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OCHOBHI IPUHIMIIN KOHCTPYIOBAHHSA
«YMOBHUX MEXAHI3MIB»

Pestome. Posenanymo HaseHwicmb iCHY8AHHA CUCMEM NEGHUX NPOCMOPOBUX MEXAaHiZMig, AKi Ha GIOMIHY Gi0
KAACUYHUX MeXaHI3MIB, NpusHadeHux OJia nepedasanHs milbKu GldcHe pyXy 1020 CK1a008uUX, NOGUHHI GUKOHYGAMU
@yHKYiI0 ympumMarHa 8 Npocmopi Haneped NPUOOAHO20 CMAMUYHO20 NOJIONCEHHA I, 3a HeOOXIOHOCMI, 3MIHIO8amMU 1020
nio 0i€r0 308HIMHIX CUnl 1 YMPUMY8amu ye Ho8e NOJNONCEHHA NICAA 3aKiHueHHA Oii yux cun. Beedeno nomsmms
«YmosHuil mexanizmy, HagedeHo KOHKpemHi NPUKIAOU ICHY8AHHS 080X NIOKIACIE Yb0O20 KIACY MeXAHI3MI8, AKi Ha OaHUl
yac ne kaacughikosami, He0ocmamnvo onucaui i 0ocniodxceri. Pozensanymo 0esxi KOHCmMPYKmMu8Ho-po3paxyHKkogi cxemu
i mpunyun ix pobomu. 3anponoHo8aAHO OPIEHMOBHY MEMOOUKY PO3PAXYHKY, CQOPMYNbO8AHO 3d2albHe GU3HAYEHHS.
NOHAMMSL YMOBHO20 Mexanismy. Bucynymo einomesy npo nobyoosy 0esikoi 4acmuHu J#Cugoi ma Hexlcugoi npupoou Ha
NPUHYUNAX YMOBHUX MEXAHI3MIG, 3 €OHAHUX Y NeGHI CMPYKMYPU.

Kniouogi crosa: npocmoposuii mexauizm, YMOSHUI wLapHip, YMOGHUL MEXAHI3M.

I Zavirokhin, O. Zavirokhin
MAIN PRINCIPLES OF «CONDITIONAL MECHANISM» DESIGN

Summary. The article is devoted to the problem of existence of systems of specific spatial mechanisms, which,
in contrast to traditional mechanisms intended for putting into motion and moving of various machines or their integral
parts, are to perform also other function that is to hold in space a preset static position, and upon necessity, to change
the position under action of external forces and then to proceed to hold this new position when action of external forces
is stopped.

In the article the concept of conditional mechanisms is introduced. As of now, these mechanisms are still not
considered as mechanisms themselves. Thus they are still unclassified, insufficiently described and studied. In the
article the real examples of existence of two subclasses of such class of mechanisms are provided. There were
considered their both construction and calculation schemes, provided a method for their indicative calculation and
provided a principle for their functioning. The details of the conditional mechanisms are specified as follows:

The conditional spatial swivel mechanism is formed in folded, bent or crossed areas of a plate or a membrane.
It exists in the form of an incomplete, conditional swivel. This enables to create different structural and constructional
schemes, to join through them the mechanisms of such type and of same profile into a large spatial formation, to allow
limited movement of kinematic pairs under action of external forces, to change a spatial position of whole mechanism
or its separate elements, and to continue to hold any new position when action of external forces is stopped;

The conditional spatial mechanism, called as Flexible Column (Pole), consists of a tension spring and a
binding with some specific configuration. The binding is twined between the spring coils, splitting them and forming a
conditional mechanism in the form of one uninterrupted kinematic pair, made by two mutually closed movable
elements, which might change their spatial position due to an action of external forces.

In the article the general definition of the concept of a conditional mechanism is duly formed and as well as
the hypothesis on creation of some part of animate and inanimate nature, based on the principles of conditional
mechanisms joined into specified conditional structures, is put forward.

Key words: spatial mechanism, conditional hinge, conditional mechanism.

IHocranoBka mpoGJjemu. IcHye HHM3Ka IH)KEHEpHHX 3a/]a4, B SIKUX II€BHA CHCTEMa
IIPOCTOPOBMX MEXaHi3MiB ITOBHHHA 3aliMaTH B IMPOCTOPi 3ajaHe CTAaTHYHE IIOJIOKEHHS, 3a
HEOOXIHOCTI YaCTKOBO 3MIHIOBAaTH MOTO TMiJ Ji€I0 30BHINIHIX CHJI 1 YTpUMYyBaTH 1€ HOBE
HOJIOKEHHSI ITiCIIs 3aKiH9eHHs Jii nux cwl. ToMmy mpobieMa BUSBICHHS, ONUCYBAHHS i pO3paxyHKY
KJIacy TaKMX MEXaHI3MiB, sIKi BUKOHYIOTh BKa3zaHi BuIle (yHKIi, € Oe3lmepeyHo aKTyaJbHOIO
3amavero.
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AHaNi3 ocTaHHIX JociaikeHb 1 myOJikanmiil. 3a kiIacuuyHUM Bu3HadeHHsM [1,2]
MEXaHI3MOM Ha3WBaIOTh CHUCTEMY TiJl, IPU3HAYCHUX ISl IEPETBOPEHHS PYXY OJHOTO abo KiJIBKOX
TN y MOTPiOHI pyxu iHImUX Tl Ile BU3HAUEHHS OXOIUTIOE BECh CIEKTP CTBOPEHUX 1 MalOYyTHIX
MexaHi3MiB. AJle Ha CbOTOJTHI B TeOPii i MPaKTHUIl PO3TIISAAOTH KJIACH TLTBKU THX MEXaHI3MiB, SKi
BXOJISITh JI0 CKJIaly MAIllUH 1 MpU3HAUeH] JUISl HaJlaHHS IM pyXy B IIPOCTOPI.

JlonatkoBo [1] MexaHi3MOM Ha3WBAarOTh KiHEMATHYHHN JIAHITIOT, B SIKOMY TPH 3a/IaHOMY
pyci oaHiel a60 KITBKOX JTaHOK BiJHOCHO KOKHO1 3 HUX BC1 pellTa JIaHKH 3iHCHIOIOTH OJHO3HAYHO
BU3HAYCHI MepeMillleHHsI. BUX0as19u 3 OO, BUBYAIOTH BJIACHE caMe PyX CKIIAJIOBHX MEXaHi3My.
CucteMu KiHEMAaTUYHHX JIAHIIOTIB y IbOMY BHIAJKY CKJIQHAIOTHCS 3 MOCTYIOBUX Ta 00EPTOBHX
KiHEeMAaTHYHUX Tap, JaHKW SKAX 3’ €JIHaHI Mik coboro pyxomo. [Ipu mpoMy BijjoMi MeXaHi3MH i iX
JaHKM HE TOBUHHI BHMKOHYBAaTH 3aBJaHHs 3a0e3leyYeHHs CUCTeMi IMOTPIOHOTO MPOCTOPOBOTO
CTaTUYHOTO MOJIOKEHHSI, YTPUMaHHS HOTr0 10 BH3HAUYEHOTO MOMEHTY Ta HaBaHTaXEHHs, 00 IIe
03Haua€ MPUIMHEHHS PyXy MEXaHi3My 1 MalllMHU B IIIIOMY.

Meta po60oTH — HaBeCTH KOHKPETHI MPUKIIAIN iICHYBaHHS KJIacy MeXaHi3MiB, sKi, MalOun
O3HAK{ IPOCTOPOBOIO MEXaHi3My 3 PYXOMHUMH KiHEMAaTUYHHMHU MapaMH, BUKOHYIOTh (YHKIIIT,
BiJIMIHHI BiJ] TPaJHIIHHAX, CEOTO HAJIaHHS CHCTEMI IMOCTIHHOTO abo 3MiHHOTO pyxy. Ha3zBemo mei
KiIac «YMOBHHMM MexaHi3M». BoHM Ha naHuii yac He kiacuQikoBaHi, HEIOCTaTHHO OIHUCaHI U
JIOCHIJDKEHI.

IocTranoBka 3amavi. Po3rsiHyTH HasiBHI CTPYKTYPHO-KOHCTPYKTHBHI CXEMH IMOOYIOBH
TaKUX MEXaHI3MiB, JOCTIUTH TPUHIMI iX pOOOTH, 3ampPOIIOHYBATH OPIEHTOBHY METOIHKY
PO3paxyHKy, copMyIItoBaTH 3arajibHe BU3HAYCHHS « Y MOBHUI MEXaHI3M).

Pe3yabTaTn podorn. Ha nanunii yac BU3HAYMMO J[Ba MiKTACH TAKHX MEXaHi3MiB:

- YMOBHHM IpocTOpoBUil mapHipauii MexaHi3zm (YIIIIM);
- YMOBHH POCTOpOBUil MexaHi3M «I Hyuka cTiliKay.

[IpuHIMIIOBA cXeMa, Pi3HI CTPYKTYPHO-KOHCTPYKTUBHI cxemu YIIIIIM, a Takox mpuKiIaan
CTPYKTYD, YTBOPEHUX 3'€ JTHAHHSIM MEXaHi3MiB OJJHAKOBOTO MPO(DiIII0, IeTaIbHO HaBesieHo B [3.,4]. ¥V
JaHii craTi 3ailicHEHO cnpoOy po3paxyHKOM MIATBEPAMTH CHPOMOXKHICTH cTpykrypu YIIIIM
YTPUMYBATH i JIE€IO 30BHIIMHIX CHJI HAllepea MpUI0aHe IMPOCTOPOBE pPO3TAIlIyBaHHS B CKJIaJi
TPULIAPOBOT KPUBOIIHIHHOT aHel.

Ha puc.1 300paxena mpunnumnoBa cxema omnoro 3 YIIIIIM, Ga3oBa jaHKa SIKOTO Mae
YOTHPU CTOPOHH, a pelliTa JIJAHOK PO3TalloBaHi o 00MIBI cTOpoHH i1 riomuHu. Ha puc.2 — cxema
30BHIIIHBOTO BUTIISAY MexaHi3My. Ha puc.3 — npukiaa cymicHoro 3’eqHanns ofqHakoBux YIIITIM
y cTpykTypy. Ha pmc.4 — TpuimapoBa KpHUBOJIIHIMHA ITaHETh i3 pPO3TAIyBaHHSM CTPYKTYPH
MeXaH13MiB BCepeIuHI MK ITOBEPXHSIMHU MOJIBIHHOT KpUBUHH.

PosrisiHeMO  TpHWHIMIIOBY  cXeMy ojHoro i3 BapiadntiB  YIIIIIM  (puc.l) 3
YOTHUPUCTOPOHHBOIO 0az0Bor0 JaHkoro. Bi 1 H; — po3mipn mexanizmy. Kinemarnuni mapu 2, 3
YTBOPIOIOTHCS B MICIISIX 3THHY ILTIACTHH a00 000JIOHOK Ta MEPETHHY iX YaCTHH y IEBHUX HAIpsSMKax
1 i pi3HUMH KyTaMH o, 3 y IpOCTOpi, o 0HYy abo 0OMABI CTOPOHH BiJ] IUIOIIKUHHU 0Aa30BOT JaHKH
1. Ba3zoBa jaHka MOKe MaTH BiJl TPbOX JO INECTH CTOPIH. BiIbINy KiNBKICTH CTOPIH MH HE
posrisiiany. BinmoBiiHO KiNMBKICTh JTaHOK 2, 3 Oy/ie 3aiexaT BiJl KUTBKOCTI cTOpiH 6a30BO1 JaHKH
1. Ilepetnn 4 Ha 3rUHAxX, TMOKa3aHWUH CXEMATHYHO, SIK MiB-pyXOoMe 3’€JHAHHS, BHUKOHYE PpOIh
IIapHipa, aje «yMOBHOTO» (HE MLUIKOBUTOI0), TOOTO «yMOBHO-IIapHipHOro». BiH Hamae
MOXKITUBICTh OOMEKEHOTO PyXy KiHEeMaTHYHHX Tap MeXaHi3My IIiJ{ 4ac il 30BHIITHBOI CHIIH,
OPUAHSTTS MOTPIOHOTO CTIHKOTO TMOJIOKEHHSI B MPOCTOpi U 30epiraHHs HOro 3a paxyHOK CHII
MPYXKHOCTI TIC/ISA 3aKiHYeHHS JIii 30BHIIIHBOI CHJIM SK CaMOCTIMHO, TaK 1 B CKJIaJi IPOCTOPOBOL
CTPYKTYpH.

KoncrpyktuBHo onHakoBi YIIIIIM, wmaroun croinbHi mepudepiiiHi JIaHKH, MOXYTh
YTBOPIOBATH CKJIAJHY OJHOMPO]IIbHY HEMEpepBHY CTPYKTYpy, (puc.3). BaxxiMBoio BIAaCTHBICTIO
npoctopoBuX cTpykTyp 3 YIIIIIM € nerkicTh HajaHHS iM OTPIOHOT MPOCTOPOBOi KOHpIryparttii B
KUTBKOX TTOIIHHAX.
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Pucynoxk 1. I[TpunuunoBa cxema oxHoro 3 YIIIIIM 3 4OTUPUCTOPOHHBOIO 6a30BOKO JIAHKOIO

Figure 1. Elementary diagram of CSHM with four-sided basic link

TpumrapoBa manens (puc. 4) y BHUIIISAAI OCI CHMETPHUYHOI BHPI3KH 3 mapabosoima
o0epTaHHs CKIaJaeThest 3 pobouoi 1 1 jgomomikHOi 3, 3a3manerigp cHopMOBaHHUX OOOJIOHOK
MOABIHHOT KPUBUHU, a B SIKOCTI CEPEIHBOTO IMapy 2 BUCTYHAIOTh 00’ €THAHHI B IMPOCTOPOBY
cTpykrypy YIIIIIM.

Ormicrnss KJIeHOBOro 3°€IHAaHHS CEPEeIHBOro mapy 3 obojoHkamu 1, 3 cTpykTypa 2 crae

3aMKHEHOI0, OTPUMYEMO S>KOPCTKY TpPHIIAPOBY KOHCTpyKIlito. HaBantaxumo il # BU3HAYUMO
BIJIXWJICHHS BiJI IIOIIEPETHBO HATaHOT (POpPMH.

Pucynok 2. Cxema 30BHimHb0r0 Bursiny YI1ILIM 3 4oTHpHCTOPOHHBOIO 6a30BOIO JTAHKOIO

Figure 2. Diagram of the exterior of a CSHM with four-sided basic link

Posrisimaemo 3pasok, mapu KOTpOTO BUTOTOBIIEHI 3 ATIOMIHIIO.
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Jlis Opi€EHTOBHOTO PO3paxyHKY >KOPCTKOCTI Takoi KOHCTPYKIii MpuiiMaeMo HaCTYyIHI
ymoBH. Tima, siki BXOJATH JIO ii CKJIIaay, 3a CBOIMH BJIACTUBOCTSMH € aOCOJIFOTHO TBEPIUMH i
BUKOHYIOTh (YHKIIIT py>XKHUX TiI. PyX yacTuH manesni oOMeXeHUH 1 3ajeKuTh, B OCHOBHOMY, BiJl
BJIACTHBOCTEH CEPeHBOTO MIapy, TOOTO MPYKHAX XapaKTEPHUCTHK JIAHOK Ta iX mepeTuHy. ToMmy s
PO3paxyHKiB BHUKOPUCTOBYIOTbCS METOJHM OIOPY MaTepialiB, Teopi MPYXKHOCTI W KOJIWBaHb.
Kireene 3'erHaHHS npHITycKaeMo 3a iJieaibHe, y MOJAIBIIOMY HOTO BIUIUB HE BPAaXOBYEMO.

JlormomikHa 000JIOHKa 3 TaHeNi 3aKpiluleHa HepyXoMo B OKOJi ii moioca, a pododa 1
nepedyBae MiJ €0 PIBHOMIPHO pPO3IMOJIJICHOT0 HaBaHTa)KEHHS, sKe 3MIHIOETbCS B dYaci 3a
MOTIEPEHRBO 3aJIaHUM 3aKOHOM. XapaKTEPUCTHKH 00O0JIOHOK 1 1 3 BiAMOBINAIOTH TimoTe3aM Teopii
TOHKHX 130TPOIHUX IUIACTHH 1 06010HOK. ToMy MaTeMaTu4yHy MoJiesib OyayeMO 13 3aCTOCYBaHHSIM
HekyacuaHo1 Teopii obomorok C. Tmmormenka. Ctpykrypa YIIIIIM € peryispHOO 3 JOCTaTHBO
MaiuM KpokoM. Lle no3Boinsie, y BUMaAKy pO3MOAUICHUX HAaBaHTa)KEHb, YMOBHO PO3TIISIATH ii SIK
CYIUTBHAH TTIap.

Moys HpyXHOCTI Matepiany 30BHimHIX mapis E,~0,69x10° MIla, po3paxyHKOBHii
MOJYJIb TPYKHOCTI 3amoBHIOBava F,,,=1,84 Mlla. fx 6aunmo, E,>>FE.,,, IO JTO3BOJSIE 3HAYHO
CIIPOCTHTH MaTeMaTW4yHe (opMmymoBaHHS 3anayi. byaemo BBakaTw, IO cepeiHid Imap €
abCOJIIOTHO JKOPCTKMM y HANpsSIMKy, IEPHEHAUKYISPHOMY CepeIdHHIN moBepxHi (FE33™" =) i
HOJATIMBHA y TaHreHmiansbHuX HanpsMmkax ( Ei™" = Ex™ =0, Gp™ =0 ). E, G, v, p —
BimoBiHO Moaym FOHTra i 3cyBy, koedimieHT IlyaccoHa i rycTHHaA MaTepiady 30BHIIIHIX IIapiB;
G — MOyJIb 3CYBY YMOBHOTO MaTepialy 3aloBHIOBAYA.

[Ipuitmaemo chepuuny cucremy KoopauHart. [Haeken 1, 2, 3 BiAMOBITAfOTH HAIIPsIMKaM O,
¢, z. Monyni apyroro poay Gi3°, G,3™" BiaMiHHI Biji HyJIS, TOMY B 3alOBHIOBaYi BUHHKAIOTH
JMIIe piBHOMIPHO PO3IOJIIJIeH] MoNepeyuHi HanpykeHHs 3cyBy. [lo0yyemo MaTeMaTnyHy MOAEIH 3
HacTymHUMU napameTpamu Jlame [5]:

A1=Ro(0); A2=R,( 0 )-sin(6 ),

ne Ro(0) 1 Ry(0) — rosoBHi pajiycu KpUBH3HU IMOBEPXHi; 6 — KyT MiX HOPMaJUIIO 10 OOOJIOHKH 1
Biccio 0OepTaHHS.
Paniycu kpuBH3HM 3a10BOJIBHSIOTE piBHSHHS Komarii — ["ayca [5]
dR,, -sin(0)
de

Pucynok 3. Ctpyktypa VIIILIM 3 40THPUCTOPOHHBOIO 6A30BOIO JTAHKOIO

=R, -cos(8) (1)

Figure 3. Structure of CSHM with four-sided basic link
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Pucynok 4. Tpumrapoa kpuBoUTiHiitHa maHes b 3 cepenHiM mapoM cTpykTypu YITILIM

Figure 4. Three-hinged curved plate with the middle layer of CSHM structure

KoHcTpyKItis Mae BUTIISA BUPI3KH 3 TapaboIioina o0epTaHHs, TOMY

__ R __ R’
Ry = cos'()’ R, = cog)’ @

ne Ry — paniyc momomMi>kHOT MOBEpXHI B TOUIl TOYATKy KOOPIUHAT.
[To3HaurMO TOBIIMHU 30BHIIIHIX 130TPOIHKX MapiB maHeli yepe3 h, 3amoBHoBaya Hyyy. Toi
nedopmaniiiti CiBBiAHOMEHHS OYyTh MaTU BUTJIS

goan_ 1 0 2w _w _cos'(0) du 2ew_cos'(0)
13 _R9 o6 H, R, R, 00 H, R "
glzl =&ntIjns 552 =Ept iy

1 (aul j cos’(9) (éul j
ey =—:—+u, |= | =L +u, |,

R, \ 06 R, oo

1 . u u

£y = m (u, - cos(0)+ u, -sin(0)) = cos(6)- (R—L -ctg(0)+ R—:j, 3)
L A S

% 4 0 0

1 op COS3(9) o, P (pl-cos(e)
2 R, 00 R, 20 A R, Cg() R, Cg()

Jie & — HOpMaJIbHI MEpEeMIIIeHHs] y BIIMOBIIHUX HANpsSMKax; Uj, (j, U3 — KOMIIOHEHTH BEKTOpa

MepeMillleHb CepeIMHHUX TOBEPXOHb MIApIB; Y11, Y22 — JOTHYHI TEPEMIIEeHHS Yy BiIIOBITHUX
HaTpsAMKaXx.

3axon ['yka juis mapiB manedni [6] 3anuimmeMo B BUTIISII
Jie K — Koe(iIieHT 3¢yBY B T€Opii IIACTHH 1 000JIOHOK.

“4)
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__E (&3 :):
oy =T \entv-éen)
-V
—L( 4y z).
Oy = _, Ep TV-EL);

2
0,=G k" -g;;

san __ 3an 2 3an
o =GC" k" -g]",

Bukopucraemo BapianmiiHuii npHHIMO cTarioHapHocTi ['aminbroHa-OcTporpaachbkoro i
3aIHIIEMO 3arajibHi PIBHSHHS PyXy TPHIIAPOBOI MaHEei

3 3 .
o (c0s'(0) doy | cos(O)-0, o))
6-(1-v) | R, 20 R,

()

E-W {cos(@)m

o w - .C,g(g)w‘“’s'(m‘a@j :
. —V 0

R, 00

3 ) 3
n;lm :Gmn 'Hja” .(COS (e)auf’_'_zul_cos(a)ul]

R, 00 H R,

3an

3 ypaxyBaHHsAM JedopMaliifHUX CHIiBBiAHOIIEHb (3) y CEpeMHHUX MOBEPXHSX
OTPUMYEMO HACTYITHI PiBHIHHS:

3 3
T, :2.G.h.k2.(M.%+¢l_cos (9)_%)
R, 0 R,

PiBHSHHS JOMOBHMMO BiAMOBITHUMH TpaHuyHuMEH ymoBamu [5]. Tomi y Bumamky
YKOPCTKOTO 3aKPIiIUICHHS B PaifOHi TOJTIOCA 1 BITBHOTO TOPIlS 000JIOHKH OTPHMAEMO
— uy=u3= @ = 0— B moIoci ;
— T11=0,M; =0, T3+ T35 =0 — Ha BiIbHOMY TOPII.
UHCcoBHI alNTOpHTM pO3B’SI3aHHS JaHOI CUCTEMH pPIiBHSHb 3aCHOBAHWUN Ha KPOKOBIH
anpoKcuMalii BapianiiHoro ¢yHKIioHaua

§-[(K -1 +4)dt=0. o

g (6)

Kpoxkwu npu po3paxyHkax 6epyThcs 3 yMOBH [6]

p-\l=v @8)
OTpuMaHi piBHSHHS JIO3BOJISIOTH PO3PAXOBYBATH MPOTHH BKAa3aHOI TPHINAPOBOI ITaHEI,

Cepe/IMHHI IOBEpXHI IIapiB SKOi MAalOTh BUIJISA OCECUMETPUYHMX BHUPI30K 3 mapabdosoina
oOepTaHHS ITiJT JI€F0 HABaHTKEHHS JIOBLITLHOT (hopMH.
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Byno mpoBeneHO po3paxyHOK 3 mapaMmeTpamu
—Ro=1,4m h=10-3m; H3an = 26%x10-3 m;
— E=7x10101la; v=0,3; p=2,7%x103 xe/m3.

MexaniuHi BIaCTHBOCTI 3alTOBHIOBaYa
= Gun= 0,048 MIla; pyan = 2,7%10% kr/n’.
HaBanTtaxeHHs 3a1aBasiocst, BUXOIT9H 3 (popMyu
- Py =Axn(),0e: A=4%x103Ila; n(t)— byakuis Xesicaiiaa.

Merta po3paxyHKy TOJsiraia y BU3HaYeHHI MaKCUMAaJIbHOTO BIAXWICHHS Oy, KOHCTPYKIIIT
BiJl TeopeTnyHOi popmu. [Ipu koMY rosloBHA BEMOTa MOJIATANA B TOMY, MO0 [O4y] < 5x10™ M Ha
BCHOMY TIPOMIXKKY 9acy Jiii HABAHTAXKEHHS. 3TiHO 3 PO3PAXYHKOM Spax ~ 1,37x10™ M, 1m0 MeHmTe
JIOITyCTUMOTO 3HAYEHHSI.

Sk Gaummo, TpPOCTOpoBa CTPYKTypa, yTBopeHa 3 omHompodinsaux YIIIIM, 3xatha
PO3TAIIOBYBATHCh Ha KPUBOJIIHIHHUX IMOBEPXHSX 1, MCHS (ikcallii, yTpuMyBaTH HaJlaHy GopMy TIif
JU€IO TIEBHUX HAaBAaHTAKEHb.

Posrnsaemo npyruit migkiac yMOBHOTO MeXaHI3My — TrHydka criiika [7]. Ha pwuc.5
300pakeHa KOHCTPYKTHBHA cXeMa TNEepeTHHY IMPsIMON JacTWHU cTiiiku. Ha puc.6 KOHCTpyKTHBHA
cXeMa MepeTUHY BUTHYTOI YaCTHHH CTIHKH.

Criiika (puc.5) MICTHTBh B c00i cTajeBy NMPYXUHY po3TAry 1 3 KpoKOM t, BIAIOBIJIHO 3
cepelHiM 1 30BHIIHIM agiametpamu D i D;, BUrotoBieHy 3 Kpyrioro IpoTy aiamerpom d, i
HAaBUTUH MiX BHUTKaAMH TPYXWHH, METaJIEBUU OaHTaX 2 TPUKYTHOTO Iiepepisy 3 po3mipamu B, H,
KyTOM Y. 30BHIiIIHIH niameTp ctifiku Ds.

3a paxyHOK pO3KJIIMHEHHsS OaHakeM BUTKIB IPYKHHH JO KPOKY t; (OpPMY€EThCS MEXaHi3M
y CKJIal OJHi€l HemepepBHOI KiHEMaTHYHOI Mapu, YTBOPEHOI 3 JIBOX 3aMKHEHUX MIXK COOOIO
PYXOMHX JIaHOK. MaeMo TeoMeTpHyHe 3aMKHEHHS, 32 paxyHOK (OpMH TMPYXHHU Ta TeoMeTpii
OaHzaxy, 1 CHJIOBE 3aMKHEHHsI — 3aB/IIKU CUJIU IIPY’KHOCTI BUTKIB NpyKUHU Py, Ta omopy Gangaxy.
CTBOPIOETHCS TOCTIHHUN (QPHUKIIHHII KOHTAKT MiXK IOBEPXHSMHU JIAHOK 1 BUHHKAE KIMHOBHI
caMOorajbMiBHHUM HE3aMKHEHHUH IPOCTOPOBUIT MEXaHI3M.

cos() o (. . cos(6) . cos(6)

Ro‘Si‘(Q) 5(6’)(T1 Sl"(e)) T,

c0§(6’)‘ n 2-7@““_(.
R " H,

R(;ojlde 6(9['( ( "”)]—"3509)-(co§(6’)'Tn+722)i

i@(é’,f)=(2-p-h+pm-1£m)-i—bf;
2Eh co§( ) oy, co§( ) co§(6’) co§(¢9)

]'1'1 ‘U V- U+
=R A R \Rsid) TR

R,-sild
2-E-h| cos(9) co§( 0) cos(6) ay co§( 0)
b= 1-V | R 511{6?) . u3

R a6

"

Uy +v-

179



MALUNHOBYYBAHHS, ABTOMATU3ALIS BUPOGHULTBA TA MPOLECU MEXAHIYHOI OGPOBKU

22
LD{

PucyHnok 5. KoHCTpyKTHBHA cxeMa MPsIMOI YaCTUHU FHY4YKO1 CTOWKH

Figure 5. Design map of a flexible column’s direct section

Mu Ha3mBaeMO HOTO MeXaHi3MoM, 00 B HBOMY, IPH 33JaHOMY PYCi, JIIBHHI OJHIET
JIaHKHM 3JIIACHIOIOTh OJIHO3HAYHO BU3HAYCHI PYXH BIJHOCHO JUIBHHIB APYTOi JIAHKH. Alle 1ei
MeXaHi3M € YMOBHUM, 00 B HhOMY BiJTHOCHE TIEpPEeMIIlleHHsI YaCTUHU JTAHOK BiJI0YBA€ThCS TiIBKHU i
gac Jil 30BHIIMHKOI cvwid. [Ipyn mboMy MexaHi3M 3aiiMae iHIE CTaTHYHE TOJIOKEHHS B IPOCTOPI,
sIKe, TTiCIIsl 3HUKHEeHHS 30BHINTHBOI CHJIH, YTPUMYETBCS €0 ICHYIOUNX Y IMapi CUIL.

BusHaunMo B3aEMO3aICKHUE PyX JJAHOK MEXaHI3MYy.

[IpencraBUMO THYUYKY CTiiiKy, SK YSBHY KOHCOJBbHY OajKy KiJIbIIEBOTO CideHHS,
JTOBKMHOIO L. Bona ckiiamaerhbest 3 ABOX IPYKHO 3’ €IHAHMX Y3I0BK Oci X, €IEMEHTIB, a BlIacHe
KUTEI[h BUTKIB MPYXXUHH 1 KIMHOBOTO OaHIaKy, HAXHMJICHUX JO OCI IiJ KyTaMu o 1 [3 BiJIIOBiIHO.
[ToyaTkoBHi KyT HaXWJIy 0 KUICIb MPYXKUHH, MapalebHUX MiXK cO00I0, JOPIBHIOE KYTY ITiTHOMY
IBUHTOBOI JIiHIT mpyxuHHA. OTpUMaHUH KyT HaxWIy o — II€ KyT MiJHOMYy TBHHTOBOI JIiHIT
poskiuHeHoi cridiku. Kyt Haxwimy [ kijgenp OaHAaXy, TakoX HapalelbHUX MK Cc0000,
3YMOBJICHHH OCOOJMBOCTSMH PO3TAIIyBaHHS HOTO TPUKYTHOTO TIepepi3y MiXK BUTKAMH IPYKHHH.
KoHTakT moBepXoHb JIAaHOK BiJIOYBA€ThCS B 3aralIbHOMY 110 TBHHTOBIH JTiHII. AJie Ha TaHOMY eTalti
KiHEMaTHKy MEXaHi3My IPeJICTaBUMO B IIJIOCKOMY Iepepisi, a [ito cui — y Touni. Opukiiitna cuina
F, yrBopena cuinoro ctucky Py, npyxkuHu, yTpUMye HaJlaHe PO3TalllyBaHHS MEXaHi3My B IIPOCTOPI.
Cuna Py, Zie B Toukax KOHTAaKTy BHUTKa IPYXHHH 3 KIMHOM Ha BiacTadi 1 Bij oci X. BinbHuii
KiHeIlb YSBHOI OaJK{ HaBaHTaXMMO 3MIHHOIO 30BHIIMHBOIO cHiIoro Pj. Tak sk Oanka cKiaaeThes 3
JIBOX TPY)KHO 3’€IHAHUX EJIEMEHTIB, TO BiJIOYBAa€ThCS MPSIMUN 3THH TUIBKA IEBHOI JUTHHUII
MEXaHi3MY BiJI’€MHUM 3MiHHUM 3THHAIOYAM MOMEHTOM.

M, =P/ f( L.). )
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[Tix gac 3ruHy BiIOYyBa€ThCS CKIAIHHWIA B3a€EMHHU IIOBOPOT Iepepi3iB OaHIaXy 1 BHTKIB
NPYXUHU BiTHOCHO oceid. [lapanenpHICTh BUTKIB Y MICISX 3TUHY MOPYIIYETHCS 1 BiOyBaeThCs
HaCTYIIHE.

CepenHsl JIiHISA 1 TUTOMMHA CiYeHHS 1O oci X € HEHTpPaTbHOIO 1 3HAXOJUTHCA B YMOBAxX
YUCTOrO 3TUHY. Tomy ii joBxuHa L i KpoK t; 1O cepe il JiHiT 3aaumarTbes He3MiHauME. HaOyTi
IpU BUTOTOBIICHHI XXOPCTKICTh 7z 1 poboua nedopmanis f Butka [5, ¢.104-106, Tabn.10] Ta
BennurHa GPUKIIHHUX cull F Takok He 3MiHIOIOThCS. MicIie 3TuHYy 1 pajiiyc € BeTUYUHOIO 3MIHHOIO
R var = f( Li ), e Lj — xoopauHaTa MicCIlsl 3TUHY CTiHKH.

BepxHs 30BHIIHS YaCTHHA MPYKUHU MOBEPTAETHCS 0 R, 1 po3Tsaryerbes. [IporuH BUTKIB
f> 1 )KOPCTKICTh Z; 301IBIIYIOTHCS, KIIMHOBI MOBEPXHI OaHaxy, MOBEPTAIOYUCH, TTTHOIIE BXOAITH
MK BUTKIB. Kpok cTiiiku 1 3a30p Mik Kpasmu OaHaaka HaOYBalOTh BEIMYUHHM t Ta X;. Binctanb
TOYKM KOHTAaKTy JIAaHOK Bix oci X crae 1. Cuna ctuckanus Py, 1 BigmosigHo ¢pukxmiiiHa cuia F
301TBITYIOTHCS.

HwxHs BHyTpilmHS dYacTWHaA moBepTaeThess MO R; i1 cruckyerbes. IlpormH BUTKIB i
KOPCTKICTh 3MEHUIYIOThCS, KJIMHOBI MOBEPXHI 0aH/Iaxy, HOBEPTAIOUNCH, BUXOITh HA30BHI, KPOK 1
3a30p HaOyBalOTh BEJIWYMHU t3 Ta Xp. BiJICTaHb TOYKM KOHTaKTy JaHOK Bia oci X HalyBae
BenuunHy 13. Cuna Py 1 dppuxuniiina cuna F 3menmnyrorscs.

3aranpHa cymMa QpukmiHEX cuil F 3amummaerbes mocTiitHoro. BenmmuauHa i1 3a)1e)KuTh BifT
KOPCTKOCTI 7 1 pobouoi nedopmarii f, ogHOro BUTKa npyxuHu, Koedimienta Tepts { moBepxHi
JIAHOK Ta KyTa Y KJIMHA.

F=const=f(z, o1, 7). (10)

XKopceTkicTh BUTKAa Z; 3aJ€KUTh B MEXaHIYHUX BJIACTHBOCTEH Marepialy, Kjacy
IpY>KUHU, JllaMeTpa IpoTy Ta IPY>KUHU 1 BU3HAYa€Thes 3 Ta0mipb [8].

PoGoua nedopmartist BuTKa f> = f — t;, 1€ f, t; — KPOK NPYXUHHU Ta CTiKW, HE TOBUHHA
[EePEeBUIIYBAaTH TAOJIMYHOTO 3HAUCHHS JIOIYCTUMOTO MAaKCHMAaIbHOTO TIPOTHHY f3

f=t—t=f5. (11)

[Ipu HenOTpUMaHHI 11i€i yMOBU BUTOK NPYXHUHU BUXOJHUTH 13 00JIACTI MPY>KHOCTI A0 CTaHY
IACTUYHOI Jedopmartii i TaMaeThes P MOJATBINIX [AKIIYHUX 3TUHAX CTIHKH.

3ycmiis B npyxuHi Pn, Ha IUIpHMIN 3ruHY CTiliku, mpu 3amaHiil OaHgakeM poOouiif
nedopmartii f5, 6epemo 3 Tadbmuis [8] ad0o BH3HAYaeMO 3riIHO 3 [9].

P,=Gd f,/8D n, (12)

ne G — moxynb 3cyBy; D — cepenHiit miameTp Hpy>XMHH, MM., N — KUIBKICTh BUTKIB IpPY>KUHH,
3aJIISTHAX Yy 3THHI.

[Ipu 3HauHi# 3MiHI KyTa HiAioMy I'BHHTOBOI JIiHIT HPY>KHHH O, il 9ac PO3KIUHEHHS Ta
3TUHY CTIMKH, JOIMYCKAETHCSI BpaXyBaHHS HEJNIHIKHOCTI 3aJ1€KHOCTI HABaHTa)KEHHS B/ EpeMileHb
[10, TaGn.4]

Popymow. = Pup / (1+ 0,01A),

Koedimient teprs { 3amexuth Bix Marepialy 1 cTaHy MOBEepXHi JIaHOK. Bu3HawaeTncs 3
TaOJMIIb 13 ypaXyBaHHSIM KO€(]ili€eHTIB IOPCTKOCTI TTOBEPXHi.

Kyr y xnuHy BHOHMpaeTbcs KOHCTPYKTHBHO 3 YMOBH 3a0esmedeHHst po3mipiB B 1 H
TPUKYTHOTO CiYe€HHS Ta BIAMOBITHO KPOKY t; 1 AiameTpy D; cTiiikm.
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Pucynok 6. KoHcTpyKTHBHA cXeMa BUTHYTOI YaCTWHH THYYKOI CTIHKH

Figure 6. Design map of a flexible column’s curved section

CymMi poOourx 3riHHUX MOMEHTIB (My + My) 30BHIIIHIX CHJI IPOTUAiE MOMEHT My Bix il
GPUKIIIHHUX CHJT KIIMHOBOI MapH 3 TUICYEM T.
[Ipu ymoBi
M+ M,< My ,a60P; L, +PL,<YFr (13)

MeXaHi3M 30epirae cTaTW4He IOJIOKEHHS, MMOYAaTKOBO HajJaHe oMy B mpoctopi. [Ipu 30imbImeHHi
30BHIIHKOI cunu P; BigOyBaeThest mepexim My > My , MmexaHi3Mm 3aiiMae B TPOCTOpi HOBE
nonoxxeHHs. Ilicns nmpununenHs nii cuinu Py HepiBHICTH (5) BiIHOBIIOETHCS, MEXaHI3M YTpUMY€
HOBE CTAaTWYHE MOJIOKEHHS.

BucnoBkn. Ha JBOX KOHKpETHHX NPHKIIAJaX TOKa3aHO ICHYBaHHS U JesIKi MPHHITATIH
YTBOPEHHSI YMOBHHX MEXaHi3MiB, 3po0JIeHO cHpoOy MAOCHIIUTH T€OMETPHUYHI Ta CHJIOBI
XapakTepucTHKH ix podotu. CHopMynboBaHO 3arajbHe BU3HAYCHHS « Y MOBHUN MEXaHI3M»:

«YMOBHHM MEXaHI3MOM Ha3WBAETHCS MEXaHi3M, NMPU3HAYCHHUN 3aiiMaTé i yTpUMyBaTd B
MPOCTOPI TEBHE CTATHYHE ITOJIOKEHHS, KOTPUU CKJIAJA€Thesl 3 OJHAKOBHX KiHEMATHYHHX IIap,
3’€IHAaHUX Yy TPOCTOPOBHUU HEMEpepBHUN KIHEMATWUYHUU JIAHIIOT, B SIKOMY IIpH 33JaHOMY
MepeMilleHH] 30BHINIHBOIO CHIIOK0 OJHIET a00 KiTbKOX JIAaHOK Jpyra YyacTHHa abo BCl periTa JJaHOK
MEPEMIIYIOThCS 1, TPH 3aKiHYeHHI il 30BHINIHBOI CHJIM, MEXaHi3M 3aiiMae B TPOCTOpi iHIIE
CTaTHYHE TOJIOKEHH . HaBeieH1 mpuKIIaay MatoTh BCl 03HAKH YMOBHOT'O MEXaHi3MYy.

Pesynbrat MOXyTh OyTHM BHKOPHCTAaHI HpU KOHCTpyroBaHHI pi3HuX Ttumi YIIIIIM,
THYYKUX CTIHOK a00 1HIIMX CHUCTEM, SIKi MPAIIOI0Th 32 MPUHIIMIIOM YMOBHOTO MEXaHi3My.

Takox Ha MiJICTaBi aHAi3y HABEJIECHOTO JIO3BOJUMO €001 BUCIIOBUTH IAYMKY ICHYBaHHS
IHIIMX ITiIKJIACiB YMOBHOTO MEXaHi3My, a TaKOX TiloTe3y Mpo Te, IO B HEXKUBIH 1 KUBIH TIPUAPOT
OaraTo 4yoro Moxke OyayBaTHCs 3a NMPHUHIUIIOM YMOBHUX MEXaHi3MiB, 3’€JHAHUX IPOCTOPOBO B
MeBHI CTPYKTYPH.
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Conclusions. The existence and some of the principles of conventional mechanisms
formation are illustrated by two specific examples; also the attempt was made to explore the
geometric and power characteristics of their function. The notion «Conventional Mechanism» was
stated: «Conventional mechanism is an arrangement designed to retain and keep some static
positions in space and it consists of identical kinematic pairs connected into spatial, continuous
kinematic chain in which specified movement under applied of force one or more links cause
movement of the other links or the rest of the whole mechanism, and takes a new position after the
effect of such forces is removed».

These examples are featured as conventional mechanism. The results may be used for
design of various CSHMs, flexible racks or other systems that operate according to the principle of
conventional mechanism.

Besides, basing on the analysis in question we can predict the existence of other
conventional mechanism subclasses. We also put forward the hypothesis about construction of
some animate and inanimate nature on the principles of conventional mechanisms connected into a
specific spatial structure.
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