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1. MOAENWN ANEMEHTOB, 3AOAIKOLWUNX
HAYAIIbHbIE YCNOBUA

2.1. HEKOTOPbIE OCOBEHHOCTWU BbIHYHUCJIIUTEJIBHOIO
ANNTOPUTMA PRADIS, OBECINEYUBAIOLLIUE 3
BO3MOXHOCTb 3AOAHUA HAYAIIbHbLIX YCINIOBUU

Ilepen HayajioM WHTETPUPOBAHMUS BBIUUCIUTENBHBIM sApoM PRADIS BeimonHstoTCS
MHUIMAJIN3alUd HeoOX0IUMBIX MaccuBoB. [Ipu 3ToM mpoucxonut oOHyJIeHHE NepeMEeNIeHU 1
CKOPOCTEH ISl BCeX CTeMeHel CBOOOIbI MOJIEIH.

Takum 00pa3oM, €Clii TOJIB30BaTENb HE TPEANPHHSI IOTOJIHUTENBHBIX JEHCTBHHA, TO
HavaJbHbIE 3HAYEHUS CKOPOCTEN U TIepeMEIIeHH MPenoiaraloTcsi paBHBIMU HYJIIO.

B PRADIS umeercs rpynmna Mojesneil 3J€MEHTOB, KOTOPbIE YCTaHABIMBAIOT HayaJlbHbIE
3HAYEHUS] CKOPOCTEeW W TepeMelleHUil s BhIOpaHHBIX IOJb30BATENIEM CTEMEeHEH CBOOO/IBI.
HavanbHble ycnoBus 3aJaloTcsl Nepea HEMOCPEICTBEHHBIM MHTErpupoBaHueM. CuuTaercs, 4To
CKOPOCTh WJIM TE€peMelleHHe, 3aJaHHble TaKhUM OO0pa3oM, MPUOOPETaAIOTCS OOBEKTOM [0
HYJIEBOTO MOMEHTa BpeMeHHU. [1o 3TuM cTeneHsm cBoOOAbl 0OBEKT ABMKETCS paBHOMEPHO (T.€.,
HAYaJIbHOE YCKOPEHHUE PaBHO HYJIIO).

N3 Bcero cka3aHHOTO BBITEKAIOT CIEAYIOUIME OrPaHUYEHHs] Ha HCIOJIb30BAHUE
OTIHMCHIBAEMOM IPYIIIBI MOJIETIEH STIEMEHTOB:

1) C momouipIo 3TUX JIEMEHTOB MOYKHO YCTAHOBUThH 3HAUEHUSI IEPEMEIIICHUN U CKOPOCTEN
TOJILKO B HA4YaJIbHBIM MOMEHT BpeMeHU. [lonbITka U3MEHUTh 3HaUeHUE HauaIbHONW CKOPOCTH MU
HAYaJIbHOTO MEpPEMEILEHUs 10 X0y pacuera OyAeT BbI3bIBaTh MPEPbIBAHUE pacyeTa ¢ Bbllayeil
COOTBETCTBYIOIIUX COOOIIEHUN 00 OITHOKE;

2) IlonpITKa ¢ TOMOUIBIO Pa3IMUYHBIX IPOTPAMM YCTAaHOBUTH IPOTHUBOPEUYMBBIE HaYaJIbHbIE
3HAYEHHS] CKOPOCTEN WM MepeMENIeHn KaKoro-i0o y3ia MpUBEAeT K MPeKpaIlieHuio pacuera
C BbIJIaU€il COOTBETCTBYIOIIETO COOOIIEeHUs 00 OTnOKeE;
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Puc. 1.1. PacueTHasi cxema MasiTHMKA, MCII0JIb30BAaHHAsI B IPUMepe M0 YCTAHOBKe
HAYAJbHOM YII0BO# CKOPOCTH.



3) Jid CHOXHBIX TEXHUYECKUX CHCTEM YCTAaHOBKA HAYalIbHBIX CKOPOCTEH OTIENBHBIX
cTerieHeil cBoOOMBI JOJHKHA MPOUCXOAUTH coryiacoBaHHO. Hampumep, yCcTaHOBUB HadalbHYIO
YIJIOBYIO CKOPOCTh IO TPEeThed CTerneHH cBoOOAbI JUlst MasTHHKa (puc. 1.1.), HO HEe H3MEHs
HAYaJIbHBIX CKOPOCTEH IO OCTAJIbHBIM CTEMEHSM CBOOOJBI, MOJTYYHUM B HAayalbHBIH MOMEHT
BpEMEHM ynaapHbld mponecc. OH BbI3BaH HECOTJACOBAHHOCTHIO HAuyaJbHBIX YCIOBUH IS
pa3IMuYHBIX cTerneHed cBoOoAbl. B  HavanpHbIi MOMEHT BPEMEHHM YYaCTOK CTEPXKHA,
NPWIETAOIINNA K OIOpe, HAauMHAaeT MOBOPOT, B TO BpeMs, KaK TOYKa A HENOABM)XKHA. JTO
BBI3bIBACT HAYaJbHYIO Je()OpMalli0 CTEpXKHS, KOTOpas U SIBISETCSd NPUYUHOW YJApHOTO
nporecca. TekcT Ha BXOJHOM si3bike PadiSLang, onuChHIBAaIOUIMA MaTeMaTHYECKyl MOJENb
MasTHHKA (puc. 1.1.) ¢ 3ajaHHON HAYAJIBHOW YTJIOBOM CKOPOCTHIO TIO TPEThEH CTETIeHH CBOOOIBI,
paBHOM 1, nMeeT BUA:

$ DATA:
Touka O = 0,0;
Touxa A = 1,0

Marepman = 1, 0.5, 1.E-5, 1.E-4, 2.El1
NapameTps ciost = 2, 0,0, 0, O
HawvanepHasa ckopocTe = 1

$ FRAGMENT : MasiTHMK
# BASE: 1, 2
# STRUCT
Mastrumk 'BALKA (1 2 3 4 5 6; Touka O, Touka A, Marepmuain)
HauanpHast ckopocTk 'VN (3; HauvanebHasti CKOPOCTH)

# OUTPUT:
YrnoBas ckopocTes 3'V (3; 1); Yrmomas ckopocTe 6'V (6; 1)
$ SHOW:
Masitamk 'LAYER (;IlapamMeTpsl CJosi)
$ RUN :
PacueTr 'SHTERM (END=0.01, DABSX=1.E-3)
$ PRINT

PesynsTaT 'DISP (;
Yramosass ckopocTk 3=(-2,1), Yramoass ckopocTe 6=(-1,2))

$ END
< =] o]
PesynnTaT pacdeTa MagTHMEA Ta=0.000000e+00 Tx=0.100000e—-01 @
< o]
L. ¥TmoBas cKOpOCTEH 3 &> 2(_)(_)0(:_10e+01 °IQOOO%+01 *
Puc. 1.2. PacuyerHasi cxeMa MasiTHHUKA, MCI0/1b30BAHHAS B IPUMepe 10 YCTAaHOBKeE

Ha4YaJILHOM YI10BO# CKOPOCTH.



PesynpTaTsl pacuera no 3Toi nporpamme NpuBoAATCs Ha puc. 1.2. Ha pucyHke BUgHO, 4TO
JUIST HAYaJbHOTO TIEPHOJIa KOJIEOAHHMI YTJIOBBIE CKOPOCTH CTEPXKHS IO TPETheW M IIECTOM
CTETIEHSM CBOOO/IBI M3MEHSAIOTCS B IPOTHBOGa3e. Y CTAaHOBUBIIIEECS 3HAUECHHE YTIIOBOM CKOPOCTH
crepxkHs - 0.06 pan/cex. Ecnu monb3oBarenb B JaHHOM Clyyae XOTENI HE NMPOCTO 3aCTABUTh
CTEpKEHb KaK-TO JIBUTaThCs, & pPABHOMEPHO BpaIllaThCsl C YIIIOBOM CKOPOCTBIO, paBHOH 1, TO OH
HE JIOCTHT >KeIaeMOoil IeIIN.

[lonbiTKa yCTaHOBUTH TAKYIO K€ HAYAJIIbHYIO YIJIOBYIO CKOPOCTb M AJIS LIECTOH CTENEHU
cBOOOABI HE pelmaeT MnpolieMy TMOJTHOCThIO, XOTS pa3Max KojeOaHuM yMeHbIIaeTcs |
YCTAHOBMBILIASICSL YIJIOBasi CKOpPOCTh MasiTHHKa coctaBisier 0.12 pan/cek. [lng GesynmapHoro
3aJjaHUsl HayaJdbHOW YTJIOBOM CKOPOCTHM MasTHHKa | paj/cek B paccMaTpUBaeMOM IpUMeEpe
HEOOX0IMMO 337laTh KPOME HayallbHBIX YIJIOBBIX CKOPOCTEH MO TpeThei M IIECTOH cTeneHsaM
cB0O0OOBI TaK)K€ HAYAJIbHYIO BEPTUKAJIbHYIO CKOPOCTh TOYKU A (1O MATOM CTENEeHH CBOOOIBI).
Ee BennumnHa nony4aercs yMHOKEHUEM HaYaJIbHOM YIJIOBOM CKOPOCTH Ha JJIMHY MasiTHUKA.



1.1. OAHOMEPHbIE 3JIEMEHTbI

1.1.1.HAYANbHbIE 3HAYEHNSA CKOPOCTEMN

1.1.1.1.HAYAJIbHAA CKOPOCTb CTENEHU CBOBOAbI VN

OtobpakaeMble CBOMCTRA:

3anaeT Ha4YaJIbHOC 3HAYCHUEC CKOPOCTHU IJIA YKa3aHHOI>'I CTCIICHU CBO60,Z[I)I.

Crenenu CBO6OZ IbI:

1 -

mocrymnareiibHas UK BpallaTCibHasi, 110 KOTOpOﬁ 3a4a€TCA HadaJIbHas1

CKOPOCTb.
ITapametper:
N n/n Onucanue Pasmepnocts | Jlnamnason
1 3HaueHue Ha4YaJIbHONU CKOPOCTH M/cex WIH -RLmax...
paod/cex +RLmax




1.1.2.HAYATNbHbIE 3HAYEHUSA NEPEMELLEHUA

1.1.2.1.HAYAJIbHOE NEPEMELLUEHME CTENEHU CBOBOAbI SN

OtobpakaeMble CBOMCTRA:

3ajaeT HavaJIbHOE 3HAYCHUE TICPEMEIICHHS ISl YKa3aHHOM CTETICHH CBOOOIBI.

Crenenu cBOOOIBL:

1 - mocrynarenpHas WK BpalllaTelbHasl, O KOTOPOH 3aaeTcs HaYalbHOE
IepeMeEIIEHHE.
ITapameTpsi:
N /i Ornucanue Pasmepnocts | [luamazon
1 3HayeHUe HAYAJIbHOTO TIEpEMEIIICHUS M WM pao -RLmax...
+RLmax
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1.2. ABYXMEPHbIE 3JIEMEHTbI

1.2.1.HAYANbHbIE 3HAYEHUSA CKOPOCTEN

5)

VNKS_1.

1.2.1.1.COrMACOBAHHBIE HAYAJbHBIE 3HAYEHUSA CKOPOCTEWN AN
kpuowmnHoro MExAHuamA VNKS

Y &
Yt
Ye
Yﬂ
' X
3=

2 W4
; B 2
1 TB ~ 6
L N
3
N
o

-

7

ITapameTpsl 1 cTeneHn ¢cBO0OAbI MOEJIM HAYAJIbHON CKOPOCTH KPHBOIIUITHOTO
MeXaHu3Ma.
a) IlapameTtpnl Mmogean:

Xa, Ya — HauaJIbHbIE KOOPAMHATHI TOYKH A}

Xb, Yb — Haya/IbHbIe KOOPAUHATHI TOYKHU B;

Xc, Yc — HayaibHbIe KOOpAMHATHI TOYkH C;

N — nopsiAKOBbIH HOMEP KOOPAMHATHOM OCH, NAPAJLIEJbHO KOTOPOH
JABHIKETCS MOJI3YH;

® — HaYa/IbHAas YIJ10Basg CKOPOCTh KPUBOLIUIIA.

0) CTteneHu cB00OAbI MO/IEJTH:

1 — yroJ noBopoTa KpUBOUIUINA B TOUKE A}
2 — nepementenue Touku B no ocu X;
3 - nepemeienre Touku B o ocu Y;
4 — yroJ noBopoTa KpMBOIIMIA B TOYKe B;
5 — nepemenienue nmoJi3yHa no ocu X;
6 — nepeMenieHne MOJI3yHa 110 OCH Y
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OtobOpakacMbIe CBOMCTBA:

3ajaeT COTJIaCOBAaHHBIE C VYIJIOBOM CKOPOCTHIO KpPUBOIIWIIA HaYallbHble 3HAYEHUS
CKOPOCTEH JUIsl CTEMeHeW CBOOOJbI KPHUBOIIMITHOTO MEXaHW3Ma, HCXOJsi U3 YCIOBUS
HeeOPMUPYEMOCTH €r0 3BEHBEB.

Ilpumeuanue. 31ech W HUXKE, TNPH ONMHCAHUM PAOOTHl DJIEMEHTAa WCIOJIb3YIOTCS
0003HaYCHHsI TOYEK M CTENeHel CBOOOJABI KPUBOIIMITHOTO MEXaHHW3Ma Takhe, KaKk Ha pHC.
VNKS 1:

*  TOYKa A - HEMOJBHMKHAS OMOPA KPUBOILINIIA;

*  TouYka B - mapHHUp KpUBOIUN-IIATYH, COBEPIIAIOIINM MIIOCKOE ABUKEHUE;

* Touka C - mWapHUp WIATYH-TOJ3YH, NepeMellatouiicsd napauieIbHO OJHOW U3
ocel KoOpJuHar.

[ToBopoT KpuBOIIHMIIA B TOUKE A OMUCHIBAETCS OJJHOM BpallaTeJIbHOM CTENEHBIO CBOOOIBI,
JIBUKEHHE TOYKU B - IBYyMs MOCTymaTeNbHBIMH U OJHOW BpallaTelIbHON CTENEHBI0 CBOOODI,
nBikeHne Touku C - AByMS TOCTYNATENbHBIMU CTENEHSIMHA CBOOO/IBI.

CrernieHu cBOOOIBL:

l- BpalareibHas Kpupoumna (3seHa AB) co cTopoHbI TOUKH A
2,3- nocrynarenbHbie Touku B o ocsam OX, OY;;
4 - BpalarenbHas kpupoumna (3seHa AB) co cropons! Touku B;
5,6- nocrynarenbHbie Touku C o ocsim OX, OY.
[TapameTpsl:
N n/n Onucanue Pasmepnocts | JInama3zon
1,2 Hauanbubie koopauHaTsl TOUKU A (Xa; Ya) M -RLmax...
+RLmax
3.4 Hauanbubie koopauHaTsl Touku B (Xp; Ys) M -RLmax...
+RLmax
5,6 Hauaneubie koopaunaTsl Touku C (X¢; Ye) M -RLmax...
+RLmax
7 [TopsinKOBBIN HOMEP KOOPAUHATHOW OCH, [ vmm 2
NapajuIeIbHO KOTOPOH MepeMeIaercs
touka C: 1 -mo ocu X; 2 -1mmo ocu Y
8 HavanpHas yriaoBast CKOPOCTb KPUBOILLIMIIA pao/cex -RLmax...
+RLmax
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OcoOeHHBIC CUTYAIIUHN:

Cy1iecTByIOT HaydajbHbIE IOJIOKEHUS KPUBOILIUIIHOTO MEXaHU3Ma, sl KOTOPBIX IpH
3aJJaHHOW CKOpPOCTH KPHUBOILIHWIIA U UCXOMASI U3 YCIOBHS HeAePOPMUPYEMOCTHU 3BEHBEB, HEINb3sI
OTpeNIeIUTh CKOPOCTh Moi3yHa. Ilpumep Takoro ciywas uzoOpaxen Ha puc. VNKS 2. D10
BO3MOXXHO TOJBKO JJIS BBIPOXKJIEHHBIX MEXaHM3MOB (T.€., TaKMX, KOTOpble HE MOTyT 0e3
negopManny 3BeHbEB COBEPIIATH MOJTHBIN 000pOT KPUBOIIHIA).

Y &

VNKS 2. OpaHo 43 BO3MOKHBIX HAYAJIbHBIX M0JIOKEHUI KPUBOIIMIIHOTO MEeXaHU3Ma, B
KOTOPOM JIBHK€HHE He MOKeT ObITh Ha4YaTo 0e3 ne)opManum 3BeHbEB.

B cnyuae oOHapyxeHus 9SToi omumOku wMoxaenb dnmemeHTa VNKS  Beimaer
COOTBETCTBYIOIIEE COOOIIeHHe. BpInoiaHeHne pacueta NIpekpamiaercss aBapuitHo. B aToit
CUTYallMH MOJIb30BaTENb JOKEH UCIIPABUTh HauajIbHOE MOJIOKEHHE KPUBOIIUITHOTO MEXaHH3Ma
TaKk, YTOOBl OH MOT HayaThb JBWXKEHHE. Eciu 3T0O HEBO3MOXKHO, T.€., BaM JICHCTBHUTEIHHO
TpeOyeTcst MOCYNTATh TaKOW ciydyai, TO 7S 3aJJaHUsl Ha4aJlbHOTO ABM)KEHUS MEXaHU3Ma HYKHO
MCIIOJIb30BaTh APYTUE€ MOJENH JIEMEHTOB.
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1.3. TpexmepHble 3fIeMeHTbI

1.3.1.HavyanbHble 3Ha4YeHUs cKopocTen

1.3.1.1.HavanbHbIe NMUHEeNHas U yrnoBasi CKOPOCTU TOYKU NMPU NOBOPOTE €€ BOKPYr

NPOCTPaHCTBEHHOW OCK VWN3D

SJ‘JS P4

4 ¢ o 5 /. P
Q/ ;<% ﬁ TPREKTOPHMHE HBMKEHMHA
’ Touru C
Yoy \

A .

VWN3D 1. Crenenu cBo00abl 4 MapaMeTPbl MO/I€JIH 3JIeMEHTA, 3aJa101ell HaYaJIbHbIe
JINHeliHbIE U YIJI0BbIe CKOpocTH ToukH C, coBeplIawiieil BpalarTejabHoe
JABHKeHHe BOKPYT ocu OP.

a) CteneHu cBoOOAbI:
1, 2, 3 — mocrynare/jibHbI€ cTeneHn ¢cBO0OAbI TOUKH C B HaNpaBJIeHUH
KOOpAMHATHBIX oceil X, Y u Z;
4,5, 6 - BpamareJibHble cTeneHu cB000AbI TOUKH C BOKPYT
KOOpAMHATHBIX oceil X, Y u Z;
0) Ilapametpsnl moaesm 3jiemenTa VWN3D:
Xc, Y¢, Zc — HayaJbHble KOOPAMHATHI TOUkH C;
Xo, Yo, Zo — HayaibHbIe KOOPAMHATHI TOUKH O;
Xp, Yp, Zp — Haya/IbHBbIE KOOPAMHATHI TOYKH P;
® — HAaYaJIbHas yrjaoBasi ckopoctb Touku C Bokpyr ocu OP.

OtobpakaeMble CBOMCTRA:

3aaeT corjacoBaHHbIE HayalbHBIE CKOPOCTU MO MOCTYMAaTeIbHBIM U BpallaTelbHBIM
creneHssM cBoOoabl i Touku C, coBepliarolleld BpamiaTesibHOE JABUKEHUE BOKPYT
npocTtpaHcTBeHHOH ocu OP.

IIpumeuanue. 31ech U HUXKE, NIPU ONMUCAHUHM PAOOTHI MOJIETU 3JIEMEHTa UCIOJIb3YIOTCS
0003HaYCHHsI TOUYEK U CTeNeHel cB0001bl, mosicHsiembie puc.VWN3D 1:

- Touka C - TOUYKa, Ha4aJIbHBIE CKOPOCTH, ABIKEHHUS KOTOPOIl 3a1a10TCS;

- TOYKH O, P - TOYKH, OINPCACIAIOINEC MNPOCTPAHCTBCHHOC IIOJIOKCHUC OCH, BOKPYT KOTOpOﬁ
MMPOUCXOAUT BPALLICHUC.
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B kayecTBe MONMOKUTENBHOTO HAIIPABICHUS OCH BPALLCHUS IPUHUMAETCSI HAIPABJIEHUE OT
Touku O K Touke P.

Crerneant cBOOOOEI

1, 2,3 - mocrymnaTenbHbIE CTENeHNU cBOOOIbI ToukH C BIOJIb KOOPAMHATHBIX oceit X, Y
)
4,5, 6 - BpamarenbHble cTeneHn cBo00abl TOUKH C BOKpPYT KOOpAUHATHBIX ocelt X, Y
uZz.
ITapameTpsr:
N /i Onucanue Pasmepnocts | /[Inamason
1,2,3 |Hauansabie koopauHaThl TOUkH C (Xc; Ye; Zc) M - RLmax...
+RLmax
4,5,6 | Hauanpnbie koopaunatel Touku O (Xo; Yo; Zo) M - RLmax...
+RLmax
7,8,9 | Hauanbpabie koopauHaThl TOUKH P (Xp; Yp; Zp) M - RLmax...
+RLmax
10 Hauanbnas yrioas ckopocTs Touku C BOKpYT pao/cex - RLmax...
ocu OP +RLmax

IIprmep UCoNb30BAHUSA:

GHBXOBHKH

VWN3D 2. PacuerHas cxema KOJEHYATOr0 BaJjia, BPALIAKOLIEroCs € 3aJaHHOM

HA4YaJbHON CKOPOCTHIO.
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Pemaercs 3amaua aHanm3a BpallleHUs] KOJIEHYATOrO Bajla ¢ 3aJaHHOM YIJIOBOM CKOPOCTBIO
(puc. VWN3D 2). HauaneHbie koopauHaThl Touek A...H:

H
(o]
I
A
V]

Y

0

0
-0.05
-0.05

0

0

0

0.03
0.03

.12
.12

O O0OO0OO0OO0OO0OO0OO0OON

.06
.06

HEOoRmEODOQWEYP
OoOO0OO0OOOOOOMNX
N WWNNDN

Ban Bpamaercs ¢ yrioBod CKOpPOCTbIO 4 paj/Cek B HalpaBlICHUM, YKa3aHHOM Ha
puc. VWN3D 2 crpenkoii. B Touke A Ban onupaeTcst Ha IIapUKOBBIN paJuaibHbIN HOJIIUITHUK,
B Touke G NOJUIMITHUK LIAPUKOBBIN pajnaibHO-yNOpHbIN. [{uameTp Basa noj noAmuUnHuK - 30
MM. B Touke F HaxonuTcs MaxoBHUK, HMEIOLIUI MOMEHT UHEPLUU OTHOCUTEIIBHO OCH BPALLEHUS
Basa 0.3 Kr*M’, OTHOCHTENBHO TonepeuHoii ocu - 0.12 kr*m” u Maccy 22 Kr.

C nmoctaTouHOM 171 MPAaKTUKU TOYHOCTHIO MOXKHO CUMTAaTh, YTO Y4YacTKH KoJjieHBaja AB,
CD, EG - cranbHble CTEp>)KHHM KPYIJIOTO CEYEHUs, CPEIHUN AMAMETP KOTOPBIX 32 MM, y4acTKU
CH u DI - cranpHble CTEp)KHU NPSAMOYTOJILHOTO ceuyeHus. BricoTa mnpsMOyrojibHUKa B
HAaIpaBJICHUY, COBMAJAIOLIEM C HampaBleHueM ocu Bama - 0.03 M, B HampaBieHHH,
neprneHjeKyIsipHoM ocu Bana ais ydactkoB BC u ED npunsare mupuny crepxksst 0.1 M, uist
yuactkoB BG u EH - 0.05 M. Cuioit TsikecTH, AecTBYIOLIEN Ha yyacTKu crepkHed AB u EG,
npenedpeub, B Toukax C 1 D npuHATH BeIMYUHY CUJIbl TskecTH paBHOM 14 H, B Toukax B u E -
21 H, B Toukax Gu H - 7 H.

IIpumeuanue. [l MOJENMPOBAHUS CTEPHKHEBBIX YYACTKOB KOHCTPYKUMHU OyJem
UCIIOJIb30BaTh POCTPAHCTBEHHbIE OallOuHbIE JJIEMEHTHI, IS MOJEJIUPOBAHUS OIOp -
IPOCTPAHCTBEHHBIM LWIMHAPUYECKUM I[IApHUP, MAaXOBUK B MoOJeNIH OyJIeT MNpeJCcTaBlIeH
TOYEYHBIM IPOCTPAHCTBEHHBIM HWHEPLMOHHBIM 3jeMeHTOM. HauvanpHbple cKOpocTH Bcex
AJIEMEHTOB KOHCTPYKIIMH OynyT 3agaBaThcs ¢ momompio anementa VWN3D. s
MOJICIIMPOBAHUS CHJIBI TSKECTH, JACHCTBYIOLIEH Ha MaxoOBHMK, OyJeM HCIOJb30BATH HJIEMEHT
CHJIBI TSKECTH, JeicTBytomen Ha Maccy (FG), 11 ocTanbHBIX CHIT TSKECTH - MOJIENb 3JIEMEHTA
F. Ilocne moAaroToBKM MCXOOHBIX JAHHBIX M MOJENM CIENyeT IPOBEPUTb, MOXKHO JIU
UCIIOJIb30BaTh JJII MOJIEIMPOBAHUS CTEPHKHEBBIX YYAaCTKOB 3JE€MEHT "aiuHHas Oanka", uiu B
JTAHHOM cilydae TpeOyeTcsi y>Ke 3JeMEHT, YUYUTHIBAIOIIMN BIIMSHUE KacaTeJbHBIX Aedopmariuii
npu uzrude ("kopoTkas O6anka").

1) ITapameTpsl, XapaKTEPU3YIOIINE )KECTKOCTh YYAaCTKOB KOJIEHYATOIO Baa:

[Inomans [eoMeTprYeCcKHEe MOMEHTBI MHEPIMHU CEYEHUsI, M*
VYuyactok |/[muHa | momepeyHoro |Ha U3ru0 OTHOCHUTEIHHO Ha

ceuenus, M> 1% raBHO# ocu | 2% ryaBHOM OCH | KpydeHHE
AB 0.2 7.1e-4 3.9¢e-8 3.9e-8 7.8 e-8
BC 0.13  [30.0e-4 250.0 e-8 22.5e-8 72.6 e-8
CD 0.1 7.1e-4 3.9¢e-8 3.9e-8 7.8 e-8
DE 13 0.0e-4 250.0 e-8 22.5e-8 2.6 e-8
EF 2 7.1e-4 3.9¢e-8 3.9e-8 7.8 e-8
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ITnomans [eoMeTprYeCKHE MOMEHTBI MHEPIMHU CEYEHUsI, M*
VYuactok |/lnnHa | monepeyHoro |Ha u3rud OTHOCUTENIBHO Ha
ceuenus, M> 1% raBHO# ocu | 2% ryaBHOM OCH | KpydeHHE
FG A 7.1e-4 39e-8 39e-8 7.8 e-8
BH 067 [5.0e-4 312 e-8 11.2 -8 8.0 e-8
El .067 |5.0e-4 31.2e-8 11.2 e-8 8.0 e-8

[lepBas rnaBHas miockocTs uHepiuu g yuyactkoB CH u DI onpenensercss Bektopamu
BC u AB (takum o6pa3om, 1-i ry1iaBHBIi MOMEHT MHEpLUUHU Ha M3ru0 ais yuyacTtkoB Bana BC,
DE, BH u EI ompenensier M3ruOHYI0 XECTKOCTh ITHX CTEP)KHEH NpH H3rHOE MOMEHTaMH,
BpalaroIuMu BOKpyr ocu AB). [l Bcex yyacTKOB Bajla B KQ4eCTBE TOUKH, ONpeAessromeit
M10JIO’KEHUE TIEPBOM TJIaBHOM OCH MHEPLIUHU, MOXKHO BbIOpaTh TOUKY A.

JI1g Bcex y4aCTKOB BaJla BBITMIOJHAETCS] COOTHOILICHHUE:!

L>1000 * g™

,Tne L - nnumHa;

J "™ - MOMEHT WHEPIIMHU Ha U3THO.

[ToaromMy Ui 3TOM 3amayMl TOCTaTOYHO HCMONb30BaTh 31aeMeHT BAL3DJ ("mnuaHas
Oanka'").

[I10THOCTH cTanu mpuHMMaeM paBHOM 7800 kr/m® , momyms ympyroctu - 2.ell Ila,
koa¢p¢unment Ilyaccona - 0.3.

2) [TapameTpsl, XapaKTEepU3YIOIINE KECTKOCTh OIIIUITHUKOB.

Jnist omop BbIOMpaeM MOJIIIMITHUKU 0c000 Jierkoi cepuu. B omnope A - noammmnuauk N 106,
B onope F - N 46106 [3].

CH[ZaBOLIHLIe JAHHBIC I OTUX TTOANMTUITHUKOB CBCACHBI B Ta6n1/1uy:

Onopa | HomunanbHas KomngectBo | [luamerp mapuka, m | Yrosl KOHTaKTa,
CTaTUYECKas LIapUKOB 2pao.
rpy30I0AbEMHOCTD, /1

A 5040 11 7.1e-3 0

F 8030 18 7.1e-3 26

PanmuanbHyto  KECTKOCTh  paauaJbHOTO M PagHaIbHO-YHOPHOTO  IIAPUKOBOIO
MOJIIUITHUKOB OIMPEAENSEM MO 3aBUCUMOCTH [6]:

=7 .6e6%\ W _*Z%kcos’ [¥D,

,rne Wo - Cpe/HsIsl Harpy3Ka Ha MOAIIUITHUK;
Z - 0011Iee KOJIMYSCTBO TEJI KAUCHHMS;
Dy - TUaMeTp IIapuKa;

Q - YTOJI KOHTAaKTa.

OCGBYI-O KECTKOCTH paauaJIbHO-YIIOPHOI'O IIOAIIMITHUKA 6y,Z[eM OIIPCACIIATD,
COOTBETCTBCHHO, I10 3aBUCUMOCTH:
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=7 .6e6%\ W _*Z>ksin® fD,

Mogenu npoCTPaHCTBEHHBIX IIAPHUPOB, HMCIOJB3YyEMBIX B paccMaTpUBaeMOW 3ajade,
UMEIOT JIMHEHHBIC >KECTKOCTHBIC XapaKTepHCTUKH. [lodToMy KOI(PQPUITMEHT KECTKOCTH s
MEPBOrO pacyeTa MOKET OBITh MPUHAT PABHBIM BEJIHMYHMHE, COOTBETCTBYIOIIECH KECTKOCTH MPHU
HOMUHAJIBHOW CTAaTUYECKON Harpys3ke. B manmpHelIeM >KeCTKOCTh MOAIIUITHUKOB MOXET OBITh
YTOUYHEHA.

KectkocTh MOAIIMITHUKA B OTIOpe A

¢ = 7.6e6%v5040%11%%7 .1e-3 = 1.24¢8

PannanpHas *K€CTKOCTh IIOJIIMITHHAKA B o1ope F:

¢ = 7.6e6%18030%18%%7 .le-3%c0s226° = 1.94¢8
OceBast )K€CTKOCTh MOJIIMIIHUKA B ortope F:

¢ = 7.6e6%18030%18%%7 .l1e-3%sin226° = 1.53¢8

3) [Tapametpsl anementa VWN3D.

HavanbHas yrmoBasi CKOpOCTh, 3amaBaemasi dneMeHTOM, 4 pan/cexk. Ecnu 3amaBath
MOJIOKUTEIbHOE 3HAYEHUE YIJIOBOM CKOPOCTH, TO HANpaBlIeHHE OCH BpAIICHUS CIEAYyeT
npuHUMATh OT F K A (COOTBETCTBEHHO, €CJIM IPUHUMATh HalpaBiIeHUE OcH BpauieHus oT A kK F,
TO JIJIsl TOTO, YTOOBI BaJI Bpalllajicsl B HaNpaBlieHUH, TTokazaHHoM Ha puc. VWN3D 2, 3Hauenue
YTJIOBOW CKOPOCTH CIEAYET 3a7aBaTh OTPULIATEIbHBIM).

TekcT Moaenu kojeHBaIa Ha BXOqHOM sa3bIke PRADIS:

$ DATA :
Touka A = 0, 0, 0
Touka B = 0.2, 0, 0
Touka C = 0.2, -0.05, -0.12
Touka D = 0.3, -0.05, -0.12
Touka E = 0.3, 0, 0
Touka F = 0.5, 0, 0
Touka G = 0.6, 0, 0
Touka H = 0.2, 0.03, 0.06
Touka I = 0.5, 0.03, 0.06
Crans = 2.ell, 0.3, 7800
YuacTox AB = 3.9 e-8, 3.9 e-8 , 7.8 e-8, 7.le-4
YuacTox BC =250.0 e-8, 22.5 e-8 ,72.6 e-8, 30.0e-4
YuacToxk CD = 3.9 e-8, 3.9 e-8 , 7.8 e-8, 7.le-4
YuacTox DE =250.0 e-8, 22.5 e-8 ,72.6 e-8, 30.0e-4
YuacTox EF = 3.9 e-8, 3.9 e-8 , 7.8 e-8, 7.le-4
YuacToxk FG = 3.9 e-8, 3.9 e-8 , 7.8 e-8, 7.le-4
YuacTox BH = 31.2 e-8, 11.2 e-8 ,28.0 e-8, 15.0e-4
Yuacroxk EI = 31.2 e-8, 11.2 e-8 ,28.0 e-8, 15.0e-4
XecTkocTe omopm A = 0, 1.24e8, O, 0;
XecrxocTe onopm F 1.53e8, 1.94e8, O, 0;
HawvaneHast yrsoBast CKOpocTh = 4;
Oce BpalmeHuss = Touka F, Toukxa A;
Macca mMaxoBMKa = 22

MOMEHTH MHEePUMM MaXOBMKa
IlapaMeTps M306paxeHuUst

0.12, 0.12, 0.3

0.6, Toukxa B,
-0.5, -0.5, 0.5,
0.5, -0.5, o, O

$ FRAGMENT
# BASE : 100, 101, 102, 103, 104, 105
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# STRUCT
{ Komenman }

YuacTrox AB 'BAL3DJ(1 2 3 4 5 6 7 8 9 10 11 12;
Touka A,Touka B,Touka A,YuacTok AB,Crans)

YuacTok BC 'BAL3DJ(7 8 9 10 11 12 13 14 15 16 17 18;
Touxa B,Touka C,Touka A,YuacTok BC,Crans)

YuacTok CD 'BAL3DJ(13 14 15 16 17 18 19 20 21 22 23 24;
Touka C,Touka D,Touka A,YuacTok CD,Crans)

YuacTrox DE 'BAL3DJ(19 20 21 22 23 24 25 26 27 28 29 30;
Touxa D,Touka E,Touka A,YuacTok DE,Crans)

YuacTrox EF 'BAL3DJ(25 26 27 28 29 30 31 32 33 34 35 36;
Touka E,Touka F,Touka A,YuacTrok EF,Crans)

YuacTrox FG 'BAL3DJ(31 32 33 34 35 36 37 38 39 40 41 42;
Touka F,Touka G,Touka A,YuacTok FG,Crann)

YuacTox BH 'BAL3DJ( 7 8 9 10 11 12 43 44 45 46 47 48;
Touka B,Touka H,Touka A,YuacTok BH,Crans)

YuacTokx EI 'BAL3DJ (25 26 27 28 29 30 49 50 51 52 53 54;
Touxa E,Touka I,Touka A,YuacTok EI,Cransn)

{ Omopm }

Onopa A 'SH3CP(100 101 102 103 104 105 1 2 3 4 5 6;
Touka A, Touka B, XecTkocTe onops A)

Onopa F 'SH3CP(100 101 102 103 104 105 31 32 33 34 35 36;
Touxka E, Touka F, XecrkocTe omnops F)

{ MaxorBuk }

Maxoemk 'MJ3D ( 49 50 51 52 53 54;
Touka I,Touka F,Touka F,
Macca MaxoBMKa,
MoOMEeHTH MHepLMKM MaxXOBUKa)

{ S;memMeHTH, BapamuMe HAYAJIBLHYI CKOPOCTEB }

HavanpHast ckopocTe ToukMm A ' VWN3D (1 2 3 4 5 6;
Touka A, Ock BpalleHUsI,
HauvanpHast yrsioBass CKOPOCTE)

HavanpHasas ckopocTes ToukM B ' VWN3D ( 7 8 9 10 11 12;
Touka B, Ock BpamenHwus,
HauvanpHast yrisioBassi CKOPOCTE)

HawvaneHass cxopocTe Toukm C ' VWN3D (13 14 15 16 17 18;
Touka C, Ock BpameHms,
HauvanpHast yryioBassi CKOPOCTE)

HauvanpHast ckopocTk Toukm D ' VWN3D (19 20 21 22 23 24;
Touka D, Ock BpalmeHwus,
HauvanpHast yrsioBass CKOPOCTE)

HauvanpHast ckopocTek Toukm E ' VWN3D (25 26 27 28 29 30;
Touka E, Ock BpameHmus,
HavanpHasi yrisioBas CKOPOCTE)

HawvaneHast ckopocTe Toukm F ' VWN3D (31 32 33 34 35 36;
Touka F, Ocep Bpamenms,
HavaneHass yrnoBasti CKOPOCTE)

HavaneHast ckopocTk Toukm G ' VWN3D (37 38 39 40 41 42;
Touka G, Ocep BpameHms,
HavanepHas yrsioBast CKOPOCTE)

HauvaneHast ckopocTk Toukm H ' VWN3D (43 44 45 46 47 48;
Touka A, Ocep BpameHms,
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HauanpHasi CKOPOCTE TOYKM I

# OUTPUT

HawvanepHas yrisoBasti CKOPOCTE)

' VWN3D (49 50 51 52 53 54;
Touka I, Ock BpameHwus,
HauvanpHast yrsioBass CKOPOCTE)

PagmanbHasa peakuusi B Toduke A'X (W:Omopa A(6); 1)
PagmansHas peakuust B Touke F'X (W:Omopa F(6); 1)
OceBast peakuust B Touke F'X (W:Omopa F(5); 1)

$ SHOW
Nsobpaxenne kxojeHBana 'SHOW

(; MapameTps mMBo06paxeHUsI)
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2. BospeuncTtBus

2.1. O6wue cBegeHnss 06 UICTOYHMKAX BO3OENCTBUA U NPUHATAA
ux Kknaccudumkauma

OneMeHThl, ONHUCAaHHbIE B HACTOSILEM paslene, CIyXaT i 33JaHus BHELIHEro
BO3/ICHUCTBUS Ha aHAIM3HPYEMblii 00beKT. Bce 3TH 3eMeHTH SBISIOTCS UCTOYHUKAMM YCHIIUS
(MomenTa). Texymias BeIMYMHA NPUKIAIBIBAEMOIO K OOBEKTY YCHIIMS MOXKET ONpPEeNsThCS
TEKYIIUM BpEMEHEM, 3a/1aHHON XapaKTEepUCTUKOH 31eMeHTa U APYTUMHU (PaKTOpaMH.

Mopnenu 371€MEHTOB, pealu3yIOIUX BO3JCHCTBHUS Ha aHAJIM3UPYEMbId OOBEKT, MOXKHO
YCIIOBHO pa3JeIUTh HA TPU I'PYMIIHI.

K mepBoii rpynme oTHOCATCS 3J€MEHTHI, pealU3yIOIINe 3alaHHYI0 3aBUCUMOCTh YCHUJIUS
0T BpeMeHH F (). Beanuuna ycunusi, TeHEpUpyeMoro STUMHU 3JIEMEHTaMHU, HE 3aBUCUT OT KaKuX-
anbo npyrux (paxTopoB. B Kaxaplii MOMEHT BPEMEHH AJIEMEHT I'€HEPUPYET TOYHO Ty BEIUYUHY
YCHJIHSL, KOTOPast ONpeesieTcs: 3aBUCUMOCTbIO F(2).

Ko BTOpOIi rpynmne oTHOCATCS UCTOYHUKH KMHEMATHUYECKUX BO3JEHCTBUM. DTH SJIEMEHTHI
TEHEPUPYIOT CUIy WJIM MOMEHT, HAllpaBJICHHbIE HA NOAJEPKAHUE 3aJaHHOIO I0JIb30BaTENIEM
3aKOHa UW3MEHEHHUsl [EepeMElIeHUs, CKOPOCTHM WIM yCcKopeHus. Tekymias BeIu4MHA
TEHEPUPYEMOr0 JJIEMEHTOM YCHJIMS 3aBHCUT OT HECKOJBKUX (hakTopoB. Bo-mepBbIX, 3TO
3a/laHHBIM TOJb30BaTEJIEM 3aKOH H3MEHEHHUs KaKOW-TMOO0 KMHEMAaTHUYeCKOM NEepeMEHHOH oT
BpeMeHU. Bo-BTOpBIX, Ha BEIWYMHY YCWIHS BIHUSET TeKyllee (akTuyeckoe 3HaYCHHE
yIpaBsieMON KHHEMATHUECKON NEPEMEHHOM U BeanurnHa K03 dulmeHTa IponopIuOHaIbHOCTH
MEXJY YCHJIMEM U OTKJIOHEHHEM (aKTHUECKOro 3HAUEHUs] KWHEMATHYEeCKOH MEepEeMEHHOH OT
3aJIaHHOTO.

Hampumep, ecnu B TeKylMii MOMEHT BPEMEHM Pa3HULA MEXKIY CKOPOCTSIMH IO KaKUM-
1100 JBYM CTEIEHsIM CBOOOMBI AyieMeHTa A0JDKHA ObiTh AV(1) , dakTuueckoe 3HaYCHHE TOU
BeIUUUHBI - AV}, a 3HaueHue kor¢puureHTa IPONOPLUUOHATIBHOCTH - [/, TO B pacCMaTpUBaeMblit
MOMEHT BPEMEHH 3JIEMEHT OyJIeT TeHepUPOBATh YCUIINE:

F = pu OWO\V(E) - AV))

HalpaBJIEHHOE TaKUM 00pa3oM, YTOOBI YHHUUTOXXUTh PA3HUIY MEXIy (PaKTHUYecKHUM U
TpeOyeMbIM 3HAYEHHEM CKOPOCTH.

Takum  oOpa3oM,  3JEMEHThl, pealu3ylollhe  KUHEeMaTH4YeCcKue  BO3JEHCTBHA,
MOJJIEPKUBAIOT 3a/laHHOE BO3JIEUCTBHE HE TOYHO, a C KaKMM-TO MpuoOimxkeHueMm. Uem Bbile
3HaYeHHe KOX(PPHUIMEHTa MPOMOPLUUOHATBHOCTH MEXIYy OTKJIOHEHHEM KHHEMaTHYeCKOH
MEePEeMEHHOI OT 3aJJaHHOTO 3HAYEHHsS U CWJIOH, TeM TOYHee 3JeMEeHT OyneT oTpadaThiBaTh
3a/laHHYI0 3aBUCUMOCTb [IEPEMEILIEHUS, CKOPOCTH MJIM YCKOPEHHUS OT BPEMEHHU.

VY Bcex Mozenell 3JIEMEHTOB, PEaM3yIOIMX KUHEMATHYECKHE BO3JIEUCTBHUS, HUMEETCS
paOouuii BEKTOp, COCTOSIIMN, KaK MHUHUMYM, M3 JBYX O3JI€MEHTOB. llepBbIM 31€MEHTOM
pabouero BeKTOpa SBJISETCS HAEalbHOE (TOYHO COOTBETCTBYIOLIEE 3aJaHHOW MOJIb30BaTeNIeM
dopme uMIynbca) 3HaYCHUE TMEPEMEIICHUs, CKOPOCTH WM YCKOpeHHs. BTOpbIM sremeHTOM
pabouero BekTOpa SBISIETCS pa3HUIA MEXKIy TEKyIIMM 3Hau€HHEM KHHEeMaTH4eCKOH
NEepEeMEHHOM [T 3aJJaHHOM CTeNeHr CBOOOIbI, M 3HAUCHUEM, 3a/IaHHBIM I10JIb30BaTENIEM.

K Tperbeil rpynme HWCTOYHUKOB BO3JCHUCTBUA B JTOM CIPABOYHUKE OTHECEHBI
"nBurarenu", T.e., HMCTOYHMKM YCWIMH (MOMEHTOB), y KOTOpPBIX TEKyllas BEJIUYHMHA
TEHEepUPYEMOT0  yCHJIMS  OIpelessieTcss  3aJaHHOW  MOJb30BaTelieM  MEXaHH4eCKOu
XapaKTePUCTUKON (3aBUCUMOCTBIO YCUJIHSI WM MOMEHTA OT CKOPOCTH).

B oOubmmnorexke moxmenein ninemeHToB kominiekca PRADIS ecTp MCTOYHHMKM CHJIOBBIX U
KHHEMaTUYEeCKHX BO3JIEHCTBUIA HECKOJIBKUX CTAaHAAPTHBIX (popM:
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*  HUcrounuku nocrossaHoro Bozaeicteus (F, AC, VCO);

*  Hcrounuku BozaeiicTBus cunycommansHoit ¢opmbr (FSIN, ASIN, VSINO,
SSINO, cm. puc.2.1.);

4 . |
/ /g ,

- - 2 - 2
| \J
Puc 2.1.. IlapamMeTpbl MoJe/IH 3J1€eMEHTA, 32JAK01Er0 CHHYCOUIAJIbHOE BO3/1eilicTBHE:
A — aMIUTUTY/Aa BO3/IEHCTBHS;
T — nepuon;
¢ — HayaJbHadA (pa3a.

IMPUMEYAHUE. Ilpu 3a1anH0ii HaYaJIbHOH (pa3e ypOBEeHb HAYAJIBHOIO
Bo3aeiicTBusa AQ onpenessiercst COrJIaCHO 3TOMY PHUCYHKY.

/'/'

| -

e HMcrounuku uMmiyibca, popma KOTOPOro 3a7aeTcsi TaOJIMYHO B 3aBUCHUMOCTH OT
Bpemenu (FTABL, ATABL, VTABLO, STABLO, cm. puc.2.2.);

Cl)l Wo ftLJB n—2o wl’l—l Cu"n \

Puc 2.2. IlapameTpbl MOAe/IM 3J1€eMEHTA, 3a1aI011er0 TA0JIUYHYI0 3ABHCUMOCTh
BHEIIHEro BO3/elCTBHUS OT BpeMeHH, Ka:K/1as Touka rpadguka onpeaessieTcs
napoii yuceJ t — Ai.
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*  MHUcrounuku ummnynbca TpanerueBunnoir gopmer (FTR, ATR, VTR0, STRO,
cM. puc.2.3.);

e  HcTroyHmkHM UMIyIBCOB TPANEIIUEBUTHON (OPMBI, TOBTOPSIOIINXCS [TUKIUIECKU
(FTRC, ATRC, VTRC0, STRCO, cm. puc.2.3.).

t LHEKEIIR

by ﬂtl__Lﬂtz Ata ﬁlL‘ th

Puc 2.3. ITapaMeTpbl 3JIeMEHTOB, 3aJa0IIUX TPANEeUUUAATbHbIH UMITYJI1bC BHEIIHET 0
BO3/J€HCTBHA:
Ay — HAaYaJIbHbIH YPOBEHb BO3eiCTBHS;
Aj — yPOBeHb BO3/1eiCTBHS VIS BePIINHbI HMITYJIbCA;
tuau — MOMEHT BpPeMEHH HAYAJIA POCTA UHMITYJIbCA;
At; — IPOAOIKHUTEILHOCTH NepeaHero ppoHTa MMIYJIbCa;
At; — IPOAOIKUTEIBLHOCTh TOPU30OHTAJIBHOI0 Y4aCTKA;
At; — IPOAOIKUTEIBLHOCTD 3aJHer0 GPoOHTA MMITYJIbCA;
tumera — MpoOAOKUTEIBHOCTHL MK (1151 FTRC, ATRC, VTRC, STRC)

Hmnynbe 1110001 Mpou3BoJIbHON (POPMBI MOXKHO MOJYUYHUTh CYMMHUPOBAHUEM BO3/EHCTBUS
OT HECKOJIBKMX MCTOYHHMKOB. CHocoObl CyMMHUpPOBaHMS JJIsI CHJIOBOTO M KHHEMAaTHYECKOI'O
BO3JECHCTBUI pa3InyarOTCs.

PaccmoTrpuMm npumep, B KOTOPOM HY>KHO MOJIYYUTh UMITYJIBC BO3JICHCTBUS B BUJE CYMMBI
TPEX CHUHYCOWAAJIbHBIX HUMITYJIbCOB. B ciiydae, €CJii CYMMUPYIOTCSA CHUIIOBBIC BOSHCﬁCTBHﬂ, TO
mojenu 3neMeHToB FSIN npucoeauHsA0TCs COOTBETCTBYIOIIMMH BETBAMHU K HY)KHOM CTENeHU
cB0OOABl O00BEKTa (T.€., UMEET MECTO MapajIeIbHOE MOJAKIIOYEHHE HCTOYHHUKOB YCHIIMS).
Crioco6 cyMMUpPOBaHUs CUIOBBIX BO3JIEHCTBUI WILTIOCTpUpYeETCs puc.2.4.
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CyMMapHasg cHMITa

[

!
z == é

OTEEKT, K KOTOPGMY
I PMKIIaTEIBAETCH
BHELLIHAA HaIPY3Ka

Puc 2.4. CymMupoBaHHMe CHJIOBBIX BO3/€eiiCTBHI.

B cnyyae, ecin MOJB30BaTEN0 HYXHO CYMMHUPOBATh KHHEMATHYECKHE BO3JCHCTBUSA
(HarpuMmep, CKOpPOCTH), TO MOJENM MCTOYHUKOB BO3JAEHCTBUS (B naHHOM ciydae - VSINO )
MOAKITIOYAIOTCS TMOCJAe0BATeJIbHO. DTOT CHOCO0 CYMMHpPOBAaHHS BHEIIHUX BO3ICHCTBUN
npenctaBieH Ha puc. 2.5. [Ipu 3ToM B aHAIM3UPyeMOM OOBEKTE MOTYT IMOSBUTHCS CTEIICHU
CBOOOJIBI C HEONpPENCICHHBIMU HMHEPIIMOHHBIMU XapaKTEPUCTHUKAaMHU (3TO TPOU3OUJIET, €CIU
COCIIMHSEMBIC DJIEMEHTHI - UCTOYHUKHA CKOPOCTH WM TiepeMenieHus ). s crerneneir cBoOOIbI ¢
HEONpPEeIeTICHHBIMU HHEPIIMOHHBIMHU XapaKTEPUCTUKAMH BO3MOXKHO CKa4KOOOpa3HOE U3MEHEHNE
CKOpPOCTH, 4YTO SIBIISIETCS HEXEJATEJIbHbIM sBJICHHEM. Eciii B Balleld pacyeTHOW MPAKTUKE
BCTPETWICS TAKOW Clly4yad, MOCTapaTeCh OMPEACIINTh MHEPIIMOHHBIE XapAKTEPUCTUKU BHOBD
BO3ZHUKIIUX CcTereHed cBoOoabl. Kak mpaBmiio, 31MeMEHTHI, 3a[arolIMe 3aKOHBl W3MEHEHUH
CKOPOCTEH WM TIEPEMEIICHH B peajbHOM OOBEKTE, MMEIOT MAacChl MU MOMEHTHI WHEPIUH,
KOTOPBIC MOKHO MPUOIMIKEHHO PACTIPEACIIUTh IO CTENEHSIM CBOOOIBI.

Ecnu 3amath MHEpUMOHHBIE XapaKTEPUCTUKH HE YJAeTcs, HY’)KHO HE YIyCKaThb U3 BULY,
4TO MPU pacuere OOBEKTOB, HMEIOIIUX TaKUe CTENEeHU CBOOONBI, OOBIYHO HCIOIB3YETCS
KJIFOYEBOM mapameTp nporpammsl nHTErpupoBanusis CONTROL.

CgDpOCT}_. CTEIIEHH CRODOTELD
00BRKTH, K KOTOPOH
TIPHITOKEHD BOIMEACTBME,

7

ODBEeKT, X KOTOPOMY
NPUKIaIEBACTCH
BHEIITHAA HaTpy3Ka

=k

Puc 2.5. CymMmupoBaHHe KHHEMATHYeCKHX BO3/1eiiCTBUIA.
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Jliss WCTOYHWKOB BO3JCUCTBUN, 3aJaOIIUX ONpEAeIeHHYI0 ¢GopMy HMITylbca B
3aBUCUMOCTH OT BPEMEHHU, BXKHOHW SBISETCSA 3ajJladya TOYHOTO BOCIPOU3BENEHUS TpeOyeMou
dbopMbl uMITysbca. MOXHO BBICTUTh JIBa HCTOYHUKA HWCKKEHUH 3a7aBaeMoil  (OpPMBI
HAMITyJIbCA.

Bo-nepBbIX, IS HWCTOYHUKOB KHHEMATHUECKHUX BO3JACHCTBHII Qopma 3aqaBacMoro
I/IMl'Iy.TII)CEl MOKET NCKAXaThbCA n3-3a HC)IOCTaTOqHOfI BCIIMYHNHBI KOB(l)CbI/IHI/IeHTa
MPOTMOPIIMOHATEHOCTH MEXy YCHUIMEM U OTKJIOHEHHEM (PaKTUYECKOTO 3HAUEHUS YIPABISIEMON
MEPEMEHHOM OT 3aJJaHHOTO.

B kauecTBe mpumMepa paccMOTPUM MOJENb MHPOCTON CUCTEMBI, B KOTOPOH CKOPOCTbH
TOYEYHOI'0 HMHEPIMOHHOTO 3JIEMEHTa 3a/aeTCsi B BHUJAE HMMITyJbca TpaneuueBUIHON (DOPMBIL.
BpixogHBIMH TEpPEMEHHBIMHM SIBJISIIOTCS TEKYLIEE 3HAUYEHHE CKOPOCTH, 3HAYEHUE CKOPOCTH,
3aJIaHHOE TI0JI30BATEJIEM M pa3HUIA MEXKTY TEKYIITUM U 33JJaHHBIM 3HaY€HUEM CKOPOCTH:

$ DATA:
Macca =1;
Ckopocrs = 0, 1, 0.1, 0.1, 0.1;
MU = 10
$ FRAGMENT :
# BASE: 1
# STRUCT:
Macca 'M (2 1; Macca)
HUcrounmk ckxopocTm 'VIR (2 1; CkxopocTs, MU)
# OUTPUT:
dakTHueckas ckopocTs'V (2;1)
BagmaHHasi CKOpPOCTH 'X (W:HUcrounmk ckopocTm(l) ;1)
IlorpemHocTks Bamaumst ckopoctm 'X
(W:Mcrournk ckxopocTu(2) ;1)
$ RUN:
TecToBrm pacuer 'SHTERM (END=1)
$ PRINT
WsmMenenmne ckopocTm 'DISP (END=1;
$daxTnueckas ckopocre = (-1, 1),
BagmaHHasT CKOpPOCTH = (-1, 1),
llorpemHocTs BajaHmsa ckopocTtu = (-1, 1))
$ END

PesynbpTaTel pacdera mpuBelneHbl Ha puc. 2.6.a. BuaHo, yTo dopMa MOIYyYEHHOTO 37€Ch
HUMITyJIbCA CKOPOCTH 3aMETHO OTJIWYAeTCs OT TpamenueBuaHo. Puc.2.6.60. wmoctpupyer

BJIMSITHUC KOBquHHHeHTa POIOPIMOHATIBHOCTH [ HA TOYHOCTH 0Tpa6OTKH 3aJaHHOI'O
IMOJIB30BATCJICM 3aKOHA UBMCHCHUS CKOPOCTH B paCCMAaTpUBaACMOM IIPHUMEPC.
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a)

Hanewenne cEKopocTH TE=00000002+00  TE=0.1000002+01 @

. BEOEHMEN CEOPOCTE — 16000C0e+01 J1000G0e+01 *

i AR S N —.1000C0e+C01 . 100000:+0] *
a)

BrysmHMe mMu Ha 3aTaHHE CKOPOCTH Te=(:000000e4+00  Tr=0100000=+01 {@_

l. BapgEHHAR CEOPOCTL = 100000=+01 A00000=+01 *
2 PeETHUSCKSA CKODOCThH, — 100000e+01 A00Q00+0] >

PRETHUSCKAA CKOROCTE,
e ETHMUCCKAA CROPOCTL,

Puc 2.6. 3agaHue CKOPOCTH TOYEYHOI0 HHEPLHMOHHOIO 3JIEMEHTA ¢ IOMOUILI0
HCTOYHMKA MMITYJIbCA CKOPOCTH TpanenueBuIHON ¢GopmbI:
a) Mmacca jeMeHTa — 1 Kr, B — HCTOYHHUK uMmyabca — 10 H¥m/cex
0) BJIMSIHAE MU HA TOYHOCTH BOCNIPOU3BeAeHUs (popMbI UMITYJIbca (Macca
Pa3roHsieMOro 3JIeMeHTa Ta kKe).

BO-BTOPLIX, OOJHUM H3 BO3MOXHBIX HCTOYHHKOB HCKAXCHUA (I)OpMBI HUMITYJIbCaA MOXKCT
SABJISITBCSL  OOJNBINAsl BEJIMYMHA IIara WHTerpupoBaHusi (cMm. puc.2.7.a.). Ha sTtom pucyHke
u300pakeH ciydaid, Korjga BbIOOp IIara WHTETPUPOBAHHS MHPOM3BOIUTCS TOJBKO U3
COOOpaKeHMI JIOKAJTHbHOH TOYHOCTH M HUKAaK HE YYHTHIBAET OCOOCHHOCTH MOJICIH DIIEMEHTA,
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reHepHpYIOLIeH 3aJaHHOe BO3JeicTBUE TpamnenueBUIHONH (opMmbl. Torma coceHHE MOMEHTHI
BPEMEHH, B KOTOpBIE IMPOUCXOTUT OOpallleHHEe K MOJENU AJIEMEHTa, MOTYT HaXOJIUThCS Ha
COCEJIHUX y4dacTKaX CHJIOBOM XapaKTEPUCTHKH, YTO IPUBOJUT K "CPE3aHUIO YIVIOB", HCKa)KEHUIO
HaKJIOHa (DpOHTA UMITYJIbCA U TOTPELIHOCTAM B 3a/laHUU ero JUMHbl. Ecnu ke BenuuuHa 1mara
MHTETpUPOBaHUs Oy/leT NpeBbIIATh JUIMHY MMITyJIbca, TO pabodasi mporpamMmma MOXeT BOoOIe
He "3aMETUTh" ¥ MPOCKOYUTH €TO.

[Toxo>kas mpoOieMa MOXKET BOZHUKHYTh U B ClIydae, KOI/Ia BXOJHOE BO3/IEHCTBHE MMEET
dopmy cunycouabl. CrumikoMm OoJbIIas BEIMUYMHA IIara MHTETPUPOBAHUS MOXKET MPUBECTU K
TOMY, YTO UCTOYHUK BO3JeMCTBUS He OyJeT OTpabaThiBaTh 33aJJaHHYIO BEJIMYMHY AMILIUTY]IbI
BO3JICUCTBUS M UCKaXaThb ero popmy (puc. 2.7.0).

a)

|

Illar

MHTEr PHPOBAHHA

T £ & & re & -
to bty ta tyg Lty tg teg to tg L

to Ly

Puc 2.7. Bo3moxkHoe uckaxxeHue (popMbl UMITYJIbCA NPU 00JBIIOM LIATE
HHTErpUPOBAHUS.
I — popma umnyabca, 3a1aHHAas MOJIb30BaTEIEM;
II — uckaxennasi gopma umMmyJibca.
a) MMIIYJIbC TPanenueBHIHOH (POPMBI;
0) CMHYCONIAIbHBII UMITYJILC.
[ToaTOMy MoOAEnM >3JIE€MEHTOB, 3aJalOIIMX CHUJIOBbIE M KWHEMATHYECKHE BO3JEHCTBHS,
PEKOMEHIyIOT paboueld mporpaMMe OMpeIeSICHHYIO0 BEJIMUMHY IIara UHTerpupoBanus. Moaenun
3JIEMEHTOB, PEATU3YIOIIUX KYCOYHO-IMHEWHBIE BO3ACHCTBUS B 3aBUCUMOCTH OT BpPEMEHH,
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PEKOMEHIYIOT TaKyI0 BEJIMYUHY IIara MHTETPUPOBAHUS, YTOOBI TOYHO TIOMAIaTh B TOYKH HU3JI0Ma
3aJaHHOW  3aBUCUMOCTHU. [[1s1 MCTOYHMKOB  BO3JEHCTBUS  CHUHYCOMJANBbHOM  (hOpMBbI
PEKOMEHIyeMBbI SJIEMEHTOM IIIar MHTErPUPOBAaHUS OOECTeurMBaeT OOpalleHHe K HeMy, Kak
MHUHHUMYM, B MOMEHTHI BPEMEHHU, JIJIs1 KOTOPHIX apTyMEHT CHHYCa KpaTeH p /8.

Ecnu pacuer Bemercs C 3aaHHBIM IMOJIB30BATEIEM 3HAYCHHEM KIKOUYEBOI'O IapaMeTpa
nporpammbl uHTerpupoBanuss IGNORE=1, To pekomenaanuu Mozeneil 3J1€MEHTOB O BbIOOpPY
OUEPEIHOTO IIIara WHTETPUPOBAHUS YUHUTHIBAThCS HE OymyT. B 3TOoM ciydae mosib3oBaTenb
JIOJDKEH OBITh TOTOB K BO3MOXHBIM UCKaKEHUSIM (POPMBI BO3ICUCTBUH, CBI3aHHBIX C BEIMUUHON
1iara UHTErpUpOBaHMUS.

W eme oguH MOMEHT, KOTOPBIN SIBJISIETCS, 110 HAIIEeMy MHEHHIO, BaXXHBIM. HeoOxomumo
UMETh B BHJY, YTO TEHEPUPYEMOE DJIEMEHTOM HadallbHOE YCHUIIUE MPUKIAIBIBACTCS K OOBEKTY
MTHOBEHHO B HAYaJIbHbII MOMEHT BpeMeHH. lloaTomy, make eciaum HadajabHOE BO3JEHCTBUE
3a7aeTCAd B BUJE MCTOYHMKA MOCTOSIHHOM CHUJIbI, 3TO BBI30BET B HayaJbHbII MOMEHT BPEMEHU
yAApHBIA TpoIiecc (CYMUTAETCS, YTO B MPOMEKYTOK BPEMEHH, MPEAIIECTBOBABIINN HYJIECBOMY
MOMEHTY BpEMEHH, Ha OOBEKT HE NEHCTBOBAIO HUKAaKUX ycuiuii). Takoro poma yaapbl MOTYT
BBI3BIBATh B PACCUMTHIBAEMOM OOBEKTE pa3IUYHBIE TEPEXOAHBIC IMPOIECCH, B TOM YHCIIC
Kosie0aHusl.

Eme Oonee cepbe3HbIe TOCIENCTBHUS MJIs PACCUUTHIBAEMOTO0 OOBEKTAa MOTYT BBI3BATH
yIapbl, ONpPEAEIsEMble HAaYaJdbHBIMU IEPEMEIICHUSMU WA CKOPOCTSAMU IO TOW WM HHOMU
CTeneHn CBOOONbI oOBekTa. [lodTOMy MHOTHE »DJIEMEHTHI, 3aJalolie KHHEMaTHYECKUE
BO3JCUCTBUS, OCYLIECTBISIOT MIPOBEPKY COIVIACOBAHHOCTH HAYAJIbHBIX YCIOBUM A
COOTBETCTBYIOIIECH CTeNeHn CBOOOABI (HayalbHAs CKOPOCTh, HAYaJbHOE TIEPEMEIICHHE) |
HAYaJbHBIX 3HAYEHUI CKOPOCTH (TIepEMEIICHNs), 3aJaBAEMBIX JIeMEeHTOM. Kakue U3 31eMeHTOB
OCYIIECTBIISAIOT TAKYI0 MTPOBEPKY, CKA3aHO MPH ONMHCAHUU COOTBETCTBYIOIIETO JIEMEHTA.

Ecnu HavanpHBIE yCIOBUS OISl KaKOH-TO CTETMEHH CBOOOIBI OOBEKTAa HE COOTBETCTBYIOT
3a1aBa€MOMY 3aKOHY H3MEHEHHUS CKOPOCTH WM TEPEMENIECHUs, MPOUCXOIUT aBapHUITHOE
IpepelBaHUE pacyeTa C BblAaued COOOIIEHHs O TIOMBITKE TMMOBTOPHOW WHHIIHATU3AINN
Ha4aJbHOTO 3HAYECHUS MTOTEHIHMAIBHON TEPEMEHHOM.

[ToaTomy, ecnu TpeOyeMblil 3aKOH M3MEHEHHUs TMepeMeIleHUs (CKOPOCTH) MpeAroaraet
HEHYJICBO€ HA4YaJbHOE 3HAUCHHE TEpPEeMENICHHS (CKOPOCTH), TO COBMECTHO C TpeOyeMbIM
HMCTOYHUKOM KHMHEMATHYE€CKOTO BO3JIEUCTBUS JIsl COOTBETCTBYIOIIEH CTENIEHH CBOOOIBI 00BEKTa
HYHO 33/1aTh HayaJbHbIE YCIOBUSA C MOMOIIBIO OJHON 13 Mozeneit anemeHToB SN, VN u T.1.. B
HEKOTOPBIX CIy4YassX TPYAHO BBIYMCIUTH TOYHOE HAYAJIBHOE 3HAYEHUE CKOPOCTU WIIH
nepeMenieHus, KoTtopoe TpeOyeTcss TmepeaaTh B KadecTBE MapameTpa MOJENIH DJIEMEHTa,
3aJal0Iel HavYabHble yclnoBus. Hampumep, s cuHycoMIbl ¢ HadalubHOM (asoi 60 rpaxycos
HAYaTbHOE 3HAYCHHME BO3JIEHCTBUS OyJeT NpPONOPIMOHATBHO +/3/2, T.e., HE BBIPAXKACTCH
KOHEYHON JeCATHYHON IpoObio. [loaToMy BCE SJIEMEHTHI, 3aJarolife 3aKOHbI W3MEHEHUS
CKOpPOCTEM WM TNEpEMENICHUH, MPOU3BOAAT CPAaBHEHMs 33JaBa€MOI0 3aKOHAa C HA4aJbHBIMU
YCIIOBUSIMU CIICTYIOIIUM 00pa3oMm:

*  BBIUMCISETCS  pa3HUUA  MEXKIYy  HAYAJIbHBIM  3HAYEHHEM  CKOPOCTH
(mepemerenus), ompeneasieMod 3aJaHHBIM 3aKOHOM €€ W3MEHEHHus, ¢
3aJJaHHBIMHA HAYAJIbHBIMU yCJIOBUSIMU;

*  TONyyeHHas pa3HUIAa YMHOXaeTcd Ha Kod()PHUIMEHT NpONnOpIHOHATIBLHOCTH
MEXIy OTKJIOHEHHEM NepeMelleHHs (CKOPOCTH) U TEHEPUPYEMBIM YCUIIUEM, YTO
Jae€T BEIWYUHY YCUJIUS, T€HEPUPYEMOrO JJIEMEHTOM B HAYaJIbHBIA MOMEHT
BPEMEHU;

*  HAYyaJbHOE 3HAYCHHE YCHUJIUS CPABHUBAETCS C 3aJaHHBIM 3HAYEHUEM KIIFOUEBOTO
napamerpa DABSI. Ecniu 0HO mpeBbIlIaeT 3HaUeHUE KIOYEBOIO apameTpa, TO
CUMTAETCS, 4YTO 3aJaBAEMOE€ 3HAYEHUE CKOPOCTH WJIM TMEPEMEUICHUS He
COOTBETCTBYET HAYAJIbHBIM YCIOBUSIM.
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2.2. OgHOMEepHbIe 3NIeMEeHTbI

2.2.1.Mopgenu cunoBbIX BO3A4eNCTBUN
2.2.1.1.ACTOYHMK NOCTOAHHOIO ycunus (MOMeHTa) No 0AHOMN cTeneHn ceo6oabl F

OTO6[28.)KEI€MBI€ CBOMCTBA

3a/aeT BeMUYHHY MOCTOSHHOTO YCHIJIMS WJIM MOMEHTA, IEHCTBYIOIIETO MO OJHOM CTEHeHH
CBOOOIBI OOBEKTA.

Crerniean cBOOOOEI

I - mnocrtynartenpHas WK BpaulaTeabHas, 0 KOTOPOH AEHCTBYET 3a/1aBaEMOE yCUIIUE
WM MOMEHT.

IHapameTpsl
N n/n Onucanue Pasmepnocts | [lnanaszoH
1 BennunHa neicTBYIOMEro yCUIus Wik H v H*m -RLmax...
MOMEHTa +RLmax
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2.2.1.2.ACTOYHUK MeXaHM4YeCKOWN cunbl (MOMeHTa), U3MeHsLWencs no

CUHycomaanbHOMY 3aKOHY FS I N

OtobpakaeMble CBONCTBA

3amaeT CHJIOBOE BO3JICHCTBUE HAa OOBEKT, M3MEHSIONICECS 110 CHHYCOHMIAIBHOMY 3aKOHY C
3a/laHHBIMH TI0JIb30BaTEIeM TMapamerpamMu. HadanbHOe 3HAUYEHWUE YCWIHS ONPEIeNsIeTCs
napameTpoM "HadaybHas ¢aza" (cm. puc. 2.1.).

Crenenu cBo0OIBI

1- mocrynarejibHas Uik BpallaTcibHasi, 110 KOTOpOﬁ HeﬁCTByeT 3a1aBacMOC YCUIIHUEC
NI MOMCHT,

2 - crTeneHb CBOOObI, HA KOTOPYIO JIEMEHT "onupaeTcs'; o 3TOM CTeNeHH CBOOOIbI
arieMeHTa OyAeT AeHCTBOBATH YCHIINE TIPOTUBOIIOIOKHOTO 3HAKA.

ITapameTpel
N /it Onucanue Pasmepnocts | [luamazon
1 AMIUIUTYJHOE 3HAUEHUE YCUIIUA WU H v H*u - RLmax...
MOMEHTa +RLmax
2 [Tepuon M3MEHEHUs CUIIOBOTO (hakTOpa cex Smin....
+RLmax
3 Hauanwshas daza 2pao - RLmax...
+RLmax
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2.2.1.3.ACTOYHMK MeXaHM4eCKOWN cunbl (MOMeHTa), A4Sl KOTOporo 3agaeTcA TabnuyHas

3aBMCUMOCTb CUIIOBOro aktopa oT BpeMeHu FTABL

OtobpakaeMble CBONCTBA

3ajmaeT  KyCOYHO-JIMHEWHBIM  HMITYJIbC  CHUJIOBOTO  BO3JEHCTBHS,  OINpPEAEIIsieMbIi
IIPOU3BOJIBHBIM KOJMYECTBOM TOueK (puc. 2.2.). g onucaHusl KaXI0H TOYKU HCIOJIb3YETCs
IBa mapaMerpa: | - MOMEHT BpeMeHH; 2 - BeIMYMHA CUJIbL. TakuM 00pa3oM, AJisi 3TOro 3JIeMEeHTa
JOJKHO OBITH 3aJaHO YETHOE KOJMYECTBO MapaMeTpoB. 3aJaBacMble TOYKH JOJDKHBI OBITh
YIOPSII0UYEHBI [10 BO3PACTAHUIO BPEMEHH.

Ecin HavaibHBIE MOMEHT BpPEMEHH, 3aJaHHBIi B TaOnuIEe, MPEBBIIIACT TEKYIIEe
MOJICJIBHOE BpeMs, WM TEKyIlee MOJEIbHOE BpEMs BBIIUIO 3a MPOMEKYTOK BPEMEHH, Ha
OPOTSDKEHUHM  KOTOPOTO  OmpesesieHa TaOnuila yCHJIMHA, TEKyllee YCHUJIHE OIpeneseTcs
AKCTpanoysiiue KpalHUX OTPE3KOB, KaK 3TO MOKA3aHO MITPUXOBOM JIMHUEH HA puc. 2.2. B cBsa3u
C 3TUM /IBe NepPBbIe U ABe MOCJAeJHNEe TOUKH XapaKTEPUCTUKU HE JIOJKHBI ONPEEIISTh pa3Hble
3HAYEHUs] YCWIHA JJI1 OJHOTO W TOTO K€ MOMEHTa BpeMeHHu. [l sieMeHTa JOJKHO ObITh
3aJaHO He MeHee 2* ToUeK TabJIMYHON 3aBUCUMOCTH CHJIBI OT BPEMEHH.

Crenenu cBo0OIbI

1 - mnocrtynarenbHas WK BpalaTeabHasi, IO KOTOPOM JEUCTBYET 3a/1aBaeMO€ YCUITNE
WM MOMEHT;

2 - cTemeHb CBOOOIBI, HA KOTOPYIO JIEMEHT "onupaercs'; o 3TOH CTEIeHU CBOOOIbI
aJIeMeHTa OyJeT ACHCTBOBATH YCHIIME TIPOTUBOIIONIOKHOTO 3HAKA.

[lapameTpsl
Nn/n | Onucanue PasmepHocth | [lnamazon
1 {; - MOMEHT BPEMEHHU, ONPENCIISIFOIINI cex 0...
MEPBYIO TOUKY 3aBUCHMOCTH YCUJIHS OT +RLmax
BpEMEHHU
2 F;- cuna (MOMEHT) JJIsi MOMEHTa BPEMEHH £, Hwm H*w | - RLmax...
+RLmax
2*i-1 |t; - MOMEHT BPEMEHH, OTIPEACIISIONIHI i-10 cex tioi...
TOYKY 3aBHCHUMOCTH YCHJIHSI OT BPEMEHU +RLmax
2% F; - cuna (MOMEHT) [ MOMEHTA BPEMEHH f; Hwm H*w | - RLmax...
+RLmax
2*n-1 |t, - MOMEHT BpEMEHH, OMPECIIIOMUN /-0 cex La.g...
TOYKY 3aBUCUMOCTH YCHJIMSI OT BPEMEHHU +RLmax
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Nn/n | Onucanue Pasmepnocts | [lnanazox
2*n F, - cunma (MOMeHT) 1711 MOMEHTa BPEMEHH 1, Hwm H*w | - RLmax...
+RLmax
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2.2.1.4.A\CTOYHMKN MeXaHUYECKOMW CUIbl (MOMEHTa), U3MEHSAOLMNECH NO

TpaneuneBngHoOMy 3aKOHY FTR, FTRC

OtobpakaeMble CBONCTBA

3ajaeT  UMIOYJIbC  CHJIIOBOTO  BO3JCHCTBUS HAa  OOBEKT, HU3MEHSIOIIUHCS IO
TpanenueBUIHOMY 3aKoHy (puc. 2.3.). Dnement FTR npumensiercs ais 3agaHusi OAHOKPATHOTO,
a FTRC - nukinyecku noBTOPSAIOIIETOCS BO3/ICHCTBHUS.

Crenenu cBo0OIBI

1- mocrynarejibHas Uik BpallaTcibHasi, 110 KOTOpOﬁ HeﬁCTByeT 3a1aBacMOC YCUIIHUEC
NI MOMCHT,

2 - crTeneHb CBOOObI, HA KOTOPYIO JIEMEHT "onupaeTcs'; o 3TOM CTeNeHH CBOOOIbI
arieMeHTa OyAeT AeHCTBOBATH YCHIINE TIPOTUBOIIOIOKHOTO 3HAKA.

HapameTpsl
N /it Onucanue Pasmepnocts | [lnanazon
1 HavanbHblil ypoBeHb CUIIBI (MOMEHTA) Humu H*w | - RLmax...
+RLmax
2 VYpoBeHb CHIIBI (MOMEHTA) AJISl BEPIIMHBI Humu H*w | - RLmax...
MMITyJIbCa +RLmax
3 MoMeHT BpeMeHHU Hauaja pocTa UMITyJIbca cex 0...
+RLmax
4 [TpomomKUTENTLHOCTD NEpeIHEro GhpoHTa cex 0...
MMITyJIbCa +RLmax
5 [TpooKUTETPHOCT BEPIINHBI UMITYJIbCA cex 0...
+RLmax
6 [TpomomKUTETBHOCTD 3a1HETO (PpOHTA cex 0...
MMITyJIbCa +RLmax
7 [TpoaomKUTENFHOCTD LUK cex (PAR(4)+
(TOTBK PAR(5)+
0 s PAR(6)+
FTRC) (RLmin...
RLmax)
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2.2.1.5.ACTOYHMK MeXaHM4eCKOWN cunbl (MOMEHTA), A4rnsl KOTOPOro 3agaeTcA TabnuyHas
3aBUCUMMOCTb CUITOBOIro chakTopa oT nepemelleHusi (yrna noBopoTa) ynpasnstowien

cTeneHu cBo6oabl FTAB LS

OtobpakaeMble CBONCTBA

3agaeT  KyCOYHO-JMHEWHBIM MMITyJIbC CHJIOBOTO  BO3JCHCTBHS, 3aBUCAIIMA  OT
nepemenieHus ymnpasisomeid crenenn cBodoasl (FTABLS 1). Hmnynec ompepensiercs
MPOU3BOJIBHBIM KOJIMYECTBOM ToueK. [l ommcaHusi KakIoMl TOYKM HCIONb3yeTcs JBa
napamerpa: | - BelMMYMHA TIEPEMEIICHUS YMPaBISIONICH CTEeHH CBOOOJBI, YMHOXKEHHOH Ha
MacCIITaOUPYIOUIUIl MHOXKHTENb; 2 - COOTBETCTBYIOLIAS €My BEJIMYMHA CHIIbL. TOUKH JOJIKHBI
OBITh YIOPSIIOYCHBI 110 BO3PACTAHUIO TIEPEMEIIICHUS.

B pacuerax PRADIS ucnons3yer Bennuunsl pazmepHocThio B cucteme CU. Jlnsa yno6ctBa
MOJIb30BaTeNsl B JAHHOW MOJIENHM pealli30BaHa BO3MOXKHOCTh 3aJlaHusl TaOJHUIBl YCHUIUH B
3aBHCHMOCTH OT NIEPEMEIICHUS, BBIPAXKEHHOTO B MHOM crucTeMe eeHull. C 3Toi Leblo B CIIUCKE
apaMeTpoB 3JEMEHTa NPUCYTCTBYET MAacCUITAOHPYIOMUH MHOXHUTENb. MacmTaOupyromui
MHOXKHUTENb TIepeBoAUT pazMepHocTh PRADIS (v wim pad) B monb3oBaTenbckyto. Hampumep,
TabJIMIla YCUIMKA 33aJjaHa B 3aBUCHMOCTH OT yIJia MOBOPOTA YMIPABISIONMIEH CTENEHU CBOOOIBI,
BBIP@XEHHOTO B rpagycax. YToObl n30aBUTHCS OT MepecyeTa TabauIbl 3HAUCHUH, HY)KHO 33/1aTh
BEJIMYMHY MACHITa0HPYIONIEro MHOKUTENs, paBHOU 180/ p = 57.2957....

bt | .

S] Sz SE 54 SJ'J‘Q Slul—E Sll—l Sn

FTABLS 1. I'paduk Tad1u4HOil 3aBHCHMOCTH YCHJIMA OT NepeMeleHust A MO1eJIH
jemenTa FTABLS. Kaxknasi Touka 3aBHCMMOCTH 32/12€TCS Napoii 3HAYEHU I
«mepeMenieHHe-yCHIHe».

Taxum 06pa30M, JIs1 3TOTr0 JJIEMCHTA OOJIKHO 6I>ITI> 3aJaHO HCYCTHOC KOJIHUYCCTBO
napaMeTpoB - MAacCIITa0UPYIOUIMII MHOMXKWUTEIb W YETHOE KOJMWYECTBO IapaMeTpoB,
OMpCACIAOIINX 3aBUCUMOCTD YCUJINA OT IICPEMCIICHUS.

Ecniu Ttekyiee mnepeMelieHHue yMNpaBisIONIe CTerneHH CBOOOABI BBIXOJUT 3a PaMKH
TaOJIMYHOW 3aBUCUMOCTH YCHUJIHUS OT TMEPEeMEIICHUs, TO TEKYyIIee YCUIHE OMpeeseTcs
AKCTpanoIsiue KpalHUX OTPE3KOB, KaK 3TO MOKa3aHO TpUuxoBoil tuHuen Ha puc. FTABLS 1.
B cBs3u ¢ 5TUM [Be mepBble U Be MOCJEAHHE TOUYKH 33/1aBaeéMO TaOIHIBI HE OJIKHBI
3aJ]aBaTh pa3Hble 3HAYCHUS CUJIBI JUISl OHOTO U TOTO e 3HAUCHHUs nepemenieHus. [ anemenTa
JIOJKHO OBITH 3aJ]aHO HE MEHee 2* TOYEeK TaOJIMYHOW 3aBUCHMOCTH CHIIBI OT IMEPEMEIICHUS.
DNeMEeHT peKOMEHAYyeT IporpaMMme HHTETPUPOBAHUS yYMEHbBIIEHHUE Illara MHTETPUPOBAHUS B
OKPCCTHOCTHU TOUCK HU3JIOMa BaﬂaHHOﬁ 3aBUCUMOCTH YCUIIUA OT NCPCMCUICHUS.
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Crenenu cBo0OOIbI

1- nocrymnarejyibHasd Ujin BpalaTejibHasd, 1mo KOTOpOﬁ HeﬁCTByeT 3a1aBa€MOC YCUIIUC
NI MOMCHT,

2 - cTemeHb CBOOOBI, HA KOTOPYIO AJIEMEHT "onupaercs” ; Mo 3TOH cTerneHu CBOOO b
arieMeHTa OyJeT NeHCTBOBAaTh yCUIINE TPOTUBOMOIOXKHOTO 3HAKA;

3 - ympaBisromias CTeNeHb CBOOOIBI, B 3aBUCUMOCTH OT TepeMeIeHus (yria
HIOBOPOTa) KOTOPOIl 3a1aeTCs yCHIIHE.

[TapameTpsl
N n/n Onucanue PasmepHocts | [lnamazon
1 MacuTabupyromuii MHOXKHUTEINb JJIs - RLmax...
MepeMeIlCHUs YIIPABIIAIONIEH CTENIEHU +RLmax
CcBOOOBI
2 S - mepeMeleHue, OnpeaeIisitolee MepByro mumd pao* | - RLmax...
TOYKY 3aBUCUMOCTH YCUJIMS OT IIepEMELIEHUs +RLmax
3 F; - cuna (MOMEHT) 11l mepeMetieHus S, Hwm H*w | - RLmax...
+RLmax
2%] S; - mepeMeIneHue, onpeeNsoIee i-f0 TOUKy | M wim pao* | Si ...
3aBHCHUMOCTH YCHJIHSI OT IIepEMEIICHUS +RLmax
2*i+1 | F; - cuna (MOMEHT) AJis iepeMenieHus S; Hwm H*w | - RLmax...
+RLmax
2*n S, - IepeMeIeHne, OpeessoIIee 7-10 TOUKY | M Wid pao* | S, ...
3aBUCUMOCTHU YCWIHSL OT IIEPEMELICHUS +RLmax
2*np+1 | F, - cuna (MOMEHT) JJIs IepeMeneHus S, Hwm H*w | - RLmax...
+RLmax

*) Macmrabupyronuii MHOXKUTENb paBeH 1, ecnu Tabnuia yCuiIui 3ajlaHa B 3aBUCUMOCTH
OT TIEPEMEIICHUS], BRIPAXKEHHOTO B CUCTEME eUHUII, puHATOM B pacuetax PRADIS (B cucreme
CH). B ciydyae wuCHONB30BaHUS HMHOW CHCTEMBl €IMHHUIl 3a7aeTcs TaKoe 3HauYeHHe
MacmTaOupyIOMmIero  MHOXHTENS,  4YToObl  mepeBecTH  pa3mepHocTh  PRADIS B
MOJIb30BaTeNbCcKyt0. Hike mpuBoauTcs Tabnuia 3HaAYEHUH MacIITaOMPYIOIIET0 MHOXKHUTENS B
3aBUCHUMOCTH OT Pa3MEPHOCTH MEPEMEILIEHUS, 3aJaHHON T0JIb30BaTEIIEM.
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Tabnuna 3HaueHW MacIITAOUPYIOIIETO0 MHOXXHUTENS B 3aBHCUMOCTH OT Pa3MEPHOCTH
NIePEMEIIICHHS:

Pa3mepHOCTh mepemMenienrs B Tadauie | 3HaueHHUE MacIITaOUPYIOIIETo
YCUJIUU MHOXHUTEIS
[ToctynarenbHoe VYrioBoe
M pao 1
MM - 1000
cM - 100
- epao. 180/mm=57.2957

IIpumep ncnonb3zoBanus (cMm. puc. FTABLS 2

Y 4\}\/ MaxopuK
/B 1 HABHCHMOCTh CHITHA OT
0 FIOa TI0OBOPOTS KPHBOLIMITS
T\ ]
o

: ; X
\‘ I/. ,/ Fl} V3 /3 ™ 4Y3 53 2n gﬂ
\- / ” 4000 rh"
7 E: 3000 \\
| 2000 N
S 1000

F(G_D) - 0 60 120 180 240 300 360 7

| | 7
== = 57Y2957..
F=o

FTABLS 2 Hcnoas3oBanue 3;1emedTa FTABLS 1151 MogeanpoBanus padbouyero nukJjia B
JABHMraTe/ie BHyTPEHHEr0 CropaHusi:
¢ - YroJ noBopoTa, 3aJaHHBIH B rpajycax;

(¢ — yroJi moBOpoOTA, 3a/JaHHbIH B PaINAHAX;
Kk — MacmiTaOHBIA MHOKHTEJb.

3aaHa 3aBUCHUMOCTh YCHJIMSI, BO3JCHCTBYIOLIETO Ha IMOPIIEHb JIBUraTells BHYTPEHHETO
CrOpaHMsl, B 3aBUCUMOCTH OT YIJIa ITIOBOPOTa KPUBOLIMIIHOIO Baja, BBIPA)KEHHOTO B rpajaycax.
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[Ipenmonaraercs, 4To ATa TabIUIA MOTyYeHa MPEABAPUTETHHBIM PACUETOM PaboYHX MPOIIECCOB
B IUIWHApE nBuratens u 3anucana B gaitie FORSE.DAT B cnenyromem Bue:

{yron noeopoTa {ycunue}

(rpan) }
2, 25,
3, 25,
8, 100,
9, 140,
10, 150,
12, 147,
18, 127,

HavamnesHble KOOPAOMHATEI

ock kpmBoumna (Toukxa O) - 0, 0
WapHMP KpMBOmMN-WaTyH (Touka B) - 0.02, - 0.1
WapHMP WaTyH-nopmweHe (Touka C) - 0, - 0.5

KpuBommn 1 miatyH MOXHO MPEICTaBUTh B BUJE 0ATOYHOTO U CTEPIKHEBOTO JIEMEHTOB,
Macca KOTOPBIX PAaBHOMEPHO paclpeniesieHa Mo JJuHe cTep:kHsa. Macca kpuBommumna - 0.2 kr,
Macca matyHa - 0.6 kr. ['eoMeTpu4ecKkiuii MOMEHT HHEPIMU Ha M3TUO MOMEPEYHOTO CEUCHHS
xpuBommna - 1.7e-6 m*, mmomans nonepeynoro ceuenus 0.9e-4 m>. Ilnomags monepedHoro
ceuenus matyna - 0.7e-4 M>. Marepuas KpUBOIIUIIA U IIATYHA - CTAIb.

Ha ocu KpuBOIIMIIA HAXOMUTCS MAaXOBHK ¢ MoMeHTOM mHepuuu 0.933 xr*m?. HaganpHas
YIJIOBasi CKOPOCTh MAaXOBHKa (OHAa COOTBETCTBYET HayalbHBIM CKOPOCTSAM JJI BCEX JIEMEHTOB
Mexanusma) - 10 pan/c. Macca nmopmras - 0.3 K.

TpeOyercs onpenenuTh U3MEHEHNE CKOPOCTH BPAIICHHSI MAXOBHKA TI0 BPEMEHH H OIICHUTH
HEPaBHOMEPHOCTh €€ U3MEHEHHUS.

[Tockonbky TabnuIla 3aBHCHMOCTH YCWJIHMSI OT yrjia TOBOpOTa 3ajaHa B Tpajaycax, TO
MacmTaOHbI KodQdummeHT s snementa FTABLS B nannom cinygae Oyner 180/77=57.2957...
Jns MonmenupoBaHUs KpHBOIIMNA OyJIeM HCHOIb30BaTh OATOYHBIA SIEMEHT, MOCKOIBKY
BpalllecHUE Ha MaxOBHK IEpeAaceTcsl MO YIVIOBOM KoopauHarte. JIjisi MoaenupoBaHHs IIaTyHa
JIOCTaTOYHO CTEP>KHEBOT'O AJIEMEHTA.

$ DATA :

JRZ88%32811 o) = 57.2957,

$ INCLUDE FORSE.DAT

Toukxa O = o, 0

Touka B 0.02, -0.10

Touka C = 0., -0.5

Havanesxas yrsoBast ckopocTe = 10

Oce X =1

Oce Y

MaTepuan kxpuBowMIIa

MaTepuan maTyHa

Macca nopuHsi

J MaxoBHMKa

$ FRAGMENT

# BASE: 1, 2, 7

# STRUCTURE:

MaxoBuk ' M ( 3 ; J MaxoBMKa)

KpuBoumn ' BALKA (1 2 3 4 5 6; Touka O, Touka B,
MaTepmuan KpMBOUMNA)

, 0.5, 1.7E-6,0.9E-4, 2.Ell
0.5, 0.7E-4, 2.El1l

’

I
oOoooN
Oowoa N

33

llaTyn ' STRGN (4 5 7 8 ; Touka B, Touka C,
MaTepman wmaTyHa)

Nopmwenes ' M (8 ; Macca nopmws)

Omnmugp ' FTABLS ( 8 1 3 ; Unnuepgp )
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{onpenenenme HavaNbLHOM YIJIOBOM CKOPOCTM KpMBOImMIA}

'VNKS (3 456 7 8;Touka O, Touka B, Touka C, Ocm Y,
HawvanpHast yrjoBasi CKOPOCTE)
OUTPUT:
YrmoBasi ckopoCTe Bajla 'V (3;1)
Yron noBopora Bana rpaxz 'X (3;57.295779579)
Ycunme Ha umMamMHOpe 'X (I:Umomunp 1; 1)
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2.2.1.6.ACTOYHMK MeXaHM4YeCKOWN cunbl (MOMeHTa), A4S KOToporo 3agaeTcs TabnuyHas
3aBUCUMMOCTb CUITOBOIro hakTopa OT CKOPOCTU (YrNOBOW CKOPOCTU) yNpaBnsAtowen

cTeneHu cBo6oabl FTAB LV

OtobpakaeMble CBONCTBA

3agaeT KyCOYHO-JIMHEHHBIA UMITYJIbC CHUJIOBOTO BO3JEHCTBUSA, 3aBUCSIIMI OT CKOPOCTH
ynpasisonieit  crenenu cBobonsl (FTABLV 1). Mmmynsc ompenensieTcss NPOU3BOJIBHBIM
KOJIMYECTBOM TOUeK. J[JI1 ONMCaHMs KaKI0M TOUKHU MCIIOJIb3YETCs Ba MapaMerpa: 1 - BelndnHa
CKOpPOCTH YMPABIISIONIEH CTerneHu cBOOObI, YMHOXKEHHOM Ha MacIITaOUpPYIOMUNA MHOXKHUTEIb;
2 - COOTBETCTBYIOUIass €My BEIWMYMHA CHJIBl. TOYKM JOJKHBI OBITH YHOPSAOYEHBI 10
BO3PAacTaHHUIO CKOPOCTH.

B pacuerax PRADIS ucnons3yer Bennuunsl pazmepHocThio B cucteme CU. Jlnsa yno6ctBa
MOJIb30BaTeNsl B JAHHOW MOJIENHM pealli30BaHa BO3MOXKHOCTh 3aJlaHusl TaOJHUIBl YCHUIUH B
3aBUCHUMOCTH OT CKOPOCTH, BBIPAKEHHOW B MHOW cucteme eauuuil. C 3TOW IENbl0 B CIHCKE
apaMeTpoB 3JEMEHTa NPUCYTCTBYET MAacCUITAOHPYIOMUH MHOXHUTENb. MacmTaOupyromui
MHOXXHUTENb TMepeBOaUT pasmMepHocTh PRADIS (m/cex wnm pad/cex) B TOJIB30BATENbCKYIO.
Hanpumep, tabnuma ycwiuii 3ajaHa B 3aBHCHMOCTH OT YIJIOBOW CKOPOCTH YIPaBIISIOIIEH
CTereHu CBOOOBI, BHIPAKEHHOW B €ICHUIAX [2pad/cek]. UTOOB M30aBUTHCS OT Tepecuera

TaOJIHUIIBI 3HAYCHUH, HY>)KHO 33[aTh BEJIMYMHY MAaCIITa0HPYIOIIETO MHOXKUTENs, paBHOi 180/ p
=57.2957....

skeskosk ok
HET PUCYHKA

JUis  sjeMeHTa JOJKHO OBITh  33JlaHO  HEYETHOE KOJIMYECTBO IApaMeTpoB -
MacIITaOUPYIOMIMKA ~ MHOXKHUTEIb M YETHOE KOJIMYECTBO IapaMeTpOB, OINPEIEISIOIUX
3aBUCUMOCTD YCHJIUS OT CKOPOCTH.

Ecnu Tekymasi CKOpocTh yHpaBiIstoIeil CTENEeHN CBOOOIbI BEIXOIUT 32 PaMKH TaOIMYHON
3aBUCUMOCTH YCHJIHUSL OT CKOPOCTH, TO TEKYIEE YCHIHE OIPEACIACTCS JKCTPANOJIALHACH
KpallHUX OTPE3KOB, KaK 3TO IIOKa3aHO IITpUX0Boil nHued Ha puc. FTABLV 1. B cBs3u ¢ atum
JABe NepBble U JBe MOCJeJHHE TOUKHM 3aJlaBaeMOil TaOJIMLbl HE JOJKHBI 3a/1aBaTh pa3HbIE
3HA4YEeHHUs1 CWJIBI I OJTHOTO U TOTO e 3HaYeHUs CKOPOCTHU. J{JIst a1eMeHTa TOJKHO OBITh 33JJaHO
HE MeHee 2* ToueK TaOJIMYHOW 3aBHUCHUMOCTH CHJIBI OT CKOpPOCTH. OJEMEHT PEKOMEHAYeT
[IporpaMme MHTErPUPOBAHUS YMEHBIICHHE 11ara UHTETPUPOBAHNS B OKPECTHOCTH TOYEK U3JIOMa
3aIaHHON 3aBUCHUMOCTH YCHJIUS OT CKOPOCTH.

Crerneant cBOOOIEI

I - mnocrtynartenpHas WM BpaulaTeabHas, 0 KOTOPOH JEHCTBYET 3a/1aBa€MO€E yCUITUE
WJIM MOMEHT;

2 - creneHb cBOOOIBI, HA KOTOPYIO JIEMEHT "onupaeTcs'; o 3TOM CTEeHH CBOOOIbI
aJeMeHTa OyJeT NeHCTBOBATh YCUIINE TPOTUBOMOIOXKHOTO 3HAKA;

3 - ympasisiiomias creneHb cBo0O/Ibl, B 3aBUCUMOCTH OT CKOPOCTH (yTJI0BOH
CKOPOCTH) KOTOPOH 3a/1a€TCsl yCHUITHUE.
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[TapameTpsl

Homep Onucanue Pasmepnocts | [Inamazon
1 MacmTabupyromuii MHOXHUTEb JIJIs - RLmax...
CKOpPOCTH YIIPABIISIONICH CTETIEHN CBOOOIBI +RLmax
2 V- CKOpOCTB, ONIpeAeIIsIoNIas NEPBYIO TOUKY |.M/ceK UIn - RLmax...
3aBHCHUMOCTH YCHIIUSL OT CKOPOCTH paod/cex* +RLmax
3 F, - cuna (MoMeHT) 11t cKopocTtu V) Hwm H*m - RLmax...
+RLmax
2%] Vi - CKOpOCTB, OIPEEIIAIONIAs i-10 TOUKY M/cex MH Vii...
3aBHUCHUMOCTH YCHJIHSI OT CKOPOCTH pao/cex +RLmax
2*j+1 | F;- cuna (MOMEHT) U1 CKOPOCTH V; H v H*m - RLmax...
+RLmax
2*n V, - CKOPOCTb, OIIPEACIIAIONIAS 71-F0 TOUKY M/cex I Vii...
3aBUCHMOCTHU YCWIIHS OT CKOPOCTH pao/cex +RLmax
2*np+1 | F,- cwiia (MOMEHT) Jisi CKOPOCTH V, Hwm H*m - RLmax...
+RLmax

*) Macmrabupyomuii MHOXKHUTENb paBeH 1, eciiu Tabaula yCUIUi 3a1aHa B 3aBUCHMOCTH
OT CKOPOCTH, BBIPAKEHHOM B cucteme eauHull, npuHsaToi B pacuetax PRADIS (B cucteme CH).
B ciydae ncnonp3oBaHKs HHOW CUCTEMBI €IMHUIL 33/1a€TCSl TAKOE 3HAYEHHE MacIITaOUPYIOIIEro
MHOJKUTEINSI, 4TOOBI epeBecT pasmepHocTb PRADIS B nonb3oBarensckyto. Huxke nmpuBoautcs
TabIMIa 3HaYeHUI MacIITaOUPYIOLIEro MHOXKHTENS B 3aBUCUMOCTH OT pa3MEpHOCTH CKOPOCTH,
3aJIaHHOM I10JIB30BATEIIEM.

Tabnuna 3HaueHUH MaclITaOMPYIOIIET0 MHOXKHUTENSI B 3aBUCHUMOCTH OT Pa3MEpHOCTH

CKOpOCTH:
Pa3mepHoCTh ckopocTy B TabmuIe 3HaueHne MacTabupyoIIero
YCUITAA MHOXHUTEIS
[TocrynarensHas Yrnosas
Mm/cex paod/cex 1
M/MUH - 60
KM/4 - 3.6
- pao/mun 60
- 00./cex 1/(2m=0.1592
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PazmepHOCTH CKOpOCTH B TabsIUIE

3HaueHne MacIITabUPYOIIEro

YCUITUN MHOKHTEJIS
[TocrynarenbHas VYrnoBas
- 00./Mun 30/71=9.5493
- epaod/cex 180/mm=57.2957
- 2paod/mum 10800/ r=3437.7
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2.2.1.7.ACTOYHMK MeXaHM4eCKOWN cunbl (MOMeHTa), CUHyconpanbLHO 3aBUCsLLEen OT

cMelleHus (yrna noBopoTa) FSINX

OtobpakaeMble CBONCTBA

3amaeT MMIYJbC CHJIOBOTO BO3JEHCTBHS, CHHYCOMJAJIBHO 3aBUCSIIUI OT IepeMeleHHs
(yria nosopota). Benuunna cuiisl onpenensercs o 3aBUCUMOCTH:

F = Fpu * sin(X + Xo)

,rne F' - Tekyuiasi BeJIMYMHA CUJIBI,

Fou - aMIUTUTYTHOE 3HAUCHHE CHUIIBI,
X - TeKyIllee nepemMenieHue (yroj moBopoTa);
Xo - HaYaJIbHOE 3HAYCHHE TIepeMeIeH s (yriia IOBOpOTa).

Crenenu cBoOOIBI

1 - mocrynarenbHas (BpamareabHas), I0 KOTOPOM JIEHCTBYET 3a/1aBaeMbIid CHITOBOM

dakrop.
ITapameTpsl
Howmep Onucanue Pasmepnocts | [Inanazon
1 AMIUTUTYTHOE 3HaUYeHue cuiioBoro ¢akropa | H wim H*wu - RLmax...
+RLmax
2 HauanpHoe cMmemienue M WU pao - RLmax...
+RLmax
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2.2.1.8.ACTOYHMK NOCTOSAAHHOIO YyCUNusi, MogesIMpyoLWnin AecTB1e CUllbl

TAXEeCTHn FG

OtobpakaeMble CBONCTBA

3az[aeT BCIIMYMHY ITIOCTOAHHOI'O YCHUIIUA, HeﬁCTBYIOHIeFO Ha MacCy M PaBHOI'0 BCIIMYHUHC
CHJIBI TAXKCCTHU. yCI/IJII/Ie, reHCpUpyecMoC JJICMCHTOM, BCCTAa I[GI\/JICTByeT B OTpULATCIILHOM
HaIlpaBJICHUH KOOp,Z[PIHEITHOfI OCH.

Crenenu cBo0OIBI

1- mocrymnareibHas, 110 KOTOpOﬁ ﬂeﬁCTByeT 3a/1aBacMOC yCHUJIIHC.

[lapameTpsl
Howmep | Onucanue Pasmepnocts | [lnamazon
1 BennunHa Macchl, Ha KOTOPYIO ACUCTBYET K2 0... +RLmax
CHUJIA TSKECTH

H[zI/IMep HCIOJb30BaAHUA

TpeOyercs paccMOTpeTh ABMKEHHE TOYEUHOTO MHEPIIMOHHOTO 3JIEMEHTAa MacCO SKT MO
JIEHCTBUEM CHJIBI TSDKECTH. TeKCT onucanusi 00beKTa Ha si3bike PradiSLang:

$
$

DATA:
Macca =5
FRAGMENT
# BASE:1
# STRUCTURE:
Tesno 'M (2; Macca)
Cuna Tsixectn 'FG (2; Macca)
# OUTPUT:
Yckopeune Tena 'A (2; 1)
CxopocTe Tena 'V (2; 1)
[lepeMelenne Tena 'S (2; 1)

BenmuumHa CHJIIB TsSIXECTH

'X (I:Cuma TsixecTu;1l)
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2.2.2.Mopenwu 3anemMeHTOB, 3aalLWMX NepemMeLLeHus cteneHen ceoboabl

2.2.2.1.06wWwume cBegeHUs1 U peKoMeHAaLMu No Ha3Ha4YeHUIo NapameTpoB

Mopnenu 371eMeHTOB, 3a1al0INX EPEMELICHMUS], SABIIAIOTCS 110 CBOEH NPUPOJE yNPYTHUMHU.
D710, aKkTHUECKH, Tea, MePEeMEIIAININUecs M0 3aJaHHOMY 3aKOHY U COOOIIAIONIME CTETICHSIM
cBOOOJIBI O0BEKTA, C KOTOPHIMH OHHM COEAMHEHBI, COOTBETCTBYIOLIME MEPEMELICHHUs 3a CUeT
ynpyroi csizu. [loaromy Ko3pduueHT NponopuroHaAIbHOCTH MEKIY YCHIIMEM U OTKJIOHEHHEM
nepeMeIleHus A 9TUX JIEMEHTOB MMEEeT pa3MepHOCTh Koddduuumenta xxectkocta (H/m wunu
H*w/pao).

Jnis naeanbHOM KyCOYHO-JTMHEWHOM 3aBUCHMOCTH IEPEMEIIeHUs OT BpeMeHU rpaduk
yCKOpeHui OyneT HyJeBbIM Ha MPOTSKEHUH BCEro Ipolecca 3a UCKIYEHHEM TOYEK H3JI0Ma
(3mech yckopeHusi OecKOHeuHO BenuKH). ['paduk ckopocTell CTymeHYaTblii ¢ MOCTOSHHOMN
CKOPOCTBIO Ha MPOTSHKEHUHU KaX 100 JIMHEWHOTO y4acTKa U MTHOBEHHBIM MEPEX0JIOM K JIPYyroMy
YPOBHIO CKOPOCTM Ha JpyroM JMHEMHOM yuacTke. Korga Mozjenp HCTOYHMKA pPa3sHOCTU
NEepeMEILICHU HCMONb3yeTcs JUIsl pa3roHa HMHEPUUOHHBIX TEJ, 3TO CIY)KUT HCTOUYHHUKOM
HE)KENNaTeNbHbIX KOJeOaHUM, HCKaKaroumux (opMy HMITyJbca. YBelndeHue Kod(puiueHra
IPOMOPLUOHATILHOCTA MEXAY YCUJIMEM U OTKJIIOHEHHEM MEPEMEILICHUS YBEIUYUBACT aMILUIUTY 1y
U 4acTOTy KoJieOaHUil yCKOpeHHus (3aMEeTUM IIpHU 3TOM, YTO TOYHOCTb OTPAOOTKU 3aJJlaHHOTO
3aKOHa M3MEHEHHUsSl IepeMELeHUs] OT BPEMEHM BO3pacTaeT H3-3a TOro, YTO AaMIUIUTY]a
KoJIeOaHUH MepeMenIeHUI IPU 3TOM YMEHBIIAeTCs).

[Ipu Ha3HaueHUU MapaMeTPOB MOJEIHM 3JEMEHTAa U KIIOYEBBIX MapaMeTPOB MPOrpPAMMBbI
UHTETPUPOBAHUS B 3TOM CIIyyae MOKHO PYKOBOJICTBOBATHCS CIIEAYIOIIUMHU COOOPaXKEHUAMHU.

KonebGanus OyayT BO3HUKATh B MECTaxX M3JI0Ma 3aBUCUMOCTH IEpEeMENICHUs OT BpeMEHHU (B
3TH MOMEHTBI BpPEMEHH PE3KO U3MEHSETCSI CKOPOCTh, UTO U CIYXUT UCTOUHUKOM BO3MYILEHUI).
Hanpumep, ms tpaneuueBunnoro ucroununka STRO m3MeHeHue ckopocTu NpH nepexojae ¢

MIOJIOTOT0 Ha HAKJIOHHBIN Y4aCTOK MOXKHO OIPEAEIUTH 110 (hopMmyIe:
DS

DV D (222.1)

, Tne DS - pazHuna Mexay 3aJaHHBIM HAdaJIbHBIM TIEPEMEIICHHEM M MepeMEIleHUEM,
COOTBETCTBYIOIIHUM I10JIOTOMY Y4aCTKy UMITYJIbCa;

Dt - Bpemst mepeiHeTo WK 3a1HeTO (PPOHTA UMITYIIbCA.

s snementa STABLO Bce paccykaeHus OyayT aHaJIOTHYHbI. TOJIBKO HY>KHO y4eCTb, 4TO
B 3TOM CJIy4a€ BO3MYLIAIOIIAs COCTABIAIONIAs CKOPOCTH - 3TO PAa3HOCTb MEXAY CKOPOCTAMHM Ha

nByx coceqnux ydactkax. J{is SSINO 3nauenne DV paccuuthiBaercs mo popmyse:
A .
DV =2p*?c05j0 (222.1.a)

, The A - aMIIIIUTya 3a1aBacéMOro EPEMELLCHUS;

Jo - HauanbHas (aza B paJuaHax;

T - nepuo1 CHHYCOU/IBI.

3amaeMcs BENMYMHOW JIOMYCTMMOHM aOCOMIOTHOW MOTPEIIHOCTH OTpabOTKH 3aKOHA
MU3MECHEHHS TEpEeMEIICHUs, CKaxeM, d , B MeTpaXx WIM pajuaHaX, B 3aBHCUMOCTH OT TOTO,
MOCTyTaTeNIbHBIE WJIM BpallaTelbHble CTEeNeHH CcBOOOIbl paccMarpuBatorcs. Koaddumument
IIPONOPLUUOHAIBHOCTH K MEXAYy YCHIMEM M MEPEMEIIEHUEM MOXKHO OPHUEHTUPOBOYHO
OIIPEIEIUTH 110 3aBUCUMOCTH:

2
K = M*(%) (222.2)

,rne M - mpuMepHas Macca pa3roHsieMoro Tena.

C yBenuueHweM mnapamerpa K MPOJOJKUTENBHOCTh BBIYMCICHUN, KakK IPaBuUIIo,
BO3pacTaeT M3-3a BBIHYXKICHHONH HEOOXOIMMOCTH OTCIICKMBATH IMapa3UTHBIC KOJICOAHWS U
OpoOsieHusT BENWYMHBI [Iara [0 3HA4YeHHs, COOTBETCTBYIOLIEIO 4YacTOTe COOCTBEHHBIX
KoJe0aHui MPYKMHHOTO MasTHUKA Maccord M U xecTKocThio K. YUuThiBas TOT (PaKT, 4TO ITU
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KoJIeOaHUs, KaK MpPaBUJIO, SIBISIOTCS HECYIIECTBEHHBIMH C TOYKU 3pEHHs aHATU3UPYEMOro
0o0BeKTa, XKenareabHo ux "3amaButh’. s storo HazHayaem napamerp CONTROL nmporpamMmbl
MHTETPUPOBAHUS, BBIYMCIICHHBIH 110 TAKOW OPUEHTUPOBOYHOM 3aBUCUMOCTH:

r p |M

CONTROL > T e (222.3)

,rne T - nepuon KosneGaHui NPyKUHHOTO MasiTHUKA Maccoil M U KeCTKOCTbhIO K.

Ecin nomyuaromeecs 3HaueHue napamerpa CONTROL  ciumkom  BEJIHMKO 1O
COO0OpaXeHUSIM TOYHOCTH aHallu3a JAPYTUX MEePEeXOJHBIX MPOILIECCOB B cUcTeMe, To napamerp K
clefyeT Ha3HauyaTb, MCXOJd U3 3aBUcUMOCTU (222.3), 3ajaBIIUCh TpeOyeMOW BEIMUMHOU
CONTROL. Ilpu stoM coOmroneHue TpedyeMol TOYHOCTH OTPAOOTKH 3aKOHA IMepeMenieHUui
rapaHTupyercs (IOCKOJIbKY TpeOOBaHUSAM TOYHOCTHU 1O 3aBUCUMOCTHU (222.2) yOBIETBOPSUIU U
MeHbIre 3HaueHus K).

[Ipu BeanuuHe KOAPPHUIMEHTa MPONOPLHOHAIBHOCTH MEXAY YCHWINEM U NepeMelleHUueM
nopsnaka lel2 - lel5 MOryT BO3HHUKHYTH MpPOOJIEMBI CO CXOAMMOCTBIO MpOLECCa PELICHUS
CuJlY. C yBenmuuenueM K oHu OyayT ycyryOusatecs. B Takux ciydasx HYKHO YBEIUYUTh
KIIIOYEBOM MapameTp nporpammsl uaterpupoBanus DABSI.
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2.2.2.2.ACTOYHMK pa3HOCTU NepeMeLLeHUI, U3MeHsILWencs No cuHyconaanbHoOMy

3aKOHY SSINO

OtobpakaeMble CBONCTBA

3amaeT CHIIOBOE BO3JICHCTBHE Ha OOBEKT, MOJJICPKUBAIONICE MEPEMEIICHUE 110 OJTHOU U3
CTeTICHEe CBOOOIBI OTHOCHUTENHHO IMEpPEeMEIIEeHUsI IO JAPYroi, Hu3MeHsiomeecs B ¢dopMme
cuHycouibl (cM. puc. 2.1.).

Crenenu cBo0OIBI

1- ImocTrynarejibHas Uik BpalaTrcibHas, ICPEMECIICHUEC 10 KOTOpOfI 3a1a€TCA,

2 - cTemneHb CBOOOIbI, OTHOCUTEIILHO KOTOPOH 3a7aeTcs MepeMeIeHue Mo epBon
CTETIEHU CBOOO/IBI.

[lapameTpsl
Homep Onucanue PasmepHocth | [lnamazon
1 AMIITUTYTHOE 3HAYEHUE PA3HULIBI M WU paod - RLmax...
NepeMeICHUI +RLmax
2 Ilepnon n3meHeHus pa3HULBI IEpEMELICHUI cex Smin...
+RLmax
3 Hauvanphas ¢aza epao. - RLmax...
+RLmax
4 KoadpuumeHT mponopuoHaTbHOCTH MEXITY H/m v 0..
OTKJIOHEHHEM PA3HOCTH MEepPEeMEeIIeHUH OT H*w/pao +RLmax
3aJJaHHOW U YCUJIUEM, TEHEPUPYEMBIM
3JIEMEHTOM
Pabouwii BekTOp
N /i Onucanue Pasmepnocts | [Inamason
1 3HavyeHUE pa3HUIIBI TIEPEMEIIEHUH, KOTOpOe  |M WJIH pao

CTPECMUTCS NOAACPKUBATH DJICMCHT

2 Paznuna mexay pakTudeckoi BeTUIMHOM M WM pao
pa3HULBI IEPEMEILICHUI U 3HAUEHUEM
Pa3HUIIBI TIEPEMEIICHNN, KOTOPOE CTPEMUTCS
NoAACPIKUBATD BJICMCHT
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OcoOble cutyanuu

Mopnens snementa SSINO KOHTpONIMPYET COOTBETCTBHUE 3aJaHHOTO HAYaJIbHOIO YpPOBHS
pa3HOCTH TEpeMEeIIeHU, OmpenenseMoro HadanbHOM (aszoit (1o puc.2.1), u QaxTuueckon
HayaJIbHOM Pa3HOCTH MepeMEeleHUH MEeXAy CTeNeHsIMU cBOOObI a1eMenTa. Ecinu akTtuueckas
HayaJbHasi pa3HOCTh IEPEMEIICHUN HE COOTBETCTBYET 3aJaHHOM, MPOMCXOIAUT aBapUUHOE
3aBepIlieHHe pacyeTa C BbIJaueil COOTBETCTBYIOLIET0 COOOIIEHUS 00 ommOke. DTa CUTyalus
PacCMOTpEHA B PUBEICHHOM HIXKE IIPUMEDPE.

IIprmMep HCOIb30BAHUS

[Ipeanonoxum, 4TO MOIB30BATENb MPEANOIAraeT 33a/1aTh CUHYCONJAIbHOE MEPEMEILICHHE
Tena Macco 5 Kr ¢ amrumatynoi | m HavambHOM (asoit 30 rpamycoB. DTO 3HAYMUT, UTO
HAYyaJlbHOE [E€peMEeIlleHUuEe IO JTOW CTeNeHH CBOOOJBl JOHKHO COCTaBJISATh IOJOBHHY
aMIUIUTYAbl. TOYHOCTH OTPaOOTKH 3aKOHA MEepeMENIeHUs JOKHA ObITh 0K0I0 1 %.

BocnonwszoBaBmmmces dhopmymnoit (312.1.a), naitnem DV = 54.4 m/cex. [lo 3aBucumocTu
(312.2): K=5 *(54.4/0.01)* = 1.48e8 [H/m]. Haiinennoe 3HaueHue ko>pPpUIHEHTA KECTKOCTU
ornpezenseT Nepuoja COOCTBEHHBIX KOJeOaHHWH CHUCTEMBI TEJIO-UCTOYHHUK BO3AECUCTBUS OKOJIO
0.0015 I'm (CONTROL moxHo 3anaBath 1e-4... 2e-4).

KoppekTHbIiI TEKCT OmMMCaHWs JAaHHBIX M CTPYKTYpPhl OOBEKTa B 3TOM CIIyd4ae MOXKET
BBITJIAJIETH IPUMEPHO TAK:

$ DATA
AMnuuTygna nepeMemenus = 1

Nlepron xonebaHwmit =0.1
HauvaneHass dpasa = 30
K = 1.48e8
HauansHoe nepememenme = 0.5
Macca Tena =5

$ FRAGMENT
# BASE: 1
# STRUCT:

UcTounmk BosgercTeBus 'SSINO (2 1;
AMOauTyna HNepeMelleHui,
Ilepmoxn xone6Ganwmii,
HauvaneHass dpasa, K)
HauanpHoe nepemeumenne'SN (2;
HauaneHOe mnepeMmeleHue)
TeJno '™ (2; Macca Tena)

OOparure BHUMaHHE, YTO KPOME HMCTOYHHMKA CHHYCOHMJAIBHOW Pa3HOCTH MEpEeMElICHUN
3ajiaeTcsl HadajbHOE IEepeMELICHHEe 110 COOTBETCTBYIOIIEH cTeneHu cBoOOIbl o0bekra. Eciu
MoJieab 1eMeHTa SN HCKIIIOUUTh U3 MPUBEACHHOIO ONMCAHUS CTPYKTYpPbI, TO MpPH 3aJaHHBIX
MCXOAHBIX JAHHBIX Ha IIEPBOM IIAare HMHTEIPUPOBAHUS IPOU3OMIECT aBAPUNHOE IPEPBIBAHUE
pacuera: HavyaJbHOE MNEpeMEIleHHEe BTOPOH CTerneHH CBOOOJIBI JOKHBI ObITh paBHO 0.5, a
(akTHuecKoe 3HaYeHNEe HAYaJIbHOTO MIEPEMEIIEHHUS COCTaBUT B 3TOM ciry4dae 0.

Hcexons u3 npeanonoXeHui, NPUHATBIX MPU pacyeTe KECTKOCTH, KIFOYEBOM Iapamerp
nporpammbl  uHTerpupoBanus CONTROL wmoxer Owvith mopsinka 1.e-4. Ilpu  OGombimmx
3HaueHusAX CONTROL B03MOKHO HEKOTOPOE YBEIMUEHHUE 3aTPAT HA UHTETPUPOBAHHE.
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2.2.2.3.\cTOYHUK pa3HOCTU NepemMeLLeHU, 3afaBaeMon TabNM4HoO STAB LO

OtobOpakaeMble CBONCTBA

3a/aeT UMITyJIbC CHJIOBOTO BO3JCHCTBUS, IOACPKUBAOIINN Pa3HUIY TNEPEeMEIICHUMA
MEXJy JIBYMSI CTEICHSMH CBOOOJBI B COOTBETCTBHM C 3a/JIaHHON TaOJIMYHOW 3aBHCHMOCTHIO
nepemMenieHuss oT  BpeMeHH. Dopma HMMyJbca  KyCOYHO-JMHEHHAs,  ONpeaeiseTcs
IIPOU3BOJIBHBIM KOJIMYECTBOM TOUeK (puc. 2.2). [{nst onucaHus Kaxa0M TOUYKH UCIIOJIb3YETCs JBa
napameTpa: 1 - MOMEHT BpeMEeHH; 2 - pa3HuIla epeMeIeHrH sl TOr0 MOMEHTa BpeMeHH. Eme
ONIMH TMapameTp 3amaeT KOI(PPUIMEHT MPOMOPIMOHATHPHOCTH MEXAY OTKIOHEHHUEM
OTHOCHUTEIILHOTO TEepeMEeIIeHNs OT 3aJaHHOTO TIOJb30BaTelIeM M YCHIIMEM, T€HEePUPYEMBIM
aneMeHToM. Takum 00pa3om, JJis ATOTO JIEMEHTA JIOKHO OBITh 33J]aHO HeYeTHOe KOJIMYECTBO
napamMeTpoB. TabyHia 3aBUCUMOCTH TIEPEMEIICHHS OT BPEMEHH JIOJDKHA OBITh YIOpsIOYeHaA 110
BO3pPACTaHUIO BPEMEHHU.

Ecnm HavanbHBIE MOMEHT BpPEMEHH, 3aJlaHHBIi B TaOJuIle, MPEBBIINIACT TEKYIIEe
MOJICJIbHOE BpeMs, WM TEKYyIIee MOJEIbHOE BpEMs BBHIIUIO 32 MPOMEKYTOK BPEMEHH, Ha
MPOTSHKEHUH KOTOPOTO OTpe/eieHa TaOJMila MmepeMenieHrnid, TeKyllee 3HaUYeHHUE 3a7aBaeMOTo
MEepeMENICHUsT  OMPEIEISIETCS JIKCTPANoJAlUe KpalHUX OTpPE3KOB, KaK 3TO TIOKa3aHO
MITPUXOBOH JIMHKUEH Ha puc. 2.2. B ¢BsA3M ¢ 3TUM JIBe MepBbIe U JABe NMOCJAeIHIEe TOYKH TaOIHUIIBI
JIOJKHBI OBITH 3aJ]aHbl I Pa3IMYaONIUXCsl MOMEHTOB BpeMeHH. J[J1s aneMeHTa TOMKHO OBITh
3aJIaHoO HEe MeHee 2* TOUeK TaOJIMYHON 3aBUCUMOCTH Pa3HOCTH MEpEeMEIIEHNU OT BPEMEHH.

Crenenu cBoOOIBI

1 - mocrynarenpHas WK BpalllaTelbHasl, epeMeleHue (yroi noBopoTa) A KOTOpoi
3aJ1aeTcs;

2 - cTeneHb CBOOO/IbI, OTHOCHTEIILHO KOTOPOM 3a1aeTCsl IEPEMEIIEHHUE 110 IEPBOM
CTENEHU CBOOO/IBL.

Iapamerpsi
N /it Ornucanue Pasmepnocts | [lnanazon
1 KoaddutimeHT nponopuroHanbHOCTH MEKIY H/m umm 0...
OTKJIOHCHHEM TIEPEMEIICHUS U YCHUITHEM, H*w/pao +RLmax

TCHCPUPYCMbBIM 3JICMCHTOM

2 {; - MOMEHT BPEMEHHU, ONPENEIITFOIINI ceK 0..
IIEPBYIO TOUKY 3aBUCUMOCTH Pa3HOCTH +RLmax
IIepeEMENICHUI OT BpPEMEHH

3 DS | - Tpebyemast pa3HOCTb TIEpEeMEIICHH B M WU paod - RLmax...
MOMEHT BPEMEHU 7, +RLmax

2% {; - MOMEHT BPEMEHU, ONIPEACIISIIOIINIM i-10 cex i ...
TOYKY 3aBUCUMOCTH Pa3HOCTHU IIEpEMELICHUN +RLmax
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N /i Onucanue Pasmepnocts | [lnanazox
OT BpEeMEHU

2*%j+1 | DS ;- tpeGyemast pa3HOCTb IepeMEIlCHHUH B M WM pao - RLmax...
MOMEHT BPEMEHH /; +RLmax

2*n t, - MOMEHT BPEMEHH, ONPEICIAIOUIUN 1-10 cex thg ...
TOYKY 3aBUCUMOCTH Pa3HOCTHU IIEpEMELICHUN +RLmax
OT BpEeMEHU

2*n+1 | DS ,- Tpebyemast pa3HOCTb IIEpEMEIICHHI B M WM pao - RLmax...
MOMEHT BPEMEHH £, +RLmax

Pabouwnii BexTop
N n/n Onucanue PasmepHocth | [lnamazon
1 3HaueHue pa3HUILIbI IEPEMEIICHUI, KOTOPOe M WU paod

CTPEMUTCS NOAACPKNUBATDH DJICMCHT

2 PasHuna mexny GpakTudeckoi BEITMIHHOM M WU paod
Pa3HUIBI IEPEMEIICHUI 1 3HAaUCHHEM
pa3HUIIBI TIEPEMELICHUH, KOTOPOE CTPEMUTCS
HOJICPKUBATH SIIEMEHT

Oco0ble cuTvanuu

Mopnens anementa STABL(O KOHTpoIupyeT COOTBETCTBHE 33JaHHOI'O HAa4ajJbHOT'O YPOBHS
Pa3HOCTH NepeMelleHni U GaKTUYeCKOW HayalbHON pa3HOCTH MEPEMEIICHUNH MEX Ay CTENECHIMHU
cB00O/IbI AsieMeHTa. HauanbHoe mepeMerieHue MOXKET OIPEeIAThCS SKCTPAINOoJIALUei mepBoro
W3 33JJaHHBIX OTPE3KOB XAapaKTepUCTHUKH JJIEMEHTa, KaK 3TO I0Ka3aHO Ha puc.2.2. Ecium
(dakTHuecKas HayalbHas Pa3HOCTh IEpEeMEIICHUH HEe COOTBETCTBYET 3a/JaHHOM, MPOUCXOAUT
aBapHiiHOEe 3aBepllEHUE pacuera C BblJayeil COOTBETCTBYIOIIETO0 cooOIieHus o0 ommulke. JTta
CUTyallUsl PACCMOTPEHA B IPUBEIEHHOM HHMKE IIPUMEPE.

H[zI/IMep HCIOJb30BaAHUA

[Ipennonoxum, 4To MOJIB30BATEIO TPeOyeTCs 3a1aTh 3aKOH MEpeMeIleHus Teja Maccoil 5
KT, OIIpesiessieMblii ciieytomiel Tabauneii 3aBUCMMOCTH NIEPEMELLIEHUS OT BPEMEHMU:

MomeHT BpemeHM IlepewmeleHue

1 0.5
2 0.7
3 0.1

HavanbHoe nepemenieHue Tena, onpeaenseMoe 3TUM 3aKOHOM, JTIOJDKHO cOCTaBisATh: 0.5 -
(0.7-0.5)/(2-1) * (1 - 0)=0.3. KoppekTHbIil TEKCT OMMCAHUS JAHHBIX U CTPYKTYPBI OOBEKTA B
ATOM CIIy4ae MOXKET BBHITTISACTh MPUMEPHO TaK:
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$ DATA
K
Tabnuua MBMeHeHus nepeMemeHuss = 1,

|

[y
=
w

~

0.5

2, 0.7,
3, 0.1

HavanepHOe mnepeMeleHne = 0.3

Macca Tena = 5

$ FRAGMENT
# BASE: 1
# STRUCT:

UcTounmk BOSBgemcrTBusa 'STABLO(2 1; K,

Ta6nmuila MBMEHEHUST NEepPeMeleHuNn)
HauanesHoe nepememenmue'SN (2; HavanbHOe nepeMeueHue)
TeJio 'M (2; Macca Tena)

OOparuTe BHUMaHWE, YTO KPOME HMCTOYHHMKA, 3aJAI0IIEr0 TPeOyeMbIi 3aKOH W3MEHEHUS
MEepeMEeIIeHUI M0 BTOPOWM CTENEHW CBOOOMBI, 33/1a€TCs TaKXKe HAYaIbHOE TEPEMEIICHHE I10
COOTBETCTBYIOIICH cTerneHn cBoOOasl o0bekTa. Ecmum momens anmemeHTa SN HCKIIOUNTH W3
MPUBEJECHHOTO OMHUCAHUSl CTPYKTYPBI, TO MPU 3aJaHHBIX MCXOJHBIX JAHHBIX HA MEPBOM IlIare
WHTETPUPOBAHUS TPOM3OHICT aBapHilHOE TMpEephIBAaHUE pacueTa: HaydalbHOE IepeMelIeHre
BTOPOW CTeNeHH cBOOOABI NOKHO ObITh paBHO 0.3, a (akTHyeckoe 3HaUEHUE HAYAIHLHOTO
MepeMENICHUs] COCTaBUT B 3TOM ciydae 0.

50



2.2.2.4. \CTOYHUKM pa3HULbI NepemelleHun (YrnoB NoBOpoTa), U3MeHsIoLWeNncs

no TpaneuuneBMOHOMY 3aKOHY STRO,STRCO

OtobpakaeMble CBONCTBA

3aaeT UMITYJIbC CHUJIOBOTO BO3ACHCTBUA Ha OOBEKT, MOJJACPKUBAIONIUN pPasHUILY
MEPEeMEIICHUI M0 JIBYM CTEMEHSM CBOOOIBI, M3MEHSIONIYIOCS IO TPANCIUEBUIHOMY 3aKOHY
(puc. 2.3). Monens STR(O npumensieTcss s 3agaHust ogHokpaTHoro, a STRCO - nuknndecku
IIOBTOPSAOLIETOCS BO3ICUCTBHUS.

Crenenu cBo0OIbI

1 - mocrtynarenbHas WIK BpalaTeabHasi, IEPEMEIICHHE 10 KOTOPOU 3a/1aeTCs;

2 - CcTeneHb CBOOO/IbI, OTHOCHTEIILHO KOTOPOM 3a1aeTCsl IEPEMEIIEHHUE 110 IIEPBOM
CTEIEHU CBOOO/IBL.

HapameTpsl
N /it Ornucanue Pasmepnocts | [lnanazon
1 HauanbHblii ypoOBEHb pa3HUIIBI M WU paod - RLmax...
nepeMenieHu +RLmax
2 YpoBEeHb pa3HULBI IEPEMELLEHUN IS MWIM pad |- RLmax...
BEpPUIMHBI UMITYJIbCA +RLmax
3 MoMeHT BpeMeHH Havasa pocTa UMITyJIbCa cex 0... +RLmax
4 [TpomomKUTETHHOCTD TTepeIHero (hpoHTa cex 0... +RLmax
UMITyJIbCa
5 IIpoOmKUTENBHOCTD BEPIIMHBI UMITYJIbCA cex 0... +RLmax
6 [TpogomkuTensHOCTD 3a/IHET0 (pPOHTA cex 0... +RLmax
UMITyJIbCa
7 [TpoaomKUTENFHOCTD LIUKIIA cex ( PAR(4)+
(TOIBKO PAR(5)+
JUTS PAR(6))+
STRCO) (RLmin ...
RLmax)
8 KoadpuumeHT nponoprroHaisHOCTH H/m v 0... +RLmax
MEX1y OTKIIOHEHHEM MepeMEeIIECHUS U H*w/pao
YCWJINEM, TE€HEPUPYEMBIM 3JIEMEHTOM
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [lnanazoH

1 3HayeHHEe pa3HUILIbl IEPEMENICHU, KOTOPOE M WITH pao
CTPEMUTCS MOJIEPKUBATH FTIEMEHT

2 Paznuna mexay pakTudeckor BeTUIMHOM M WITH pao
Pa3HUIIBI IEpEMEIICHUIN U 3HaYCHUEM
pa3HUIBI IepeMeILeHUH, KOTOPOE CTPEMUTCS
MOAJICPKUBATH PJIEMEHT

Oco06ble cuTyanuu

Mogenu snemenToB STRO u STRC(O KOHTpOIUPYIOT COOTBETCTBUE 33JJAaHHOTO HAaYaIbHOTO
YPOBHSI Pa3HOCTU MEpeMelleHuN U (aKTUYeCKOW HayallbHON pPa3HOCTH MEpeMEeIIeHHH MEXIy
CTETeHsIMU CBOOOIBI d1eMeHTa. Ecimm (axktuyeckass HavanbHash pa3sHOCTh MEpPEMENICHUN He
COOTBETCTBYET 3aJlaHHOW, TMPOMCXOIUT aBapUHHOE 3aBEpIICHHE pacyeTa C Bblgauei
COOTBETCTBYIOIIETO COOOIIEHHUS 00 OmMMOKe. DTa CUTyalus aHAJIOTUYHA CUTYallud, OMMCAHHOW B
npuMepe s saemernTa STABLO.
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2.2.3.Mopenu anemMeHTOB, 3aal0LWLMX CKOPOCTU cCTeneHen cBob6oabl

2.2.3.1.06wWwume cBegeHUs1 U peKoMeHAaLUu No Ha3Ha4YeHUIo NapameTpoB

Mogenu 37eMEeHTOB, 33al0IUX CKOPOCTH, SBISIOTCS IO CBOEH MPUPOE BA3KOCTHBIMHU.
D710, (GaKTHYECKH, Teya, IBWKYIIMECS C 3aJaHHOM CKOPOCTHIO M COOOIIAIOIINE CTETICHSIM
cBOOOJIBI O00BEKTa, C KOTOPHIMH OHHM COEIMHEHbI, COOTBETCTBYIOLIME CKOPOCTH 3a CYET
BS3KOCTHOM cBsi3u. [loaromy ko3 dUIIMEHT TPONOPIHOHATBFHOCTH MEXIY VYCHIHEM U
OTKJIOHEHHUEM CKOPOCTH JJIsl 3THX 3JEMEHTOB HMEET Pa3MEepHOCTh KO3((UIMEHTa BI3KOCTU
(H*cex/m win H*m*cex/pao - He nyTaTb ¢ KMHEMAaTUYECKOM M TUHAMHUYECKOW BSI3KOCTSAMH,
SBIISIOIIMMUCS XapaKTEPUCTUKAMH MaTepHana).

Ha3nauenune BenwmuuHBl KOX(PQUIMEHTA MPONOPIHMOHAIFHOCTH MEXIY OTKIOHEHHEM
CKOPOCTH M YCWJIMEM JUIs 3THUX 3JIEMEHTOB "omrymiaercs" HE TaK XOpOIIO, KaK Ha3Ha4YeHHe
KodpduImeHTa KECTKOCTH ISl JJIEMEHTOB, 3aJalONIMX IEepPEeMEIIeHNe, WJIH MacChl IS
3JIEMEHTOB, 33Ja0IUX ycKopeHHs. [lo3ToMy mpu Ha3HAYeHHUU 3TOr0 KOA(PPHUIMEHTa MOMKHO
OpPUEHTHPOBATHCS Ha CIEAYIONINE PEKOMEH IAITHH.

PaccMoTpuM pa3roH MacCHBHOTO Teja MCTOYHMKOM IOCTOSHHOW CKOpOCTH (3TO
CIpaBeUIMBO Ui mojiorux ydactkoB 3nemeHToB VTR0, VTABLO u T.1.). Torma 3a Bpems: Ot
TEJIO TPUOOpeTeT CKOpocTh 95% 0T HEOOXOaUMOH, eciii KO3 PHUIMEHT MPOIOPIUOHATBHOCTH
npuMepHo paseH 3 *M/dt, rne M - macca tena; 99% CKOpoCTH 3a TOT )K€ MPOMEXYTOK BPEMEHH
HaOuparoTcs pu KodpUIMEHTE MPOMOPIHOHATLHOCTH paBHOM (4.5 ... 5.0)*M/dt.

Ecnu IBMKEHHIO TIPOTHBOACWCTBYET MOCTOSHHAs CWJIA, TO JJISl TOTO, YTOOBI HMMENach
NPUHIUIHAIBHAS BO3MOXKHOCTh HaOpaTh 95% OT 3agaHHO CKOPOCTH, HEOOXOIMMO Ha3HAYATh
BeMYMHY Kod(dduImenTa mponopiuuoHaabHOCTH Oosbiie, yeM 20%F/V, , tne V, - 3agaHHas
CKOpOCTb, F' - MPOTUBOACHCTBYIOIIAs IBIKeHUIO cuiia. [ moctmxenus 99% ckopoctu 3TOT
koa(urueHT gomkeH ObITh Oombie, uem 100*F/V .
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2.2.3.2.AcTOYHUK NOCTOAAHHOW CKOPOCTU MO OQHOW CTeneHu cBo6oAbI VCO

OtobOpakaeMble CBONCTBA

['enepupyer ycmine (MOMEHT), HalpaBlICHHBIE Ha IMOJIEPXKaHUE IS 33JaHHON CTETCHH
cB00OBI 00BEKTA 33JaHHON MIOCTOSIHHON CKOPOCTH.

Crerniean cB0OOOEI

1 - mocrynarenpHas WK BpalllaTelbHasl, 3aJaHHOE 3HAUEHUE CKOPOCTHU 10 KOTOPOI
MOJIEP’)KUBACTCS SJIEMEHTOM.

[HapameTpsl
N /i Onucanue Pasmepnocts | [Inamason
1 BenuunHa ckopocTH, 3a1aBaeMast 3JIEMETHOM | M/ceK WIH - RLmax...
pao/cex +RLmax
2 Koadpuuument nponopuronansHoctu Mmexny | H*cex/m umu | 0... +RLmax
OTKJIOHEHUEM CKOPOCTH U YCUIIUEM, H*w*c/pao
FE€HEPUPYEMBIM 3JIEMEHTOM
PaGounii BekTOp
N n/n Onucanue mapamerpa Pazmepnocts | [luamazon
1 3Ha4YeHUE CKOPOCTH, KOTOPOE CTPEMUTCS M/cex MH
MOAJICPKUBATH YJIEMEHT pao/cex
2 Pasnuna mexny pakTuyeckoi BEINIHHOMN M/cex Un
CKOpPOCTH, M 3HAYEHUEM CKOPOCTH, KOTOpoe | pad/cek

CTPCMUTCS NOAACPKUBATL DJICMCHT

Oco0ble cuTyanuu

Ecnu renepupyemoe 3JIEeMEHTOM 3HAUY€HHME CKOPOCTH HE COOTBETCTBYET HauyajlbHBIM
YCJIOBHSM, TPOUCXOJHUT aBapHUHHOE TMpephIBAHUE pacueTa C BbIJaueld COOTBETCTBYIOIIETO
COOOIIEHUsI O MPOTUBOPEUNBOIM YCTAHOBKE CKOPOCTEH. DTa CHTYyAIUs M CIIOCO0 €€ yCTpaHSHUS
AQHAJIOTMYHBI ONMMCAHHBIM B MpUMepe i Moaenu dsementa VSINO.
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2.2.3.3.\cTOYHUK pa3HOCTN CKOPOCTEN, U3MEHSAIOLWENCA NOo

CUHycomaanbHOMY 3aKOHY VSI N 0

OtobpakaeMble CBONCTBA

3amaeT CHJIOBOE BO3ACHCTBHE Ha OOBEKT, MOIJEPKUBAIOIICE CKOPOCTh 10 OJHON W3
CTETICHE CBOOOJIbI OTHOCUTEIILHO CKOPOCTH MO JIPYTOi, U3MEHSIONIYIOCS B (hOpME CHHYCOHIBI
(cm. puc.2.1.).

Crenenu cBo0OIBI

1-

IocTynarcjibHas Uik BpalgaTrcibHasi, CKOPOCTh, 110 KOTOpOﬁ 3a4a€TCs,

2 - creneHb cBOOO/IbI, OTHOCUTEIBHO KOTOPOH 33a€TCsI CKOPOCTH I10 MEPBOM CTEIICHH
CBOOO/IEI.
[lapameTpsl
Homep Onucanue PasmepHocth | [lnamazon
1 AMIITUTYTHOE 3HaYEHUE Pa3HULIbI CKOPOCTEN M/cex NIn - RLmax...
ao/cex max
pao/ +RL
2 Ilepnon n3mMeHeHus: pa3HULBI CKOPOCTEH cex Smin...
+RLmax
3 Hauvanphas ¢aza epao. - RLmax...
+RLmax
4 Koaduuuent nponopuuonansHoctd Mmexay | H*cex/m uma |0 ...
OTKJIOHEHUEM PA3HOCTH CKOPOCTEH OT H*w*c/pao | +RLmax
3aJJaHHOW U YCUJIUEM, TEHEPUPYEMBIM
3JIEMEHTOM
Pabouwii BekTOp
N /i Onucanue napamerpa Pasmepnocts | [Inamason
1 3HaY€HHUE CKOPOCTH, KOTOPOE CTPEMUTCS M/cex U
MOJIJICPIKUBATH JIEMEHT pao/cex
2 Paznuna mexay pakTuyeckoi BeTUIMHOMN M/cex U
CKOPOCTH, U 3HAUEHUEM CKOPOCTHU, KOTOpPOe | pad/cek
CTpEeMUTCS NOJAEPKUBATh JIEMEHT
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OcoOble cutyanuu

Mogenp snementa VSINO KOHTpOIHMpYeT COOTBETCTBHE 33aJaHHOTO HAYAJILHOTO YPOBHS
pPa3HOCTH CKOPOCTEH, OINpeenseMoro HadanbHOM ¢azoil (mo pwuc. 2.1.), u QaxTuyeckon
HayaJIbHOM PAa3HOCTH CKOPOCTEH MeEXIy CTemneHsSMH cBOOOIbI »nemeHTa. Ecim Qaxthueckas
HaualbHas pPa3HOCTh CKOPOCTEH HE COOTBETCTBYET 3aJaHHOM, NPOMCXOIUT aBapHUiHOE
3aBepIlieHHe pacyeTa C BbIJaueil COOTBETCTBYIOLIET0 COOOIIEHUS 00 ommOke. DTa CUTyalus
paccMOTpeHa B IIPUBEACHHOM HIDKE IIPUMEDE.

IIprmMep HCOIb30BAHUS

[IpenmonokuM, 4YTO IOJB30BATENb IPEANOJAraeT 3alaTb W3MEHEHHE CKOPOCTH Tena
maccoil 5 kr ¢ ammutyaoi | u HavanbHOM Qaszoi 30 rpaxycoB. ITO 3HAUUT, YTO HaYalbHAs
CKOPOCTh TIO TOW CTENEeHH CBOOOJIbI IOJKHA COCTABJIATh MOJOBHHY aMIUIUTYAbl. KoppekTHbIH
TEKCT OIMCAHUS TaHHBIX U CTPYKTYpPbl 0OBEKTa B 3TOM CIIydae MOXKET BBIJIAAETh IPUMEPHO TaK:

$ DATA

AMOnuTyna CKOPOCTH =
Nepron xone6aHwmit
HauvanpHast ¢pasa
HawvanpHass CKOPOCTEB
Macca Tena =

K = 1.E3

]
UUo wor
. O

$ FRAGMENT
# BASE: 1

# STRUCT:
HcTounmk BOBgmemcTBusi 'VSINO (2 1; AMnauTyZa CKOPOCTH,
llepnon kome6GaHmit,
HavaneHass ¢asa, k)
HauanbHOe nepemeumenmne 'VN (2; HawvanpHas CKOPOCTE)
TeJso 'M (2; Macca Tena)

OOparure BHHMMaHHE, YTO KpOME HCTOYHMKA CHHYCOMJAIBHON pPa3HOCTH CKOPOCTEH
3a/1aeTcsa HavalbHasi CKOPOCTh 110 COOTBETCTBYIOIIECH CTeneHn cBoOoabl oObekTa. Eciam Momens
snemMeHTa VN UCKIIIOYUTH U3 MPUBEIEHHOTO OMUCAHUS CTPYKTYPBI, TO MIPH 3aJaHHBIX UCXOIHBIX
JAHHBIX Ha TEpPBOM IAre HMHTETPUPOBAHUS TNPOM3OWAET aBapHiiHOE IpEephIBAaHHME pacyera:
HAyaJIbHYI0 CKOPOCTh IO BTOPOIl CTemeHu cBOOOAbI JOKHO ObITh paBHO 0.5, a dakTnyeckoe
3HAYEHWE HAaYaJIbHOW CKOPOCTH COCTaBUT B 3TOM cirydae 0.
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2.2.3.4.\cTOYHUK pa3HOCTU CKOPOCTEN, 3alaBaeMoOn TabnuyHo VTAB LO

OtobOpakaeMble CBONCTBA

3ajaeT UMIYJIbC CUIIOBOTO BO3JIEUCTBUS, NOIAEPKUBAIOLLYIO PAa3HUILY CKOPOCTEN MEXIY
JIBYMsI CTETICHSIMH CBOOOJBI B COOTBETCTBHM C 3aJaHHON TaONWYHOW 3aBUCHMOCTHIO. Dopma
UMITyJIbCa KyCOYHO-JIMHEWHas, ONpeAeNsieTcsl MPOU3BOJIbHBIM KOJIWYECTBOM Touek (puc. 2.2.).
st onucaHus KakJ10M TOYKM MCHOJB3YeTCs JBa mapameTpa: | - MOMEHT BpeMeHH; 2 - pa3HHIla
CKOpOCTEeHl 1 3TOro MOMeHTa BpeMeHH. FEie oauH mnapaMerp 3amaer Kod(hdUIKEeHT
MPONOPLIMOHATBHOCTH MEK1y OTKIIOHEHHEM CKOPOCTH U YCUJIMEM, T€HEPUPYEMBIM 3JIEMEHTOM.
TakuMm 00pazom, Ui 3TOTO 3IEMEHTa JIOJKHO OBITh 33JaHO0 HEUETHOE KOJMYECTBO MapaMeETpPOB.
Tabnmuma 3aBUCUMOCTH CKOPOCTH OT BPEMEHH JOJDKHA OBITh YHOPSIOYEHA IO BO3PACTAHHIO
BPEMEHU.

Ecnu HavyanbHBIE MOMEHT BpeMEHH, 3a/laHHBIA B TaOJMIle, TPEBBIIIACT TEKYyIIee
MOJICJIBHOE BpeMs, WM TEKyIIee MOJEIbHOE BpEMs BBIIUIO 32 MPOMEXKYTOK BPEMEHH, Ha
IPOTSKEHUM KOTOPOIo oIpezeseHa TalOiauia CKOpOCTEH, TeKylllee 3HauyeHHe 3aJaBaeMoi
CKOPOCTH OMNPEIEISAETC SKCTPANOIALUNEH KpallHUX OTPE3KOB, KaK 3TO MOKAa3aHO IITPUXOBOMU
nuHUEH Ha puc. 2.2. B cBsI3U ¢ 3TUM /IBe NepBbIe U JABe MOCJAeJHNe TOYKA XapaKTEePUCTUKHU HE
JOJIKHBI UMETh OJJUHAKOBOE 3HAYEHHE BpeMeHHU. {715 aeMeHTa I0JKHO OBITh 3a/1aHO HE MEHee
2* ToueK TaOJIUYHON 3aBUCUMOCTH Pa3HOCTH CKOPOCTEH OT BPEMEHH.

Crerniean cB0OOOEI

1 - mocrtynarenbHas WM BpalaTelbHasi, CKOPOCTh MO KOTOPOU 331a€TCs AIIEMEHTOM;

2 - CTeleHb CBO60,Z[BI, OTHOCHUTCJIIBHO KOTOpOfI 3a1aCTCA CKOPOCTH 110 nepBoﬁ CTCIICHHU

CBOOO/BI.
ITapameTpsl
N /it Ornucanue Pasmepnocts | [lnanazon
1 Koaddunment nponopuronanbHocTd Mexay | H * cex/m wmu | (... +RLmax
OTKJIOHCHHEM CKOPOCTHU U YCHIIHEM, H*w*c/pao

TCHCPUPYCMbBIM 3JICMCHTOM

2 {;- MOMEHT BPEMEHH, OIIPEACIIFOIINI ceK 0... RLmax
IIEPBYIO TOUKY 3aBUCUMOCTH Pa3HOCTH
CKOpOCTEN OT BpEMEHU

3 AV, - TpeOyemasi pa3HOCTh CKOPOCTEH B M/ceK Wn - RLmax...
MOMEHT BPEMEHH 1, pao/cex +RLmin

2%j f; - MOMEHT BPEMEHH, ONPEICIAIOIHNHN I-10 cex L ...
TOYKY 3aBUCUMOCTH Pa3HUIbI CKOPOCTEN OT +RLmax
BpEMEHHU
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N /i Onucanue Pasmepnocts | [lnanazox
2%i+1 | AV; - Tpebyemast pa3HOCTh CKOPOCTEN B m/cex wma | - RLmax...
MOMEHT BPEMCHH f; pao/cek +RLmax
2*n t, - MOMEHT BPEMEHH, OTIPEIEIISIOIIHI 11-10 cex byt ...
TOYKY 3aBHCUMOCTH Pa3HMIIbI CKOPOCTEMN OT +RLmax
BpPEMEHHU
2*n+1 | AV, - TpeOGyemast pa3HOCTb CKOPOCTEH B m/cek | - RLmax...
MOMEHT BpEMEHH 1, pao/cex +RLmax
PaGounii BexTOp
N n/n Onucanue Pazmepnocts | [luamazon
1 3Ha4YeHNE CKOPOCTH, KOTOPOE CTPEMHUTCS M/cex AH
MOJJICP)KUBATH DIIEMEHT pao/cex
2 PazHuna mexny GpakTuaeckoi BEITMIHHOMN M/cex An
Pa3HHUIBI CKOPOCTEH 1 3HAUYCHHUEM PasHULBI | pad/cex

CKOpOCTEM, KOTOPOE CTPEMUTCS
HOJIEP)KUBATh 3JIEMEHT

Oco0ble cuTvanuu

Mopnens snementa VITABL( KOHTpOIUpyeT COOTBETCTBUE 3aJaHHOTO HAYAJILHOIO YPOBHS
Pa3HOCTH CKOPOCTEH, OmpejenseMoro HayanbHOM Qazoil (mo puc. 2.1.), u ¢akrTuyeckoi
HayaJlbHOM PAa3HOCTH CKOPOCTEH MeXIy CTemneHsMH cBOOOnbl »neMmeHTa. Eciu daxTuueckas
HayajbHAas Pa3HOCTb CKOPOCTEM HE COOTBETCTBYET 3aJaHHOM,
3aBepIlEeHUE pacueTa C BbAaYeil COOTBETCTBYIOIIETO COOOLIEHUS 00 omuOKe. DTa CUTyalus U
crocob ee ycTpaHeHHs aHAJIOTUYHbI ONMCAHHBIM B ITpuMepe A dseMenTta VSINO.

IIPOUCXOAUT AaBapPHUITHOE
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2.2.3.5.ACTOYHMKMN pa3HOCTU CKOPOCTeMr, U3MEHSAIOLEeNCs Mo TpaneuneBUAHOMY 3aKOHY

VTRO, VTRCO

OtobpakaeMble CBONCTBA

3a/aeT UMITyJIbC CHJIOBOTO BO3JCHCTBUS HAa OOBEKT, MOICPKUBAIOIINNA U3MEHSFOITYFOCS
M0 TpaIeueBUIHOMY 3aKOHY Pa3HUILY CKOPOCTEH MEXIY IBYMs CTEIICHSMHU CBOOOMBI 00OBEKTA.
(puc. 2.3). Mogens VTR0 npumensiercs nis 3aaanus ogHokpatHoro, a VIRCO - nuknudecku
IIOBTOPSAOLIETOCS BO3ICUCTBHUS.

Crenenu cBo0OIbI

1 - mnocrtynarenbHas WM BpalllaTeabHasi, CKOPOCTb KOTOPOU 3a/1a€TCs;

2 - CTeleHb CBO60,Z[BI, OTHOCHUTCJIIBHO KOTOpOfI 3a1aCTCA CKOPOCTD 110 HepBOﬁ CTCIICHHU

CBOOO/IBL.
[apamerpsi
N /it Onucanue Pasmepnocts | [lnanazon
1 HavanpHelil ypOBEHBb pa3HULIBI CKOPOCTEN M/ceK WIn - RLmax...
pao/cex +RLmax
2 YpoBEHB pasHULIBI COKPOCTEN JUIs BEPLUIUHBI m/cek uni |- RLmax...
UMITyJIbCa pao/cex +RLmax
3 MoMeHT BpeMeHH Havasa pocTa UMITyJIbCa cex 0... +RLmax
4 [TpomomKUTETHHOCTD TTepeIHero (hpoHTa cex 0... +RLmax
UMITyJIbCa
5 IIpoOmKUTENBHOCTD BEPIIMHBI UMITYJIbCA cex 0... +RLmax
6 [TpogomkuTensHOCTD 3a/IHET0 (pPOHTA cex 0... +RLmax
UMITyJIbCa
7 [TpoaomKUTENFHOCTD LIUKIIA cex ( PAR(4)+
(TonpKO PA R( 5) +
hinie|
VTRCO) PAR(6))+
(RLmin ...
RLmax)
8 Koaduument nponopruonansHoctd Mexay | H*cex/m uma | 0...
OTKJIOHEHUEM CKOPOCTHU U YCUITHEM, H*w*c/pao | +RLmax

T€HEPUPYEMBIM SJIEMEHTOM
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [lnanazoH
1 3Ha4YeHHE CKOPOCTH, KOTOPOE CTPEMHTCS M/cex NI
MOJIEP’KUBATH SJIEMEHT pao/cex
2 Paznuna mexay pakTundeckor BeTUIMHOM M/cex Ui
Pa3HUIIM CKOPOCTEH U 3HAYEHHUEM Pa3HUIIbI pao/cex
CKOPOCTEH, KOTOPOE CTPEMUTCS
MOAJICPKUBATH PJIEMEHT

Oco06ble cuTyanuu

Mopnenn »snementoB VIRO u VTRC(O KOHTponHMpyrOT COOTBETCTBHE 3aJaHHOIO
HAyaJbHOTO YPOBHS Pa3HOCTU CKOpocTed M (PaKTHYECKOH HauyalbHOM pPa3HOCTH CKOpOCTEH
MEXy CTETEeHSIMHU CBOOOJBI neMeHTa. Ecnu ¢akThueckas HavanbHash pa3sHOCTh CKOPOCTEH He
COOTBETCTBYET 3aJlaHHOM, NPOMCXOJUT aBapUilHOE 3aBeplIEHHE pacyeTa C Bbljadel
COOTBETCTBYIOIIETO COOOIIEHUsT 00 omuOKe. JTa CHTyanuss M CIOcO0 ee yCTpaHeHHs
AQHAJIOTMYHBI OMMCAaHHBIM B pumepe AJist snementa VSINO.
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2.2.4.Mopenun aneMeHTOB, 3aaroLWMX YCKOPEHUA cTeneHen cBo6oabl

2.2.4.1.00wWme cBeaeHun

Monenu 351eMeHTOB, 33JJal0LIUX YCKOPEHUSs, IBISIOTCS HHEPLUUOHHBIMU. JTO, (DaKTHUYECKH,
TeJsa, JBUXKYIIMECS C 3a/JlaHHBIM YCKOPEHHEM M COOOIIaroIue CTEHeHSIM CBOOOJbI 00bEKTa, ¢
KOTOPBIMU OHM COEIUHEHBI, COOTBETCTBYIOLME YCKOPEHHS 3a CUET HHEePUHOHHOM CBSI3U.
[TosToMy KO3(hGUIMEHT MPONOPIUOHAIBHOCTH MEXKIY YCHIMEM M OTKJIOHEHHEM CKOPOCTH JUIs
5THX DJIEMEHTOB MMEET Pa3MEPHOCTH MAcChl MJIM MOMEHTa MHepuuu (k2 winm k2*u °). Uem
Oosble Macca CBSA3M, TEM TOYHEE JIEMEHT Oy/1eT BOCIIPOM3BOAUTE 33JaHHbIM 3aKOH U3MEHEHUS
YCKOPEHHS.
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2.2.4.2.ACTOYHMK NOCTOSAHHOIO YCKOPEHUs MO OAHOW CTENEeHU cBo60AbI AC

OtobOpakaeMble CBONCTBA

['enepupyet ycunue (MOMEHT), HallpaBJICHHbIE Ha MOAJEp)KaHUE NI 3a/laHHOM CTENeHH

cB00OBI 00BEKTA 33JJAHHOTI'O TOCTOSIHHOTO YCKOPEHHS.

Crerniean cB0OOOEI

1 - mocrtynarenbHas WK BpalllaTeabHast, 3aJJaHHOE 3HaYE€HUE YCKOPEHHS TI0 KOTOPOi

MOAOCPIKUBACTCA DJICMCHTOM.

[TapameTpsl
N /i Onucanue Pasmepnocts | [Inamason
1 BennunHa yckopeHnus, 3agaBaeMas M/cex’ nnu - RLmax...
3JIEMEHTOM pao/cex’ +RLmax
2 Kos¢hguument nponopuuoHanbHOCT MKy | ke win ke*v’ | ... +RLmax
OTKJIOHEHUEM YCKOPEHHUS U YCUIIUEM,
FE€HEPUPYEMBIM 3JIEMEHTOM
PaGounii BekTOp
N n/n Onucanue Pazmepnocts | [luamazon
1 3HaueHUE YCKOPEHUsI, KOTOPOE CTPEMUTCS M/cex’ niu - RLmax...
MOAJICPKUBATH YJIEMEHT pao/cex’ +RLmax
2 Pasnuna mexny pakruyeckoi BEINIMHOMN M/cex’ niu 0... +RLmax
YCKOPEHHUS, U 3HAYEHUEM YCKOPEHUS, pao/cex’

KOTOPOC CTPCMUTCA NMMOAACPIKUBATD 3JICMCHT
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2.2.4.3.ACTOYHMK Pa3HOCTU YCKOPEHUN, U3MEHSIIoLWencs no

CUHycomaanbHOMY 3aKOHY ASI N

OtobpakaeMble CBONCTBA

3amaeT CHIIOBOE BO3JIEHCTBHE Ha OOBEKT, MOJJICPKUBAIONICE YCKOPEHUE IO OJHON W3
CTETICHEH CBOOO/IbI OTHOCHTEIILHO YCKOPEHHUS 110 JPYTOi, N3MEHSIONIYIOCS B JOpME CHHYCOHIBI
(cm. puc. 2.1).

Crenenu cBo0OIBI

1- IocrynareiibHas Uid BpallaTCibHasi, YCKOPEHHUEC I10 KOTOpOfI 3a0a€TCA,

2 - cTemneHb CBOOOIbI, OTHOCUTEIILHO KOTOPOH 3aaeTCs YCKOPEHUE 110 TIEPBOU
CTETIEHU CBOOO/IbI

IIpumeuyanue. Ecnu Bropass cremneHb CBOOOIBI 3aKpeIUICHA, TO 3JIEMEHTOM Oyzer
3a71aBaThCsl a0COIIOTHOE YCKOPEHUE I10 NEPBOM CTENEHH CBOOOIBI.

[lapameTpsl
N n/n Onucanue Pazmepnocts | [luamazon
1 AMIUIMTYJHOE 3HAYEHUE PA3HUIBI YCKOPEHUH | M/cex’ uin - RLmax...
pao/cex’ +RLmax
2 Ilepnon n3mMeHeHus: pa3HULBl yCKOPEHUM cex Smin...
+RLmax
3 Hauvanphas ¢aza 2pao. - RLmax...
+RLmax
4 KoaddutmeHT mpornopuruoHaTbHOCTH MEKITY
OTKJIOHEHHEM YCKOPEHHUS U YCUITHEM,
TEHEPUPYEMBIM 3JIEMEHTOM
PaGouwnii BekTop
N n/n Onucanue Pazmepnocts | [lnamazon
1 3HavyeHHe pa3HUIbl YCKOPEHUH, KOTOpOE Mm/cex’ unu
CTPEMUTCS TIO/IICPKUBATH AJIEMEHT pao/cex’
2 Pa3nuna Mexny pakruyeckoil BEIMIMHOM M/cex’ niu
Pa3HHIIBI YyCKOPEHUH, i 3HAYCHUEM pao/cex’

YCKOpEHUSsI, KOTOPOE CTPEMUTCS
MOICPKUBATH PJIEMEHT
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2.2.4.4. ICTOYHUK pa3HOCTU YCKOPeHUN, 3afaBaemMon TabnnyHo

ATABL

OtobpakaeMble CBONCTBA

3aaeT UMITYJIbC CWJIOBOIO BO3JEUCTBUS, MOIIEPKUBAIOLIYIO PA3HULY YCKOPEHUN MEXKIY
JIBYMSI CTETICHSIMH CBOOOJBI B COOTBETCTBHM C 33JaHHON TaONWYHOW 3aBUCHMOCTHI0. Dopma
UMIyJIbCa KYCOUHO-TTMHEIHAsI, OnpenesseTcsl IPOU3BOIbHBIM KOJMYECTBOM ToueK (puc. 2.2).
s onucaHus KaXKJ0¥ TOUYKU UCTIONB3YETCs JiBa rmapamerpa: 1 - MOMEHT BpeMeHH; 2 - pa3HUlia
YCKOpEHUH JJs 3TOro MOMEHTa BpeMeHu. FEmie oauH mapameTp 3amaeT Kod(hdUIHUeHT
MPONOPLIMOHATIBHOCTY MEXKY OTKIIOHEHUEM YCKOPEHHS U YCUIIUEM, TEHEPUPYEMBIM 3JIEMEHTOM.
TakuMm 00pazoM, JUIst ITOrO JIEMEHTA JO0JKHO OBITh 33/1aHO HEYETHOE KOJIMYECTBO MapaMeETpPOB.
Tabnuna, 3amaromias 3aBUCHMOCTh YCKOPEHHS OT BPEMEHH, JOJDKHA OBITH yHOpsSAOYeHA II0
BPEMEHHU.

Ecin HavyaibHBIE MOMEHT BpPEMEHH, 3aJaHHBII B TaOnuIEe, MPEBBIINIACT TEKYIIEe
MOJICJIBHOE BpeMs, WM TEKyIlee MOJEIbHOE BpPEMs BBIIUIO 32 MPOMEKYTOK BPEMEHH, Ha
OPOTSDKEHUHM KOTOPOTO OIpeneNieHa Talnuia YCKOPEHUH, TeKyllee 3HaueHHE 3a]1aBaeMOro
YCKOPEHUS OINPEAEISIETCS SKCTPANOIAIMEN KPAaHHUX OTPE3KOB, KaK 3TO MOKA3aHO LITPUXOBOMU
nuHUEH Ha puc. 2.2. B CBs3M ¢ 3TUM /IBe NepBbIe U JBe NMOCJAeJHIe TOUKH XapaKTePUCTUKHU HE
JOJIKHBI UIMETh OJJUHAKOBOE 3HAYCHHE BpeMeHHU. J[J1s ajeMeHTa T0JKHO ObITh 3a/1aHO0 HE MEHee
2* ToueK TaOJUYHON 3aBUCHMOCTH PA3HOCTH YCKOPEHUN OT BPEMEHHU.

Crenenu cBo0OIbI

1 - mocrtynarenbHas WK BpalaTeibHasi, YCKOPEHUE 110 KOTOPOH 3aaeTcs
AJIEMEHTOM,;

2 - cTemneHb CBOOOIBI, OTHOCUTEILHO KOTOPOH 3a/1aeTCs yCKOPEHUH 1O TIEpBOM
CTETIEHU CBOOO/IBI.

[lapameTpsl
N n/n Onucanue PasmepHocth | [lnamazon
1 Kos(guuumenT nponopuuoHanbHOCT MeXy | ke wma k2w’ | 0...
OTKJIOHEHHEM YCKOPEHHUS U YCUITHEM, +RLmax
TEHEPUPYEMBIM 3JIEMEHTOM
2 ¢/ - MOMEHT BPEMEHHU, ONPEAEIAIOIINNA cex 0... *RLmax
NEPBYIO TOUKY 3aBUCUMOCTH Pa3HOCTH
YCKOPEHUH OT BpEMEHU
3 AA; - tpeGyemast pa3HOCTb CKOPOCTEHl B m/cex’ wma | - RLmax...
MOMEHT BPEMEHH 1 pao/cex’ +RLmin
2% {; - MOMEHT BpEMEHHU, ONPEACIISIIOIINM i-10 cex Lt
TOYKY 3aBUCUMOCTH Pa3HUIIbI YyCKOPEHUH OT +RLmax

64



N /i Onucanue Pasmepnocts | [lnanazox
BPEMEHU
. ) 2
2%i+1 |AA; - TpeOyemas pa3HOCTh YCKOPEHHH B m/cex’ | - RLmax...
MOMEHT BPEMEHH ; pao/cex’ +RLmax
2*n f, - MOMEHT BPEMEHHU, ONIPEIEISIIOIIUN 1-F0 cex bt ...
TOYKY 3aBUCUMOCTH Pa3HULbl YCKOPEHUN OT +RLmax
BpEMEHU
o 2
2*n+1 | A4, - TpeObyemast pa3HOCTb YCKOPEHUI B m/cex’ unu | - RLmax...
MOMEHT BPEMEHH 1, pao/cex’ +RLmax
Pabouwnii BekTOp
N /it Ornucanue Pasmepnocts | [lnamazon
1 3HaueHue pa3HULIBl YCKOPEHHUH, KOTOpOE M/cex’ unn
CTPEMUTCS NOJIEPKUBATD JIEMEHT pao/cex’
2 Pa3zuuna Mexay dpakTudeckoil BETUIMHON M/cex’ unm
Pa3HHULIBI YCKOPEHUH, U 3HAUEHUEM pao/cex’

YCKOPEHHUS, KOTOPOE CTPEMUTCS
MOJJEPKUBATD JIEMEHT
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2.2.4.5.ACTOYHMKMN pa3HOCTU YCKOPEHUN, U3MEHSAIOLLIENCA MO TpaneuneBUgHOMY

sacony ATR, ATRC

OtobpakaeMble CBONCTBA

3ajaeT  UMIYJIbC  CWJIOBOIO  BO3JACHCTBUS HAa  OOBEKT, H3MEHAIOUIMHCA IO
TpaneuneBuIHOMY 3akoHy (puc. 2.3). Mogens ATR npumensiercst s 3aaHusi OJHOKPATHOTO, a
ATRC - HUKJIMYECKU MOBTOPSIOUIETOCS BO3ACHCTBUS.

Crenenu cBo0OIBI

1- IMocTynaTejibHas UK BpallaTCiibHas, YCKOPCHHUEC KOTOpOﬁ 3a4acCTCA,

2 - cTemneHb CBOOOIbI, OTHOCUTEIILHO KOTOPOH 3aaeTCs YCKOPEHUE 110 TIEPBOU
CTETIEHU CBOOO/IBI.

[TapameTpsl
N n/n Onucanue PasmepHocth | [lnamazon
1 HavanbHblil ypOBEHb pa3HULBI YCKOPEHUN m/cex’ wma | - RLmax...
pao/cex’ +RLmax

2 YpoBeHb pa3HULIBI YCKOPEHHUN ISl BEPILUHBI m/cex’ uma |- RLmax...
MMITyJIbCa pao/cex’ +RLmax

3 MomeHT BpeMeHN Hadyalla pocTa UMITYJIbCa cex 0... +RLmax

4 [TponomkuTensHOCTD NiepeiHero GpoHTa cex 0... +RLmax
UMITyJIbCa

5 IIponoIKUTENBHOCTD BEPILMHBI UMITYJIbCA cex 0... +RLmax

6 [TpoomKUTETLHOCTD 3aTHETO (POHTA cex 0... +RLmax
UMITyJIbCa

7 IIpoKOmKUTENBHOCTD HUKIIA cex ( PAR(4)+

(TonmbKO PAR(5)+

st

ATRC) PAR(6))+

(RLmin ...
RLmax)

8 Kos(puuuenT mponopuuoHanbHOCT MexXAy | ke umd ke*v’ | (... +RLmax
OTKJIOHEHUEM YCKOPEHHUS U YCUIITHEM,
TEeHEPUPYEMBIM JIEMEHTOM
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [Inamazon
1 3HaYeHHUE CKOPOCTH, KOTOPOE CTPEMUTCS M/cex’ unm

MOAJICPKUBATH PJIEMEHT pao/cex’
2 Paznuna mexay pakTundeckor BeTUIMHOM M/cex’ nnm

Pa3HUIIBI YCKOPEHUH U 3HAYECHUEM pao/cex’

YCKOPEHUs, KOTOPOE CTPEMHUTCS
MOAJICPKUBATH PJIEMEHT
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2.2.5.1Buratenu

2.2.5.1.00wwme cBeneHun

B 6a3oBoii onoimmoreke PRADIS nMeeTcs HECKOIBLKO MOIENEH 3JIEMEHTOB, MO3BOJISAIOIINX
BOCITPOM3BOANTh 3aJIaHHYI0 3aBHCHUMOCTHh JIBHKYILIETO YCHUIUS OT CKOPOCTH (JIBHOKYIIETO
MOMEHTA OT YIJIOBOM CKOPOCTH). DTU 31E€MEHTHI YCIOBHO OTHECEHBI K ABUTATEIISAM.

Onementsl DVLT u DVLU Bocnpou3BOAsST MEXaHUYECKYIO XapaKTEPUCTUKY JBUTATENS B
BHJIC HAKJIOHHOM TIpsiMOM B kKoopauHatax M = f(w). Dnement DVLT ynpasnsercs mo BpeMeHH,
st snemedta DVLU  mpemycMoTpeHa yIpaBisiOIIasl CTENEeHb CBOOOIB. MoryT ObITh
WCITOJIB30BaHbI JIJI1 MOJIEIIMPOBaHUS PabOThI JBUTaTEICH MOCTOSHHOTO TOKAa C IMapajuIeIbHBIM
BO30YXKJCHHEM, a Takke JUIsi YIPOUICHHOTO MOJACIUPOBAaHUS pPaOOThl ACHHXPOHHBIX U
CHHXPOHHBIX JIBUTATEIeH Ha pab0ovnX y4acTKaX MEXaHMUECKOU XapaKTEPUCTHKH.

C nomomipto 3nemerTa DVTBLU M0XHO MOJEnIUpoBaTh MEXAHUUYECKYIO XapaKTEPUCTUKY
Oosiee CIIOKHOW (DOPMBI, COCTOSIIYI0 M3 HECKOJBKUX MPAMOJUHEHHBIX ydacTkoB. OH Takke
CHAOXXEH YIPABJSIOMICH CTEIMEHBIO CBOOOJBL. DJIEMEHT MOXHO HCIOJB30BaTh IS
BOCIIPOM3BE/ICHUSI MEXAaHWYECKOM XapaKTEPUCTUKU JBUTATEJEd IOCTOSHHOIO TOKa C
MOCJIEIOBATEIbHBIM BO30YK/IEHUEM, IBUTATEICH BHYTPEHHETO CTOPAHUS U T.II.

CneuuanusupoBanHblidi  3neMeHT DVAU  npeaHa3HadeH 14 BOCHPOU3BEICHUS
€CTECTBEHHON MEXaHUYECKON XapaKTePUCTUKU aCUHXPOHHOTO JABUTATEIIS.

Jns Bcex aBurareiaeid B KauyecTBE HCXOJHBIX JAHHBIX JOJKHBI 3a4aBaThCs MOMEHTBI
WHEPIUHU TOJBMKHBIX YacTe (POTOp M KOHCTPYKTHMBHBIC 3JIEMEHTHI, CBSI3aHHBIE C POTOPOM,
HarpuMmep, ImKuB). Kpome Toro, mpeaycMoTpeHa BO3MOYKHOCTH 3a/JIaHMsl MOMEHTA WHEPIIUU
Koprmyca paBurarens (s TeX ciydaeB, Korjga TpeOyeTcss pacyeT pPEeaKTHBHBIX MOMEHTOB,
KOJIcOaHWI KopITyca ABUTATENsI U €ro omop W T.A.). Eciu kopmyc nBurarenass MPUHUMAETCS
HETMOABUKHBIM, €r0 MOMEHT HWHEPIMH MOXKHO MNpPUHMMATh HyJeBbIM. Hamnuume B Mopensax
snemenToB DVLT, DVLU, DVAU u DVTBLU MOMEHTOB MHEPIMHU MOABUXKHBIX YacTEH /eJIaeT
B)KHBIM PA3JIMYME MEXK]Y JABMXXYIIUM MOMEHTOM M MOMEHTOM Ha BBIXOJIHOM Bajly JIBUTaTeJIsl.
[Ton nABMXKYIIMM MOMEHTOM IIOHMMAaeTCsl MOMEHT, CO3J4aBaeMblii BHYTPU JIBUTATENsl U
OPUBOJSAIIMK K BpalICHUIO BBIXOAHOTO Bajda M CBA3AaHHBIX C HHUM TOJBHXKHBIX YaCTEH.
[TockoJIbKYy 4YacTh PHEPTUHU, 3aBUCAILAS OT YIJIOBOTO YCKOPEHHS Bajla JBUraTelis, TPATUTCA Ha
pasroH poTopa, TO MOMEHT Ha BBIXOJHOM Bajly JIBUratessi OyJIeT paBeH JBIKYIIIEMY MOMEHTY 3a
BBIYETOM YacCTU MOMEHTA, KOTOpasi TpaTUTCSd Ha pa3roH poropa. B yacTHOM ciydae, korma
paccMaTpuBaETCs XOJIOCTON PAa3TOH JIBUTATEIsI, MOMEHT Ha BBIXOJIHOM Balry Oyaet paBeH 0.

$ FRAGMENT
# BASE: 1
# STRUCT:
IOeurarens 'DVLT (2 1; IllapaMeTps gBUT'aTENs,
MoMeHT MHepuum poropa, 0)
# OUTPUT:

MoMeHT Ha BHxOOmHOM Bany ' X (I:IOeurarens(l); 1)
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2.2.5.2.Mopenb aBuraTtensi ¢ NIMHEMHON MeXaHU4YeCKOMN XapaKTepPUCTUKOM,

BKIIHOYalOLEerocs B 3afjlaHHbIN UHTEepBasn BpeMeHuU DVLT

Oto0paxkaeMble CBOMCTBA

B MomeHT BKIIIOUEHHMS [JBUTaTeNlsl HAa CHUCTEMY CO CTOPOHBI JIBUraTess HayMHAET
BO3/JCICTBOBATH MOMEHT, ONPEACIIAEMbIN 3aJaHHON MEXaHUYECKON XapaKTEPUCTUKON JBUTATEIIS
(puc.DVLU 1.a.). Ecnu B MOMEHT ITycKa BaJl IBUraTellsi UMEET HE HYJIEBYIO CKOPOCTb, TO B 3TOT
MOMEHT Ha CUCTEMY HAa4yHET BO3JEHCTBOBATh HE ITyCKOBOM MOMEHT, & MOMEHT, ONPEICIIAEMbII
TEKYyIIEeHW yII0BOM CKOPOCThIO. B MOMEHT BBIKIIIO2YEHMS JBUTATENS €r0 AKTUBHOE BO3/IEHCTBHE
Ha CUCTEMY IpekpamaeTtcs. MOMEHTbl MHEPLMH KOpIyca W Baja JABHUIaTelsl YYUTHIBAIOTCS B
JJIEMEHTa HE3aBUCUMO OT TOr0, B KAaKOM COCTOSIHUU (BKJIIOYEHHOM MWJIM BBIKJIIOUEHHOM)
HaXOAWUTCS JBUTATEIIb.

W3 ugerripex nokazanHbix Ha puc. DVLU 1.a. xapakTepucTuk 1Be HEIb3s MOITYUYUTH IS
peaTbHOro JBUIaTelNls, MOCKOJIbKY OHU ONPEEISAIOT HEOTPAaHWYEHHOE YBEIMYEHHE 00OpOTOB
Basa. [Ipu HeOONBIIOM U3MEHEHUH CKOPOCTH JJIsl ABUTATENS C TAKOW XapaKTEPUCTHUKOW MOMEHT
Ha BaJly JIBUraTessl BO3PAcTaeT B TOM K€ HAlpaBJIEHUH, YTO IPUBOAUT K OOJIbIIEMY U3MEHEHUIO
yIJIOBOM CKOpocTH. [IoaTOMYy M1 3TOM MOJENM 3JIEMEHTA 3alpelieHbl TAKUE XapaKTEPUCTUKH,
KOTOpBIE ONPEIEIIAIOTCS IIyCKOBBIM MOMEHTOM M YIJIOBOW CKOPOCTBIO XOJOCTOTO XOAa Pa3HbIX
3HakoB. Mogenpb snemeHta DVLT MoxeT uCnosb30BaThCs ISl BO3JACHCTBHS HE TOJIBKO Ha
BpalaTeabHble, HO U Ha IOCTyIaTelbHbIE CTENEHH cBOOOAbI 0o0bekTa. Ilpu 3TOM OHa Oyner
pean30BbIBATh 33JaHHYIO 3aBUCUMOCTD YCHUJIUS OT CKOPOCTH.

PazmepHOoCcTH mapaMeTpoB 53J€MEHTa, IPUBEACHHBIE B TaOJuIEe, pacCUYUTaHbl Ha
UCIIOJB30BAaHUE JBUTATENs JJIs 3aJaHus BpalaTeslbHOro JBWkeHus. Ecium 3amaercs
IOCTYINATENIbHOE JIBUKEHHUE, TO Pa3MEPHOCTH COOTBETCTBYIOLIUX I[apaMETPOB JIOJIKHBI OBITh
W3MEHEHBI.

Crenenu cBo0OIbI

1 - COOTBETCTBYET Bajy JBUIATEIS;

2 - COOTBETCTBYET KOPILYCY JIBUTATEIIs.

[lapameTpsl
N n/n Onucanue PasmepHocth | [lnamazon
1 [TyckoBOii MOMEHT ABUTATENs (MOMEHT Ha H*mu - RLmax...
BaJIy MPH HYJIEBOW CKOPOCTH) +RLmax
2 VYri10Bas CKOPOCTH XOJIOCTOIO X0/ (W) pao/cex - RLmax...
Smin,
Smin...
+RLmax
3 ¢/ - MOMEHT BPEMEHH, B KOTOPBII BKIFOYAETCS cex 0... +RLmax
JIBUTaTEelb
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N /i Onucanue Pasmepnocts | [lnanazox

4 t> - MOMEHT BPEMEHH, B KOTOPBIi1 cex t1... *RLmax
BBIKJIIOYAETCS JIBUTATEIh

5 MOMEHT MHEpIIMU Bajla ABUTATENs, BKIIOYAs Ke*m’ 0... *RLmax
MHEPLHIO BCEX MOJABUKHBIX YacTeH,
CBSI3aHHBIX C BaJIOM

6 MoMEHT UHEPIUHU KOPILyca JBUTATENs K*w’ 0... +RLmax

PaGounii BekTOp

N /it Onucanue Pasmepnocts | [luamazon

1 OTHOcUTEIBHOE Ta/ICHHE YTIOBON CKOPOCTH
(WO— W)/ W( (IJ1s HETIOBMKHOTO Bajla 5Ta
BEJIMYMHA paBHA 1, 1151 CKOPOCTU XOJOCTOTO
xona - 0)

2 BenuunHa OTHOCUTENILHOTO MOMEHTA

(Mmax - M) / Mmax
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2.2.5.3.Mogenb aBuraTtensi ¢ NTMHEMHON MeXaHU4YeCKOMN XapaKTepPUCTUKOM,

ynpasnsieMoro noreHyuanom DVLU

OtobpakaeMble CBONCTBA

Co cTOpOHBI ABUTATENSA HA CUCTEMY BO3IEHCTBYET MOMEHT, IIOJYYaOLUICSI YMHOKCHUEM
MOMEHTAa, B3ITOro ¢ Xapakrepuctuku asuratens (puc.DVLU 1), Ha noteHuunan ynpasisomen
CTeNEeHU CBOOOABI. OTO TO3BOJSIET MOJEIUPOBAaTb HE TOJBKO JBUTATeId C YHUCTO
IPSAMOJIMHEMHONW XapaKTEPUCTUKOM, HO U JABUIaTENId, XapaKTEPUCTUKA KOTOPBIX MU3MEHSAETCS C
TEYEHUEM BpEMEHHM (HampuMmep, IIyCK JBHUrareis IIOCTOSHHOIO TOKa C HapajjielbHbIM
B030yx1eHueM). [Ipu 3ToM HEOOXOAMMO YYHUTHIBaTh, YTO YIPABISAIOUIAs CTENEHb CBOOOMBI
o0najaeT eIMHUYHOM MHEpUUOHHOCThIO. Ecny moreHuman ynpasismomeil cTeneHu cBOOObI
MeHblle Wi paBeH 0, TO JABUrareib CUUTAETCS BBIKIIOYEHHBIM. B MOMEHT BBIKIIOUEHUS
JIBUTATENISl €r0 aKTUBHOE BO3ACHCTBHE HA CUCTEMY IIpeKpalaercs. s ynpasieHus IBUraTesIeM
MO>KHO MCIT0JIb30BaTh UCTOYHUKH KMHeMaTuueckux Bo3aericteui tuna VC, VTABLO u T.1.

a) M [IycKoBOM MOMEHT
\ .~ IBUIaTeNd
g :

St -- w

¥ rioBas CKODPOCTE
XOTOCTOT0 XOoa

DVLU 1. 3aBHCMMOCTH MOMEHTA OT YIJIOBOii ckopocTH AJs djementa DVLU:
a) BO3MOKHbIe MeXaHUYeCKHe XapaAKTePUCTHKH VISl PA3JIHYHBIX
COYeTAHUH MYCKOBOI0 MOMEHTA U CKOPOCTH X0JIOCTOI0 X0/1a.
XapakrepucTuku 1 u 2 ABJISAIOTCS AONMYCTHMBIMH, 3 U 4 —
3anpenmeHHbIMM;
0) ceMeliCTBO MeXaHMYECKUX XaPAKTEPUCTHK NP PA3JIMYHbIX
3HAYEHMSX MOTeHUHAJIA yIpaBJsionlei crenedu csodoasl. [Ipu U=1
BOCIIPOM3BOAUTCS 32/IaHHAS] MEXaHNYECKAsl XapaAKTePUCTHKA.

MomeHTBI HHCPLUU KOpIIyCa U BaJla ABUI'aTCJId YUUTBIBAOTCA B DJICMCHTC HEC3aBUCUMO OT
TOT'0, B KAKOM COCTOSHHH (BKJ'IIO‘ICHHOM U1 BI)IKJ'IIOLICHHOM) HaxXoauTCsa ABUTATCIIb. MomeHT Ha
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BaJly JIBUTaTeNsl U yIJoBas CKOPOCTh Baja HMKAaK HE BIUAIOT Ha MOTEHLIMAN YNPABISIOLIETO
y3na. Kak n nia moznenn snementa DVLT, myckoBoil MOMEHT M YIJIOBasi CKOPOCTh JUIs JAHHOU
3JIEMEHTA JOJKHBI ObITH OJTHOTO 3HAKA.

Mognens snementa DVLU MokeT HCIONB30BAaTBbCA OIS BO3JEUCTBHSI HE TOIBKO Ha
BpalaTreabHble, HO U Ha MOCTyIMaTelbHbIe CTENEeHH CcBOOOABI o0bekTa. Ilpu sToM oHa Oymer
pean30BbIBAaTh 3aJaHHYI0 3aBUCHUMOCTh YCHJIUS OT CKOpOCTH. Pa3MepHOCTHM mapaMeTpoB
3JIEMEHTA, MpHUBEIECHHbIE B TAOJUIlE, PACCUUTAHBl HA MCIOJIb30BAHUE JBUTATENS JJIS 3a/JaHUS
BpalarenbHOro JBukeHus. Eciam 3amaercd mocTymaTelbHOE JABIKEHHE, TO Pa3MEpPHOCTH
COOTBETCTBYIOIMX NapaMETPOB JOJHKHBI ObITh H3MEHEHBI.

Crenenu cBo0OOIbI

1 - COOTBETCTBYET Bajy JBUIATES;
2 - COOTBETCTBYET KOPITYCY JABUTATENS;

3 - ympaBisromias CreneHb CBOOOIbI.

[TapameTpsl
N /i Onucanue Pasmepnocts | [lnanaszoH
1 [TyckoBoit MOMEHT aBuUTaTess (MOMEHT Ha H*u - RLmax...
BaJIy IIpU HYJIEBOH CKOPOCTH) +RLmax
2 VYri0Bast CKOpPOCTh XOJOCTOTO X0/a () paod/cex - RLmax...
Smin,
Smin...
+RImax
3 MoOMEHT MHEepIMHU Bajia ABUATENS, BKIIIOYas Ke*u’ 0..
VMHEPLMIO BCEX MOJIBUKHBIX YaCTEM, +RLmax
CBSI3aHHBIX C BaJIOM
4 MoMeHT UHEPIMHU KOpITyca JBUHATEIS K*w’ 0..
+RLmax
PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [Inamason
1 OTHOCHUTENBHOE MaJICHNUE YTIIOBON CKOPOCTH

(Wo— W)/ W, (119 HETOABMIYKHOTO Bajia 3Ta

BEJIMYMHA paBHA 1, TSI CKOPOCTU XOJOCTOTO
xona - 0)

2 Bennunaa oTHOCHTEIIFHOIO MOMEHTA

(Mmax - M) /Mmax
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H[)I/IMC[! HCIIOJb30BaAHUA

Heo0xoanMo mpoBecTH aHalu3 BKIIOYEHHs MPUBOJA Ipecca. B cocraB mpuBoaa BXOIUT
MaxOBHK ¢ MOMeHTOM mHepimu J, = 1080 xr*m 2 [l €ro pasroHa MCIHOIb3YeTCS JBHTATENb
nocrossHHOTO Toka MII-72 . Mexay ABUratreiseM U MaxOBUKOM MMEETCs MOHIIKAIOIIast 000pOTHI
nepeaaya, nepeIaToyHoe OTHolIeHWe nepenaun u=2. Ilepegavya paccuntaHa Ha HOMUHAIBHBIN
MomeHT M, = 1.5e3 H*m; ee k.m.j1., BKJIFOYast K.11.71. OMOp MaxOBHKa M Baja asuratens, 1] = 95%.
[TapameTprl aBuratens: MomHocTs W = 75 kBT, HOMHHanmbHas uacToTa @), = 54.5 pan/c.
JBurarens paccuutaH Ha pabotry B cetu 220 B, HomuHanpHbIM TOK 374 A, macmopTHOe
conporuBiienure nenu skops - 0.0133 Om, momeHT uHepuuu skops - 14 kr*m 2. Crpykrypa
MOJICNIA pacCMaTPUBAEMOTO Tpoiiecca n3obpaxena Ha puc. DVLU 2.

1) Pacuer mnapamMeTpoB €CTECTBEHHOW MEXaHMYECKONW XapaKTEPUCTHKU JBUTATENs
(Mcronb3yeMble 3aBUCUMOCTH CM. IPUIIOKEHHE, [14]).

&
3 :
] VLU
Y IpaBpIeHHe 2
TBATATETEH B ¥
/ / W 1
s HeuraTens MII-74 2 I .4_
T 7
YTABLO REDCT
PenvkTop (MAXOBHEK COBMEITIEH
¢ BEIOMEIM KOTIECOM)
DVLU_2. Pacyernas cxema pa3sroHa NpuBo/Ja ABUrarejieM IOCTOSHHOIO TOKA.

HomunanbHbIli MOMEHT ABUTATEIS:
M,=P/w, =75000/54.5=1376 [H*Mm]
HomunanbeHOE cConpoTUBIEHUE JBUTATEINS:
R,=U/I=220/374=0.588 [Om]

OTHOCUTENBHOE COIIPOTUBJICHUEC HCIHU AKOPSI W OTHOCUTCIIBHOC TMAACHUC YaCTOTBI
BpalICHUA ABUTaTCIId HA HOMHUHAJIBHOM PCKHUME!

r'= /R +0.01 =0.0326
Sy =

(ecru ObI MacmoOpTHBIE JaHHBIC ABUTaTeNsl ObLTM OB HE W3BECTHBI, TO OINpeAeTeHue S, Mo
YKPYIHEHHO# 3aBUcHMOCTH faet: S, = " = 0.3/ 75 =0.0346, 4To npakTHYeCcKH He BHECIO OBl
MOTPEIIHOCTH B JAIbHEHIIINE PACCYKACHUS).
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Yrnosasg CKOpPOCTB XOJIOCTOT'O XO0Ja U HyCKOBOﬁ MOMCHT:
W = @, /(1-S ) = 54.5/(1-0.0326) = 56.3 [pad/cex]
Miyee = M, * @p/( - @,) = 1376 /0.0326 = 4.22e4 [H*u]

2) OnpeneneHne MyCKOBBIX XapaKTEPUCTHK JBUTATEIS.

Jns moCTpOeHUsT MyCKOBBIX XapaKTEPUCTUK JBUIaTENsl 3a4aAUMCs BEJIMYMHOW MMUKOBOIO
MOMEHTA, OTHECEHHOTO K HOMMHAIBHOMY, M’ * = 2.5, 1 TpeMmsl CTyIeHsAMH ITyCKOBOTO PE3UCTOPA.
Torna OTHOLIEHHE MUKOBOIO MOMEHTA K MEPEKII0YAIOIIEMY:

L=(1/(0.0326%2.5))"" =2.306

DTO TOBOPUT O TOM, YTO MPH Pa3TOHE JBUTATENSI MTUKOBBIE MOMEHTHI OYyT COCTABIATH 2.5
HOMUHAJIBHOTO, a epekovaronue - 2.5/2.306 = 1.08 HoMHHAIBHOTO.

3) [Tog6op mapamMeTpoB UCTOUYHHMKA TTOTCHIIHAJIA, YIIPABJISIFOIIIETO PAOOTOM BUTATEIIS.

Tenepsr mombepem TpeOyeMblii 3aKOH M3MEHEHHUS MOTEHIMANa YIPaBISIONMIEH CTEICHH
cBoOONbI. Ha mepBoif cTymeHW pa3roHa IyCKOBOM MOMEHT JBHUTATENs, OMPEIACICHHBIA IO
HCKYCCTBEHHOW XapaKTEPUCTHUKE, TOJKEH ObITh PaBeH:

M™ =M =M, *2.5=1376 * 2.5 = 3440 [H/u],
YTO MEHBIIE ECTECTBEHHOTO ITyCKOBOI'O MOMEHTA B
M"™/M"™ =422e4 /3440 = 12.3 pasza.

Takum o0Opa3oMm, Ha TEpBOM CTYNEHW pa3roHa MOTEHIWAN YIPABISIONICH CTENeHU
C¢BOOOIBI TOIKEH OBITh:

P'=1/12.3=10.081

Ha xaxmo#t nmocneyromieil CTyreH: NOTEHIUAN J0DKEeH ObITh Goubiiie B L pas:
P’=P'*L=0.19

P’=P>*L=0.44

KoaddunmeHT mnponopruoHanbHOCTH MEXAY OTKJIOHEHHEM TOTEHIMala U IMOTOKOM
(ycunmueM), TeHepupyEeMbIM YIPABJISIFOIIUM JIEMEHTOM, i aBuratens cepuu MII onpenensiem
C HCIIOJIb30BAHUEM IEKTPOMArHUTHOU MOCTOSIHHOM BpeMEHHU 7

T=0.05P+0.17* VP =0.05%75+ 0.17* /75 =5.22 [cex]
u'=1/T*P1)=22

1> =1/T*P2)=0.96

wi=1/(T*P3)=0.42

ue=1/T=0.19

[punss xodpduuuent U = 2.2 > (7, U° u U, TepelgeM K HIACaTU3MPOBAHHOMY
MOJIETTMPOBAHUIO ITyCKa JBUTaTeNs (IMKOBbIE MOMEHTHI HA BTOPOM M TPEThEH CTYINEHAX pa3roHa
U IIPY NIEPEXO0/ie Ha €CTECTBEHHYIO XapaKTepUCTUKY OYyIyT CIila’keHbl MEHbIIIE, YeM 3T0 OyneT B
peampHOCTH). Bpemsi paboThl KakIOW W3 CTYNEHeH IyCKOBOTO pe3HucCTopa MoJa0epeM,
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chopMUpOBaB MaTEMaTHUECKYIO MOJENb MpoIllecca U CIellaB HECKOJIbKO MPOOHBIX pPacyeToB.
Jiis Havama mpeAroNokuM, 9YTO CTYTIEHH PEe3UCTOpa OTKITIOYAr0TCs Yyepes Kaxasie 10 cekyHn (B
TEeKCTe 3aJaHWs, TPUBOJUMOM HIDKE, YKa3aHbl YXKe IM0J00paHHbIE 3HAYCHHs] MOMEHTOB
OTKJIFOUCHHUS ITyCKOBBIX PE3UCTOPOB M TIPOMESKYTKH BpEMEHH UX paboThl). [[Burarens
BKJIIOYaeTCsi B MOMEHT BpemeHu ¢ = 0.1 c.

4) IIpoune napaMeTpsl.

JUis  MonenupoBaHMs TOHWXKAIOIIEH Iepeladd MCIOJIb3YyeTCs MOJENb Iepefadu C
norepsMu. s Hee: mepesaTOYHOE OTHOLIEHWE paBHO u = 2; k.1.j. N=0.95; HOMHHaIbHBIN
MOMEHT Ha BeaymeM kosece M, = 1 500 H*Mm. XecTkocTh nepeaaun, MoCcKoIbKY OHa HE YKa3aHa
B 3aJlaHUM, BBIOEPEM JOCTaTOYHO OOJBIIOHN, Hampumep, k= le6 H*M/pan. MomeHT mHepuuu
BeIyIlel IIeCTepHH, HAXOJAIICICS Ha Baldy JIBUTATeNs, MPUMEM MEHbIIE MOMEHTa HHEPIUU
MaXOBHMKa NPOIOPLHOHATBEHO 4% CTeNeHH TIEpEIaTOYHOrO OTHOIEHHS:

Juecnerni= 1080 / 2* = 67.5 kr’

5) Untepecyromue pe3yibTaThl pacuera:

- YIJIOBasi CKOPOCThH Bajia JABUTATES;

- MOMEHT Ha JIBUTATEJIE;

- (hakTHUECKOE 3HAYCHHE YIPABIISAIONIErO MOTEHIMAA;

- 33/1aBa€éMO€ 3HAYEHHE YIPABIISAIOLIEr0 NOTEHIMAA;

- OTHOCUTEJIBHOE CHI)KEHHE 000POTOB IBUTATEIIS;

- BeJIMYMHA OTHOCUTEIILHOTO MOMEHTA.

C yderoM mnpuBEeAEHHBIX paccyxaeHud u puc. DVLU 2, moayuum crieayroomuid TEKCT
3aaHus Ha si3bike PradiSLang:

$ DATA:
IIyckOBOM MOMEHT IBUI'ATEJIsI = 4.22e4
YrimoBass CKOPOCTE XOJIOCTOT'O XOZa = 56.3
MOMeHT MHepUMM SKOPS = 14
MoMeHT MHepUMM KOPIIyca =0

Ynpasnenmne pgeBuUrarTeneMm {0.19 e3,} 2.2,

0, 0,
0.1, 0.087, {1 crynensr pasroHa}
4.6, 0.087, { }
4.6, 0.2, {2 crynenr pasrona}
6.75,0.2, { }
6.75,0.46, {3 crynenr pasroxa}
7.6, 0.46, { }
7.6, 1.0, {ecTecTBeHHas }
15.2, 1.0 {xapakTepucruka }

MOMEHT MHEepUMM WKMUBa = 67.5

MoMeHT MHepUMM MaXOBMKA = 1080

IlapameTpsl pemyKTOpa =2, 0.95, 1.5e3, 1.e6

$ FRAGMENT
# BASE: 1

# STRUCTURE
IOeurarens 'DVLU (2 1 3;[IyckOBOM MOMEHT OBMUI'ATEJS,
YryjoBass CKOPOCTB XOJIOCTOI'O XO&a,
MoMeHT mMHepuMM SIKOPS,
MoMeHT MHepuUMM KopIyca)
Ynpaensionpn ssnemMenT 'VTABLO (3 1; Ynpaenenne
OBUTaATEeJIeM)
PepyxkTop 'REDCT (2 4; INapaMeTps!
pexnykTopa,
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MoMeHT MHepUMM WKUBA,
MoMeHT MHepLMM MaxXOBUKA)

# OUTPUT
YrnoBas ckopocTs Bana geurarens 'V (2;1)
Ynpasnsiommii NOTeHIMAal 'V (3;1)
BagmaBaeMsn1 ynpaBisoumii noreHuman'X ( W : Ynpasnsomyit
ayemMeHT (1) ;1)
MoMeHT Ha gBHUTaTENe 'X (I:IOBurarens;l)

OTHOC . cCHMXeHue oboporTor mgeurar. 'X (W:IOsumrarens(l);1)
BelmumMHaA OTHOCUTEJBLHOTO MoMeHTa 'X (W:IOBurarens (2) ;1)

#MAP:

$ RUN:
Pasron pgeurarensi 'SHTERM (END=50, SMAX=0.1;
Yrnosas ckopocTe Baya geurarenss = (0,100),
Ynpasnsionmii noTeHIMal = (0,1),
BagmaBaemMsnt ynpaensioumi norexmman= (0,1),
MoMeHT Ha gBUT'ATeJe = (0,5000),
BennumHa OTHOCUTENBHOTO MoMeHTa = (0,0.01) )

$ PRINT:
PesynesTaTs pacuera 'DISP (;
YrynoBass CKOPOCTE Bajla IBUI'aTeNs,
Ynpasnsionmiz noTeHUMal ,
BamaBaeMe! ynpaBISIOWMM IIOTEHLMAJ,
MoMeHT Ha gBHUTaTeEJe ,
BenuumHa OTHOCUTEJIBEHOIT'O MOMEHTAa )

$ END

Pe3ynbTaTel pacyeToB npuBeaeHsl Ha puc. DVLU 3.

Pasrod mpuBons meMraTened MIT-72 Tir= DO0CO0e+00 Tr= 100000e+02 (@

[HKoBLe MOMeHTHL r—— _____ HGPEKHIU‘-IB.]UI.UHE T
CIIIAEHHEES 33 CYeT : HOMEHTHL !
HHOIYETHBHOCTH IIENW AKopa 1~ == riirs

L

1. ¥IIoBad cEOPOCTE: BAJS TPHISTEIA .DDUQ(}DHUU LA00000 e+H)3 *
3, BATABACHRI YTIPABIIOITHA TOTEHIHAT 000000 e+00  .400000e+01 *
4, MoMeHT Ha ORMTaTele 200000 e+04 = 300000 e+04 *

DVLU 3. Pe3ysabTaThl pacuera pasroHa npuBoja.



2.2.5.4.Mogenb aBurartensi ¢ KYCOYHO-IMHEMHOW MeXaHN4YeCKOW XapaKTepUCTUKON,
3apaBaeMou TabnnMyHo DVTBLU

OtobpakaeMble CBONCTBA

Co CTOpOHBI IBUTATENsl HA CUCTEMY BO3JIEMCTBYET MOMEHT, MOJYyYarOIIUIC YMHOKEHUEM

MOMEHTa, B34TOro C xapakrepuctuku apurarens (puc.DVTBLU 1), nHa mnoTteHuman
yIpaBIISOLIEH cTereHn CBOOOIBI.

H[!aBI/IHa 3a/IaHNA XAPAKTCPUCTHUKH JIBUTATCIISA.

%1 g w3 “n-2 “n-1 “n N\

DVTBLU 1. JIBurareJib ¢ TA0JJUYHO 3aJaBAeMOii 3aBHCHMOCTbI0O MOMEHTA OT
yriioBoii ckopoctu. Kasxkaas Touka 3T0M 3aBUCHMOCTH 3a/1aeTCsl apou
3HavyeHni i — Mi. IlepBblii U mocJIeIHUIA OTPE3KN XaPAKTEPUCTUKHN He
JAOJIKHBI ObITH BEPTUKAJBHBIMH (OHU MCHOJIL3YIOTCH I IKCTPANOJSIIIUN
3HAYEHNH MOMEHTA 32 MpeeaMi 32IaHHOT0 YYACTKA XapaKTEePUCTHKH).

1. Toukn XapaKTEpUCTUKU [JBUTATENs JOJKHBI OBITh YNOPAJOYEHBI IO BO3PACTAHUIO
YIJIOBOM CKOPOCTH (W =< @+;. a8 IBYX HEpPBBIX M JBYX IMOCJIEIHUX TOYEK XapAKTEPUCTHUKH
JIOJKHO BBITOJHATHCS YCIOBUE W < (W-+.

2. JIos1KHO OBITh 33JaHO KaK MUHMMYM JIB€ TOUYKH XapaKTEPUCTHKH.

[Tpu ympaBneHnu pabOTOW JBUTaTElNs C MOMOINBIO MOTEHIMANA YIPABJISIOMICH CTENICHH
cB00OOIBI HEOOXOUMO YUHUTHIBATh, YTO YMPABJISAIONIAs CTEIIEHb CBOOOBI 00JIaaeT eMMHUIHON
WHEPIMOHHOCTHIO. ECii moTeHMan ynpasisiroieil CTerneHn cBo001bl MeHblIle Wwin paseH 0, To
JBUTATENh CUWTACTCS BBIKIIOUYEHHBIM. B MOMEHT BBIKIIOYCHHS JBUTATENS €r0 aKTHBHOE
BO3/ICHCTBUE HA CHUCTEMY IpeKpamaercs. MOMEHThl WHEPIMH KOpIlyca W Bajla JBUTATEIs
VYHUTHIBAIOTCS B JJIEMEHTaX HE3aBHCHMO OT TOTO, B KaKOM COCTOSIHUM (BKIFOUYECHHOM WU
BBIKJIFOUYCHHOM) HaXOJMTCsl JBUTATEeNIb. MOMEHT Ha Bally IBUTATENS M YIJIOBas CKOPOCTh BaJia
HUKAaK HE BIUSIOT Ha MOTSHIINAJ YIIPABJISIFOIIETO y37Ia.
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Mogens snementa DVTBLU MoXeT HCIONL30BaTLCSA I BO3ACHCTBHSA HE TOJLKO Ha
BpaIniaTesbHble, HO W Ha IMOCTyNaTeJIbHbIC CTENeHH CBOOOIBI 00BekTa. [Ipm sTomM oHa Oyner
peanu30BbIBaTh 33JaHHYK0 3aBUCUMOCTb YCWIHMS OT CKOPOCTH. Pa3mMepHOCTHM mapameTpoB
dJIEMEHTA, TIPUBEJCHHBIC B TAaOJHUIE, pacCUMTAHbl HA HWCTOJIB30BAaHUE JBUTATENS IS 3aJaHUs
BpAILlaTEJIbHOIO JBWXKEHUA. ECIM 3amaeTcs NOCTyNaTelnbHOE [BHXKEHUE, TO Pa3MEpPHOCTH
COOTBETCTBYIOIIUX IMAPaMETPOB JOHKHBI OBITh H3MEHEHBI.

Crerneant cBOOOIEI
1 - COOTBETCTBYET Bajy JBUTATEIIS;

2 - COOTBETCTBYET KOPILyCY JBUTATEIs;

3 - ympasisitomiasi CreneHb CBOOOIbI.

[TapameTpsl
N /i Onucanue Pasmepnocts | [lnanazoH
1 MOMEHT MHEpIMU Bajla ABUTaTENs, BKIOYAs Ke*u’ 0...
WMHEPLHIO BCEX MOJIBUKHBIX YaCTEM, +RLmax
CBSI3aHHBIX C BaJIOM
2 MoOMEHT UHEPIIMHU KOPITyca JBUTATENS K2*u’ 0...
+RLmax
3 (V; - YTJI0Basi CKOPOCTH JIJIsl IEPBOM 3aaHHOM pao/cek 0...
TOYKHU XapaKTEPUCTUKHU +RLmax
4 M, - IBHKYILIMI MOMEHT Ha Bajly JBUraTeNs B H*u - RLmax...
IIEPBOM TOUKE +RLmax
2*%+1 | @ - yrinoBas CKOpOCTh JUIsl i-OM 3aJaHHOM paod/cek ...
TOYKH XapaKTEPUCTUKU +RLmax
2*%j+2 | M; - IBIXYUIMI MOMEHT Ha BaJly JIBUTATEINS B H*wu - Rlmax...
i-0# TOUKe +RLmax
2*n+1 | @, - yrioBas CKOpOCTb JJIsl n-OM 3aJaHHOM H*u W ...
TOYKH XapaKTEPUCTUKHU +RLmax
2*p+2 | M, - nBUKYLIMII MOMEHT Ha Bally IBUraTels B H*wu - Rlmax...
n-O¥ TOUKE +RLmax
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2.2.5.5.9nemeHT, BOCNpPOM3BOASALMIA PaGo4ylo XapaKTepUCcTUKy aCUHXPOHHOro

aABurartens, ynpaB.ﬂﬂeMblﬁ noTeHuynanom DVAU

OtobpakaeMble CBONCTBA

Co cTopoHBI JBUTATENS HA CUCTEMY BO3/IEHCTBYET MOMEHT, OJMYUYaIOLIUIICS YMHOKEHHEM
MOMEHTA, B3ATOT0 C XapakrepucTuku asuratens (puc.DVAU 1), Ha noreHuman ynpasisiomei
cTerieHd cBOOOAbI. MoaenupyroTcsi ABUTATeIN C CHHXPOHHBIM YHCIOM O00OpPOTOB pOTOpa
500...3000 1/mumn. ITo 3a1aHHON HOMHUHAJILHOW YTJIOBOW CKOPOCTH BaJla JIEMEHT aBTOMATHUECKU
noaoupaer OIMKAMIIYI0 CUHXPOHHYIO CKOPOCTb, COOTBETCTBYIOIIYIO 3TOMY YHUCIY OOOpPOTOB.
Ecnmu HOMUHANBHOE 4uCiIo 000poToB MeHbIe 500 1/MHH, cuuTaeTcs, 4TO IABUTATEIh UMEET
cuHxpoHHoe 4yuciio oboporoB 500. Ecnm HOMHMHaNBHOE yuciao oO6opoTtoB mpebimaer 3000,
BBIJIACTCS COOOIICHNE O HEBEPHOM MapaMeTpe U pacyeT 3aBepILIaCeTCS.

[Tpu ynpasineHuu paboToil nBUTraTeNs C MOMOIIBIO MOTEHIMANA YIPABISIONICH CTENeHH
cB0O0OOIBI HEOOXOUMO YUUTHIBATh, YTO YMPABJISAIONIAs CTEIIEHb CBOOOIBI 00JIaaeT eIMHUIHON
MHEPLHUOHHOCTHIO. Eciu moTeHnuan ynpasisioneil creneHd cBo0o bl MeHbIle win paseH 0, To
JIBUTATEIb CUMTAETCS BBIKIIOYEHHBIM. B MOMEHT BBIKIIOYEHHUS! ABUTATENSI €r0 aKTUBHOE
BO3/ICIICTBME Ha CUCTeMY mpekpaiaercs. MOMEHTbl HHEpIUU KOpIlyca W Baja JBUTraTels
YUUTBHIBAIOTCS B 3JEMEHTE HE3aBUCUMO OT TOrO, B KAaKOM COCTOSIHUM (BKJIIOUEHHOM WIH
BBIKJIIOYEHHOM) HaXOAMTCA JBHUraTeslb. MOMEHT Ha Bajly JBUTATelNss U YIJIOBas CKOPOCTh Bajia
HUKAaK HE BIUSIOT Ha MOTEHIMAJ YIIPABJISIIOIIEro y3ia.

M

M MaKC

Mnyex]

Wy 1020

DVAU_1. OcHoBHBIC TapaMeTphl, 32Ja101He MEXaHNYECKYI0 XapAKTEPUCTHKY
ACMHXPOHHOIO ABUTaTeJIs:
(WH — HOMHHAJIbHAS YIJIOBasi CKOPOCTh JBUIaTeJIs;
MH — HOMHUHAJIbHBIH MOMeHT ABuraTesisi (Mu=PH/ ©H);
® — oTHOLIEHHME ITyCKOBOr0 MOMEHTAa K HOMHHAJbHOMY (0=Mnyck/MHn);
A — OTHOLIEHME MAKCHUMAJIBHOT0 MOMEHTA K HOMHMHAJIbHOMY
(A=Mmaxkc/MHn)
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Mogenr snementa DVAU MOKET HCIIOJIB30BaTLCS I BO3JEHCTBUS HE TONBKO Ha
BpaIniaTesbHble, HO W Ha IMOCTyNaTeJIbHbIC CTENeHH CBOOOIBI 00BekTa. [Ipm sTomM oHa Oyner
peanu30BbIBaTh 33JaHHYK0 3aBUCUMOCTb YCWIHMS OT CKOPOCTH. Pa3mMepHOCTHM mapameTpoB
dJIEMEHTA, TIPUBEJCHHBIC B TAaOJHUIE, pacCUMTAHbl HA HWCTOJIB30BAaHUE JBUTATENS IS 3aJaHUs
BpAILlaTEJIbHOIO JBWXKEHUA. ECIM 3amaeTcs NOCTyNaTelnbHOE [BHXKEHUE, TO Pa3MEpPHOCTH
COOTBETCTBYIOIIUX IMAPaMETPOB JOHKHBI OBITh H3MEHEHBI.

Crerneant cBOOOIEI
1 - COOTBETCTBYET Bajy JBUTATEIIS;

2 - COOTBETCTBYET KOPILyCY JBUTATEIs;

3 - ympasisitomiasi CreneHb CBOOOIbI.

ITapamMeTprl

N n/n Onucanue Pasmeprocts | [Ilnamazon

1 HoMmuHnannbHast MOIITHOCTE JBUTATEIIS Bm 0...

+RLmax

2 (J, - HOMMHAJIbHAsI YTJIOBasi CKOPOCTh Bajia pao/cex - RLmax...

314.2

3 0 - oTHOILICHKE ITyCKOBOT'O MOMEHTA K Smin... A
HOMHUHAJILHOMY

4 OTHoOLIEHHE MAaKCUMAaILHOIO MOMEHTA K 1.1...4
HOMUHATBHOMY ( A )

5 MOMEHT MHEpIMU Bajla ABUTATENs, BKIOYAs Ke*u’ 0...
VMHEPLMIO BCEX MOJIBUKHBIX YaCTEM, +RLmax
CBS3aHHBIX C BaJIOM

6 MoMEHT UHEPIIMHU KOPITyca JBUTATENS Ke*w’ 0...

+RLmax

IIpumeuyanue. [l XapakTepuCTUK JBMUrareiei, HMMEIOUIMX Majble OTHOLICHMS
MaKCHUMaJIbHOTO MOMeHTa K HoMmMuHanbHOMY (A = 1.1 .. 2.5), @ = A ¥ OYEeHb KECTKYIO
XapaKTepUCTUKY  (Majble HOMMHAJIBHBIE CKOJBXEHHSA) OOBIYHO HE YJAeTcsl C Xopoluen
TOYHOCTBIO MOA00paTh napameTpsl popmyiel Kiocca. B aToMm cityuae Bigaercst cooOIieHue:

DVAU: Inst BamaHHEX BSHAYEHMM [apaMeTpPoOB [MABMUIaTesNsT He Yyhalock noxmobpaTs
COOTBETCTBYNIYIO MEeXaHUUYECKYH XapaKTepPUCTUKY

- W pacyeT 3aBepuiaeTcs apapuiiHO. [[1ns cepuilHbIX ABUTATENed MOSIBICHHE TaKOTO
cooOmenuss ManoBeposTHO. OOHAKO, €CIM 3TO COOOIIEHHE TMOSBUIOCH, OOBIYHO OBIBAET
JIOCTATOYHO OYCHb HE3HAYUTEIILHO (HA THICSYHBIC JIOJIHM MPOIICHTA U MEHBIIE) YBEIUYUTh A UK
yYMEHbBIINUTH O,
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [Inamazon
1 OTHOCHUTENBHOE TTAJICHUE YTIIOBOM CKOPOCTH

(Wo— W)/ W, (715 HETOIBMKHOTO BaJia 3Ta

BEJIMYMHA paBHA 1, JJIsI CKOPOCTH XOJIOCTOTO

xona - 0)
2 BennmunHa 0OTHOCUTENTBEHOTO MOMEHTA

M / Mmax
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2.3. lNpocTpaHCTBEHHLbIE 3fIEMEHTbI

2.3.1.Mopenu cunoBbIX BO3aenUCTBUN

2.3.1.1.9nemeHT, pacnpegensifowum NOCTOAHHOE AaBeHue Ha

I'IpOCTpaHCTBeHHbIﬁ TPeyronbHUK F P RS3 D

OtobpakaeMble CBONCTBA

Pacnipenensier paBHOMEpHOE [aBJICHHUE IO y3JiaM MPOCTPAHCTBEHHOTO TPEYroJbHHKA.
[Ipennonaraercs, 4To JaBiICHUE MOJOKHUTEIHHON BEJIMYMHBI MPHUKIAIBIBACTCS K TPEYTOIBHHUKY
CO CTOPOHBI BHEIIHEW HOpMau (yCWIIHE, CO3JIaBaeMOE ITHM JaBJICHUEM, UMEET HaIlpaBIICHHE,
o0paTHOE HaNpaBJICHUIO BHEIIHEH HOpMain). BHENIHSS HOpMalb K TPEYTOJIbHHUKY OTPENeseTCs
BeKTOpHbIM TMpousBeaeHneM AB X AC (cm. puc. FPRS3D 1). Ecoim Touku A, B u C
pAacIoNIo’KeHbl Ha OJHOM NpPSAMOH (HOpMaib K TPEYrOJIBHUKY W €ro IUIONaJlb ONpPEACIUTh
HEBO3MOJXKHO), BBIIaeTcst coobmenne o0 ommoOke. Ecnm 3Ta cuTyamus BO3HHKAeT MO XOAY
pacyera, TO MOZICIb 3JIEMEHTA YCTaHABJIMBACT TPEOOBAHHE YMEHBIIHUTD IIIaT UHTETPUPOBAHUSI.

BenuunHa npukiagpBaeMoro K TpeyrojabHUKY YCHUIIHS OTIPENENISIeTCs 10 3aBUCIMOCTH

F, = p*S*k

, rne F), - cyMMapHasl BeJINYMHA yCWINSL, JEHCTBYIOIIETO Ha TPEYTOJIbHUK;

p - TeKyIllee JaBJICHUE;

S - TCKyllasA IUIOIIaAb TPCYroJIbHUKA, OnpcAciiieMasd TCKYIIUMMU KOOpAWHATAMU
Touek A, Bu C;

k - BEJIMYMHA MacHTabupymoomero koddduuuenta. B ciaydae, ecinu KOOpIUHATHI

3aJal0TCs B MeTpaX, a JAaBieHusi cuutaiorcss B MIIa, To 3Hauenwe koddduuueHta k
npuHUMaeTcs paBHbIM 1.66. OTpullaTeNbHBIE BEIMYUHBI Kk MOTYT HCIOJIB30BATHCS IS
M3MEHEHUs HalpaBIeHUS ICUCTBYIOUIETO 1aBICHHUS.
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FPRS3D _1. DJIEeMEeHT, pacnpeae/siioluil paBHOMEPHOE JaBJICHHE HA

NMPOCTPAHCTBEHHBbIN TPEYroJbHUK

a) TeopeTHYECKHUE MapaMeTPhl, ONpees0IIHe M0J0KEeHNe
TPeYroJbHUKa B IPOCTPAHCTBE:

Xa, Ya, Za — KoOpAMHATHI TOYKHU A}

Xb, Yb, Zb — xoopauHatsl ToOuku B;

Xe¢, Ye¢, Zc — koopaunathl ToukHu C;

N — BHELIHSAS HOPMAJIb K IJIOCKOCTH TPEYroJbHUKA;

0) cyMMapHasi BeJIMYUHA JeCTBYIOIIEr0 HA TPEYTrOJbHUK YCUJIUS U
pa3HeceHre 3TOr0 yCUJIUS 10 y3JIaM.



Crenenu cBo0OOIbI

1,2,3 - mnocrtynatenbHble (COOTBETCTBEHHO X, Y U Z) TOUKH A TPEyTrOIbHUKA;
4,5,6 - mnocrynarenbHble TOUKH B TpeyronbHuka;
7,8,9 - moctynatenbHble TOUKU C TPEYrOJIbHUKA;
10 - COOTBETCTBYET CTETICHH CBOOO/IbI, 33 1a0IIEH JTaBJICHHUE.
[TapameTpsl
N n/n Onucanue PasmepHocts | [lnamazon
1,2,3 | HayanbHble KOOPAUHATHI TOUKU A M - RLmax...
TpEyroJibHUKa +RLmax
4,5,6 | HauanbHble KoopauHaThl TOUKU B M - RLmax...
TpEyroJibHUKa +RLmax
7,8,9 | Hauanbable koopauHatsl Touku C M - RLmax...
TPEYroJIbHUKA +RImax
10 Macmtabupytomuit Ko3hdunuenT as H/I14 v - RLmax...
repecyeTa JIaBJIeHUs B YCUITUE H/MI14 +RImax
PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [Inamason
1 CyMMapHasi BeJIMUMHA MPUKIIAIBIBAEMOTO K H
TPEYTOJIbHUKY yCUIINS
2 Tekymas miomaas TpeyrojJbHHUKa M
3,4,5 |Hampasinsroomue KOCUHYChI BHEIIHEN

HOPMaJIA K TPEYTOJIBHUKY (COOTBETCTBEHHO K
ocsaim X,Y uZ)

84



3. WHepUUOHHbIE 3NIeMEeHTbI

3.1. BBoagHble 3ameyvyaHus

WNHepTHOCTH - 3TO CBOMCTBO JIO0OTO (DPU3WYECKOTO Tela CONMPOTUBIATHCS HU3MEHEHHUIO
CKOpOCTH JABIKEHMs. Mepoil HHepTHOCTH Telna sBIseTca ero mMacca. MaremaTuueckass MOJeIb
TEXHMUYECKON cucTteMbl, (opMupyemas cpeacTBaMu mporpammHoro kommekca PRADIS,
o01ajaeT KOHEYHBIM YMCIIOM CTeleHeld CBOOObI, MEpO MHEPTHOCTH ABMXKEHMS MO KOTOPBIM
CIIy’KHUT Macca (IJi1 NOCTylaTeNbHbIX CTeNEeHENH CBOOOIbI) MIM MOMEHT MHEPLUUHU (1Sl YTIIOBBIX
cTerneHeil cBoOobl).

OrnucaHHble B 3TOH TJaBe AJIEMEHTHI MpeJHa3HAUYEHbI JJI1 OTOOPa)KEHUS HMHEPLMOHHBIX
CBOWCTB OTIENbHBIX KOMIIOHEHTOB MOJEIHUPYEMBIX TEXHUYECKHX CHCTEM IPU OJHOMEPHOM,
IJIOCKOM U MPOCTPAHCTBEHHOM JABU)KEHUU.

Ecnu xnaccupunupoBats 31eMeHTh U3 OMOIMOTEKH MexaHuyeckux sneMeHToB PRADIS
10 NMPU3HAKY HAJIMYMSI MHEPLUOHHBIX CBOICTB, TO MOXHO BBIIEIUTH TPU TPYIIIIbL:

e DJIEeMEHTHI, OTpPaKaIOUIME TOJIbKO WHEPLUOHHBIE CBOWCTBA TBEPABIX Tel (MM
MOCBSIIEHA JTa IJ1aBa);

*  DiemeHThl, 001aJalole NHEPLMOHHBIMU CBOMCTBAMH HAPSALY ¢ OTOOpa’KEHUEM
JPyTUX CBOMCTB (HaIpUMep, 3JIEMEHTHI CIUIOIIHOM Cpe/ibl);

*  bBe3uHeprrioHHBIE 3JIEMEHTHI (HAIIPUMEp, CBS3H).

Onpenenutb, 001agaeT I KOHKPETHBIM 3JIEMEHT MHEPLUOHHBIMU CBOWCTBAMH, MOKHO,
npexae Bcero, Mo ero omucaHuio B paszzgene "OrtoOpaxaemble cBoiictBa". Kpome Toro,
OTCYTCTBHUE B CIIMCKE I1apaMETPOB AJIEMEHTA TaKMX BEJIWYMH KaK Macca, MOMEHT MHEPLUU WU
IJIOTHOCTh, CBUAETEIBCTBYET, UTO 3JIEMEHT HEUHEPLIMOHEH.

B OonpmmHCTBE cioy4yaeB OE3MHEPLIMOHHBIE JJIEMEHTHI HCHOJIB3YIOTCA JJs  CBA3M
3JIEMEHTOB, oOnanmatommx wuHepuueil. Ilpu TakoM coenvHeHMM B y37aXx, OOWMX IS
UHEPLUOHHOIO ¥ O€3MHEPLUOHHOIO JJIEMEHTOB, IpPOOJIeM, CBA3AHHBIX C OTCYTCTBHUEM
MHEPLIMOHHBIX CBOICTB, HE BO3HHMKaeT. Eciau ke nocineaoBaTelbHO COEAMHSIOTCS JBa
0€3MHEPLIMOHHBIX 3JEMEHTa, TO, CTPOro TOBOPS, 3alKMcaTh ypaBHEHHE JBUKEHUS 1O OOIIMM
CTETEeHsIM CBOOOJIBI MPH OTCYTCTBUU MAacChl HEBO3MOXKHO. XOTS, C Y4ETOM KOHEYHON BEITHMUUHBI
11ara MHTETpUPOBAHUSA MO BPEMEHM U MPU YCIOBUM HAIU4YUA APYTUX, KPOME HHEPTHOCTH,
CBOWCTB CONPOTHUBJICHUS JBM)KCHUIO IO OOIIMM [UIS COEAMHSEMBIX DJIEMEHTOB CTETEHSIM
CBOOOJIbI, pacyeT TaKOW CHUCTEMBI MOXXET OBITh mpoBeaeH. OgHAKO OH, Kak MpaBujo, OyaeT
OCJIO’)KHEH JIOCTaTOYHO MEJKHUM IIaroM, BBI3BaHHBIM 'NIEpraHHbIM" XapakTEpOM YCKOPEHUM
0€3MHEPLIMOHHBIX Y3JI0B, IPUBOAALINM K COOTBETCTBYIOILEH OLIEHKE JIOKAJIbHON MOIPEIIHOCTH
uHTerpupoBanus. [loaromy npu GopMUpPOBaHUHN MOAETH TEXHUYECKON CUCTEMBI PEKOMEH Ty €eTCS
HE OCTaBJIATH 0€3 BHUMAaHHUS JUATHOCTUYECKHE COOOIICHMsI, HHOOPMUPYIOIMHE 00 OTCYTCTBUHU
MHEPIHOHHBIX CBOMCTB MO KaKUM-THOO CTEMEHSAM CBOOOIBI, U JAOOABIATH MO 3THM CTENEHSIM
cBOOO/IbI MOXOASAIINE HHEPLUOHHBIE JIEMEHTHI U3 ONMCAHHBIX B ATOH I1aBe.

CrpaBouHbIe JaHHBIE MO O0OBEMaM Tl M IUIOTHOCTH HEKOTOPBIX PpaclpOCTPaHEHHBIX
MaTepHaloB, HEOOXOAUMBIE AJIsl BBIYMCICHHUS MacChl 3JE€MEHTOB, IPUBEJECHBI B MPHIOKEHHH.
Tam e MOKHO HATH MOMEHTBI HHEPIIMHU JJIs TeJ mpocTeiimeii popmal.
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3.2. OgHOMEpHbIe 3NIeMeHTbI
3.2.1.1.0aHOMEpPHbIN NHEPLUOHHbIN 3IEMEHT M

Oto0OpaxxaeMble CBOWCTBA

I/IHepHI/IOHHBIC CBOMCTBaA TBECPAOTO TCJIa Npu OJHOMEPHOM JIBUKCHHUU.

Crernieant cBOOOOEI

I - mocrtynarenpHas WM BpaulaTeabHasl, 10 KOTOPOH 3a1at0TCSl MHEPLUUOHHbIE
CBOICTBA TeJa.

IHapameTpsl
N n/n Onucanue Pasmepnocts | [lnanaszoH
1 Macca (1715 MoCTYaTeNsHOrO ABKEHHS) MK | k2 Witn k2 ¥’ | ...
MOMEHT MHEpLUH (JU1 BpalaTeabHOro +RLmax
JIBHKEHUS)

O1 PaHUYCHUA 110 WMCII0Jb30BaAHUIO

Hcnonp3oBaHue dleMeHTa Ui OTPaKEHUS WHEPLHMOHHBIX CBOMCTB Tena IO
BpallaTeJbHBIM CTEIEHSM CBOOOJBI BO3MOXKHO TOJBKO MPHU OJHOMEPHOM (Kpy4YCHHE) HIU
IUIOCKOM JIB)KEHUH TBEPAOrO Tella, KOrJa OCh BpAlICHHs HE HM3MEHSET CBOEro YIJIOBOTO
II0JIO’KEHUSI.

B o0uiem ciydae mpocTpaHCTBEHHOTO BpAILlEHUS AJIi OTPAKEHUS WHEPIIMOHHBIX CBOMCTB
TeJla He0OXOIUMO UCIIONIb30BaTh MPOCTPAHCTBECHHBIE HHEPLIMOHHBIE DJIEMEHTHI.

3.3. [IByxXMmepHble 3fIeMeHTbI

3.3.1.1.MNMnocknin NHEPUNOHHbIN 3NEMEHT MD

OTO6[23.)KaeMBIe CBONMCTBA

I/IHepI_II/IOHHBIe CBOMCTBaA TBCPAOTO TCJIa IPH INIOCKOM JABUKCHUU.

Crenenu cBo0OOIbI

1,2 - mnocrynatenbHble LIEHTPA Macc Tena no ocsim X, Y;

3- BpamaTeibHas NEHTPA MaccC.

HpnMeanﬂe. CrencHu CBO6OI[BI QJICMCHTA HAXOAATCA B ICHTPC MACC TECJIa.
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[TapameTpsl

N n/n Onucanue Pasmepnocts | /lnanason
1 Macca ke 0...
+RLmax
2 MOMEHT MHEPIIMU OTHOCUTEIIBHO OCH Ke*u’ 0...
BpalICHUsA +RLmax
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3.3.1.2.11NOCKMA MHEPLUMUOHHbIN 3MIEMEHT CO CMeLLeHHbIM NOJI0XXEeHMEM LieHTpa

wacc MIJ2E

OtobpakaeMble CBONCTBA

I/IHepHI/IOHHBIe CBOMCTBaA TBEPAOIO TEJa IIpH INIOCKOM JABHXKCHHHU JIA ClIydas, KOraa HCHTP

Macc Tena M TOYKa, C KOTOPOH CBA3BIBAIOTCS CTEIEHH CBOOOABI, HE coBnaaatoT (puc. MI2E 1).

IMosicHenus. Tqua, C KOTOpOfI CBs3aHbl CTCIICHU CBO6OI[BI TCia, 0003HaUYeHa 34€Ch

TOYKOH A, LIEHTp Macc Tena - Toukoi C.

Y
4
leuTp wacc

Ye
Ya

X

'

Xe Xa
MJ2E 1. Crenenu cB0o001bI U NapaMeTPHI IVIOCKOT0 HHEPIHOHHOTO 3JIeMEHTa CO

CMellleHHBIM M0JI0OKeHHeM LEHTPa Macec.
CreneHu cBOOOADI:

1, 2 — mocTrynaresibHbIe TOYKH A 110 ocsim X, Y;

3 — BpamaTte/jibHasi TOYKH A.

ITapameTpsr:

Xa, Ya — HauaJIbHbIe KOOPAMHATHI TOYKH A}

Xc¢, Yc — HayaabHbIe KOOpAMHATHI ToOukH C (eHTpa Macce).

Crenenu cB0OOIBI

1,2 - moctynaTtenbHbIe TOUYKH A MO KOOPAUHATHBIM ocsiM X, Y

3- BpaniaTebHas TOUKH A.
ITapameTpsl
N /i Onucanue Pasmepnocts | /lnamnaszon
1,2 HauanbHbie KoOpAMHATBI TOUKU A (Xa; Ya) M -RLmax...
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N n/n Onucanue Pasmepnocts | [lnanason
+RLmax

3,4 HauanpHbie koOpAMHATHI LIEHTPa Macce (Xc; Yc) M -RLmax...
+RLmax

5 Macca tena Ke 0... tRLmax

6 MOMEHT MHEPIMU OTHOCUTEIIBHO OCH, Ke*u’ 0... +*RLmax

MPOXOIAIIEH Yepe3 UEHTP MaCC
PaGounii BekTOp
N n/n Onucanue Pasmepnocts | /Inanason
1,2 [Iepemenienus nenTpa mace 1o ocsam X, Y M

H[)I/IMC[! HCIIOJb30BaAHUA

[Ipumep ¢parmenTa ommcaHus 3aJaHus, B KOTOPOM [UIsl OTPAKCHHS] WHEPIHOHHBIX
XapaKTEPUCTUK OJIHOTO W3 PBIYAroB aBTOMOOWIBHOTO 3amka (puc. MIJ2E 2) wmcmomeiyercs

snneMmeHT MJ2E:

$ DATA:
Touka O = 0. e-3, 0. e-3
Touka Cl = -35. e-3, 18. e-3
Touxka C2 = 32. e-3, 27. e-3
Ml = 22.e-3 ; Jl = 1.8 e-3
M2 = 16.e-3 ; J2 = 0.85 e-3

$ FRAGMENT: Bamok

# BASE:

1,2

# STRUCT:

Oerans 1 'MJ2E (5 6 7; Touka O, Touka Cl, M1, J1l)
HOerans 2 'MJ2E (5 6 7; Touka O, Touka C2, M2, J2)

89



8)

MJ2E_2.

HeTans 1

X

Y, %o X,

IIpumep ucnoan3oBanus djiemMenta MJ2E nuis1 oTpaskeHnsi HHEPIHOHHBIX
CBOMCTB MOJABH/KHBIX YaCTell AaBTOMOOMJIBHOI0 3aMKa NPHU pacyere
MOBEJACHHUA 3aMKa 0/ AeiCTBHEM HHEPLUMOHHBIX HAIPY30K:

a) KOHCTPYKIMS 3aMKa;

0) cxema, nosicHsiIOas (OPMHPOBaAHNE HHEPIHMOHHOM MOJeJIM OJJHOT0 U3
pbIYaroB 3aMKa.
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3.4. TpexmepHbIle 3fIeMeHTbI

3.4.1.1.NMpocTpaHCTBEHHbIN UHEPLMUOHHLIN 3JIEMEHT, OTPaXKaloLWMiM NOCTynaTeNbHyH

cocTaBnAOLWYH MHEPLUNOHHDbIX CBOMWCTB Tena M3D

Oto0OpaxaeMble CBOWCTBA

[locTtynarenbHass  CcOCTaBIIAIOLIAs WHEPLUOHHBIX CBOMCTB  TBEPAOrO0 Tela IIPH
IIPOCTPAHCTBEHHOM JBUXCHHM. DJIEMEHT PEKOMEHIYETCs UCIOJIb30BaTh B TOUYKAX, B KOTOPBIX
a1M00 HET YIVIOBBIX CTENeHed cBOOOJbI, MO0 MHEPLMOHHBIE CBOMCTBA MO YIJIOBBIM CTENEHSIM
cBOOO/IbI OTPAYKAIOTCS IPYTUMHU 3JIEMEHTaMH.

Crenenu cB0oOOIBI

1,2,3- mocTynareiabHbI€ 110 KOOPAUHATHBIM OCsIM X, Y, Z.
[TapameTpsl
N /i Onucanue Pasmepnocts | [Inanason
1 Macca Ke 0... +tRLmax
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3.4.1.2.NMpocTpaHCTBEHHbIA UHEPLNOHHbLIN 3NIEMEHT, OTPaXKarolui BpallaTenbHYyH

COCTaBJSAIOLYH MHEPLMOHHBbIX CBOMCTB cdhepuyecKkoro Tena J30

Oto0OpaxkaeMble CBOMCTBA

BpamarenbHas cocTaBisIOmAas MHEPLUOHHBIX CBOMCTB C(EPUIECKOr0 TBEPIOTO Tella MPH
IPOCTPAHCTBEHHOM JIBUKEHUHU. DJIEMEHT PEKOMEHAYETCsl UCIIOJIb30BaTh B TOYKAaX, B KOTOPBIX
au00 HeT TMOCTyHaTeibHBIX CTENeHed CBOOOABI, JHMOO WHEPHHUOHHBIE CBOWCTBA IO
IOCTYTATENIbHBIM CTEIIEHSIM CBOOOIBI OTpaXaroTcs APYyruMHu ieMeHnTaMu. Kpome cepryeckoro
TENa, HJIEMEHT MOXXET OBITh HCIIOJIb30BaH ISl OTPAKEHUS] MHEPIMOHHBIX CBOMCTB JIIOOOTO
TBEPJOro Tejla, MMEIOIIEro OJMHAKOBbIE MOMEHTBl HMHEPLHMU OTHOCUTEIBHO TpeX IJIaBHBIX
[EHTPATBHBIX OCEH: KyO, IMIIMHIP C COOTHOILIIEHUEM BBICOTHI K panuycy H = 1.73*R u np.

Crenenu cBo0OIbI

1,2,3 - BpamareiabHble BOKPYI KOOpAUHATHBIX ocell X, Y u Z.
[TapameTpsl
N n/n Onucanue Paszmepnocts | [Inanazon
1 MOMEHT MHEpLUHU TeJIa OTHOCUTEIBHO OCH, Ke*u’ 0... +*RLmax
MPOXOISIIECH Yepe3 UEHTP MacC

Pabouwnii BekTOp

Nn/n |Onucanue Pazmepnocts | [lnamazon
1,2,3 | YruoBsie yckopenus mo ocsim X, Y, Z pao/cex’
4,5,6 | YrioBsle ckopocTH o ocsiM X, Y, Z pao/cex
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3.4.1.3.NMpocTpaHCTBEHHbIN UHEPLUOHHLIN 3JIEMEHT, OTPpaXKaroLWn MHePLUOHHbIe

CBOMCTBA C(pepuyecKoro Tena MJ 30

Oto0OpaxkaeMble CBOMCTBA

WNuepuuonnsie  cBolicTBa c(epuveckoro TBEpAOro Tela TPU MPOCTPAHCTBEHHOM
nerkeHnn. Kpome chepudeckoro tena, 3JIeMEHT MOXKET OBITh MCIOJIB30BaH IS OTPaKCHUS
WHEPIIMOHHBIX CBOMCTB JIFOOOrO TBEPAOrO Tela, UMEIOMIETO OJWHAKOBBIC MOMEHTHI WHEPIUU
OTHOCHUTEJIHO TPEX TJIABHBIX [IEHTPAIBHBIX OCEH.

DieMeHT ABageTcs 00beauHenreM ieMenTos M3D u J30.

Crenenu cBo0OIbI

1,2,3 - mnocrynareiabHbIe IO KOOPAUHATHBIM OcsiM X, Y, Z;
4,5,6 - BpalmateiabHble BOKPYT KOOpAUHATHBIX oceil X, Y, Z.
[TapameTpsl
N n/m Onucanue PazmepHocts | Jlnanazon
1 Macca Ke 0... +RLmax
2 MOMEHT MHEpLUHU TeJIa OTHOCUTEIBHO OCH, Ke*u’ 0... +*RLmax
MPOXOSIIECH Yepe3 UEHTP MacC

Pabouwnii BekTOp

N n/n Onucanue Pazmepnocts | [lnamazon
1,2,3 | YruoBsie yckopenus mo ocsim X, Y, Z pao/cex’
4,5,6 | YrioBsle ckopocTH o ocsiM X, Y, Z pao/cex
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3.4.1.4.NMpocTpaHCTBEHHbIN UHEPLUOHHBLIN 3JIEMEHT, OTPpaXKaloLWni MHePLUOHHbIe

CBOMCTBa NPOU3BOSILHOrO TBEPAOro Tena MJ3D

Oto0OpaxkaeMble CBOMCTBA

HNuepunonnbie CcBOWCTBAa MPOU3BOJIBHOTO TBEPAOrO Tejda IMPU MPOCTPAHCTBEHHOM
nBwkeHnn. CTeneHn cBOOOIbI dJIEMEHTa HAXOIATCS B IIEHTpe Mace Tena (puc. MJ3D 1).

IIpumeuanue. Touka, coBmaaromnas ¢ ICHTPOM Macc Teja, 0003HaueHa 3/1eCh TOYKOH A.
BcenomoratenbHas TOYkKa, COBMECTHO C TOYKOW A ONpenensdollas HayallbHOE TOJOKEHUE
[JIABHOW LIEHTpaJbHON ocu Z', o6o3HaueHa Toukoil B. BcmomorarenbHas Touka, COBMECTHO C
ToukamMu A u B omnpexensomas MiIOCKOCTh PACHOJIOAKEHHS TJIABHOM LEHTpaibHOM ocu X',
o0o3HayeHa Toukoi C. Ecau Touka C nexxut Ha ocu AB, To MOMEHTBI MIHEPLIMU OTHOCUTEIBHO
oceil X' 1 Y' MOJKHBI 33/1aBaThCSI PABHBIMU.

'L

2
5
1
8 o
A
4
3
5}
X
a)

MJ3D_1. ITapameTpsl 1 cTeneHn ¢cB00OAbI MPOCTPAHCTBEHHOI0 MHEPLHOHHOIO

3JlIeMeHTAa:
a) mapaMeTphbl:
Xa, Ya, Za — HayaJIbHbIe KOOPAMHATHI LIEHTPa MAaCC;
Xb, Yb, Zb — Haua/ibHbIE KOOPAMHATHI BCIIOMOraTeJIbHOU TOYkH B,
Jieskalei Ha IJIABHOW LeHTpaJbHOM ocu 7.
Xc, Ye, Zc — HayaJbHbIe KOOPAMHATHI BcioMorareabHoi Touku C,
Jexaiel B miockoctu X’ AZ’.
0) cTeneHu CBOOOABI:
1, 2, 3 — mocTynarejibHbIe IEeHTPa Macc no ocsim X, Y, Z;
4, 5, 6 — BpamaTeJbHbIe IEHTPA Macc BOKPYT oceil X, Y, Z.

Crenenu cB0OOIBI

1,2,3 - mocTynarenbHbIE IIEHTpA Macc 1o ocsim X, Y, Z;

4,5,6 - BpamareabHbIC IIEHTPa Macc BOKpyT ocert X, Y, Z.
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[TapameTpsl

N n/n Onucanue PasmepnocTs | /Inanason

1,2,3 |HauyanpHble KOOPAMHATHI IEHTPA MACC (Xa; Ya; M -RLmax ...
Za) +RLmax

4,5, 6 |HauvanbHble KOOpIUHATHI BCIIOMOTaTEIbHON M -RLmax ...
TOUKU B (Xb; Yo; Zb) +RLmax

7, 8,9 | HauanpHble KOOPAUMHATHI BCIOMOTATEIIbHOM M -RLmax ...
TouKkHu C (X¢; Ye; Zc) +RLmax

10 Macca Ke 0..

+RLmax
11, 12, | MOMEHTBI HHEPLIMM OTHOCUTEIBHO TJIABHBIX Ke*u’ 0..
13 ueHtpaibHbix oceit X', Y', Z! +RLmax
PaGounii BekTop

N n/n Onucanue Pasmepnocts | [lnanazox

1,2,3 | YrnoBble yckopenus no ocsim X, Y, Z pao/cex’

4,5,6 | Yriossie ckopocTH o ocsim X, Y, Z pao/cek

IIprmMep MCOJIb30BAHUS

Crny4ail peryasipHOM TIPENEeCCHd CHUMMETPHUYHOTO TBEPAOro Teja (acTaTUYecKOoro
rupockona). TBepmoe Teno, oOmagaroliee OCEBOM CHUMMETpHeN (DJUTUIICOU] BpAallCHUs)
3aKpETUICHO OT TIOCTYMATENbHBIX IEepeMelIeHnid B I[EHTpPe Macc. B HayaabHOM COCTOSTHUU
MpOJIoJIbHAsL OCh Tella JISKUT B IUIOCKOCTH XY M OTKJIOHEHa OT BEpUKalIbHOM ocu Y Ha
HeKoTOophbli yron. Temy cooOuieHa HauanbHas yriioBas CKOPOCTb (b, HallpaBJIeHHas 1o ocu Y. B
pe3ynbTaTe TeJ0 HAYHET COBEPIIAaTh MHEPLUHUOHHOE JBUKEHUE, KOTOPOE MOXKHO MPEACTaBUTH (B
TEpPMHUHAX YIJIOB Diljiepa) Kak COBOKYITHOCTh COOCTBEHHOTO BpAIllEHUSI BOKPYT OCH CUMMETPUU
Telna W BpamieHus (Ipeleccuu) 53TOMl OCH BOKPYT HEKOTOPOH MPOCTPAHCTBEHHOW OCH,
Ha3bIBaeMoi ocklo npeneccun (puc. MJ3D 2, a).

Jns paccMaTpuBaeMoro ciydasi CYyIIECTBYET 3aBHCHUMOCTB, CBS3bIBAIOIIasl YIJIOBBIE
CKOpOCTH TIPEIIECCUU U COOCTBEHHOTO BpAIICHUS:

a)lP: al'g* Jz'/(J/-JX)/COS(Q),

, TAC Wy

W,

- YIJIOBasi CKOPOCTb MIPELIECCHN;

- YIJIOBasi CKOPOCTh COOCTBEHHOTO BPALLECHUS;

- MOMCHT MHCPIUHU TCJIa OTHOCUTECIIBHO OCH

CUMMETPUH;

- 9KBATOPHAJILHBIA MOMEHT UHEpHH (J = J,);
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&) - YTOJI MEKY OChIO CHMMETPHHU TeJla U OChIO
IPEIECCHH.

HavanpHas yrioBasi CKOpOCTb, paBHasi () U HalPaBJIEHHAs 110 OCH Y, SIBJISIETCS BEKTOPHOU
CYMMOH Wy, U W

[lenpro pacyera SBISETCS NPOBEPKA COOTBETCTBHS PpE3yJbTaTOB MOJAEINPOBAHUS
IIPUBEJECHHON AaHAIIUTUYECKON 3aBUCUMOCTH.

CrpykTypa MOJIEIHN BKIIFOYAET TPHU DJIEMEHTA:

MIJ3D - nHEPLIMOHHOCTH TBEPAOTO TENA;

VWN3D - snemeHT, 3aarominuii Ha4aabHyI0 CKOPOCTh BpalieHus TOYKH A (IIEHTpa Macc
TeJa) BOKPYT OCH Y

SPCW3D - naTtumk, "HaBemmBaeMbIil' Ha CTETIEHH CBOOOJBI TOYKH A IS COXPaHECHHS
uHpopmanuu, ucnoaszyemoii B [IPBIT COS3E.

[TockonpKky paccMaTpuBaeMoe TBEPAOE TEIO CUMMETPUYHO OTHOCHUTEIBHO CBOEH
IPOJOJIBHOW ocu Z', TO HampaBieHMs INIaBHbIX oced X' M Y' MOXXHO SBHO HE ONPEACIATH.
ITosTomy B mapamerpax snementa MJ3D BcromoratenbHas Touka C coBmagaer ¢ Toukon B, u
Harnpasienue oceit X', Y' OyZeT NpuHATO IO YMOJIYAHHUIO.

B paznene OUTPUT BbI3BIBacTCA OJHa NpoOrpaMMa pacdeTra BBIXOJAHBIX IEPEMEHHBIX
COS3E. Ona noacuuteiBaeT 9 Hampasiswomux kocuHycoB ocedl X', Y', Z', U3 KOTOpBIX
HEOOXOJUMBIMU B JAHHOM Ciy4ae SBJISIOTCS TOJBKO TPH IOCIEAHUX, XapaKTepHU3YIOIIHUX
TEKYyIlee M0JIOKEHNE IPOAOIbHON ocH Tena Z'.

$ DATA:
Touxka A = 0, 0, 0
Touka B = 0.2, 1, 0
Oce Y =0, 0, O, 0, 1, 0
M =1
Jx_=4; Jy_=4; Jz_=1
W0 = 20

$ FRAGMENT: I'mpockon
# BASE : 1, 2, 3

# STRUCT:
TeJio 'MJ3D (1 2 3 45 6; Touka A, Touka B, Touka B, M, Jx_,
Jy_, Jz_)
HaTunk 'SPCW3D( 1 2 3 4 5 6; 1)

HauvanpHast ckopocTe 'VWN3D(1 2 3 4 5 6; Ocm Y,
Touka A,WO0 )

# OUT:
Hanpaeasonpre kocmHycH 'COS3E (W:JJaTumk;
Touxa A, Touka B, Touka B)
$ RUN:
Ipeneccust rmpockomna 'NEWMARK (END=1)
$ PRINT:
Hanpaenstiompe kocuHycsl ocu Z_ 'DISP(START=1.E-10, SCALE=1;
Hanpasasuonpre kocmuHycH (7),
Hanpaeasuomye kocuHycCH (8),
Hanpasnsomye kocuHycH (9) )
$ END

PesynbraTsl pacuera npuBeneHsl Ha puc. MJ3D 2, 6. M3 HUX BUAHO, YTO IBHUXKEeHUE ocu Z'
HOCHUT Nieproudeckuii xapaktep. [lomHbii nepuos, T.€. 1 060pOT BOKPYT OCH TIpEIeccCuu, och Z/'
coBepmmia 3a 1 cex. Takum 00pazom, CKOPOCTh MPELECCUn

Wy, =1 [06/cex] = 6.28 [paod/cex]
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OmnpenensieM MONOKEHUE OCH Mpereccuu. Hampapistoniue KOCUHYChI ocu Z':
- B KpaiiHe mpaBoM nosioxkeHuu (t = 0 cex): 0.196, 0.981, 0;
- B KpaiiHe jieBoM nonoxkenu (t = 0.5 cex):-0.913, 0.407, 0.

TakuM 006pazoM, 0Ch MPELECCUH JEKUT B TIIOCKOCTH XY M OTKJIIOHEHA OT OCH Y BIIEBO Ha
27.3 rpan.

YuuTteiBas, 4TO yroj HakJoHa ocu Z' K ocu Y B Ha4aJIbHOM MOJIOKeHUHU paBeH 11.3 rpaxn.,
W3 MapajiesorpaMmma ckopocteit (puc. MJ3D 2, a) HaxoauM yTI0BYHO CKOPOCTH COOCTBEHHOTO
BpaIlleHUs:

w, = 14.70 [paod/cex]

IloacraBuB MOJIyYEHHBIE PE3YJIBTATHI B IPUBEAECHHOE BBILIE aHATUTUYECKOE COOTHOILIEHUE
JUISL  YTJIOBBIX CKOPOCTEH TIPEleCCMM M COOCTBEHHOTO BpalICHHs, YOSIUMCS, 4YTO OHO
YIOBJIETBOPSETCS TOXKIAECTBEHHO.
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3.4.1.5.NMpocTpaHCTBEHHbIN UHEPLUOHHBLIN 3JIEMEHT CO CMELLUEHHbIM NOoJIoKeHUeM

LeHTpa macc MJ3E

Oto0OpaxkaeMble CBOMCTBA

HNuepunoHHBIE CBOMCTBA IIPOM3BOJIBHOTO TBEPAOrO Tejaa IpPU IMPOCTPAHCTBEHHOM
NBWKEeHUH. LIeHTp Macc MOXKET OBITh CMEIIEH OTHOCUTEIbHO TOYKH, C KOTOPOM CBSI3aHBI
crerneHu cBoOo bl anementa (puc. MJ3E 1).

MJ3E_1. Crenenu cBo001bI U NapaMeTPbl HHEPUHOHHOIO 3JIEMEHTa €O CMellleHHbIM
MOJIOKEHHEM LIeHTPa Macc:
a) cTerneHU cBOOOAbI M HANIPABJIEHNE TJIABHBIX HEHTPAJIbHBIX Ocel
HHEpPLUH;
0) KOOPAUHATHI TOYEK.

IIpumeuanue. Touka, ¢ KOTOPOH CBsI3aHBI CTENIEHNU CBOOOBI AIEMEHTa, 0003HaYEHA 3/1€Ch
toukoi P. IlenTp macc Tena oGo3HaueH Toukoit A. BcmomoraTenbHas TOYKa, COBMECTHO C
TOYKON A ompezaensonias Ha4aJbHOE MOJIOKEHUE TIABHOW IEHTPAIbHOW ocu Z', 0003Ha4YeHa
Toukoil B. BcriomorarenbHas Touka, COBMECTHO ¢ ToukamMu A U B ompenenstomas miockocTb
pacIooKeHus TJIaBHOW 1eHTpaibHOM ocu X', o0o3HaueHa Touko C. Eciu Touka C nexur Ha
ocu AB, To MOMEHTBI UHEPIIUU OTHOCUTENBHO oceld X' 1 Y' OJIKHBI 3371aBaThCs PABHBIMU.

Crenenu cBoOOIbI

1,2,3 - mnocrynarenbHble Touku P o ocsim X, Y, Z;

4,5,6 - BpamareiapHbie TOUKH P Bokpyr ocelt X, Y, Z.
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[TapameTpsl

N n/n Onucanue PasmepnocTs | /Inanason
1, 2,3 |HauyanpHbie KOOpAWMHATHI TOUYKHU P (Xp;YpiZp) M -RLmax ...
+RLmax
4,5, 6 |HauvanbHble KOOpAUHATHI IEHTPA MACC (Xa;Ya3Za) M -RLmax ...
+RLmax
7, 8,9 | HauanpHble KOOPAUMHATHI BCIOMOTATEIIbHOM M -RLmax ...
TOYKHU B (Xb;Yb320) +RLmax
10, 11, | HauanbHble KOOPAMHATHI BCIOMOTATEIILHOM M -RLmax ...
12 TOUKHU C (X¢;YesZe) +RLmax
13 Macca Ke 0..
+RLmax
14, 15, | MOMEHTBI HHEPLIMM OTHOCUTEIBHO TJIABHBIX Ke*u’ 0..
16 ueHTpaibHbix oceit X', Y', Z', umeromumx +RLmax
Ha4ano B TOYKE A

Pabouwnii BekTOp
N /i Onucanue PasmepnocTs | /Inanason
1,2,3 | YrioBsle yckopenus Tena mo ocsim X, Y, Z pao/cex’
4,5,6 |YraoBsle ckopocTH Teina 1o ocsim X, Y, Z pao/cex
7, 8,9 |llepememienus uentpa macc 1o ocsim X, Y, Z M

IIprmMep MCOJIb30BAHUS

Jnsa wmccnenoBaHUs HArpyKEHHOCTH KOJICHYAaTOTO Bajla B IPOLECCE €ro pa3roHa
UCIIOJIb30Bajach OalloYHO-WHEPIUMOHHAs Mojenb koieHBaia (puc. MI3E 2). Omnpenenenue
JKECTKOCTHBIX M WHEPLHHOHHBIX I1apaMETPOB JTOW MOJEIM NPOBOAWIOCH C IOMOIIBIO
KOHEYHORJIEMEHTHOI Monenu ¢parMeHTa kojeHBajia. JKecTKOCTh Oaliok, T.e. XapaKTepHUCTUKU
UX TIOTIEPEYHBIX CEUEHUH, MOAOUpaTuCh Ha OCHOBE pacuera IepeMelleHud 1o
KOHEYHODJIEMEHTHOM MOJECIIN IIPU €AUHUYHBIX BO3IEUCTBUAX. ISl OTpakKeHUs WHEPLUOHHBIX
CBOMCTB HCIIOJIb30BAJIMCH NHEPLIUOHHBIE 3JIEMEHTHI CO CMEIIEHHBIM MOJIOKEHUEM IIEHTPA MAaccC.

PaccmarpuBaemsblii pparmMeHT Baja MOKHO MPEJCTABUTH COCTOSIIMM U3 YEThIPEX YacTei:
KOPEHHOW IIEHKH, MKW, MIATYHHOW IIEHKWM W MpOTHUBOBEca. [ Kaxaoll W3 ATUX dYacTeu
OIPENEIANOCh IOJOKEHUE LEHTpa MAacC, W MHEPLUMOHHBIE CBOMCTBA KaXJOW 4YacTu
oToOpaxanuch OTAeNbHbIM 3iemMeHToM MI3E. Hmxke npuBoautcs omnucaHue CTPYKTYpbI
0a0YHO-MHEPIIMOHHON MOJEH OHOTO (pparMeHTa KoJIeHBaIa.
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MOJ€EJHN KOJECHYIATOro BaJja.

$ DATA: Komeno 1

{ KoopmmuaTs TOuYex }

TOuKa A = 0, 0, 0

Touka B = 0, 0, 22.7 e-3
Touka Bx= 1, 0, 22.7 e-3
Touka E = 0, 30.3 e-3, 22.7 e-3
Touka Ex= 1, 30.3 e-3, 22.7 e-3
Touka F = 0, 30.3 e-3, 44.5 e-3

$ FRAGMENT: Komemno 1
# BASE: 100

# STRUCT:

XecTkocTr kOpenHOM wewmxkm 'BAL3DK (1, 2, 3, 4, 5, 6, 7,

XecTkocTs Wekn

XecTkoCTE WATYyHHOM

10,11,12;
ToukKa A,
M. . .
M. . n.
M. . m.
Inomanges n
Konsdd. cm
Kon»dd. cm
Mogyne KOH

'"BAL3DK ( 7, 8, 9,

13,14,15,
Touka B,
M. n. m.
M. n. m.
M. n. m.

Inowange 1.

Kosdd. cxm

Kosdd. cm
Mogyne KOH

WenKM
22,23,24;
Touka E,
M. nm. o.
M. m. .
M. . m.

Inowane 1.

'BAL3DK (13,14,15,

Touka B, Touka Bx,

C. KOpPEeHHOJ menkm Ix ,
C. KOpeHHON menkm Iy ,
C. KOpeHHOM mwekku Ik ,

. C. KOPEeHHOM WeMNKn ,
BUI'a KOpeH. mekkym mo X
BUI'a KOpeH. mekkym mo Y,
ra, KosbdmumenT Ilyaccora,0)

10,11,12,
16,17,18;

Touka E, Touka Bx,

c. mexkm Ix_ ,

c. mekm Iy ,

c. mekm Ik ,

C. WeKu ,

BUra mweku no X

BUI'a Weku no Y,

ra, KosbdmumenT Ilyaccora,0)

16,17,18,

Touka F, wTouka Ex,

C. WaTYHHON wWeikm Ix ,
C. waTyHHON wekiknm Iy ,
Cc. wmaTyHHOM wenku Ik ,
C. WaTYHHOM WeMKMU ,

19,20,21,

Hcnonb3oBanue 31ementa MJ3E npu nocrpoennn 6aj109HO-HHEPIHOHHOM
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Kosdd. cmeura waryn. wenxm nmo X,
Kosdd. cmeura waryn. wenxm mo Y_ ,
Mogyne IOHra, Ko»ddmumenrt IIyaccona,0)

UHepTHOCTEL KOpPeHHOM mwekxkmum 'MIJ3E (1, 2, 3, 4, 5, 6;

TOoYuKa A,
rTouxka Cl, Touka B, Touka Bx,
Macca KOpPeHHOM WeMKu,

TM/ X KOPEHHOM WMeNKMu
TM/ Y KOPEHHOM WeNKu
TM/ Z _ KOPEeHHOM WeNiKMu

4

14

)

VHepTHOCTE NPOTMBOBECA 'MJ3E (7, 8, 9, 10,11,12;

MHep’I‘HOCTb mexKn

Touka B,

Touka C3, Touka B, Touka Bx,
Macca npormeoBECa,

TM X npormeoBeca,

TM Y npormeoBeca,

TM/ Z_ mpoTuBOBECa)

'MJ3E (13,14,15, 16,17,18;
Touka E,
rTouxka C2, Touka B, Touka Bx,
Macca mexmu,
I'Mn X_ WeKu ,
TM Y weknu,
TMA Z_ wexm )

MHepTHOCTE maTyHHOM mwekxkmum 'MJIJ3E (19,20,21, 22,23,24;

I'MA Z wWaTyHHOM WEeNKU

Touka F,

rTouka C4, mTouka E, Touka Ex,
Macca waTyHHOM WeMKH,

TM/ X WaTyHHOM WeNKM ,

TM/A Y wWaTyHHON WeNKM ,
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4. CBA3n

4.1. Obwme cBegeHus

Jnst onrcanus MOJIENIeN AIEMEHTOB, 3aJal0IIUX CBOKWCTBA CBSA3EH B 3TOM pa3Jielie YCIOBHO
MIPUHSTA CIIEIyIONIast KIacCu(UKAILIN:
*  DJIEMEHTHI, OMNHUCHIBAIOLIME 3aBHUCHUMOCTb CHJIbI (MOMEHTa) OT B3aMMHOIO
CMEIIEHUS CBSI3bIBaeMbIX Tel ("KECTKOCTHBIE CBS3H");
*  DJIEMEHTHI, OMHCHIBAIOIINE 3aBUCUMOCTb CHJIBI (MOMEHTa) OT OTHOCHUTEIHHOU
CKOPOCTH JIBUYKEHUS CBSI3bIBaeMbIX Tell (' uccunaTuBHbIe CBSA3U");
*  CMEIIaHHbIE CBSI3U.

B o6mem cnyudae 3l€eMEHT MOXET MCIONb30BAaThCsl Kak JJsl 3aJaHusl ycuwius (WiH
MOMEHTA) CONPOTHBIICHUS HApacTaHUIO OTHOCUTEIBHONM CKOPOCTH WM OTHOCUTEIBHOIO
nepeMeleHus, Tak U Ui 3a/laHusl ABMKYIIETO YIS (MOMEHTA).

Ha puc. 4.1. moka3aHbl 4eTbIpe XapaKTEPHBIX MPUMEpPAa OTHOCUTEIBHOM 3aBUCHUMOCTH
YCWIINS OT B3aUMHOU CKOPOCTH WJIU TIEPEMEIICHHSI CBSI3bIBAEMbIX TEJ:

N1 - 3TO XapaKTEpPUCTUKA OOBIYHOM BA3KOCTHOW (MM YHIpYroi) CBS3H, KOTJa
KO3 GuIMeHT aeMrpupoBaHus L 3aBUCUT OT CKOPOCTH (KO3 (PHUIIMEHT KECTKOCTH k 3aBUCHUT OT
nepeMenieHus). JJIeMEeHT TEeHEepUpPYeT YyCHIIMEe, HAIpaBICHHOE Ha YHUYTOXEHHE pPa3HOCTU
MEX/1y CKOPOCTSIMU WUJIU TEPEMEIIECHUSIMHU CBA3BIBAEMBIX T,

NN 2,3 - XxapakTepUCTUKH, OMNpeNessaionre HadajdbHOe Yycuwiue (WJId MOMEHT)
B3aMMOJIEHCTBYSI CBSA3BIBAEMBIX TEN. Y CUJIHME, TEHEPUPYEMOE IJIEMEHTOM, CTPEMUTCS MPUBECTU
CUCTEMY B TOYKY, COOTBETCTBYIOLIYIO HYJEBOMY 3HAu€HUIO ycwiug (yKa3aHo Ha
XapaKTEPUCTHKAX CTPEJIKAMH);

N4 - COOTBETCTBYET HEYCTOMYMBOM XapaKTEPUCTUKE CBS3M C OTPHUIATEIHHBIM
kodpdunmeHTamMu eMIGUPOBaHUS U KECTKOCTH. OTKIOHEHHWE OT TOJOXKCHHS PaBHOBECHS
MPUBOIUT K YBETUUCHUIO 3HAUCHUS YCUITUS, YBETUUUBAIOIIETO 3TO OTKIOHEHHUE.

Jna mpocrenmmx snementoB tuna K, SV3K, MU wu T.n. 3agaHue reHepaTOpPHBIX
XapaKTepUCTHK OJIOKUPYETCS MpPU aHAIM3€ MapaMeTpPOB MOJEIU 3JIEMEHTa Ha JOIYyCTUMOCTb.
JUis s1eMeHTOB THMa TaOJUYHOM 3aBUCHUMOCTH CHJIBI OT CKOPOCTH WM TEpEeMELICHUS
BO3MOJKHOCTb 33J1aBaTh TAKUE XapaKTEPUCTUKU COXPAHEHA, IOITOMY B KaXIOM KOHKPETHOM
cllydyae HEOOXOIUMO BHUMATEIbHO MPOAHAIM3MPOBATH UCXOJHBIE JAHHBIE pelIaeMoil 3a1auu.
Ecnu B 3agaBaemoii TabinIle 3HaK OTHOCUTEIIBHON CKOPOCTH WK JIe(hopMaliy He COBIAIACT CO
3HAKOM YCHJIUS (MOMEHTA), 3TO CIY>KUT MIPU3HAKOM T'€HEPaTOPHOIO pexHUMa.
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"'TeHepa TOPHIT '
X8PAETePHCTHE
Puc. 4.1. Paziimynble BO3MOKHbIE XapPAKTEPHUCTHKH CBs3€H:
1 — xapakTepucTHKA, 3212101121 O0BIYHBIN AeMII(PUPYIOIIHA UJIH YIPYT Uil

3JIEMEeHT;

2, 3 — XapaKTepHUCTHKA 3JIEMEHTA, 32/1a1011ero OTHOCUTEIbHYI0 CKOPOCTh
WIN OTHOCHTEIbHOE NepeMellleHe CBA3bIBAeMbIX TeJl.

YcraHoBuBLIeecs 3HAUYeHHE CKOPOCTH (IepeMelleHNsl) YKa3aHo Ha
rpagukax cTpejJKamu;

4 —3J1eMeHT ¢ OTPHUATEJbHBIM J1eMII(PMPOBAHUEM (KECTKOCTHI0) M TOYKOI
HEyCTOM4YMBOro paBHoBecHs npu V=0.
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4.2. OgHOMepHble CBA3U

4.2.1.)KeCTKOCTHbIe CBA3U

4.2.1.1.Ynpyras cBsA3b Mexay ABYMSA CTENEHAMU cBObOoAbI K

OTO6[28.)KEI€MBI€ CBOMCTBA

Cayxut Ui 3aJaHus yOpyro CBA3M MeXay IByMs creneHsmu cBoboabsl (puc.K 1).
3aBucumocTs yeunus F oT nepopmanmu snemenTa onpeaensercs 3akoHoMm ['yka:

F =K [OAX
,Tne F' - ycuine, AefCTBYIOIIEE Ha CBA3b CO CTOPOHBI IIEPBOTO TENA;
K - KOO PHUIHUEHT KECTKOCTH;

AX - neopmanus dIeMeHTa.

HpnMe'{a}me. OJeMeHT HCJIb34 HCII0Jb30BaTh JJIA CBsA3bIBAHUSA YIIOBBIX
MMPOCTPAHCTBCHHLBIX CTEIeHen CBO60,Z[I)I.

Crenenu cBo0OIBI

1- IIoCTyNnaTCiibHasd WK BpamaTrCiibHas JJIA IIEPBOIO CBA3BIBACMOI'O TCJIA,

2- mocrynareiibHad Wik BpamareiibHas 1JIs1 BTOPOIro CBA3BIBACMOI'0 TCJIA.

[TapameTpsl
N /it Onucanue Paszmepnocts | [luamazon
1 Koadduuunent xectkoctu H/m nnn 0..
H*u/pao +RLmax
PaGouwnii BekTop
N n/n Onucanue Pazmepnocts | [lnamazon
1 OHeprus, HaKOIUIEHHAs DJIEMEHTOM Lie
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a)

| 2 o 4 F (M)

e e
Temo 1 b4
‘ ‘ Temo 2 F=tga+ AX=KsAX
(M= tgoe A= KnAg)
AX=X|—Xo
& AX (A4
f '

Terro 2

Yupyras cBsi3b MesK1y ABYMSl CTelleHIMH CBOOO/bI.

a) cTeneHu cBOOOABI U AepOpMALMS ITIEMEHTA:

1 — mocrynaresibHasi (BpaumiarejbHas) cTelleHb CBOOObI IEPBOIo TeJa;
2 — mocTtynarejibHas (BpamareJbHas) cTeneHb CBO0OAbI BTOPOIO TeJia;
AX (A@) — nepopmanus dj1eMeHTA.

0) 3aBMCHMOCTB YCHJIUs (MOMEHTA) OT AedopMauy CBA3H.

K — k03 pHuHeHT KeCTKOCTH I1eMEeHTA.
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4.2.1.2.Ynpyras cBfi3b C XpYNKuUM paspyLieHuem BRK
OtobOpakaeMble CBONCTBA

CnyxuT 1Uisl 3aJaHUsl YOPYTOM CBSI3M MEXAY JByMsl TelamMH. B TOT MOMeHT, Korja
a0COIOTHOE 3HAYEHWE YCUJIMS WJIM MOMEHTAa [OCTHraeT 3aJaHHON BEIHYUHBI, CBS3b

pa3pbIBaeTcs (CUMTAETCS, YTO JIEMEHT paspyllieH). XapaKTepUCTHKa CBA3M U300pakeHa Ha puc.
BRK 1.

4 F{M)
Fp -

. AX (A

f -

NN

OOIACTE PAPYLIeHMA
AIIEMEHTHA

_F]}

seMeHT He paspyiuen F = L+ AX= KeAX
(M= tgoos Av= KxA¥)

BIIEMEHT paspyLICH F=0

(M= 0)

BRK 1. Yupyras cBsi3b ¢ XpYIIKUM pa3pylieHHEM.
a) cTeneHu cBo0OABI U Ae)opManHs JIeMEeHTa:
1 — mocrynarejibHasi (BpaujaTejibHas) cTelleHb CBOOO/IbI IEPBOIO TeJla;
2 — mocTynarejibHas (BpamareJbHas) cTeneHb CBO0OAbI BTOPOIO TeJia;
AX (A@) — nepopmanms dj1eMeHTA.
0) mapameTpsbl:
K — k03¢ puumeHT KeCTKOCTH 3J1eMEHTA;
Fp — paspymaromee ycuiue.

Crenenu cBo0OIbI

1- ocrynareyibHad Uin BpamaTeiibHad JJIA IICPBOTO CBA3BIBACMOI'O TCJIA,

2- ImocTrynarejibHasd UKW BpallaTejibHasd JJIA BTOPOro CBA3bIBACMOI'0 TCJIa.
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[TapameTpsl

Nn/n | Onucanue Pasmepnocts | [Inamazon

1 Koaddurment sxectrocT H/m v 0...
H*u/pao +RLmax

2 Pazpymatoiee ycumnue Hwm H*m 0..

+RLmax
PaGouwnii BekTOp

N /it Ornucanue Pasmepnocts | [Inamazon

1 OHeprusi, HaKOIUICHHAs AJIEMEHTOM LDie

2 IIpu3Hak paspymeHus snemenTa. Ecin

paBeH 1, To aneMeHT He paspyiueH. Ecnu
paBeH 0 - 37IeMEHT paspyLIeH
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4.2.1.3.MpeanbHas ynpyro-niacrv4yeckas cBs3b, NPOCTENLLUNIN INIEMEHT CyXOro TpeHusi

KP

OT1o0OpaxxaeMble CBOWCTBA

XapaxTepuctuka snemeHTa nzoopaxena Ha puc. KP_1. Ecnu nedopmanus He npeBbliaeT
negopManuu mepexojia B IJIACTUYECKOE COCTOSHHE, TO YCHUJIHME, TEHEpUPYyeMOe 3JIEMEHTOM,
nomyuHseTcss 3akoHy I'yka. Ecim sneMeHT mepemien B IUIACTUYECKOE COCTOSIHME, TO OH
TeHEepUpPYeT YCHUJIME IOCTOSHHOM BEIMYMHBI, PAaBHOE YCHIIHUIO IUIACTHUECKOW nedopmarnuu
anementa. OOpatute BHMMaHue Ha puc. KP 1.6., 4TOo nuHHS pasrpy3ku s 3JIeMEHTa
napajuiejabHa yIpyrou JUHUU.

C nomompro 3nemeHnta KP MOXHO Takke MOIEIUPOBATh CyXO€ TPEHUE MEKIY
CBS3bIBAGMBIMHM  CTENEHSMHM  CBOOOJABI, KOIrJla CWJIy HOPMAajbHOrO  JaBJICHHS  Ha
COIIpHUKACAOLINeCs MOBEPXHOCTH M KOX(POHUIMEHT TPEeHUs Uil MOIEIUPYEMOro Ipolecca
MOXHO IIPUHATH IIOCTOSAHHBIMA. B 3TOM cily4ae ynpyruid ydacTOK XapaKTEpPUCTUKHU
onpezensercs ynpyruMu jaeopmanusiMi KOHTAKTHOTO CJIOSI B HAmpaBJICHUM JBMKEHUS,
MPEALIECTBYIOIIMMY MOMEHTY Hayalla CKOJIBKEHMS. YYaCTOK C IOCTOSHHBIM 3HAYEHUEM CHIIbI
B3aMMOJIEHCTBHSI COOTBETCTBYET MPOCKAJIB3bIBAHUIO MEPBOM CTENEHU CBOOOABI OTHOCUTEIHHO
BTOPOM C CUJION TPEHUS:

FTP :Fmax:f*N
, rne I, - cuiia TpeHUs CKOJIbKECHUS,
f - ko3hULIHEHT TPEHNS;

N - HOPMaJIbHOE YCUJIUE IIPUKHUMA.

Crenenu cBo0OIbI

1- MmocTynareiibHadg UiKn BpalaTCiibHad JJI IICPBOTO CBA3BIBACMOI'O TCJIA,

2- ImocrynarejibHas UiId BpallaTCibHas OJI BTOPOro CBA3bIBAECMOI'0 TCJIa.

[HapameTpsl
N n/n Onucanue Pazmepnocts | [luamazon
1 Koadduuument xectkoctu H/m v 0..
H*w/pao +RLmax
2 Ycunue miactuueckoit nedopmanuu (yewnue | H v H/m 0..
TPEHUS) +RLmax
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a)

‘—b- ‘—h- N —-
X X
= .
‘ Temo 1 ‘ Telo 2
2 k-
— Teno 2
AX=X1~ Xa
A
5) F(M)
Fmax
(Mmax) /
5
o
oo
N
JHHHY YIP¥TOA
PasTpy3IEM
_Fmax
(—-Mmax)

KP_1. NneanbHas ynpyromiactuueckasi cB3b (HeajJbHOe CyXoe TpeHue).

a) creneHu cBO0OABI U AeopmManmsi dJIeMeHTA:

1 — mocrynarejibHasi (BpamarebHas) CTeNeHb CBO0OAbI IEPBOIo TeJa;
2 — mocrynare/jibHas (BpamarejbHas) cTeleHb cBOOOALI BTOPOIO TeJjia;
AX (A@) — nepopmanms 3j1eMeHTA.

0) mapameTpsbI:

K — ko3 puumeHT KecTKOCTH J1eMeHTa;

Fp — paspymaromee ycuiue.

109



4.2.1.4.HenvnHenHan ynpyrasa 6e3pa3smepHas NpyxuHa KN L

Oto0OpaxaeMble CBOWCTBA

Xapaktepuctuka cBsizu n3oopaxena Ha puc. KNL 1. Ycunue, renepupyeMoe 3J1€MEHTOM,
MOTYNHSIETCS 3aKOHY:

F=cCcUOAx Ul Ax |

, tne C - kod3pPUIHEHT TPOMOPIUOHATFHOCTA MEXIy KBaapaToM aedopMaluu |
YCUITAEM;
AX - nepopmanus daeMeHTa.

Crenenu cB0OOIBI

1- IMoCcTynaTCjibHas UKW BpalaTCibHasd JJIA IIEPBOTO CBA3LIBAEMOI'O TCIA,

2- nocrynareyibHad Uin BpallaTCjibHad JJId BTOPOro CBA3bIBACMOI'0 TCJIA.

d 3} F (M)
X
o
Temo 2 a
F=w+A¥
(M= v+ AwD
Vi—- Vo AV (A
e
Aw =& — tp 1F=-U+ AV
Bi=-* Aw®)
Temo 2
KNL _1. Yupyras cBsi3b MeK1y ABYMsl CTelleHIMH CBOOO/bI C KBAJAPATHYHOM

3aBHCHMMOCTBIO YCWJINS OT Aedopmanum.

a) cTeneHu cBo0OBI U AepopManHs dJIeMeHTa:

1 — moctynartesibHas (BpaumareibHas) cTeleHb CBO0OO/IbI EPBOI0 TeJia;

2 — moctynarejibHas (BpauiarTejbHas) cTeneHb CBO0OAbI BTOPOIO TeJia;
AX (A@) — nepopmanmsi 3jieMeHTA.

0) mapameTpbl:

C — ko3¢ puumeHT NPONOPUUOHATBHOCTH MY KBaJApaToM aedopmanuu
U YCHJIHEM.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [Inamazon
1 Ko>(dhuuueHT nponopuuoHansHoCcTH Mexay | H/w’ nim 0...
KBaJpaToM Ae(popMaIu U yCuiIineM H*w/pao’ +RLmax
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4.2.1.5.04HOMEpPHbIN XpanoBUK CO CBOGOAHbLIM NMPAMbIM XOA40M M NIMHEWHbLIM YNPYTrum

ConpoTUBIIeHWeM Npu oGpaTHOM xoge H RP

Oto0OpaxkaeMble CBOMCTBA

JIBuKeHHE NMEpBOTO Tela OTHOCUTEIBHO BTOPOIO B IOJIOKUTEIBHOM HAIIPaBICHUU OCHU
KoopAuHAT  (NIpsIMOM  XO0JI)  MPOUCXOAUT  OecrpensTcTBeHHO. CBs3p  MPEMSITCTBYET
OTpULIATEILHOMY JABM)KEHHUIO IIEPBOrO T€Jla OTHOCUTEIILHO BTOPOIO, T.€. 0OpaTHOMY XoAy (puc.
HRP_1).

VYupyras cuiia COIpOTUBIIEHUS OIIPENEISIETCS 110 3aBUCUMOCTH:

F=K*(AX—AX )

, Tie K - Koo UITUEHT )KECTKOCTH;

AX ,.x - MaKCUMaJbHAS JOCTUTHYTAs AeOpMaIIHs JIEMEHTA,

AX - rekymas nedopmarus snemenTa (AX =<AX,.q.).

[Mox medopmamnmeii 3MeMeHTa TOHUMAETCS PA3HOCTh MEXKAY MEPEMEIICHUSIMU TIEPBOTO U
BTOPOTO Tena.

o}
AF (M}

Axdand o

M=0

{ . /[ i
@ // AX({Ag)

S

F=tgx *{M_Mmaxlr'=

=k*(AX~A¥Xmax)

(M= tgo » (A¥-APrax)=
=k *[ﬁw—ﬂmmaxn

XE&KTE HCTHES 3IIeMEHTS
H oA OM COCTOSHIMIT

HRP_1. OaHoMepHBIN XpanoBHK.
a) creneHu cBo0OBI U ieopManys IJIeMeHTA:
1 — mocrynarejibHasi (BpamaTebHas) CTeNeHb CBO0OAbI IEPBOIo TeJla;
2 — mocrynare/jbHas (BpaumaTte/bHas) cTeneHb ¢cB000bI BTOPOIO TeJia;
AX (A@) — nepopmanus 3j1eMeHTA;
AXmax (AQmax) — MAKCHUMAJIbHASA JOCTUTHYTAA JedopManus dJIeMeHTa.
0) 3aBHCHMOCTb YCHJIUSI OT OTHOCHUTEJIBHOI0 CMEIIeHHs NIePBOro 1
BTOpOro tea. K — ko3ppuuueHT sKecTKOCTH 3JIeMEHTa IIPH 00paTHOM
xoze.
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Crenenu cBo0OOIbI

1- MoCTynaTeJibHadg UKW BpalaTeiibHad JJIA IICPBOTO CBA3BIBACMOI'O TCJIA,

2- nmocrynarejibHas Uik BpalaTCibHas JJIA BTOPOro CBA3bIBACMOI'0 TCJIa.

HapameTpsl
N n/n Onucanue Pazmepnocts | [lnamazon
1 Koadduuument xectkoctu H/m vnn 0..
H*w/pao +RLmax
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4.2.2.[InccunaTtnBHble CBA3U

4.2.2.1.JluHeiHOe ogHOMEpPHOE BA3KOE CONPOTUBIIEHUE M U

OTto0paskaeMble CBONCTBA
Cny>xuT Ans 3aJaHus UI€aTbHONM BSI3KOCTHOM CBS3M MEXIy ABywms Tenamu (puc. MU 1).
Benuuuna renepupyeMoro aneMeHToM ycuiaus F onpenensieTcss COOTHOIIEHUEM:
F=-u*Av

, Tae AV - OTHOCUTENIbHAS CKOPOCTh TEIT;
U - KOOPDUITUESHT BSI3KOCTH.

a)
D g e k 7
- —
/J\ /J‘\ A
== -
Tems | | ‘ TRl 2
@ AV (Ao
, P
F=tgésW = L+
(M= tg# =hor= fitAw)
MU 1. Bszkasi cBAA3b MexKAy CTeNeHIMHU CBOOOAbI.

a) creneHU cBo0OOBI U AepopManys dJ1eMeHTa:

1 — mocrynarejibHasi (BpamarebHas) CTeNeHb CBO0OAbI IEPBOIO TeJa;
2 — moctynartenbHas (BpamarejbHasi) cTelieHb CBO0OAbI BTOPOIO TeJa;
AV (A®) — ckopocTh Ae)opManii JJIEMEHTA;

0) 3aBMCHMOCTb YCHJIUS OT CKOPOCTH AedopManum.

r — K03pGUUHMEHT BA3ZKOCTH JJIEeMEHTA.

Crenenu cBo0OOIbI

1- ocrynareyibHad Uin BpalaTreiibHad JJIA IICPBOTO CBA3BIBACMOI'O TCJIA,

2- ImocrynarejibHasd Uik BpallaTejbHasd JJIA BTOPOro CBA3bIBACMOI'0 TCJIa.

114



I[TapameTpsl

N n/n Onucanue Pazmepnocts | [luamazon
1 Koadduuument Bsaskoctu H*c/m nnm 0..
H*w*c/pao +RLmax
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4.2.2.2.BA3Kkoe CONpPOTUBIIEHNE C KBaApPaTUYHOMN 3aBUCUMOCTbLIO OT

CKOpPOCTHU M U N L

OtobpakaeMble CBONCTBA

XapakTepucTuka cBsi3u 31emMeHTa n3oOpaxena Ha puc. MUNL 1. Ecnu nedopmanus He
IpeBbIIAeT AedopMallii Hepexoia B IUIACTHYECKOE COCTOSHHE, TO YCHUJIHME, T'€HepHUpyemoe

3JIEMEHTOM, IMMOAYMUHACTCA 3aKOHY:

F=v*AVIAVI

, rae AV - oTHOocUTeIbHAs! CKOPOCTD TET;
v - KO3(h(}ULIHMEHT NPONOPIUOHATBLHOCTH MEXIy KBaJpaToM OTHOCHUTEIbHON

CKOPOCTH U YCHUIIUCM.

Crenenu ¢cBo0OIbI

1- MMocTynarTeijibHadg UiKn BpalaTCiibHad JJI IICPBOTO CBA3BIBACMOI'O TCJIA,

2- ImocrynarejibHas Uik BpallaTCJbHas OJI BTOPOro CBA3bIBAECMOI'0 TCJIa.

MUNL_1.

Temo 2

& FiM)
2
F=v+A¥
/[M: Us A
V(A
e
F=—Ux AV S
M=—v* Acs™)

CBsi3b MeK1Y IBYMSl CTENEHAMH CBOOObI C KBAIPATUYHON 3aBHCHUMOCTBIO
YCHJIMSAL OT CKOPOCTH AedopMainuu.

a) creneHu cBo0OBI U AepopManys dJIeMeHTa:

1 — moctynartesibHas (BpamarejibHas) cTeneHb CBO0OO/IbI EPBOIo TeJia;
2 — moctynarejibHas (BpauiaTejbHas) cTeneHb CBO0OAbI BTOPOIO TeJia;
AV (A®) — ckopocTh aeopMaluu 3JIeMeHTa;

0) 3aBUCHMMOCTb YCHJIUSI OT CKOPOCTH Ae()opManuu.

vV — K03 pUuMEeHT NPONOPUHOHAIBLHOCTH MEKAY YCHJIHEM U KBAPaTOM

CKOpoOCTH.

116



[TapameTpsl

N /i Onucanue Pasmepnocts | [Inamazon
1 KosdpuuueHT nponopuuoHansHocTH Mexny | H*(cex/m)? 0...
KBaJ[PaTOM CKOPOCTH M YCHIIEM wm H*w* +RLmax
*(cex/paod)’
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4.2.2.3.0pHoMepHasn ynpyras CBf3b C XapakTepucTtukon gecopmaumsa-ycunue,

3agaBaeMou TabnnyHo SV1 KT

Oto0OpaxkaeMble CBOMCTBA

3amaer ympyryo CBsi3b MEXIy ABYMs TelaMH. XapaKTepUCTHUKA CBS3U 3a/1a€TCs B BHJIE
TabnuIel 3HaYeHuH "nedopmarus - yeunue" (puc. SVIKT 1).
[IpaBuna, KOTOpBIE HYKHO COOIONATH MPH 3aJaHUH TAOIHIIBL:
1. Touku 3aBUCHMOCTH YCWJIHS OT TIEPEMEIICHHS JOJKHBI OBITh YIOPSIOYCHBI I10
Bo3pactanuio aedopmarmu (OL; =< OL;:;). Jlns AByX MEpBBIX U ABYX MOCIEIHUX
TOYEK JOJDKHO BBITOJIHATHCS YCIIoBHE OL; < OL;+/;
2. JlomkHO OBITH 3aJlaHO KaK MHUHHMYM [IBE€ TOYKH 33aBHCUMOCTH YCHIIHUS OT
nepeMeIeHusl.

Crenenu cBo0OIbI

I- mocrtynarenbHas (BpalareiabHasi) JJis IEPBOrO CBSI3bIBAEMOTI0O TEJa;

2- ImocrynarTeibHasi (BpaH_[aTeJ'II)HaH) AJIs1 BTOPOI'0 CBA3BIBACMOI'0O TCJIA.
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a)

Temn | Teao 2

5) F (M) V’

ALG

AL | aL2 sL3 sln  AL{4a)

ALL Aln—3 ALn-l1
e By

Hymepoe sHaueie 1apaETepHCTHEN
"OepopMALIHG—YCHITHE |, COOTBETCTBYI0LIIES
TIPEOESPHTENEHON Oehopdale ALD

SVIKT_1. OaHoMepHas CBSI3b, peau3yoIas TA0JJNYHYI0 3aBHCHMOCTD YCHJINS OT
aegopmanum.
IIpunsTbIC 0003HAYCHMSA:
F — ycuiine, neiicTByroniee Ha coelMHsIeMble TeJIa CO CTOPOHbI CBAA3M;
AL — nepopmanusi 3j1eMeHTA.
a) cTeneHu CBOOOAbI MOJIEJIN:
1 — mepemereHue nNepBoro Tena;
2 — mepemenieHre BTOPOIo TeJia;
0) TabamuHast 3aBUCMMOCTB ycuus oT Aepopmannu. Kaxxnasa Trouka

Ta0JMUBbI 321a€eTCsl APoil 3HAYeHUH «1epopManus-yCuane». 3a npeaejamMu

uHTepBaia cMemennii L1-Ln ycuiane cBsizu onpenensiercs
JIKCTPANOJIsALMEN KPAlHUX 0TPE3KOB XapaKTePHUCTHKH.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanaszon
1 [IpeaBaputenbHas aedopMaiusi SJIEMEHTA M -RLmax ...
+RLmax

2 0L, - nedopmariust Uit IEPBO#L 3aJTaHHOMN M -RLmax ...
TOYKHU XapaKTEPUCTUKU +RLmax

3 F; - ycunue, coOTBETCTBYIOIIEE H -RLmax ...
nedopmanuu 0L, +RLmax

2% OL; - neopmanus s i-ii 3aaHHOM TOYKH M dL; ;...
XapaKTEPUCTUKU +RLmax

2*i+1 | F;- ycuine, COOTBETCTBYIOLIEE H -RLmax ...
nedopmanuu OL; +RLmax

2*n OL, - nedpopmanus s n-i 3a1aHHOM TOUKU M dL, ;...
XapaKTEPUCTUKU +RLmax

2*n+1 | F, - ycuiame, COOTBETCTBYIOIIEE H -RLmax ...
neopmanuu OL, +RLmax

PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [lnanaszoH
1 Benuunna nedopmanuu snemeHTa M
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4.2.2.4.0pHOMepHas BA3KOCTHasA CBA3b C 3aAaBaeMoOW TabNMYHO 3aBUCUMOCTbLIO

yCUIUsi OT CKOPOCTH SV1 MUT

Oto0OpaxkaeMble CBOMCTBA

CnyxxuT Juis 3a7aHusi TaONMYHOM 3aBHCHMOCTH YCHJIUS, JEHCTBYIOILEIO CO CTOPOHBI
MEepPBOTO TeJia Ha CBSI3b OT OTHOCHUTEIBHON CKOPOCTH CBsi3biBaeMbix Tenm AV = V; - V, (puc.
SVIMUT 1). Ycunue, aeicTByomiee co CTOPOHBI BTOPOTO Tella Ha CBs3b, OyJIeT TaKUM JKe 110
a0COTIOTHON BEJIMYKHE, HO IPOTUBOIMOIOXKHBIM I10 3HAKY.

[IpaBuia, KOTOpbIE HYKHO COOIIOIATh NPH 3aJaHUH TaOIHUIIbL:

1. Touyku 3aBUCUMOCTH YCWIHS OT CKOPOCTH JOJKHBI OBITH YIOPSIOYEHBI IO
BO3pacTaHuio ckopocTH (V; =< Vi:;). [Ing nByX nepBbIX U IBYX MOCIEAHUX TOUYEK
JTOJKHO BBINOJHATECA yCH0BUE Vi< Viiy;

2. JlomxHO OBITh 3alaHO KaK MHUHMMYM JIB€ TOYKH 33aBUCUMOCTH YCHIUS OT
CKOPOCTH.

Crernteant cBOOOOEI

1- IMoCTynaTejbHasg UKW BpamaTeibHad JJIA IIEPBOTO CBA3LIBACMOI'O TCJIA,

2- nocrynareyibHasg Uin BpalaTreiibHad JJId BTOPOro CBA3bIBACMOI'0 TECJIA.
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| i
e —— -
- —f= g -
| 5
Teno | Telo
AV =V |- Va2
—— o)
3 F (M)
E i
V| AV (AW)
Avil Avg AV Minz AVp- &Vn
: 0
i
SVIMUT 1. OpaHomepHas CBsi3b, peaju3ylomas Ta0JMYHYI0 3aBUCUMOCTh YCHUJIUS OT

CKOPOCTH.
IIpunsiTbie 0003HAYEHNS:

F — ycunue, neiicTByioniee Ha coelMHsieMble TeJIa €O CTOPOHbI CBSI3H;
AV — CKOPOCTH NMEPBOro TeJjia OTHOCUTEJIbHO BTOPOIO.

a) cTeneHu CBOOOIbI MO/I€JIN:

1 — nepeMenieHHe MEPBOIO TeJIa;

2 — mepeMeleHne BTOPOIO TeJia;

0) TabamuHasi 3aBUCMMOCTB yCHJIHA OT ckopocTu. Kaxnas Touka TadJamubl
3a/1aeTcs Napoii 3HAYECHHI «CKOPOCTh-yCUJIMe». 3a npeae1aMu HHTepBaJia

cMewieHuit AV1- AVn ycuiue cBsA3H onpene/siercst SKCTpanoJsimet
KPalHUX OTPE3KOB XapaKTePHCTHKH.
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I[TapameTpsl

N n/n Onucanue Pazmepnocts | [luamazon
1 AV, - cKOpOCTb JUIs IEPBOM 3aIAaHHON TOUKH | M/CeK U -RLmax ...
XapaKTEePUCTUKH pao/cex +RLmax
2 F; - ycunue (MOMEHT), COOTBETCTBYIOIIIEE Hwmm H*m -RLmax ...
ckopoctu AV +RLmax
2%i-1 | AV; - ckopoCTb J1st i-i 33/JaHHON TOYKH M/cex wim AVi ...
XapaKTepUCTUKU pao/cex +RLmax
2% F; - ycunue (MOMEHT), COOTBETCTBYIOIIICE Hwmm H*m -RLmax...
ckopoctu AV; +RLmax
2*n-1 | AV, - CKOPOCTB JUIst n-i 3a1aHHOM TOYKU M/cex iim AV ...
XapaKTepUCTUKU pao/cex +RLmax
2*n F, - ycunue (MOMEHT), COOTBETCTBYIOIIIEE Hwmm H*m -RLmax...
ckopoctu AV, +RLmax
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4.3. [1IByxmMepHble 35fIeMEeHTbI

4.3.1.)KeCTKOCTHbIe CBA3U

4.3.1.1.JInneniHan ynpyrasa 6e3pa3smepHas NpyxuHa SV2K

OTO6[28.)KaeMHe CBOMCTBA

Coy>xuT 115 3a1aHusl YIIPYTOM CBSA3M MEXAY IBYMS TelaMH, JBMKYLIMMUCS B IUIOCKOCTH
(puc. SV2K 1). BennuuHa reHeprpyeMoro 3J1eMeHTOM ycunus F onpeaensercs 3akoHoM ['yka:

F=-K*AL

, e AL - neopmanus 3J1eMeHTa;

K - k03 (HUIHEHT KEeCTKOCTH.

IIpumeyanue. HavanpHast yMHA S3J€MEHTa, ompejaesseMas 3aJaHHbBIMA HadyalbHBIMU
KOOpJWHATAMU €T0 KOHIIOB, JIOJDKHA OBITH OOJIBIIIE HYJIS.

Crenenu cBo0OOIBI

1,2 - moctynaTenbHbIE AJIsl IEPBOTO CBA3BIBAEMOIO TeJja MO OCsIM X U Y

3,4 - mocTtymnareiabHbIE IJsi BTOPOTO CBS3BIBAEMOTO TeJia Mo ocsiM X 1 Y.

ITapameTpel
N /it Ornucanue Pasmepnocts | [lnanazon
1,2 HauanbHable KOOpAUHATHI IEPBOTO M -RLmax ...
cBsa3biBaeMoro tena (Xa, Ya) +RLmax
3.4 HauanbHable KOOpAUHATBI BTOPOTO M -RLmax ...
cBa3biBaemoro Tena (X, Y) +RLmax
5 Koadduuunent xectkoctu H/m nnn 0..
H*w/pao +RLmax
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SV2K 1.

5 AT

F=tpwsAl = ksl

JInHeliHas MAeaIbHO yIpyras AByXMepHasi CBsi3b, padoTalias Ha
pacTsizKeHHe-C/KaTHe.

a) creneHu CBOOOABI M TreOMeTPpUUYEeCKHe MapaMeTphl dJIeMeHTa:

1, 2 — nBukenue Touku A (1-ro Tesa) mo ocsim X u Y

3, 4 - nBu:keHue T0UKkH B (2-ro Tesa) mo ocsim X u Y

Xa, Ya — HavyaJbHoe M0JI0KEHHE TOUKH A}

Xb, Yb — nauanbHoe noJjioxkenue Touku B;

6) 3aBUCHUMOCTD O0CEBOI'0 YCUJIMA OT OTHOCHTECJIBHOI0 CMECICHUS MIEPBOIo U

BTOpOro Tea. K — ko3ppuuueHT ;kecTKOCTH dJIeMEeHTA.
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4.3.1.2.lllapHnpHan cBA3b ABYX TeN, COBEpPLIAIOLLUX NITOCKOe

ABUXeHue SVZS H R_1

Oto0OpaxkaeMble CBOMCTBA

CayxuT U1 3a7jaHus UAeanbHOM (0e3 3a30pOB U TPEHUS) LIAPHUPHON CBA3U MEXTY ABYMS
tenamu. llojokeHue KakIoro M3 TN OMNHMCHIBAETCS, COOTBETCTBEHHO, ToukaMu A u B,
coBepHIaromMMu IIockoe aBmwkeHue (puc. SV2SHR 1). B olOmem ciayyae HayaibHbBIE
KOOPJMHATHI IIeHTpa mapHupa (Touka C) He COBMAAIOT HU C TOUYKOW A, HU ¢ TOUKoi B.

a)

&)
Temo 2

Temo 1

B)

SV2SHR_1.

Ca | Ca F-F *F . Q.B
Ch m— Ch
F =X+ |CqCyl

JIByxMepHas ujaeaabHO yIpyras liapHUPHAasi CBS3b.

a) cTeneHu CBOOOABI JIeMeHTa:

1, 2,3 — moctynarejibHble U BpalmaTejbHasi TOYKH, ONMUCHIBAIOIIEH
ABHKEHME NEePBOro resa (Touka A);

4,5, 6 - nocTynarejibHble U BpalmaTe/jbHasi TOYKH, ONMUCHIBAKOIIEH
ABHKEHHME BTOPOIo TeJia (Touka B);

0) reoMeTprUYeCKHE MaApaMeTpbI:

Xa, Ya — HavaJIbHOE I0JI0OKeHHE TOYKH A;

Xb, Yb — nHauaabHoe nmoJiokeHne Touku B;

Xc, Yc — HavaabHOe moJjio:kenue Touku C;

B) OJTHO U3 BO3MOKHBIX MOJI0KE€HHUI COeTUHSIEMBIX CBA3bIO TEJ B X0/1€
ABHKEHHMS U CHJIbI, IefCTBYIOLIME B 3TOM cjay4dae Ha Teja. K —
KO3(pPHLMEHT KeCTKOCTH IapHUPA.

126



Crenenu cBo0OOIbI

1,2 - moctynarenbHble O OCSIM X U Y TOUKH A;
3 - BpamarenabHas TOYKHU A;
4,5 - mnoctynatenbHble 10 ocsiM X U Y Touku B;
6 -  BpamartenabHas TOYKHU B.
Iapamerpsi
N n/n Onucanue PasmepHocts | [lnamazon
1,2 Hauanbsabie koopauHaThl TOUKU A (X, Ya) M -RLmax ...
+RLmax
3,4 Hauanbnblie koopauHaTsl Touku B (Xs, Yb) M -RLmax ...
+RLmax
5,6 HauanbHable KOOpAMHATHI LIEHTPA M -RLmax ...
mapaupa (X, Ye) +RLmax
7 KoadduuueHT xecTkocTH mapHupa Ha H/m 0...
pacTsHKeHUE-CKATHE +RLmax
PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [Inamason
1 Tekymas gedopmarus mapHupa (paccTosiHue M
mexay Toukamu C, u CyHa puc. SV2SHR 1)
2 BennuunHa ycwiusi, 1eHCTBYIOIIETO CO H

CTOPOHBI MIapHHPA HA CBA3BIBACMBIC TCJId
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4.4. TpexmepHble 3N1eMeHTbI

4.4.1.)KeCTKOCTHbIe CBA3U

4.4.1.1.Ynpyras cBf3b Mexay ABYMSl TOYKaMU C Xapaktepuctukon aecdopmanums-

ycunue, 3agaBaemMon TabnnmyHo SV3 KT

OtobpakaeMble CBONCTBA

3amaer ynpyryro cBs3b (JMHUS HArpy3KH COBIANACT C JMHHEH Pa3rpy3KH) MEXIY IBYMs
TeJIaMH, COBEPIIAOIIUMHU TIPOCTPAHCTBEHHOE JBMKEHUE. [ledopMarius srieMeHTa onpeeseTcs
KaK pa3HHIA MEXIy TEKYIIeH JITUHOW U JJTMHOM dJieMeHTa B HeZe(OpPMUPOBAHHOM COCTOSHUH.
XapakTepHucTHKa CBS3M 3aJIa€TCS B BHJIE TaONHIIBI 3HaUYeHUH "nedopmarus - yeunue" (cM. puc.
SV3KT 1).

[TpaBuna, KOTOpBIE HYKHO COOJIFOIATh TIPH 3aITaHUU TAOTHIIBL:

1. Touku 3aBUCHMOCTH YCWJIHS OT TIEPEMEIICHHs JIOKHBI OBITh YIOPSIOYCHBI I10
Bo3pactanuio nedopmanuu (OL; =< OL;:;). JIns IByX MEpBBIX U JBYX MOCICIHUX
TOYEK JIOJDKHO BBIMOJIHATHCS YCIOBHE OL; < OL;+;

2. JlomkHO OBITH 3aJlaHO KaK MHUHHMYM JIBE€ TOYKH 3aBHCUMOCTH YCHIIUS OT
MepeMeIeHusl.

[TapameTp "mmHa 3JeMeHTa B HeAe(GOPMHUPOBAHHOM COCTOSIHUHM'" TIO3BOJISIET 3ajaBaTh
AJIEMEHTHI C TPEIBapUTEIbHBIME JedopManusaMu. Ecnmu 3TOT mapameTp OoJbIie HYIS, TO
HavaibHas AeopMarus dJIEMEHTa IPUHUMACTCSl PABHOM Pa3HOCTH MEXy HavajdbHOHW JTHHOMN
(ompenensieTcss HAYaJbHBIMU KOOpJAMHATAMU KOHIIOB JJIEMEHTAa) W JUIMHOM DSJEMEHTa B
Hene(hOpMUPOBAHHOM COCTOSIHUU. Ecim mapamerp MeHble wid paBeH 0, TO cuuTaercs, 4To B
HAYaJIbHOM COCTOSIHUH DJIEMEHT HE JIe()OPMUPOBAH.

Ipumeuanue. HavanpHas [iMHA SJ€MEHTa, ompejaessieMas 3aJaHHBIMA HadalbHBIMU
KOOPJIMHATAMH €0 KOHIIOB, JJOJDKHA OBITH OOJIBIIIE HYJIS.
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SV3KT 1.

IIpocTpancTBeHHAs CBA3b, Peau3y0lIast TA0TUYHYI0 3aBUCMMOCTb
ycuius ot geopManuu.

IIpunsiThIC 0003HAYEHHS:

F — ycunue, neiicTBymoniee Ha CBSI3b CO CTOPOHBI COEIUHAEMBIX TeJl;
Al — oceBast nepopmManms 31€MEHTA.

a) cTeneHu cBOOOABI MO/IeIH M TAPAMETPbI, ONpeeIAIolIHe HAYaTbHOe
pacmnoJio;keHue 3JIeMeHTa B IPOCTPAHCTBE:

1,2, 3 — mepemMenieHue nepsoro teja no ocsim X, Y, Z;

4,5, 6 - nepemenienne BTOpPoOro tejaa no ocsim X, Y, Z;

Xa, Ya, Za — HauaJIbHbIe KOOPAMHATHI TOYKH A}

Xb, Yb, Zb — HauaibHbIEe KOOPAMHATHI TOYKH B.

0) Onpenenenue oceBoi nepopmManuy JIeMEHTA;

B) Tabum4yHasi 3aBUCUMOCTD ycuJiud ot aepopmanuu. Kaxknas rouka

Ta0IUIBI 3aaeTcsA Napol 3HaYeHuH «1edopmanusi-ycuiane». 3a npegeasaMmu

uHTepBataa gedopmanuii Ali- Al, yecnime cBsizu onpeaessiercst
JKCTPANOJIALHEH KPAlHUX 0TPE3KOB XapaKTePHCTHKH.
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Crenenu cBo0OOIbI

1,2,3 - mnocrtynatenbHble 110 ocaM X, Y U Z IEPBOTO TENa;
4,5,6 - mocrynartenbHsble 110 ocsiM X, Y U Z BTOPOTo Tea.
Iapamerpsi

N n/n Onucanue PasmepHocts | [lnamazon

1,2,3 | HayanbHble KOOpAMHATHI IEPBOTO M -RLmax ...
cBs3bBaeMoro Tena (Xa,Ya,Z,) +RLmax

4,5,6 | HauanpHble KOOpAUHATHI BTOPOTO M -RLmax ...
cBsi3biBaeMoro Tena (Xo, Yb,Zb) +RLmax

7 JlmrHa seMeHTa B HeiehopMHPOBAaHHOM M -RLmax ...
COCTOSIHUM +RLmax

8 0L, - nehopmariusi Ui IEPBO 3aTaHHOMN M -RLmax ...
TOYKHU XapaKTEPUCTUKHU +RLmax

9 F'; - ycunue, cooTBeTCTBYMOIIEE 1ehopMaIin H -RLmax ...
oL, +RLmax

2%{+6 | L, - nedpopmarus 1uis i-ii 3aaHHON TOUYKU M OL; ;...
XapaKTEPUCTUKH +RLmax

2*j+7 | F; - ycunue, COOTBETCTBYOLIEE JeopMaLuu H -RLmax ...
OL; +RLmax

2*n+6 | 8L, - neopManys ISt n-i 3a1aHHOM TOYKU M OL,.;...
XapaKTEPUCTUKH +RLmax

2*n+7 | F, - ycunue, COOTBETCTBYIOIIEE AehopMaliiu H -RLmax ...
oL, +RLmax

PaGouwnii BekTOp

N /it Ornucanue Pasmepnocts | [lnanazon

1 Bennuuna nedopmaruu snemenTa M

2 OceBas cuiia B 3J1€MEHTE H
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H[)I/IMC[! HCIIOJb30BaAHUA

Pemaercst 3amava nepenauM ycwiHMs €O CTOPOHBI INEpeAHEM IOABECKM Ha Ky30B
aBTOMOOWJII B MeCTax KPCIUICHUA OCHOBHBIX PbBIYAroB IIPU PA3JIMYHBIX PEKUMAX JIBUKCHUA
aBToMoOmna. KoHcTpykTuBHas cxema nojasecku mnpuseneHa Ha puc.SV3KT 2.a. Ilonoxenue
xapakTepHbIX Todyek noasecku (puc. SV3KT 2.6.) B cucteme KoOpAHHAT aBTOMOOMJIS:

Touka A = 0.014 , -0.518 , 0.596 ;
Touka Bl= 0.0105, -0.5332, 0.4383;
Touka B2= 0.0082, -0.5413, 0.3542;
Touka C = 0.002 , -0.566 , 0.098 ;
Touka D = 0.060 , -0.352 , -0.028 ;
Touka E = 0.015 , -0.587 , -0.047 ;
Touxka F = 0.000 , -0.666 , -0.040 ;
Touka G =-0.465 , -0.352 , 0.007 ;
Touka H =

Touxka I = 0.138, -0.560, 0.341 ;
Touka J = 0.138, -0.025, 0.341 ;

IIpumeuanue. Mojenb MOABECKHM B pacCMaTpUBAEMON 3a/laye CYILIECTBEHHO YIpOIEHa
JUISL TOTO, YTOOBI €€ TEKCT cTan 0onee 0003puMbIM. C ATOH IeNIbI0 MPUHSITO, YTO OCh MPYKUHBI
COBIIAJIAET C OCBIO aMopTH3aTopa. Mecra KperuleHHs KpOHUITEMHA NMPYKWHBI U KPOHIITEHHA
pYJIEBOM TATM K CTOWKE amMopTu3aropa coBmagaroT (Touka B2). Pactsxka wumeer
NPSIMOJIMHEWMHYIO OCh, TIOTIEPEYHBIE CEUEHUS] BCEX pPBIYArOB CHMMETPHYHBI (OpUEHTAIUS
MOTIEPEYHOT0 CEYCHHsI B MPOCTPAHCTBE Oe3pasznuuHa). Harpyska Ha MOABECKY CO CTOPOHBI
JIOPOTH TIepenaeTcs uepe3 OajouHbIN 2JIEMEHT, MOJCIUPYIOMUNA YIpYyrue CBOMCTBA KoJieca.
[logaTnuBOCTh IAPHUPOB HE YUUTHIBAETCS. Marepurain Bcex 3JIEMEHTOB MOABECKH - CTalb.

Teneckon amopTH3aTOpa MPEACTABICH B MOJEIH CXEMOW, M300pa)KEHHOW OTACIBHO Ha
puc. SV3KT 2.r. banounsle snementsl B1IB2 u B2C wucnonb3yroTcs A MOAEIUPOBAHUS
M3rMOHOM M MPOJOJIBHOM KECTKOCTU CTOWMKHM amoprtuszaropa. Ha asnement B2C 3ambikaercs
MPOJ0JIbHOE ycunue npykuuel AB (B Oonee moapoOHON Moenu MOABECKH MEXKIY TOUKoi B u
HIDKHUM KOHIIOM TPYXHHBI JOJDKHBI ObUIM OBl MPHUCYTCTBOBATH SJEMEHTHI, MOICIHUPYIOIINE
KPOHIITEWH NPYKUHBI).
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CKOpoCTHAY X8PaKTepHCTHER
AMGPTHIaTOPa

Moaennb nepeaHel MoABeCKH JerTKOBOIr0 aBTOMOOMJIA:

a) KOHCTPYKTHBHAas CXeMa MO/JABECKH;
0) CTPYKTYpa pacueTHOil cxeMbl 1 0003HAYEHUA XaPAKTEPHbIX TOYEK;

B) HyMepalus crerneHei cBo00/bI;

) CTPYKTYPAa MOJIeJIN TeJeCKOMNYeCKOro rnipoaMopTH3aTopa;
) XapaKTEePUCTHKA CKATHUSI MPYKMHBI H CKOPOCTHASI XapaKTEePUCTHKA

aMopTHu3aTopa.
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Jlis MmofenupoBaHus H3TMOHOM KECTKOCTH IITOKA MCIIONB3yeTcs: 0amo4HbIi a1emMeHT AB1.
HyneBas mpooipHas )KeCTKOCTh 3TOT0 3JIEMEHTA MO3BOJISET TOUKE A TBUTaThCsl CBOOOTHO
BJI0JIb OCH aMopTH3aTopa (JIuHuH, coeaunstoniei Touku B u C). CmemieHno Touku A B
HaIpaBJIEHUH, IEPIEHAUKYIIIPHOM OCH aMOPTU3aTOpa, OyAeT MPensITCTBOBATh U3THOHAS
xecTKocTh 6anok AB1 u B1B2. [Ipu 5TOM aBTOMaTHYECKH YUUTHIBAECTCS U3MEHEHUE U3THOHOM
YKECTKOCTU OasiouHoro sneMeHTa AB1 B 3aBUCMMOCTH OT U3MEHEHUs ero AMuHbL. [Tockonbky
IITOK MOXXET CBOOOTHO BpaIaThCsi BOKPYT CBOEH OCH, KpyTHIIbHAs )KeCTKOCTh Oanku AB1
TaK)Ke PUHAMAETCS HYJIEBOM.

g MozenupoBaHus NpY>KUHBI CxkaTud ucnoiabsyercs anemeHT SV3KT, a 3aBucuMocThb
YCUJIUS B aMOPTHU3aTope OT CKopocTh Mojenupyetrcsa sneMmeHToM SV3MUT. XapakrepucTtuka
IIPYXHUHBI U CKOPOCTHAs XapaKTEpUCTHKA aMopTh3aTopa npusoasrcs Ha puc.SV3KT 2.1

JlekoMIo3uIuss MOJIETM MOJBECKH HA 3JIEMEHTHI mokaszaHa Ha puc. SV3KT 3.a.

Tpebyercs HallTH ycuiusi, mepelaBacMble Ha Ky30B aBTOMOOWISI B MECTe KpEIUICHHUs
LITOKAa NPHU BEPTUKAIBHOM BO3JECHCTBUM Ha KOJIECO B BHJE CHHYCOMJBI C Pa3IMYHBIMU
aMIUIMTYA0M M 4aCTOTOM.

TekcT onmcanus MOJEIN:

$ DATA:

{ NapaMeTps MaTepuayos }

Mogyns ynpyrocTum cranmu = 2.E11
Koaddmuumenr Ilyaccona = 0.3
[InoTHOCTE CTANN = 7800

Crane = Monmyne ynpyrocTu CTanu,
KosdduumenT Ilyaccona,
[InoTHOCTE CTaNM

{ TeomeTpnst KOHCTPYKUMUM }

Touka A = 0.014 , -0.518 , 0.596 {BepxHsizs Touka wTOKa }
Touka Bl= 0.0105, -0.5332, 0.4383 {HanpaBnsmomass wroka }
Touka B2= 0.0082, -0.5413, 0.3542 {HmxHWMIA KOHEL| NIPYXWHH}
Touka C = 0.002 , -0.566 , 0.098 {un3 cToMkMu }

Touxka D = 0.060 , -0.352 , -0.028 {xpennenme nomn.ps¥ara
K KYyBOBYy}

Touka E = 0.015 , -0.587 , -0.047 {coepnHeHne pacTsIKKK

M [OIepPedYHOoOr'c pruara}l
Touka F = 0.000 , -0.666 , -0.040 {mapoBass omopa }
Touka G =-0.465 , -0.352 , 0.007 {xpenneHne pacTaKKM K

KYy30BYy }
Touxka H = O, -0.739 , -0.250 {OsITHO KOHTAaKTa }
Touxka I = 0.138, -0.560 , 0.341 {koHel, NMOBOPOTHOTO

pryara }
Touka J = 0.138, -0.025, 0.341 {coeanueHrne pynesoro

HaKOHEeYHMKAa C PpemKom}
Oce mapumpa D = 0.043, -0.349, -0.027,
0.077, -0.355, -0.029

{ I'eomerrpuuecxue MOMEHTSHI MHEePLIMM M IIollanM NONepedYHOIO
CedeHnss ped4Yaroe

Jx, Jy, Jk, S }
CeueHMre mToOKa = 1.15e-8, 1.15e-8, 0.00, 0.0 ;
CeueHNne CTOMKMU = 1.40e-7, 1.40e-7, 2.8e-7, 5.50e-4;

CeueHre NOBOPOTHOT'O KPOHNITENHA =
3.20e-8, 3.20e-8, 1.5e-8, 3.45e-4;

CeueHme mnonepevHOI'C pHYara =
1.90e-8, 1.90e-8, 3.3e-8, 4.80e-4;
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CeueHue NOBOPOTHOTI'O KyJlakKa =
4.00e-8, 4.00e-8, 8.0e-8, 4.50e-4;
CeueHne kojieca =

3.00e-8, 3.00e-8, 6.0e-8, 4.00e-4;

{XecTkoCcTr WwapHMpa NOINEPEeYHHNI pHdYar - KyBO0B:
K1l Kr Kn Kk }
XecTkocTe mapruMpa D = 6.8 e5, 1.7 e6, 100, 100
{XecTxkocTE kKyBOBa B MeCTe KpPEIUIeHUSI WTOKa K KYyBOBY
Kx Ky Kz }

XecTkoCTE KyB3OBa = 1le5, le5, le5

{ MNapaMeTps PacCTsSXKM M PYJEBOI'O HaKOHEYHMKA :

Macca, 1m, S, E}
IlapaMeTpsl pacTsIKKN =1.4, 0.5, 4.15e-4, 2.ell
[lapaMeTpsl PyJIEBOT'O HaKOHEYHMKA
=1.0, 0.5, 4.00e-4, 2.ell

{ XapakTepmcTuka NPYXMHE M aMopTMsaTopa}

XapakTepucTMKa IPYXWUHE = -0.173, - 3195,
0, 0,
1, 0
HawvanpHasa »[IMHA NOPYXMHEI = 0.418;
CkopoCcT. xXapaKTep. aMopTmMs3aTopa =
-0.314, - 153,
-0.105, - 94,
0 , 0,
0.105, 471,
0.314, 612
OrpaHmnueHme xoma oT6os =
0, 0,
94 .E-3, 0,
95.E-3, 1.E4

{ CocpegmoToueHHre Maccs }

Macca A = 0.1 ; MoMeHT MHepumm mapumpa A = 0.01;
Macca B2 = 0.1 ; Macca D = 0. ;
Macca E = 0.21; Macca F = 1.5;
Macca G = 0. ; Macca H = 5.3;
Macca I = 0.05; Macca J = 0. ;
{ BosgercTBMe Ha KOJIeco }
AvmmTyna = 0.023; Nepmom = 0.13; ®asa =

0
Avmimryna 1= 0.071; Hepmoxm 1= 0.43; $asa 1= 0
XecrkocTe umHE = 1.E5;

{ UsBobpaxeHmMe nomBecKM Ha BKpaHe B Xoje pacueral

llapameTps Msobpaxenunss = 1.5, 0, 0, 0,
0.3, -1, o,
o, 2, o,
0
JInaMeTp DPYXWUHE = 0.35; KonmuecTBO BUTKOB = 4;
ImnaMeTp amMopTmMsaTopa = 0.15;
OrHOCHMTeNnsHEE pasmMepsl = 0.15, 0.7;
InaMeTp mapHMupa = 0.05;
PasMepsl ONOPEH = 0.1, 2, InamMeTp WwapHMpa;
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$ FRAGMENT: IlomeBecka

# BASE:

49, 50, 51, {xpenneHme Kk KyBOBY PaCTsIXKN
58, 59, 60, {xpenneHmue Kk KyB0BYy PYyJI€BOT'O HaKOHEYHMKa}

1000
# STRUCTURE:

KysoB 'KBASE (1
llrTox '"BAL3DJ (1

Bepx cromkm 'BAL3DJ ( 7

Hms cromkm 'BAL3DJ (13 14 15 16 17 18 19 20 21 22 23 24;

{ T'mppoamopTusarop }

2 3; XecTkKoCTk Ky30Ba)

2 3 4 5 6 7 8 9 10 11 12;

Touxka A, Toukxa Bl, Touka A,
CeueHyre mwroka, Crans)

8 9 10 11 12 13 14 15 16 17 18;

Touxka Bl, Touxka B2, Touka Bl,
Ceuenne croMky, Cransm)

Touka B2, Touka C, Touka B2,
CeueHne cToMku, Crans)

OrpanmueHme Brxoma wroxa'SV3KT (1 2 3 7 8 9;

AMopTmsarop 'SV3MUT ( 1

NpyxmnHa 'SV3KT (1 2

NoBopoTHiM kpoHwTey:H ' BAL3DJ (13 14 15

PyJeBOM HaKOHEUHUK

Touka A, Touka Bl, O,
OrpaHmueHme xopma oT6ost )

2 3 19 20 21;
Touxka A, Touka C,

CKOpPOCT. XapaKTep. aMopTu3aTopa)

3 13 14 15;
Touka A, Touka B2,
HavanpHasi OIMHA MOPYXMHE,
XapakTepucTuKa IIPYXMHEI)

Crans)

'STERG (52 53 54 58 59 60;

Touxka I, Touka J,

lapaMeTps pyJeBOT'O HAKOHEYHMKA )

}

16 17 18 52 53 54
Touxa B2, Touka I, Touka B2,
CeueHMe IIOBOPOTHOI'O KPOHWTEMHA,

Nomepeu. pruar ydacrok FE 'BAL3DJ (25 26 27 281 291 301

Nonmepeu. pruar ywacrok ED'BAL3DJ (31 32 33 34 35 36 37 38 39

llapuup nomepeuH.pHuYar xysoB 'SH3CP (37 38 39 40 41 42
1000 1000 1000 1000 1000 1000;

[IOBOPOTHEI KyJIaK

34 35 36;

Touxka F, Touka E, Touka F,
CeueHne nomnepevHoOro pmuara,

42 ;

Touxa E, Toukxa D,
Ceuenne nomnepedHOIr'c piYara,

Oce mapHmMpa D,
XKecrkocTe mapemMpa D)
PacTsixka

STERG (31 32 33 49 50 51;

Touxka E, Touka G,
[lapaMeTpPs PacCTsIKKN)

'"BAL3DJ (19 20 21 22 23 24
25 26 27 28 29 30;

Touka C, Touka F, Touka C,
CeueHMue NOBOPOTHOI'C KyJaka,

Crans)

55 56 57;

Crans)

40 41

Crans)
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Inck xoJyeca

BosnercTBMEe Ha KOJIeCO

Macca omnops A' M3D (1
Unepumss omopst A' J30 ( 4

Macca B2 ' M3D (13
Macca omnops D' M3D (37
Macca mapampa E' M3D (31
Macca crynomusr ' M3D (25
Macca omnops G' M3D (49
Macca koJseca ' M3D (43
Macca wapumpa I' M3D (52
Macca omnops J' M3D (58

# OUTPUT

Peaxuust B mapumpe A 'ROUT

BospgercTEMe Ha NOOBECKY

'"BAL3DJ (25 26 27 28 29 30
43 44 45 46 47 48;
Touka F, Touka H, Touka F,
CeueHne kojieca, Crans)

'SSINO (45 451;

AvMmumTyna 1,lepmom 1,%asma 1,

XecTxocTr uUMHEI)

'SSINO (451 1000;
AvmummTyna,llepmon, ®asa,
XecTkoCTE uUMHEI)

2 3; Macca A)

5 6;

MoMeHT MHepuMM WapHMpa A)
14 15; Macca B2)
38 39; Macca D)
32 33; Macca E)
26 27; Macca F)
50 51; Macca G)
44 45; Macca H)
53 54; Macca I)
59 60; Macca J)

(I:Kysoe (1),
I:KysoB(2),
I:Kysoe(3); 1)

'X (I:BosgencTBMe Ha KoJjieco;1l)

BepTukalbHOE CMeElleHMe KoJjieca 'X (45; 1)
BepTuxankHas CKOPOCTEB KoJjeca 'V (45; 1)
[lepeMemere ToukMm Ex 'X (31; 1)
IlepeMemieHe TOUYKM Ey 'X (32; 1)
I[lepememtenne TOuUkM Ez 'X (33; 1)

#MAP:
$ SHOW:

Ilroxk amMopTHMBaTOopa 'LAYER
Crornka amopTmsaTopa 'LAYER

llonepeuHs? pHYar 'LAYER

PacTsikka 'LAYER

NoBopoTHN KpoHmTEeNH' LAYER
'LAYER

PyneBol HaKOHEUYHMUK

[Ipyxmnaa 'LAYER

(lrox ; IlapaMeTps MB306paxeHusI)
(Bepx cTOMKM,
Hus cTonky,
[IOBOPOTHENI KYJaK,
Macca B2 (POINT; Toukxa B2,
IOnameTp mwapampa, 1);
I[lapaMeTpr M3B06pPaxeHMsI)

(llonepeu. pruar yvacTok FE,
l[lonepeu. pruar yvacTok ED,
Macca wmapumpa E (POINT;
Touka E,

InaMeTp mapumpa, 1);
llapamMeTps MBo06paxeHmst)

(PacTsxka ;
llapaMeTpsl MB3o06paxeHnst)

(IIOBOPOTHEN KPOHIITEMH ;
llapaMeTps MB06paxeHnsT)

(PyneBoM HAKOHEYHMK;
llapaMeTpsl MBo06paxeHnst)

(Ipyxmua (PRUG;
InaMeTp HOPYXWUHE,
KosnmuecTBO BUTKOB) ;
llapamMeTps MBo06paxeHnst)

136



AMopTHBaTOP

Komeco

Oniops!

lapunps!

$ RUN:

Kosnebaunusi nogBeckKmu

$ PRINT
PesynrsTaT 'DISP (;
$ END
PesynbpTaThl pacyera ycuiud,

npuBojasTcs Ha puc. SV3KT 3.6.

'LAYER (AMopTmsaTop (AMORT;

InameTp amMopTMsarTopa,
OTHOCHTEJNILHEIE pPasBMeps) ;
llapaMeTpsl MBo06paxeHnst)

'LAYER (Ouck koJseca;

I[lapaMeTpHs MB06pPaxeHMsI)

'LAYER ( (OPORAD;

Touka A, PasMeps OINOPH) ,
(OPORAD ;

Touxka D, PasMeps! OIOPH) ,
(OPORAD ;

Touka G, PasMeprl OMNOPEHI) ,
(OPORAD ;

Touka J, PasMep ONOPH) ;

llapaMeTps MB06paxeHnsI)

'LAYER (Macca mapumpa I (POINT;

Touka I,

InaMeTp mapumpa, 1),
Macca wmapumpa E (POINT;
Touka E,

InaMeTp mapumpa, 1);
llapamMeTps MB06paxeHMst)

'"SHTERM (END=10, CONTROL=1.E-5, SCALE=1)

BepTukankbHOE CMelleHMe KoJjeca,
BepTukankbHass CKOPOCTB KoJjeca,
Peakumssi B wmapHupe A,
BosgelicTEMEe Ha NOOBECKY)

nepcaaBacMoro Ha Ky30B CO CTOPOHBI

IIOABCCKHU,
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SV3KT 3.

5)

PeavyobpTaT

Te= 000000e+00 Tx= 100000e+02 (@

; i
Al |
J
bl ollcoties theoelles Dol e Roidoonosihoollos
| | :
1 S 1 O T | 1 A LA LR R Y A
1. BepTHEAILHOE cMellleHHe EojTeca —. 950000 &+00 S00000e—0 *
2. BePTHEAITLHEBA CEODOCTE KOIECH — 140000 e+02 LGO0000 e+01 *
3. PeaXmma B IapHape A . QOOODO0 e+D0 LTS0000e+Dd *

a) JACKOMIIO3UIIUSA MOJECJIM MOJABECKH HA 3JICMECHTDBI

0) pe3yJIbTaThl pacyera yCUJIus, epeIaBaeMoro Ha Ky30B CO CTOPOHBI

MnoaABECKH.
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4.4.1.2.YnpaBnsiemas ynpyrasi CBs3b MexAy ABYMSsl TOUKaMW C XapaKTePUCTUKOMN

aedopmauus-ycunue, 3agaBaeMon TabnmyHo SV3 KTU

Oto0OpaxkaeMble CBOMCTBA

3aaeT ynpyryrwo cBs3b (JMHHMS Harpy3Kd COBIAJAeT C JIMHUEH pasrpy3Ku) MEXAy ABYMs
TeJIaMH, COBEpIIAIOIIUMYU MPOCTPAHCTBEHHOE ABIKeHUE. [ledopmarius snemeHTa onpeensercs
KaK pa3HULA MEXIy TEKYyIIeH AITUHON U JJIMHOHM 3JeMeHTa B HeAe(OPMUPOBAHHOM COCTOSHUH.
HomunanpHast XapakTepuCTHKa CBsI3U (XapakTepUCTUKAa CBA3M D3JEMEHTa B Clydyae, €ciiu
MOTEHIIMAJ YIPABISIONIETO Y3lia paBeH 1) 3amaeTcst B BUe TaOnuIbl 3HaYeHHI "nedopmanus -
ycuue" (ananorumuno sneMmeHty SV3KT, cm. puc. SV3KT 1). I[lpaBuna, KOTOpbIe HYXHO
coOroaaTh Mpy 3a1aHUU TAOTHUIIBI:

1. Toyku 3aBUCMMOCTH yCHJIUSI OT HEPEeMEUICHHs TOJIKHBI ObITh YIOPSAIOUYEHBI IO
Bo3pactanuio aedopmarmu (OL; =< OL;:;). Jlns AByX MEpBBIX U ABYX MOCIEIHUX
TOYEK JIOJDKHO BBITIOJHATHCS yCIoBHE OL; < OL;+; ;

2. JlomwkHO OBITH 3a/laHO KaK MHUHUMYM JBE€ TOYKHA 3aBHCHUMOCTH YCHJIMSI OT
IIepeMEILEHUS.

Tekymiee ycunue, ¢ KOTOPbIM CBSI3b BO3JIEHCTBYET HA COEIMHSAEMBIE TeJla, ONPEAeIsaeTCs
IIPOM3BE/ICHUEM IIOTEHIMANA YIPABISAIOLIEIO y3Ja Ha HOMUHAJIbHOE ycwiue (IIOoJIydaercs W3
XapaKTePUCTUKU CBSI3U B COOTBETCTBUU C TEKYIIIUM 3HAUCHHUEM Je(opMaIum).

[Mapamerp "mnuHa 37eMeHTa B HeAeOPMUPOBAHHOM COCTOSIHMH' TIO3BOJISET 337aBaTh
9JIEeMEHTBHl C TMpeaBapuTeNbHbIMU JedopManusaMu. Ecnu 3TOoT mapamerp Oojblie HyIs, TO
HauvanbHas AeopManus 3JIeMEeHTa IPUHUMAETCS PABHOM pa3HOCTH MEXIy HAavaJbHON JITMHOMN
(ompenensieTrcss HayalbHBIMU KOOpPAMHATAaMU KOHIIOB JJIEMEHTAa) W JUIMHOM dJeMEeHTa B
Hene(hOpMUPOBAHHOM COCTOSTHUH. Eciiu 3TOT mapaMeTp MeHble uin paBeH 0, To CYUTaeTCs, YTO
B HAYaJIbHOM COCTOSIHUU 3JIEMEHT He Je(hOpMUPOBAH.

OcHoBHble IpUMeHeHUs Mozienu 3nemenTa SV3KTU:

* JlepopmupoBaHHBIE B HaYaJIbHOM COCTOSIHUM NPYXHUHBI. [ MoJeaupoBaHUsS
TaKOI'0 pOJia 3JIEMEHTOB MOXKHO Hcnosb3oBarth U 3nemeHT SV3KT. Opnako, B
3TOM Cily4yae B HAyaJbHbIi MOMEHT BpPEMEHHM MOJeIupyemas cucreMa Oyaer
WCTIBITHIBATh YJap, ONPEEIsIEMbIil YCUIMEM HayaldbHOTO MODKATHUS MPY>KUHBI.
Ucnonwzys snement SV3KTU, MOXHO B 3HAYUTEIBHOM CTENEHH CMSTYUTH
TaKOro poJia ynap, Mmobliias noreHuuan ("CKopocTs') ynpaBisioIIero y3ia oT
HyJI1 70 €AMHULBI 32 CYET OAHOIO M3 HCTOYHHMKOB YIPABIICHUS CKOPOCTHIO
(VTRO, VTABLO u T.n.) He MrHOBEHHO, a 3a HEKOTOPBIH KOHEUYHBIN
MIPOMEXYTOK BPEMEHH;

* IIpocTpaHCTBEHHbIE HCTOYHMKH YCHUJIUSI pa3iuyHOM ¢opmbl. B aTOoM ciyuae
3a/laeTCcsl HE3aBUCHMas OT IIEPEMEILICHUS XapaKTepUCTHKA DJJIEMEHTa, a K
YOPAaBISIOMIEMY Y31y TMPUCOCTUHSETCS HCTOYHHK TOTEHIuana Tpedyemoii
¢dopmbl. ['enepupyemoe ycuiue Oy1eT HalpaBIeHO BI0JIb OCH 3JIEMEHTA.

Ilpumeyanue. HauvanpHas [uHaA 53JIEMEHTa, ompeneseMas 3aJaHHbIMM HadaJbHBIMU
KOOPJIMHATAMH €TI0 KOHIIOB, JIOJDKHA OBITH OOJIBIIIE HYJIS.

139



Crenenu cBo0OOIbI

1,2,3 - mnocrtynatenbHble 110 ocaM X, Y U Z IEPBOTO TENa;

4,5,6 - mocrtynarenbHble 10 ocsM X, Y U Z BTOPOTO TeINa;

7- YIPaBISIONIAs CTETIEHb CBOOO/IBI.

[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanaszoH

1,2,3 | HauanbHble KOOPJUHATHI IEPBOTO M -RLmax ...
cBsi3biBaeMoro Tena (Xa,Ya,Z,) +RLmax

4,5,6 |HauvanbHbie KOOpAMHATHI BTOPOTO M -RLmax ...
cBs3biBaeMoro tena (Xo, Yb,Zb) +RLmax

7 JnmuHa smeMenTa B HesiepopMUPOBAaHHOM M -RLmax ...
COCTOSIHUH +RLmax

8 OL; - nedopmariust Uit IEPBO# 3aJaHHOMN M -RLmax ...
TOYKHU XapaKTEPUCTUKU +RLmax

9 F, - ycunue, cootBeTcTByto1Iee AedhopMaIuu H -RLmax ...
oL, +RLmax

2%i+6 | OL; - nedopmanus s i-if 3a1aHHON TOYKH M OL; ;...
XapaKTEPUCTUKHU +RLmax

2*{+7 | F; - ycuiue, COOTBETCTBYOLEE AeopMariu H -RLmax ...
OL; +RLmax

2*n+6 |dL, - nedopManms s n-il 3a7aHHOU TOYKH M OL, ;...
XapaKTePUCTUKU +RLmax

2*n+7 | F, - ycunue, COOTBETCTBYIOIICe nedopmanuu H -RLmax ...
oL, +RLmax

PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [Inama3on

1 Benuuuna nedopmanuu snemeHTa M

2 OceBas cuiia B 3JIEMEHTE H
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4.4.1.3.CBA3b MeXxay ABYMSs TeflaMu C OQHOCTOPOHHEeMN ynpyro-nnacTtu4yeckomn

XapaKTepPUCTUKOWN, HayaNbHbIM 3a30POM U paspyLUeHUeM SV3U KP

Oto0OpaxkaeMble CBOMCTBA

3amaeT MPOCTPAHCTBEHHYIO CBSI3b  MEXIy JByMs TelaMmu, B oOmeM ciydae
XapaKTepmy}omy}oc;I (cm. puc. SV3UKP 1):

BEJIMYMHON HaYaJIbHOT'O 3330pa MEK/y IOBEPXHOCTSIMU CBSI3bIBAEMBIX TEI;

*  Y4acTKOM, COOTBETCTBYIOIIUM YIPYTOil 1eopMannu CBsI3H;

*  YY4acTKOM, COOTBETCTBYIOIIMM IIJTACTUYECKOH aedopmaruu, Korja yCHIIHe
CBSI3U CTAHOBUTCS IPENIEIbHBIM U OCTAETCSl HEU3MEHHBIM B XO/€ JajbHEUIIEero
yBeIMUYeHUs aAeopmanuu;

*  mpenenbHOM Aedopmaliyeid, Koraa 3JIeMeHT pa3pyaeTcs.

CBsi3p HakJIaJbIBAC€TCA TOJIBKO Ha JeOopMally PacTSHKEHUSA-CKATHUS (DJIEMEHT HEeIb3s
NOJBEPrHYTh M3THOy WM KpydeHuto). OOpature BHUMaHHE, YTO JIMHUS Pa3rpy3KH AJIEMEHTA,
JOCTHUTIIIETO TUIACTUYECKUX JedopMalnii, mapaieibHa YIPYyroMy y4acTKy XapaKTepPHUCTUKH.

HpnMeanne. Hauanpuas AJInHa 3JICMCHTA, OHNpcAcidcMad 3aJaHHbBIMU HadaJlbHbBIMHU
KOOpAWHATAMU €0 KOHIIOB, JOJIDKHA OBITH OOJIbIIIE HYJIA.

Crenenu cBo0OIBI

1,2,3 - mocrynarenbHbie MO ocsM X, Y U Z TOUYKH A, NpUHAJIeKAIIEH IEPBOMY Ty ;

4,5,6 - noctynatesnbHble 110 ocaM X, Y U Z Touku B, npuHagiexanieil BTopoMy Temy.
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z Bl#15 z 4
a Temo 2
2 T
Temo 1 2%
1 b,
b 5
Za
Yy 7% Al= ||A[B{ - |AgBg|z 0
X ) x
THLIME pa3pyliIeniie
} YOpyIon
B pasrpysku | ———
F F A| —HaYamLHAA BeNMUMHA 3a30pa
Frmacr y Al A2— yOpyrad mepopMalMd cBAIM

ﬂ_l:O 32 53 ﬂL3 = ITacTIYecKad Oe@opMalllid
ol CHBAM

Al F Fnmacr

CBA3L padoTaeT Ha CKaTHe CBASE PAd0TAeT HA PACTSEeHHS
Temo 1 Ay Temmo 2 Teno 1 \ Ay Targo
== = == — — —4]
SV3UKP_1. VYmnpyro-miiacruueckasi IpOCTPAHCTBEHHAsI CBSA3b € 32a30POM U

BO3MO’KHOCTBIO pa3pyuieHus.

IIpunsThIC 0003HAYCHHSA:

F — ycunue, neiictByroniee Ha CBSI3b CO CTOPOHBI COCAUHAEMBIX TeJl;

Al — oceBasi neopmanus JIeMeHTA.

a) cTeneHu cBOOOBI MO/IeJIN U apaMeTpbl, oNpeAe/siiolie HAYaIbHoe
PACIoJI0KeHHEe JJIeMEHTA B IPOCTPAHCTBE:

1, 2, 3 — nepememnieHue nNepBoro Tejaa no ocam X, Y, Z;

4, 5, 6 - nepemMenieHne BTOPOro tesa no ocsam X, Y, Z;

Xa, Ya, Za — Haya/IbHbIe KOOPAMHATHI TOUYKH A;

Xb, Yb, Zb — HayaibHbIe KOOPAMHATHI TOYKHU B.

0) Onpenesenue oceBoii JepopmManu 3J1eMeHTA;

B) [IapameTpsl, onpenessiromye 3aBUCHMOCTD YCHJINSA OT Aedopmanum.
XapakTepuCTHKA 3JIEMEHTA B 001eM cJIy4yae U YacTHbIE CJIy4Yau
XapaKTePUCTHKH (OTCYTCTBHE HAYAJIBHOI0 3230Pa M OTCYTCTBHE Y4aCTKA
IIacTH4ecKkux Aeopmanuii);

r) mapaMerp, onpeaeJsIOINNA HA PACTSKEHHE UK Ha CKaTHe padoTaer
CBfI3b;

napamerp Menbiue 0 — cBs3b padoTaeT Ha c:xKaTHE;

napaMeTtp 0oabiue () — cBA3b padoTaeT HA PACTSIXKEHHE;
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazoH
1,2,3 | HauanbHble KOOPJUHATHI IEPBOTO M -RLmax ...
cBsi3biBaeMoro Tena (Xa,Ya,Z,) +RLmax
4,5,6 |HauvanbHbie KOOpAMHATHI BTOPOTO M -RLmax ...
cBsi3biBaeMoro tena (Xo, Yb,Zp) +RLmax
7 Bennuuna ycunusi, onpeaenstonas nepexo/ B H 0..
IIJJACTUYECKOE COCTOSIHUE +RLmax
8 Bennuuna HavanbHOTrO 3a30pa M 0..
+RLmax
9 Yrpyroe cMmenieHue nocie BHIOOPKU 3a30pa M 0..
+RLmax
10 [1poaoIKUTENBHOCT YHYaCTKA MIIACTUYECKON M 0..
nedopMaIiy 10 MOMEHTA pa3pyIIeHuUs +RLmax
11 [Ipu3HaK, yka3pIBalOIIMK paboTaET AJIEMEHT M -RLmax...
Ha pactsokeHue (>0) nnu cxatue (<0). Ecnu +RLmax
3TOT napameTp paseH 0, CBA3b CUUTAETCA
OTCYTCTBYIOILLIEH
PaGouwnii BekTOp
N /it Ornucanue Pasmepnocts | [lnanazon
1 Benuunna nedopmaruu snemeHTa M
2 OceBas cuiia B 3J1€MEHTE H
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4.4.1.4.JInHeHbIN YNPYrUin aNEeMEHT, 3aKPensiioWmMii TOYKY N0 TPEM CTEMEHAM

cBob6oabl KBASE

Oto0OpaxkaeMble CBOMCTBA

HaxnanpiBaer ynpyrue orpaHi4YeHUs HAa IIEPEMEILECHHs IIPOCTPAHCTBEHHON TOYKH 110 TPEM
MOCTYTIATENIHBIM CTENEHsIM CBOOOABI. JlJisi KakIOW W3 3aKpEIUIIEMBbIX CTEIICHEeH CBOOOIBI
3a/1aeTCsl CBOSI BETMYMHA KOA((DUIIMEHTA KECTKOCTH.

Crenenu cBo0OIbI

1,2,3 - moctynarenbHble 1o ocsiM X, Y u Z.

ITapameTphl
N /it Ornucanue Pasmepnocts | [lnanazon
1 KectrocTh ¢BsA3M o ocu X H/m 0..
+RLmax
2 KecTkocTs ¢BsA3M o ocu Y H/m 0..
+RLmax
3 KecTrocTh ¢BA3U O ocH Z H/m 0..
+RLmax
Pabouwnii BekTOp
N n/n Onucanue PasmepHocts | [Inamazon
1 DHeprusi, HaKOIJICHHAs AJIEMEHTOM I
2 CymMmapHast peakuust H
3 BenuunHa aOCOTIOTHOTO MEepeMeIeHuUs M

IIpumep ucnonb3oBaHus

Cwum. mpumep u3 pazaena 4.4.1.1.
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4.4.1.5.YHuBepcarnbHbIN WapHUp U NVRS

Oto0OpaxkaeMble CBOMCTBA

Mopnenps npenHa3HaueHa JUIsl BOCIPOM3BEIEHUS CBOWCTB COEOUHEHMS JABYX aOCOJIIOTHO
JKECTKUX TeN TepeMEeIaloluXcsi B MPOCTPAHCTBE B TOM Cly4ae, KOTJa pa3pemieHo Hx
OTHOCHUTEIILHOE BpallleHUE BOKPYT ABYX B3aUMHO MEPICHAUKYJISIPHBIX OCeH, KaXKIasi U3 KOTOPBIX
JKECTKO CBsf3aHa C OJHUM u3 Ten. ODOU3MYECKH TaKoe COSAHMHEHHE HKBHUBAJICHTHO
YHUBEpPCAJIbHOMY LIApHUPY (KapAaHHOMY COEIUHEHHIO JBYX Ted). B Touke coeauHeHMs Ten
BOCIIPOM3BOSTCS YIPYrHe U BSI3KHE XapaKTEPUCTHKU CBSI3M TPHU BpaIleHUH BOKPYT OcCeil
pa3peIIeHHOT0 OBOPOTA.

JIBa abCONIOTHO KECTKHX Tella, MPOCTPAHCTBEHHOE IBMKEHHE KOTOPBIX OMpeeseTcs
nepeMenieHus MU (TTOCTYIAaTEeIbHBIMU U YTIIOBBIMH) COOTBETCTBEHHO Touek B1 u B2, coenunensl
CBA3BI0, pa3pelaroieii OTHOCUTENBHOE BpAIIeHHE BOKPYT ABYX B3aUMHO MEPIICHIUKYISIPHBIX
oceil z, x. Ochb z KECTKO CBs3aHa C TeIOM 1, OChb X KECTKO CBsI3aHa ¢ TejioM 2. Bce ocTabHbIE
OTHOCUTEINIbHBIE TEPEMEICHUs W BpAIllEHUs 3alpelieHbl. TeKyIlue MONO0XKEeHHs oced z, X
MOJIHOCTBIO OMPEEINISAIOTCS YIIOBBIM IMOJIOKEHUEM COeIuHsAeMbIX Tel. HadyanbHoe monokeHue
ocH z onpezaensgercs 3aaanueM Touek A u D. Touka C coBmecTHO ¢ Toukamu A, D onpenensier
HAYyaJIbHOE IOJIOXKEHUE TNIOCKOCTH AXxZ (IIIOCKOCTH KPECTOBUHBI).

L{eHTp cBsI3M pacnonoxeH B Touke A. B obmem ciaydae Touku Bl u B2 MoryT coBmagats ¢
Toukoi A. Touku B1 u B2 moryT He ObITh LIEHTpaMu Macc Tel.

B3aumoneiicTBue Mexay TelaMH B TOUKE CBS3H OMpPENEsIeTCS XapaKTePUCTHKAMU CBSI3H,
OTIpEeICTICHHBIMU B TIOJIBIKHOM JIOKaIbHOUM cucteme koopauHat cBsa3u (JICKc) Axyz. JlokanpHas
OCh z BCerja napajienbHa ocu z; cuctemsl koopauHat JICK], csa3anHoii ¢ Tenom 1. JlokanbHas
OCh X BCErja napajieiabHa ocH X, cuctembl koopaunat JICK2, ceszannoit ¢ Tenom 2. Tekyiee
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nojoxenue ocu y JICKc mepneHIuKyJIspHO IIOCKOCTH PACHOJIOXKEHUs Oocei z,Xx (IIOCKOCTh
PacCIoJIOKEHUsT KPECTOBHHBI KapaaHHoro coemuHeHus). Hauamo wxoopmaunat JICK1 u JICK2
nomenieHo B Touku Bl u B2, a HavanpHOE yrioBo€ IOJIOKEHHE COBMANAET C HadalbHBIM
yrioBbM nosioxxeHuem JICKc.

Bzaumogeiicteue Mexay TelamMdM B TOYKE CBA3H  ONPENEIAETCA  CIEAYIOIIMMH

XapaKTEPUCTUKAMHU CBSI3H:

e JKecTkocTsIMU CBSI3M INpU OTHOCUTEIBHOM IIOBOPOTE TEJI BOKPYI OCEH z,X CBS3U
(KpyTUJIBHOM  KECTKOCThIO  CBsi3M). JKecTKocTh CBsSI3M  3ajgaeTcst  TaOiuIel
3aBUCUMOCTH YIIPYTOro KpyTSIIEro MOMEHTa BOKPYT OCH OT yrjla moBopoTa 1 Tena
OTHOCHUTEJILHOT'O 2-T0 BOKPYT 3TOM OCH.

*  Bs3kocTsMH CBSI3W NpU OTHOCHTEIHLHOM BpAIIEHUH BOKPYT oceil z,x (KpyTuibHas
BA3KOCTh). BS3KOCTh CBs3M 3amaeTcss TalOnuied 3aBHCHMOCTH JUCCHUIIATHBHOTO
KpYTALIEr0O MOMEHTa BOKPYI OCH OT YIJIOBOM CKOPOCTH BpalieHus l-ro tena
OTHOCUTEIIBHO 2-T0 BOKPYT 3TOH OCH.

Uckmrouenne (MUHUMM3AIUSA) OTHOCHUTENBHBIX TEPEMENICHUN BJIOIh BCEX OCEH W

BpAILEHHUs BOKPYT OCTaBLIEHCs OCH (OCH V) OCYIIECTBIICHO IyTeM 3aJaHMs:

*  OONBIION >KECTKOCTH B OCEBBIX HAINpPaBICHHUSIX (BCE KECTKOCTH CUYMTAEM DPAaBHBIMU
MeXay coboil) — K=Kx=Ky=Kz.

*  0OoJbIIOH yIri0BOH (KPYTHIIBHOM) )KECTKOCTH BOKPYT ocH ) - KFYy

Crenenu ¢cBo0OIbI

1,2,3 [ToctynaTtenbHble Touku B1 B HampaBieHnn r1o0aabHBIX KOOPAUHATHBIX
oceit X,Y,Z.
4,5,6 Bpamarensabie Touku Bl oTHOCUTENBHO TT00ATBHBIX KOOPAMHATHBIX
oceit X,Y,Z
7,8,9 [ToctynaTtenbHble TOUkU B2 B HampaBieHnU r100agbHBIX KOOPAUHATHBIX
oceit X,Y,Z.
10, 11, 12 Bpamarensabie Touku B2 0THOCUTENBHO TT00ATBHBIX KOOPAMHATHBIX
oceit X,Y,Z
ITapameTpsr
N n/n Onucanue Pazmepnocts | [lnanazon
1,2,3 Hauanbsubie koopauHaTel TOUku Bl M - RLmax...
+RLmax
4,56 Hauanbsubie koopauHaThl TOuku B2 M - RLmax...
+RLmax
7,8,9 Hauanpubie KoOpAMHATHI TOUKH A M - RLmax...
+RLmax
10,11,12 | HayanbHble KOOpAUHATHI TOUKU D M - RLmax...
+RLmax
[Ipu coBnaneHun
C KOOpAMHATAMH
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N /o

Onucauue

PasmepHOCTB

Junanazon

13,14,15

16

17

18

19...

Hauanbnasie koopaunatel Touku C

JKecTKOCTh CBSI3M ITPH B HAIPABJICHUHT
11000i ocH, IPOXOIAIIEeH Yepe3 TOUKY
A (ocH 3ampenIeHHBIX TIEPEMEIIICHHN )

VYrioBas (KpyTHIbHas1) )KECTKOCTh
CBSI3U BOKPYT OCH,
MEPIEHIUKYIISIPHOM IIIOCKOCTH
PacIoIoKeHUs! KpeCTOBUHBI (OCh
3aMpereHHOro MOBOPOTA)

Mapxkep (4uciaeHHas BEJINYMHA,
OTJENSIONIAs OIHY TaOIHIly 3HAUCHHH

OT JIpYTOi)

Tabnuma 1 - mapsl uncen,
OTIPEICTISIONINE KYCOYHO-TUHEHHYIO
aNIPOKCUMAITUIO 3aBUCHMOCTH
YIPYToro KpyTsIIero MOMEHTa OT
yria noBopota 1-ro rena
OTHOCHUTEIILHO 2-TO BOKPYT OCH Z.

B xaxnoui mape yuncei:

H/m

H-m/pao

paod/c, Hm

TOYKH A
HaYaIbHOE
MOJIOKEHUE OCH
CBSI3M COBIIAAET C
HaIpaBJICHUEM
ocu Z ri1o0anpHoMH
CHCTEMBI
KOOpJIUHAT

- RLmax...
+RLmax

Ecau nexxurt Ha
ocu AD, To
HadaJbHOE
MOJ0KEHHUE Oceit
X,y Omnpenensercs
10 YMOJIYAHHUIO:
TMOBOPOTOM
rI100aIbHON
CHCTEMBI
KOOpAHHAT
BOKPYT OCH,
MEepHEHIUKYISIPHO
M TIJTIOCKOCTH
PacCIoNOXKEHUs
oceu Z,z no ux
COBMCIIICHUS.

>0

Pexomennyercs
10* - 10",

>0

Pexomennyercs
10° - 10"

- RLmax...
+RLmax

Tab6numa gomkHa
co/iepXKaTh HE
McHee 4-X
3HaYCHHM (2
napsbl).

3HayeHue yria
MOBOPOTA JOJIKHO
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N /i Onucanue Pasmepnocts | [lnanazox
MepBOE YHCIIO - YToJl HoBOpoTa 1-ro BO3pacTaTh OT
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH MepBOM Maphbl K
CBSI3U [paJivaHbl| HOCIETHEN.
BTOPOE YUCJIO - KPYTSIIUNA MOMEHT He nonyckaercs
[H*m] HHCTIAJAOIINX

y4acTKOB
anmnpoKCUMAallUH.
Ilpu nyneeom
3HaueHuu yena
annpoKcumMayusl
00.J19iCHA
obecneuusams
HyJlegoe 3HaueHue
MoMmeHma.
Mapkep Paeno snauenuro
napamempa 18
Tabnuma 2 - mapel yncer, pao/c, Hm | Tabnuia nomkHa
OMpEIETAIONINE KYCOUYHO-TUHEHHYIO co/iepXxaTh He
anmnpoOKCUMAIMIO 3aBUCUMOCTH MeHee 4-X
BSI3KOTO KPYTSIIETO MOMEHTA OT 3HauYeHU (2
YIJIOBOM CKOpOCTH 1-ro Tena Tapsl).
OTHOCHUTENBHO 2-T'0 BOKPYT OCH Z . 3
HaueHue
B xaxno¥i mape uucein: YIJI0OBOM CKOPOCTH
MepBOE YKCIIO — YIIJIOBast CKOPOCTh 1- JIOIDKHO
r'O TeJIa OTHOCUTENIBHO 2-TO BOKPYT BO3pacTath ot
OCH CBS3M [paiiaHbl B CEKYHY | TCpBOH TapBI K
MOCIIEHEH.
1{3;1[;36 YHCIIO - KPYTSIIUHA MOMEHT He donycxaemes
HUCNAOArOWUX
YUACMKO8
annpoKcUMayuu.
Ilpu nyneeom
3HaueHUuu y2no60u
cKkopocmu
annpokcumMayusl
002ICHA
obecneuusamo
HyJle6oe 3HaueHue
MoMeHma.
Mapxkep Pasno snauenuro
napamempa 18
Tabnuma 3 - mapsl uncen, pao/c, Hm | Tabnuma nomkHa

OTIpeICIISIONINE KyCOUYHO-TUHEHHYIO
arnmpOKCUMALIUIO 3aBUCUMOCTH

co/iepXKaTh HE
menee 4-x
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N /i Onucanue Pasmepnocts | [lnanazox
YIPYTOro KpyTsAIIEro MOMEHTA OT 3HaYCHHM (2
yTria noBopota 1-ro rena napsbl).
OTHOCHUTEJIBHO 2-T0 BOKPYT OCH X.

3HayeHue yria
B xaxpnou nape uuce: [IOBOPOTa JOJDKHO
BO3pacTarh OT
IIEPBOE YMCIIO - YroJl HOBOpoTa 1-ro 9
MepBOM Maphbl K
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH .
MOCJIETHE.
CBSI3U [paJivaHbl|
. He nonyckaercs
BTOPOE YUCJIO - KPYTSIIUA MOMEHT
* HHUCIIAIAf0IINX
[H*Mm]
y4acTKOB
aInIpOKCUMALUH.
Ilpu nyneeom
3HaueHuu yaua
annpoxcumayus
oondicHa
obecneyusamy
HyJle8oe 3HaueHue
Momenma.
Mapkep Paeno 3nauenuro
napamempa 18
Tabnuma 4 - mapel yncern, pao/c, Hm | Tabnuima nomkHa

OIPEIEIAOINE KYyCOYHO-TUHENHYIO
AIMIPOKCUMALIAIO 3aBUCUMOCTH
BA3KOT'O KPyTANIECTO MOMCHTA OT
YIJIOBOM CKOpOCTH 1-ro Tena
OTHOCHUTENBHO 2-T0 BOKPYT OCH X .

B xaxnoui mape uuncein:

IIEPBOE YHCIIO — YIJIOBask CKOPOCTh 1-
r'0 TeJla OTHOCUTEIBHO 2-T0 BOKPYT
OCH CBS3M [paiiaHbl B CEKYHY |

BTOPOE YUCIIO - KPYTSAIIUA MOMEHT
[H*m]

co/iepXxaTh He
MeHee 4-X
3Ha4YeHH (2
Taphl).

3HayeHue
YIJI0OBOM CKOPOCTH
JTOJIKHO
BO3pacTarh OT
IIEpBOM Napsbl K
HOCIETHEN.

He oonyckaemcs
HUCNAOArOWUX
YHacmKo8
annpoxcumayui.

Ilpu nyneeom
SHAYEHUU Y2n0801l
cKkopocmu
annpoxcumayus
O00JICHA
obecneyusamo
HyJe8oe 3HaueHue
MoMeHma.
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | /[Inamason

1 ITonHAS OCEBASI AE®OPMALIMS CBSI3U M

2 VYrnoBas aedopmanus cBsi3u BOKPYT OCH Z pao

3 VYrnoBas gedopmariusi CBsI3U BOKPYT OCH X pao

4 VYrnoBas negopmaiius CBsI3M BOKPYT OCH Y pao

5 VYrioBasi CKOpOCTh OTHOCUTEIIBHOTO pao/c
BpAaIICHUSI BOKPYT OCH Z

6 VYrI10Bas CKOPOCTb OTHOCUTENBHOIO pao/c
BpallleHUs1 BOKPYT OCH X

7 [Tonnas oceBas ynpyrasi peakuus CBA3U H

3 VYrpyruii MOMEHT peakiu CBSI3U BOKPYT H
OCH Z.

9 VYrpyruii MOMEHT peakiu CBSI3U BOKPYT H
OCH X.

10 VYrpyruii MOMEHT peakiiu CBSI3U BOKPYT H
OCH .

1 JlvuccunaTuBHBIN KPYTAUIMA MOMEHT BOKPYT H
OCH Z.

12 JlvccunaTuBHBIN KPYTAUIMA MOMEHT BOKPYT H
OCH X.

13.14. 15 YrnoBsie ckopoctr BOKpyT oceit I'CK miis pao/c

o l-ro Tena
16.17. 18 YrnoBsie ckopoctr BOKpyT oceit ['CK aiis pao/c

2-10 Tena
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4.4.1.6.LUlunuHapuyeckoe coeanHeHue ABYX Ten CYLDR
OtobOpakaeMble CBONCTBA

X

Mogenp mpenHa3HauY€Ha Ui BOCIPOU3BEICHUS CBOMCTB COCAMHEHUS JBYX a0OCOJIOTHO
JKECTKMX TeJl MEePEeMEILAIIUXCd B IPOCTPAHCTBE B TOM CiIy4yae, KOIrJa pa3perieHo
OTHOCHUTEJIbHOE MEPEMEIICHUE U BpAIlEHUE OTHOCUTEIBHO HEKOTOPOW MPOCTPAHCTBEHHOM OCH.
®uU3MYECKU TAKOE€ COEJUHEHHWE SKBUBAJCHTHO LMJIMHIPUYECKUMM HaIpaBiIsomUM. B Touke
COEIMHEHMS TeJl BOCIPOU3BOASITCS YIPYTHE U BA3KUE XapaKTEPUCTUKU CBSI3U IPU NIEPEMEILIEHUN
BJIOJIb U BPAILLIEHUH BOKPYT OCHU CBSI3U.

JlBa aOCONIOTHO JXKECTKHX Teja, MPOCTPAHCTBEHHOE JBHKCHHE KOTOPBIX OMpPEIeseTCs
nepeMeneHUsIMU (TTOCTYIATeIbHBIMU U YTJIOBBIMH) COOTBETCTBEHHO Touek B1 u B2, coenuneHsl
CBA3bIO, pa3pellalollel NepeMeIleHre BOIb U BpalllEHUE BOKPYI MPOCTPAHCTBEHHOW OCH z (B
JAIbHEUIIEM OCh CBSI3M). 3alpelieH0 OTHOCUTENIbHOE BpallleHHuEe Tel BOKPYT OCTaJbHBIX OCEH.
Teky1iee NOJI0XKEHUE OCH Z TOJHOCTHIO ONPENENIIeTCsl TEKYIIUM YTJIOBBIM TOJI0KEHHUEM 000MX
ten. HavanbHOe MOJOKEHHME OCH z CBSI3U ompezaensercs 3anaHueM Touku D. HawanbsHoe
II0JIO’KEHUE OCEH X,)’ Ha BBIYUCIIEHUS HE BIUSAET U 3a/1a€TCS 110 YMOIYAHUIO.

Ocp MaTepUHCKOTO Tena (BTYJKH) CBsi3aHa ¢ TOUKOM Al, OCh JE€TCKOTO (CTEpIKHS) Tesla — C
TOYKOH A2, NpuHAAJIEKALMMU I[IEPBOMY M BTOPOMY TElly COOTBETCTBEHHO. B HauanbHbIN
MOMEHT BpeMeHH Toukd Al m A2 comagaror. B obmem ciyuae toukn Bl m B2 moryr
coBmnaatk ¢ Toukoit A. Touku B1 u B2 MoryT He OBITH IIEHTpaMu Macc Tell.

Hauano koopauHar cBs3u pacnosioxkeHo B Touke A. [IpocTpaHCTBEHHOE MOJI0KEHUE TOYKU
A COBIAAaeT C TreOMETPUYECKUM IEHTPOM BTYJIKHM — Toukod Al. Takum oOpasom, Hayano
KOOPJIMHAT CBSI3U KECTKO CBA3AHO C TEJIOM 1.

B3aumoneiictBue Mexay TelamMM B TOYKE CBSI3U  OINpPEAENAeTCS  CIEAYIOIUMU
XapaKTEPUCTUKAMHU CBSI3U:
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JXecTKoCThIO CBSI3M IPU OTHOCUTEIBHOM CMELIEHWU Tel BJOJb OCH CBS3H.
KectkocTh cBsi3u 3a1aeTcst TaOIUIEH 3aBUCHMOCTH YIPYTOM CHUJIBI BIOJb OCH
CBSI3U OT TepeMelleHHs | Tela OTHOCUTENILHOTO 2-I'0 B HANIPAaBJIEHUH OCH CBSI3H.
Bs13KOCTBIO CBSI3M IpU OTHOCHTEIBHOM CMEIIEHHWU TE BJOJIb OCH. Bs3kocThb
CBS3H 3a7aeTCs TAOIUIEH 3aBUCUMOCTH AUCCUMATUBHOM CHIBI BIOJIL OCH CBSI3HU
OT CKOPOCTH TEpEeMENIeHNs 1-ro Tena OTHOCUTENIBHO 2-I0 B HAIIPABJIEHUU OCHU
CBSI3H.

JXecTKoCThIO CBSI3U TPU OTHOCUTEIBHOM IOBOPOTE Tl BOKPYI OCH CBS3H
(KpYTHJIBHOM KECTKOCThbIO CBsI3M). JKecTkocTh CBsi3M 3amaercss TaOIuuen
3aBHCUMOCTH YIPYIOro KpyTSIIEro MOMEHTa BOKPYI OCH CBA3M OT yIja
noBOpoTa | Texa OTHOCUTENBHOIO 2-I0 BOKPYT OCHU CBSI3H.

BsaskocTteio  cBsI3HM IIpru OTHOCHUTCIBHOM Bpall€HUHU BOKPYI' OCH CBA3HU
(KpyTHIIbHasE BSA3KOCTh). BS3KOCTh CBs3M 3adaercss TaOMuIed 3aBUCUMOCTH
JVCCUITATUBHOTO KPYTAIIEr0O MOMEHTA BOKPYT OCH CBSI3H OT YTJIOBOM CKOPOCTH
BpallleHus 1-ro Tena OTHOCUTENIBHO 2-T0 BOKPYT OCH CBSI3H.

Hckmouenne (MUHMMM3AIMS) OTHOCUTENBHBIX IE€pPEMEIIeHUN BIOJNb JAPYTUX OCed U
BpalICHUN B IJIOCKOCTH, ITEPIIEHIUKYIISPHBIX OCH CBSI3U OCYILECTBJICHO ITyTEM 3aaHUs:

0O0JIBIION KECTKOCTH B pajlajIbHOM HAMpPaBICHUH (B IJIOCKOCTH, MPOXOASIIEH
4yepe3 OCh BpalleHNUs)

OonbIIOW M3TMOHOM KEeCTKOCTH (B IUIOCKOCTH, MPOXOAAILIeH uepe3 och
BpAIICHUS).

Crerneant cBOOOIEI

1,2,3 [ToctynatenbHble Touku B1 B HampaBieHnu rino0aibHBIX KOOPIUHATHBIX
oceit X,Y,Z.
4,5,6 Bpamarensabie Touku B1 oTHOCHTENBHO TII00AIBHBIX KOOPAUHATHBIX
oceit X,Y,Z
7,8,9 [ToctynaTenbHble Touky B2 B HampaBieHnn ri100aibHBIX KOOPIUHATHBIX
oceit X,Y,Z.
10, 11,12 Bpamarensabie Touku B2 0THOCHTENBHO TII00AIBHBIX KOOPAUHATHBIX
oceit X,Y,Z
[TapameTpsl
N /i Onucanue PasmepnocTs | [lnanazon
1,2,3 Hauanbnusie koopuHaThel TOUku Bl M - RLmax...
+RLmax
4,56 HauanbHabie koopauHaThl TOUKU B2 M - RLmax...
+RLmax
7,8,9 Hauanbabie KoOpIMHATHI TOYKH A M - RLmax...
+RLmax
10,11,12 | HavanbHble KOOpAUHATHI TOYKH D M - RLmax...
+RLmax
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N /i Onucanue PasmepnocTs | [lnanazon
[Tpu
COBIAJECHUHU C
KOOpJIWHATAMU
TOYKH A
HadaJIbHOE
IIOJI0KEHUE OCH
CBSI3U COBITaJA€ET
C HarpaBJICHUEM
ocu Z
ri00anBHOM
CUCTEMEI
KOOPJAUHAT

13 JKecTkocTh CBS3M B paJiiaibHOM H/m > ()
HampaBJIeHUH (B IUIOCKOCTH, IIPOXOIAIIEN

p ( » IPOXOIAIL Pexomennyercs
4epe3 OCh CBSI3H) 10° — 1010

14 YrnoBas (M3ruOHas ) )KECTKOCTh CBSI3U H-m/pao >0

BOKPYT OCH, TIEPIICHIUKYIIPHOH
Py » HICPIICHA 3”] p Pexomennyercs
IIJIOCKOCTH, MPOXOJSIIEH uepe3 OCh CBS3U 10°— 107

15 Mapkep (urciieHHast BEJIMUNHA, - RLmax...
OTJIENISIFOIIAst OTHY TaOJIUITy 3HAUEHUI OT +RLmax
Apyroii)

16... Tabnuma 1 - mapsl 4rcen, OnpeIesFoIIe M, H Tabmuma
KYCOUYHO-JTMHEUHYIO alllpOKCUMAIINIO JOJKHA
3aBUCUMOCTH YNPYTOW CUJIBI OT co/iepKaTh HE
nepeMenieHus 1-ro Tejsa OTHOCUTENBHO 2- MmeHee 4-x
r0 BIOJIb OCH CBS3H. 3Ha4YeHU (2

o Mapel).
B xaxnoui mape uuncein: pe1)
3HaueHue
MEepBOE YKCIIO - CMEIlIeHHuE 1-To Tena
CMEIIECHUS
OTHOCHUTEIBHO 2-TO BJIOJBOCH CBSI3H [M]
JOJIKHO

BTOPOE YUCIIO - KpyTAmMi MomeHT [H]

BO3pacTaTh OT
IIEPBOM Iapbl K
IIOCJIETHEN.

He nomyckaercs
HUCHAIAIOIINX
Y4acTKOB
anmnpoKCUMaluu

Ilpu nynesom
3HAYEeHUU
cmeuenus
annpoxcumayus
00IdHCHA
obecneyusama
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N /o

Onucaunue

PasmepHOCTB

Junamnazon

Mapkep

Tabnuma 2 - mapsl 4rcen, OMPeIesIFOIIIe
KYCOYHO-JTMHEHHYIO alllpOKCUMAIIHIO
3aBUCHUMOCTH BSA3KOM CHJIBI OT CKOPOCTHU
1-ro Tesa OTHOCUTENBHO 2-T'O BAOJEL OCH
CBSI3U.

B xaxmoui mape uucein:

IIEPBOE YMCIIO — YIJIOBask CKOPOCTh 1-r0
TeJla OTHOCUTENIBHO 2-T0 BOKPYT OCH
CBSI3M [pa/ilvaHbl B CEKYHAY |

BTOPOE YHUCJIO - KPyTAMMi MOMEHT [H*M]

Mapxkep

Tabnuia 3 - mapbl 4uces, ONpeaesIonue
KYCOYHO-JIMHEHHYIO alllIPOKCUMALINIO
3aBUCUMOCTH YIIPYTOr0 KPYTSIIETO
MOMEHTA OT yIJla IOBOpoTa 1-ro Tena
OTHOCHUTEJILHO 2-T0 BOKPYT OCH
OTHOCUTCIBbHOT' O BpaH_leHI/ISI.

B xaxno¥i mape uucein:

MepBOE YKCIIO - YroJl MoBopoTa 1-ro tena
OTHOCHUTEJILHO 2-TO BOKPYT OCH CBSI3U
[pamuansi]

mle, H

pao, Hm

Hylegoe
3HaQYeHue CUbl.

Pasno
3HAYEeHUI0
napamempa 16

Tabmuma
JIOJIKHA
co/iepKaTh HE
MeHee 4-X
3Ha4YeHU (2
Tapsl).

3HaucHUE
CKOpOCTH
JIOJKHO
BO3pacTaTh OT
IIEPBOM Iapbl K
IIOCJIETHEN.

He
odonyckaemcsi
HUCNAOAIOWUX
V4acmkos
annpoxkcumayuu

Ilpu nyneeom
SHAYeHUU
cKopocmu
annpoxcumayus
00JIICHA
obecneyusams
Hyne8oe
3HAYeHUue CUbl.

PaBHO
3HA4YEHUIO
napamerpa 16

Tabnuma
JOJIKHA
coJiepKaTh He
MeHee 4-X
3HaUYCHUH (2
napsbl).

3HayeHue yria
MOBOPOTA
JTOJI’KHO
BO3pacTaTh OT
MEepBOI Mapbl K
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N /o

Onucaunue

PasmepHOCTB

Junamnazon

BTOPOE YHUCJIO - KPyTAMMiA MOMEHT [H*M]

Mapkep

Tabnuma 4 - mapsl 4rcen, ONMPeIesIFOIIIe
KYCOUYHO-JTMHEIHYIO alpOKCUMAIIHIO
3aBUCHUMOCTH BSA3KOT'O KPYTSIIETO
MOMEHTA OT YIJI0BOM CKOpOCTH 1-TO Tena
OTHOCUTEIBHO 2-T0 BOKPYT OCH
OTHOCHUTEJILHOTO BpaICHHUS.

B xaxnoi nape uuce:

MepBOE YHCIIO — YIIIOBask CKOPOCTh 1-T0
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH
CBSI3U [paJiiaHbl B CEKYHIY |

BTOPOE YHCJIIO - KpyTAmid MoMeHT [H*Mm]

paod/c, Hm

IIOCJIETHEN.

He nomyckaercs
HUCHAIAIOIINX
Y4acTKOB
anmnpoKCUMaluu

Ilpu nynesom
3Ha4eHuu yena
annpoxcumayus
00JIICHA
obecneyusamso
HYIe8oe
3HaYeHue
MoMmeHma.

PaBHO
3HAYCHUIO
napametpa 16

Tabmuma
JIOJIKHA
co/iepKaTh HE
MeHee 4-X
3Ha4YeHU (2
Tapsl).

3HaueHue
YIJI0BOM
CKOpOCTH
JTOJI’KHO
BO3pacTaTh OT
MepBO Mapbl K
MOCJIETHEN.

He
donyckaemcsi
HUCNAOAIOWUX
Y4acmkos
annpoxkcumayuu

Ilpu nynesom
3HAYEeHUU
yenosou
cKopocmu
annpoxcumayus
00JIICHA
obecneyusams
Hye8oe
3HaYeHue
MoMmeHma.
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [lnanazoH

1 OceBas nedopManus CBsI3H M

2 PagnanbHas negopmanus csizu M

3 VYrnoBas gedopmariuisi CBsi3u B INIOCKOCTH, pao
MPOXOJIALLEH Yepe3 0Ch

4 VYrnoBas gedopmariusi CBsI3u BOKPYT OCH pao
CBSI3U

5 CKOpOCTh OTHOCUTENBHOTO MTEpEMELICHUS Mm/c
BJIOJIb OCH

6 VYrioBasi CKOpOCTb OTHOCUTEIIBHOTO pao/c
BpaIeHUsI BOKPYT OCH

7 OceBas peakuusi CBsI3U H

8 PaananbsHas peakuust cBA3M H

9 Yrpyruii MOMEHT peakLMU CBS3U B Hhd
IJIOCKOCTH, MPOXOASAIIEH uepe3 OCh.

10 Yipyruii MOMEHT PEakLiiU CBSI3U BOKPYD H
OCH CBSI3H.

11 JluccunaTrBHas cujia BJ0JIb OCH CBS3U H

12 JlvuccunaTuBHBIN KPYTAUIUA MOMEHT Hi
BOKPYT OCH CBSI3U
YrnoBsie ckopoctr BOKpyT oceit I'CK miis pao/c

13, 14, 15
l-ro Tena

16.17. 18 YrnoBsie ckopoctr BOKpyT oceit ['CK aiis pao/c

b b

2-10 Tena
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4.4.1.7.NMoBoOpOTHOE coeaUHEHNEe ABYX Ten ROT1
OtobOpakaeMble CBONCTBA

Mopnenps npenHa3HaueHa JUIsl BOCIPOM3BEIECHUS CBOWCTB COEOUHEHMSI JABYX aOCOJIIOTHO
KECTKUX TeJ IEPEMEUIAIOIINXCS B IPOCTPAHCTBE B TOM Clly4ae, KOIZa pa3pelieHo HX
OTHOCHUTEJIbHOE BpallleHHE BOKPYT OJIHOM, B OOLIEM cilyyae MOJBHUKHOW, KOOPAMHATHON OCH.
@U3NYeCKH TaKOE COCIUHEHUE DKBUBAJECHTHO LWJIMHAPUYECKOMY IOALIMUIHUKY C
OTpaHMUYEHUEM OCEBBIX IEpeMelIeHU. B Touke coequHeHust Tea BOCIPOU3BOIATCS yNpyrue u
BA3KUE XapaKTEPUCTUKH CBSI3U IIPU BPAILIEHUU BOKPYT OCU COCIUHEHMS.

JIBa aOCONIOTHO KECTKHX TeJjla, MPOCTPAHCTBEHHOE IBUKEHHE KOTOPBIX OMNpEIeIseTcs
nepeMeIeHusIMH (IIOCTyNaTeIbHBIMU M YTIIOBBIMH) COOTBETCTBEHHO Touek B1 u B2, coeaunensl
CBA3bIO, 3alpelIaloleil BpalleHWe BOKPYI JIByX B3aUMHO NEPIEHIUKYJSPHBIX OcCed X,y U
nepeMelleHne B0JIb TpeThell ocu z (IpU He0OXOAUMOCTH, NepeMEIEHHE BI0JIb OCH Z MOXET
ObITh pasperieHo). Tekylllee MOJ0KEHUE OCU Z MOJHOCTBIO OINpPENENsSeTCs] TEKYIIUM YTJI0BBIM
noJjoxkeHueM odoux Ten. HayanpHoe moio’keHHe OCH z CBSI3U OIpeeIIeTCs 3aJaHueM TOUKH D.
HavanbHoe nonoxeHue oceil x,y Ha BBIYUCIICHUS HE BIMSET U 337a€TCs [10 YMOJIYaHHUIO.

LlenTtp cBs3u pacnonoxeH B Touke A. B o0miem cirydae Touku B1 n B2 moryT coBnanats ¢
Toukoi A. Touku Bl u B2 moryT He ObITh LIEHTpaMu Macc Tel.

B3aumoneiictBue MexIy TelaamMM B TOYKE CBSI3U  ONPEAEIAETCS  CIEAYIOIIHUMU
XapaKTEPUCTUKAMU CBSI3H:

*  JKecTKOCTBIO CBSI3M IPU OTHOCHUTEIBHOM IIOBOPOTE TEJN BOKPYI OCHU CBSI3U
(KpyTHJIBHOH KECTKOCTBIO CBsi3M). JKECTKOCTh CBSI3M 3a/aeTcsl TaliuIei
3aBUCHUMOCTH YNPYTOro KpYTAIIETO MOMEHTa BOKPYI OCH CBSI3M OT YIUIa
MoBOpoTa 1 Tena OTHOCUTENBHOTO 2-TO BOKPYT OCH CBSI3H.

* BA3KOCTBIO CBSI3M IPU OTHOCUTEIIBHOM BpALLEHUM BOKPYI OCH CBS3HU
(KpyTHJIbHasE BA3KOCTh). Bs3KOCTh CBsA3M 3agaercss TabMuIedl 3aBUCUMOCTH
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JMCCUNIATUBHOTO KPYTSILIETO MOMEHTA BOKPYT OCH CBSI3U OT YIJIOBOM CKOPOCTH
BpallleHus1 1-ro Teaa OTHOCUTEIBHO 2-T0 BOKPYT OCH CBSI3H.

Hckmouenne (MUHUMM3AIMS) OTHOCUTENBHBIX IEpEeMEIIeHUH BAONb JIOOBIX Oce U
BpalllEHUH B IUIOCKOCTH, NEPIEHIUKYIISIPHBIX OCH CBSA3M OCYILLIECTBICHO MYTEM 3aJaHMs:
*  0OJBIION KECTKOCTU B paJuaIbHOM HAINpPaBICHUH (B IUJIOCKOCTH, IMPOXOASIIEH
4yepe3 OCh BpalleHNus)
*  OOJBIIOH KECTKOCTH B OCEBOM HAIIPABICHUHU (B/IOJIb OCH CBSI3M).
*  OonpIION W3rHOHOW JKECTKOCTH (B IUIOCKOCTH, TPOXOJSIIEH dYepe3 OcCh
BpaIeHus ).

B cnyuwae 3agmaHMs OCEBOM JKECTKOCTM PpABHOM HYIK MOJENb BOCIPOU3BOIUT
[WIMHAPUYECKUH TOMIIMITHUK 03 OrpaHWYeHHs] OCEBBIX CMEHICHWH JBYX Tel JpyT

OTHOCHUTCIIBHO Apyra.

Crenenu cB0oOOIBI

1,2,3 IToctynatenbHple Touku B1 B HanmpaBiaeHUH TII00ATbHBIX KOOPAMHATHBIX
oceit X,Y,Z.
4,56 Bpamarensabie Toukn B1 0THOCHTENBHO TII00AIBHBIX KOOPIUHATHBIX
oceit X,Y,Z
7,8,9 IToctynarenbHple TOUkH B2 B HampaBiaeHUH TII00ATbHBIX KOOPAMHATHBIX
oceit X,Y,Z.
10, 11, 12 Bpamarensabie Toukr B2 0THOCHTENBHO TII00AIBHBIX KOOPIUHATHBIX
oceit X,Y,Z
IlapameTpnl
N /it Ornucanue PasmepHoCTD Juanazon
1,2,3 Hauanbsubie koopanHaTel Touku Bl M - RLmax... +RLmax
4,56 Hauanbnabie koopauHaThl TOUKH B2 M - RLmax... +RLmax
7,8,9 HauanbHbie KoOpAMHATBHI TOUKU A M - RLmax... +RLmax
10,11,12 | HavanbHble KOOPAUHATHI TOYKH D M - RLmax... +RLmax
[Ipu coBnagenuu c
KOOpJAMHATAMHU TOYKH
A HavanpHOE
MTOJIOKEHUE OCH CBSI3H
COBITQ/IACT C
HaMnpaBJIEHUEM OCH Z
r100aJIbHOM CUCTEMBI
KOOpAWHAT
13 KectkocTb CBSI3U B paiuaibHOM H/m >0
HarpaBJIeHUH (B TUIOCKOCTH,
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N /i Onucanue PasmepHOCTB Jnana3oH

MPOXOJISAIICH Yepe3 OCh CBS3M) Pekomenayercs 10° —
10".

14 VYrnoBast (u3ruOHas ) KECTKOCTh H-wm/pao |>0
CBA3HM BOKPYT OCH, | Pexomenyercs 10° —
MEPIEHMKYISPHOH II0CKOCTH, 107,

MIPOXOJIALIEH Uepe3 OCh CBA3H

15 JXecTKoCTh CBSI3M B OCEBOM H/m >0

HarpaBJeHUU (BJOJIb OCU CBSI3H) Pexomenyercs 10° —
10".
[Ipu 3apanuu
HYJIEBOU JKECTKOCTH
peanuzyercs
MPOCTPAHCTBEHHBIN
WTHHIPUYECKHIA
MOIIIUIIHUK 0€3
OTPaHUYEHUS OCEBBIX
epeMenIeHun

16 Mapxkep (urcrieHHas BEIUYUHA, - RLmax... +RLmax
OTJIEJISIIONIAst OAHY TaOIHILy
3HaYEHUH OT APYTOii)

17... Tabnuma 1 - mapsl uncen, pad/c, Hm | Tabmuma moinkHa
OTIpeACIISAIONINE KyCOYHO- coJlep>KaTh HE MEHEee
JMHEWHYIO arpOKCUMALINIO 4-x 3HaueHH (2
3aBHCHMOCTH YIIPYTOTO KPYTSIIEro mapbl).

MOMEHTa OT yrjla HoBopora 1-ro 3HaueHne YIIa
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH
MOBOPOTA JOIHKHO
OTHOCHUTEIILHOTO BpPaIICHUSI. BOSPACTATH OT IIEPBOik
B xaxxnou mape yuncein: 1aphl K IMOCIEIHEN.
IIEPBOE YMCIIO - YroJl HOBOpoTa 1-ro He nonyckaercs
TeJa OTHOCUTENIBHO 2-TO BOKPYT OCH HUCHAJAIOIINX
CBSI3U [pajiaHbI| Y4aCTKOB
BTOPOE YHUCIIO - KPYTSIIUNA MOMEHT AMIPOKCHMATLIH.
[H*M] Ipu nyneeom
3HaueHuu yena
annpoKcuMayusl
00./19iCHA
obecneyusamo
HYyJlegoe 3HaueHue
MoMmeHma.
Mapxkep Pagno suauenuro
napamempa 16
Tabnuma 2 - mapsl uncen, pao/c, Hm | Tabnuua nomxHa
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N /i Onucanue PasmepHOCTB Jnana3oH
OTIPEIETIAIONINE KYCOYHO- CoJIepXKaTh HE MEHEe
JIMHENHYIO0 alllIPOKCUMALIMIO 4-x 3HaueHui (2
3aBUCHUMOCTH BS3KOTO KPYTSIIETO Taphl).

MOMEHTa OT YIJIOBOM CKOpPOCTH 1-TO .
3HaueHue yriioBoi

TeJa OTHOCUTEIBHO 2-TO BOKPYT OCH
CKOPOCTH JTOJKHO

OTHOCHUTEJILHOT'O BPALIICHUSI. .
BO3pacTaTh OT MNEPBOU

B xaxnoui mape uucein: Maphl K MOCIETHEH.

MEePBOE YKCIIO — YIIIOBask CKOPOCTh He oonyckaemcs

1-To Tena OTHOCHTEILHO 2-TO HUCNAOAroWUxX

BOKPYT OCH CBSI3U [paJiuaHbl B YUACMKO8

CeKyHIY ] annpoxcumMayuu.

BTOPOE YUCJIO - KPYTSIIUA MOMEHT Ilpu nynegom

[H*m] 3HAYeHUU y2n080U
cKkopocmu
annpoxcumayus
002ICHA
obecneuusamo
HyJe8oe 3HaueHue
MOMeHma.

Pabouwii BekTOp
N n/n Onucanue Pazmepuocts | [lnamazon
1 OCEBASI IEGOPMAIMSI CBSI3U M
2 Panunanshas nedopmarus cBs3u M
3 VYrioBas aedopmariyisi CBsI3u B INIOCKOCTH, pao
MPOXOJSAIICH Yepe3 0Ch

4 VYrnoBas negopmManusi CBI3H BOKPYT OCH pao
CBSI3U

5 VYrioBasi CKOpOCTb OTHOCHTEIIBHOTO pao/c
BpalIEHUsl BOKPYT OCU

6 OceBas peakuust CBA3U H

7 PagnanbsHas peakuust cBsA3u H

3 VYrpyruii MOMEHT peakiiu CBS3U B Hi

IIJIOCKOCTH, NIPOXOAAIIECH Yepes3 OCh.
9 VYrpyruii MOMEHT peakiu CBSI3U BOKPYT Hi
OCH CBSI3H.
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N /i Onucanue Pasmepnocts | [lnanazox
10 JlvuccunaTUBHBIN KPYTAUIUA MOMEHT Hi
BOKPYT OCH CBSI3U
11.12. 13 Yrnossie ckopoctr BokpyT oceit I'CK miis pao/c
T l-ro Tena
YrnoBsie ckopoctr BOKpyT oceit I'CK miis pao/c
14, 15, 16
2-ro Tena
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4.4.1.8.Cchepuryecknin WapHMp ROT3

Oto0OpaxaeMble CBOWCTBA

Mopnenbs npenHa3HaueHa JUIsi BOCIPOM3BEIECHUS CBOWCTB COEOUHEHMS JABYX aOCOJIIOTHO
JKECTKUX TeNl TMEepeMEelIalonMXcs B TMPOCTPAHCTBE B TOM Cily4yae, KOrJa pas3peuieHo
OTHOCHUTEJIbHOE BpAaIlleHHE BTOPOrO Tejda BOKPYT TPEX B3aUMHO NEPIEHIUKYJSPHBIX OCel,
JKECTKO CBSI3aHHBIX C TepBbIM. DU3NYECKH TaKOe COECTUHEHHE IKBUBAJICHTHO chepuiueckomy
niapHupy. B Touke coerHEHUs Ten BOCIPOU3BOIATCS YIIPYTUe U BA3KUE XapaKTEPUCTUKH CBSI3U
MIPY BPAIIEHUH BOKPYT OCE pa3pelIeHHOro MOBOPOTa.

JIBa aOCONIOTHO KECTKHX TeJja, MPOCTPAHCTBEHHOE IBUKEHHE KOTOPBIX OMNpEIeIseTcs
nepeMeneHUsIMU (TMTOCTYTATENbHBIMU U YTJIOBBIMH) COOTBETCTBEHHO Touek B1 u B2, coenuHeHs!
B TOUKE A CBS3bl0, pa3pellaronieii OTHOCUTENbHOE BpalleHUE 2-T0 Tejla BOKPYT TPEX B3aUMHO
NEPIEeHIUKYISIPHBIX OCeH X,,);,z;, ONPEIENSIONNUX MPOCTPAHCTBEHHOE MOJIOKEHUe 1-ro Tena.
OTHOCUTENBHBIE TIEPEMENICHHUS TNl B TOYKE CBA3M A 3ampeiieHbl. TeKyliee MoJ0KeHHEe ocei
CUCTEMBl KOOpPAMHAT AX)yz TOJHOCTBIO OMPEACNAIOTCS YIJIOBBIM TMOJIOKEHHEeM Tena 1 u
napajiesibHO cucteme koopauHaT Blx;y,z;. HavanbHOoe mONOXKEHHME OCH z ONpENeseTcs
3amaneM Touek A u D. Touka C coBMecTHO ¢ Toukamu A, D omnpenenser HayalabHOE
MTOJIOKEHUE TUIOCKOCTH AXz.

B o6miem ciydae Touku B1 u B2 MoryT coBnanate ¢ Toukoir A. Touku B1 u B2 moryT He
OBITH LIEHTPAMU Macc Tel.

B3aumopeiicTBue Mexay TelamMH B TOYKE CBS3M  OMNPEAENSeTCS  CIEAYIOIUMU
XapaKTEePUCTUKAMU CBSI3H:

*  JXecTkoCTAMM CBSI3U MPHU OTHOCUTEIBHOM IOBOPOTE TEJ BOKPYT OCEH Xx,,y;,z; 1-TO

Tena (KPYTHJIBHOW JKECTKOCTBhIO CBsi3M). JKECTKOCTh CBSA3M 3a4aeTcsl Talnuuei
3aBUCHUMOCTH YIPYTOro KpyTSIIEro MOMEHTa BOKPYTI OCH OT yria moBopora 1 Tena
OTHOCUTEILHOTO 2-T0 BOKPYT 3TOU OCH.
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*  Bs3KOCTSIMU CBSI3U NIPU OTHOCUTEIBHOM BpAIEHUH BOKPYT Oceil x;,V;,z; (KpyTUIbHAS
BSI3KOCTb). Bs3KOCTH CBsA3M 3ajmaercss TaOiuLeld 3aBUCUMOCTH JMCCHUIIATUBHOTO
KpYyTSIIEro MOMEHTa BOKPYT OCH OT YIJOBOM CKOPOCTH BpamieHus 1-ro Tena
OTHOCUTEIBHO 2-T0 BOKPYT 3TOH OCH.

Hckmrouenne (MMUHUMH3ALMSI) OTHOCUTENBHBIX TIEpEMEIICHU BJIONb BCEX OCell U

BpallleHUsI BOKPYT OCTaBLIEHCs OCcH (OCH )) OCYILECTBIEHO IyTEM 3aJaHus OOJIBIION KECTKOCTH
B OCEBBIX HAINPaBIICHUSX (BCE KECTKOCTH CYMTAEM PaBHBIMH MEXy c000i) — K=Kx=Ky=Kz.

Crenenu cB0oOOIBI

1,2,3 IToctynarenbHple Touku B1 B HampaBiaeHUH TII00ATbHBIX KOOPAMHATHBIX
oceit X,Y,Z.
4,56 Bpamarensabie Toukn B1 0THOCHTENBHO TII00AIBHBIX KOOPIUHATHBIX
oceit X,Y,Z
7,8,9 IToctynatenbHple TOukH B2 B HampaBiaeHUH TII00ATbHBIX KOOPAMHATHBIX
oceit X,Y,Z.
10, 11, 12 Bpamarensabie Toukr B2 0OTHOCHTENBHO TII00AIBHBIX KOOPIUHATHBIX
oceit X,Y,Z
IlapameTpnl
N /it Ornucanue Pasmepnocts | [lnamazon
1,2,3 Hauanbsubie koopanHaTel Touku Bl M - RLmax... +RLmax
4,56 Hauanbnubie koopauHaThl TOUKU B2 M - RLmax... +RLmax
7,8.9 HauanbHble KoOpAMHATHI TOUKU A M - RLmax... +RLmax
10,11,12 | HavanbHble KOOPAUHATHI TOYKH D M - RLmax... +RLmax
[Ipu coBnagenuu c
KOOpJAMHATAMHU TOYKH
A HavampHOE
MTOJIOKEHUE OCH CBSI3H
COBITQ/IACT C
HaNnpaBJIEHUEM OCH Z
r1100aJIbHOM CUCTEMBI
KOOpAWHAT
13,14,15 | HayanbHble koopauHaThl TOUku C M - RLmax... +RLmax
Ecnu nexxur Ha ocu
AD, To HaganbHOE
ITOJIOKEHNE OCEH X,y
onpenensercs no
YMOJTYaHHIO:
IIOBOPOTOM
rJ100aJIbHOM CUCTEMBI
KOOPAMHAT BOKPYT
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N /i Onucanue PasmepnocTs | [Ilnanaszon
ocH,
MEepIEHIUKYIISIPHOU
MJIOCKOCTH
PacCIIoIOKEHUS OCEN
Z,Z 10 UX
COBMEUICHUS.

16 JKecTkocTh CBA3M B HAIIPaBJICHUH H/m >0
000 OcH, IPOXOISIICH Yepes Pexomenzyercs 10° —
TOYKY A (OCH 3arpenieHHbIX 100,
nepeMenieHui)

17 Mapkep (urciieHHast BEJIMUNHA, - RLmax... +RLmax
OTJICNISFOIIAsT O/THY TAOIHILY
3HAYCHHU OT APYTOM)

18 Tabnuma 1 - mapsl uncen, pad/c, Hm | Tabnuma momkHa
OTpeAeAoNIne KyCOYHO- coJlep’KaTh HE MEHee
JIMHENHYIO0 alllIPOKCUMALIMIO 4-x 3HaueHui (2
3aBUCHUMOCTH YIIPYTOro KpyTSILEro napbl).

MOMEHTA OT yIJla HoBopoTa 1-ro 3uauenye yria
TeJa OTHOCUTENIBHO 2-TO BOKPYT OCH
MOBOPOTA JOJHKHO
* BO3pacTaTh OT MEPBOU
B xax oy mape uucein: Maphl K MOCIETHEH.
MepBOE YKCIIO - YroJl HoBopoTa 1-ro He nonyckaercs
TeJa OTHOCUTENIBHO 2-TO BOKPYT OCH HUCHAJAIOIINX
CBSI3M [paJaHBl] Y4aCTKOB
BTOPOE YUCIIO - KPYTSAIIUA MOMEHT AMIPOKCHMALHH.
[H*m] Ipu nyneeom
3HaueHuu yena
annpoKcumMayusl
00.J19iCHA
obecneuusams
HyJlegoe 3HaueHue
MoMmeHma.
Mapkep Paeno snauenuro
napamempa 18
Tabnuia 2 - mapel yncer, pao/c, Hm | Tabnuua moimkHa

OIIpeAEIISAIONINE KyCOYHO-
JMHEWHYIO alMpOKCUMAIINIO
3aBUCHUMOCTH BA3KOI'O KPYTAIICTO
MOMEHTA OT YIJI0BOM CKOpPOCTH 1-TO
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH
X.

B xaxnoui mape yuncei:

MEPBOE YUCIIO — YTIIOBAsi CKOPOCTh

coJiepKaTh He MEHee
4-x 3HaUeHMH (2
napsbl).

3HaYeHue yIrII0BOU
CKOPOCTH JIOJIKHO
BO3pacTaTh OT MEPBOU
apsl K MOCIEIHEN.

He oonyckaemcs
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N /i Onucanue PasmepnocTs | [Ilnanaszon
1-To Tena OTHOCHTEILHO 2-TO HUCNAOAOWUX
BOKPYT OCH CBSI3U [paJiuaHbl B YUACMKO8
CEeKyHIY] annpoxcumayuu.
BTOPOE YUCJIO - KPYTSIIUA MOMEHT Ilpu nynegom
[H*m] 3HAYeHUU y2n080U
cKkopocmu
annpoxcumayus
002ICHA
obecneuusamo
HyJe8oe 3HaueHue
MOMeHma.
Mapxkep Pasno 3nauenuro
napamempa 18
Tabnuma 3 - mapsl uncen, pad/c, Hm | Tabnuma momkHa
OTIPEIETIAIONINE KYCOYHO- CoJIepXKaTh HE MEHEe
JIMHENHYIO0 alllIPOKCUMALIMIO 4-x 3HaueHui (2
3aBUCUMOCTH YIPYTOT0 KPYTSIIETO Tapsl).
MOMEHTA OT yIJla HoBopoTa 1-ro 3uauenye yria
TeJa OTHOCUTEIBHO 2-TO BOKPYT OCH
MTOBOPOTA JOJIKHO
Y- BO3pacTaTh OT MEPBOU
B xax oy mape uucein: Maphl K MOCIETHEH.
MepBOE YKCIIO - YroJl HoBOpoTa 1-ro He nonyckaercs
TeJa OTHOCUTEIBHO 2-TO BOKPYT OCH HHUCIIaIAf0IIHNX
CBSI3M [paJaHBl] Y4aCTKOB
BTOPOE YHUCJIO - KPYTSIIHMA MOMEHT AMHIPOKCHMALHH.
[H*Mm] Ilpu nynegom
3HaueHuu yeua
annpoxcumayus
00.J19iCHA
obecneuusams
HYJle8oe 3HaueHue
MoMeHma.
Mapkep Paeno snauenuro
napamempa 18
Tabnuia 4 - mapel yncern, paod/c, Hm | Tabnuima nomkHa

OIIpeAEIISAIONINE KyCOYHO-
JMHEWHYIO alMpOKCUMAIINIO
3aBUCHUMOCTH BA3KOI'O KPYTAIICTO
MOMEHTA OT YIJI0BOM CKOpPOCTH 1-TO
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH

V.
B xaxpnoi nape uuce:

TEPBOE YKCIIO — YIIIOBasi CKOPOCTh
1-ro Tesxa OTHOCUTENBHO 2-TO

coJiepKaTh He MEHee
4-x 3HaUeHMH (2
napsbl).

3HaYeHue yIrII0BOU
CKOPOCTH JIOJIKHO

BO3pacTaTh OT MEPBOU

apsl K MOCIEIHEN.

He oonyckaemcs
HUCNAOAIOWUX



N /i Onucanue PasmepnocTs | [Ilnanaszon
BOKPYT OCHU CBSI3M [pajJiiaHbl B yuacmkos
CEeKyHIy] annpoKcUMayuu.
BTOPOE YUCJIO - KPYTSIIMHA MOMEHT Ilpu nyneeom
[H*Mm] SHAYeHUU y21080t
cKkopocmu
annpoKcumMayusl
00.J19iCHA
obecneuusams
HyJlegoe 3HaueHue
MoMmeHma.
Mapkep Paeno 3nauenuro
napamempa 18
Tabnuma 5 - mapel yncern, paod/c, Hm | Tabnuima nomkHa
OMpeEAIONINe KYCOUHO- COJIepXaTh HE MEHEe
JIMHEWHYIO allpOKCUMAIINIO 4-x 3HaUYeHHH (2
3aBUCUMOCTH YIPYTOro KPYTSAIIEro Tapkl).
MOMEHTA OT yrJja moBopoTa 1-ro 3HauCHNE YIIa
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH
MOBOPOTA JOJIKHO
= BO3pacTaTh OT MEPBOU
B xaxnoui mape yuncei: Mapbl K MOCIEIHEH.
MEePBOE YUCIIO - YTOJI MOBOPOTA 1-T0 He nonyckaetcs
TeJa OTHOCUTENBHO 2-TO BOKPYT OCH HUCTIAIAI0IINX
CBSI3U [paJiiaHbl| Y4acTKOB
BTOPOE YUCJIO - KPYTSIIUA MOMEHT AMHIPOKCHMATHH.
[H*Mm] Ilpu nyneeom
3HaueHuu yena
annpoKcumMayusl
002ICHA
obecneuusamo
HyJle60e 3HaueHue
MoMeHma.
Mapxkep Pasno snauenuro
napamempa 18
Tabnuma 6 - mapsl uncen, pad/c, Hm | Tabnuma nomkHa

OIIpeACIIAIOINE KyCOYHO-
JIMHENHYIO0 alllIPOKCUMALIMIO
3aBMCUMOCTH BSI3KOT'O KPYTSILErO
MOMEHTA OT YIJIOBOW CKOPOCTH 1-TO
TeJIa OTHOCUTEIIBHO 2-TO BOKPYT OCH
z.

B xaxno¥i mape uucein:

IIEPBOE YHCIIO — YIJIOBasi CKOPOCTh
1-ro Tena OTHOCUTENBHO 2-TO
BOKpYT OCH CBSI3M [paJlaHbl B

coJlep’KaTh HE MEHee
4-x 3HaueHuit (2
Taphl).

3HaueHue yriioBoi
CKOPOCTH JI0JIKHO

BO3pacTaTh OT MEPBOU

Maphl K MOCIETHEH.

He oonyckaemcs
HUCNAOAroWUxX
YHUaACmKo8



N /o

Onucanue PasmepnocTs | [Ilnanaszon

CEeKyHAY]

BTOPOE YUCJIO - KPYTSIIUA MOMEHT
[H*m]

annpoxkcumayuu.

Ilpu nynegom
SHAYEHUU Y2a0801l
ckopocmu
annpoxcumayus
O00JICHA
obecneyusamo
HyJle8oe 3HaueHue
MoMeHma.

Pabouuii BexkTOp

N n/n Onucanue Pazmepnocts | Jlnanazon

1 [onHas oceBast nedopmanus CBs3U M

2 VYrnosas aeopmarus cBsi3u BOKPYT OCH X pao

3 VYrnoBas negopmaiius CBsI3M BOKPYT OCH Y pao

4 VYrnosas nedopmarus cBsi3u BOKPYT OCH Z pao

5 VYrI10Bas CKOPOCTh OTHOCUTEIBHOTO pao/c
BpalLlEHUsI BOKPYT OCH X

6 VYriioBas CKOPOCTh OTHOCUTEIHHOTO pao/c
BpallleHUs1 BOKPYT OCH )

7 VYrioBasi CKOpOCTb OTHOCHTEIIBHOTO pao/c
BpallleHUs1 BOKPYT OCH Z

8 [Tonnas oceBast ynpyras peakius CBsI3U H

9 Ypyruii MOMEHT Peakliiy CBSI3H BOKPYT Hhi
OCH X.

10 Ypyruii MOMEHT Peakliiy CBSI3H BOKPYT H
OCH .

1 Ypyruii MOMEHT Peakliiy CBSI3H BOKPYT H
OCH Z.

12 JuccunaTtuBHBIA KPYTALIUNA MOMEHT BOKPYT Hhi
OCH X.

13 JuccunaTtuBHBIA KPYTALIUNA MOMEHT BOKPYT Hhi
OCH .

14 JuccunaTtuBHBIA KPYTALIUNA MOMEHT BOKPYT Hhi
OCH Z.
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N /o Onucanue Pasmepnocts | luamazon
15.16. 17 VYrnossle ckopoctr BOkpyr oceit I'CK miis pao/c

T 1-ro Tena
18,19, 20 VYraoseie ckopoctu Bokpyr ocerd ['CK mst pao/c

2-10 Tena
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4.4.1.9.lNMepeHOCHOE coeAnHEHME ABYX Ter TRANS
OtobpakaeMble CBONCTBA

Mopnenps npeaHa3HaueHa JUIsi BOCIPOM3BENIEHUS CBOWCTB COEOUHEHMS JBYX aOCOJIIOTHO
KECTKUX TeJ IEPEMEUIAIOIINUXCS B IPOCTPAHCTBE B TOM Cllydae, KOIZa pa3pelieHo HX
OTHOCUTEJIbHOE I[E€pEeMEIlEHUE B HANpaBICHUM OJHOH, B 0OLIEM ciydyae IOJBUKHOM,
KOOpAMHATHOM ocU. PU3BNYECKU TAKOE COEAMHEHNE SKBUBAJIEHTHO MOABM)KHBIM HAIPABIISIOIUM
CKOJIb)KEHUSl. B Touke coenMHEHUs Tesl BOCIPOU3BOIATCS YIPYTHME U BA3KUE XapaKTEPUCTUKU
CBS3M [IPU NIEPEMELICHUN BJIOJIb OCH COEIMHEHUS.

JIBa abCONIOTHO KECTKHX TeJa, MPOCTPAHCTBEHHOE IBUKEHHE KOTOPBIX OMNpeIelisieTcs
nepeMeIeHUsIMH (IIOCTyNaTeIbHBIMU U YTIIOBBIMH) COOTBETCTBEHHO Touek B1 u B2, coeaunens
CBA3bIO, 3allpelialollell OTHOCUTEIbHOE BpalleHHE TeJl BOKPYT JIIOOBIX TpeX B3aUMHO
HNEepIEHIUKYJIAPHBIX ocel JokanbHOU cucteMbl koopauHat (JICKc Ha pucyHke) u nepeMenieHme
BJIOJIb OCEH X,y 3TOM CHUCTEMbI KOOPJMHAT. Pa3pelieHo TOIbKO OTHOCHUTEIBHOE MEPEMENICHUE
BJIOJIb OCH Zz JIOKAJIBHOM CHCTEMBl KOOpAMHAT. TeKkyllee IO0JIOKEHHE OCH Z IIOJHOCTBIO
orpezenseTcs TEeKyIIUM YIJIOBbIM MOJI0KeHHeM oboux Tesl. HayaibHoe moioskeHrne OCH z CBSI3U
onpezensercs 3aganuem Touku D. HauanpHOe 1osioskeHne oceil X,y Ha BBIYUCIICHUSI HE BIUSET U
3a/1aeTcsl 0 YMOJIYaHHUIO.

Lentp cBs3u pacnosnoxeH B Touke A. B obmem ciayyae Touku B1 u B2 moryT coBnaaats ¢
toukoi A. Touku B1 u B2 moryT He ObITh IIEeHTpaMu Macc Tel.

B3aumonelictBue MexJIy TelamMM B TOYKE CBSI3U  OINpPEAEIAETCS  CIEAYIOIHUMU
XapaKTepUCTUKAMU CBSI3H:

*  JKecTKoCTbIO CBSI3U TNPU OTHOCUTEIBHOM IEPEMEIICHUH TeNl BAOJb OCH CBS3H.

XKecTkocTh cBsA3M 3amaercs TaONMIEH 3aBHCHMOCTH YIPYTOH CHIIBI B HAlpaBICHUU
OCH CBSI3M OT NIEpeMEIIeHHs | Teaa OTHOCUTEIBHOTO 2-I'0 B/I0JIb OCH CBSI3H.
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Bs3kocThIO CBA3M IIpu OTHOCHUTCJIIbHOM IICPEMCIICHHUN BJOJIb OCHU CBA3H. BsskocTs
CBsA3HU 3aJacCTCA Ta6HHH€fI 3aBUCUMOCTH JHUCCHUIIATUBHOM CHUIIBI B HaIlpaBJICHUU OCHU
CBA3H OT CKOPOCTH IIEPEMCIICHUA 1-Tro Tera OTHOCUTENHHO 2-TO BJOJIb OCH CBA3U.

Hckmouenne (MUHUMU3ALMSA) OTHOCUTENBHBIX BpallleHUH BIONIb JIOOBIX Oceil u
NEepEeMEIEHUI B MIIOCKOCTHU, MPOXOASIIUX YEPE3 OCh CBA3M OCYLIECTBICHO IyTEM 3aaHMsI:

00JIBILION YKECTKOCTH B paiviajbHOM HalpaBlieHUH (B IJIOCKOCTH, MPOXOJAIIEH uepes
OCBh CB$I3H)

00J1b111011 U3TUOHOM KECTKOCTH (B INIOCKOCTH, TPOXOIAIIEH Yepe3 OCh CBA3H).
00JIBIION KPYTHIIBHOM 5K€CTKOCTH (BOKPYT OCH CBS3H).

Crerneant cBOOOIEI

1,2,3 [ToctynatenbHble Touku B1 B HampaBieHnu rino0aibHBIX KOOPIUHATHBIX
oceit X,Y,Z.
4,5,6 Bpamarensabie Touku B1 oTHOCHTENBHO TII00QIBHBIX KOOPAUHATHBIX
oceit X,Y,Z
7,8,9 [ToctynaTenbHble Touky B2 B HampaBieHnn ri100aibHBIX KOOPIUHATHBIX
oceit X,Y,Z.
10, 11,12 Bpamarensabie Touku B2 0THOCHTENBHO TII00AIBHBIX KOOPAUHATHBIX
oceit X,Y,Z
[TapameTpsl
N /i Onucanue PasmepHocTs | [lnanaszoH
1,2,3 Hauanbnusie koopauHaTel TOUku Bl M - RLmax... +RLmax
4,56 Hauanbpubie koopauHaThl TOUku B2 M - RLmax... +RLmax
7,8,9 Hauanbabie KoOpIMHATHI TOYKH A M - RLmax... +RLmax
10,11,12 | HayanbHble KOOpAUHATHI TOUKU D M - RLmax... +RLmax
IIpu coBnageHuu ¢
KOOPJAMHATAMU
TOYKH A Ha4daJlbHOE
ITOJIOKCHHUE OCH
CBSI31 COBITIAJIACT C
HaIpaBJIECHUEM OCH
7. rno0abpHOM
CHUCTEMBI KOOPIMHAT
13 2’KecTkocTh CBSI3U B paJiiajibHOM H/m > ()
HaIpaBJICHUH (B INIOCKOCTH
P N ( ’ Pexomennayercs 10°
MPOXOJIAIICH Yepe3 OCh CBS3M) — 10"
14 VYrnoBas (M3rubHast) )KECTKOCTh H-m/pao >0
CBSI3U BOKPYT OCH,
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N /i Onucanue PasmepHocTs | [lnanazoH
MEePIEeHANKYIISPHOMN MIOCKOCTH, Pekomenayercs 10°
NPOXOALIEH Yepe3 OCh CBA3M -10".

15 VYrnoBas (KpyTHIIbHAs) )KECTKOCTh H-m/pao >0
CBSI3U BOKPYT OCH CBS3U

Py Pexomennayercs 10°
- 10".

16 Mapkep (urcieHHas BEJIMYUHa, - RLmax... +RLmax
OTJIENISIIONIAst OAHY TaOIHILY
3HAYEHUH OT APYToii)

17... Tabmuma 1 - mapel yncern, M, H Ta0nuua noipkHa
OIIpEeACIISAIONINE KyCOYHO- co/iepKaTh HE
JMHEWHYIO alMpOKCUMAIINIO MeHee 4-X 3HaYeHU!
3aBUCUMOCTH YIIPYTON CUJIBI OT (2 mapsr).
nepemenieHus 1-ro remna

peMeL 3HadeHue
OTHOCUTEIBHO 2-TO BJIOJIb OCU
nepeMenieHus
OTHOCHUTEJILHOTO MEPEMEIICHHUS.
JIOJI’KHO BO3pacTath
B xaxnoi nape uuce: OT IEPBOM Maphl K
IIOCJIETHEN.
MepBOe YHCIIO - IepeMelieHue 1-ro
TeJa OTHOCUTENBHO 2-TO BJIOJIb OCU He nomyckaercs
CBSI3U [METpHI | HHUCIAJaroIMNX
Y4acTKOB
BTOPOE YHUCIO - cuiia [HbroToHBI |
anmnpoKCUMALIUH.
Ilpu nyneeom
3HaueHuu yena
annpoxkcumayusl
0010CHA
obecneuusams
HyJlegoe 3HayeHue
CUTTBL.
Mapkep Paeno suauenuro
napamempa 16
Tabnuma 2 - mapel yncer, m/e, H Ta0nuua noipkHa

OIIpeAEIISAIONINE KyCOYHO-
JMHEWHYIO allpOKCUMAIINIO
3aBUCHUMOCTH BSI3KOI CHJIBI OT
CKOpPOCTH 1-T0 Tesa OTHOCUTEIHHO
2-10 BJOJIb OCH OTHOCUTCIBHOI'O
nepeMereHusl.

B xaxnoui mape yuncei:

MepBOE YHUCIIO — CKOPOCTh 1-To Tena
OTHOCHUTEIBHO 2-TO BJOJIb OCH
CBSI3U [METPBI B CEKYHY |

BTOPOE YUCJIO - KPYTSIIUA MOMEHT

co/iepKaTh HE
MeHee 4-X 3Ha4YeHU
(2 mapsmr).

3HaYeHHUE CKOPOCTH
JIOJIKHO BO3pacTaTh
OT TIEPBOM MapHI K
MOCJIETHEN.

He oonyckaemcs
HUCNAOAIOWUX
Y4acmkos
annpoKcUMayuu.
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N /o

Onucanue PasmepHocTs | [lnanazoH

[HeroToHBI|

PaGouwnii BexTop

Ilpu nynesom
3HAYeHUU Yen060l
cKopocmu
annpoxcumayus
00IdHCHA
obecneyusam
HYJIe80e 3HaUeHUe
CUJbL.

N /i Onucanue Pasmepnocts | [luamazon

1 OceBas nedopManus CBsI3H M

2 PagnansHas negopmanust cBsizu M

3 VYrnoBas gedopmariuisi CBsi3u B INIOCKOCTH, pao
MPOXOIAILIEH Yepe3 0Ch

4 YrnoBas gedopmarusi CBsI3U BOKPYT OCU pao
CBSI3U

5 CKOpOCTh OTHOCUTENILHOTO MTEpEMELICHUS Mm/c
BJIOJIb OCH CBSI3U

6 OceBas peakius cBsi3u H

7 PaananbHas peakuust cBA3M H

3 Yupyruii MOMEHT peakLMU CBS3U B Hhd
IUIOCKOCTH, IPOXOJIAIIEH yepes oCh.

9 Ypyruii MOMEHT PEakLiUU CBSI3U BOKPYD Hhi
OCH CBSI3U.

10 JluccunaTrBHas cujia BJ0JIb OCH CBS3U H

11.12. 13 YrnoBsie ckopoctr BOKpyT oceit I'CK miis pao/c

T l-ro Tena

Yrnossie ckopoctr BOKpyT oceit ['CK miis pao/c

14, 15, 16
2-ro Tena
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4.4.2.InccunaTtnBHble CBA3U

4.4.2.1.BAsKkocTHasA CBsA3b MexAay ABYMs TeflaMu C 3aBUCUMOCTbLIO YCUNus ot

ckopocTu gedopmaumm afeMeHTa, 3agaBaemMmon TabrmMyHo SV3M UT

OtobpakaeMble CBONCTBA

3amaeT 3aBHCUMOCTh YCWIIWS, JCHCTBYIOLIETO MEXIY IIByMsI TEIaMH, OT CKOPOCTH
negopmanuu sneMeHTa. CKopocTh nedopMaly ONpeaesiseTcsl Kak MPOEeKIUs OTHOCUTEIBHOM
CKOPOCTH CBSI3bIBAEMBIX TOYEK Ha JIMHUIO, WX COCIAHHSIONIYI. YCHWIHE, TeHepUupyemoe
3IIEMEHTOM, JCHCTBYET BAOJb ITOM K€ JIMHUH. XapaKTePUCTUKA CBSI3U 33/1a€TCsI B BUJIE TaOIUIIBI
3Ha4YeHUH "ckopocTh nedopmaruu - yeunue" (em. puc. SVIMUT 1).

[IpaBuna, KOTOpBIE HYKHO COOIOIATH MPH 3aJaHUH TaOIHUIIBL:

1.

Toukn 3aBUCHMOCTH YCHUJIUS OT CKOPOCTH JOJDKHBI OBITH YIOPSAOYEHBI 110
Bo3pactaHuio ckopoctu (OV; =< OV, OTpULATEIbHbIC 3HAYCHUS CKOPOCTCH
COOTBETCTBYIOT CHKATHIO AJIEMEHTA, MOJOKUTEIbHBIE - pacTshkeHuto). st nByx
MEPBBIX U IBYX MOCIEIHUX TOUYEK JOKHO BBIIOIHATHCSA yCiaoBue OV; < OV, ;
JloikHO OBITH 3a/laHO KaK MHUHHUMYM JBE€ TOYKM 3aBUCUMOCTH YCHIIUS OT
CKOPOCTH. ITO TpeOOBaHKE BBI3BAHO TEM, YTO B CIIydae, €CJIM pealibHasi CKOPOCTh
nedopMaluy JIeMEHTa JISKHUT BHE 3aJaHHOTO Auana3zona o0V ... &V, , To Tekyiiee
yCcuime ompeeseTcs myTeM  DKCTPAIOJISIIIIU KpalHUX  OTPE3KOB
XapaKTePUCTHUKHU.

HpuMeanHe. Hauanpuas AJInHa J3JICMCHTA, ompcacideMas 3aJaHHBIMU HadaJlbHbIMU
KOOpAWHAaTaMU €0 KOHIIOB, JOJIKHA OBITH OOJIbIIIE HYJIA.
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IIpocTpaHcTBeHHAs CBSI3b, peaju3yomas TA0JINYHYI0 3aBUCUMOCTb
YCWIHS OT CKOPOCTH AedopManum.

IIpunsiTHIEe 0003HAYEHMS:

F — ycunue, 1eiicTByloniee Ha CBSI3b CO CTOPOHBI COETUHSAEMBIX TeJl;
AVg — ckopocTh aedopManum 3JjieMeHTA.

a) CTCIICHU CBOGO}ILI IJIECMEHTA U NTAPaAMETPLI, ONIPEAC/IAIONINE HAYAJTBHOC

pacnoJjioskeHue 3JIeMeHTAa B IPOCTPAHCTBE:

1,2, 3 — mepemMenienue nepBoro teja no ocsim X, Y, Z;

4,5, 6 - nepeMenieHre BTOPOro reja no ocsim X, Y, Z;

Xa, Ya, Za — Haya/IbHbIe¢ KOOPAMHATHI TOYKHU A}

Xb, Yb, Zb — HauaibHbIEe KOOPAMHATHI TOYKH B.

0) Cxema onpeesieHusl TeKylel CKOPOCTH 1e)OopMalMU JJIEeMEHTA 1
HaNpaBJIeHUs e CTBYIOIIMX YCUJINI B 3aBUCMMOCTH OT MOJIOKEHUS
3JIeMEHTAa B IPOCTPAHCTBE;

B) Ta0un4Hasi 3aBUCUMOCTH YCHWJIHA OT CKOPOCTH JAedopmManmu.
Kaxnas Touka Tadamnubl 3aaeTcsl Napoii 3HAYeHNH «CKOPOCTh
aedopmManun—yCcuiIue»

3a npenesiaMmu HHTEpBaJa ckopocreilt AVel- AVen yeniue cBsi3n
onpeessieTcsi IKCTPANoJsiueil KpaHHUX 0TPE3KOB XapaKTePHCTUKH.
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Crenenu cBo0OOIbI

1,2,3 - moctynarenbHble 110 ocsiM X, Y U Z TOUKU A, IpUHAAIEKALEN IEPBOMY TENY;

4,5,6 - moctymnarensHble 10 ocsiM X, Y U Z ToukH B, npruHamnexaiiei BTOpoMy Temy.

Iapamerpsi
N n/n Onucanue PasmepHocts | [lnamazon
1,2,3 |Hauyanbabie koopauHaThl TOUKU A (X, Y 2,Za) M -RLmax ...
+RLmax
4,5,6 | Hauanbubie koopauHatel TOUkd B (X, Ys,Zb) M -RLmax ...
+RLmax

7 OV, - ckopocThb AedopMaluu Ist IEpBOi m/cek -RLmax ...
3aJIaHHOM TOYKHU XapaKTEPUCTUKHU +RLmax

8 F; - ycunue, COOTBETCTBYIOIIEE CKOPOCTH H -RLmax ...
nedopmanuu O +RLmax

2¥{+5 | dV; - ckopocTh AeopManyu s i-i Mm/cex oVi...
3aJIaHHOM TOYKHU XapaKTEPUCTUKHU +RLmax

2*j+6 | F;- ycunue, COOTBETCTBYIOIIEE CKOPOCTH H -RLmax ...
nedpopmanuu OV; +RLmax

2*n+5 | dV, - ckopocTh AehopManyun st n-i Mm/cex oV,i...
3a/IaHHOM TOYKHU XapaKTEPUCTUKHU +RLmax

2*n+6 | F, - ycuiue, COOTBETCTBYIOIIEE CKOPOCTH H -RLmax ...
nedopmanuu OV, +RLmax

PaGouwnii BekTOp

N /it Ornucanue Pasmepnocts | [lnanazon

1 Bennuuna ckopoctu aedopmaniu 3ieMeHTa M

2 OceBas cuiia B 3JI€MEHTE H

IIprmMep HCOIb30BAHUS

Cwm. npumep u3 pazgena 4.4.1.1.



4.5. CneumnanbHble CBA3N

4.5.1.1.Ynpyras cBs3b, NO3BONSAIOLWAaA NepefaTb BpalleHne Mexay ogHOMEpPHbIM (Mnu
NJIOCKMM) U MPOCTPAHCTBEHHbIM 35IeMeHTaMU BOKPYr 3aaHHOW NMPOCTPaHCTBEHHOM

ocn SVI3W

Oto0paxkaeMble CBOMCTBA

Peanuzyer ynpyryio cBsi3b MO BpalleHUIO MEXIy AByMsi Toukamu M u N, mepBas u3
KOTOPBIX MPUHAUICKUT OJHOMEPHOMY (MJIU TUIOCKOMY) 3JIEMEHTY U UMEET OJHY BpallaTeIbHYI0
cTerneHb CBOOOJABI BOKPYT 3ajaBaeMoil ocu AB, BTOpas - NpUHAAJIEKUT MPOCTPAHCTBEHHOMY
3JIEMEHTY M MMEET TPHU BpalllaTeIbHBIX CTENEHU CBOOOABI BOKPYT KoopAuHATHBIX oceil X,Y,Z.
Ocy AB MoOXeT H3MEHSATHh CBOE YIJIOBOE IOJOXKEHHE. YIJIOBOEe IepemelieHue ocu AB
OTIpe/IeNIAeTCsl YIJIOBBIM IepeMelIeHHeM TOYKd N, C KOTOpOH CBsI3aHBI MPOCTPAHCTBEHHBIE
YTJIOBBIE CTEIICHH CBOOOIBI DJIIEMEHTA.

IIpumeuanue. IlonoxxkeHne MPOCTPAHCTBEHHOM OCH, BOKPYTI KOTOpOW THepenaeTcs
BpallleHUe, 3a/1aeTCs IByMS TOUKaMH, 0003HaYCHHBIMHE 37iech Toukamu A 1 B (puc. SVI3W _1).
3a MOJOXKUTENIbHOE HalpaBlieHUE BpallleHUs MPHUHATO HAIpaBleHHE OT TOYKM A K Touke B.
Touka, mnpuHa/IeKaAAsA OJHOMEPHOMY (WJIM TUIOCKOMY) O3JEMEHTY U HMEIolas OJHYy
BpalllaTelIbHYI0 CTENeHb CBOOOIBI, oOo3HaueHa Toukod M. Touka, mnpuHaANIEKAIIAS
MPOCTPAHCTBEHHOMY 3JIEMEHTY M HMEIOIIasi TPU BpaIlATEIbHBIX CTENEHU CBOOOABI BOKPYT
KOOPJMHATHBIX Oceld, 0003HaueHa TOYKOH N.

Crenenu cBo0OIBI

l- BpaiareyibHasi Touku M BokpyT ocu AB;

2,3,4 - BpawmareibHble TOUKH N BOKpYT KoopAuHaTHBIX oceil X,Y,Z.

HapameTpsl
N /it Onucanue Pasmepnocts | [lnanazon
1,2,3 | HayanbHble KOOpAMHATHI TOUKU A M -RLmax ...
(Xa,Ya,Zx) +RLmax
4,5,6 | Hauanbable koopanHathl TOUKU B (Xg,Ys,Zs) M -RLmax ...
+RLmax
7 KecTkocTh cBsi3u Ha ckpyuuBaHue (*) H*w/pao 0..
+RLmax

*) Ilpu cuIbHO 3aBBILIEHHBIX 3HAYEHHUSAX >KECTKOCTH Ha cKkpyuuBaHue (> 1.e7) moryt
IIPOSIBIIATHCS. BBIYMCIUTENIBHBIE CIIOKHOCTH, CBSA3AHHBIE C OTPAaHUMYEHHOCTHIO PA3PSIHON CETKU
KoMIbIoTepa. Pexomenayercsi Ha3HayaTh OOOCHOBAHHBIE 3HAUEHUS JKECTKOCTH Ha KpYy4d€HUE,
ucxols M3 (PaKTUUYECKUX TEOMETPUYECKMX pPa3MEpOB M MOJIYJs YHPYTOCTH CBS3bIBarollei
JETaJH.
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SVI3W 1.

Ynpyras cBsi3b 110 BPallleHHIO MeK1Y TOYKOM ¢ OAHOMEPHOMH yI10BOi
CTeneHbI0 cBO00AbI (TOUKa M) M TOUKOM C MPOCTPAHCTBEHHBIMH YIJIOBBIMH
cTeneHsiMM cB000abI (TOukKa N).

CreneHu cBo0OOALI DJIEMEHTA:

1 — BpamaresabHast TOuku M BOKpyr ocu AB;

2, 3, 4 — BpamarejibHble TOUKHA N BOKPYI KOOPAUHATHBIX ocell X, Y, Z.
ITapamerpsbi:

Xa, Ya, Za — Haya/ibHbIe KOOPAMHATHI TOUYKH A;

Xb, Yb, Zb — HayajbHbIe KOOPAMHATHI TOYKHU B.

PaGouwnii BexTop

N /i Ornucanue Pasmepnocts | [lnanazon
1 Yron ckpyunBanus (pa3HOCTb MEXKIY pao

noBopoTaMu BOKpyr ocu AB Touku N u

TOYKH M)

OcoOble cutyanuu

[lepeuenp cutyanuid, Npu KOTOPBIX TEKYIIMH IIar MWHTETPUPOBAHMS CUUTACTCS
MNOTEPSHHBIM U POUCXOAMUT BO3BpAT K Havajly 1ara ¢ yMEHbLUICHUEM BEJIMYMHBI 1l1ara:

1.

2.

3a TekymMii 1ar U3MEHEHHUE YTIIOBOTO MOJOXKEHHsI OCH BpaieHus 0au3ko k 180
rpajycam.

3a Tekymuii mar mpupalieHrue yria MmoBopoTa TOYKU N BOKPYT OCH BpAaICHUS
npeBbicwiio 135 rpamxycos.

Ha TekymeM 1rare TmoOJlydeHO KPUTHYECKOE 3HAYEHHUE HOPMHUPYIOIIETO
MHOXUTCJIA, CBA3AHHOI'O C YIJIOBBIMHA CTCIICHSAMU CBO60)II)I TOYKH N.

[Tpu ucuepnmaHnuy BO3MOXKHOCTU JIENE€HHS Iara (€cau TeKyIIUH [ar - MUHUMAJbHBIN),
paboyasi mporpamMma OCTAHABIMBAETCS C BbIAAYEHl COOTBETCTBYIOILEIO JHUArHOCTHYECKOIO

Cco001IEeHNS.
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H[)I/IMC[! HCIIOJb30BaAHUA

1. Ha puc. SV13W_2 npuseneH npumep KOHCTPYKLIHH, cOCTOsIIIEN U3 ydacTka Basa AO,
pacrnonoxeHHoro Baoab ocu X, pbyara OC, KECTKO COEIUHEHHOTO C BaJloOM, H
LWIMHIPUYECKOTO MIApHUPA, OChb KOTOPOro Takke coBmazaer ¢ ocbtlo X. K koHmy Bama
MPUKJIAIbIBAETCS BO3JEHCTBUE, ONpenesiomniee TpeOyeMyl 3aBHCHUMOCTh YIJIOBOM CKOPOCTH
BpallleHHs OT BpeMEHU. B JlaHHOM cilydae BpallaTelbHOE JIBUKEHHE HEO0OXOAMMO TepeaaTh ¢
OJIHOMEPHOTO 3JIEMEHTA, 3a/Ial01IEero TpedyeMyIo XapaKTepUCTUKY YTIIOBOW CKOPOCTH BpaIEHUS
Bana (dnemeHnt VTRO) Ha mpoctpancTBeHHYI0 Oanky (dnmemeHT BAL3DJ), monenupyrouyio
nemwxkenue peryara OC. Dnement SV13W oTpaxaer B 3TOM NMpUMEpPE YIPYTHE CBOMCTBA Basia
AOQO Ha kpyueHnue. JKecTKOCTb CBS3U ONpeIEsAeTCsl apaMeTpaMu yyacTKa Baya: iuHa - 120 MM,
muameTp - 20 MM (HOJSpHBIM MOMEHT MHepiuu cedenust Jp = 1.57e-8), marepuan - craib
(Moaynp ynpyroctu npu casure G=0.79¢11 Ila).

TOUYEH — OKPpPY¥EKHOCTh

SV13W_2. IIpumep nepenaun BpamaTeJabHOr0 IBUKEHHUS ¢ OTHOMEPHOI0 HA
MPOCTPAHCTBEHHBII JIEMEHT JUIA CJIy4asi, KOI/a 0Ch BPalleHUs MOYTH He
U3MeHsIeT CBOEro yriioBOro moJioKeHusl.

KpyrunpHas xKeCcTKOCTh Baja:

G*J,/L=0.7911 * 1.57e-8 / 0.12 = 1.03e4 [ H*w/pa0]

HNuepunoHHOCTh U BpalleHUH (MOMEHT MHEPLUU OTHOCUTENBLHO MPOJI0JIbHOM OCH Baa):
m*R’/ 2 =0.29*%0.01>/ 2 = 1.45¢-5 [ke*n’]

, e m = (0.29 xr - Macca ydacTka BaJa.

I'eomeTpuueckre XapaKTEpUCTHKU TMOINEpeyHoro cedeHus peiuara OC omnpenenstoTcs

JINAMETPOM CEYEHUs, paBHBIM 20 MM.

Texct 3aganus Ha s3bike PradiSLang:

$ DATA:
Touka A = -100.e-3, 0, 0
Touka O = 0, 0, 0
Touka C = 400.e-3, -200.e-3, 70.e-3
J = 0.79 e-8
Jk = 1.57 e-8
S = 3.14 e-4
E = 2.ell
PO = 0.3
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RO = 7800

I[lapaMeTps pruYara J, J, Jk, s, E, PO, RO

Yron ckpyumBaHmusi Mexmy A m O
KpyTsupi MOMeHT Ha Bany AO

KpyTunbHast X€CTKOCTE Bala = 1.03 E4
MoMeHT mHepUMKM Bajna = 1.45 E-5
VsrubHass keCTKOCTE WapHMpa = 1.E4
CKOpOCTHOE BOBIEeNCTBMe =0, 5, 0, 2, 10, 10, 1.ES8
Bupg co crToporm ocm X =1.2, 0, 0, 0.20,
i, o, 0.20, 0, 1, 0.20, O
Bug CcO CTOPOHH OCH Z =1.2, 0.20, O, O,
0.20, 0, 1, 0.20, 1, 0, O
$ FRAGMENT:
# BASE: 5,6,7, 100
# STRUCT:
Ban AO 'SV13Ww (1, 2,3,4; Touka A, Touka O,
KpyTuneHast %eCTKOCTEL Baja)
'M (1; MoMeHT MHepUMM Bajua)
Priuar OC 'BAL3DJ (5,6,7, 2,3,4, 8,9,10, 11,12,13;
Touka O, Touxka C, Touka C,
I[lapaMeTps pruara )
UuamMHOPpUYECKU WapHUP 'SH3C (2,3,4, 100,100,100;
Touxa A, Touka O,
MsrmubHas XeCTKOCTE WIapHMpa)
BosgnercTBHE 'VTRO (1 100; CxopocTHOe BOBIENCTEME)
# OUT:
YrimoBas CKOPOCTE TOUYKM A 'V(1;1)
Yrosn nosopoTa TOWKM A 'S(1;1)

'X(W:Ban AO(1) ;1)
'X(F:Ban AO(1) ;1)

KoopmmuaTe Toukm C '"KOORD3 (8,9,10; Touka C)
$ SHOW:

Bun co cTopoHr ocu X

Bun co CTOPOHH ocu Z
$ RUN:

[lepemaua BpamaTeNBHOT'O ABMKEHMUST
$ PRINT:

TpaekTopusi OBMXEHMST TOdUkM C

'LAYER (;Bupmg co crToporsl ocu X)
'LAYER (;Bua co CTOpPOHH ocu Z)

'"SHTERM (END = 5)

'DISP (FROM=1;
KoopmuuaTe Toukm C (3),
KoopmuuaTe Toukm C (2) )
'"DISP(;
YrsoBasi CKOPOCTE TOYKM A,
Yrom noeopoTa TOYKM A,
Yron ckpyuymBaHmusi Mexny A m O,
KpyTsumii MOMeHT Ha Bany AO )

[lpoune pesynbTaTH

$ END

2. Cnyuail mepenaud BpallleHHs C MU3MEHEHHEM YIJIOBOTO IOJIOKEHHS OCH BpAIIECHMS.
PaccmarpuBaercss mnepemerienue Manumyistopa (puc. SVI3W 3), cocrosimee u3 Tpex
COBMECTHO MPOTEKAIOUINX ABM)KCHUN: BEPTHKAIbHOE MEPEMEIICHHE BHU3, MOBOPOT KOpILyca
MaHUILYJIATOpPA B TOPU3OHTAIBHOU INIOCKOCTH, IOBOPOT CXBAaTa OTHOCHUTEIBHO MPOJOJIBHON OCU
KopIryca.
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3l CTPFETYPA MATEUATHYACEGH MOOFITM HAHMILF TETOPA

SV13wW_3. IIpumep nepenaum BpamaTeJabHOr0 IBHKEHUS C OTHOMEPHbIX HA
MPOCTPAHCTBEHHBbIE YJIEMEHTHI ¢ H3MEHEHHEM YIJI0BOT0 MOJIOKEHHSI OCH
BpAallleHus] MPU MOAeJTHUPOBAHUN IBHKEHHIT MAHUITYISTOPA.
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B »at0ii Momenn HeoOXoauMoO TiepenaTh BpalleHHe OT ABYX OJHOMEPHBIX MPHUBOJIOB:
NpUBOJA TIOBOPOTAa KOpImyca U TPHUBOJA IOBOpOTa cxBara (MPUBOJBI MOJEITUPYIOTCS
anementamu STRO, BocpousBoasmuMu TpeOyemblii 3akoH nepemertenuit). [loBopot kopmyca
MPOUCXOJUT OTHOCUTEIBLHO HEMOJABMKHON BEPTUKAIBHON och. [IoBOpOT cXBaTa - OTHOCUTENBHO
MPOJONBHONM OCH KOpITyca, H3MeHsomell cBoe mnonoxeHne. OCOOEHHOCTHIO TOCTPOSHUS
pacyeTHOM CXeMbl Ui TepeJayd BpalleHHs OT TMPUBOJA TOBOPOTAa CXBaTa SBISETCS
UCTONb30BaHue NBYyX 3nmeMeHToB SVI13W: oamH, kak oObIYHO, TIEpeqaceT BpallleHHe OT Baja
JIBUTATENs K CXBaTy, a BTOPOM - CBSI3BIBAECT KOPIIYC JABUTATENS W KOPIYC MaHHUITYJIATOPA.
HeobxomuMocTh BTOPOTO 3JIEMEHTa OOBSCHAETCS TEM, UTO TEKyIllee IMOJOKEHHE OCH Bala
JBUTATENS JIOJDKHO OBITH COTJIACOBAHO C TEKYIIUM ITOJIOKEHHWEM OCH KOpITyca JBUTATEI.
[TooTomMy 3akperuieHHe MO YIJOBOM CTEMEeHH CBOOONBI KOpIyca JBUTATENs ObLIO OBl
OITHOOYHBIM.

B mporiecce pacuera Ha SKpaH BBIBOAUTCS yCIOBHOE M300pakeHHE MaHHUITYJISATOPA B TPEX
MPOEKITUAX HA HEMOJABMKHYIO CUCTEMY KOOPJMHAT U M300pakeHHE TTOBOPAYMBAIOIIETOCS CXBaTa
B IIOJIBUKHOM CUCTEME KOOPAMHAT, CBA3aHHOW C MEPEMELIAIOIINMCS KOPITYCOM.

TexcT Mmozenu Ha s3bike PradiSLang:

$ DATA:

Touka O = o, o, 0
Touka A =-125.e-3, -416.e-3, 920.e-3
Touka B =-125.e-3, 0.e-3, 920.e-3
Touka C = 0, 0, 920.e-3
Touka D =-125.e-3, 260.e-3, 920.e-3
Touka E =-235.e-3, 260.e-3, 920.e-3
Touka F = -15.e-3, 260.e-3, 920.e-3
kl = 8.4e3

k2 = 4.6e4

k3 = 6.2e4

NsrmMbHast XeCTKOCTH WapHupa = l.ed

Jl = 8.7e-3; J2 = 1.8e-2; J3 = 0.17
XapakTepucTHKka BEPTHUK. [EePMElleHust =

0, -0.50, o, 1.5, 2, 1.5, 1l.e6
XapakTep. moBopoTa kKopmnyca =

0, 1.5708, O, 1., 2.5, 1., l.e6
XapakTepucTuka OpMBOZa CxXBaTa =

0, 1.5708, 0.5, 0.7, 2.6, 0.7, 1l.e5
Crane = 2.ell1, 0.3, 7800

IlapamMeTps kKopnyca =2.e-7, 2.e-7, 4.e-7, 2.e-3, Cransm
IllapaMeTps cxBaTa = 1l.e-8, 1.e-8, 2.e-8, 3.e-4, Cransm
llapameTps! nonepeumusl = 1l.e-7, l.e-7, l.e-7, 1l.e-3, Crans
lapamerps cnos 1 =2, 0,-0.5, 0.2, 1,-0.5, 0.2, O, 1,.2
lNapamMeTpn cnoszr 2 = 2, -0.9, 0, 0.2, -0.9, 1, 0.2, -2, 0,.2
Napamerps cnoss 3 = 2, -0.9,-0.6, 0, -0.9,-0.6, 1, -2,-.6,0
Pasmep okma = 0.3
IIeer 1 = 14; IeeT 2 = 4; IBer 3 =1

$ FRAGMENT: Mauunysa
# BASE : 100, 15,16
# STRUCT:

IIpyBOA moBOpPOTa CXBaTa 'STRO (1 2;

XapakTepucTuka NpMBOLa CXBaTa)
'M (1;J1); 'M (2;J2)

llepepaTouHOe BBEeHO K cxBary 'SVI3W (2 3 4 5;

Touxka A, Touka B, kl )
llepemaTouHOe BBEeHO Kk kopnycy 'SVI3W (1 6 7 8;

Touka A, Touka B, k2 )
Kopnyc MammnyssiTopa 'BAL3DJ ( 9 10 11 6 7 8

12 13 14 15 16 17;
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# OuT:
Yrosn moBopoTa cxBaTa 'DX(2, 1;1)
Yron moBopoTa kopnyca 'S (50;1)
BepTukaneHoe nepemMemenme 'S (20;1)
$ SHOW:
{ Bua Ha MaHMOYJIATOP OTHOCHUTEJNBLHO HEMNOIBMXHOM CHMCTEMH KOOPAMHAT }
{Co cropoun ocm Y}
I[lonepeunHa 'LAYER (I[lonepeumnHa;
MapameTpsl cnost 2, leer 1 )
Kopnyc 'LAYER (Kopnyc MaHunDyasiTopa;
IllapameTpsl ciost 2, leer 2 )
CxBar 'LAYER (CxBaT NpPORONBHEN YYacCTOK,
CxpaT nomnepeuHmt ydacTok 1,
CxBaT_ nomnepeuHsit y4acTok 2;
IlapameTps cinost 2, lLeer 3 )
{Co cropoun ocum X}
Ilonepeunna 'LAYER ([lomepeumnHa;
IllapameTpsl ciost 1, lser 1 )
Kopnyc 'LAYER (Kopnmyc MaHunymsiTopa;
MapameTpsr cnoszt 1, Ileer 2 )
CxBar 'LAYER (CxBaT NpPORONBHEI Y4aCTOK,
CxBaT nomnepeuHsli y4acTok 1,
CxBaT_ nonepeuHt y4dacToOK 2;
MapamMeTpn cyost 1, leer 3 )
{Co cropous ocu Z}
IllonepeunHra 'LAYER (IlonepeumHa;
MlapameTpsr cnost 3, leer 1 )
Kopnyc 'LAYER (Kopnyc MaHunysasiTopa;
llapameTpn cnost 3, leeTr 2 )
Cxear 'LAYER (stam_ppononbnuﬁ Yy4YacToK,

IyaMHAPHUYECKMI WapHUP

CXBaT NPORONLHHM YYacCTOK

CxBaT_nonepeuHslt ydacTok 1

CxBaT nonepeuHsll y4dacTok 2

[lpuBOL mOBOPOTAa MaHMUIYIATOPA

llepepaTouHOoe BBeHO K nonepeumHe 'SVI3W (50

I[lonepeunHa

[lpuBON BepTHMKA. NepeMelleHUs

Xapaxlrepnc'rr/ma BEepTUK. nepmemex-mz)

Touka A, Touxa B, Touka B,
I[lapameTpsl kopnyca )
'"SH3C (15 16 17

Touxa A, Touka B,
NsrmnbHass XEeCTKOCTER WapHMpa )
'BAL3DJ (12 13 14 3 4 5
24 25 26 27 28 29;

Touxa B, Touxka D, Touka D,
llapamMeTps cxBaTa )

'BAL3DJ (24 25 26 27 28 29
30 31 32 33 34 35;

Touka D, Touxa E, Touka E,
[lapameTpsl cxBaTa )

'BAL3DJ (24 25 26 27 28 29
36 37 38 39 40 41;

Touka D, Touxka F, Touka F,
[lapameTpsl cxBaTa )

'STRO (50 100;

XapaxTep. moBopoTa kKopmnyca)
15 16 17;
Touka O, Touka C, k3 )

'M (50,;J3)
'"BAL3DJ (18 19 20
12 13 14 15 16 17;
Touxa C, Touxka B, Touka B,
[lapaMeTps NONEPeYMHH )

'STRO (20 100;

345;

15 16 17

CxBaT NnomnepevHsM y4dacTok 1,
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CxBaT nonepeuHsli y4acTok 2;
IlapameTpsl cinost 3, leer 3 )

{ Bung Ha cxBaT B JIOKAaJI. CUCT . KOOpAMHAT , OBUXYIUIEICA BMeCcTe C KopriycoM }

[lonepeunHna 'LAYER ([lonepeumnHa;
PasMep OKHa,
Touxa B, Touka D, Touka C, Ileer 1;
12 13 14 24 25 26 18 19 20)
CxeBarT 'LAYER (CxBaT_nomnepeuxsii ydacTok 1,
CxBaT noOnepeuHsM y4YacTok 2;
PasMep OKHa,
Touxka B, Touka D, Touka C, IllBer 3;
12 13 14 24 25 26 18 19 20)

$ RUN:

Iemxenne MmaHunynsTopa 'SHTERM (END=5, ITR=7,
CONTROL=1.E-3, SMAX=0.05)
$ PRINT:

IuknorpaMMa ABMXEHMM MaHunynsaTopa 'DISP ()
$ END
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4.6. Hutun
4.6.1.1.Ynpyras HUTb TH READ

Oto0OpaxxaeMble CBOWCTBA

P 3aJJaHHBIN
£ rpaduk
mus >|  Harpysku
Pm MacuIrabupoBaHHbIH
LT A2 rpauK pasrpysku
MacmrabupoBaHue
HCIIOJIb3YEMBIH
Al 3a/IaHHB{I rpaduk
rpaduk pasrpy3ku
pasrpys3Ku
epeMelieHue
—
LN
€maxu €m &
€minu B €mus
Puc. THREAD 1. Puc. THREAD 2.

Mopens mnpeaHazHaueHa I BOCHPOM3BEACHUS CBOMCTB YIPYrod HHTH C YYETOM
TUCTEPE3NCA, NHEPIIMOHHBIX CBOMCTB MaTepHalla HUTU U €T0 CHJIBI TSKECTH. B KpallHUX TOUKax
MOJIEJIb MOKET KOHTaKTHpPOBAaThb C APYIMMH TeJaMU M CBA3SMH. MoJenb HE BOCHPOU3BOJIUT
KOH(UTYpaIMio HUTH MEXly KpallHUMU TOYKaMH B HEHATSHYTOM COCTOSIHHH.

Mosxer OBITh HCIIOJIB30BaHA [UIsI MOJEIHUPOBAHMSI CErMEHTa pPEeMHsS 0e30MacHOCTH
aBTOMOOWMJIS Ha y4acTKaX MEXIY MEeCTaMH KpEIUIEHUS pEMHS K Ky30BY. YYacTKM PEMHSI MOTYT
ObITh pa3zesieHbl Ha J1I000€ KOJWYECTBO CETMEHTOB, COEJAMHEHHBIX Ipyr c aApyrom. Jlus
BOCIIPOU3BEJICHUS CBOWCTB COEIUHEHUS pEMHsS O€30MacHOCTH C KOJIBLIOM M KaTYLIKOM,
HCCIIE0BAHMS NIEPEKPYUNBAHMS PEMHS CIIETyET UCIOIb30BaTh IPYTHE MOJEIH.

J1Be Touku Al u A2, ciocoOHbIe MepeMeIIaThCs B IPOCTPAHCTBE MO ACHCTBHEM BHEIIHUX
CHJI, CBSI3aHBI MEXKIY COOOM yIPyroil HUTHIO.

B HavanbHBII MOMEHT BPEMEHHM HUTb MOXKET HaXOAWUTHCS B HEHATSHYTOM COCTOSIHUM, B
3TOM Clly4ae HadaJbHbIe KOOpAWHAThl ToueKk Al m A2 Moryr coBmajaTe. Ympyras cuia
BO3HUKAET, €clin TeKylee paccrosinue LT mexay Toukamu Al n A2 npeBOCXOIUT AJIMHY HUTHU B
HeHaTssHYTOM coctostHuM LN (cM. puc. THREAD 1). Huth He BoCpuHUMAET CKHMAIOIIYIO
Harpy3ky. IIpenBapurenbHOe HATSXKEHHME HHUTH MOXET OBITh BOCHPOM3BEACHO 3aJaHHEM
BennuuHbl LN Menbieit, yem LTO (HagasibHOE pacCTOSTHUE MEXTy TOUKAMH).

VYnpyrue cBoiicTBa HUTH MPH HArpy3Ke W pasrpy3ke 3aaHbl pa3IUUHBIMU TaOJIMYHBIMU
3aBHCHUMOCTSIMH B KOOpIMHATaX «OTHOCUTENbHAs JedopMalus» - «CUIa», YTO TO3BOJSET
BOCIIPOU3BECTH FUCTEPE3UC.

['paduk pasrpy3ku macmtabupyercs B 3aBUCUMOCTH OT JOCTUTHYTOTO 3HAYEHMS
MakCHMaJbHOW CWJIBI TIpU Harpy3ke M CIBHraeTcss B TOYKY Hayajga pasrpys3Ku
(puc. THREAD 2). Koaddunuent macimrabupoBanus 1o 00euM KOOpJUHATAM PacCUUTHIBACTCS
KaK OTHOIIEHHE MAKCUMAJIbHO JOCTUTHYTOIO 3HAYEHWs CWIJIbI Harpy3ku P, K MakcuMaabHOMY
3aJaHHOMY 3HAYEHMIO CUJIbI B TAOJIMYHON 3aBUCUMOCTH Irpaduka pa3rpy3Kku P
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7

Harpys3kKa

P
«ynpyruit =
npeaeny 1
/
! pasrpyska u

/
/V / ~TIOBTOPHAsI
* Harpyska
/
/,
/
/ ’
/
s
,

-7 ALn AL
mwiacThdeckas | ynpyras &n &
neopmarust . nedopmarust

Puc. THREAD 3.

[lpy mnoBTOPHOM Harpy3ke Ha HadalbHOM JdTane (€<E€n,) YyIpyrue CBOIcCTBa
BOCIIPOM3BOJATCS CHayajla IO PAasrpy30YHOM BETBH INETJIM T'MCTEPE3NCA 0 IEPECEUYCHHs €€ C
Harpy3ouHoil BerBbto. Ilocie poctwkeHus aepopmanuu €=€,, COOTBETCTBYIOLIEH TOYKE
IIPECEYEHUs] Harpy304HOM M pa3rpy304HOM BeTBeHl (Ipu €>€n), YIpyrue CBOIICTBa HUTH B
JlaJIbHENIIIEM BOCTIPOM3BOISATCS MO HATPY30YHOM BETBU.

Bo3mokHo 3amaHue mpenenbHOM Aedopmanuu («ympyruil mpenen»), 10 JOCTHKCHHS
KOTOPOH Harpy3ka U pasrpy3ka BOCIPOU3BOASATCA MO 33JaHHOMY IpaduKy Harpy3o4yHOH (asbl,
TaKUM 00pa3oM, THCTEPE3UC OTCYTCTBYET.

I'paduixy Harpy3Ku 1 pasrpy3KH JOJDKHBI B3aMMHO COOTBETCTBOBATh JPYT APYTY:

1. B moboii Touke rpaduka HArpy3Kd IIOCI€ YIPYroro mpeena IUIacTHYeCKas
negopmanus nocie pa3rpy3ku J0JKHA ObITh MOT0XKUTENbHA.

2. Ilnactuueckas nedopmanus (ocratouHas nedopmanus Mocie MOoJIHONW Pa3srpy3KH) C
pOCTOM NOJHOM eopMalMi HUTH JO0J)KHA MOHOTOHHO yBEJIMYHUBATHCS.

HuTtb 065a1aeT MHEPLIMOHHBIMH CBOMCTBAMH U HAXOJIUTCS B MOJIE CUJIBI TSDKECTH 3€MITH.

Crenenu ¢cBo0OIbI

1,2,3 [ToctynartenbHble TOYKH Al B HanpaBICHUU TTI00AIBHBIX KOOPAMHATHBIX
oceit X,Y,Z.
4,5,6 [ToctynartenbHble TOYKH A2 B HaIIPABICHUU TTI00AIBHBIX KOOPAMHATHBIX
oceit X,Y,Z.
[HapameTpsl
N n/n Onucanue Pazmepnocts | [lnanazon
1,2,3 Hauanpubie koopauHaThl TOUKH Al M - RLmax... +RLmax
4,56 Hauanbabie koopIUHATHI TOUKH A2 M - RLmax... +RLmax
Ecnun nimHa snemenTa
B
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N /i Onucanue PasmepnocTs | [Ilnanaszon
Hene(hOpMUPOBAHHOM
COCTOSIHUM (ITapameTp
7) paBHaA HYJIIO WIH
OTpHULIATENbHA, TO
touku Al u A2 B
HavyaJbHbIA MOMEHT
BPEMEHU He MO2ZyH1 _
COBMNAJaTh
7 JnvHa HUTH B M - RLmax... +RLmax
Hene(hOpMUPOBAHHOM COCTOSTHUU
Aehopmup IIpu orpunarensHOM
WM HYJIEBOM
3HAQYEHHUH 3TOTO
napameTpa HauajabHast
JUTMHA HUTHU
orpezensercs
HaYaJbHBIM
PacCTOSIHUEM MEXTY
Toukamu Al u A2
8 IImomane ceueHUsT HUTH M >0
9 [InoTHOCTH MaTepuana HUTH Ke/m’ >0
10 [Ipu3Hak ydeta CUIIbI TSDKECTH - - RLmax... +RLmax
Ecnu 3HaueHune
napameTpa paBHO
€UHUIIE, TO MOJEIIb
BOCIPOU3BOJUT CUITY
TSXKECTHU AJIEMEHTa B
HaIpaBJICHUU
rI100ansHOM ocH Z.
11 MakcumanbHasi OTHOCHTEIIbHAS - =0
nedopMarus 10 JOCTHKECHUS
KOTOpO#1 pa3rpy3ka Npou3BOIAUTCS
1o rpaduKy Harpy3KH («ynpyrui
npeaen OTHOCUTEIbHON
nedopMaIumn)
12 Mapkep (urciieHHast BEJIMUNHA, - RLmax... +RLmax
OTJISNISFOIIAst O/THY TAOIHILY
3HAYCHHU OT APYTOM)
13... Tabnuma 1 - mapsl uncen, - H Tab6numa gomkHa

OIIpeACIIAIOINE KyCOYHO-
JIMHENHYIO0 alllIPOKCUMALIMIO
rpaduka 3aBUCIMOCTH OCEBOM CHIIbI
OT OTHOCUTENIbHOU edopMariu
HUTH IIpU HarpyskKe.

coJlep’KaTh HE MEHee
4-x 3HaueHuit (2
Taphl).

3HaueHune
nedhopmaruu J0KHO
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N /o

Onucanue

PasmepHOCTB

Junanazon

B xaxmoui mape uucein:

MIEPBOE YUCIIO — OTHOCUTEIIbHAS
nedopManus pacTsKEHUs IPU
Harpyske

BTOpOE yncio — cuia [H]

Mapkep

Tabmuma 1 - maper yncern,
OMpeEAIONINe KyCOUHO-
JMHEWHYIO alMpOKCUMAIINIO
rpaduka 3aBUCUMOCTU OCEBON CHIIBI
OT OTHOCHUTEIIbHOM Jehopmaniuu
HUTH IIPY pa3rpyskKe.

B xaxnoui mape uuncein:

IIEPBOE YHMCIIO — OTHOCUTEbHAS
nedopManus pacTsKEHUs IPU
pasrpyske

BTOpOE yncio — cuia [H]

m/e, H

BO3pacTaTh OT NMEPBOU
apsl K MOCIEIHEN.

He nonyckaetcs
HHUCHAJALINX
Y4aCTKOB
aHHpOKC nMalmun.

Ilpu nyneeom
3HAYEeHUU CMeueHUs.
annpoxcumayus
O00JICHA
obecneyusamo
HyJle8oe 3HaueHue
CUNbI.

Mooens uenopupyem
eéemsu epaguxa
Hazpy3Ku npu
OMPUYAMeNbHbIX
oegopmayusx.

Pasno 3nauenuro
napamempa 12

Tabmuia noimkaa
COJIepKaTh HE MEHEe
4-x 3HaUeHMH (2
napsbl).

3HaueHHe
nedhopMaIuu T0JKHO
BO3pacTaTh OT NMEPBOU
apsl K MOCIEIHEN.

He nonyckaetcs
HHUCHAJAIINX
Y4aCTKOB
aHHpOKC nMalimu.

Cuna,
coomeemcmeyouas
MUHUMATILHOLL
oegopmayuu
pazepy3Ku QOAHCHA
PABHAMbBCS HYTIO.

I[TPUMEYAHMUE:

1. B mo6oii Touke rpaduka Harpy3kd IIOCI€ YIPYroro IMpenena IUIacTHYecKas
negopmanus nocie pa3rpy3ku J0JKHA ObITh MOJI0XKUTENbHA.

2. Ilnactuyeckast nedopmanusi (ocratoyHast Aedopmarus mocie IMOJHOW pasrpy3ku) ¢
POCTOM MOJIHOH AeopMalui HUTHU T0JIKHA MOHOTOHHO YBEITMUUBATHCS.

3. Ilpu mnpeBbIICHMM MaKCUMalbHOW jaedopManyy, MO CPaBHEHUIO C 3aJaHHOH B
TaOJIMIIAX, CUJIa PACCUUTHIBAETCS IyTEM HKCTPAIOJIALMU IOCIEIHEr0 ydacTKa rpaduka.
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Pabouwnii BekTOp

N n/n Onucanue Pazmepnocts | Jlnanazon

1 Tekymiee paccTossHUE MEXKIY TOYKAMHU M
MOJICOEeTMHEHUS

) Texymiast oTHOCHTENNbHAS AehopMaIHst HUTH
Ha pacTsikeHHe (U CKATUU PaBHA HYIIIO)

3 Texymas abcomroTHas nedopMainys HUTH Ha M
pacTspkeHue (Mpu CKaTUX paBHA HYIIIO)

4 HakormenHnast oTHocuTenbHasl IacTUYecKas
nedopManus HUTH

5 Hakormnennast abcommoTHas miacTuyecKkas M
nedopManus HUTH

6 VYrpyras cuiia pacTsHKeHUST HUTH H

CrannaptHbeIi rpadudeckuii oopas

B marsHyTOM COCTOSHMM HUTh wu300paxkaercs B Buae otpe3ka BEJIOI'O 1Bera,
COEJTMHSIONIETO KOHEYHBbIE TOYKM HUTH. B pexxume MpoBUCAHUS HUTh OTOOPa’KaeTCsl YCIOBHO B
Buje jgomaHoi KPACHOI'O uBera. Touka n3noma HaXoauTCs Ha OCH MapajulebHON ocu Z U
MPOXOJIAIICH uepe3 cepeIuHy OTpe3Ka. BennunHa mpoBrca MPUHUMAETCS MPUOTMKEHHO PaBHON
MOJIOBMHE PA3HOCTH MEXKJy HAYJIbHOM M TEKYIIEW IJIMHOW HUTH C Y4YETOM HAKOIUJIEHHOW
iactudeckoir aedopmaruu. HampaBneHue «mpoBUCAHHSD JIOMAaHOW — OTpUIIATENBHOE 10
OTHOIIIEHUH K OCH Z. [110CKOCTh nMpoBHCaHus NEpHEHAUKYJIIApHA IOCKOCTH XOy.
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4.6.1.2.lNepeTeKkaHne HUTU Yepe3 KONbLO SRING

Oto0OpaxaeMble CBOWCTBA

ZA]

Yai

XAl
Puc. SRING 1.

Mogenb npeaHazHayeHa JJIsl BOCIPOU3BEACHHUS CBOMCTB CErMEHTA YIIPYTrod HUTHU MIPHU €ro
NepeTeKaHny 4epe3 Koibllo. HauanpHas niuHA CerMEHTa MOCTOsHHA. HuTh HE BOCIpUHUMAET
CKUMAIOIYI0 Harpy3ky. MakcumanbHas cuia TPEHHUs ONpeNeseTcs IO 3aKoHy Oiepa.
Mopenb BOCIPOU3BOIUT CHITYy TPEHUS MOKOS U CHITy TPEHHsI CKOJBKEHHS. MoJielh yUUThIBAET
TUCTEPE3UC M HMHEPLUUOHHBIE CBOWCTBA Marepuaia HUTH, a TAKXKE CUJIy TSKECTH HHUTH. B
KpalHUX TOYKaX MOJENIb MOXET KOHTaKTUPOBATh C JAPYTMMH TeJaMH W CB3sSMU. Mojenb He
BOCTIPOM3BOANUT KOH(UTYPAINIO HUTH B HEHATSHYTOM COCTOSIHHH.

JBe Touku Al u A2, criocoOHBIE TIEpEMEIIaThCs B IPOCTPAHCTBE O/ IEHCTBHEM BHEITHUX
CHJI, CBSI3aHBI MEXIy COOOWM ympyroid HUTHIO, IPOMYIIEHHOW 4epe3 Koibilo. KOHTakT Mexmy
HUTBIO M KOJIBIIOM OCYIIECTBIIsieTcs B Touyke C, KOTOpas TakXe MOXKET TepeMemniaThCs B
npocTpancTBe. KOHTAKT MEXIy KOJIBIIOM U HUTHIO HE MOXKET OBITh PA30OMKHYT.

HauanpHble 3HaYeHUs JUIMH YacTe CETMEHTAa MEXIy TOYKOW KOHTaKTa C KOJBIIOM C U
Toukamu nojcoequHeHusI Al 1 A2 (COOTBETCTBEHHO Lcai M Lcaz) TOMKHBI OBITH TAKOBBI, YTOOBI
B JII00O0H MOMEHT BPEMEHH pacueTa CerMEeHT MOJIHOCThIO He TIpoies Obl uepe3 KoJbilo. PacyeT B
ITOM city4ae OyJIeT 3aBepIlieH C BhIIa4eil TUarHOCTHUECKOTO COOOIIEHUS

VYrpyrue cBOWCTBa HUTU TIPH HArpy3Ke W Pa3rpy3Ke 3aJaHbl Pa3IUYHBIMH TaOIUIHBIMU
3aBUCHUMOCTSIMH B KOOpJWHATaX «OTHOCHUTEIbHas AeopMmanus»y - «CHUjia», 4TO MO3BOJISET
BOCITPOM3BECTH TUCTEPE3NC.
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P 3aJIaHHBIA

e rpadux
< s >|  Harpyskw
Pm MacIIrabupoBaHHBIH
rpaduK pasrpy3Ku
MaciutabupoBaHue
Py HCHOJIb3YEMBIH
3a/1aHHB{I rpaduk
rpadEk pasrpy3ku
pasrpys3ku
epeMelleHne
_ s
Emaxu €m &
Eminu B €mus N
Puc. SRING_2.

I'padux pasrpy3ku wmacmrabupyercs B 3aBUCUMOCTH OT JOCTUTHYTOTO 3HAYCHUS
MaKCUMaJIbHOW CHUJIBI MPU HArpy3Ke W CABUTACTCS B TOUKY Hadayia pasrpy3ku (puc. SRING 2).
Koadduiment macmrabupoBaHus Mo 00EHMM KOOPJIWMHATAM PACCUMTHIBACTCS KaK OTHOIICHUE
MaKCHMaJbHO JOCTUTHYTOTO 3HAa4YeHHs] CWJIbI Harpy3ku P, K MakcuMaabHOMY 3aJaHHOMY
3HAYEHUIO CWJIBI B TAOJIMYHOM 3aBUCUMOCTHU Tpaduka pasrpy3ku Pp,.

P

7

Harpy3Ka

P

«yHpyTHit /

pecm /

/
,I pasrpyska u
/V / TIOBTOPHAs
, Harpyska
/
/)
/
/

,
,

_- ’ AL AL
IIACTHYECKast P yrpyras R
nedopmanus 4 nepopmanus

Puc. SRING 3.

[Ipn nmnoBTOpHOW Harpy3ke Ha HayaJbHOM JTtane (£<€,) YIpyrue CBOMCTBa
BOCIIPOM3BOJATCSL CHa4yasla M0 Pasrpy304HOM BETBU IETJIM TMCTEPE3HUCA 1O IEpeceyeHus ee ¢
Harpy3ouHoil BeTBbi0. [locrme noctmxkeHus naedopmManuu €=€n, COOTBETCTBYIOLICH TOUYKe
MIPECEUYCHHS] HAarpy304YHOM U pa3rpy304HOM BeTBeW (mpu €>€,), yIpyrue CBOMCTBA HHUTH B
JlalIbHENIIEM BOCIIPOU3BOASTCS 110 HArpy304YHOHN BETBH.

Bo3moxkHO 3amaHue mnpenenbHOM aedopmanuu («ympyruil mpenen»), 10 AOCTHKEHMS
KOTOPO# Harpy3ka M pasrpy3ka BOCIIPOU3BOAATCS MO 33aJaHHOMY IpaduKy Harpy304HOH ¢assbl,
TaKuM 00pa3oM, THCTEPE3UC OTCYTCTBYET.

I'padmxu Harpy3ku U pa3rpy3ku JOJKHBI B3aUMHO COOTBETCTBOBATH APYT APYTY:
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1. B mro6oii Touke Tpaduka HArpy3KH TMOCIE YOPYyroro mpenena IUlacTUYecKas
nedopmarius mocyie pa3rpy3Kku T0JKHA OBITh MOJI0KUTEITbHA.
2. Tlnactuueckas nedopmarnms (ocTarounas aedopMalivs mocie MOTHOM pa3rpy3KH) ¢
pOCTOM MOJHOU AepopMalil HUTH JOKHa MOHOTOHHO YBEJTMUUBATHCS.
Hute 00naaeT MHEPIIMOHHBIMU CBOMCTBAMHU U HAXOAUTCS B TIOJIE CHIIBI TSHKECTH 3EMITH.

Crenenu cBo0OOIbI

1,2,3 [ToctynartenbHble TOYKH Al B HanpaBIeHUU TTI00AIBHBIX KOOPMHATHBIX
oceit X,Y,Z.

4,5,6 [ToctynaTtenbHble TOUKU A2 B HaPaBIEHUU II100ATBHBIX KOOPIUHATHBIX
oceit X,Y,Z.

7,8,9 [ToctynatenbHbie Touku C B HAMpaBICHUH IT00ATBHBIX KOOPAMHATHBIX
oceit X,Y,Z.

[TapameTpsr

N n/m Onmcanue PasmepHOCTH Jnanason

1,2,3 Hauanbpubie koopauHaThl TOUKH Al M - RLmax... +RLmax

4,56 Hauanbubie koopIUHATBI TOYKH A2 M - RLmax... +RLmax

Toukn Al u A2 B
HaYaJbHBIA MOMEHT
BPEMEHU MO2ZYHL _
coBnazgath. B aTom
citydae yroi 3 Mexay
BETBSIMHU paBeH 0.
Toukn Al u A2
BCErJia CUMTAIOTCS
PaCIONIOKEHHBIMU 1O
pa3HbIe CTOPOHBI
KOJIbIIA.

7,89 Hauansabie koopauHaTsl Touku C M - RLmax... +RLmax

Touka C He J0JDKHA
COBIIAJATh C TOUKAMHU
Al unu A2.
HauanbHabie AMMHBI
orpe3koB CAl u CA2
cleyeT noaouparthb
TakuM 00pazom,
4TOOBI B TIpOIIECCE
pacyeTa 3TU JJIMHbI
HE MOTJIU CTaTh
OTPULIATETIbHBIMHU.

10 Koaddunuent tpenus npu - >0
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N n/n Onucanue Pa3mepHocTh Jlnanaszon
MepPeTeKaHNH HUTHU Yepe3 KOJIBIIO
11 JnvHa HUTH B M - RLmax... +RLmax

12

13

14

15

16

17...

HeZepOPMUPOBAHHOM COCTOSIHUN

IInomans ceueHUst HUTU

[InoTHOCTH MaTepuana HUTH

[Ipu3Hak yuera CHIIbI TSKECTH

MaxkcumanbHasi OTHOCHTEIbHAS
nedopMarus 10 JOCTHKECHUS
KOTOPOH pasrpy3ka IpOU3BOTUTCS
1o rpaduKy Harpy3KH («ynpyrui
npeaen OTHOCUTEIbHON
nedopMarumn)

Mapkep (YrciieHHas BEJIMYUHA,
OTJISNISFOIIAst O/THY TAOIHILY
3HAYCHHU OT APYTOM)

Tabnuma 1 - mapsl uncen,
OIpeIeNIAOIIIE KyCOUHO-
JIMHENHYIO alllIPOKCUMALIMIO
rpaduka 3aBUCIMOCTH OCEBOM CHIIbI
OT OTHOCUTENIbHOU AedopMariu
HUTH IIPU HarpysKe.

B xaxnoi nape uuce:

HePBOE YHCIIO — OTHOCUTEIIbHAS
nedopmanus pacTsLKEHUs IPH

Harpyske

Ke/m’

[Ipu oTpunarenbHOM
WJTU HYJIEBOM
3HA4YEHHUH 3TOTO
rapameTrpa HadajabHas
JUTMHA HUTH
onpeensieTcs
CYMMOW HaYaJIbHBIX
pacCTOSIHUN MEXIY
Toukoi C 1 TOUKaMu
Alu A2

>0
>0

- RLmax... +RLmax

Ecnn 3nauenue
rapaMmeTpa paBHO
eIUHUIIE, TO MOJCITh
BOCHPOU3BOJIUT CUITY
TS’KECTH DJIEMEHTA B
HanpaBJICHUH
rI00a1bHON ocH Z.

=0

- RLmax... +RLmax

Tab6numa gomkHa
coJlep’KaTh HE MEHee
4-x 3HaueHuit (2
Taphl).

3HayeHue
nedhopmaruu J0KHO
BO3pacTaTh OT MEPBOU
Maphl K MOCIETHEH.

He nonyckaercs
HUCHAJAIOIINX
y4acTKOB

193



N /o

Onucanue

Pa3zmepHocTh

Juamnazon

T8.6.]'II/II_[8.X, CHJia paCCUUTBIBACTCS IYTEM SKCTPAIIOIANNHN MTOCICAHECTO YIaCTKa rpachKa.

BTOpOE ymncio — cuia [H]

Mapxkep

Tabmuma 1 - maper yncern,
OMpeEAIONINe KYCOUHO-
JIMHEWHYIO allpOKCUMAIINIO
rpaduka 3aBUCUMOCTU OCEBON CHIIBI
OT OTHOCHUTEIIbHOH ehopManiuu
HUTH IIPY pasrpyskKe.

B xaxno¥i mape uucein:

IIEPBOE YHMCIIO — OTHOCUTEbHAS
nedopManus pacTsKEHUs IPU
pasrpyske

BTOpOE ymncio — cuia [H]

[TPUMEYAHUE:

l.

m/e, H

AImnpoOKCUMaAIvu.

Ipu nyneeom 3navenuu
cmeujenus
annpoxkcumayus
00MICHA 0becneyusams
HYyJle80e 3HaueHue CUTbL.

Mooenv uenopupyem
eemsu epaguxa
Hazpy3Ku npu
OMPUYAMETbHBIX
Odepopmayusx.

Pasno 3nauenuro
napamempa 12

Tabmania nomkaa
COJIepKaTh HE MEHEe
4-x 3HaUYeHHH (2
napsbl).

3HaueHHe
nedhopMaIuu T0JKHO
BO3pacTaTh OT MEPBOU
apsl K MOCIEIHEN.

He nonyckaetcs
HHUCHAJAIINX
Y4aCTKOB
aHHpOKC nMalimu.

Cuna,
coomeemcmeyrouas
MUHUMATLHOU
oegopmayuu pazepy3xu
OO0JIHCHA PABHAMBCA
HYTIIO.

B mo6oit Touke Tpaduka Harpy3Kd TMOCIEe YOPYroro Tpejaeia IUIacTUYecKas
nedopmarius mociie pa3rpy3Ku J0JDKHA OBbITh TOJ0KHUTEIbHA.
2. Ilnactuueckas nedopmarus (ocrarouHas aedopMainus MOCIE TMOJIHOM pa3rpy3KH) ¢
POCTOM TIOJTHO# e OopMaIlii HUTHU JI0JKHA MOHOTOHHO YBEITHUHUBATHCS.
3. Ilpu mnpeBbIICHMH MaKCUMalbHOW jaedopManuu, MO CPaBHEHUIO C 3aJaHHOHW B
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PaGouwnii BexTop

N /i Onucanue Paszmepnocms | [Inanason
1 Texyuiee paccrosHue Mexay Toukamu C u M
Al.
5 Texymiee paccrosHue mexay Toukamu C u M
A2.
3 Texymiast JyIMHA HUTH. M

Texymiast cpetHsst OTHOCUTEIbHAS
4 negopmanus HUTU Ha pacTshkeHue (pu
CKaTUU paBHA HYJIIO)

Texymiast cpeHss aOCOMOTHAS M
5 nedopManusi HUITH Ha pacTskeHue (pu
CKaTUM paBHA HYJIIO)

Hakormiennas CpE€aHAA OTHOCUTCIIbHAA

6 rtacTudeckas aeopmarnsi HUTH

7 Hakoruiennas cpenusis abcoatoTHas M
TuIacTHuecKas nedopmManus HUTH

8 Cpennsisi cuiia pacTsKEHUs HUTH H

9 Cuiia TpeHust H

10 Yrpyras cuiia pacTsSKEHHUS] HUTU Ha Y4acTKe H

Mexay Toukamu C u Al

YprFaH CHJIa PACTSOKCHUA HUTHU HA YIACTKE H

1 Mexay Toukamu C u A2

CranpapTHblil rpadudecknii oopas

['paduueckuit oOpa3 Mo ymMoJlMaHUIO TPEACTABISAET COOOM 11Ba OTpe3Ka Oeyoro IBeTa,
coenunstomeil Toukn Al,C u A2,C xorja HuUTH HaTsHyTa. B cilydae npoBHCaHMs BETBEHN
OTPE3KH MPEBPAILAIOTCS B JIOMAHHBIE KPACHOI'O IBETA, COCIMHAIOIINE 3TU TOYKH, JJIMHOU
paBHOHM AJMMHE BETBH B Hele(OPMHUPOBAHHOM COCTOSHUHU. Toduka HM3JI0Ma HAXOJUTCA Ha OCH
napauleibHOM ocu Z ¥ TPOXOIAIIeH dYepe3 cepearHy oTpe3ka. BennunHa mnpoBuca
IPUHUMAETCS TPUOTMKEHHO PAaBHOM MOJOBUHE PA3HOCTH MEXKAY HayaJIbHOW U TEKYLIeH JUIMHON
HUTH C YYETOM HaKOIUIGHHON Iutactudyeckoil nedopmanuu. HampaBieHue «mpoBHCaHHSD)
JIOMaHOM — OTPULIATENBHOE 110 OTHOLIEHUH K OCcH Z. [I1ocKoCcTh MpoBUCaHUS NEPIEHANKYIISIPHA
mnockoctu XOy. [Ipu nposeTe nBeT OTPE3KOB U3MEHSETCS Ha HKEJITHIM.
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4.6.1.3.MHepLUMOHHanA KaTyLlKa RET RTA

Oto0OpaxaeMble CBOWCTBA

XAl

Ya2
XA2

Puc. RETRTA 1.

Mogens mnpenHa3HaueHa I BOCIPOU3BEACHUS CBOWCTB CETMEHTA YIPYIOM HUTH
COEIMHEHHOT0 C MHEPUHMOHHOW KaTymKoH. CEerMeHT 3aKIIOYe€H MEXKIYy TOYKOM A — TOYKOM
MOJICOEIMHEHUS K APYTOMY CETMEHTY HUTH U TOYKOW A, — TOUKON BXOJla HUTU B MHEPLIMOHHYIO
karymky. JiimHa cermeHTa HUTH AjA, NEpeMEHHAa W 3aBUCHT OT CBOWCTB HWHEPLMOHHON
KaTyIIKH ¥ B3aUMOJICHCTBUS CEIMEHTA C APYTMMH CEIMEHTAMHM HHUTU B TOUKE A| M BHEIIHUMU
TeJaMH, Ha KOTOPBIX 3aKpeIUIeHa KaTylmka B Touke A,. Toukm A; m A, MOryT COBEpIIATh
IIPOU3BOJIBHOE IIEPEMELIEHUE B IPOCTPAHCTBE MO ICUCTBUEM BHEIIHUX CHIL.

Huth HE BOCIpMHMMAET CKMMAIOILYIO Harpy3Ky. Y Ipyrue CBOMCTBA HUTH IIPU HArpy3Ke U
pasrpy3ke 3aJaHbl pa3IMYHBIMU TaOJUYHBIMU 3aBUCHMOCTSIMU B KOOPJMHATaX «OTHOCHTEIbHAsS
nedopManus» - «CHiia», 4To MO3BOJISIET BOCIPOU3BECTU TUCTEpe3rc. MoeNb YUUTHIBAET TAKKe
WHEPLUUOHHBIE CBOWCTBA MaTEpHUAJIa HUTH, & TAK)KE CUILy TSDKECTH HUTH. J[JIMHA CerMeHTa HUTH B
J1000H MOMEHT BPEMEHH JI0JKHA HEOTpUllaTelbHa (TOUKa A MpH JHOOBIX YCIOBUAX HE MOXET
ObITh BTSHyTa BOBHYTpPh KaTymKu). Pacder B 3TOM ciydae IpeKpallaercsi C Bblaaueit
JTUArHOCTHYECKOro cooOmieHus. Mojenb He BOCHPOU3BOIUT KOHPUIYpalMI0O HHUTU B
HEHATSHYTOM COCTOSIHUH.

B HavanbHBII MOMEHT BPEMEHM CETMEHT HHMTH CUMTAETCS HATSHYTBIM CHJIOM, paBHOU
3HAYEHHUIO CWJIBI IPU HYJEBOM BbIOere B TaOuuMIe XapakTepucTUKd "mmyieBoro" sddexra
KaTYyIIKH (CM. HIKE).

Karymka Bocnpon3BOAMT CBOOOIHBINM BBIOET HUTH C HEKOTOPOW CHIIOW HATSDKEHUS U
MPOLIECC 3alUPAHUs, COMPOBOXKIAEMbI Ha HaualdbHOM JTane "uimyneBsiM" 3@ dexrom. Hauano
npolecca 3alupaHus KaTyIIKH, CONPOBOXKIAEMOIo IIIMyJEBbIM 3(P(HEKTOM, XapaKTepU3yeTcs
MPEBBILIEHUEM YCKOPEHHs BbIOETa HHUTH HEKOTOPOrO MpeAesIbHOTO 3HaueHHus. Bo3MoxkHO
3aJaHle 3aJCepP)KKH CpabaTblBaHMA KATYUIKH [0 OTHOLIEHHIO K MOMEHTY BO3HHMKHOBEHHS
KpUTHYECKOro yckopeHus. Eciu B mepuoa 3anepkKKu BKIIOUYEHHS YCKOpEHHE BblOera
CTaHOBUTCS MEHBIIIE KPUTHUECKOT0, TO cpabaThIBaHUs KATYIIKW HE MPOHCcXoauT. /lo MomeHTa
cpabaThIBaHMsI KaTyIIKH U B MPOLIECCE BOCIIPOU3BEACHMSI LIMYJIEBOro 3(dexra HUTh cUUTaeTCs
a0COJIIOTHO yNPYTOl M TUCTEPE3UC HE BOCIIPOU3BOIUTCS.

[myneBbrit 3G hexT 3akiodaeTcs B 3aBUCUMOCTU CHJIBI HATSDKCHHSI HUTH OT BEJTUYHHBI
BbIOEra npu cpabaThbIBaHUU KATYIIKU. DTa 3aBUCUMOCTD 3a/laeTcs TaOuuIel, cocTosmmen u3 nap
YHCell, IEPBOE U3 KOTOPBIX SIBJISIETCS BEIMYMHOMN BblOEra HUTH MOCie cpabaThIBaHUS KaTYyILKH, a
BTOpasi - COOTBETCTBYIOIIAsi STOMY BBIOETY BEIMYMHA CHJIbI HATSDKEHUS HUTH. MUHMManbHas
BEJIMYMHA CUJIbI B TaOJHIlE SIBISIETCS BEMYMHON CHIIBI HATSKEHUS HUTH Ha dTane cBOOOJHOTO
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BbiOera (cM. BeIIE). MakcuManbHOE 3HaueHHE BblOera B TaOJMIlE COOTBETCTBYET MOMEHTY
MOJIHOTO 3anupaHus KaTymku. Eciau B mporiecce MoieIMpoBaHus BBIOET IpU cpabaThIBAaHUU HE
JOCTUTHYB MAaKCHUMAaJIbHOTO 3HA4YE€HMsI CTaHET YMEHBIIAThCS U BO3BPATUTCA K HYJIEBOMY
3HAYEHHIO, TO MOJIENb MEPEMIET B peKUM BOCTIPOU3BEACHHSI CBOOOTHOTO BhIOETA.

HInyneBsiit 3¢ dexr 3aBepmiaeTcs MOIHBIM 3alUpaHUEM KaTyIIKH, HOpU KOTOPOM
MpeKpalaeTcsi Kak BbIOET HUTH U3 KaTYyIIKH, TaK U €€ BO3MOKHOE BTATHBaHHE BHYTpb. Mojienb
B 9TOM clly4ae HayMHaeT paboTaTh KaK CETMEHT HUTHU MOCTOSIHHOM HayaJIbHOW JIIMHBI C yYETOM
MIPOM3OIMIEIIIEr0 CyMMapHOro BblOera.

P 3aJaHHbINA
e rpaduk
mus >|  Harpysku
P MacuIrabupoBaHHbIH
rpaduk pasrpy3ku
MacmrabupoBaHue
Py HCTIONB3YEN.
3aTaHHB{H rpapuk
rpadu pasrpy3Kku
pasrpy3Ku
epeMeIIeHne
_%
/ Emaxu €m ¢
Eminu !( €mus

Puc. RETRTA_2.

['paduk pasrpy3ku macmTabupyercs B 3aBUCUMOCTH OT JOCTUTHYTOTO 3HAYCHHS
MaKkCUMaJbHOW CWJIBI TpU Harpy3keé M CIBUraeTcss B TOYKY Hayajga pasrpys3Ku
(Puc. RETRTA 2). KoaddumuenT macurrabupoBanus 1o 00eUuM KOOpJAUHATAM PaCCUUTHIBAETCS
KaK OTHOIIEHHE MAKCUMAJIbHO JOCTUTHYTOIO 3HAYEHMs CWJIbl Harpy3ku P, K MakcuMaabHOMY
3aJaHHOMY 3HAYEHHIO CUJIbI B TAOJIIMYHON 3aBUCUMOCTH rpaduka pasrpy3Kku P,

IIpu mnoBTOpHON Harpy3ke Ha HayajgbHOM JTane (£<E€,) YNpyrue CBOHCTBa
BOCIPOM3BOSTCS CHayajla 10 Pasrpy30YHOM BETBH IMETJIM T'MCTEpPE3Uca JI0 MEPEeCceUeHUs ee C
Harpy3ouHoil BerBblo. Ilocie poctwxkeHus aepopmanuu €=€,, COOTBETCTBYIOLIEH TOYKE
IpeceuyeHus] Harpy304HOW M pasrpy304HOM BeTBeHl (Ipu €>€n), YIpyrue CBOIiCTBa HUTH B
JAIbHENIIEM BOCIIPOU3BOISTCS 110 HArpy304YHOM BETBH.

Bo3mokHo 3amaHue mpenenbHOM Aedopmanuu («ympyruil mpenen»), 10 AOCTHKEHHS
KOTOpOM Harpyska M pasrpy3ka BOCIPOU3BOJATCS IO 33JaHHOMY IpaUKy HAarpy304Hoi ¢asbl,
TaKuM 00pa3oM, THCTEPE3UC OTCYTCTBYET.
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I'paduku Harpy3Ku U pa3rpy3KH JTOJKHBI B3aMMHO COOTBETCTBOBATH APYT APYTY:
1.

Harpy3kKa

7

J

7
”
”
z

Py /V

«ynpyrum

npeacm» !/

/
/
/
/1 / —TIOBTOPHAS
* , Harpyska
/
/|
/
/

pasrpyska u

ALm AL

II1aCTH4CCKast

ynpyras

En &

nedopManus

nedopmans

Puc. RETRTA_3.

B mo6oii Touke rpaduka HArpy3KH TIOCIE YIPYroro mpejena IIacTHYecKas
nedopMalis ocie pasrpy3Ku TOJDKHA OBITh MOJIOXKUTENbHA.
2. Ilnactmyeckas aedopmanus (octarodHas nedopmalus mocie MOJTHOW pa3rpy3Ku) ¢

pocToM IMOJTHOM HC(bOpMaHHH HUTHU JOJI’)KHA MOHOTOHHO YBCIIMYMUBATHCA.

Crenenu ¢cBo0OIbI

1,2,3 [ToctynartenbHble TOYKH Al B HanpaBICHUU TTI00AIBHBIX KOOPAMHATHBIX
oceit X,Y,Z.
4,5,6 [ToctynartenbHble TOYKH A2 B HaIIPABICHUU TTI00AIBHBIX KOOPAMHATHBIX
oceit X,Y,Z.
[HapameTpsl
N n/n Onucanue Pazmepnocts | [lnanazon
1,2,3 HauanpHbie KOOpAMHATHI TOUKU A M - RLmax... +RLmax
4,5,6 HauanbpHbie KOOpAMHATEI TOUKHU A, M - RLmax... +RLmax
Touku Al u A2 B
HavyaJbHBI MOMEHT
BPEMEHU He MO2ynt
COBIA/IATh.
7 Kputnueckoe yckopeHue Boioera m/c? >0
HUTH U3 KaTYIIKH,
XapakTepHU3yIollee MOMEHT Havasia
cpabaThIBaHUSA
8 Bpewms 3anepxku cpabaTbiBaHUs c >0
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N /i Onucanue PasmepnocTs | [Ilnanaszon

9 IInomans ceueHUst HUTU M > ()

10 [110THOCTH MaTeEpHaa HUTH Kke/m’ > ()

11 [Ipu3Hak ydeta CUIIbI TSDKECTH - - RLmax... +RLmax
Ecnn 3nauenue
rapamMeTrpa paBHO
€IMHHIIE, TO MOJIEND
BOCITPOM3BOIUT CHITY
TSDKECTH DJIEMEHTA B
HarpaBJICeHUU
rI00a1bHON ocH Z.

12 MakcuManbHas OTHOCUTEIIHLHAS - =0

nedopMarus 10 JOCTHKECHUS
KOTOPOM pasrpy3Ka MpOu3BOIUTCS
1o rpaduKy Harpy3KH («ynpyrui
npeaen OTHOCUTEIbHON
nedopMarumn)
13 Mapkep (urciieHHast BEJIMUNHA, - RLmax... +RLmax
OTJISNISFOIIAsT O/THY TaOIHILY
3HAYCHHU OT APYTOM)
14... Tabnuma 1 - mapsl uncen, - H Tab6numa gomkHa

OIIpeACIIAIOINE KyCOYHO-
JIMHENHYIO0 alllIPOKCUMALIMIO
rpaduka 3aBUCIMOCTH OCEBOM CHIIbI
OT OTHOCUTENbHOMU AedopMariu
HUTH NIpU Harpys3Ke nocie
3anupaHus KaTyLIKH.

B xaxnoui mape uucein:

MIEPBOE YUCIIO — OTHOCUTEIIbHAS
nedopManus pacTsKEHUs IPU
Harpyske

BTOpOE ymncio — cuia [H]

Mapxkep

coJlep’KaTh HE MEHee
4-x 3HaueHuit (2
Taphl).

3HayeHue
nedhopmaiuu J0KHO
BO3pacTaTh OT MEPBOU
Maphl K MOCIETHEH.

He nonyckaercs
HUCHAJAIOIINX
Y4acTKOB
anmnpoKCUMAaIlUH.

Ipu nyneeom 3navenuu
cmeujenus
annpoxkcumayus
00MICHA 0becneyusams
HYyJlegoe 3HaueHue CUTbL.

Mooenv uenopupyem
eemsu epaguxa
Hazpy3Ku npu
OMPUYAMETLHBIX
Odepopmayusx.

Pasno 3nauenuro
napamempa 13
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N /i Onucanue PasmepnocTs | [Ilnanaszon
Tabnuma 2 - mapel yncern, - H Tabmuia noimkaa
ONpeEIoNIe KYCOUHO- CO/IepXaTh HE MEHEe
JMHEWHYIO alMpOKCUMAIINIO 4-x 3HaUYeHH (2
rpaduka 3aBUCUMOCTH OCEBON CHIIBI apsl).
OT OTHOCHUTENIBHOU Jehopmanuu
Acopman 3Ha4eHHe
HUTU TIPU pa3rpy3Ke nocie
Py pastpy nedhopMaIuu T0JKHO
3alUPAHMS KaTYIIKU. .
BO3pacTaTh OT NEPBOU
B xaxnoui mape yuncei: Mapbl K MOCIEIHEH.
MIEPBOE YKCIIO — OTHOCUTEIIbHAS He nonyckaercs
nedopMaIus pacTsKEHHsI IPU HUCTIAIAI0IINX
pasrpyske Y4acTKOB
amnmpoOKCUMAIIUU.
BTOpOE yucio — cuia [H] p a
Cuna,
coomeemcmeyrouas
MUHUMATILHOT
oegopmayuu pazepy3xu
00JIICHA PasHAmMsbCA
HYJTTIO.
Mapkep Pasno 3nauenuro
napamempa 13
Tabnuna 3 - nmapsl uncen, m, H Tabnuua gomxHa

OTIpeeISIoNIne KyCOYHO-
JIMHEHHYIO alllIPOKCUMALIMIO
rpaduka 3aBUCUMOCTH CHUJIBI
HATSDKEHUS] HUTH OT BEJTUYNHBI
BBIOETA ITPU CpabaTHIBAHUH
KaTyIIKH (XapaKTepUCTHKA
"mmysneBoro" addekra).

B xax ol mape yuncei:

IICPBOC YUCJIO — BCJIMYMHA BBIOETA
[m]

BTOpOE 4Kciio — cuia [H]

coJlep’kaTh HE MEHee
4-x 3HaueHui (2
Taphl).

3HaueHue BEIOEra
JIOJKHO BO3pacTaTh
OT IIepBOY Mapsl K
HOCIETHEN.

He nonyckaercs
HUCHAJAIOIINX
y4aCcTKOB
anmpoKCUMaIlUH.

Bce 3nauenns B
TaOJIMIIE TOTKHBI
OBITE
HEOTPHIIATECIIbHBIMU.

Cuna,
coomeemcmesyowas
HYe80MY 6blOe2y
NPUHUMAEMCs PaABHOU
cuie HamadceHus HUmu
npu c60600HOM 8blbeze.

Maxkcumanvroe
3Hauenue evibe2a 6
mabnuye
coomaeemcmayem
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N /o

Onucanue PasmepnocTs | [Ilnanaszon

NOJIHOMY 3AMbIKAHUIO
KamyuwKu

[TPUMEYAHMUE:

1. B mo0oif Touke Tpaduka HArpy3KHd TOCJIE YOPYyroro Mpejaenia IIIacTHUYecKas
nedopmarius mocie pa3rpy3ku T0JDKHA ObITh TOJOKHUTENbHA.

2. Ilnmactuyeckas nedopmanus (ocraroyHas aedopMarys mocie MOJTHOM pasrpy3Ku) ¢
POCTOM TIOJTHOH NeopManvy HATH JT0JDKHA MOHOTOHHO YBEITHUNBATHCS.

3. Ilpu mpeBbIlIEHUH MaKCUMaldbHOW NedopMaiud, MO CPaBHEHHUIO C 3aJaHHOU B
Tabmumax | u 2, cuiia pacCYUTHIBACTCS ITyTEM DKCTPATIOJSIIIAN MTOCIEIHETO yJacTKa
rpaduka.

PaGounii BexTop

N n/n Onucanue PasmepHocTh | /lnanason

1 Texyuiee paccTosHuE MEXAY TOUKAMU A| U M
A,

2 Texymast HeaepopMupoBaHHasl JUIMHA HUTH M
Texyias oTHOCUTENbHAs AePopMarus

3 HUTHU Ha pacTskeHHe (TP CKaTUU paBHA
HYJTIO)

4 Texymiast abcomtoTHas neopmaryst HUTH M
Ha pacTshKeHHe (IIpU CKATUU paBHA HYJIIO)

5 Hakonnennas oTHocUTeNbHAs
iacTuyeckas aeopmanusi HUTU

6 Hakonnennas abcotoTHas miacTudeckast M
nedopmarus HUTH

7 OO0t BEIOET HUTH U3 KaTYIIKU C Y4€TOM M
nedopmarnuu

3 Bri0er HuTH Ha ydacTke cpaOaThIBaHMsI C M
yueToM aedopMmaruu

9 Cuiia HaTsKEHUS HUTH H
@drar cocTOSIHUS HUTH
1 — cBOOOIHBIH BHIOET

0 2 — cpabaTbIBaHHE CO LIMYJIEBBIM 3P (eKToM

3 — 3aMbIKaHHE KaTYLIKU Harpy3Ka HUTH
4 — 3aMbIKaHUE KaTYyIIKH, Pa3rpy3Ka HUTH

5 — 3aMBIKaHNE KaTylIKH, IPOBUCAHHUEC HUTHU
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CrannapTtHeli rpadguyeckuii oOpas

Ha »tamne Bbibera HUTH 0TOOpa)kaeTCsi OTPE3KOM JKEJITOrO IIBETA Ha ATare cpadaTbIBAaHUS -
CUHET0, HATsHXKEHUs Imocje cpabaTbiBaHus — O0€loro, pasrpy3kud Imocie cpabaTblBaHUS —
3e7eHoro. B pexuMe mpoBHCaHUS HUTh OTOOpa)kaeTcsl YCIOBHO B BHJIE JIOMAHOW KPacHOTO
nBera Todyka M3710Ma HAXOAMTCS HAa OCH NApAJIENbHOM OCH Z W MPOXOIALIEH Yepe3 CEepeuHy
oTpe3ka. BennunHa npoBrca NpUHUMAETCS MPUOJIMKEHHO PAaBHOM ITOJIOBUHE PAa3HOCTH MEXTY
HAYaJIbHOW W TEKYyIIeW JIMHONW HUTH C YYETOM HAKOIUICHHOW IUIACTUYECKOW nedopmaluu.
Hampasnenne «mpoBucanush JOMaHOW — OTPULIATEIBHOE IO OTHOLIEHUH K OCH Z.
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5. AneMeHTbl CNJIOWHON cpeabl

5.1. NMnockue anemMmeHTbI

5.1.1.CtepXHeBble 3/IeMEeHTbI

5.1.1.1.banoy4HbIn naeanbLHO yNpyruin aneMeHT ¢ ManbiMu gedopmMmaumsamm

BALKA

Oto0OpakaeMble CBONCTBA

Mogenb JBYXMEpPHOTO MPSIMOJIMHEHHOTO CTEpXKHS IOCTOSHHOI'O CEUEHHs], CIIOCOOHOTO
yOpyro AepopMUpPOBATHCS MTyTEM PACTSKEHUs (CxKaTHs), U3THOa B IIIOCKOCTH CBOETO JIBHKEHUS
(cMm. puc. BALKA 1).

banouHblii »7eMEHT CHOCOOEH NepeMelaTbCsl U 3aHMMaTh JH000€ MOJOXKEHHE Ha
KOOPJMHATHOM INIOCKOCTH, ONIPEAEIIAEMOE TMHEHHBIMU U YIJIOBBIMM KOOPJIMHATAMM €T0 KOHIIOB.

Crenenu cBo0OOIbI

1,2 - mocrynarenbHble TOukH A 110 ocsim OX, OY;
3 - BpamarenabHas TOYKHU A;
4,5 - noctynarenbHble Toukd B 1o ocam OX, OY;

6 -  BpamarenabHas TOYKH B.
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BALKA 1. bBaJjo4yHblii H1eaJbHO YIPYTHii 3J1eMEHT ¢ MAJIbIMU AedopManusiMu.
Crenenu cBo00aBI J1eMEHTA:
1, 2 — mocrynaresqbHbie TOUKH A 10 ocsim OX, OY;
3 — BpamiaTtejbHbIC TOYKH A;
4, 5 — nocrynarejabHbie Touku B no ocam OX, OY;
6 — BpamarenbHas To4ku B;
Xa, Ya — HauaJIbHbIe KOOPAMHATHI TOYKH A}
Xb, Yb — Haya/1ibHBbIE KOOPAUHATHI TOYKHU B;
m — Macca 0aJIku;
J — reoMerpuyecKuii MOMEHT HHEPLUH CEYECHHUSA CTEPKHA OTHOCHTEJIBHO
IJIABHOM OCH, NEPIEHAMKYJJISIPHOM IIIOCKOCTH, B KOTOPOM ABHKETCH
3JICMEHT;
F — niiomaap monepeyHoro cevyeHus;
E — monyas ynpyrocTn marepuaJia CTep:KHs.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazoH
1,2 HauanbHable KOOpIMHATHI TOYKH A TIO OCSIM M -RLmax...
0X, OY +RLmax
34 Hauanbnbie koopiuHaTBHI TOYKH B 110 ocsim M -RLmax...
0X, OY +RLmax
5 Macca 6anku M 0...
+RLmax
6 OTHOIIIEHUE PACCTOSTHUS OT TOYKH A 110 1/3...2/3
LIEHTpa Macc (B HAIPABJICHUH OT TOYKH A K
touke B) k mimmHe otpeska AB
7 [eoMeTpUYECKH MOMEHT UHEPLIUU M 0..L
MOTNIEPEYHOT0 OATKH
8 [no1mans MOnepeYHoro CeueHus M 0..L
9 Moaynb ynpyroctu Marepuania 114 0..
+RLmax
PabGouwnii BekTOp
N /it Ornucanue Pasmepnocts | [lnanazon
6 OceBoe ycuime B CTep:KHE H
7 [TonepeuHoe ycumnue B CTEPKHE H
11 [TorenuuanbHas sHeprus AedopMaun Le
AJIeMEHTA
12 [loTeHumanbHast SHEPTUsl PACTKEHUS Lre
AJIeMEHTA
13 [ToTeHuuanbpHas SHEPTUs U3ruda FIeMeHTa Le

OcoOble cuTyanuu

B clIy4dac, €CJIin B XOOC BBIYHCIICHUI TCKylIasA AJIMHA 3JIEMCHTA CTAHOBUTCA paBHOﬁ 0,

OCYIIECTBIISECTCS aBAPUIHBIN BBIXOJT U3 MOJEIIH.
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5.2. MNpocTpaHCTBEHHbIE 3JIEMEHTbI

5.2.1.CtepXxHeBble 3NIeMeHTbI

5.2.1.1.PacTaxxumo-cxxumaeMblil CTEPXKHEBOW UAeanbHO YNpyrum TpexmepHbIn

9NeMeHT ST E RG

Mogenbs mpocTpaHCTBEHHOTro mpsimoiinHerHoro crepxHs (puc. STERG 1), cnocobHoro
ynpyro nehopMHpPOBAThC TyTeM pacTshkeHus (cxatusi). CTEep)KHEBOW JJIEMEHT CIIOCOOCH
nepeMemaTbCsi W 3aHMMaTh JI00OE TMIOJIOKEHHE B TPEXMEPHOM MPOCTPAHCTBE, KOTOPOE
OTIpENIeNSIeTCs] TeKYIIUMHU KOOPIUHATAMH €T0 KOHIIOB.

Y 4

Ya

vd{

Yb ¢

0 Xa Xb X

o
Za
XY.Z2 - ocu rooBambHoi
Zh CHCTeMEI EOOpOHHAT
Z
STERG 1. IIpocTpaHcTBEHHBIN HEAJbHO YIPYTUil CTEP:KHEBOM 3JIEMEHT.

CreneHu ¢cB00OALI DJIEMEHTA:

1,2, 3 — mocrynarejibHble TOUKH A 1o ocsim OX, OY, OZ;
4,5, 6 — nocrynareabHblie Toukn B o ocsim OX, OY, OZ;
Xa, Ya, Za — Haya/IbHbIe KOOPAMHATHI TOUYKH A;

Xb, Yb, Zb — HauaibHbIEe KOOPAUHATHI TOUYKH B;
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Crenenu cBo0OOIbI

1- MOCTyHnaTeJIbHad B HAIIPAaBJICHUU OCHU OX Touku A 9JICMCHTA,

2 - mnocrynatenbHas B HanpaBiaeHUU ocu OY TOUYKH A 3JI€MEHTa;

3- MOCTyHnaTeJIbHad B HAIIPABJICHUU OCHU OZ touxku A QJICMCHTA,

4 - mnocrynarenbHas B HanpasiaeHun ocu OX touku B siemeHTa;

5- MOCTyHaTeJIbHad B HAIIPAaBJICHUU OCHU OY Touxku B OJICMCHTA,

6 - mocTynarenbHas B HanpasieHun ocu OZ Touku B anemenTa.

[apamerpsi
N n/n Onucanue Pasmeprocts | [Inamazon
1,2,3 | HayanbHble KOOpAMHATHI TOUKU A TIO OCSAM M -RLmax...
0X, 0Y, Oz +RLmax
4,5,6 | HauanpHble KoopauHaThl TOUKU B o ocsim M -RLmax...
0X, 0Y, Oz +RLmax
7 Macca crepxHs Ke 0... +RLmax
8 OTHOILIIEHUE PACCTOSIHUS OT TOYKHU A 110 1/3 ...2/3
LIEHTpa Macc (B HAIPABJICHUH OT TOYKH A K
touke B) k miuHe otpeska AB
9 IInomane monepevyHoro ceyeHus EMEHTa M 0... +RLmax
10 Moaynib ynpyrocTu Matepualia CTep>KHs 114 0... +*RLmax
Ipumeuanue. HauanpHas qyrHa 10DKHA OBITE O0sbIIIE 0.
Pabouwii BekTOp
N /i Onucanue Pasmepnocts | JInama3on
1 Texymas nepopmanys M -RLmax...
+RLmax
2 Texyiiee NpoOAOIBHOE yCUIIHE H -RLmax...
+RLmax

*) Ilpumeuanne. [lonoxuTeTbHOE 3HAYEHHE COOTBETCTBYET PACTSKEHHUIO, OTPUIIATEITLHOE
- CKaTHUIo.

Oco0ble cuTyaIumu

B cnydae, ecnu B X0/i€ BBIYMCIEHUN TEeKyllas JIMHA AJIEMEHTAa CTaHOBUTCS paBHOU 0,
OCYIIECTBIISECTCS aBAPUMHBIN BBIXO U3 MOJEIH.
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5.2.1.2.MpocTpaHCTBEHHbIN YNPYrui 6anoyHbI 3NeMeHT ¢ 3ajaHUeM XxapaKkTepUCTUK
nonepevyHoro ce4eHMsi B BUAe MOMEHTOB UHEPLUM U NIoLWaamn ceyYeHuns

BAL3DJ BAL3DK

Oto0OpaxkaeMble CBOMCTBA

Mogenbs TPOCTPAHCTBEHHOTO MPSIMOJIMHEHHOrO OajJOYHOTO 3JI€MEHTa MOCTOSTHHOTO
MOTIEPEYHOTO CEUEHHUS, CTIIOCOOHOTO ympyro neGopMUpOBaThCSA IMyTEM PACTSIKEHUS (CXKATHSA),
u3ruda B IIIOCKOCTSIX TJIaBHBIX OCEH CeUeHUs M KpyUeHHs! BOKPYT MPOJIOJIbHON ocu. B KkopoTkom
6amounom snemente BAL3DK nHapsiny ¢ Bblllie Ha3BaHHBIMU JIe(OPMAIHSIMU BO3MOXKHBI TaKKe
nepopmanuu cnsura. Ilo BbIOOpYy THIa 0ajJOYHOrO 3JIEMEHTA IS MOJCIUPOBAHMS 3a/adu
MEXaHUKH MOTyT OBITh JaHbl cienyromue pekoMmenmanuu. Ha puc. BAL3D 1 nmpuBomutcs
KpUBasi BIMSHUS CIBHra Ha nedopmanuio Oamku Mpu U3THOE B 3aBUCHMOCTH OT €€ JIJTUHBL
Onpenensyics MakCUMaJIbHbI Tporu0® s psiAa JIMH  KOHCOJBHOW OajKu  Kpyrjoro
MOTIEPEYHOT0 CEYCHMs NpU JCHCTBHM COCPEIOTOUEHHON CHUJIBI Ha cBOOOIHOM KoHIE. KpuBas
MOCTpOEHA Ha OCHOBaHWE CpaBHEHMsI pe3ynbTaToB pacuera 6amok BAL3DJ u BAL3DK. Caguwr,
CONMPOBOKAAMOIINI ehOopMaIHio U3ruba, CTAHOBUTCS 3HAUMTENbHBIM npu L* < 1000*Jx (L* <
1000*Jy-). TlosToMy Npu MEHBIIUX 3HAYCHUSAX IJIUHBI OaJKH PEKOMEHIYETCS HCIOJb30BaTh
sanemeHT BAL3DK.

Lo g
: 0bIacTh peKOMeHOYEMGIO
HCIIOIBIOBAHHA KOPpOTEKOTD
i GanouHoro seMenTs BAL3DK
05
0.25
. _ -
1 2 3 4 & lgL
BAL3D_1. Kpusasi BiusiHus cABUra Ha Aedopmanuio 6aaku npu u3rude u

3aBHCHMMOCTH OT ee /IVIUHBI.
An — makcuMaJabHbIH porud 6aaxku BAL3DJ;

AK — MakcuMaJbHbI nporud 0aaxku BAL3DK;

L — nanna 6anku;

JX — 0ceBOM MOMEHT HHEPIUU NMONEPEYHOr0 ceYeHHus DAIKM.

banouHblii 37MeMEeHT cnocoOeH TmepeMemarbcsi M 3aHUMaTh JH000E TOJOXKCHHUE B
TPEXMEPHOM IPOCTPAHCTBE, KOTOPOE OIPEAEIIACTCS TEKYIIUMHU KOOPMHATAMH €TI0 KOHIIOB.

JlokanpHas cucrema koopauHaT (JIKC) Ganku ompenensercs cieayromum odpazoM (puc.
BAL3D 2). Ocsio OZ’ JIKC (ochto 0Oanmku) CUMTACTCS JIy4, BBIXOISIIMA M3 TOYKU A 10
HarpaBJIeHUIO K Touke B. BcnomorarenpHast Touka D onpezenseT nepByro IaBHYHO TUIOCKOCTh
UHEPIUH OaJIKH.
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Zb

Z
BAL3D 2.

Y!

OcH TOKANBHGH CHCTEMH KGOPOMHAT 0AITKH
OX' 1 OY' gradawTed TIABHBIMI OCAMIT
ITHEPITHMH &¢ TCTIePeUMOTO CeURHIT,
Hanpapmenue ocH OX' olpederdeTc
IJIOCKOCTEI;

BenoMoraTensHasa
ToukEa D coBMecTHO
c ToukaMua A u B
ONpEeIeIaeT IEPBYID
[JI8BHYI0 ILICCKEGCTL
MHEPIIMH Danxu (]

Y Ock 07 mokanmbHOMA
CHCTEMERL ICOOP;IIPH-I&T

| DAEH COBIIATACT C
ee OChI0 IT

) HalpaBlieHA OT
TOYEM A X B

xd Xb X
il &

Zd

XY.7 — ocu TI00aIRHOIT
CHCTEMEl KOODIIMHAT

IIpocTpancTBeHHBbIN yNPYrui 0aJ104HbIN 3J1€MEeHT.
Omnpenenenue oceil T0KaJIbHOM CHCTEeMbI KOOPAWHAT.

CreneHnn cB00O/IbI 2JIEMEHTA:

1,2, 3 — moctynarejibHble TOUYKH A 1m0 ocsim OX, OY, OZ;

4, 5, 6 —BpamarejbHbie TOUKH A BOKpYr oceii OX, OY, OZ;

7, 8,9 — nocrynareabnsie Touku B no ocam OX, OY, OZ;

10, 11, 12 —BpamartenbHble TOUkU B Bokpyr oceit OX, OY, OZ;
Xa, Ya, Za — HauaJIbHbIe KOOPAMHATHI TOYKH A}

Xb, Yb, Zb — HauyaibHbIEe KOOPAMHATHI TOUYKH B;

Xd, Yd, Zd — xoopanHaThI BCIOMOraTeJbHoi TOYKHu D;
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1,2,3 -
4,5,6 -
7,8,9 -

10,11,12 -

Crenenu cBo0OOIbI

noctymnarenbHble Toukd A 1o ocsim OX, OY, OZ;

BpaniaresnbHble Touku A Bokpyr oceit OX, OY, OZ;

nocrymnarenbHbsle Toukd B o ocsam OX, OY, OZ;

ITapametpsl saementa BAL3DJ

BpaniaresnbHble Touku B Bokpyr ocelt OX, OY, OZ.

N /i Ornncanue Pasmepnocts | /Inanazon
1,2,3 | HavyanbHble KOOpAMHATHI TOUKU A TIO OCSAM M -RLmax...
0X, 0Y, 0Z +RLmax
4,5,6 | HauanpHble KoopauHaThl TOYKU B o ocsim M -RLmax...
0X, 0Y, 0Z +RLmax
7,8,9 | HauanbHble KOOPAMHATHI BCIIOMOTATEIbHON M -RLmax...
Touku D +RLmax
10 MOMEHT UHEPIMH OIEPEYHOTO CEYEHHUS Jx: M 0..10*L*
11 MOMEHT MHEpIMHU MMONEPEUYHOr0 ceYeHUd Jy: M 0..10*L*
12 MOMEHT HHEPIUH TIPU KPyIEHUH Jy M 0..10*L*
13 [1momaae monepeyHoro ceYeHust o 0..
+RLmax
14 Moaynb ynpyrocTu Matepualia dJeMeHTa 114 0..
+RLmax
15 Koaddumuent ITyaccona 10...0.5]
16 [TnoTHOCTH MaTepuana Ke/m’ 0..
+RLmax

HpnMeanne. Ecnu BcmoMmoraTtensHast Touka D, 3aJaHHasi IM0JIb30BaTcCIIEM, JIC)KHUT Ha OCHU

7' JIKC, Torna mosjokeHue nepBoi riIaBHOM MJIOCKOCTH WHEPIUHU MTporpaMMa YCTaHABIMBAET 110
YMOJTYAHUIO.
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ITapamerpsl anemenTta BAL3DK

N /i Onucanue Pasmepnocts | [lnanazoH

1,2,3 | HayanbHble KOOPAUHATHI TOYKUA A MO OCAM M -RLmax...
0X, OY, Oz +RLmax

4,5,6 |Hauvanbabie KoopauHATHI TOUKU B o ocam M -RLmax...
0X, 0OY, Oz +RLmax

7,8,9 | HauanpHble KOOPAMHATHI BCIOMOTATEIbHOM M -RLmax...
Touku D +RLmax

10 MOMEHT MHEpIMHU MONEPEUYHOr0 CeYeHUs Jx M 0..

+RLmax

11 MOMEHT MHEpIMHU MMONEPEUYHOr0 CeYeHU Jy: M 0..

+RLmax

12 MOMEHT MHEPIUHU NPU KPYUCHUH J. M 0..

+RLmax

13 [1momaae monepeyHoro ceYeHust o 0..

+RLmax

14 KoaddurmenTt BausHus momnepeyHoro 0...
CEUEHUS Ha CIBUTOBYIO J1e(hOpMAIIHIO 110 +RLmax
JOKaJIbHOM ocH X'

15 KoaduuueHT BIUsSHUS OIEpeyHOro 0..
CEYEHHUS Ha CABUTOBYIO Aedopmaluio 1mno +RLmax
JoKajapHOM ocu Y'

16 Moaynb ynpyrocTu Matepualia dJeMeHTa 114 0..

+RLmax

17 Koaddumuent ITyaccona 10...0.5]

18 [TnoTHOCTH MaTepuana Ke/m’ 0..

+RLmax
Pabouwii BekTOp

N /i Onucanue Pasmepnocts | JInama3on

1 [Tonepeunoe ycunue B Touke A 1o ocu X' H

2 ITonepeunoe ycunue B Touke A 1o ocu Y' H

3 [IponosibHOE yCcHIIME B TOUKE A H

4 W3rubaromuii MOMEHT B TOUKE A H
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N /i Onucanue Pasmepnocts | [lnanazox

OTHOCUTEIBLHO OcH X'

5 H3rubarommii MOMEHT B TOUKE A H
OTHOCUTEIBLHO OcH Y'

6 KpyTsimit MOMEHT B Touke A H

7 H3rubarommii MOMEHT B TOuke B H
OTHOCHUTEIBLHO OCU X'

8 H3rubarommii MOMEHT B Touke B H
OTHOCHUTEIBHO OCH Y'

9 Kpytsmmit MoMeHT B Touke B H
10 OceBast nedopmanus pacTsHKEHUSA-CKATHS

11 VY051 CKpy4YrBaHUS IO OCH OAJIKH pao
12 N3zrubnas nedopmanus B TOUKe A

OTHOCUTEIBLHO OcH X'

13 N3zrubnas nedopmanus B TOUKe A
OTHOCHUTEIIBHO OCH Y'

14 N3zrubnas nepopmarnus B Touke B
OTHOCHUTENBHO ocu X'

15 N3rubnas nepopmarus B Touke B
OTHOCHUTEIIBHO OCH Y'

16,17, |Hanpasnstomue kocunycol ocu X' JICK
18 0anku

Ipumeuyanus. CwioBsie GakTopsl u aeopmanuu - B JIOKATHLHOW CHCTEME KOOPIUHAT
6anku (JICK). Ilox u3rubHoi nedopmarmeii otHocutenbHo ocu X' miu Y' JICK moHumaercs
TAHTEHC yTJIa OTKJIOHEHUS NMPOEKIUU YIPYTOH JIMHUK OaJIKU Ha TUIOCKOCTb, MEPICHANKYIISPHYIO
cootBetcTByHoIei ocu JICK, ot ocu 6ankw.

Oco0ble cuTyanuu

[Toutn Bce mpHUeMbl, XapaKTepHble JJs TMOCTYNATEIbHOIO JBH)KEHUS, OCTAIOTCS
COpaBEeIJIMBBIMH M TpH paboTe ¢ TpemMs BHEIIHUMHU YIJIOBBIMH CTEICHSIMH CBOOOJIBI
npoctpancTBeHHoro anemeHtTa BAK3DJ (BAL3DK). HekoppekTHbiMu OyayT olepanuu
OpSIMOTO  KMHEMAaTUYECKOrO0 BO3JIEUCTBHS C TMOMOIIBI0O HCTOYHHUKOB KHHEMATHYECKOIO
BO3JICICTBUS, MpelHa3HauYeHHBIX ISl IIocKoro BpamieHus. [Ipm HeoOxonumMocTu mnepenaTh
BpalleHUE C OJIHOMEPHBIX WM IUIOCKMX JJEMEHTOB Ha MPOCTPAaHCTBEHHBIE, HYKHO
WCITOJIB30BaTh CBS3YIONIUE JJIEMEHTHI THIA ydacTka Baya (dmemeHT cBsizu SV 13W), umeroriero
Ha OJIHOM KOHIIE BpallaTelbHYI0 CTENEHb CBOOOIBI, 2 HA BTOPOM - TPH BPAIIATEIILHBIX CTEIICHU
CB0O0OOBI BOKPYT KOOPIUHATHBIX OCEH.
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5.2.2.1MMnacTuHbI

OtobpakaeMble CBONCTBA

TpeyronbHbli  MPOCTPAHCTBEHHBI  AJEMEHT C  BO3MOKHOCTHIO
MEePEeMEeIICHUS U MaJBIMH YIOPYTHMH JehOopMalusIMUA PACTSDKEHUS-CKATUA U U3rnba. Monenb
MPOCTPAHCTBEHHOM TPEYTOJIBLHOM YIIPYTOM IUIAaCTUHBI NpeacTaBieHa Ha puc. PLSTU.

PLSTU 1.

IIpocTpancTBeHHAsi TPEYroJIbHASI YHIPYras IJ1acTHHA.
Crenenu cB00OABI 3J1eMEHTA:

1, 2, 3 — mocrynaresibHble TOUKH A 10 ocsim OX, OY, OZ;
4,5, 6 — nocrynarejbHubie Toukn B o ocsaim OX, OY, OZ;
7, 8,9 — nocrynareabnbie Touku C no ocsim OX, OY, OZ;
10 — BpamaTebHas cepeIUHBbI CTOPOHBI AB;

11 — BpamaresbHasi cepeauHbl cTOpoHbl BC;

12 — BpamarenbHas cepeIuHbI cTOPOHBI CA;

Xa, Ya, Za — Haya/IbHbIe KOOPAMHATHI TOUYKH A;

Xb, Yb, Zb — Havya/ibHbIe KOOPAMHATHI TOYKHU B;

Xc, Yc¢, Z¢ — HavyaabHble KOOPAMHATHI TOYKH C;

5.2.2.1.MpocTpaHcTBeHHaA TpeyrofibHasA ynpyras nnactuHa, paéorawowas Ha

pacTaXeHue-cxxatme n n3rud PLSTU

IMIPOU3BOJILHOI'O
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Crenenu cBo0OOIbI

1,2,3 - mocrynartenbHble TOUKU A snemenTa no ocsim OX,0Y,0Z;

4,5,6 - moctynatenbHble TOUkU B anemenTta no ocam OX,0Y,0Z;

7,8,9 - mocrynatenbHbie Touku C anementa o ocsim OX,0Y,0Z;

10 -  BpamarensHas cepequHbl CTOPOHBI AB;
11-  BpamarenbHas cepennHbl cTopoHsl BC;
12 - BpamarensHas cepequHbl CTOPOHBI CA;
[TapameTpsl
N n/n Onucanue PazmepHnocts | [Ilnanazon
1,2,3 | HayanbHble KOOpAMHATHI TOUKU A TIO OCSAM M -RLmax...
0X,0Y,0Z +RLmax
4,5,6 | HauanpHble KoopauHaThl TOUKU B o ocsim M -RLmax...
0X,0Y,0Z +RLmax
7,8,9 | HauanbHuble koopauHatsl Touku C 10 ocsAM M -RLmax...
0X,0Y,0Z +RLmax
10 TonmuHa seMeHTa M 0..
+RLmax
11 Mopaynp ynpyroctu Marepuana 3J1eMeHTa 114 0..
+RLmax
12 Koadduuuent [Tyaccona - 0..0.5
13 [ImoTHOCTH MaTepuana ke/m’ 0..
+RLmax
PaGouwnii BekTOp
N /it Ornucanue Pasmepnocts | [lnanazon
1 [Tporu6 B LeHTpE TAKECTU IIIACTUHBI M
2 OKBUBAJICHTOE HANPSKEHNE Ha HUKHEH 114
IIOBEPXHOCTHU IUIACTUHBI
3 OKBUBAJICHTOE HANpsKEHUE Ha BEpXHEU 114
IIOBEPXHOCTHU IUIACTUHBI
4 MakcumanbHOE SKBUBAJIEHTHOE HANIPSDKEHUE 114
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N /i Onucanue Pasmepnocts | [lnanazox

5 [Tokazarenb H.C. HA HUKHEW MOBEPXHOCTH
IIJIaCTUHBI

6 [Tokazarenb H.C. HA BEpXHEW MOBEPXHOCTH
IIJIaCTUHBI

7, 8,9 | KOMIOHEHTHI TEH30pa HANPSHKEHUN Ha
HWDKHEW moBepXxHOCTH I1acTulbl B JICK

10,11, | KoMnoHEHTHI TEH30pa HAMPSHKEHUN HA

12 BepXHel noBepxHocTy miactuHsl B JICK

13 VY nenpHas noTeHUMAIbHAS YHEPTUS
nedopManuu

14 OO0m1as noTeHIMaIbHAS YHEPTrus AehopMarum Lo
ILUIACTUHBI

15 OOGm1as HEprus, nepeaHHas IIaCTHHE Llorc

HpnMeanne. TOJ'IH_II/IHa IIJIAaCTUHEBI JOJDKHA COOTBETCTBOBATH pasMEpaM DJIEMCHTA. Ecmu
KBaapaTr TOJIOWHBI TIPCBLBIMIACT IUJIOMMAAb 3JICMCHTA, 3HAYCHHUC TOJIIUHBI CYUUTACTCA
HEOOIIYCTUMO OOIBIINM.

Oco0ble cuTyanuu

Ecnm B X0o€ BBIUMCICHUHN TEKyIas IUIONIAb IUIACTUHA CTAHOBUTCS OJIM3KOW K HYIIIO, TO
OCYIIECTBIISECTCS aBAPUMHBIN BBIXOJ U3 MOJEIH.
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6. KOHTaKTHbIe 3IeMeHTbl

6.1. OgHOMEpHbIe 3NIeMeHTbI

6.1.1.1.04HOMepHbIN 3NIeMeHT, OTPpaXKaloLUIN yrpyroe KOHTaKTHOe B3aumogemncremne
Mexay ABYMs TernaMy U NpensaTCTBYOLWUIA NONMOXUTENbHOMY CMeLLeHUI0 NepBoro

Térna OTHOCUTeNnbHO BTOpPOro U PRL

OT1o0OpaxaeMble CBOMCTBA

DJIEMEHT CIIYXHUT JJIsi OMUCAHUS KOHTAKTHOTO B3aWMOJCHCTBHUS NBYX TEJ, JIBH)KCHHE
KQXKIO0T0 U3 KOTOPBIX OMUCHIBAECTCSA OJHOW CTENEHbI0 cBOOOABI. B 001em ciyuae B HayalnbHbBIN
MOMEHT BpPEMEHH MEXAy TeJaMHh HUMEETCS 3a30p U YCWIHNE B KOHTAaKTE€ OTCYTCTBYET.
Bo3nukaroriee mocie BBIOOPKH 3a30pa KOHTAaKTHOE YCHIIME MPONOPIMOHATIBHO BEIHYHUHE
KOHTaKTHOU Jedopmanuu:

Fuw=K*((X;-X>)-0),

,rae K - ko3pPUIMEHT KOHTaKTHOW yIpyrocTH;
O - HavaIbHBIN 3a30p;

X - mepeMeleHne NepBoro Tena;

X - mepeMeleHre BToporo Tena.

Ha puc. UPR 1. moka3aHbpl pacdyeTHbIE CXE€Mbl JJIs MOJIOKHUTEIBHOW M OTPHUIATEIBHON
BEJIMYMH 3a30pa, a TAK)KE 3aBUCUMOCTh KOHTAKTHOT'O YCUJIUSI OT B3aUMHOTO cMmerieHus Tei (X1 -
X2) B atux cnydasx. Ilpu ucnomb3oBanuu 3nemeHTa UPRL HyXHO ydYecTh, U4TO B3aWMHOE
MOJIOKEHUE KOHTAKTUPYIOIIUX TEJ OMpPEACNAeTCS He KOOPAUHATAMM TeJl, KaK B OOJBIIMHCTBE
JIPYTUX KOHTAaKTHBIX JIEMEHTOB, a MOPSIIKOM 3a/IaHUs CTETeHeH CBOOOIbI 3TUX TeJl B OMMCAHUU
CTPYKTYpHI (hparMeHTa. DJIEMEHT BCEr/ia MPEMSITCTBYET MOJ0KUTEIBLHOMY CMEIICHUIO TEPBOM
CTETNIeHH CBOOO/IbI OTHOCUTEIBHO BTOPOMA.

: S, D L
i

A >0 A<D

—
il

Y
Y

F /

AX=¥—Xg / AX=X; X2

Puc. UPR_1. OpHoMepHbBIii 0JHOCTOPOHHHMI HICATBHO YIPYTHii KOHTAKTHBIH 3JICMEHT
UPRL.
IToka3aHbl pacyeTHbIE CXeMbI VIS CJIy4aeB MOJIO0KUTEJIbHOT0 H
OTPUIIATEIbHOI0 HAYAJBHOI0 3230Pa MeK1Y KOHTAKTHPYIOIIUMHU TeJaMHu U
COOTBETCTBYIOLIHE 3aBHCUMOCTH YCHJIUSI B3aMMO/1eHiCTBHA OT B3aHMHOI0
CMeLIeHHS Tel.
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Hekotopble  TuUmMuyHBIE Ccay4ad TPUMEHEHHUS dJeMeHTa  (pasziuuyHble  Cly4yau
OTHOCHUTEIIBHOTO HAYaJbHOTO pACIIOJIOXKEHUS KOHTAKTHPYIOUIUMX TEJI NpPH OJHOMEPHOM U
IUIOCKOM JIBMKEHHH) M300paxkeHs! Ha puc. UPR_2.

Crenenu ¢cBo0OIbI

1 - BpamarenbHas (IocTynaTeabHas) MepBoro Tena;

2 - BpalarenbHas (IOoCcTynaTelbHas) BTOPOro Tena.

PacueTHas cxema npouecca Onucanue cTpykTypbl Ha PradiSlang

FTOp pry

TE

i
1
1

LR

Puc. UPR 2. | HekoTopble THIIHYHBIE CIYyYaH IPUMEHEHUS OJHOCTOPOHHUX KOHTAKTHBIX
3JjieMeHTOB (Ha mpuMepe daementa UPRL).

[TapameTpsl
N /it Ornucanue Pasmepnocts | [lnanazon
1 Hauanbnas BenmnunHa 3a3opa M WU paod - RLmax...
+RLmax
2 KoHTakTHas %&eCTKOCTh JIEMEHTA H/m umm 0...
H*w/pao +RLmax
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PaGouwnii BexTop

N /o

Onucanue

Pa3zmepHocTh

Junanazon

TeJa BO BTOPOE)

Teky1ias BenTu4nHa 3a30pa (OTpULIATEIBHOE
3HAYEHHE COOTBETCTBYET BHEJIPEHUIO MIEPBOTO

M
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6.1.1.2.0aHOMEpPHbIN KOHTAKTHbIM 3NIEMEHT C YNpPYyro-niacTM4eckon XxapakTepUucTUKon

N BO3MOXHOCTbLIO pa3pyLlieHus U PRC

OtobpakaeMble CBONCTBA

DJIEMEHT CIIyXUT ISl ONKCAaHHUS KOHTAaKTHOIO B3aUMOJCHMCTBUS NIBYX TeJl, JBHIKCHHE
KQXKJ0T0 U3 KOTOPBIX OMHCHIBACTCSl OJJHOW CTETEHBIO cBOOOBI. B orimune ot anementa UPRL
XapaKTepUCTUKAa KOHTAKTa SBJIsEeTCA ympyro-muactudecko (cm.  puc. UPR 3). Ecmnm
negopmanusi JIEMEHTa TMPEBBIMIACT BEIWYMHY paspylmaromeid aegopManuu, TO 3IIEMEHT
"paszpymaercs" (CBS3b MEXKAY CTENECHSAMHU CBOOOABI Tepsercs). B nampHeimeM sieMeHT
CUMTAETCS PAa3PyLICHHBIM.

DneMEeHT Bceraa MPensTCTBYET MOJ0KMUTEeJbHOMY CMELICHHUIO MEPBOIl CTENeHU CBOOOIbI
OTHOCUTENIbHO BTOpoi. Croco® mNpHMEHEHHs 3JIEMEHTa AHAJIOTHYEH CIOCO0Yy NpUMEHEHHUs

sneMenTa UPRL.
1 2
I -
) _ §§\ N ‘o
|
|
220 | 4 | A<O Ap
F | F |
Fun | o |
- I /o
| A
AX=X - Xz AX=X-X2

Puc. UPR_1. OpHoMepHbIii 0JHOCTOPOHHHMI YIPYTO-IVIaCTHYECKNH KOHTAKTHBII
3JIEMEHT ¢ pa3spylLIeHHeM.
IToxa3aHbl pacyeTHbIE CXEMBI 1JIA CJIy4aeB MOJI0KUTEIBLHOI0 U
OTPHLATEIBHOI0 3230Pa MeKAY KOHTAKTHPYIOIIUMHU TeJaAMHU U
COOTBETCTBYIOLIHE 3ABUCUMOCTH YCHJIUA B3aHMOACHCTBHSA OT B3aMMHOI0
CMeIleHHUd Tel.
Ap — nedpopmanusi, paspymaomas 3J1eMeHT;
Fru — yeniine B3anMoaeiicTBHS, COOTBETCTBYIOIIIEE BBIXOAY 2JIEMEHTA HA
Y4YaCTOK IUIACTHYECKHX JAedopmannid
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Crenenu cBo0OOIbI

1- BpalaTeiibHad (HOCTyrIaTCJ'IBHaSI) IEpBOro TeEJa,

2 - BpamatenbHas (ocTynaTeabHas ) BTOpPOro Teja.

[TapameTpsl
N n/n Onucanue Pazmepnocts | [lnamazon
1 HauanbHas Benuumnna 3a3opa (A) M WU pao - RLmax...
+RLmax
2 KoHTakTHas %KECTKOCTh AIIEMEHTA H/m vnn 0...
H*w/pao +RLmax
3 VYcunue nepexoa aIeMeHTa B actudeckoe | H wim H*w 0...
COCTOSIHHE +RLmax
4 Pazpymaromas nepopmanus snementa (4,) M WM pao 0...
+RLmax
PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [Inamason
1 Tekyiias BeIMUrHA 3a30pa - PACCTOSHUS M WM pao

MEXy Hele(hOpMUPOBAHHBIMU
MMOBEPXHOCTAMH KOHTAKTUPYIOUIUX TECJI
(oTpunaTenbHOE 3HAUEHHE COOTBETCTBYET
BHEJIPEHUIO [IEPBOTO T€jIa BO BTOPOE)
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6.2. [IByxmMepHble 3f1IeMeHTbI

6.2.1.1.9neMeHT, onuCbIBakOLWMIN KOHTAaKTHOE B3aMMOAENCTBUE TOUKN C OKPYKHOCTbIO

KNTO

Oto0OpaxaeMble CBOWCTBA

DNEMEHT CITYKUT I OIUCaHUsI KOHTAaKTHOTO B3aumojeiicTBus Touku (Ha puc. KNTO 1 -
Touka C) C OKpYKHOCTBIO. [IBM)KEHHE OKPYKHOCTH B IUIOCKOCTH 33Ja€TCsl MOCTYNATeIbHBIMU
nepemenieHussMu  ee  1eHrpa (Ha puc. KNTO 1 - Touka O). KonrtakTtHOoEe ycumue
IPONOPLUOHATIBHO paJualbHOW JegopMaluu 3JIeMEHTa W HaNpaBlIeHO MO0 pPaguycy,
COEJIMHSIOLIEMY LIEHTP OKPYKHOCTH ¢ TOuKOM C. Cuila TpeHHs B KOHTAaKTE HE YYUTHIBAETCSl.

Hekoropble  TUNMYHBIE CiIy4ad TNPUMEHEHHUS 3JeMeHTa  (pas3iauuyHble  Cly4yau
OTHOCHUTEJIbHOTO HAYaJIbHOTO PACIIOJIOKEHHUS KOHTAKTHPYIOIIMX Tl TNpU OJAHOMEPHOM U
MIJIOCKOM JIBMDKEHHH ) n300pakeHsl Ha puc. UPR 2.

iy

Xa
2
Xe 1
C
Ye
i
X
Puc. KNTO_1. T'eomerpuueckue mapamerpbl U CTENEHU CBOOOAbI KOHTAKTHOIO

3JIEMEHTA «TOYKA € OKPYKHOCTHIO»:

X¢, Yc — HayajibHbIe KOOPAMHATBI KOHTAKTHON TOYKH;

Xo, Yo — HayaJIbHbI¢ KOOPAMHATHI HEHTPA KOHTAKTHOM OKPY’KHOCTH;
D — nnameTp KOHTAKTHOM OKPY’KHOCTH.
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Crenenu cBo0OOIbI

1 - mnocrynarenpHas Touku C no ocu X

2 - mnocrynarenbHas Touku C 1o ocu Y

3 - mnocrynarensHas Touku O 1o ocu X;

4 - mnocrynarensHas Touku O no ocu Y.

[TapameTpsl
N n/n Onucanue PasmepHocts | [lnamazon
1,2 Hauansusie koopaunatsl Touku C (X, Ye) M - RLmax...
+RLmax
3.4 Havanbhblie koopauHaThl TOUkd O(X,, Y,) M - RLmax...
+RLmax
5 JunameTp KoHTaKTHOU OKpyx’HOCTH (D) M - RLmax...
+RLmax
6 KecTkoCcTh KOHTaKTa H/m nnn 0..
H*w/pao +RLmax
PaGouwnii BexTop
N /i Onucanue Pasmepnocts | [Inamason
1 Tekymas BenmuauHa 3a30pa (OTpUIIATEIHHOE M
3HaYEHHUE COOTBETCTBYET BHEAPEHUIO IIEPBOIO
TeJa BO BTOPOE)
2 Tekymiast BeIMYMHA KOHTAKTHOTO YCUIIUS H
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6.2.1.2.9nemMeHT, onucbIBaloLW MM KOHTaKTHOe B3aMModenCcTBMe TOUKU C NIOCKOMN

nuHKen, KOHTYP KOTOpOﬁ COCTOMT M3 nocnepgoBartenbHocT N OTpe3KoB KONT

OtobpakaeMble CBONCTBA

KoHTakTHOE B3aMMOIEMCTBUE TOUKH, BHXKYLIEHCS B INIOCKOCTH, U HEKOTOPOTO IIOCKOTO
TeJa, TPAaHULA KOTOPOTO MPEACTABISIETCS COBOKYIMHOCTBIO N OTpe3KOB. J[BMKEHHE KOHTAKTHOMU
TPaHMIIbl ONPEIEIACTCS MEPEMEIICHHEM MECTKO CBsA3aHHOM ¢ HUM Touku O, HMerouiel JBe
CTCIICHHU CBOGOI[LI MMOCTYHaTCJIbHOI0 NCPEMCIICHUA U OJHY CTCIICHDb CBO60[[LI BpalmaTeJIbHOIO
IBwxkeHus. Ilpy onucaHMM KOHTAaKTHOM JIMHUM KakK JBYXCTOPOHHEH, OIpaHUYUBAETCA
nepemermenue Toukn C B 00e CTOPOHBI MO HOpPMalM K JIMHUM KOHTAaKTa (MOAEITUPYETCS
JBIKEHHE MO Hampaisomeit). [lpu onucanuu oJHOCTOPOHHEH JIMHUK KOHTaKTa KOOPJIUHATHI
OTPE3KOB, COCTABJISIOMIMX JIMHUIO KOHTAaKTa, 3a[Jal0TCSI B TAKOH IOCIIEIOBATEIILHOCTH, YTOOBI
IPU JBUKEHUH BJIOJIb KOHTAKTHOM JIMHUM KOHTaKTHas 00JacTh ocTaBanach cieBa. KoHTakTHas
JUHUS JOJKHA COCTOSATh KaK MUHUMYM M3 OAHOro orpeska. Touka C, KOHTAaKT C KOTOPOi

oTCleXuBaercs, o0nagaer JByMsl CTEHNEHSAMHM CBOOOABI IOCTYNATEIBHOIO  JIBUKEHUS
(puc.KONT 1).

LY E
Tomuniga EOHTAKTHOA
oSIacT Xeo 1
C
HAMpABITeHHE
|~ oUXGI8
_ (KOHTAKTHAA OGIACTD
OCTRETCA CTIEB4
Ye
-
X
Puc. KONT 1. T'eoMerpuYecKkue nmapamMeTpbl M CTeNeHHU CBO0OAbI KOHTAKTHOTO

3JIEMEHTA «TOYKA € JIOMAHOI»:

Xc, Yc — HayaJibHbIe KOOPAUHATHI KOHTAKTHPYOIIEl Touku (Touka C);
Xo, Yo — Haya/IbHbIe KOOPANHATHI TOYKH, € IBUKEHUEM KOTOPOii
CBSI3aHO JIBUKEHHUE KOHTAKTHOIO y4yacTka (Touka O);

Xi, Yi — Haya/IbHbIe KOOPAMHATHI i-0i TOUKH KOHTAKTHOT0 KOHTYPAa;

1, 2 — nepemMenieHUs1 KOHTAKTUPYIOUIEH TOYKH;

3,4, 5 — nepemenieHHs TOUYKH, C KOTOPOil CBA3aH KOHTAKTHbIH Y4aCTOK.
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[Ipy BO3HMKHOBEHUYU KOHTAKTa CHJIa KOHTAKTHOTO B3aUMOJAECHCTBHSI UMEET HOPMAIIBHYIO U
KacaTelbHYI0 cocTaBistone. HopmanbHas cocTaBisiomias MpONOPIHOHAIbHA BeIUYHHE
"mpoHukHOBeHU" Touku C BHYTph KOHTAKTHOM oOsacT. KoadduimeHt nponopuoHaibHOCTH
OmpenenseTcs 3aJaBaeMOil HOPMaJbHOM XECTKOCTBIO KOHTakTa. KacarenmpHas cocTaBistomas
MOJIETIUPYET CyXO€ TPEHUE CKOJIBKEHMS B IIATHE KOHTAKTA.

30HBI BIMSHHS COCEAHHMX OTPE3KOB, COCTABIISIIOIIMX KOHTAKTHYIO JIMHUIO, Pa3JIeNsIFOTCS
OuccekTpucoil yria, oopasyemoro 3tumu otpeskamu (puc. KONT 2.a.). B cnyuae, ecnu Touka
C mepeceder 3Ty OHCCEKTpHCY YK€ B XOJI€ KOHTaKTa, HampaBjeHHE KOHTAKTHOTO YCHUIIHUS
U3MEHHUTCS U OyJeT ONpeAeNsiThbCsl TEM OTPE3KOM, B 30HE BIIMSHHUS KOTOPOTO HAXOAUTCS
KOHTAaKTHas TOYKa B JaHHBIH MOMeEHT. /s TOro, 4ToObl 30HA BIMSHHUS KaXJIOTO U3 COCETHHUX
OTPE3KOB KOHTAKTHOM JIMHUM He ObUIa CIMIIKOM Masla, Yroj MEXIY COCeIHUMH OTpe3KaMH B
3TOM 3JIEMEHTE JO0JKEH OBbITh HE MeHbllle, ueM 60 rpaaycosB.

BaxkHpIM mapamMeTpoM MpU ONMUCAHUU DJIEMEHTA SIBJISETCS TOJIIMHA KOHTAaKTHOW 00JIacTH
(ob6macTh, HaAXOISChb B KOTOPOHM, KOHTAaKTHAas TOYKA CYUMTAETCS B3aMMOJICUCTBYIOIIEH C
KOHTAaKTHBIM ydacTkoM). [Ipu Ha3HaueHHM BETMUYMHBI ATOTO IMapameTpa >KelaTesbHO h30exarh
IBYX KpaitHocTe. CIMIIKOM Majas TOJIIWHA KOHTAKTHOW O0JIaCTH MOXET NPHBECTH K
"IpOCKaKUBaHHIO" KOHTAKTHOM TOYKHU Yepe3 KOHTAKTHYIO 00JIacTb.

HeompaBnanno Oosiblmasi TOJIIMHA KOHTAKTHOM OOJAacTM MOXET TPUBECTH K
BO3HUKHOBEHHUIO MEPEKPHIBAIOIIMXCS 30H BIMSHUS KOHTAKTHBIX OTPE3KOB, a B HEKOTOPBIX
CIy4asiX - K BOBHMKHOBEHHIO 30H, B KOTOPHIX KOHTaKTHas TOYKa Oy/JeT BTATMBATHCS BHYTPb
KoHTakTHOH obmacTu (puc. KONT 2.6.).

B ciyudae, ecnu KOHTakTHasi TOYKa HAaXOJUTCS B 30HE BIMSHHS JBYX U Oojiee OTPE3KOB,
KOHTAKTHOE ycHiue OyJeT ONpelensiTbCs OTPEe3KOM C MEHBUIMM HOMEpPOM (OTPE3KOM,
KOOPJMHATHI KOTOPOT'O P OMMCAHUU AJIEMEHTA 3aJ]aHbl PAHBIIE).

a)

TPEHHLE MEETLY HANPaBIeHHA KOHTAaETHOTO

R0HAMN BIHAHME" COCETHAX FCHIHEA TIpH pasiTHHHEX
KOHTAKTHHX Y4YalTKOB

MOTEeHHAX KOHTAETHRYGIIEH
TOUEH

L

~

A0Ha EMHEHHT

F0HE BIIHAHWH
BTOpOTG ¥YatTEA

cI¥Uall JepeceusHHd
TPAHHMLEL KOHTAETHOR
ACTH J0HOH BIIMAHMA
OpFrrore KOHITAETHOTO)
UACTEA.

STHY MecTaX
ECHTAKTHAA TOYKA =
Oy OeT BTATHBAaTLCL ; X 30HA BIMEHHT
EHVTPL ECHTAKTHOIG % : TEepBOTO FUACTKA
FUACTKA.

Puc. KONT_2. Oco0ennoctn 31ementa KONT:
a) rpaHUIbI 30HBI BJMSHUA COCETHUX KOHTAKTHBIX YYACTKOB;
0) cayuaid camonepece4eHus 3J1eMeHTa (30Ha BJAMSIHUSA OJTHOTO U3
Y4YaCTKOB IepeceKaeT rPaHUIly KOHTAKTHOH 00,1aCcTH).
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Crenenu cBo0OOIbI

1 - mnocrynarensHast Touku C no ocu OX;

2 - nocrynarenbHas Touku C no ocu OY;

3 - mnocrynarensHas Touku O 1o ocu OX;

4 - nocrynarenbHas Touku O 1o ocu OY;;

5 - BpamlarenbHas Touku O.

[TapameTpsl
N /i Onucanue Pasmepnocts | [lnanaszox
1,2 Hauanbnsie koopauHaThl TOUkH C 110 OCsIM M - RLmax...
0X, OY +RLmax
34 Hauanbnsie koopauHaThl TOYKH O 1O OCSIM M - RLmax...
0X, OY +RLmax
5 TonmuHaa KOHTaKTHON 00J1acTH M 0..
+RLmax
6 HopMmanbHas xKeCTKOCTh KOHTaKTa H/m v 0..
H*u/pao +RLmax
7 KoadduruenTt TpeHus CKONMbXKEHUS 0...
+RLmax
8 [Ipu3Hak OTHOCTOPOHHETO WU 1 v 2
JIBYXCTOPOHHETO KOHTaKTa
9,10 HauanbHabie KoopiUHATHI -1 TOUKH M - RLmax...
KOHTaKTHOM nuHuH 110 ocsaMm OX, OY +RLmax
2*j+7, | HauaibHble KOOPAWHATHI i-i TOUKH M - RLmax...
2*+8 | koHTakTHOU JIHKU 110 ocsiM OX, OY (i +RLmax

=1,N+1, rae N - KOJIUYECTBO OTPE3KOB
JIOMaHOM )
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Pabouwnii BekTOp

N n/n Onucanue PasmepHocts | [lnamazon
2*j-1 | HopmanbHas peakuus, I1eHCTBYIOLIast Ha i-i H

OTPE30K JJOMaHOM co cTOpOHBI TOUKH C
2% Cuita TpeHwus, AeMCTBYOIIAs Ha i-il OTPE30K H

nomaHo# co ctoponsl Touku C (i =1,N, rne N

- KOJINYECTBO OTPE3KOB)
3 CkopocTh ckoabxkeHus: Touku C 1o JIMHUU M/cek

KOHTaKTa

[Ipumeuanus:

Y4aCTOK CO CTOPOHBI TOYKH C, H CKOPOCTb CKOJIbKCHUSA TOUYKH C 1o muHuH KOHTAaKTa,

HaIlpaBJI€HUs OCEH JIOKAJIBHOM CHUCTEMBI
[TomoxkuTenpHOE HaMpaBi€HUE OCU X JIOKAJbHOW CHCTEMBI

1) BeiBonuTcs peakuus (HOpMalbHas WM CHJIa TPEHUs), NEHCTBYIOIIAs Ha KOHTAKTHBIN

2) 3a MOJOXUTENbHbIE HANpPAaBJIECHUS JUISl JIEMEHTOB pabodyero BEKTOpa NPUHHUMAIOTCS

KOOpJAUHAT,

CBA3aHHON C TIITHOM KOHTAaKTa.
KOOpAuHAT COBIagacT ¢

HaIpaBJICHUCM O6XOI[a KOHTAaKTHOI'O y4aCTKa. Ocr Y HalpaBJICHA BHYTPb KOHTAaKTHOM 00J1acTu

(ecru

AJIEMEHT OJTHOCTOPOHHUI);

3) Ilpu OTCyTCTBMM KOHTaKTa B TEKYIIMH MOMEHT BPEMEHH BCE JJIEMEHTHI pabouero
BEKTOPA OOHYJISIFOTCSL.
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6.2.1.3.9nemMeHT, onuchbiBaloLW M KOHTAaKTHOe B3aMMmoaencTBUe 3Munca ¢ nrockKkon

nuHKen, KOHTYP KOTOpOﬁ COCTOMT M3 nocnepgoBartenbHocT N OTpe3KoB KN2EL

OtobpakaeMble CBONCTBA

4y

ACTHETCA CITeRA

A HanpaBRITeHIIs
K o
ECHTAKTHAA O0IacTh
"‘_.______
Z

-
X

Puc. KN2EL_1. TI'eomerpuueckue mapamerpbl U CTENEHU CBOOOAbI KOHTAKTHOIO
3JIEMEHTA <«QJUINIIC € IOMAHON»:
X0, Y0 — HayaJIbHbIE KOOPAUHATHI HEeHTPa dJuiuInca (Ttouka O);
Xe, Ye — koopaAHATHI TOYKH, ONpeAe/IsAIoIell HAaYaJIbHOe MOJI0KEeHHe
nepBoi rJIaBHOM ocH djuunca (Touka E);
H — Besm4nHa 0CH 3JUIHIICA, HANIPABJICHHE KOTOPOi Onpeae/isieTcs
Toukamu O u E;
B — BeJiMuMHA BTOPOH OCH JLIHIICA;
Xp, Yp — HayaJIbHble KOOPANHATHI TOYKH, € IBHKEHHEM KOTOPOM
CBSI3aHO JBM:K€HHE KOHTAKTHOI0 KOHTYpa (Touka P);
Xi, Yi — HauaJbHbIe KOOPAUHATHI i-0i TOUYKH KOHTAKTHOI0 KOHTYpAa;
1, 2, 3 — mepemenieHusi 1 MOBOPOT LEHTPA JINIICA;
4, 5, 6 — nepemenieHHs TOYKH, C KOTOPOil CBA3aH KOHTAKTHbIN YY4aCTOK.

KoHTakTHOE B3aMMOJEHUCTBUE DIUIUIICA, ABUXKYIIErOCs B IUIOCKOCTH, U HEKOTOPOTO
IJIOCKOTO Teja, FpaHula KOTOPOro MPEACTaBISIETCS COBOKYIHOCTBIO N OTpe3koB. [[BukeHue
KOHTAaKTHOW TPAHMIBI OMPEACISIETCA TNEPEMEIICHUEM >KECTKO CBSI3aHHOM C HUM TOYKH P,
UMEIOIIEH JIBe CTENeHU CBOOOABI MOCTYMATEeIbHOTO MEPEeMEIIeHHs] U OJHY CTeNeHb CBOOOIBI
BpalllaTeJIbHOTO BMXEHUS. [Ipy onmucaHny TMHUKM KOHTaKTa KOOPAMHATHI OTPE3KOB 3a4al0TCS B
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TaKO# MOCIeI0BATEILHOCTH, YTOOBI PHU JABMKEHUHU BIOJIb JIMHUY KOHTAaKTa KOHTaKTHas 00J1acTh
octaBajiach cieBa. KOHTaKTHBIN y4acTOK JIOJDKEH COCTOSITh Kak MHHMMYM U3 OJHOTO OTpe3Ka.
HauanpHoe mONOXKEHUE HIIUIICA OINPENENsieTCs HadalbHBIMU KOOpJAMHATAMU ILEHTpa U
BCIOMoraTenbHoi Touku E, koTopas pacrnonaraercs Ha 60ib110# ocu auunca. Ero aBmkeHue
OTHCBIBAETCS TPEMsI CTETIEHSIMHU CBOOO/IbI, CBSI3aHHBIMHU ¢ ero HeHTpoM (puc. KN2EL 1).

[Tpy BO3HUKHOBEHMH KOHTAKTa CHJIa KOHTAKTHOTO B3aWMOJIEUCTBUS UMEET HOPMAJIbHYIO U
KacaTellbHyl0 cocTapisitomue. HopmanbHas cocTaBisiomias ONpeAenseTcss KOHTaKTHBIMU
3aBUCUMOCTSIMHU ['epria (KOHTAKT IUIOCKOCTH C IMJIMHApPOM). IIpu 3TOM KECTKOCTh 3JIeMEHTa
OMpeIeNsAeTCsl KaK MPUBEIECHHBIM MOJYJIEM YIPYrOCTH KOHTAKTUPYIOUIUX T, TaK U TOJIIMHON
3JIEMEHTA, T.€., PA3MEPOM 3JIEMEHTA B HAIPaBJIEHUH, IEPIEHAUKYIISIPHOM IIOCKOCTH JBHKEHUS.
KacarenbHas coctaBisoas MOJIETUPYET CyX0€ TPEHUE CKOJIbKEHHS B IISITHE KOHTAKTA.

Crenenu cBo0OIbI

1 - mnocrynarenpHas Touku O no ocu OX;
2 - mnocrynarenbHas Toukn O no ocu OY;
5 - BpawarenbHas Touku O;

4 - mnocrynarensHas Touk P o ocu OX;
5 - mnocrynarensHas Touku P o ocu OY;

6 - BpamaTenabHas TOUYKH P.

Iapamerpsi
N n/n Onucanue PazmepHocts | [Ilnanazon
1,2 HavaneHble koopauHaTsl TOuku O 10 0CsIM M - RLmax...
0X, OY +RLmax
3.4 Hauanbnbie koopanHaThl TOYKH E Mo ocam M - RLmax...
0X, OY +RLmax
5,6 JnuHbBI IepBOM U BTOPOM OCeil IIumca M 0...
(Hu B) +RLmax
7 TonmuHa KOHTaKTHOM 06JacTu M 0..
+RLmax
8 IIpuBeIeHHBIN MOYJIb YIIPYTOCTH 0..
KOHTaKTUPYIOIIUX TeJl +RLmax
9 KoadduuueHT TpeHus: CKoIbKEeHUS 0..
+RLmax
10,11 | HayanbHble koopanHaThl TOUukH P 11o ocsam M - RLmax...
0X, OY +RLmax
12,13 | HayasnbHble KOOpAUHATHI |- TOUKH M - RLmax...
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N /i Onucanue Pasmepnocts | [lnanaszoH

KoHTakTHOM nuHUHU 110 ocsaiM OX, OY +RLmax
2*i+10 | HauanpHbIE KOOPAWMHATHI i- TOUYKH M - RLmax...
2*i+11 | konTakTHOM MUHUY 10 ocsim OX, OY (i +RLmax

=1,N+1, rae N - KOJIMYECTBO OTPE3KOB)

PaGouwnii BexTop
N n/n Onucanue PasmepHocts | [Inanazon
2*j-1 | HopmanbpHas peakius B MSITHE KOHTAKTa, H

JIEUCTBYIOLLAS HA i-d OTPE30K JIOMAHOU CO
CTPOHBI JLIUIICA

2%] Cuia TpeHus, 1eCTByOIIas B ISITHE H
KOHTaKTa Ha i-i OTPE30K JIOMaHOU CO
ctopousl >iuurnca (i=1,N; N - KoTu4ecTBO
OTPE3KOB JIOMAHOM)

IIpumeuanus:

1. BeiBoauTcs peakuus (HOpMasbHas U CUJIa TPEHUS), NEHCTBYIOIIAs CO CTOPOHBI AILIUIICA
Ha KOHTAKTHBIM Y4acTOK JIOMaHOM.

2. 3a TOJOXXWUTEIbHBIE HAMPABJICHHS [JISI 3JIEMEHTOB Paboyero BEKTOpa MPUHUMAIOTCS
HalpaBJ€HUsI OCEH JIOKAJIbHOM CHUCTEMbl KOOpPJMHAT, CBA3AHHOM C TMSITHOM KOHTAKTa.
[TonoxurenpbHOoe HampaBieHHe ocu X  JIOKAJIbHOW CHCTEMBl KOOpPJMHAT COBIIAJIa€T C
HampaBlieHueM 00x0/1a KOHTaKTHOrO yyacTka. Ochk Y’ HampaBieHa BHYTPh KOHTAaKTHOM o0iacTu
(ecnu 3IE€MEHT OJTHOCTOPOHHU).

3. Ilpu oTCyTCTBMM KOHTaKkTa B TEKYIIHM MOMEHT BPEMEHHM BCE 3JEMEHTHI padouero
BEKTOPA OOHYJISIFOTCSL.

229



6.3. TpexmepHble 3fIeMeHTbI

6.3.1.1.9nemeHT, onucbIBaOLWMIN KOHTaKTHOE B3aMMOAENCTBUE LUNTMHAPA C TOYKOMN

KNCLT

Oto0OpaxaeMble CBOWCTBA

KontakTHOE B3auMojAeMCTBHE UMWJIMHIApPAa W TOYKH, COBEPIIAIONIUX MPOU3BOJIBHOE
neuxenne B mpocTpaHcTBe (puc.KNCLT 1).Touka, ¢ KOTOpOH OTCIIEKHBAETCS KOHTAKT
WIMHIpa, obo3HaueHa Toukoil C. IlpocTpaHcTBEHHas OpUEHTALMsI OCH LMJIMHJIpA 3aJaeTcs
meymss Toukamu: O u P (puc.KNCLT l.a.). TlonoxxeHue IUIMHAPUYECKOTO Yy4yacTKa
BO3MOKHOTO KOHTakTa BJoJib ocu OP 3amaeTcsi MOCTOSHHBIM CMEIIEHUEM HIKHEW KPOMKH
HWIMHApa OTHOcuTenbHO TOoukd O. CMelleHHe CYUTaeTcs IMOJIOKUTEIbHBIM, €CIIH OHO
HanpasiyeHo oT O k P.

DOneMeHT MOXeT OBITh HCMHOJb30BAaH JJS ONUCAaHUS KOHTAaKTa [JBYX THIIOB
(puc.KNCLT 1.6.) - BHemHero (korja MWJIHHJP - MOBEPXHOCTh Baja) U BHYTPEHHETO (Korja
WIMHJP - TOBEPXHOCTh OTBEPCTHS).

Ecnu 3anana HeHyneBas BelmndnHa KOXPOUITUEHTA TPEHUS, TO YIUTHIBACTCS CUJIA TPEHUS,
NEeICTBYIOIAs B KOHTAKTE BJIOJIb 00Opa3yrolel IINHIpA. JIEMEHT HE YUUTHIBAET BO3MOXKHbBIE
BpalleHusl IWINHAPA BOKPYT CBOEH OCH U, COOTBETCTBEHHO, COCTABJISIONIYIO CHJIBI TPEHHUS,
JNENCTBYIOIIYIO B TIONIEPEYHOH (MEePHEeHANKYIISIPHON OCH IIMIIMH/PA) TUIOCKOCTH.

Crenenu cBoOOIBI

1,2,3- mnocrynarenbhbie Touku C no ocsim X, Y, Z;
4,5,6 - mnocrynatenbHble Touku O o ocsim X, Y, Z;
7,8,9 - moctynarenbHble TOukH P 1o ocsim X, Y, Z.
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ol P BHeIITHHA EOHTAET

i BHYTPEHHHIT EOUTAKT

Puc. KNCLT 1.

KoHTakTHBIH 3J1eMeHT «HWINHAP-TOYKa». [loJ10:keHue ocu WJINHApPa B
NpoCcTpPaHCcTBe onpeneasercs Toukamu O u P.

a) reoMeTpHYeCKUE MapaMeTphbl U CTENEeHU CBOOOIbI:

Xe¢, Ye¢, Zc — HayaJbHbIe KOOpAMHATHI ToukH C;

Xo, Yo, Z0 — HayaibHbIe KOOPAUHATHI TOUKH O}

Xp, Yp, Zp — Haya/1bHbIEe KOOPAMHATHI TOYKH P;

R — paanyc KOHTAKTHOTO UJIMH/PA;

Lu — paccrosinue or To04ku O 10 KPOMKH HUINHAPA;

Lk — 1yinHa KOHTAKTHOI NMOBEPXHOCTH;

1, 2, 3 — ctenenu cB000abI TOukHu C;

4,5, 6 — crenenu cBo6oabI Touku O;

7, 8,9 — crenenu cB00OABI TOUKH P;

0) MCIOJIL30BAHNE JJIEMEHTA /IJIs ONMUCAHNS BHEIIIHET0 M BHYTPEHHEro
KOHTAaKTA.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazoH
1,2,3 | HauanpHble KoOpauHaThl TOUKUA C 1O OCSIM M - RLmax...
0X, OY, Oz +RLmax
4,5,6 |Hauvanbabie koopauHaThl TOUKH O 10 OCsIM M - RLmax...
0X, 0Y, 0z +RLmax
7,8,9 | HauanpHble KOOpAuHATH TOYKU P 1o ocsam M - RLmax...
0X, 0Y, 0z +RLmax
10 Paanyc nunumHapru4ecKor MOBEPXHOCTH M 0..
+RLmax
11 JnuHa NMIMHAPUYECKOTO yyacTKa M 0..
koHTakTa (L) +RLmax
12 OceBoe CMEIIEeHNE KPOMKH KOHTAaKTHOTO M 0..
HUAJIUHAPA OTHOCUTENIBHO TOUKH O +RLmax
13 HopMmanbHast xKeCTKOCTh KOHTaKTa H/m 0..
+RLmax
14 KoaddurmenTt TpeHus CKONMbXKEHUS 0...
+RLmax
15 Twun xoHTaKTa: - RLmax...
+RLmax

BHEHTHUI(>=0);

BHyTpeHHHUH (<0)
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [lnanazoH
1 HopMmanbHoe ycuiive Ha HUIMHAP B TOUKE H

KOHTaKTa
2 Cuna TpeHusi, JeUCTBYIOIIAs Ha [WIMHIDP B H

TOYKC KOHTaKTa

3 CkopocTh ABHKEeHUSA TOYKH C OTHOCUTEIBHO Mm/cex
HUAJTUHAPA B KOHTAKTE

Ipumeuanus:

1. OceBoe nepemelieHne MUWIMHJpA CBA3aHO C NepemelnieHueM Touku O U He CBS3aHO C
nepeMenieHueM TOUKH P;

2. TpeHue NnOKOsI HE yUUThIBAeTCS;

3. Bo3aMoskeH y4eT TOJIbKO TPEHUs CKOJIbKEHUS U TOJIBKO BJIOJIb 00pa3yromiei HuiInHIpa;

4. Ecnu B HayaJabHOM COCTOSIHMM WJIM B mpouecce pacueta Touku C, O, P okaxyrtca Ha
OJIHOM MPSAMOIL - yCUITHSI KOHTAKTa Oy/IeT HyJIEBBIM;

5. DOneMeHTHl pabo4yero BEKTOpa 3amOJHAIOTCA TOJIBKO MPH HAIWYMM KOHTAKTa, B
MPOTUBHOM Cllydae OHM HHHUIMATU3UPYIOTCS HYISIMH. 3HAKd SJEMEHTOB pabodero BEKTOpa
OMPENIETSAIOTCS 3HAKOM MPOEKIMSAX Ha OCH TaKOW JIOKaJbHOM cuctembl koopaunat OX'Y', B
kotopoit ock OX' HanpasieHa nmo ocu uiIKMHApa oT T.0 Kk T.P, a ock OY' - nepneHauKkyIsIpHO
ocu nuinHapa B mockoctu OPC, B cTopoHy pacrionoxenus Touku C;

6. Ilpu OTCYyTCTBHM KOHTaKTa MOJIEJb OCYHIECTBIIIET MPOTHO3 BEIWYHMHBI IHara IO
YCIJIOBUIO BO3MOYKHOT'O BCTYIJIEHUS] B KOHTAKT Ha CJIEIYIOLIEM IIare.
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6.3.1.2.9nemeHT, onucbIBalOLWMIN KOHTaKTHOe B3aumogencTemne cdepbl C TOHKOMN

KNSFT

Oto0OpaxkaeMble CBOMCTBA

KonTaktHOE B3auMoeiicTBue chephbl M TOYKH, COBEPIIAOIINX TPOU3BOIBHOE IBIKEHHUE B
npoctpancTBe (puc. KNSFT 1). Touka, ¢ KOTOpOoH OTCISKUBACTCS KOHTAKT chephl, 0003HaUeHa
toukoit C. Llentp chepsl - Touka O (puc. KNCLT 1.a.)

DOneMeHT MOXeT ObITh HCHOJb30BAaH JJSi ONUCAaHUS KOHTAKTa [JByX THIIOB
(puc.KNSFT 1.6.) - BHemHero (korma cdepa - MOBEPXHOCTh IIapa) WU BHYTPEHHETO (Koraa
chepa - MOBEepXHOCTh CHEPUIECKOM MOTOCTH).

DNEMEHT HE YYHTHIBAET BO3MOKHBIC BpaIeHUsI cepbl U CHITy TPEHUS, ICHCTBYIONIYIO B
MSATHE KOHTAKTA.

Crenenu cBo0OIBI

1, 2,3 - mocrynatenbHble TOUKH C, ¢ KOTOPOH OTCIICKUBAETCSI KOHTAKT C(hephl, IO
ocsiMm X, Y, Z;

4,5, 6 - mocrynarenbHbie eHTpa cepsol (Touku O) o ocsim X, Y, Z.

[TapameTpsl
N n/n Onucanue PazmepHocts | [Inanazon
1,2,3 | Hauanpabie koopauHaThl TOUkU C 1O 0CSIM M - RLmax...
0X, OY, Oz +RLmax
4,5,6 | HauanpHbie koopauHaThl TOUKU O MO 0CSIM M - RLmax...
0X, 0Y,0Z +RLmax
7 Pamgmnyc chepsr M 0..
+RLmax
8 HopwmaibHast )keCTKOCTh KOHTaKTa H/m 0..
+RLmax
9 Tun KoHTaKTa: - RLmax...
BHeIHUH(>=0); TRLmax
BHYTpeHui(<=0)
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Pabouwnii BekTOp

N n/n Onucanue PazmepHocts | [Ilnanazon

1 HopmanbHoe ycunue, 1eiCcTByIoEee Ha H
Touky C B MecTe KOHTaKkTa co chepoit

2 "IIponnkHoBeHne" Touku C BHYTph
KOHTaKTHOM 00J1acTH (BeTMYrHa
KOHTaKTHOM Jiepopmarium)

3 Tekyuiee paccTosinue Mexay Toukamu O u M
C

Ipumeyanus:

1. 3naku 1-ro u 2-T0 3JIEMEHTOB paboyero BEeKTOpa COOTBETCTBYIOT 3HAKAM MPOEKIIUM Ha
0Cb, HAIIPABIICHHYIO M0 PaJINyCy OT IEeHTpa chepbl K TOUKE KOHTAKTA;

2. Ecnu B HavalbHOM COCTOSIHMM WM B mporecce pacyera Touku C u O coBmaayT -
YCUIIMS KOHTaKTa B 3TOT MOMEHT He OyJIeT;

3. Ilpu OTCYTCTBHMM KOHTaKTa MOJI€NIb OCYIIECTBJSET IMPOTHO3 BEJIWYMHBI IIara o
YCIIOBHIO BO3MOKHOT'O KOHTAKTa Ha CIEAYIOLIEM IIare.
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a) C

El’ BHEUTHHII KOHTAKT

LA
BHYTPEHHHII KOHTAKT

N e

Puc. KNSFT_1. KoHTaKTHBII 3JIeMeHT «cdepa ¢ TOUKOID).
a) reoMeTprUYecKUe NapaMeTpbl U CTeNeHU CBOOOAbI:
Xe¢, Yc, Zc — HavaiibHbIe KOOPAMHATHI TOUKH C;
Xo, Yo, Zo — Haya/ibHbIEe KOOPAUHATHI TOUKH O;
R — paanyc KoHTaKkTHO# cepbl;
1,2, 3 — crenenu ¢cB060abI TOUKH C;
4,5, 6 — crene’nu cBo6oabI TOuku O;
0) MCIIOJIL30BAHME 3JIEMEHTA VIS ONMCAHNS BHEIIHEr0 M BHYTPEHHEr 0
KOHTAaKTA.
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6.3.1.3.9nemeHT, onucbIBakOWMUIA KOHTaKTHOEe B3aMMOAENCTBUE TOUYKU C (pparMeHTOM

NJIOCKOCTU, MMeIOLWMM chopMy naparnnenorpamma KN 3TP

Oto0OpaxkaeMble CBOMCTBA

KonTakTHOE B3aMMOJEHCTBHE TOYKH, ABHXKYILEWCS B MPOCTPAHCTBE, M ILIOCKOIO TEIa,
uMeromiero ¢gopmy mapamienorpamma. Ilonoxkenus touku T1 w Tema T2 ompepensrorcs
COOTBETCTBYIOIIMMHU TOTEHIIUATBHBIMU MIEPEMEHHBIMU: TP MOCTYIATEIBHBIE CTENIEHH CBOOOIBI
ONPENEIAIOT MOJIOKEHUE TOYKH, TPU MOCTYyNATEIbHbIE U TPU BpPAILATEIbHBIE — IOJIOKEHUE
¢dparMeHTa MIOCKOCTH.

HayanpHoe mnonokeHHe Ten 3aJaércs mapameTpamu: g TOYKM YKa3bIBalOTCA €€
HayalbHbIE KOOPJAMHATHI (KOOpAWHATHI TOYKU Al); s (parMeHTa MIOCKOCTH YKa3bIBAIOTCS
HavyabHbIe KoopAuHATHI Touek A2, B2, C2 u D2 (Ttouku B2, C2, D2 takxe onpenenstotr Gopmy
napajutenorpamma). [lomroc Bpammenus ¢pparmMenTa miockoct — 3710 Touka A2 (puc. KN3TP.1).

3 C2

Puc. KN3TP_1. ITapameTtpsl U cTeneHu cBO0OAbI KOHTAKTHOI'O 3JIEMEHTAa TOYKA —

(pparMeHT nmiIocKocTH:

ITapamerpsbi:

XAl, YAl, ZA1 — Havya/ibHbIe KOOPAUHATHI TOUYKH Al

XA2, YA2, ZA2 — Hauya/ibHbIEe KOOPAMHATHI TOYKH A2

XB2, YB2, ZB2 — HayajbHble KOOPAUHATHI TOUYKH B2

XC2, YC2, ZC2 — nayaibHble KOOPAMHATHI TOYKH C2

XD2, YD2, ZD2 — nauyanbHble KOOPAMHATHI TOUKH D2

Crenenu cBo0OOAbI:

1, 2, 3 — moctynarejibHble TOUKU Al 1o ocsim X, Y, Z

4,5, 6 — nocrynarejabHble TOYKkH A2 o ocsim X, Y, Z

7, 8,9 — BpamarenbHbie Tesa T2 Bokpyr oceit X, Y, Z

[Ipy BOBHMKHOBEHUH KOHTAKTa CHJIa KOHTAKTHOTO B3aUMOJICUCTBHUS UMEET HOPMAIBHYIO 1

KacaTeIbHYIO COCTABIISIONINE. BETUYMHBI 3TUX CUJI ONIPEEISIFOTCS KOHTAaKTHOU MedopMariueit u
CKOPOCTBHIO TOYKH OTHOCHUTEIHHO (parMeHTa IUIOCKOCTH, a TakKKe BBIOPAHHOW MOJEIBIO
OMHCAaHUs CUJ KOHTAKTHOTO B3auMMOJEHCTBUS M Habopom mnapamerpoB. [loapoOHee cm. B
pa3zn. 6.4 (Monenu omMCaHMsS CUJI KOHTAaKTHOTO B3auMojelctBus). KoHrakTHas nedopmanus
ompezensercs Kak TayOMHAa TPOHUKHOBEHUS TOYKH B TMOJYIMPOCTPAHCTBO, OTPAHUYCHHOE
(GbparMeHTOM IJIOCKOCTH.
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Crenenu cBo0OOIbI

1,2,3 - mnocrynarenbubie Touku Al o ocsim X, Y, Z;
4,5,6 - mnocrynarenbHbie TOUku A2 1o ocsim X, Y, Z;
7,8,9 - Bpamarenbnble Tena T2 o ocsam X, Y, Z;
[TapameTpsl
N /i Onucanue Pasmepnocts | [lnanaszon
1,2,3 Hauanbnubie koopauHaThl TOUKH Al M — RLmax...
+RLmax
4,56 Hauanbubie koopIUHATBI TOYKH A2 M — RLmax...
+RLmax
7,8,9 Hauanbnubie koopauHaThl TOUKH B2 M — RLmax...
+RLmax
10,11,12 | HauanbHble KOOpaAUHATHI TOUKH C2 M — RLmax...
+RLmax
13,14,15 |HauvanbHble KOOpAUHATHI TOYKH D2 M — RLmax...
+RLmax
16,... [TapameTpsl Mozi€H CHIT
Pabouwii BekTOp
N n/n Onucanue PasmepHocts | [Inanazon
1 [Tpusnak Hanuuus koHTakTa (0 — HeT, 1 — 0 nmm 1
€CTbh)
2 BenuunHa KoHTakTHOM nedopManun M
3 [Ipoekurs OTHOCUTEIBHOW CKOPOCTH Ha m/cex
HOpMaJTb
4 Moaynb TpOeKIIuu OTHOCUTEIBHOM m/cex
CKOPOCTH Ha IIOCKOCTH TIIIOCKOTO
¢dparmenra
5 Cuna HOpMaJIbHOM PEaKIuu B TOUKE H
KOHTAaKTa
6 Cwta TpeHus B TOUYKE KOHTaKTa (MOIYJIb) H
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Ilpumeyanus:

1) Cuuraercs, 4TO HOpMalb K IUIOCKOCTH HampaBliegHa B Ty CTOPOHY, C KOTOpPOH
HaXOAWJIaCh TOYKA J0 Hayaja KOHTAKTa.

2) Ilpn oTcyTcTBMM KOHTakTa B TEKyIIMH MOMEHT BPEMEHHU BCE€ 3JIEMEHThI pabodero
BEKTOpa OOHYJISIOTCS.
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6.3.1.4.9nemMeHT, onucbIBalOLWNA KOHTaKTHOE B3aumogencreme annuncouaa c

cparmeHTOM NNockocTu, MMerOWUM hopmMy napannenorpamma KN3EP

Oto0OpaxkaeMble CBOMCTBA

KoHTakTHOE B3auMOJEHCTBUE [IBYX IOBEPXHOCTEH, >KECTKO CBS3aHHBIX C aOCOJIIOTHO
tBepapiMu Teslamu 11 u T2. KoHTakTHasi MOBEpPXHOCTh MEPBOTO Tejla MPEACTaBIsSET COOOM
TPEXOCHBIM SJUIMIICOM, WM, 0OJiee TOUHO — MOBEPXHOCTH CTeneHd P > 1, ommceiBaeMyro B
KaHOHMYECKOM (TJ1aBHOM) Oa3uce ypaBHEHHEM

» p p
X, X X.
i Bl B i) D B 3 |
R, R, R,
(X, X,, X3 — KOOpPAMHATHI OTHOCHTEILHO IJaBHOro 6Gasuca, R, R,, R, — momnyocn).

KoHTakTHast MOBEpXHOCTh BTOPOTO TeJIa CYUTAETCS (PparMeHTOM IIOCKOCTH, UMEIOIIUM (popmy
napayienorpamma.  Ilomoxenuss Ten Tl wm T2 onpenensroTrcss COOTBETCTBYHOUIUMU
NOTEHIMAJIBHBIMU NTEPEMEHHBIMU: TPH MOCTYNATENbHbIE U TPU BpallaTeIbHbIE CTENIEHN CBOOOIBI
OTIPEACIISAIOT MOJIOXKEHHE KaXKA0Tr0 U3 Tel.

HavanbHOe 1MOJI0’KEHNE KOHTAaKTHBIX MOBEPXHOCTEM, a TAaKXKe IOJIOCOB BpallEHUs Tell,
3anaércsa napamerpamu (puc. KN3EP.1, 2): mst tena T1 yka3biBaroTcsi HauaabHbIE KOOPIMHATHI
touek Al (momroc BpameHus tena T1), Bl (uentp smnuncouma), Cl (Touka, nexaimias Ha
TpeTbel INIaBHOM ocu anuncouaa), D1 (Touka, jexkamias B IUIOCKOCTH TMEPBOW U TpeTbel
TJIAaBHBIX OCeii); 17l (pparMeHTa IUIOCKOCTH YKa3bIBAIOTCS HadalbHblEe KOOPAWHATHI TOueK A2
(momoc Bpamenuss tena T12), B2, C2 uD2 (touxu B2, C2, D2 omnpexpensor ¢opmy
napaenorpaMMa). dopma ITUICOMAA ONpenessieTcss 3aJaHueM TpEX ero mnojiyoced u
CTETICHH.

21

Puc. KN3EP_1. IlapaMeTpsbl NIpOCTPAHCTBEHHOH OPHEHTALMH JIIHIICOMIA B
KOHTAKTHOM 3JIEMEHTe 3JININCOU — PparMeHT MJIOCKOCTH:
XB1, YB1, ZB1 — nauanbHble KOOPAUHATHI TOUkH B1 (entpa
auunconaa)XCl, YC1, ZC1 — navyaabHble KoopauHaThl Touku C1 (3Ta
TOYKA JekuT Ha ocu Z” JICK runcouaa)
XD1, YD1, ZD1 — nHayanbHble KOOPAMHATHI TOYKH D1 (3T2 TOUKA JI€KUT
B miockoctu X’Z’ JICK snaunconna)
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Puc. KN3EP_2. IHapameTpsl U cTeneHu ¢cBOOOAbI KOHTAKTHOIO 3JIEMEHTA

JIUINCON — (pparMeHT NJIOCKOCTH:

IHapamerpsbi:

XAl, YAl, ZA1 — HayaibHbIe KOOPAUHATHI TOUYKH Al (moJiroca
BpameHus tejaa T1)

R1, R2, R3 — nosyocu 3JjMiconaa

P — cTenens 11unconaa

XA2, YA2, ZA2 — HavyaJIbHbIe KOOPAMHATHI TOYKU A2

XB2, YB2, ZB2 — naya/ibHbIe KOOPAUHATHI TOUYKH B2

XC2, YC2, ZC2 — Haya/ibHbIe KOOPAUHATHI TOUKH C2

XD2, YD2, ZD2 — nauyanbHble KOOPAHUHATHI TOUYKH D2 cTenenu
cB00OBI:

1, 2,3 — mocrynareabHsbie TOUKH Al mo ocsasm X, Y, Z

4,5, 6 — BpamareabHble Tesa T1 Bokpyr oceii X, Y, Z

7, 8,9 — nocrynaresbHbie TOUkH A2 o ocsim X, Y, Z

10, 11, 12 — BpamaresbHbie Teja T2 Bokpyr oceit X, Y, Z

[Tpy BO3HMKHOBEHUH KOHTAKTa CHJIa KOHTAKTHOTO B3aUMOJICUCTBUS UMEET HOPMaIbHYIO U
KacaTelIbHYI0 COCTABJISIONIME. BENMMUMHBI 3TUX CHJI ONMPEAEISIOTCS HOPMAJIbHOM KOHTAKTHOM
nedopMaiueii 1 OTHOCHUTENBHOM CKOPOCTBIO Tell B TOYKE KOHTAaKTa, a TakKe BBIOpaHHOM
MO/IEINIBIO OTIMCAHUSI CHJI KOHTAKTHOTO B3aUMOJICHCTBUS M HaObopoM mapameTpoB. [logpoOHee cMm.
B pa3a. 6.4 (Moaenu omucaHUsS CUJ KOHTAKTHOTO B3auMojelcTBUs). HopmanbHas KOHTakTHas
nedopMarus  onpenersiercss Kak HauOousblas TIyOMHA TPOHUKHOBEHHUS IMOBEPXHOCTH
AJUIMTICOUJIA B TOJYNPOCTPAHCTBO, OTPAaHMYEHHOE (PArMEHTOM IUIOCKOCTH, €CITH KOHTAaKT
IPOMCXOJUT HE Ha rpaHMlle NapasuiesorpaMma. [Ipu KOHTakTe ¢ rpaHuled napaiienorpamma
oTpezieNieHue KOHTAKTHOM Aedopmaiuu 6ojee CI0KHOEe, HO CMBICT coXpaHseTcs (ToapoOHOCTH
CM. B OITMCAaHUU MAaTEMaTUYECKONU MOJCIIN).
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Crerneaut cBOOOIBI

1,2,3- nocrynaresnbabie TOukd Al no ocam X, Y, Z;

4,5,6- BpamatenbHbie Tena T1 mo ocsim X, Y, Z;

7,8,9- nocrynareybabie TOUkd A2 no ocam X, Y, Z;

10, 11, 12 - BpamarensHsie Tena T2 mo ocsaim X, Y, Z;

[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazox

1,2,3 Hauanbnusie koopauHaThl TOUKH Al M — RLmax...
+RLmax

4,56 Hauanbnusie koopuHaTel TOUku Bl M — RLmax...
+RLmax

7,8,9 Hauanbnusie koopaunatel Touku Cl M — RLmax...
+RLmax

10,11,12 |HauvanbHble KoOpaAUHATHI TOUKH D1 M — RLmax...
+RLmax

13,14,15 |Ilonyocu R1, R2, R3 M RLmin...
RLmax

16 Crenens dumnconsa, P M >]

17,18,19 | HauanbHble KOOpAMHATHI TOUKH A2 M — RLmax...
+RLmax

20,21,22 |HauyanbHble KOOpAUHATHI TOUKU B2 M — RLmax...
+RLmax

23,24,25 | Hauanbubie koopArHATHI TOUKU C2 M — RLmax...
+RLmax

26,27,28 | Hauanbuble koopAMHATHI TOUKK D2 M — RLmax...
+RLmax

29,... [TapameTprl MoenN CUI
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PaGouwnii BexTop

N /i Onucanue Pasmepnocts | [lnanazoH

1 [Tpusnak Hanmums koHTakTa (0 — HeT, 1 — 0w 1
€CTb)

2 Benmuunna koHTakTHOM nedopmaruu M

3 IIpoekuuns OTHOCUTENIBHON CKOPOCTH Ha m/cex
HOpMaJb

4 Mopaynp TaHr€HIIMAIBHONW COCTAaBIISAIOIIEH m/cex
OTHOCHUTEIIBHON CKOPOCTH

5 Cuna HOpMaJIbHOM peakluy B TOUYKE KOHTaKTa H

6 Cuna xacaTelbHOM peakliuu B TOUKE H
KOHTaKTa (MOZYJIb)

IIpumeyanus:

1) Cuuraercs, uro HopManp HanpasieHa oT Tena T1 k temy T2. IIpu HaX0XKIEHUU TOUKHU
KOHTaKTa BHYTPH MapajijiesiorpaMMa HOpMallb NEPIEHIUKYIISIpHA U IJIOCKOCTH, U MTOBEPXHOCTU
IUIUIICON/A; NPU HAXOKJIEHUU TOYKH KOHTAaKTa Ha IPAHMIIE Napajule]orpaMMa, HO BHYTPU €0
CTOPOHBI, HOpMajb MEPHEHAUKYJISIPHA 3TOM CTOPOHE U TIOBEPXHOCTH JJUIMIICOMIA; TpHU
HaXO0XJICHNU TOYKM KOHTAaKTa B BEPLIMHE MapajiesiorpaMMa HOpPMallb MEPIEHIUKYJISpPHA
MOBEPXHOCTH 3JUIMIICOUA.

2) Ilpu OTCYTCTBMM KOHTAaKTa B TEKYLIM MOMEHT BPEMEHH BCE 3JIEMEHThI pabouero
BEKTOPA OOHYJISIFOTCS.

3) Ucnonb3oBanne B KN3EP ans tena T1 KOHTakTHBIX MOBEPXHOCTEH JII0OOH cTeneHw,
OTJIMYHOM OT ABOWKH, TpeOyeT OoJiee TPy T0EMKUX BBIYUCIUTENbHBIX ONEpalinil.

4) I1pu ucnonb30BaHUU MOBEPXHOCTEH CTENEHHU BBIIIE JBOMKH HEOOXOAUMO UMETh B BUILY,
YTO HEKOTOpbIE 3JEMEHTHl SKOOMaHa TOTOKOBBIX IIEPEMEHHBIX MOTYT oOpalaercsi B
0ECKOHEUHOCTh, €CJIM TOYKAa KOHTAKTa OKa3bIBAETCS Ha OJHOM U3 KOOPAMHATHBIX IJIOCKOCTEH
CUCTEMbI KOOPAMHAT, CBA3AHHBIX C JUTUIICOUIOM.
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6.3.1.5.9nemeHT, onucbiBaloOLW M KOHTAaKTHOe B3aMmoaencTBue annuncounaa c

annuncoungom KN 3E E

OtobpakaeMble CBONCTBA

KoHTakTHOE B3aMMoJi€HiCTBHE JBYX IOBEPXHOCTEH, *ECTKO CBA3AHHBIX C aOCOJIIOTHO
TBepabiMU TestaMu T1 u T2. Kaxkgast KoHTakTHasi HOBEPXHOCTh MIPEJCTABISET COOON TPEXOCHBIN

SIUTMIICOMA, WIM, OOJIeeé TOYHO — MOBEPXHOCTH crenmenu p; >1 (i=1,2), omuceiBaemyio B
KaHOHUYECKOM (TJIaBHOM) Oa3uce ypaBHEHUEM

| Pi -~ | Pi -~ | Pi
x x x” .
— | +|— :1, 1_152
Ri,l Ri,2 Ri,3
(x7, %", x{"  — KoOpAMHATBI OTHOCHTEIBHO TJABHOrO 0a3kca i-r0 DIUIHICOMIA,
R,,R,,R; — mnonyocu i-ro snnuncoupa). Ilomoxenus Ten Tl um T2 ompenenstorcs

COOTBETCTBYIOUIMMHU NOTEHIUAIbHBIMA IIEPEMEHHBIMU: TPU IOCTyIATEIbHbIE W  TpHU
BpalaTeIbHbIe CTENEeHH CBOOOIBI OTPEEISIOT MO0KEHHE KaX/10T0 U3 Tell.

HauanpHoe mosokeHne KOHTAKTHBIX NMOBEPXHOCTEH, a TAKXKE IOJKOCOB BPALICHUS TE,
3apaéresa nmapamerpamu (puc. KN3EE.1, 2): nns tena T1 ykaspiBaroTcs HayaJlbHbIE KOOPIUHATHI
touek Al (momtoc Bpamenus tena T1), Bl (uentp ammumncomaa), Cl (Touka, nexamias Ha
TpeThel TJIaBHOW ocu amuncouaa), D1 (Touka, jexamiasi B IJOCKOCTH NEPBOM M TpeTbe
TJIABHBIX OCe); s Tena T2 yKa3pIBarOTCSl aHAJIOTHYHBIE BEJIMUMHBI — KOOPJIUHATHI TOYEK A2,
B2, C2,D2.
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Puc. KN3EE 1. ITapaMeTpbl NPOCTPAHCTBEHHOW OPHEHTAIUY JIIIMIICOUTI0B B

KOHTAKTHOM 3JIeMEHTe 3JIJIMIICOMT — IJLIHIICOMU/L:

XB1, YB1, ZB1 — nayajbHble KOOPAMHATHI TOYKHU B1 (1enTpa
MepPBOro JLIUICONIA)

XC1, YC1, ZC1 — navyaabHble KoopauHatsl ToUku C1 (3Ta TOUKA
Jexxut Ha ocu Z1° JICK nepBoro 3,1/1mmncouaa)

XD1, YD1, ZD1 — nayajbHble KOOpAMHATHI TOYKU D1 (3Ta TOUuKa
JexKuT B Iiockoctu X1°Z1’ JICK nepBoro 3aunncounaa)

XB2, YB2, ZB2 — HayajibHble KOOPAMHATHI TOYKHU B2 (1eHTpa
BTOPOT0 3JLJIMIICOU/IA)

XC2, YC2, ZC2 — nHayajibHble KOOPAMHATHI TOYKU C2 (3TAa TOUKA
Jexxut Ha ocu Z2° JICK BTOpoOro 3uiunconaa)

XD2, YD2, ZD2 — HayajibHble KOOPAMHATHI TOYKU D2 (3Ta TOUKa
JIEKUT B II0ckocTH X2°Z2° JICK BTOPOro 3JL1HIICONAA)

[Tpu BO3HUKHOBEHUU KOHTAKTA CHJIa KOHTAKTHOTO B3aMMOJCHCTBHSI IMEET HOPMAILHYIO U
KacaTeJIbHYIO0 COCTaBJISIONIIAE. BENMYMHBI 3TUX CHJI ONPENENSIOTCS HOPMAIBHOW KOHTaKTHON
nedopMaleii ¥ OTHOCHUTEILHOW CKOPOCTBIO TEJI B TOYKE KOHTAaKTa, a TaKKe BBIOPAHHOUN
MO/IEIIBIO OTIMCAHUSI CHJI KOHTAKTHOTO B3aUMOJICHCTBUS U HAOopoM napameTpoB. [logpoOHee cM.
B pa3a. 6.4 (MoJenu ONMMCaHUs CUJI KOHTAKTHOTO B3auMozeicTBusi). HopManbHas KOHTakTHas
nedopmanus onpeaeseTcsi Kak HanOoubInas rTyOnHa B3aUMOIPOHHUKHOBEHUS JUTUTICOUIOB.
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X

4
Puc. KN3EE 2. [IlapaMeTpsl u cTeneHH CBOOOIbI KOHTAKTHOI'O 3JIEMEHTA 3JIJIMIICOU] —
JIJIMIICOU/:
ITapameTpsr:
XAl, YAL, ZA1 — HaYaJbHbIEe KOOPAMHATHI TOUKH Al (moJs0ca

BpameHus tejaa T1)

R11, R12, R13 — moJiyocu nepBoro 3J1JIMncouaa

P1 — cTenens mepBoro 3JLIUICOHIA

XA2, YA2, ZA2 — HaYaJIbHbIe KOOPANHATHI TOUKHU A2 (MoJK0Ca
BpameHus teja T2)

R21, R22, R23 — nostyocH BTOPOro JLTHIICOUAA

P2 — cTenens BTOPOro 3JLUIUIICOUIA

CreneHnn cBOOOABI:

1,2, 3 — mocrynarejbHble TOUKH Al 1o ocsim X, Y, Z

4, 5, 6 — BpamareabHble Tesaa T1 Bokpyr oceii X, Y, Z

7, 8,9 — nocrynarenbHbie TOUkH A2 o ocsim X, Y, Z

10, 11, 12 — BpamareabHble Tesaa T2 Bokpyr oceii X, Y, Z

Crernieant cBOOOOEI

1,2,3- noctymnarenbabie Touku Al o ocsim X, Y, Z;
4,5,6 - BpamatenbHbie Tena T1 mo ocsaim X, Y, Z;
7,8,9 - noctymnarenbHbie Touku A2 1o ocsim X, Y, Z;

10, 11, 12 - BpamarensHsie Tena T2 mo ocsaim X, Y, Z;
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I[TapameTpsl

N n/n Onucanue PasmepHocts | [lnamazon

1,2,3 Hauanbsubie koopauHaThl TOUKH Al M — RLmax...
+RLmax

4,56 Hauanbsubie koopauHaTel TOUku Bl M — RLmax...
+RLmax

7,8.9 Hauanbsubie koopaunaTtel Touku Cl M — RLmax...
+RLmax

10,11,12 | HayanbHbie koopAXHATHI TOUKU D1 M — RLmax...
+RLmax

13,14,15 |Ilonmyocu R11, R12, R13 M RLmin...
RLmax

16 Crenens nepsoro auuncousa, P1 M >]

17,18,19 |HadanbHble KOOpUHATHI TOUYKH A2 M — RLmax...
+RLmax

20,21,22 | HavanbHble KOOpAMHATHI TOUKU B2 M — RLmax...
+RLmax

23,24,25 | HavanbHble KoOpauHATHI TOUKH C2 M — RLmax...
+RLmax

26,27,28 | HauanbHble KOOpIUHATHI TOUKH D2 M — RLmax...
+RLmax

29,30,31 |Ilomyocu R21, R22, R23 M RLmin...
RLmax

32 Crenenpb BTOpOro siumncousia, P2 M >]

33,... [TapameTprl MoenN CUIT

PabGouwnii BEKTOp
N /it Ornucanue Pasmepnocts | [lnanazon
1 [Tpu3nak Hanuuus koHTakTa (0 — HeT, 1 — 0 nm 1
€CTh)
2 BenuunHa KoHTaKTHOU AedopManun M
3 [Ipoeknyst OTHOCUTENIBHON CKOPOCTH HA m/cek

HOpMaJib
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N /i Onucanue Pasmepnocts | [lnanazox

4 Moayib TaHT€HIIUAIBHOM COCTABJISIOICH Mm/cex
OTHOCHUTENILHON CKOPOCTU

5 Cua HOpMaJIbHOM peakiMu B TOYKE KOHTaKTa H

6 Cuta kacaTesIbHOU PEaKIMK B TOUKE H
KOHTaKTa (MOTYJIb)

IIpuMmeyanus:

1) Cauraercsi, yTo HOpMaIb HanparieHa oT Tena T1 k Teny T2.

2) Ilpu OTCYTCTBUM KOHTAKTa B TEKYIIIUA MOMEHT BPEMEHHU BCE JIEMEHTHI pabouero
BEKTOPa OOHYIISIFOTCS.

3) B nacrosmeit Bepcuu anementa KN3EE nns rena T1 HeoOXxoaumo, 4T00BI CTETIeHN
KOHTaKTHBIX MoBepxHOcTel P1 u P2 He mpeBbIany ABOWKHU; B MPOTUBHOM CJIy4ae aJIrOPUTM
MOWCKA TOYKH KOHTaKTa paboTaeT HecTabmibHO. B crienyromieit Bepcun snemenTa 3ta npobiema
OyJzeT pelieHa.
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6.3.1.6.9nemeHT, onNnMucbIBalOLWMA KOHTAKTHOE B3aumoaencTeme AByxX paceTHbIX

NnoBepXHOCTEN KN3 FF

Oto0OpaxkaeMble CBOMCTBA

KonrtaktHOe B3auMoeicTBrE ABYX (paceTHbIX moBepxHocTel, M1 n M2, sxecTko
CBA3aHHBIX ¢ a0comoTHO TBepabiMU Tenamu T1 u T2. Kaxknas koHTakTHasi IOBEPXHOCTb
3a/1a€TCsl CETKOM, COCTOSIICH U3 TPEeyroJibHbIX rpaHei. [Ipu 3aganum ceTku oTIenbHO
YKa3bIBalOTCA KOOPJMHATHI Y3JI0B, U OTAEIBHO — TPOHKHU HOMEPOB Y3JIOB, OIIPEIEISIONIIe
rpaHy CeTKH (MPHU 3TOM HOMEP IMEPBOTO y3jIa CUUTAETCs paBHBIM eaunule). [lonoxenus ten T1
u T2 onpenenstorcs COOTBETCTBYIOIIMMHU MOTEHIIUAIbHBIMU IEPEMEHHBIMU: TPU
MOCTyNaTeNbHBIC U TPU BpallaTeIbHbIE CTETICHU CBOOOIBI OMPEACIISIOT MOJIOKEHNE KaXI0T0 U3
Tel.

HauanbHoe 1nosoxeHne KOHTAKTHBIX MTOBEPXHOCTEH, a TaK)KEe MOJIFOCOB BPAILICHHS Tell,
3anaércs mapamerpamu (puc. KN3FF.1): st rena T1 yka3siBaroTcst HauaabHbIE KOOPAUHATHI
touek Al (momroc Bpamienus tena T1), B1 (mauano JICK, B koTopoii 3amaHa gaceTHas
noBepxHocTh), C1 (Touka, nexxamas Ha ocu O°Z’ JICK), D1 (Touka, nexarias B IIIOCKOCTH
X’0’Z’ JICK, Ho He Ha ocu O’Z’); nnst tena T2 yka3pIBarOTCsl aHAJTOTUYHBIC BEJIMUYUHBI —
KoopauHathel Touek A2, B2, C2, D2.

Puc. KN3FF _1. Crenenu cB0o001bI M NapaMeTPbI IPOCTPAHCTBEHHOI OPHEHTALlNH B
KOHTAKTHOM JJieMeHTe (paceTka — paceTka

IIpy BOZBHUKHOBEHNN KOHTAKTa CHJIa KOHTAKTHOI'O B3aMMOJIEHCTBHS UMEET HOPMAJIbHYIO U
KacaTeJIbHYIO COCTaBIAIOLIME. BEMMUMHBI 3THUX CHII ONIPEAEISAIOTCS HOPMaJIbHOW KOHTAKTHOM
nedopmalmei 1 OTHOCUTEILHON CKOPOCTHIO TEJT B TOUYKE KOHTAKTa, a TAK)KE BRIOPAHHOU
MOJIEJIBIO OTMCAHUs CUJI KOHTAKTHOTO B3aUMOJICUCTBUS U HabopoM nmapameTpoB. [TonpoOHee cMm.
B pa3fl. 6.4 (MO ONMMCAHMS CHJI KOHTAKTHOTO B3anMoielicTBus ). HopmanbHas KOHTaKTHas
nedopMalus onpeaenseTcss Kak HanOObIast TTyOHHA B3aMMOIIPOHUKHOBEHHUS TTOBEPXHOCTEH.
Touek KOHTAKTa MOKET OBITH HECKOJIBKO, HO He Oosee 20.
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Crenenu cBo0OOIbI

1,2,3- nocrynarenbHbie Toukd Al no ocsim X, Y, Z;
4,5,6 - BpamarenbHbie Tena T1 mo ocsam X, Y, Z;
7,8,9 - nocrymnarenbHbie Touku A2 no ocsim X, Y, Z;

10, 11, 12 - BpamarensHbie Tena T2 no ocsam X, Y, Z;

I[TapameTpsl

N /o

Onucanue

PaszmepHoCTh

Jnanazon

1...nl

nl+1 ... nl+n2

nl+n2+1 ...

[Tapamerpsl reomeTpun
MIOBEPXHOCTH, CBSI3aHHOH ¢
TenoMm T1

[TapameTpsl reomeTpun
IIOBEPXHOCTH, CBSI3aHHOM C
TenoM T2

[TapameTrpsl MOfENM CHIT

IlepBbie aBa O10Ka B 3TOM TaO/IMIIE UMEIOT OJIHY U TY K€ CTPYKTYpY U COCTOST U3 nl u n2
rapaMeTPOB COOTBETCTBEHHO; ATa CTPYKTypa OIMKMCAaHA B CIEayoIIei Tabauie (B Held HoMep
napaMmeTpa OTCUUTHIBACTCSI OTHOCUTEIBHO Havama 61oka). Tperuit 6110k — onrucaHue MOJIENN
CHJIOBOTO B3aUMOJICHCTBHSI, CTaHIapTHOE I Beex dneMeHToB KN3XX (cm. pazm. 6.4).
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[TapameTpsl reoMeTpHH MOBEPXHOCTH, cBsi3aHHOM ¢ Testom T(1) (1=1,2)

N n/n Onucanue Pa3zmepnocTs | [lnamazon
1,2,3 Hauanbabie KOOpIMHATHI TOYKHU — RLmax...
A(1) +RLmax
4,5,6 Hauanbabie KOOpIMHATHI TOYKHU — RLmax...
B(1) +RLmax
7,89 Hauanbabie KOOpIMHATHI TOYKHU — RLmax...
C(1) +RLmax
10,11,12 Hauanbable KOOpIMHATHI TOYKHU — RLmax...
D(1) +RLmax
13 KommaectBo y3moB cetku M(i)
(nr(i))
14 KomuyectBo rpaneii cetkn M(i)
(nf(i))
15 ... 14+3*nr(i) Koopaunats! y3moB cetku M(1) M — RLmax...
+RLmax
15+3*nr(i) ... O06xopI TpaHei ceTkn M(i) I...nr(1)
n(i) = (Tpo¥iku HOMEPOB Y3JIOB,
14+3*nr(i) + 3*nf(i) |coorBercTBYIOIMX TpaHsIM; |-i

y3en umeeT Homep 1)

3ameuanue. DaceTHast MTOBEPXHOCTH JIOJDKHA YIOBIETBOPSTH CICAYIONIMM TPEOOBaHUSM
anreOpanvyecKoro Xxapaxkrepa:
*  CBS3HOCTB: OT JIFOOOW TpaHU MOXHO MEPEUTH K JII000H APYrou, mepeceKkas

pebpa;

*  «IPOCTOTA MOBEPXHOCTW»: KAXKA0E peOPO MPUHAMICIKUT HE OoJiee 4eM IByM
TpaHsM;
*  corjacoBaHHas OpUEHTALUs rpaHel: obiee pedpo AByX rpaHeil o6xoaurcs B
OIMCAHMSIX 3TUX I'PaHEH B Pa3HBIX HAIPABICHUSX;
*  OJHOCBSI3HOCTB: JIOIyCKaeTcs He 0oJiee OHOM CBS3HON KOMITOHEHTHI TPAHHUIIBI
(muHMH, cocTosAIel U3 pedep, Kakaast U3 KOTOPBIX MPUHAMICKUT JIUIIb OTHON
TpaHmu);
*  «IPOCTOTA IPAHMLIbI: KAX/IbIHA y3es TPAaHULbI IPUHAIICKUT POBHO JIBYM
pebpaM rpaHUIIbL.

Kpowme Toro, B ceTke He JOKHO ObITh pebep HyJIeBOM ITHHBI.
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PaGouwnii BexTop

N n/n Onucanue Pasmepnocts | /lnanason
1 KonnuecTBo ToO4eK KOHTAaKTa 0...20
2-12 WNudpopmanusd o 1-if Touke KOHTaKTa

13-23 WNudopmanus no 2-if TOuke KOHTAKTa

211-221 |Hudopmarus mo 20-if Touke KOHTAKTa

3nech 010K HHPOPMALIUHU O KAXKIOW U3 TOYEK KOHTAKTa COAEPKUT CIIEIYIOIINE BETUIHNHBIL.

briok nadopmariym 1mo Touke KOHTaKTa

1,2,3 | Pannyc-BeKTOp TOUKM KOHTaKTa M
4,5,6 |Hopmanb B TOUKe KOHTaKTa
7 Bennunna koHTakTHOI nedopmanuu M
8 [Ipoekuust OTHOCUTENBHONU CKOPOCTH HA Mm/cex
HOpPMaJTb
9 Moaynbs TaHTEHIUAIBHOM COCTABIISIOLIEN M/cex
OTHOCHUTEIILHOU CKOPOCTH
10 Cuna HOpMaJIbHOM peakliiy B TOUKE KOHTaKTa H
11 Cuna KacatenbHON peakiiMi B TOYKE KOHTaKTa H
(Monynb)
IIpumeyanus:
TODO
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6.3.1.7.9nemMeHT, onucbIBalOLWNA KOHTaKTHOE B3aumogencreme annuncoumaa c

chaceTHON NOBEPXHOCTLIO KN3EF

Oto0OpaxkaeMble CBOMCTBA

KoHnTakTHOE B3aMMOIEHCTBUE JUTUIICONIA U (haCETHON TTOBEPXHOCTH, JKECTKO CBSI3aHHBIX C
abcomoTHO TBepAbIMH TesaMu T1 u T2. TTonoxenus Ten T1 u T2 onpenenstorcs
COOTBETCTBYIOIIUMU MOTCHI[UATbHBIMH IEPEMEHHBIMU: TPU MOCTYIATEIbHBIE U TPU
BpaliaTeIbHbIC CTEIIEHU CBOOOIBI OMPEEIAIOT MOJOKEHNE KaKIOTO U3 Tell.

C tenom T1 cBA3aHa MOBEPXHOCTH «IIUIUIICOUIA» — MOBEPXHOCTH cTeneHn P > 1,
OTHCHIBAEMYIO B KAHOHMYECKOM (TJIaBHOM) 0a3uce ypaBHEHUEM

p P P

+x_2 +x_3 =1
R R

X
R

1 2 3

(X, , X,, X; — KOOPAMHATHI OTHOCHTENBHO IIIaBHOTO Gasuca swmnconna, R, Ry, Ry —

M0JIyOCH DJUIUIICOUA).

BTopasi koHTakTHasi MOBEPXHOCTh 33/1a€TCsl CETKOM M2, cOCTOAIIEH U3 TPEyTroJbHBIX
rpaseil. [Ipy 3a1aHUK CETKU OTIEIBHO YKa3bIBAIOTCS KOOPAUHATHI Y3JI0B, U OTJEIbHO — TPONKH
HOMEPOB Y3JIOB, OIIPEIEISIONINE IPAHU CETKH (TIPU 3TOM HOMEP MEPBOTO y3J1a CUUTACTCS
PaBHBIM €UHUILIE).

HavanpHoe nonoxeHne KOHTaKTHBIX TOBEPXHOCTEH, a TaK)Ke MOJII0COB BPAILLEHHUS Tell,
3anaéres nmapamerpamu (puc. KN3EF.1). Jlns tena T1 yka3siBaroTcst HayaibHbIe KOOPAMHATHI
touek Al (momroc BpamieHus tena T1), Bl (uentp ammuncouna), Cl (Touka, exarias Ha
TpeTbel INIaBHOM ocu uncouaa), D1 (Touka, nexarias B IJI0CKOCTU EPBOM U TPETHEH
rnaBHbBIX oceil). s Tena T2 yka3pIBalOTCs aHAJIOTMYHBIE BETMYUHBI — KOOPJIUHATHI TOUeK A2
(mosoc Bpamenus Tena T2), B2 (magano JICK, B kotopoii 3anana ¢acernas nosepxnocts), C2
(Touka, nexxamas Ha ocu O°Z’ JICK), D2 (Touka, nexaras B tuiockoctu X O’Z’° JICK, HO He Ha
ocu O’2’).
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X

z

Puc. KN3EF _1. CreneHu cB0o00bI U NAPaMeTPbI IPOCTPAHCTBEHHOI OPHEHTAllNH B
KOHTAKTHOM JJieMeHTe (paceTka — pacerka.

[Ipy BOBHUKHOBEHUH KOHTAKTa CHJIa KOHTAKTHOTO B3aMMOJICUCTBUS UMEET HOPMATbHYIO
U KacaTeJIbHYIO COCTAaBIISIONINE. BEIMUUHBI 3TUX CHJI ONPEIEISIFOTCS HOPMAJIBHONH KOHTAKTHOU
nedopMainueii 1 OTHOCHUTENBHOM CKOPOCTBIO Tell B TOYKE KOHTAaKTa, a TakKKe BBIOPaHHOMN
MOJICJIBIO OIMCAHUS CHJI KOHTAaKTHOTO B3aMMOJCHCTBHS 1 HA00pOM mapameTpoB. [logpoOHee cM.
B pa3a. 6.4 (Moaenu OmuCaHUsS CUJ KOHTAKTHOTO B3aMMOjeWcTBUs). HopmanbHas KOHTaKTHas
nedopMarust onpeneseTcss Kak HanOoJbInas TTyOnHa B3aUMOIPOHUKHOBEHHS ITOBEPXHOCTEH.
Touek KOHTAaKTa MOKET OBITH HECKOJIBLKO, HO He Ooee 20.

Crenenu cBo0OOIbI

1,2,3- noctynarenbHble Toukd Al o ocsaim X, Y, Z;
4,5,6- BpamatenbHbie Tena T1 mo ocsim X, Y, Z;
7,8,9 - nocrymnareibHble Toukd A2 1o ocsim X, Y, Z;

10, 11,12 - BpamarensHsie Tena T2 no ocam X, Y, Z;
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[TapameTpsl

N /o Onucanue

Pa3zmepHocTh

Junanazon

I...nl [TapameTpsl reomeTpun
AJUIMIICOU]IA, CBSI3aHHOTO C

tesoM T1

nl+1 ... nl4+n2 [Tapamerpsl reomeTpun
(aceTHOI OBEPXHOCTH,

CBSI3aHHOI ¢ TestoM T2

nl+n2+1 ... [TapameTpsl Moenu cui

[TepBrbIit 6JIOK B 3TOM TabJIHMIIE OMPEACIIIECT TEOMETPHIO AJUIMIICOUIA; OH COCTOUT M3 nl1=16
napamMeTpoB, MEPEUUCICHHBIX B Ta0JI. «IapamMeTpbl dJuIUIcouia». Bropoii 010k n2 napameTpos,
€ro CTPYKTypa OIMcaHa B TaOjuIe «mapaMmeTrpbl (GaceTHONH MOBEPXHOCTH» (B HEH HOMeEp
napaMerpa OTCUUTBIBACTCS OTHOCHUTEIBHO Hauyana Oyoka). TpeTwit 60K — onucaHue MOJACIU
CHJIOBOTO B3aMMOJICHCTBHSI, CTaHIapTHOE 1 Beex dneMeHToB KN3XX (cm. pazn. 6.4).

Ha[!aMCT[!H QJIJIATICOU 1A

N n/n Onucanue PasmepHocth | [lnamazon

1,2,3 Hauanpubie koopauHaThl TOUKH Al M — RLmax...
+RLmax

4,56 Hauanbnabie koopuHaThl TOUKH Bl M — RLmax...
+RLmax

7,8,9 Hauansubie koopauHaTel Touku Cl M — RLmax...
+RLmax

10,11,12 | HawanpHbie KoOpAUHATHI TOUKH D1 M — RLmax...
+RLmax

13,14,15 |Ilomyocu R1, R2, R3 M RLmin...
RLmax

16 CreneHb IUIUIICOUIA, P M >]

[MapameTpsl aceTHON MOBEPXHOCTH
N n/n Ornucanue Pazmep | Ananazon
HOCTb

1,2,3 HauvanbHbie koopAHATBI TOUKU A2 — RLmax...
+RLmax

4,56 Hauanbabie kooparHaThl TOUkU B2 — RLmax...
+RLmax
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N /i Onucanue Pa3smep | [lnanazon
HOCTb

7,8,9 Hauansubie koopauHaTsl Touku C2 — RLmax...
+RLmax

10,11,12 Hauanpubie koopauHaThl TOUKU D2 — RLmax...
+RLmax

13 KonuuecTBo y310B cetkun M2 (nr2)

14 KonuvecTBo rpaneit cetku M2 (nf2)

15 ... 14+3*nr2 Koopaunats! y3noB cetku M2 M — RLmax...
+RLmax

15+3*nr2 ... O06xompI TpaHeit cetkn M2 (Tpoiiku 1...nr2

n2 = HOMEPOB Y3JI0B, COOTBETCTBYIOLINX

14+3*nr2 + 3*nf2 rpassaM; 1-i y3zen umeer Homep 1)

3ameuanue. daceTHas MOBEPXHOCTH JOJDKHA YAOBJIECTBOPATH CIEAYIOMIUM TPeOOBAaHUIM
anreOpanyecKoro Xapakrepa:

*  CBSI3HOCTB: OT JIFOOO# IpaHU MOXKHO MEPEHUTH K JIF0OOW APYTroH, mepecekas peopa;

*  (IPOCTOTa TOBEPXHOCTH»: KaXIoe pedpo MPHHAIICKUT HE Oonee YeM ABYM
TpaHsM;

*  COIJIacOBaHHAs OpHUCHTAIUS TpaHel: oOiiee pedpo IBYyX TpaHeld OOXOAMTCS B
ONMCAHUAX 3TUX I'PAHEU B Pa3HBIX HAIIPABJICHUIX;

*  OJIHOCBSI3HOCTB: JIONyCKAeTCs HE Ooyiee OJHON CBS3HOH KOMIIOHEHTHI TPaHHUIIBI
(muHMM, cocTosmed U3 pedep, Kakaas M3 KOTOPHIX NPUHAAICKUT JHUIIb OJHOMN
TpaHm);

*  IPOCTOTA TPAHHUIIBD»: KAXKIBIH y3€] TPaHUIIbl PUHAUIC)KUT POBHO TBYM pedOpam
rpaHULIbL.

Kpome Toro, B ceTke He JOJDKHO OBITh peOep HYJICBOW JIITUHBI.
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PaGouwnii BexTop

N n/n Onucanue Pasmepnocts | [lnanazon
1 KonnuecTBo ToO4eK KOHTAaKTa 0...20
2-12 WNudpopmanusd o 1-if Touke KOHTaKTa

13-23 WNudopmanus no 2-if TOuke KOHTAKTa

211-221 |Hudopmarus mo 20-if Touke KOHTAKTa

3nech 010K HHPOPMALIUHU O KAXKIOW U3 TOYEK KOHTAKTa COAEPKUT CIIEIYIOIINE BETUIHNHBIL.

briok nadopmariym 1mo Touke KOHTaKTa

1,2,3 | Pannyc-BeKTOp TOUKM KOHTaKTa M
4,5,6 |Hopmanb B TOUKe KOHTaKTa
7 Bennunna koHTakTHOI nedopmanuu M
8 [Ipoekuust OTHOCUTENBHONU CKOPOCTH HA Mm/cex
HOpPMaJTb
9 Moaynbs TaHTEHIUAIBHOM COCTABIISIOLIEN M/cex
OTHOCHUTEIILHOU CKOPOCTH
10 Cuna HOpMaJIbHOM peakliiy B TOUKE KOHTaKTa H
11 Cuna KacatenbHON peakiiMi B TOYKE KOHTaKTa H
(Monynb)
Ipumeyanus:
TODO
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6.4. lMpunoxeHue: Mmoaenu cUN KOHTaKTHOro B3aMmoaencTBus

Bo Bcex TpexMepHBIX KOHTakTHBIX »dieMeHTax KN3?? cumoBoe B3auMOJICHCTBUE
MOJICTTUPYETCS] €IMHOOOPA3HO: OJTHU U TE€ K€ MOJETU CHIIOBOTO B3aUMOJICHCTBUS IPUMEHUMBI K
pasHbIM asieMeHTaMm. [losTomMy ommcaHue Mojeneld CHIIOBOTO B3aUMOACHCTBHUS (WIJIH, KOPOTKO,
MoOJIeJIel cHi) COOpaHO B TOM OTAETHLHOM paselie.

C xaxaeM diieMeHTOM KN3?7? mMoeT OBITh CBSA3aHA OJIHA WJIM HECKOJIBKO MOIEIEH CHIL.
Onucanve MoOJENe cuil B 3JIEMEHTE CIEAyeT 3a €ro OCHOBHBIMU Mapamerpamu. OnucaHue
Ka)KIO0W MOJIETTM HAUMHAETCSl C HOMEpa MoJiein — e€ HeHTU(UKATOopa; 1Mocie uaeHTUPUKaTopa
OMHCHIBAIOTCS 3HAYCHHsI [MapaMeTpoOB MOJENM CHJI. Takux OJIOKOB, COCTOSIIMX U3
uaeHTu(UKaTopa MOAEIU U CIEAYIOIUX 3a HUM MapaMeTpoB, MOXKET OBITh HECKOJIbKO (He
MEHee OJTHOTO U He Oosee 12), B OMUCAHUU 3JIEMEHTA OHU MPOCTO CIEAYIOT APYT 3a JPYTOM.

[Iepeuncium MOJEIH CHUII, PEAIM30BAaHHBIE B HACTOSAIINNA MOMEHT.

1. Monenb ynpyroit HopMaJdbHOM CHIIBI, TUHEHHO 3aBUCAIIEH OT Aedopmarmm

[TapameTpsl
N /i Ornucanue Pasmepnocts | [lnanazon
1 Nnentuduxarop (Bcerma 1)
2 KoHTakTHas )K€CTKOCTh H/m RLmin...
RLmax
3AMEYAHUIA:

OTta MOJens CHJI MPHU OMHCAHUM 3JEMEHTa JIOJDKHA OBITh YIMOMSHYTa Iepel MOJEISIMU
KacaTeJIbHbIX CHUII

2. Mopenpb BA3KOH HOPMAJIbHOUM CHIIBI, IMHEHHO 3aBUCSIIEH OT CKOPOCTH JIeopMaIiu

[HapameTpsl
N /i Onucanue Pasmepnocts | [Inamason
1 Wnentuduxatop (Bceraa 2)
2 KoHTakTHas BA3KOCTH Hc/m 0... RLmax

3. Mogens ynpyroii HOpPMajdbHOM CHIIBI, HMPOU3BOJIBHO 3aBHCALICH OT nedopMaluy.
VYhpyras xapakTepucTuka J0HKHA OBbITh ONpeziesieHa HapaMeTpaMyu MOJIEIH.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazoH
1 Nnentuduxarop (Bceraa 3)
2, .., VYipyras xapakTepuCcTHKA, OIpeIeIEHHas m, H x: 0.
2+2*N1 |KaK KyCOYHO-JTMHEHHAs 3aBUCUMOCTh CHJIBI RLmax,
ot nedopmaruy; 31ech N1 - 4uciio y3inoB B y: RLmin...
ynpyroi xapakrepuctuke. Heooxoaumo RLmax

3a/1aTh HE MEHEE JABYX TOYCK, PUIEM
nepBas To4ka jgoikHa ObITh (0,0).
XapakTepucTHKa 3a/1aeTcsl B BUze Habopa
nap (x,f(x)), mpuyem X JTOJKHBI CTPOTO
BO3pACTaTh; MOCIE MOCIEAHEH TOUKH
XapaKTEPUCTUKH JIOJDKEH HIITH
3aBEPIUAIOIINI HYJIb.

3AMEYAHUA:
Orta MOJenb CHJI MPU OMHMCAHUM 3JEMEHTa JOJDKHA OBITh YNOMSHYTa Iepel MOJICISIMU
KacaTeJIbHbIX CHIL.

4. Mopenb BS3KOW HOPMaJIbHOW CHIIBI, IIPOU3BOJILHO 3aBHCAIICH OT nedopmaruu. Bsskas
XapaKTePUCTHKA JIOJDKHA OBITH OIpeieieHa apaMeTpaMu MOJICIIH.

IlapameTpnl
N /it Ornucanue Pasmepnocts | [lnanazon
1 Nnentuduxarop (Bceraa 4)
2, .., Bsi3kast xapaktepucTuka, onpeaenaéHHas m/e, H x:0...
2+2*N1 |Kak KyCOYHO-JTHHEWHask 3aBUCUMOCTh CHIIBI RLmax,
0T cKkopocTH nedopmanuu; 3aech N1 - y: RLmin...
YHUCJIO Y3J10B B YIIPYTOW XapaKTEPUCTHUKE. RLmax

HeoOxonumo 3a1atk HE MEHEE BYX TOYEK,
MpUyYeM nepBasi Touka J0pKHa ObITh (0,0).
XapakTepHucTUKa 3aJ1aeTcs B BUje Habopa
nap (x,f(x)), mpudemM X TOIKHBI CTPOTO
BO3pacTaTh; MOCJIE MOCIECIHEN TOUKH
XapaKTePUCTHKU JTOJDKEH UATH
3aBEpLIAIOIINI HYJIb.

5. Mopnene TaHreHIMAJIBHOW CWiIbl TpeHMs. Peammsyer cuiny TpeHMs, JEHCTBYIOIIYIO B
KacaTeJbHOM IUIOCKOCTH B HANpaBJIEHUM, MPOTHBOINOJIOXKHOM KacaTeIbHOM MPOEKIUU
OTHOCHUTEIIbHOW CKOPOCTH, IO BEJIMYUHE MPOMOPIHOHAIBHYIO YIPYTOil COCTaBISIOMICH
HOpPMAIbHOW peakuud #u KodpuiueHty tpeHus; koddpduument tpenus, f, cumraercs
MIOCTOSTHHBIM.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [Inamazon

1 Nnentuduxarop (Bcerma 11)

2 KOA(PQHUIHUEHT CyXOro TPeHUs 0... RLmax
3AMEYAHUA:

Ota MOJCJIb CHUJI IIPU OIIMCAHHH DJJICMCHTA HOJIKHA OBITh YIIOMAHYTa IIOCJIC MOI[CJ'ICﬁ
HOPMAJIbHBIX CHJI

6. Mozenp TaHreHUMaJbHON cuibl TpeHus. Peanusyer cuily TpeHHs, AEHCTBYIOLIYIO B
KacaTelIbHOM IUIOCKOCTH B  HAIPaBJICHWH, IIPOTUBOIOJIOKHOM KacaTEJIbHOM IPOEKLINU
oTHOcUTeNbHOI ckopoctd (VTR), o BeanMuuMHE NPONOPLHMOHAIBHYIO YINPYTroM COCTaBISAIOLIEH
HopMmanibHOU peakiuu (QNE) u koaddunmenty tpenus; kodhdumnueHT TpeHus, f, B CBOIO
ouepeb, 3aBucuT oT Moayisa VIR cnenyromum ob6pazom: npu [VTR| < vO nuneiiHo mMeHsieTcst oT
0 o f0; mpu [VTR| >= v0 nmocrositnen u pasen 0. f0 u vO - mapameTpsl Mmojaeny.

[TapameTpbl
N n/n Onucanue PasmepHocth | [lnamazon
1 Wnentudukarop (Bcerna 12)
2 0, npenenbHOE 3HaUeHNE KOAPDUITUEHTA 0... RLmax
TpEeHUs
3 v0, CKOpOCTb, IPH KOTOPOI K03 (pPuIrieHTa RLmin...
TpeHus nocruraet f0 RLmax
3AMEYAHUA:

Ota MOZCIIb CHUJI IpU OIMCAHWUUN 3JJICMCHTA HOJI?KHA OBITH YHOOMSAHYTa IIOCJIC MoJieneu
HOPMAJIbHBIX CHUJT

7. Mopnenp TaHTeHIMAJIBHOW CWIbl TpeHMs. Peammsyer cuiny TpeHMs, JEHCTBYIOIIYIO B
KacaTeJIbHOM IUIOCKOCTH B  HaIlPaBJICHHWH, IIPOTUBOIOJIOKHOM KacaTEJIbHOM IPOEKLINU
oTHOcuTeNnbHOM ckopoctd (VTR), mo BennumHe MponopLUOHAIBHYI0 MOIYJIO OTHOCHUTEIbHON
ckopoctH [VTR| u ko3 dunpienty BA3koro TpeHust; Ko3QPHUIMEHT BA3KOTO TpeHUs, b, cunTaeTcs
MIOCTOSTHHBIM.

HapameTpsl
N n/n Omnucanue Pa3zmepnocts | [lnanazon
1 Wnentudukatop (Bceraa 13)
2 KO3((HULIUEHT BA3KOTO TPEHUS Hc/m 0... RLmax
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7. Tlepepaun

7.1. OgHOMEpPHbIe 3NIeMeHTbI

7.1.1.1.NMepenaya c noTepssmMM MOMeHTa (Cusbl) B 3aBMCMMOCTU OT 3aaaHHoro K.I.0.

REDCT

OT1o0OpaxxaeMble CBOWCTBA

CrnyXuT s Tiepeladd JBWKCHHUS MEXIy JABYMS CTEMHSIMH CBOOOJBI C 3aJIaHHBIM
3HAYEHUEM [IepENaTOYHOIO OTHOLICHWS. THUNWYHBIE Cclydyad [IPUMEHEHHUS DJIEMEHTa
n3obpakensl Ha pucyHke REDCT 1l.a. Kak BugHO M3 3TOro pUCyHKA, CTEMEHU CBOOOJBI
CBSI3BIBAEMBIX AJIEMETOM Tell MOTYT OBITh KaK BpallaTeIbHbIMU, TaK U MOCTyNaTeNbHBIMU. CBSI3b
MEXy CKOPOCTSIMH TI0 3THM CTETICHSIM CBOOO/IBI 337]a€TCSI 3aBUCUMOCTBIO:

wFu*w =0

, TJIC U - 3aJJaHHOE TIEPEIaATOYHOE OTHOIICHHCE;
(; - CKOPOCTD JIBMKEHHSI BEYIIETO 3BCHA;
(l)g - CKOpOCTB JABHWXKCHHUA BEAOMOI'O 3BCHA.

DJeMeHT He BOCIIPOU3BOJUT ABJICHUS NPOCKAJIb3bIBAHUSA, KOTOPOC MOXKECT MPOUCXOJUTH B
peanbHBIX Mepenadax Tumna (ppUKIMOHHONW Wi peMeHHoU. [lotepu B mepemade ompenenstoTcs
MNOCTOAHHBIM MOMCHTOM TpPCHUA (yCI/IJII/IeM TpeHI/IH), BCIIMYMHA KOTOPOro OHNpCACIsaCTCA
3aJJaHHBIM K.I1.J. U HOMMHAJIbHBIM MOMEHTOM (HOMUHAIBHBIM YCUIIUEM) [I€peadn:

MTP:MHOM % ,7

, Tie M - HOMMHAJIBHBII MOMEHT (YCHITHE), TPUI0KEHHBIH K IEPBOW CTEIIEHN CBOOOIBI;

1 - K.ILJ. Iepeaayy Ipxu HOMUHAIBHOM MOMEHTE (YCHIIUH).

[TockonbKy BenMYMHA MOMEHTa (YyCHJIMS) TPEHHS HE 3aBHUCHT OT HArpy3KH, XapakTep
U3MEHEHUs K.ILJ. Mepeladd B 3aBUCUMOCTH OT IPHJIOKEHHOIO K IEpPBOM CTENEHH CBOOObI
MOMeHTa (YCUJIHs) U3MEHSIETCS 110 3aKOHY, TokazaHHoMY Ha puc. REDCT 1.6.

DJEeMEHT He BOCIPOU3BOAMT SBJICHUS CAMOTOPMOXKEHHUS (HEOOPAaTUMOCTH Iepeayn),
KOTOpOE SIBIISICTCS XapaKTEPHBIM ISl TaKUX PEalbHBIX Iepelad, Kak BOJHOBAs, BUHTOBAs C
COOTBETCTBYIOILIUM YIJIOM HaKJIOHa BUHTOBOH JIMHHUU U JIp.
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REDCT 1

T
nepegavm

HE‘]}E,T.[EI TOUHM OTHOLIeHIIE

U=>0 U<0

BpaliaTeTbHoe
ABEHO —
BPaLIATeTLHOe
IBEHD

BpallraTeJIEHOE
ABCHO —
IIOCTY¥IIATeIIEHOE
ABCHD

IIOCTYIIATCIIEHOS
3BCHO —
NMoCTYIIaTeIbHOe
3BCHO

A

Monaeas nepeaaym ¢ NoTepsIMu:
a) TUNUYHbIE CJIYYaHd NPUMEHEHHS JJIeMEeHThI;

MHOM

0) 3aBUCUMOCTH K03 PUUMEHTA MOJIe3HOI0 1eCTBUA OT HATPY3KH.

Crenenu cB0OOOIBI DIIEMEHTA

BpamaTenbHas (MocTynaTenbHas) IepBOro Teua;

BpauiaTenbHas (mocrynaTeibHas) BTOporo TeJja.
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[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanazoH
1 Ilepenarounoe oTHOIIEHUE - RLmax... 0
[10..
+RLmax
2 K.I1.JI. IPY HOMUHAJIbBHOM MOMEHTE (YCUJINN) M 0..1
3 HomunansHbii MOMeHT (ycunue) 1yt iepBoid | H¥*wwm H | 10 ...
CTETICHU CBOOO/IBI +RLmax
4 JKecTtkocTh mepenayu, MpyuBeICHHAS K H*w/pao vmm | 10 ...
BXOZHOMY 3BeHYy (*) H/m +RLmax
5 MowmeHT uHepuH (Macca) 1Mo IepBou kv’ uma ke | 10 ...
CTEIICHU +RLmax
6 MomeHT uHepIuH (Macca) 1Mo BTOpoi kv’ uma ke | 10 ...
CTETICHU CBOOO/TBI +RLmax

*) dusnueckuil CMBICT 3TOTO MapameTpa: BeIUurHa Aedopmaluu 3JIeMeHTa MO NepBOn
CTETEeHU CBOOOBI MO/ ACHCTBUEM MPHUIOKEHHOTO K HEMY €AMHUYHOTO MOMEHTa (YCHIIUs) MpU
3aKpeIUICHHOW BTOpOM cTemeHu cBoOOAbl. Pa3MepHOCTh mapamerpa ONpeenseTcs TeM,
BpalaTeIbHON WIIN MOCTYHATEIbHOM SABISETCS MEpBast CTEIIEHb CBOOOIBI DJIEMEHTA.
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7.1.1.2.0nddepeHumnan ¢ NOCTOAHHLIM MOMEHTOM TPEHUSA U KECTKOM KNHEMaTU4YeCcKomn

CBA3bI0 MeXAy BbIXOOAHbIMU NOJTyOCeBbIMU LLUECTEPHAMU DIFMC

Oto0OpaxkaeMble CBOMCTBA

CnyxuT JUisi pacrpeiefieHUus] KPYTSAIIEro MOMEHTa MEXIYy BXOJIHBIM M BBIXOJIHBIMU
3BEHBSIMH M OOECICYEHUs WX BpallCHUS C pPa3HBIMH YIJIOBBIMU CKOpOCTSIMH. I[Ipumepsl
KHHEMaTU4YeCKHX cxeM nuddepenuanos npusoasres Ha puc. DIFMC 1.

Ecnm Bemymiee 3BeHO (KOPITYyC) BpallaeTcsi ¢ yrioBOM CKOPOCTHIO (J, , a JIeBasi U IpaBas
MOJIyOCEBBIE MIECTEPHH - C YIJIOBBIMUA CKOPOCTSAMH (W7 I (Jy, TO COOTHOIIIEHHUE MEXTY YIJIOBBIMU
CKOPOCTSIMH (), , (W U (W 33a71aeTCsl BhIpaskeHuem [20]:

w tu*aw=_01+u)*w

, TJ€ u, - BHYTPEHHEE MepeaTouHoe oTHolIeHue quddepeHmuana.
Buytpennee mepenatounoe oTHomieHue AuddepeHnraga MOXET OBITh OMPEIeIeHO Kak
OTHOIIICHHE KOJIMYECTBA 3yObeB Ha BEJJOMBIX MOJIYOCEBBIX IIECTEPHSX:

I/l;[:Zg/Z1

Ha puc.DIFMC l.a. npuBoauTcsi npuMep KOHCTPYKIMH CUMMETpUYHOro (u,= 1), a Ha
puc.DIFMC 1.6. - HecummerpuuHoro nuddepeHiumana.

Mexay BBIXOAHBIMU TMONyocsiMH JuddepeHana AeHCTBYeT MOMEHT TpeHusa. Ero
BEJIMYMHA ONPENIEIISIETCS 10 3aBUCUMOCTH [19]:

MTPsz *Muom

, rie K * - koadduruent 6moxkuposku (0 ... 1);
M"™ - HOMHHATBHBIA MOMEHT TuddepeHImrana.

Ecnu B Kakoii-TO MOMEHT BpEMEHHM OJiHAa M3 IOJIyocedl craHoBHTCS '"3aberaromieii”, a
Kakas-To "oTcTaromei", TO IBMXKYIIMK MOMEHT MepepactpeAcssieTcs MEXKIY MOJIYyOCAMH C
yueroM MomeHTa TpeHus [20]. Eciu "3aberaromas" - nepBast mojyoch, TO MOMEHTH M; u M,
BBIUMCIISIOTCS IO COOTHOILLIEHUSIM :

Mi=(M*~M™ /(1 +uy)
Moo= *M*+ M™) /(1 +uy)

, ecau "3a0eraromiel" CTaHOBHUTCSI BTOpasi TMOIYyOCh, TO 3TH COOTHOUICHHS W3MEHSIOTCS
CKa4yKo00Opa3Ho:

Mi=(M*+M™) /(1 +u)

MZ:(uzl*MH'MTP)/(l +u11)

, rne M;, M- MOMEHTBI Ha BBIXOJIHBIX MOJIYOCHX;
M* - nBHXKyIMiA MOMEHT.
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a)

pedyliee 3BeHO (KopIIye)

3

=

L
\\ IOOVOCERLE LIOeCTePHM
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CATSIIIAT
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5)
/ BEOylUee 3BeHO (Kopmyc)
caTenmur —) T
3
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/ — x x e f\

T T i
--\\\s
T NmOOYOCERRE ITeCTepHId

‘h
DIFMC 1 IIpumepbl KOHCTPYKTHBHBIX cXeM AU depeHnnana u creneHn cBoOOOABI

MO/eJIM 3JIeMeHTa:
1 — yroJs moBopoTa BeayIiero 3BeHa;

2, 3 — yrJibl MOBOPOTA NMEPBOI U BTOPOH MOJIyOCEBBIX IIECTEPEH;
a) CHMMeTpPUYHbIN 1 epeHnnal;

0) HecuMMeTpUYHBIN TP PepeHImAL.
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CTeneHy cBOOOIBI DIIEMEHTA

1 - BpamaTtenbHas BXOJHOTO 3BEHA;
2 - BpamaresbHas NepBOM MOTYOCEBOM IECTEPHH;

3 - BpamaTesnbHas BTOPOH MOIYOCEBON IECTEPHHU.

[TapameTpsl
N /i Onucanue Pasmepnocts | [Inamazon
1 Koaddurment 6110kupoBKu 0..1
2 BHyTpeHHee nepeaTouyHoe 4o 10 ...
+RLmax
3 HomunanbHBINH BXOTHONH MOMEHT H*wwm H 10 ...
+RLmax
4 XKectkocTh nepenaun, MpuBeACHHAS K H*wpaowmm | 10 ...
BXOJHOMY 3BeHY (*) H/m +RLmax

*) duzuyeckuil CMBICI ITOr0 TMapameTpa : BEJIUYHMHA YTIOBON nedopmaiuu BXOJTHOTO
3BeHa MO JAEWCTBHEM IMPHIOKEHHOTO K HEMYy EIMHMYHOTO MOMEHTa MNpPH 3aKpErIeHHBIX
MOJTyOCSIX.

Pabouwnii BekTOp

N /it Ornucanue Pasmepnocts | [lnanazon
1 Tekyias BeTU4MHA MOMEHTA TPEHHUS H*u
2 Tekymas BenmuauHa K03 duimeHTa

onokuposku ( K = | (M ™/ M ™) |)
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7.1.1.3.®pukumoHHasa mycTa BKNOYEHUA MUFTA

Oto0OpaxaeMble CBOWCTBA

CiyXuT IJIs TIepe/iayd JBUKEHUSI CO BXOJHOTO Ha BBIXOJIHOE 3BEHO 3a CYET TPEHUS.
KoHncTpykTuBHas cxema TUMUYHON My(ThI BKIrOUeHHs ipuBoauTcs Ha puc. MUFTA 1.

B HagambHOM cocTossHUM My(Ta BBIKIIOYEHA (MONyMy(pThl pPa3oMKHYTHI). BHemrHee
yCUIIMe, BO3JCHCTBYIOIIEE Ha HAXXUMHOM DIIEMEHT, BBI3BIBAET €ro TMEpEMEIICHHE B OCEBOM
HanpasneHuu. [lociie mpeogoaeHus 3a30pa MPOUCXOAUT CMBIKAHHE TONYyMYy(T, YTO BBI3BIBAET
IPWKUM QPUKIIMOHHBIX JIEMEHTOB U Mepeaauy KpyTsIIero MOMeHTa MeX 1y HoayMydTamu.

BXOTHOT BAT (BXOmHOC 3BCHO)

S

OPHUEITHOHHEE HAKIATEH 1

BLIXOOHON BAaT [B]:IIOI[HGE SBEHD])

2/_\1/

3
Haee-
HA AIMHO
SIIeMeHT
¥
| Dy+
DHP: oo [ 1203}'
BOIEPA THRIE
Tp¥ HHHbI
i
—f- -

MUFTA_1 IIpuMepbl KOHCTPYKTHBHOM cXeMbl PPUKIHMOHHOI MY THI.
MomeHT TpeHus, pa3BuBaeMblil My(Toi, onpenenaseTca KO3PPUUMEHTOM
TPEHHs U NPUBEICHHBIM AUAMETPOM (PPUKIHMOHHBIX HAKIaa0K Dmp.
A — cBOOOIHBIN X0 HAKHMHOI'0 3JIEMEHTA;
0 — ko3¢ punUeHT NpUBeIEeHU, 3ABUCIIIUI 0T KOJIMYECTBA U (POPMBI
NMOBEPXHOCTEH TPEHUS.

MakcumanpHas  BEJIMYMHA  IIEPEIAaBACMOr0  KPYTALIETO  MOMEHTa  ONpPEACNIeTCs
BBIPAKCHUEM:

M™=p*D,/2*N

, TIe U - Ko3hHUIIMEHT TPEHNS,

D ., - mpuBeAeHHBIN AuaMeTp GPUKIMOHHBIX HAKIaMoK. Onpenensercs Kak Npou3BeeHHe
cpeaHero auamerpa Ha KOI(G(OHUIHEHT O, YUYUTHIBAIOIIUN KOJUYECTBO M (OPMY DIIEMEHTOB
tpenus. [t 0MHOANCKOBO# MY(TBI C IBYMS KOJIBIIEBBIMH TOBEPXHOCTSIMHU TPEHUS O= 2;

N - ycunue npuwxuMa GPUKIUOHHBIX HAKIIAJ0K.
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Crenenu cBo0OOIbI

1 - BpamarenbHas epBoi NOIYMYy(THI;

2 - BpalarenbHasi BTOPOM NOIyMy(ThI;

3- nocrynarTejibHas HAJKUMHOTO 3JICMCHTA.

[TapameTpsl

N /i Onucanue Pasmepnocts | [lnanaszoH

1 JKecTkocTh BO3BpaTHBIX MPYKUH H/m 10 ...
+RLmax

2 OceBasi KOHTaKTHAsI )KECTKOCTh MOIYyMy(PT H/m 10 ...
+RLmax

3 CnBuroBasi KOHTaKTHas )KECTKOCTb MOTyMy T H*w/pao 10 ...
+RLmax

4 CBOOOHBII X0 HAKUMHOI'O 3JIEMEHTA M 0..
+RLmax

5 [IpuBeneHHbIi quamMeTp GPUKITMOHHBIX M 10 ...

HAKJIaJI0K +RLmax

6 MoMEHT UHEPIUHU TIEPBOM MOTYMY(THI Ke*w’ 0..
+RLmax

7 MoOMEHT UHEPIIUH BTOPOH MOIyMYDTHI Ke*w’ 0..
+RLmax

8 Macca HaXKUMHOTO 3J1€MEHTA Ke 0...
+RLmax

PaGouwnii BekTOp
N /it Ornucanue Pasmepnocts | [lnanazon
1 VYcunue nprxkuMa (GPUKIIMOHHBIX TUCKOB H
My ThI
2 Yceunue BO3BpaTHBIX NPYKUH H
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8. CMNEUWUATIBbHbIE SANEMEHTbI

8.1. OgHOMEpHbIe 3NeMeHTbI

8.1.1.U3meputensHoe obopyaoBaHue

8.1.1.1.04H0KaHanbHbIN aKcenepoMeTp CO BCTPOEHHbIM (hUNbLTPOM HM3KOMN YacToOTbl

AKSEL

OTto06paxaeMble CBOMCTBA

CnyXuT nans 4YacTOTHOM (QuubTpanuu rpaduka ycKopeHHs (U3HMUECKOH TOYKH,
MOJYYEHHOTO PACYETHBIM JIMO0 SKCIIEPUMEHTATIBHBIM ITyTEM.

Buyrtpennsist ctpykrypa ¢unstpa nzobOpakena Ha puc. AKSEL 1.a. Iloctynaromuii Ha
BXOJ (UIIBTpa CUTHAJ MPOXOAMUT 4yepe3 KosedaTeabHbI KOHTYp k - m; - [{;. Ha3HaueHue sToro
KOHTYpa - 00ecreunTh MUHUMAaJIbHbIE UCKa)KEHUs CUTHAja B 4acTOTHOM nauanasone 0... Fh, rie
Fh - 4actora, 4MCJI€HHO paBHas Kiaccy QuiubTpanuu KaHana. ITocie 3Toro curHan mpoxoguT
yepe3 BA3KOCTHO-MHEPUMOHHBIN QUIbTp UE- m», 00ecrieunBaronii BEINOJIHEHHE TPeOOBaHUH K
¢GuIbTPy Ha YacTOTaX, MPEBBIIAIOIINX TPAHUILY TIOJIOCHI MPOMYCKaHUus Fh.

Mogenp 3reMeHTa MOXET OBITh HCIIOJIb30BaHa Juis 0OpaOOTKHM pe3yJbTaToOB YAAPHBIX
UCHBITAaHUN M COOTBEeTCTBYeT TpeboBaHusM crangapra ISO 6487-80 ("Texnuka m3mepeHus B
UCIIBITAHUSX HA CTOJIKHOBEHUE. AmmapaTtypa.").

Cratuyeckass aMIUIMTYJHO-4acTOTHAsl XapakTepucThka ¢uibTpa H300pakeHa Ha
puc.DAKSEL 1.6. Ha sToM ke pHCyHKE 3alITpuxoBaHa 30HA, Jomykaemas miusi AUX
TpeboBanusiMu ctanaapra [SO 6487-80.

[Ipy npoxoxaeHWHM cUrHajIa dYepe3 QUIBTP MPOUCXOAUT ero (a3oBBIA  CIBUT.
TpeboBanusimu crangapra [SO 6487-80 ycraHaBiuBalOTCS OrpaHUYEHUs] HAa Pa3HUILy B CABHIE
da3z mexnay gacroroir 0.03 Fh u Fh. Ona He nomkHa mpeBblnath BenuuuHsl 1/(10F7). [ns
YEeTBIPEX OMNpPENETICHHbIX 3TUM CTaHJApTOM KJIAccoB (WIbTPALMU MOJENb 3JEMEHTa JaeT
CIeyIoUIe pe3yabTaThl o (azoBoMy caABUry Ha yactotax 0.03Fh u Fh:

Kiace Cnsur da3 (amc) Paznwnma B casure das (uc)

9aCTOTHI

kaHana |yacrorta 0.03Fh |uvacrota Fh pacuer TpeboBaHue
ISO 6487-80

60 3.48 3.52 0.04 1.67

180 1.16 1.18 0.02 0.56

600 0.34 0.36 0.02 0.17

1000 0.22 0.22 0.00 0.10
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Crenenu cBo0OOIbI

1 - mocrynarenpHasi, yCKOpEHHE KOTOPOU 3aMepseTCs;

2- nocrynarejibHass YyBCTBUTCIIBHOI'O 3JIEMCHTA aKCEICPOMETpPA.

HapameTpsl
N n/n Onucanue Pazmepnocts | [lnamazon
1 Knacc wacrorsl kanana ¢punsrpauuu Fh I'epy 0..
+RLmax
2 I'pannna nomnocsl nponyckanus Fn I'epy Fh ...
+RLmax
3 HavanbpHas CKOpOCTh JaTYMKa m/cex -RLmax...
+RLmax
IIpuMmeyanus:

1. CrangapTHBIE KJIACChl KaHAJIOB (QUIBTPAIMH, PETyCMOTpeHHbIe cTanaapToM ISO 6487-
80 : 60 I'epr (rpanuna nosockl nponyckanus 100 Iepir), 180 (300), 600 (1000), 1000(1650).

2. DneMeHT MOKeT OBbITh HCIIOJIb30BaH JJII M3MEPEHMs] YCKOPEHUS CTENEeHU CBOOOJIBI,
UMEIOLIEl HEHYJEeBYI0 HadallbHyl cKopocTb. [lapamerp "HauanbHast ckopocTh pgaryuka”
MPEyCMOTPEH JUIS TAKOTO CIIy4asi, TOCKOJIBbKY 3JIEMEHT UMEET BHYTPEHHIOIO CTENEHb CBOOOIBI.

3. BHyTpeHnHss Macca anemenTa coctasiser 0.001 r.
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a)
MOdelh (PMILTPA
HHaEol uscToTh (AKSEL) OUILTPOBAHE
HEeNMITL T PORSHEI clTHad
CHTHAIT

TIPHMENAHHE

L ™My + mp=m__.< 000

2, llepeMeTpH XofeDaTedbHOIC KOHTFpE K M 4 | TMondHpanTed
M3 FOIOBHS MMHMHANRHOTO HCKaXKeHMd CHIHAa Ha MacToTe Fy

3. XapagTepMoTMEa meMIIpepa fa ONPENSAAETA TPeOOBAHHAMH K
$MILTPF HA YACTOTAX, TPeBRAITANAIOIY TPAHHUY JOToCH IPOIFCERHET Fn

a}
A = b
ng [ s
0 y , =y i %/ »
i
A
| %) I
10 £ L
\X/ I61ITTPHXCBA HA
L2 DONMYCTHMAL 0HA
X = AMILTHTY THO=ACTOTHOH
XaPAETEPMCTHEM
?q/// ESHATS (PHILTPALHH
. ¢ TOUKH IpeHMa
—0 % TpeboEAHMI! CTAHOADTA
7 IS0 648780
X
—ap W/fi/ 7 ] I:a I]JB(?[:J]];:E uﬂﬁgs;;qem:
+ =
1 x//ky ¥ b +05-1 B
a +0&x—4 ob
XY d — % ob Ha oXTagky
W e F — 24 1B Ha oXTRRY
77 & Tow
Q03F, OSF, My B, 2%, 8 f (I
AKSEL 1

@OuabTP HU3KOI YACTOTHI JIsl KAHAJIA H3MEPeHHs] YCKOPeHUIA:
a) IPUHIMNHAJIbHAA cxeMa QUIbTPa;

0) aMIUINTY/AHO-YACTOTHAS XapaKTepucTuka GuiabTpa.
Fh — kaacc yacrorsl kanajaa (I'n);

Fn — rpanuuna nosocsl nponyckanus (I'm).
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IIprmMep MCHoIb30BAHUS

Nmeetcs daiin, comepkaluil AaHHbIE, MOTYYEHHbIE B JKCIEPUMEHTE, MO HM3MEHEHHIO
YCKOpEHHUs 0T BpeMeHHU. PparMeHT 3Toro (haiina BEIMISIUT CIeTYIOIUM 00pa3oM:

{BpemMs } {yckoperne}
0.000000, 0.,

0.004778, 0.499847,
0.004875, 0.397838,
0.004973, 0.295829,
0.005070, 0.193820,
0.005168, -0.010198,

Tpebyercst oTdunbTpoBaTh TpaduK YCKOPEHUI C UCIOIB30BaHUEM (PHUIBTPA, UMEIOILIETO
Kjacc 4dacToTel KaHanma (uibrpammmm 60 ['m. Ilocrme 3TOro HYyXXHO MONYYUTh 3aBHCUMOCTH
CKOPOCTH M TIEpEMEIEHHS OT BPEMEHH M TIEPECTPOUTH 3aBUCHMOCTH CKOPOCTH M YCKOPEHHS OT
BPEMCHH B 3aBUCUMOCTHU 3TUX KE€ BCIIMYUH OT NCPEMCIICHU .

Jns perieHus 3a/1a4u IpeaIaraeTcsl HCIoIb30BaTh QUIBTPYIOUIMN KaHa, CXeMa KOTOpOTro
n3zoo6paxena Ha puc. AKSEL 2.

[locToanHoe llokasaHKsa
VCEOpeHHE, aKcemepoMeTpa,
KOMIIEHCHPYIOLIlee  3AalIMCAaHHHE B
CMEIITeHIEe HYJIA SKCTICPHUMEHTE

> o—{AKSELL &

-

AC ATABL

AKSEL_2 CrpykTypa MaTeMaTH4eCKOil MO/IeJI YyCTPOCTBA (PUIbTPALMHU
OCUMJIIOTPAMMBbI YCKOpPEHM i, OJIY4eHHO B IKCIIEpUMEHTe.
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HasnayeHue 371eMEHTOB CXEMBI:

AC - KOMIIEHCUPYIOLUI UCTOYHUK YCKOPEHHUS (JIs1 YHUUTOXKEHHSI HETOYHOCTH YCTaHOBKHU
HYJIeBOH JINHUM I'pauKa YCKOPEHHil);

ATABL - ncrounuk TabiaM4HON 3aBUCHUMOCTH YCKOPEHHSI OT BPEMEHH, BOCTIPOU3BOASIIIININ
3aBUCUMOCTb YCKOPEHHUH OT BPEMEHH, ITOJIyYEHHYIO B DKCIIEPUMEHTE;

AKSEL - akcenepoMeTp co BCTPOEHHBIM KaHaJIOM (UIIbTPaLIUU.

Tekcr 3amanus Ha PradiSLang:
$ DATA:

Tabnnua BaMeniieHuNn =
$ INCLUDE: TEST.DAT

HavaneHast CKOPOCTE = 5.0
KoMneHcHupyiee yCKOpPeHue = 0
Knacc émnesTpauym = 60
T'panmna nojyoch nponyckammst = 100

$ FRAGMENT
# BASE : 1
# STRUCT

Yckopenne npm mcnmrammsax 'ATABL (3 2;
Tabauna BaMenJieHUM)

Ycxopenme CONST 'AC ( 2;
KoMneHcupyiomee yckopenue,100)
éunsTpyOLMiZ KaHam 'AKSEL (3 4;

Knacc omnsTpammm,
T'paHmMIla NIOJIOCH MNPONYyCKaHUs,
HawvaneHasi CKOPOCTE)

# OUTPUT:
Ycxopenne 'X (3";1) {8HaueHNs HebMNIBTPOBAHHIX }
CkopocThk 'X (3';1) {xMHeMaTHMUeCckMXx HokasaTejyem }
IlepeMemenmne 'X (3 ;1)
Yckopenne F 'X (4";1) {8HaueHus OUABTPOBAHEIX }
CkopocTs F 'X (4';1) {kuMHeMaTHUYeCKMX nokasaTeinent }
llepememenne F 'X (4 ;1)
$ RUN:

Pacuer 'NEWMARK (END=0.3, SCALE=1;
Yckopenne, Yckopenne F,
Ckopocte, Ckxopocte F)

$ PRINT:

$éuneTp 60 T 'ACAD (;
YckopeHnne = (-5500, 2500),
Yckopeune F = ( O, 2000) )

VuAor S 'ACAD (FROM=1;
llepeMemenne F = (-0.75, -0.5),
CkopocTs F = (-100, 100),
Yckopeunne F)

SEND
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[Tpumep pe3ynbTaToB GUIBTPALMU U MOTYUYEHHAs! 3aBUCUMOCTh YCKOPEHHUS U CKOPOCTH OT
nepemenieHus npusoastcs Ha puc. AKSEL 3.

El} PHIITPILHA CHTHATE (ETACE WACTOTH B Ta= O0M00GeHN TE= Z00000eHM {6?
U L

Ll |'|” il it i pess

1. Heip BT DO BAHLON CHIHAT —ES000tetd 250000 *

HIOLTHFBGHBH CRHIHEI

6] HaBMCMMOCTM CHOPOCTM M TCECPEHME oT mepewaierus  Tu= 00000 Te= J34430=H10 <@
4} Nepeueiuemie —THO0OO0 e+H) —SOOO0 HN)
i YoEopedde — 12026860 e+02 311085 «+H13
AKSEL_3. IIpumep 00padoTKH pPe3y/IbTATOB IKCIIEPUMEHTA:
a) HCX0AHAS M OT(PUJILTPOBAHHAS 3AaBUCUMOCTb YCKOPEHUs OT
BpPEMeHH;
0) nepecTpoeHHbIE 3ABUCMMOCTH YCKOPEHHUS U CKOPOCTH OT
nepeMeeHns.
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