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Hcnonp30BaHrEe MOYTH MTHOBEHHO HM3MEHSEMBIX CHUCTEM, NMPUMEHSEMBIX B YIPaBISEMBIX
3aTspkkax [1] JgaeT BO3MOXKHOCTH TPH  HEOOJBIIMX TMEPEMENICHUSX IMOJdy4daTh OOJIbIIne
YIPABJISIIOLIUE CUITBL.

B paborax [2] u [3] paccMaTpuBarOTCs ABa THMA MOYTH MTHOBEHHO M3MEHSIEMBIX CHUCTEM —
OJIHO/IMCKOBBIE U JIBYX/IUCKOBBIE, C IOMOIIBI0 KOTOPBIX MTOCTPOEHBI YIPABISEMbIEC 3aTSKKU IS
IUTACTUHYATHIX U 00OJIOUEYHBIX KOHCTPYKLUMU MAlllWH, Harpy’aeMblX BHEIITHUMHU LHUKINYECKU
u3MeHsomuMucs cuinamu. CyliecTBYIOIMM TPeTHUl TUI MTHOBEHHO H3MEHSIEMON CHCTEMBbI
(TpexauckoBbIi) [4] IUIsI TOCTpPOEHUsS YIPaBISEMBIX 3aTsHKEK He mpumeHsuics. llostomy
uccinenoane HJIC TpexauCKOBOM MOYTH MTHOBEHHO H3MEHSIEMOM CHUCTEMBI C IEIbI0 €€
MCIIOJIb30BaHUS B YIIPABISEMbIX 3aTSKKaX SBJISETCS aKTyallbHOM 3a1a4ei.

PaccMoTpuM IMIOCKYI0 MTHOBEHHO H3MEHSIEMYIO cucTeMmy (puc. 1), KoTopas NpeicTaBisSeT
co00il TpH, COENWHEHHBIC CTEPXKHSMHU, A0OCOTIOTHO JKECTKHX JHCKA, MTHOBEHHBIC IIEHTPBHI

BpAILEHHS] KOTOPBIX JIEkKAT Ha OJHON MPSMOM.
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Puc. 1. ITmockasg MrHOBEHHO M3MEHsAEMas CUCTEMA

Crep)kHM JaHHOM CHCTEMBI paccedyeM IO JMHHHM | —| M pacCMOTPHUM JIEBYIO YacTh IS

CJIydas, Koraa MIHOBCHHBIC LICHTPLI BpalliCHUSA Ol u O2 COBMCIICHBI B OJHUH MTHOBEHHBIN

IICHTp BpalieHus: O, a TUCK 4 TMOKa3aH B BUJC MPSIMOJIMHEHHOTO 3BeHa 4 (puc. 2).

Puc. 2. Cxema mis ananusa

Haiinem 3aBuCHMMOCTb ycuiuss N, BO3HHMKAIONIEr0 B CTEPXKHE (1—2) MNpU JEHCTBUU
IIEPEMEHHON BO BPEMEHU CUJIBI [, OT yriia ¢ . Il 3TOro OTKJIOHHM CTEPKEHb (1-2) Ha

MaJblil Yrol ¢ OT €ro INepPBOHAYAJIbHOI'O IOJOXKEHHS, B PE3YJIbTAaTE YEro CUCTeMa Ha puc. 1

CTaHeT MOYTH MTHOBEHHO M3MCEHSIEMOI.
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Torna (s puc. 2):

XMy =0, -F-L+N-r=0-—> N:F-L.
r
A TaK KaK r = L-tgea, TO
N:i_ @
tga

Hccnenyem W3MEHEHHE CHJI, BOSHUKAIOIIMX B CTEPXKHIX N 24Ny, 1 N, . B 3aBHCHMOCTH

OT POCTa yIJia ¢ TPH YCIOBHH, 4TO N U F H3BeCTHBI (puc. 3).

Puc. 3. 3amannas cucrema

3amanHas cTepKHeBas cucreMa (puc. 3) OJUH pa3 CTATUYECKH HEOMPEIeIIMA.

OCHOBHYIO CHCTEMY IIOCTPOMM, Pa3pe3aB CTEPKEHb (5—6) (puc. 4) U 3aMEHUB €T0 NEHCTBUE

naproi cunoit N, =1.

Puc. 4. OcuoBHas cucreMma
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F F > a4
HaXOI[I/IM YCUIINA B CTCPIKHAX N3_4 n N7—8 OT JOCHUCTBHS BHCIIHCH HArpy3kh F Hu N,
HUCTIONB3Yysi OCH X H Y .
. F F .
2X=0; N-cose,+N,,-cosa,+N;,-cose, =0; (2)
. ; F ; F ;
2Y =0;N-sineg, + N, ,-sina;—N; ;-sing; + F =0. (3)

C yuerom (1) BeIpaKeHHUs (2) W (3) MPUMYT BUJL:

F
F F
N, ,-cosa,+N; ,-Cosa, = —G-cos%,

(4)
N F H N F - _ F F R
34 SINQ; — N7 g SNy =—F ———SINa,
tga
Hcnonesys meton Kpamepa, u3 (4) Oynem UMETh:
NF =B nF 2B
3-4 — ’ 7-8 — ’
A A
rue:
Cosa, CoSq _ _
=] . . =—C0S ¢, -SIna; —COS ¢, -SIN o (5)
sina,  —sing,
—F -cosa,
Ty cos _
a —cosa, . sina, -Cosa
A= J =F- L.sing, +C0Saty + ———2 |
F g ; tga tga
—F ———sina, sing,
tgo
—-F-cosa,
A, =| cosa, tga _F(<cosq, - SN 005y | 00Sa, sinay |
i F-T sina 9o 9o
sina, g 4

3agaauMcsi KOHKPETHBIME 3HAUEHHSIMU CUJI, Pa3MEPOB U JKECTKOCTEH CHCTeMBI (puc. 3):
F=10xH,E=2-10°MIla,a =3 ,a, =17", 0, =12°, 0, =13, @, =16".
Torna:
A=-0,5;A, =114 xH; A, = -18kH; N =192,31xH; N, , =—226,8xH; N} , =39,5xH.
[IpuiioxkuM K CTEPKHIO (5 — 6) OCHOBHOW CHCTEMBI €JUHUYHBIE MTAPHBIE CUJIBI N ;6 =1mu

HaAWJIEM yCUITUS N; B N7*78 , BO3HHKAIOIIHUE TOJIBKO OT €AMHUYHBIX CHII.
2X=0,N,,-cosa,+N, 4-CoSey, =—C0Sa,,

2Y =0,N,,-sina,—N, ;-sine, =sine,,

*

* A * A
N, ,=—2 Nj,= f,rz[e BBIPAXKEHHE A AHAJIOTMYHO BBIPAXKEHHIO (5);

A

*
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. |-cosa, cosa,

=C0Sa, -Sina, —Sina, - COS

sina, —sing,

*

cosa, —CoSa,

=C0Sa,-Sina, +SiN @, - COS r,;

sina;  sina,

N; , =-0,174; N, , =—0,846.

HeusBectHoe ycunue N;a =X, B CIepxHe (5-6) ONpEACISIeTCS U3 KaHOHHYECKOro

ypaBHEHUSA 55*_6 X+ A5F_6 =0,

*

rue s —Z(Ni )Z'Li _ L3—4'(N;4)2+L5—6+L7—8'(N;—8)2
7 ER E-F

N Ni : Ni 'Li — N;4 ) Nsli4 ) I-374 + N;fs i N7F—8 i L7—8
> E-F E-F '

CrnenoBaTeiabHO,

Xl __ N;—74 * N3'i4 . L374 + N;;S i N7F*8 ) L778 = —1,193 KH-

|—3_4 ‘(N;—4 )2 + Ls-e + L7—8 '(N;—s )2

Yeunusa B CTEPKHSIX 3aJaHHOM CUCTEMBI IIOJIYYarOoTCs IIyT€M CYMMHUPOBAHUS YCHIUN B

OCHOBHOM CHCTEME OT CHJI F,N H X .
N, ,= N;4 X+ NL = —0,174-(—1,193) + (—226,8) =-226,764kH,

N, 5 = NJg- X, + N5, =(-0,846)-(~1,193) + 39,5 = 40, 469 kH,
N =192,31xH,
N, , =—1,193xH.

Craruyeckas npoBepka
2X=0, 2Y =0,
N-cose, + N, ,-cosa, + N, 4-cosa, + N, 4 -cosa, =0
N-sina, +N, ,-sina,+ N, ,-sing, + N ¢ -Sina, =0,
0=0,

u aedopMaroHHas MpoBepKa (C UCIoJib30BaHWEM crtocoba CUMIICOHA)

Ny-N,ds | . . X
A:J ZE-:I :G.Z{A'(N&“'N3—4+4'N3—4'N3—4+N3—4’N3—4)+

I_ * * *
+6‘;58.A.(N7_8-N7_8+4- N, 5Ny s+ Ny 5-Nj ) =0,

0=0 BRIMOJIHAIOTCS.
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31ech U Aajiee BhIUMCIIeHUs BImoaHeHbI Ha [ID9BM B mporpamme MatLab.

Mot Haxoxaenust Ny o ¥ N,, ,, PACCMOTPHM IPaBYIO 4acTh CUCTEMBI (pHC. 1), OTCEUCHHYO

9-10

nuHuen || — || (puc.S).

Puc. 5. TlpaBas gactb cucremsl puc. 1

o, =510, =79
Hcnonb3ys ypaBHeHUs CTaTUKU >, X =0, XY =0 MOIY4YHM:
—N-cosa, — N, ,-cosa, + Ny ,,-COSa; — N, 1, -COSag = 0,}
—Ng 4o -Sinag — Ny, 4, -Sinag+ N -sina, + N, , -sina, =0.
B pesynbrare perieHus 3Toil cuCTeMbl YpaBHEHH OyIEM HMETh:
Ng ,, =—47,7xH, N, ,, =39,377kH.
Jl71s1 IpOBEpKU UCIOJIb3YEM TPETHE YPABHEHUE CTATUKUA Y M 0, = 0, KOTOpOE IpEeBpaIacTCs B

TOKIECTBO.

[To pe3ynbraTam pac4eToB MOCTPOCHBI IpaUKU 3aBUCUMOCTH MCCIIEAYEMBIX CHII OT yria ¢ -

N = f(F,a),N, , = f(F,), Ny, = f(F,a),N, ;= f(F,@), Ny, = f (F,a), N, ,, = f (F,a) (puc.6).
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N. kH ki

N9—10 =f(F,a)

12

kH

1000
0

-1000

-3000

-5000

16\\

o, rpa

3 =
6}\

2 \‘{?(/{-2/“4

6

N11—12 =f(F,a)

Puc. 6. I'paduxu N, = f(F,a)
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Ha ocHoBanum aHanmu3a rpaukoB 3aBUCUMOCTH BHYTPEHHHUX CHJI OT yIIa ¢ (pHUC. 6) MOKHO
clenath BBIBOJ, YTO C YBEJIMYEHHEM YIJAa ( BHYTPEHHHE CHJIBI YMEHBIIAIOTCS, a C

YBEJIMYEHUEM HArpy3KU [ — yBEIMUYUBAIOTCA, IPUYEM CTEPKHH N N, 4 N,,, CKarbl a

3-4"

N, ¥ N, DPacTsHyTbl. Ycuiaue N YBCIMYMBACTCS MPU YMCHBIICHUH Yria ¢ H
HC3HAYUTCIIbHOM YBCINMYCHUU CUJIbI F .
Hanpumep, npu F =10xkH, ¢ =5°:

N =144,3xkH, N, , =-144,122 kH, N, ( =2,8kH, N, ; =29,067 xkH, N, ,, =-147,198 kH,
N,, ,, =96,655 kH.
Jns npumeHeHHsT pacCMaTpyMBaeMOM TMOYTH MIHOBEHHO HW3MEHSIEMOM CHCTEMBI B

YIpaBIAECMBIX 3aTsKKax Hauboee panuoHaJIbHBIM MOXHO CYUUTAaTb HW3MCHCHHUC YyIjla ¢ B

npenaenax 3+5°, a CHIOBBIMH 3JIEMCHTAMU 3aTSKEK JOJKHBI OBITE CTEPXKHU (1_ 2) " (11_12),
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When designing constructions it is important to control the internal forces in order to
produce machines and constructions with a rational mass. Such control is possible with the help
of tracking tightenings produced on the basis of almost instantly changeable systems. The article
is dedicated to the analysis of deflected mode of a three-disk flat almost instantly changeable
system for the purpose of its usage in tracking tightening. The change of forces which appeared
in the rods was considered depending on the angle of inclination of one of the rods in the system
and on the external force time variable.
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