, L[eﬁCTByl-OH.IHX Ha HA, BOCIOJIb3YEMCS BbIPpaAXKCHUEM
rUAPOANMHAMHUYECKOr O JaBJICHUSA, OMPEACIICHHOIO ¢ TOYHOCTBIO IO MAJIbIX BTOPOI'o nmopdaaka 6e3 yueTa
TUAPOCTATUYECKOTO MaBJICHUA:

— ¢
- Py =—p—,
0 ot
rae p', pé — HJaBJICHHUEC BHyTpI/I U Ha CBO6OL[HOI/I HOBerHOCTI/I KUAKOCTH. B pezynLTaTe

npuMeHeHus: mipeoOpasoBanus Jlarulaca B cooTBercTBUM ¢ [4] 3anmmeM Ui M300paxkeHHs
TMAPOAMHAMUYECKOro JaBJICHHUS:

P=-p> W, (p)¢, (x.v.2, )+, (08, (x,¥,2, p) - 8, (x.¥, 2.} - 0@, (x,¥.2, D)@, (x,¥,2,9)] -

-p0l# Y,z p) - (x,Y,2,%)],
dJg.

rne W(p) — wu3o0paxkeHHe mNpOeKLUMel BEKTOpa YCKOPEHMH —, a Takke O0003Ha4YeHO

. (x,y,2,p)=9"(x,y,z.p)-7 (x,y,2,).
Hzobpaxenne BeKTopa rIaBHBIX CHJI I MOMEHTOB JIEHCTBYIOIMX Ha MOABOHBIN ammapar:
Eoy b Y P
=X, + X, ]+ Xk,
P poPp v
M =X, I + X, ]+ Xk,
HpeHCTaBHTCH:

Iyz—”PRds;
M =—”P(P><|‘1))ds,

1€ KOMIIOHCHTBI.
_ 0 *
X=X+ X+ X'm
OIpeacaATcsd 1o Bpr&)KCHPIHM:

X = _Z;{Wj (p)CJm(p) +J, (OXij(p)—C;m(m)]}i
X8 ==Cy )—COm(oo)];
n=o[ j afl mds (40)

:—pW mds, j=16, m=16.

Koaddumentst ij(p) onpeneNiaoTcs aHaoruuHo [2; 4] mpu 3ameHe mnapametpa. Takum

o0pa3oM, MX CBOWCTBA CHMMETPHUHM W 3aBHCHUMOCTH TOJBKO OT (pOpMBI MOBEPXHOCTH M MapaMmeTpa
npeobpazoBanus Jlanaca p coxpaHsoTes.
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OBCYXOEHUE PE3YIIbTATOB
[Monyuennsie cooTHoweHus (40) MO3BONSAIOT paccMaTpUBaTh TPH THIIA 33]a4 O HEYCTaHOBUBILCHCS

Kauke norpy>xeHHoro [1A.

HepBbIﬁ TUIl 3aaa4 COOTBETCTBYET CJiydaro, Korjga B HayaJIbHbIA MOMEHT BPEMEHU UMITYJILC U
CMCIICHHEC ITA ornuyHbI OT HYyJid, a Ha4aJIbHOC BO3BbLIILICHHUE U HayvaJbHbIA HUMITYJIBC Ha CBO6OL[HOI>1

MOBEPXHOCTU HyneBOﬁ.

Jlnst aToro ciyvas M300pakeHUss KOMIOHEHT cBenyTes k X

ONpEACIAEMbIM IO BbIPAXKECHUAM

(40), B KOTOpBIX HM300paXkeHHs1 YCKOPEHHUit Wj(p) CBSI3aHBI ¢ M300paKEHUSIMH CMEIeHUI §j (p) u

HayaJIbHbIMU 3HAYCHHSIMHM MPOCKLMI BEKTOpA CMELICHHS S, (0) M CKOpOCTH &, (0) COOTHOLLIEHHEM

suna W (p) = p°S,(p)- pS (0)-2,(0),

Inpu 5TOM JIs aHaJiu3a MOBEACHHA KOMIIOHEHT BEKTOpa rMApPOAMHAMHUYECCKUX CHII MPHU t=0m

t — 00 MOKHO MCTIONB30BATH CBOMCTBA MPeIENbHBIX MEPEXO/IOB:

lim Xa =i

p-o t

m X.: lim X, =|
-0 p-0

too

Bropoii Thn 3aau cCOOTBETCTBYeT cilyvaro, KOT[a 3aJaH0 HavyajJbHOe BO3BBHIIIEHHE M HAaYaIbHBIN
WMITYJIbC TABJICHHS, a HaYaJIbHbIe CMEIIeHUs! 1 UMITYJbC [1A paBHBI HyJTIO.

B stom cnyyae:

6

X = Zl: pZSj (p)ij(p) ) X?n = —[Cmo(p)—CmO(OO)] )
=
X m =pj£¢; aa";m ds, C_, :p.[J'qu%dS.
TpeTuii THN 3TO 3a7a4a CMELLIEHHOIO TUIIA.
Tabauya 1
BiansiHne KoJiMYecTBA WICHOB PSAA HA OTHOCHTEJILHYIO HOIPEIIHOCTD
k03¢ ¢punuentos C jm( p)
m AC,/C, 000% | AC,,/C,100% | AC,,/C,100% | AC/C_[00% | AC  /C, [100%
1 1,55777 41,007186 41,007186 5,612313 5,6123138
2 0,12707 23,48111 23,48111 1,016958 1,016958
3 0,00531 15,12357 15,12357 0,30196 0,30196
4 0,00169 10,25152 10,25152 0,116441 0,116441
5 0,00063 7,064879 7,064879 0,052255 0,052255%
6 0,00025 4,81704 4,81704 0,025431 0,025431
7 0,00010 3,14835 3,14835 0,012695 0,012695
8 0,00003 0,834734 0,834734 0,002254 0,002254

HenocpenctBenHoe BbluMcieHne 3HadeHUi koadduumeHTo

C jm(p) CTaJIKMBAETCS HA MEPBbIH

B3[JISIT C BBIYMCIUTENLHBIMUA TPYOHOCTSIMH, OOYCJIOBJICHHBIMU CBOWMcTBaMU becceneBblx (YHKIIMIA
OpnHako, S3TOT TPOIECC CYIIECTBEHHO YIPOUIAeTCSs C Y4YeTOM CBOMCTBA OpPTOTOHAJTBLHOCTH
MOBEPXHOCTEM I[MJIMHIApPA OCH pPaguyC BEKTOpPY W OrPaHUYCHHOCTHM pelIeHWH, a TakkKe TOro
00CTOATENBCTBA, UTO IS (PYHKIUIA ¢, — pelenus OTAMYHbI OT HyJIA TOJIBKO MpU N= 0, a musa b,

v ¢.,¢, npu N=1 nna cuHyc ¥ KOCHHYC MpeoOpa3oBaHUs COOTBETCTBEHHO. KonMuecTBO 4IeHOB B

paaax onpeacsAeTCsa XapakrepoM CXOAUMOCTU U MOIKET ObITh BBI6paHO JJIsL JKeaeMoi NOrpeHoOCTU
BBIYMCJICHUI U3 Ta6J'[I/ILU>I 1. Kak CJIeay€eT U3 aHajiu3a JaHHbIX Ta6J'[I/ILU>I 1 AJ1d UHXKEHEPHBIX pacye€ToB
AO0CTAaTOYHO MPU BBIYMCJICHUU UCIOJB30BaTh HE Gouee TpEX — MATHU WICHOB pAaa, T.€ BbIYUCIICHUA

MPOBOAUTDL OJId TPEX-MATH 3HAYCHUH O m



Haykosi npaui. Komm'tomepHi mexHonoeii

Tabnuya 2
Bausinne riryOnHbI Horpy:keHusi Ha K03 PUIHEHTHI ij(p, h)

h Cui(p) C.alP) Cys(p) Css(P) Coo(P)

1 0,0045 0,645 0,645 0,603 0,603
15 0,0104 0,795 0,795 0,793 0,793
2,0 0,0146 0,883 0,883 0,825 0,825
2,5 0,0176 0,925 0,925 0,859 0,859
3,0 0,0196 0,967 0,967 0,873 0,873

Brusinue riiyOMHBI MOrPY>KEHUs] HA OTHOCHTENIbHBbIE M3MEHEHHUsI KO3()(HULIMEHTOB MpPEecTaBIeHO B
tabnuie 2. Kak cnenyer U3 aHanu3a JaHHBIX Bce KOA(PGHUIMEHTBI HOCAT XapaKTep aCUMITTOTHUECKUX
¢yHkuui. BnusHue nmapameTpa BpeMeHHOro npeoOpasoBanus Jlamnaca mpezicrarieHo B Tabnuie 3.

Boruucnenus Boimonnenst aus h/R=1, L/R=3; %= 642. Biusaue napamerpa P Ha C, W

C,,C,, ananorn4Ho. OTu QYHKUMM acUMNTOTMYeCKW BospactaioT. Opmnako, C,, u Cg

ACUMIITOTUYCCKH Y6I>IBaIOH.[I/Ie BCJIMYHHDI.

Tabnuya 3
Baunsinne napamerpa npeo6pa3oBanus Jlaniaca Ha OTHOCHTeIbHbIE KO3 PHIHEHTHI

Cn(p.)iC, (p.)

p | C,(p)/C (0x) C,(p»)/C,,(0)] C,(p)/C,(0w)] C.pew)/C(0x] C.lpw)/C,(0c
1 0,13477 0,86948 0,86948 0,13477 0,13477
2 0,71364 0,28776 0,28776 0,38387 0,38387
3 0,92656 0,07380 0,07380 0,58365 0,58365
4 0,97553 0,02458 0,02458 0,71364 0,71364
5 0,98983 0,01021 0,01021 0,79567 0,79567

besycnoBHo, uto ¢opma peanbHoro kopmyca [IA He umeer dopmy mmmmHapa. Kak nokazaHo B
pobotax npodeccopa H.b. CavkeBckoro BiusHUE onepeHUst U pyOKH, a Takke OTKIIOHeHHe (PopMbl
MOXeT OBITh YUTEHO MpeAjaraeMbIMM METOJUKAMHM B BHAE JOOABOYHBIX WICHOB W MOMPAaBOYHBIX
k03¢ puumeHTos [3].

Takum 00pa3oM, MOMy4YEeHHbIE COOTHOLIGHHS TO3BOJISIOT OXBAaTWUTh LEJbIH Kiacc 3aaady o
T'MAPOAMHAMUYECKOM TOTEHIMalle B MEPUOJ MalblX HEYCTAaHOBMBLIMXCS KOJieOaHHWH MOTpy>KEHHOTO
ITA nns HaGopa HavaNbHBIX YCIOBHH, KaK Ha MIOBEPXHOCTH TSKEIIOH HEC)KMMAeMOM JKUIKOCTH, TaK M
Ha MOBEPXHOCTH KOpITyca armapara.

BbIBOAbl

1.B COOTBETCTBMH C COBPEMEHHBIM COCTOSIHHEM MW TMPEACTABICHUSAMU THIPOJHHAMUYECKON
TEOPUH Kauykd CYIOB CHOPMYJIMpOBaHA M B MPUOIMKEHHOM MOCTAHOBKE pellieHa KpaeBas 3ajava o
BO3MYILIEHHOM JIBHXKEHUH JKUIKOCTH, BBI3BAHHOM KOJIe0aHUsIMHU Morpy»eHHoro ITA.

2. 'uapoavHaMuvecKre CHITbl JCUCTBYIOLIME Ha TMOrpyxkeHHbid [TA ompeneneHbl Ha OCHOBE
pellieHWss KOMIUIEKCA BCIIOMOTraTeNbHBIX KpPaeBbIX 3a7ad METOAaMH KOHEYHO-MHTErpajbHbBIX
npeoOpazoBaHUil.

3.TlonyuenHble B paboTe pe3yabTaThl B (POpMe KOHKPETHBIX COOTHOIIEHHWH MOTYT CIYKHUTh
OCHOBOM Ui COCTaBleHHs W pelieHus auddepeHIUaNbHbIX ypaBHeHUH konebanuii [TA npu
HEYCTaHOBMBIIIEHCA Kauke MpU pa3paboTKe alfOPUTMOB U MPOrpamMM, MOJEIUPYIOIIUX PEKUMbI
paboThl TEXHOJIOrMYECKUX arnapaToR.
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