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[eiicteie metopmueckmnx ykasanuit (MY) pacnpoctpaHsetcst Ha KpaHbl CTPEnoBbie CaMoXoaHbie obliero
HasHayenus no FTOCT 22827-85 ¢ teneckonunueckoit ctpenoit. [lokyMeHT yCTAHABAMBAET METOAMKY
NPOBE/EHUs NPOBEPOYHOTO PACYETA KPAHOB HA YCTOMYMBOCTE NPOTUB ONPOKMALIBAHMS C LIENbIO
onpeaeneHns 1 NOATBEPXAEHUS TEXHUYECKMX XAPAKTEPUCTUK U SKCMTYATALMOHHBIX MAPAMETPOB MALLIMHbI
no AaxHomy kputepuio. MY paspabotasl Ha ocHoBaHMKM MexayHapogHoro craipapta UCO
4305:1991 «KpaHs camoxoarsie. Onpeaenetme ycToiumnsoctu» u s passutue PL 22-145-85 «Kpakei
CTpenoBble CaMOXOAHbIe. HOprI pGC‘iéTG yCTDl‘*‘i\IHBOCTH MPOTUB ONPOKUALIBAHUSAY.

MY coorsertcreyior: pekomenaaunmn PC 5526-76 B yactn onpepenetus kosdduumeHTa ycnosuit paborsl,
KNACCOB OTBETCTBEHHOCTH 1 BbIGOPA pebpa ONpokMaALIBaHMS; MexayHapoaHomy cranaapty MCO
4310/1-81 B yacTu onpepeneHms CNLITATENLHOM HArPY3kH; MexayHapoaHoMy cranaapty MCO
4301/1-86 B yactut onpeaenenms rpynn KNaccupUKaumil (pPeXMmMos) KPAHOB U MEXAHU3MOB.

Beepenue

Metojueckie ykasanus onpejie-
JISHOT MOPSIOK POBECHHS! pac-
4ETOB /LISl OLCHKH YCTOMYHBOCTH
€BOGO/HOCTOSILLErO KPaHa ¢ y4eTOM
HOPMATHBHbIX H CAY9iiHLIX CHIOBLIX
(haKTopOB, ICHCTBYIONINX Ha CHCTe-
My €KpaH-rpy3», a TakkKe ¢ yueTom
Gananca noTeHUHANLHOI H KHHETH-
4eCKO# IHEPTHH CHCTEMBI.

VelI0BHE COXpAHCHH YCTOUNBO-
0 COCTOSIHMS KpaHa oGecreunBaet-
Csl, €CJIH CHIIOBBIE (haKTOPBI, TIOTEH-
UHA/IbHAS H KHHETHYECKAsH SHEPrHsT
JIBHTAIOLIMXCA YaACTEil He MI03BOISIIOT
11€PEBECTH LIEHTP TSKECTH CHCTEMbI
«KpaH-rpy3» 3a npeJiesibl OopHOro
KOHTYpa.

PacueTbl MOIyT IPOBOHTBES KaK
JUISl CHCTEM C 3alaHHOI TPY30BOii Xa-
PaKTEePHCTHKOI (TIpOBEpOUHbIe pac-
HeThl), TaK H ISl ee OTpejiesielHst 1o
YCJIOBHIO COXpaHEeHHs YCTORUHBOCTH.

1. O6wue nonoxeHus

1.1 O6wme TpeGoBaHus K pac-
ety ycToiunBOCTH

Pacyet ycToiuHBOCTH IPy30MOD-
EMHOr0 KpaHa npoBOMTCSA JVIst Cie-
JYIOULHX CIlydaeB:
8030eticmaue ucnvimamenvHotl
Haepy3Ku;
paboma no mouxam epy3080i xa-
pakmepucmux;
COBCMBEHHAs YCMOUYUBOCITD;
BHesanwoe cHamue py3a.

TABJIULIA 1.1. COYETAHUA HATPY30K'

HaumeHoakHe Harpy3kn Harpy3k¥ /18 HOMEPOB CONeTaHM |
1 7] . 4 5 6 7 8
MenbimatenbHan H
Beckpara H H H H H H H H
Becrpyza HC | H+C [ H+C |
BeTpoBas B pabouem coTOAHMN Kpana Bt [H | B+ [ Hee | HaC H |
BeTpoBas B HepaGouem COCTORHMI Kpana H+C
HaneCkas 1pA TObeMe W nyCkaA py3a | C |
Iwamieckan npn nogbene ( |
(onycKaru) crpens Wi e€ TeneckonAposann |
MHaMeCKaA NpH 0BOpoTe ¢ |
[IHHaMWSeCKan pH NepeaBIKeHMH 3 [2 |
' P1 22-145-85. Kpann cmpeaoswe canoxodnue. Hopuw pacuema yemoiiuusocmu npomus onpoxudmsanus.

Ha coGerBennyio yeroiunBocTh
B HepaGoyeM COCTOSHHH He PaccHH-
THIBAIOTCA KPaHBl, Y KOTOPBIX CTpeJia
B 5TOM COCTOSIHHH corviacHo «HH-
CTPYKLHH 110 3Kemyataunn» (M)
YCTAHABJIHBACTCS B TPAHCTIOPTHOE
TOJIOKEHHE.

Ha ycToiuuBOCT NPH BHE3AMHOM
CHSITHH IPY3a He PACCUHTBIBAIOTCS
KpaHbl, y KOTOPBIX FPy303aXBaTHbII
Opra 370 He JloMycKaer.

Mexozmbie gansble st pacyeta
JIOJDKHBI COOTBETCTBOBATD JIAHHBIM
YKa3aHHbIM B KOHCTPYKTOPCKO# H 9KC-
T/lyaTalHOHHOI IOKyMEHTAHH KpaHa.

B pacuerax 10/KHbI GbITh YUTEHbI
HOPMATHBHBIC 1 CJlydaiiibie COCTAB-
JISIIOLILHE HATPY3OK B COOTBETCTBYIO-

Yeaosuole 060snauerus:
H = guummsaiom moasko HOpMaMUEHYIO COCMABATIOUYIO
HA2PY3KU, CAYHALIHAR COCMABARIOUAR — HECYUCCTIBEHNA;
C = yuumbiBaiom moabko CAYHaringio COCMaBATIOWYI0 Ha-
2pY3KU, HOPNAMUBHAR COCMABAIOWAR — HECYUYECTBENHNA;
H+C — yuumui6aiom HOpuamusHyio u cay4aiinyio cocmas-
Asouque HazpysKu.

Tpumeuanue:
K HOPAHQIMUBHBIA OMHOCAMCA COCMABARIOUUE HAZPYSOK,
npedenvhbie SHAUEHWA KOMOPbLX KORMPOAUPYIOM B0 peNs:
9KCNAYAMaULL, WAL NP U32OMOBACHUI, HANPUNED, NYMEN
B36CULLBAHUR, 1t ONPeDCAIONM MOALKO HA OCHOBAHUL XAPAK-
mepucmuru Kpana (2py3onodvesHocmy, sec Kpana, sempo-
soti pation no TOCT 1451-77 um.n.).
K CAYMQUIHOLY OMHOCAMCS, COCMABASIOUUE HAZPY3OK, Npe~
JenbHbie 3HAEHUS KOMOPHLY KOKMPOAUPYEM KPAHOBUUK
(QuHasmuneckue Hazpy3Ku npu paGome HeXAHUIHOB) , UL
onu He noddarmes KoHmpoAIo 6006we (Junanuueckue Ha-
2py3aKi om nyabcayuu sempa).
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wux codetanmsix (Ta6umua 1.1).

B pacyerax He IO/DKHBI y4HTbI-
BaTbCsl HArPy3KH, BbI3BAHHbIE HE-
KBaJIH(HLUMPOBAHHBIM YTIPABICHHEM
KpaHOM.

Hanpasneﬂuﬂ HOPMaTHBHBIX
COCTABJISTIOLAX HArPy3OK ((HaH-
YECKH OCYILIECTBUMBIX) B KaXKJIOM
couerannn (TaGmuua 1.1) 10/mKHbL
TIPHHUMAThCS HanGoee HeGiaro-
TPHSITHBIMU OTHOCHTEJIBHO pe6pa
OTNPOKHBIBAHHSI, TIPH KOTOPOM KpaH
110 YCTOMYHBOCTH MaKCHMAJIbHO
TMPHOJIHKAETCS K MPEJIe/IbHOMY €O~
CTOSIHHIO.

BaanMHOe MoJIoXerHe yacTeit
KpaHa JI0JDKHO NPHHHUMATHCS Han-
Goutee HeOIArONPHSATHBIM H3 YHCIA
Jonyckaembix U3.

Paspeliiaetcsi onpesesaTh pac-
4eTHOE, T.€. HaHGoJIee HeGIaronpH-
ATHOE B3aHMHOE TIOJIOKEHHE YacTei
KpaHa, HCII0JIb3ysl TOMBKO HOpMa-
‘THBHbIE COCTABJIAIOLIHE HATPY30K.

1.2 Cucrema onucanus KpaHa

J1151 OLLeHKH YCTOHYHBOCTH CTpe-
JI0BO# KpaH € TeJIECKONHYECKO#
CTPeJIOl MPeJICTABISIETCs B BHE CH-
CTeMBI €KpaH-Tpy3», BKIOYaoLed
B ceGsl ClIeJlyIolIHe 3/1eMeHTbl:
0NnopHO-X0008a5 4aCMb;
noBOPOMHAR 4aCMb;
pabouee o6opydosarue (cmpera,
ayceK);

MEXAHU3M USMEHEeHUS 8blrema;
2py3, N00BeweH bLL HA KPIOKe.

Kaxnast uactb uMeeT Co6CTBeH -
HyIO CHCTeMy KoopanHar. Bee cu-
CTeMbl KOOPJMHAT B3AHMOCBA3aHbI
(Pucynok 1.1).

TTpHHATEbIE CHCTEMBI KOOP/IH-

HaT — Mpasble, NPSIMOYTOJIbHbIE,
JlekapToBBI.

XYZ — Ga3oBasi cicTemMa Koop-
aunar. Hauaso KoopauHar cooTset-
cTBYeT 3eMHOji moBepxHocTH. Och
Z npOXOJUT Yepes 0Ch BPaLLEHHs!
noBopotHoii matdopmel. Ock X Ha-
TipaBJieHa Ha3ajl B/0JIb LIACCH.

XY, Z, — chcrema KOOpMHAT 110~
BOPOTHOJ YacTH. Och Z, IpoXoanT
4epes 0Ch BpallleHHs! [IOBOPOTHOM
nuiatpopmbl. Haaso koopaunar na-
XOJHTCS B LIEHTPe HUXKHEl MI0CKO-
CTH OMOPHO-MOBOPOTHOTO YCTPOii-
cTBa.

XYZ_— cucrema koopauHat
crpebl. Ock Z_ coBnagaer ¢ ocblo
crpedibl. Ocb X, POXOAHT Yepes Tou-
KY KpeIJIeHHsl CTpeJibl Ha [10BOPOT-
HOli 1aThopme.

XY.Z, — cnerema Koopannat
rycbka. Ocb X, coBrajiaet ¢ 0cbio
rycbka. Hauasio koopanHat Haxoaut-
sl B TOUKe epeceyertsi oceii cTpe-
JIbl M TYCbKa.

PUCYHOK 1.1. CUCTEMbI Z
KOOPAWHAT SNEMEHTOB
CUCTEMbI «KPAH-TPY3»

XY, Z, — cucrema koopauHat
wanHpa nofbema crpedsl. Ock Z,
COBIIA/IaeT C OCEBOI JIHHHEH LIHJIHH-
nipa. Hauano KoopauHat HaxouTest B
TOYKE KperJieHHs! LIMJIHHAPA K NOBO-
poTHOii maTdopme.

Jlnsi onpejieieHust B3AHMOCBSI3H
CHCTeM KOOPMHAT 3a/1at0Test Cllefly -
IOlLlHe NapamMeTpbi (3a1al0TCsl TOUKH
HyIIbI):

1 — cepeauna ocH BpaLleHHsi po-
JIMKa rpy30BOT0 MOJHCNACTa CTPeIbl.
KoopauHaThl TOYKH 3a1aI0TCs B CH-
creme X Y.Z;

2 — cepe/lHa OCH BPALUCHHsI PO-
JIHKA TPy30BOT0 MOJIHCIACTA TyChKa.
KOUP)IHHQTH TOYKH 3a/1al0TCsl B CH-
creme X,Y.Z ;

3 — cepe/iHa OCH BpallleHHsi po-
JIMKa KPIOKOBOIT 0GOHMBI [JIaBHOTO
noxbema. KOOp}lHHaTH TOYKH 3aj1a-
totes B cuereme X V.Z;;

4 — cepe/iHa OCH BpaLLCHHsI
POJIHKA KPIOKOBOI 0G0HMbI BCTO-
MOraTeJibHOro nogbemMa. KOO[JH.H‘
HaTbl TOYKH 3a1aI0TCSl B CHCTEME
XYzZ;

5 — wapuup crpedibl. Koopanua-
Thi 3ajialotes B cucteme X V.Z 5

6 — Haua/o CHCTeMbl KOOPAHHAT
N0BOPOTHO# yacTH. KoopauHatsi
TouKH 3azaiotcs B cucreMe XYZ;

7 (8) — WwapHUp LHIHHAPA [104b-
ema cTpesibl. KoopauHaThi TouKH 3a-
natotes B cucreme X Y, Z 5

9(10) — WwapHHp UHIHHAPA
MoAbEMA CTPeJIbl. KOOP)lHHaThI TOY-
KH 3ajatotes B cieteme X Y.Z

11 — nprKuMHO¥i (0GBOIHOIH)
POJIMK KaHaTa IJ1aBHOro nojbema.
KOUpﬂHHaTbI TOYKH 32Ja10TCS1 B CH-
creme X Y.Z;

12 — npwKHMHO# (06BOIHOM )
POJIMK KaHata BCIIOMOTraTeJIbHOro
nopbemMa. Koopmma‘rb! TOYKH 3a1a-
fotest B cuereme X V.Z ;5

0. — YroJl HakJIOHa CTpeJibl 0THO-
CHTEJIbHO FOPH30HTA;

Y — YroJl HaKJIOHa IyCbKa OTHOCH-
TEJIbHO OCH CTpeJIbl.

Hcexoauble M pacueTHble napa-
MeTpbl BCeX vacreit TPHBOAATCA K
cHCTeMe KOOPAHHAT MOBOPOTHOM
uacth. [Tpn pa3BopoTax noBopot-
HOJi YaCTH T0JI0XKHTEJIbHOE 3Haye-
Hue yryia oTcunThiBaetesi ot och OX
IIPOTHB YaCOBOH CTPEJIKH, eCJlH CMO-
Tpeth npots ock OZ.

IR ] ecepocemivoxmin xypwan o pysonomsenmo exsne
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2. Onpepenenme KOHPUrypaLUM ONOPHOTO KOHTYPA M Ney K pe6pam onpokuabiBaHms.

2.1 BbiGop KoH(Urypauuu onopHoro KOHTypa

TAB/IULIA 2.1. CXEMbI OMOPHbIX KOHTYPOB

Kpan Pe6paonporimabisains

Onucanme

0
1l

Pacrnionioxenne pe6ep OnpoKHIbIBaHHs st
ABTOMOGH/IbHBIX H THEBMOKOJIECHBIX KpaHoB
¢ 5 BBIHOCHBIMH OIIOPaMH.

[

I

11l
11l

Pacnionoxenne peGep ONpOKHIbIBAHHS LISt
aBTOMOGH/ILHBIX H [IHEBMOKOJIECHBIX KPAHOB
€ 4 BBIHOCHBIMH OMOPaMH.

I

I

Pacnosioxenne peGep onpoKHIbIBAHHsT s
ABTOMOOGHJIbHBIX H THEBMOKOJIECHBIX KpaHoB
6e3 BHIHOCHBIX OMOP C JKeCTKOH MOABECKOI HilH
GJIOKHPOBKOJH YIIPYroii MOABECKH.

|

Pacnionoxenue peGep ONpOKHIbIBaHHSI 115t
ABTOMOGHJIbHBIX H [THEBMOKOJICCHBIX KDaHOB
63 BLIHOCHBIX OO € 2KeCTKOF MOBECKO
3a/IHero MOCTa H YTpyroii MoJiBeCcKoit
TiepesiHero MocTa.

Pacniosioxenrie pe6ep onpoKHbIBAHHs! st
TYCEHHYHBIX KPaHOB. FSDMETPHH onpeaeasiercs
KOHCTPYKTHBHbBIM HCIIOJIHEHHEM KaTKOB.
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TAB/HLIA 2.2. TAPAMETPbI TVIEY K PEGPAM OPOKMTbIBAHUS

Is

2.2 Onpenenenne napameTpos
njey K peGpam onpoKHIbIBAHHS

I, = X, -cosq, + ¥, -sing,

=Z 4 are i
oo Sl

I,= X, -cosp,

(x X,]
@, =T +arctg|

I, = X, -cosg,

Hbl, 1A NOTHTOHOB Kenes0GeToH-
WX WAEIM, WTYHbX TPY308,2 | 0.0127
TaKoKe CTPETOBHIE CAMOXOTHSE Kpa-

bl 060 Ha3HIYEHHA

KpaHs! Bcex TNOB, yCTaHaBnuBae-

0.0255
Mble B PEUHbIX ¥ MOPCKIX MOpTaX.

:"p B RO DRI : - FeOkTIRpaNETpIe o Pacuer yCTOiYHBOCTH NPH HCTIbI-
3anaercsi: TaTeJIbHbIX HarpysKax (couetanye 1
PY:
2 Y Tl =X 1 paboTe 110 rPY30BOH XapaKTepHCTH-
1 1.2 XX, Ke (coueranue 2,3,4) Bezietesi Jyist pe-
7.8 =X Y Gep ONpOKHLIBAHHUS, Y KOTOPBIX YIIO-
12 T4 XY, BOE TIOJIOXKEHHe MeprieHInKy.1poB ()
I n5=-X ¥ COOTBETCTBYeT paGoveil 30He KpaHa.
S = PaccunrsiBaetcsi: Tak, HanpuMep, MPH YETHIPEXONOPHOM
X._X KOHType H paGoeii 30He kpana 240°
0= ﬂmg[ﬁ_—#] He PAaCCUHTBIBACTCS! YCTOHUHBOCTb ISt
7 . L peBpa OnpoKHAbIBaHHS 2-3.
s Ao Y Ecan pe6pa onpoknwbiBakiHs pac-
o —arclg( Y- ] noJIoXKeHbl napasenbao ock OX, Ha-
s 2 X -X, XOJIATCS1 HA PABHOM Y/IaJIeHHH OT Hee
4 L =X, -cosg, + Y, -sing, W LIEHTP TSDKECTH OMOPHO-XO0BOH
- ¥, yacTH JexHT Ha ock OX, To ionycka-
L =3+‘"‘¢fg[x _ZX J eTesi pacyeT YCTOMUMBOCTH Vist O/HO-
2 5
r0 13 peGep ONpOKHIbIBAHHS.
I, = X, -cosg, EESROE
oo X N 3. Onpepenexue Harpy3ok
Y, Y MOMEHTOB B OTAENbHbIX
1,=X,-cosp, H4ACTAX CUCTEMDI
- Y-, «rpy3-KpaH»
P = 7-(- aretg| i TTpuBeseHHbIH HUXKE pacyeT Bbl-
e TIOJHSACTCS /LIS KaX10r0 pepa
. : peop:
Iy =X, -coss + Y, -sing ONPOKH/bIBAHHSI, COYETAHHST 0GOPY-
. JIOBAHHSI H YIJIa HAKJIOHA CTPeJIb.
AY 3anaercsi: Pacnionoxenne peGep onpoKH/ibi-
ol XY BaHHsl ONpeJiesIsieTcst KoHbUrypaumei
1 02 XX onopHoro kontypa (Ta6mua 2.1).
mS=X Y TTapameTpel ey K peGpam OnpoKH-
1 Tde XY JIbIBaHHsl H | PACCUHTBIBAIOTCA B CO-
PaccunTbiBaeTcs: OTBETCTBHH C PAcrioyioxeHHeM pedep
okuabiBannsi (Ta6snua 2.2).
it ] ONPOKHI ( 1a2.2).
i x Kondurypauusi kpaHosoro 060-
> | h=2X cosq,+Ysing, PpyloBanHs (IPOTHBOBEC, JUMHA
o 7 - ¥ CTpeJibl, HAJIHYHE TYChKOB) H BblJIET
3 () =7*ﬂ’ﬂs[){ - (HMJH YTOJT HAKJOHA CTpeJIbl) 3aK1a-
. 10TCS1 B COOTBETCTBHH C 1aCTIOPTOM
i L=, v, si P
L. X0 B SO, KpaHa Wi PyKOBOJICTBOM [10 9KC-
=i o X, X, JIyaTauun.
%-Y, JlanHble 3a1a10TCs B CHCTEME
4 X, -cosps + ¥, -sin@, MKI'CC (Texumueckoii).
3 BeTpoBoii HopMaTHBHBIiT Hanop
aGoyero COCTOSIHMS q, Orpe/iedisieT-
P q, onp
. cs1 B coorBerctsin ¢ FTOCT 1451-77
Iy =X, -cosq, +Y; -sing, (Ta6anua 3.1).
= . i
3¢ Banaercs: TABJIULIA 3.1. BETPOBOM
T1-X,Y, HOPMATUBHDbI/ HANOP
02T PAGOYET0 COCTOAHMA
T3 =X, Y, R
& ) B HOP-
[ Paceunteipaetcs: Haswavenwe Kpara MaTHBHb K-
h
[ 2] X=X nopq, (1/m’)
b X «z\:arcrg[y‘ Y‘J &
Q =T, KpaHi: CPOWTENbHbIE, MOHTa:-
3

Kpatil, ycTananHBaeMbie Ha o~
eKTax, HCKMIOYAIoLYMX BO3MOXHOCTD | 00510
nepepbisa 8 paore

[CEEJEEREN 1/ o cepoccuiickwin XypHan o rpy3onoALeMHO TexHuKe
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3.1.1. Hexodnoie dannole

OXUY BK/ioyaeT B ce6sl WACCH, OTIOPHYIO Pamy H JIpyre sJe-
MEHTbI KOHCTPYKLHH, PAcTioioxkeHHble Ha pame u maccH. OXY
V151 I06CTBA 3a/1aHHsl HCXOHBIX IAHHBIX MOXKET ObiTh 3a/aHa,
KaK COBOKYINHOCTh OTAC/IbHbIX KOHCTPYKTHBHBIX 3/IEMEHTOB HIIH
c6OpoK.

J1151 KaXK10r0 KOHCTPYKTHBHOTO 3/1eMeHTa Wik c6opkn OXY
3ajla10TCS CIIEJIOLIHEe HCXO/WHbIE JAHHbIE:
G,,, — macca i-ro anemenTa, T;
Xow Yo Zo, — KOOP/MHATDI LIEHTPA TSUKECTH i-TO JIeMEeHTa B CH-
creme XYZ, m;
Jox; — MOMEHT HHEpILHH i-rO /IeMEHTa OTHOCHTE/ILHO OCH, MIPOXO-
ISl Yepes LeHTP TSKeCTH napasiesibho och OX, T+ ¢? - M;
Joy — MOMEHT HHEPLHH i-rO 3J1eMeHTa OTHOCHTEJILHO OCH, NIPOX0-
JiLLei Yepes LEHTP TsKeCTH mapasienbHo ocn OY, 1+ ¢« M;
Syox — HABETPeHHAs! IIIOWa/lb i-FO 3J1eMeHTa PH BETPe M0 0CH
OX, %
Zyox; — BBICOTA LIEHTPA NAPYCHOCTH i-TO 3/IeMeHTa NPH BeTpe 1o
ocn OX, m;
Syoy, — HABETPEeHHast MIOLIA/p i-TO JIeMEHTa NIPH BeTpe Mo ocH
OY, m?

Z,yoy, — BHICOTA LIGHTPA NAPYCHOCTH i-T0 3/IeMeHTa MPH BETpe 1o
ocu OY, m.
3.1.2. Pacuem
OGuwit Bec OXY
G, = Z Go, 3.1)
Koopmnarsi uentpa tsikeetn OXY
X Z Xoi - Gor
o
Go (32)
ZYa 3 Go;
Y, =545———
Go (33)
5 ZZ(J' ‘Go.'
= O
G, (3.4)

IMepecuer koopanuar uentpa tsokectt OXY B crctemy koop-
JIMHAT MOBOPOTHOM YacTH

Xon =X, -cos +Y, -sing (3.5)
Yon =Y, -cos¢ - X, -sing (3.6)
Zon=Zo-H, (3.7)

Mowmentsl nuepin OXY BOKpYr 0CH, PoXoAsiLiieii Yepes LeHT
TSKECTH OTNOPHO-X0JI0BOH YacTH napasenbho och OX, OY

G,
Jox =2 on+ 2| f 6’0:2 +Z4'

(3.8)

Gy
Jay=zjow+z ;‘ 0i2+Zm2) 9)

g =9,81 m/c? yckopeHhHe CBOGOHOTO MazieHHst
Mowment unepunn OXY BoKpyr peGpa onpoKHabIBaHHS

Joxa =Jox -sin@ +J,y -cos’@ +&-(I—){m)z +Z,,’)
g

(3.10)

Haserpennast muowaas OXY npu Betpe Boab ocu OX, OY

Syox = 2 Swox: (3.11)

Syor :ZSWDH (3.12)
Bicora uentpa napycuoct OXY npu setpe Bj10aib ock OX, OY

z sto)a N ZWO){i

wox 57
wox (3.13)

7 - ston Zyon

woy — T
woy (3.14)

MoMeHT 0T HOpMaTHBHOIT COCTaBJSIOLIeH BETPOBBIX HAPY30K
Ha OXY

. . U
(3.15)

3.2 Mosopothas uacts (M4)

3.2.1. Hcxodnobte dannsie

ITY BrouaeT B ce6si IOBOPOTHYIO MIaThopMy, KaGHHY Kpa-
HOBLIHKA, POTHBOBECHI, JIEGE/IKH IIABHOTO H BCTOMOTaTeslh-
HOTO MOTbeMa C MOJIHOCTBIO HAMOTAHHBIM KAHATOM, OTIOPHO-
TI0BOPOTHBIii KPYT H MIPOUHE KOHCTPYKTHBHBIE /IeMEHTbI (CTpesia i
THAPOLMJIMHAP nofbema ctpedibl B [T He Bxomst). Tnipocucerema
KpaHa NMPHHHMAETCS OTHOCTBIO 3aM0HEHHOH B TPAHCTIOPTHOM
nonoxkennn. [TH 11t y10GeTBa 3a/aHHs HCXOMHBIX IAHHBIX MOXKET
GbITh 32/1aHa, KAK COBOKYITHOCT OTAE/bHBIX KOHCTPYKTHBHBIX
9JIEMEHTOB HJIH CGOPOK.

JInst KaXI0r0 KOHCTPYKTHBHOTO S/eMeHTa Wi cGopku [14 3a-
JIAI0TCS CIIJYIOIIHE HCXOIHBIE AHHbIC:
G, — Bec i-ro sementa, T;
Xpy Ypy» Zpy, — KOOPZMHATBI LIGHTPA TSXKECTH i-T0 S/IEMEHTA B CH-
creme X Y, Z . m;
Ji — MOMEHT HHEpLLHH i-TO 3/IeMeHTa OTHOCHTEJIBHO OCH, POXO-
Jisiliiedi Yepes LeHTp TsKecTH napasiebio och O Y, 7+ ¢? - M;
Sy — HaBETpeHHAst IIOLIAb i-T0 /1EMEHTa PH BETpe 110 ocH

, — BbICOTa LIHTPaA N1aPYCHOCTH i-T0 3J1eMeHTa NPH BETpe 110
ocu O X , m;

OOGuuwe nanHbie 4151 pacyeTa:

X7y, Y7y, Z7,, — xoopaunatsi Touk 7 (Pucyrok 1.1) B cucteme
XY.Z, ™

X8, Y5, Z5,, — koopauHathl Toukn 5 (Prcysok 1.1) B creteme
XY.Z, M

Xy, YT, ZIT1, — Koopautatsl uenTpa Gapabata eGeikn
rnaHoro noxbema b crereme X Y, Z,, M;

XJ12,,, YJ12,, ZJ12,, — KoopauHath! LieHTpa Gapabatia eGekn
BCriomoratesibHoro noxbema B ciereme X Y, Z , M;

R}, — HanGobLIMii pazuyc HABHBKH KaHATa JIEGE/IKH IMIABHOTO
nojbema, M;

R, — HauGoblukii pajuyc HABUBKH KaHaTa JleGe/ikn BeromMora-
TEJILHOTO Mo/beMa, M;

@, — HauGoJIbLIast paGoyas yryioBast CKOPOCTh BpaleHus Gapa-
Gana JieGe/IkH [IaBHOTO TObeMa, pajt/MHH;

®;, — HanbosbLIas paGoyast yrioBasi CKOPoCTb BpatlleHus 6apa-
6aHa JieGe/IKH BCTIOMOraTe/IbHOrO Nofbema, paJI/MHH;

N, — KpaTHOCTb 3aNIaCOBKH IVIaBHOTO MObeMa;

N, — KpaTHOCTb 3aNIaCOBKH BCTIOMOTATE/ILHOIO MObeMa;

®; — HaHGOJIbLIAst PaGouast yIJioBasi CKOPOCTh Bpattennsi [T,
pan/mu;

H, — paccrosnue Mexy Hauanamu crctem koopaunar XYZ n
X.Y,Z 1o oci OZ (BbicoTa NPHBANOYHOI MJIOCKOCTH ).
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3.2.2 Pacuer
OG6uwii see [T4
Gy =Gy (3.16)
Koopminatsi nentpa Tskectn ITH
x4 MG
Gy (3.17)
o ZY i 'Gm
==
Gy (3.18)
Zn e sz ‘Gm
Gy (3.19)

Mowment urepiwn [TH BOKpyr ocH, npoxofsiuei Yepes UeHT
TSKECTH Mapasiesibho ock O Y,

n =Z"m+z[%' mz +Zm2 J

(3.20)
Mowment HHepuHH ITY BoKpyr peGpa onpoKH/IbIBaHHs!
Jmia=Jn +7 (I Xn)z (Zn JfHo)z)
21)
Jid
Jmyss =Jn “'_'(l*"“’n)z +(Zn +Ho)2)
Y (3.22)
Hagerpennast nuiowajw [T4 npu Betpe Boas ock O X
Sy =zswm (3.23)
Beicora uentpa napyctocrs [T4 nipu Betpe Boab ocu O X
ZSWHA' 'anx
Zyy = -S
Wit (3.24)

MoMeHT 0T HOpMAaTHBHOH COCTaBJIAIOLLEH BETPOBBIX HArPy30K
Ha T4

My, -@yn +H,)

=q,-12:8, (3.25)
JluHeliHasi CKOpOCTb HABHBKH KaHaTa rpy30BOii JieGe/KH
R, ®
&
(3.26)

JIunefinas CKOpoCTb rpysa npu nobeme/omnycKaHHH rpy3oBoii
neGenkoit
=
=
Ry (3.27)
3.3 MexaHu3M u3mMeHeHusl BblieTa (LMJIHHIP N0 beMa CTPeJbl)
3.3.1 Hexodnovle dannsie
KoHCTpyKTHBHBIE NapaMeTphl IHAPOLMIHHAPA:
Gy,,;, — BEC THIPOLI/IMHAPA C MACTIOM NPH MHHHMAJIbHOH JUIHHE
(BIBHHYT), T;
Gy — BEC THIPOIUHIPA € MACIIOM DU MAKCHMAJIBHOM ATHHDI
(BBIABHHYT), T;

L, — MHHHMA/IbHAS ATHHA THAPOLHIMHAPA, M;
Limex — MAKCHMAJIbHAS JVIHHA THAPOLIHHAPA, M;
Z,,, — KOOPIMHATA LEHTPA TSUKECTH TPOLIIHHPA NIPH MHHH-
MabHo# ke B encreme X Y, Z . M;
1 — KOOPIUHIATA LCHTPA TSHKECTH MHPOLNHHAPA IPH MAKCH-

MaJibHOI jutte B cHcteme X Y, Z , M;

N, — Ko/myecTBo rmpoummwlpos

X7, Y7, Z7,, — KoOpAHHATBI LapHUPa KperuieHHst 1-ro ruapo-

LWJIHHPA Ha 10BOPOTHOI yacTH B chcteme X Y, Z , M;

X8, Y8, Z8, — KoopiuHaTh! LapHHpa KperlietHsi 2-ro ruipo-

LWJIMHAPA Ha IOBOPOTHON yacTH B cucteme X Y, Z , M;

X9, Y9, Z9, — KoOpAHHATBI IIAPHHPA KPETLICHHS! THAPOLIHJIHH-
Jipa Ha ctpedie B cicteme X Y Z , m;

X10, Y10, Z10, — KoOpAMHaTbI LapHHPa KPEMJIeHHs FHIPOLIA-
Auuupa Ha cheﬂe B cucteme XY Z, M;

Ec/u rAPOLHIHHAP OJIH, 3a7al0TCsl TOUKH 7 1 9.
V), — MaKCHMAJIbHas! CKOPOCTD BIIBHAKEHHS THIPOLKIHHIPA, M/MHH.

3.3.2 Pacuem
Koopannatsl ToueK KperieHHs THAPOLMJIHHAPA K CTPeJie B CH-
creme X Y, Z,

X9, = — X5, -sina +Z9, -cosa, + X9 -sina
(3.28)
X10, = X5, - X5, -sina. + Z10. -cosa + X10. -sina
(3.29)
79, =75, +X5.-cosa +Z9 -sina — X9 -cosa
(3.30)
Z10, =Z5, + X5, -cosa + Z10,. -sino. — X10,. - cosa
(3.31)
Y9,=Y1, (3.32)
Y10, =Y8, (3.33)

JI/MHA THADOUMMH/PA VIS TEKYLeTO YIVIa HAKJIOHA CTpedbi

Ly =X, - X9, ¥ +(@9, - 27, ) &
Yros HaKIOHa THAPOLHAHHAPA
X7,-X9
0 = arctg—L i
29,27, (3.35)
Bec ruapouHInHIpa st TEKYILEro YIia HaK/I0Ha CTpedbi
Fygmax ~ Y min
G GL( min L 5T (LL( lein)
rmax ~ L1 min (3.36)
LleHTp TAXKeCTH THAPOLHIMH/PA V15l TEKYILLErO YIIa HaKIIoHa
cTpevibl z
L fmax ~ Z[min ll min
le Zl(m"\ T (LU U min )
Lmax ~ lImm (3.37)
KoopauHaTbl LieHTpa TshKeCTH ruapounamiapa  chereme X Y, Z,
Xy =X7,-Z,-sinb (338)
Zyg =275 +Zy -cosd (3.39)

MOMeHT HHEpIHH HAPOLHIHHIPA OTHOCHTEJIBHO TOYKH Kpe-
TIeHHH LuaKKapa Ha T4
G, Gy N,
Sonali M = 5 sl O 7 2
Junv_3 Zy Q’u le)Nu+ Zy
g -4 (3.40)
MOMEHT HHEPLIHH THIPOLIHH/PA BOKPYT peGpa ONpOKHbIBAHHs

G, N,
Teses +"T"<(zfx7,,)’+(z7n +H,Y)
(3.41)
N
JrG”i"(HXL,)z +(Z7,,+Hu)l)
g

(3.42)
Tpodoancerue credyem. SR
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