JlaGopaTopna po6ora Ne 4

BU3HAYEHHSA KOMIIOHYBAJIBHUX CXEM
MOJAYJIB CTYHHEHIB PYXOMOCTI
MAHIITYJATOPIB TIPOMUCJ/IOBUX POBOTIB
TA ®OPMAJIBANIA iX TEXHOJOTTYHAX MOKJIUBOCTEN

Mema po6omu — Ha NiCTaBI BUBYCHHS KOMIIOHYBAJIBHHUX PIIEHb MOJYJIiB
OKPEeMHX CTYIEHIB PYXOMOCTI MaHIMyJSLIHHUX CHCTEM
(MC) npomucnoBux pobGori (I1IP) HaObytn HaBUYKH
dopmamizanii TexHonorivaux MmoxumBocteii MC IIP B
YaCTHHI X METPUK.

4.1. Teoperu4Hi Binomocri

B mpomeci 3arampHOro mpoekryBanHs MC IIP BuOwmparotp ix
KOMITOHYBAJIbHY CXEMY, BU3HAYAIOTh HABAHTA)KEHHSA Ha MOAYJI Ta TOYHICHI
BUMOrH 10 HHUX. [IoTiM moeramHO MpoekTyoTh poboui opranm IIP Ta
BUKOHAaBUi Moayni ix crTymeHiB pyxomocTi. Jlo OCHOBHHX 3ajgay
MIPOSKTYBaHHS MOJYJIIB BiIHOCATHCS: BUOIpP CKIIaay, BU3HAUCHHS B3a€MO/II1
HOro OCHOBHHMX (YHKI[IOHAJbHUX EJIEMEHTIB Ta KOHCTPYKTHBHHX
rapaMmeTpiB JieTajel Ta arperaris.
[TpoekTyBaHHS MOJYJIiB YMOBHO PO3ALUISIOTH HA HACTYIIHI OCHOBHI
emanu.
- BUOIp 3arajJbHOI KOMIIOHYBaJIbHO-KIHEMaTHYHOI CXEMH;
- BUOIp TEOMETPHYHHX Ta (YHKIIOHATHHHUX BIIHOIICHH MIiX
OCHOBHHMMH €JIEMEHTaMH;

- BH3HAYCHHS PO3MipiB HAIPSIMHIX a00 Ooceld;

- OI[iHKAa MacH Ta CHJI IHEepIii PyXOMHX EJEeMEHTIB Ta BHOIp
TUIIOPO3MIPY MPUBOJIIB IS KOKHOTO 3 HUX;

- BUOIp OCHOBHHX PO3MIpIB HECY4YHX KOPILYCiB, OIOp, HANPSIMHUX

abo oceld;

- BU3HAYECHHS TOYHICHUX BUMOT JI0 OCHOBHHX PO3MipiB MOIYJIS.

KommnonysansHo-kiHematnuHi cxemu MC [P mist cucremaTtu3zaiii
IPYIYIOTh 32 HACTYITHUMH O3HAKaMH:

- IPU3HAYCHHSIM:

* BUCYBaHHS 4 TigioMy naHOK MC;
* 3CyB 3aTHCKHOTO TPHCTPOIO (CXBary);
* TOPH30HTANBHOTO nepeminieHHs Bciei MC abo Iekiapkox il
MOJIYJIiB;
- KOHCTPYKTHBHUM BHKOHAHHSM HalpsIMHUX:



* IBi, TPH, YOTHPH LITIHAPUIHI HATIPSMHI;
* IPU3MATHYHI HAIPSAMHI 3 TphOMa a00 YOTHPMa TPaHIMH;
* 3MilIaHi HaPsSMHI;
- BUJIOM OIIOpP HaIPSMHUX:
* KOB3aHHS;
* 3 TUTaMH KOYEHHS y BHUIVIAAI PONHKIB HAa OCAX YU B
cernapaTopax;
* 3 [IIaPUKOBUMH OIIOPAaMH KOYEHHS Ta T.II.;
- PYXOMICTIO KapeTKH:
* KapeTKa PyXa€eThCsl 110 HEPYXOMHUX HaNpPSIMHUX;
* BITHOCHO HEPYXOMOT KapETKH PYXaloThCsl HAPSIMHI;
* KOMOIHOBaHI CXEMH;
- BHIJIIIOM Ta PO3TALIyBaHHAM IPHBOIIB CTYIEHIB PYXOMOCTI
MC:
* CHJIOBI IIWJIIHAPH, CYMIIIEHi 3 HAPSIMHAMU,
* 3HAXOJUTHCS BCEPEANHI YU MOPSL 3 HANPSIMHEMHE;
* oOepranpHUN MpHWBOA i3 3yO4acTOr ab0 JAHIFOTOBOIO
nepeaayero Ta T.I1.;

- PpO3MIlIEHHAM YIIOpiB, TajbMIBHUX HPUCTPOIB Ta JaTYHKIB

TIOJI0KEHHS:
* Ha OCHOBHIH Y JIOMIOMDKHIN HAIIPSIMHIH;
* Ha JI0JIaTKOBIi# 1mITansi;
* B KOpIIyCi Ta T. M.

JouineHO 3ayBaKMTH, IO BKa3aHi O3HAaKHd CHCTeMaTH3alii
KOMIOHYBaJIbHO-KiHeMaTH4HUX cxeM MC Ta iX CYTHICTh IOBHOK MipOIO
BiTHOCSITBCA 1 IO €Tamy iX aHali3y.

OkpeMi NoeJHAHHS BKa3aHUX €JIEMEHTIB KOMIIOHYBaHb (JOPMYIOTh
MHOKHHY MOKJIMBUX KOMIIOHYBaJIbHO-KIHEMaTHYHHX CXE€M MOXYIiB. Jleski
3 IMX CXEM, II0 3HAWIUIM HAWOUIBLI IMUPOKE MPAKTHYHE BHUKOPUCTAHHS,
npuBe/eHi B Tabm. 4.1.

4.11. MonayJi 3 0OCHOBHOIO TA I0NOMIKHOI0 MJIiHAPUIHUMH
HanpsiMHuMH (TabJ. 4.1, cxemu 1-6)

OcHOBHa HampsMHa 3abe3rmedye MPSIMONIHIHHICTE pyXy Ta
cnpuiiMae OOKOBE HaBaHTaXXEHHsI MEPIIEHANKYIIIPHO oci pyxy. JlonomMixHa
HampsiMHa, OUTBII TOHKa Ta MiAJATIMBA IOPIBHSHO 3 OCHOBHOIO,
BCTaHOBIIOETHCS IS KyTOBOI (piKcallii BXoay MOIYJIs BITHOCHO OCi pyXy.

Pone ocHoBHOT (cxemu 1 Ta 3) abo momomixkHoi (cxemu 2 Ta 4)
HanpsIMHUX MOXKE TpaTH INTOK CuioBoro IuiiHapy. Cxema 1 — camwmii
MIPOCTHH BapiaHT peajti3amii MOIYIiB IMOCTYIAILHOTO MEPEMIIEHHS, TaK SIK



SIBIIsiE COOOI0 3BHYAWHUI CWIIOBHH ITWIIHAP, IITOK SKOTO 3 €THAHWHA 3
JIETKOIO IOTIOMDXKHOK HAIPSIMHOIO.

Cxemu 2 Ta 4 BHKOPHUCTOBYIOTh B THX BHIAJKaX, KOJU IITOK
CHIJIOBOTO IWIIHAPY, PO3MIPH SKOTO BHOpaHi 3a HEOOXiIHUM 3yCHIUIIM
mepeMilieHs, HE B CTaHI CIOPHUAMATH JOCTaTHBRO BEIHKI OOKOBI
HaBaHTAXXCHHS. 3araJIbHAM HEIOTIKOM cXeM |—4 € miaBHIIeHe 3HOITYBAHHS
MMOBEPXOHb IITOKIB MiJ| i€f0 OOKOBHX HABAHTAXKCHb Ta MOMEHTY Ha BXO[I
MOJTYJISI.

s 3amoOiraHHs Takoro 3HOIIYBAaHHS CWJIOBHH  IHJIIHIP
BCTaHOBJIIOETHCS BeepenuHi (cxema 5) abo mopsa (cxema 6) 3 OCHOBHOIO
HanpsiMHOIO. CxeMa 5 OLIbII KOMIIAKTHa B TONEPEYHOMY HANpPSIMKY Ta
3abe3nedye IEHTpalbHE BiJHOCHO OCHOBHOI HampsIMHOI IPUKJIaJaHHs
sycwuisi npuBoay. OnHak Aist 3aKpilUICHHS CHJIOBOTO IMIIIHIOpA Ha
HEPYXOMiif OCHOBI B HAaIIPSIMHIN TIOTPiOHO BUKOHATH MPOPI3, KU 3MCHIITY€E
i1 JKOPCTKICTB.

TeXHOMOTIYHINIOW Ta KOMIAKTHOIO B MO3/I0BKHHOMY HAMPSIMKY €
cxema 6. OpHak B HIl OMOPH OCHOBHOI HAMpPSIMHOI JOJaTKOBO
HABAHTAXKYIOTHCS MOMEHTOM BiJ| MO3AI[CHTPOBOTO MPHKIAJAHHS 3yCHILIS
MIPUBOY.

Ynopu, 1o perysroTh XiJ CTYNEHI PyXOMOCTI, MepeMillyloThCs
Ta 3aKPIIUTIOIOTHCS Ha AOMOMIXHIK (cxemu 1, 6) a60 oCHOBHI (cxemu 4, 5)
HANPSMHHX.

[Tpu 30UIbIIEHH] Ai0YOTO HA BXiJ MOJYJISi MOMEHTY BiJJHOCHO OCi
PYXy OCHOBHA HAIpsIMHA BUSIBISIETHCSI HEIOBAHTA)XKEHOIO MOPIBHSIHO 3
JONOMIXKHOI0. TOMY CXeMH TepIIOoi IPyNH BHKOPUCTOBYIOTH TLIBKH TPHU
HE3HAYHUX MOMEHTAX, JIF0YMX Ha BXIiJI.

4.1.2. MopayJi 3 1ekiIbKOMA OAHAKOBUMH HMJIiHAPUYHUMU
Hanpsimaumu (Tada. 4.1, cxemu 7-19)

B 1mux Monynsx UMIIHIPWUYHI HANpsIMHI CIPUAMAIOTH PIBHOIO
MIpOIO BCI CKJIa[JOBI HABAaHTA)KECHHSI.

Haii6Ginpir 9acto B MOIYJISIX BHCYBaHHS PYKH 3 CHIOBHM
LITIHAPOM 3aCTOCOBYIOTH CXeMy 7. 3MEHIINTH TOBHOIMHY (OOWH 3
MOTIEPEYHNX TaOAPUTHUX PO3MIPIB) MOIYNS TO3BOJISIE MEPEXiT BiJ OJHOTO
CHJIOBOTO LWJITHZAPY A0 ABOX LIMJIIHJPIB MEHIIOTO PO3Mipy, 110 HAaNpaBIICHi
B IIPOTHJIEKHI cTopoHH (cxemu 10, 18).

B nerkux IIP 3 rizponpuBo/ioM 3acTOCOBYIOTH CHJIOBI HMJIIHJAPH
niamerpoM 5 — 10 MM Ta xogom 200 — 500 mm.



JocTaTHRO TEXHOJIOTIYHA KOHCTPYKIIS 3 TaKHMMH IapaMeTpaMH
OTPUMYETBHCS 32 PaXyHOK IEPEXOay BiJl CHIOBUX IIIIHAPIB 0 ILTYH)XEPiB
(cxema 11).

Tabauys 4.1
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Jlns 3MEHIICHHS MOBKMHM CHIJIOBOTO IMJIIHApa Ha Horo mrromi
BCTaHOBJIIOETHCS 3y0UacTe KOJIECO, IO BXOAWTH B 3aYiIUICHHA i3 3y0amm,
10 Hapi3aHi Ha HANPSIMHUX, Ta JOJATKOBOIO HEPYXOMOIO PEHKoIo (cxema
13). 3ybuacte xKojeco Ta peiika BUKOPHCTOBYIOTBCS TAaKOXK IS
MIEPETBOPCHHA PYXY EJICKTPUYHOrOo abo TiApaBIigYHOTO OO0EpTAIFHOTO
mpuBoja B MocTynamsHUH (cxemu 12 ta 14). IIpn mpomy 3yOuacra peiika
a0o mpueaHy€eThCs Oe3nmocepeHbO 10 HANPSMHOI, 200 BUKOHYETHCS Pa3oM
3 Hewo (cxema 12), abo 3HaXOAWTHCS MK HanpsAMHUMH (cxema 14). Jlns
NIEPETBOPEHHSI PYXy BHKOPHCTOBYEThCS TaKOX IepeAada TI'BHHT-Taika
(cxema 15). [lizBuiieHHS JKOPCTKOCTI MOJYNIB JIOCATa€eTbesi  abo
30UIBIICHHSM KUTBKOCTI HAIPSIMHUX /10 TPhOX (cxemu 16—18) abo 4oTHpboX
(cxema 19), abo mnpuemHaHHAM iX MO KIHISAX JO JOJATKOBOI HeCcydol
koHCTpyKmii (cxemu 8, 17). llle OuLIbIIY >KOPCTKICTh Aa€ MpPUETHAHHSI IO
YKOPCTKOTO KOPITYCY 1O BCiif JOBXKUHI (cxema 9).

Monyi 3 THITIHAPUYHAMA HaNPSIMHUMH 3BUYaifHO BUKOHYIOTH Ha
ormopax KOB3aHHsJ. Pifmie BCTaHOBIIOIOTH ONOPH y BHUIVIAAI KOHIYHHX
poIHKiB Ha ocsax (cxema 13) abo KynbKOBUX ormopax (cxema 9).

Konctpykuii 3 kommoryBansHUME cxemamu (7 — 19) npyroi rpymu
TEXHOJIOTI4YHI. B HHX MOBHICTIO BHKOPHUCTOBYIOTBCS HECYYi MOXKIMBOCTI
000X HampsIMHUX 1 TOMY BOHH JOOpe CIpUiiMaioTh OOKOBI HaBaHTa)KEHHs
Ta MOMEHTH.

4.1.3. Moayni 3 0CHOBHOKW HIIIHIPHYHOI HATIPSIMHOIO, PYXOMOI0
BiZTHOCHO JomoOMizkHOI (Tadu. 4.1, cxemu 20 — 24)

JomomixkHa HampsiMHa 3 ABOX O0KkiB (cxemu 20, 21) abo 3 ogHOTO
(cxemu 22 Ta 23) 3akpimuieHa Ha HepyXoMomy Kopiryci. CHIOBUH IITIHID
MOJIyJIB MigHOMy pO3TalIOBaHUI B HIDKHIN dacTuHi (cxeMa 20) abo mopsin
(cxema 21) 3 oCHOBHOIO HanpsMHOIO. [IpH Takiii KOMITOHOBII Y HAIPSMHIiH
3aJIMIIAETHCS MicLe Uil PO3MILIeHHs MOoAynsi oOepraHHs. B cxemi 22
OCHOBHa HampsIMHa CyMIIl[eHa 3 INTOK-TUIYH)XEPOM CHJIOBOTO LHJIHJPY.
Cxemu 20, 21 ta 22 nOpiBHSHO 3 IHIIMMU CXeMaMH OUIbII IPOMI3JIKI B
M03/I0BXXHbOMY HAaIpsMKY.

B cxemi 24 «kyroBa (ikcamis BXOIy  3a0€3MEYyeThCS
eKCIICHTPUYHAM DPO3MIIMIEHHSAM IITOKY BIiJHOCHO CTiHOK CHJIOBOTO
UIHIpa. Y [bOMY BUNAIKY BHYTPIIIHS HOBEPXHS CTakaHa Bilirpae poib
JONOMDKHOT Hepyxomoi HampsiMHOI. Ll cxema MICTHTH MiHIMalbHY
KiJIbKICTh KOHCTPYKTHUBHHMX €JIEMEHTIB - TUIBKM CWJIOBMH INUTHID. Y
3B’S3Ky 3 THUM, IO BIJICTaHb MK OCSMH OCHOBHOI Ta JOIOMIKHOI
HamnpsiIMHUX HE MOXKe OYTH BEJIMKOIO, TOYHICTH KyTOBOI (ikcamii Ta
MOXJIMBICTh CIIPHAMAaTH MOMEHTH HEIOCTaTHI. Y 3B’SI3Ky 3 IIMM Ha yNopax



BBOJATH KOHIUHI (iKCaTOpH, SKi BXOAATH B KiHII XOAY V BiANOBiIHI THi3AA
KPHUIIOK CHIIOBOTO MIIiHApY. Kpim Toro, ckiragHo 3a0e3nednT HeOOXiaHy
JUIsl TUIAaBHOTO PYyXYy TOYHICTh B3a€EMHOTO MOJIOKEHHS IITOKY, MOPIIHS,
CHIJIOBOTO HWTIHJpa Ta HOTO KPUIIOK. 3aBISKU JIETKOCTI Ta IMPOCTOTI cXeMa
24 BHUKOPHCTOBYETHCS B MOIYNSIX BHCYBaHHA pyKd Jerkux IIP. Ame
IIMPOKOTO  PO3MOBCIO/UKEHHST BOHM HE OTPHManmd B 3B’SI3Ky 3
HETEXHOJIOTIYHICTIO Ta C1a0KOI0 KYTOBOIO (hiKCaIli€ro.

B cxemi 23 ponp nmomoMikHOI HEpyXOMOi HampsIMHOI Binirpae
30BHILIHS HOBEPXHS CHJIOBOTO IMIiHApa. B mopiBHSAHHI 13 cxemoro 24 B
LIOMY BHNAJKy JIe0 OlIbIlle KOHCTPYKTUBHHUX €JIEMEHTIB, aJie B LIJIOMY
I CXeMa 3HayHO TEXHOJIOTIYHIIlNA, TaK SK POJMKU OMNOPH JOTIOMIKHOI
HanpsiIMHOI 3a0e31euyIoTh ii Ipale3jaTHICTh HaBiTh MPU 3HAYHUX HOXHUOKAX
B3a€MHOTO PO3TAIIyBaHHS HaNPSIMHUX.

4.1.4. Monayni 3 0CHOBHOI HITiHIPHYIHOIO T JONOMIKHOIO
NPU3MATHYHOK HanpsiMHuMH (Ta0.a. 4.1, cxemu 25 — 32)

B momymsax i€l rpynmm OO0 OCHOBHOI IMUIIHAPHYHOI HANIPSIMHOL
MpUEAHAHA JOMOMIXKHA MPU3MATHYHA HAMpsIMHA, 10 3a0e3leuye KyTOBY
¢ikcauito BXoy.

Jlonomi>kHa HaIpsiMHa TIPHEAHYETHCS 10 OCHOBHOI 3a JIOIIOMOTOI0
3B'A3YIOUMX KOpITyciB Oiist BXoay (cxema 25), Buxony (cxema 26) Moayis, 3
000x 0okiB (cxema 27), a Takoxk 0e31ocepe/IHbO 10 OCHOBHOI HAIIPSIMHOT 10
Beild 11 qoBskuHi (cxemu 28 — 30).

B Momynmsix TOpM3OHTAaIbHOTO IIEPEMIIICHHS OCHOBHAa Ta
JIOIIOMI>KHA HaIpsMHI BCTaHOBIIIOIOTHCSI Ha CHUIBHY HECydy KOHCTPYKIIIO-
mopTan (cxema 32).

OcHOBHa HampsMHA 1HOMI CYMIIYETBCS i3 IITOKOM (cxeMa 25) uu
i3 ITOKOM Ta 30BHINIHEOI TOBEPXHEI0 (cxema 26) CHIIOBOTO IMIIIHApA.
OnHak 4YacTille CHJIOBHH IMJIIHJADP BHUKOHYETbCS OKPEMHM arperaTtomMm Ta
BCTaHOBJIOETbC mopsiy (cxema 28) um B 1eHTpi (cxema 29) ocHOBHOT
UWTIHAPUYHOT HAPSMHO].

JlomomixkHa HampsiMHa MoXxe OyTh cywmilmeHa i3 3y04acToro
perikoro, sKa B3aEMOJiE€ i3 3y0UaTUM  KoJieCOM  00epTabHOTrO
TifpaBIigHOrO, e€JNeKTpu4Horo npuBoja (cxema 30) abo ramepMiBHOTO
npuBoga (cxema 29). Ilpu HeBenukid TO4YHOCTI KyToBOi (ikcarii poib
JIOTIOMIXKHOT HAIIPSIMHOT MOJKE TPaTH TAaKOX a3 B OCHOBHIHM IWIIIHAPUIHIN
HanpsMHiH (cxema 31).

B Ourpmocti MomyniB Iii€i Ipynmd OCHOBHA HampsiMHa Mae 1Bi
OTIOpH 3 TPbOMA POJIMKAMHU Ha OCSX, @ JOMOMIDKHA — OJIHY OIOpY 3 JABOMA
poimukamu (cxemu 27-30). Taki cXeMH TEXHOJOTI4Hi, TOMy IO He



BUMAraroTh IiJBHIIEHUX BUMOT JO TOYHOCTI BHUTOTOBJICHHS Ta CKJIamaHHS
By31a. B cxemi 32 kapeTka MOXe pyXaTHCh 110 NWTIHAPWIHIN HAIPSAMHIA Ha
ornopax.

KomnonyBampai  cxemm  28-31  BiOpi3HAIOTBCA  MallUMHU
MOTIepEYHIMH TabapUTHIMH PO3MipaMH Ta BiTHOCHO HEBEJHKOIO TOUHICTIO
KyTOBOI (pikcarii.

4.1.5. MoayJi 3 npu3MaTHYHIMH HANPSIMHAMHA
(Taodu. 4.1, cxemu 33-54)

VY BKa3aHUX MOJYJSIX BCI BUAW HAaBaHTaXKEHb CHPUIMAIOTHCS SIK
MPAaBUJIO OJHIEI0 MPU3MATHYHOIO HAMPsAMHOK0. HalOimbIn TeXHOJIOTiYHI
MIPU3MATHUYHI HAIPSIMHI OTPHMAaHI OTPAHKOI0 TOBCTOCTiHHUX TpyO (cxeMu
33, 34,37). Lli HanpsaMHiI MaroTh O IBi ormopu 3 TpboMa (cxemu 33, 34) abo
gotupMa (cxema 37) posMkaMy Ha ocsix. Maja mIMpHHAa TaKUX POJIMKIB Ta
TpaHell HampsSMHUX He 3a0e3MedyloTh OOCTaTHBOI KyToBOI (ikcamii. B
cxemi 33 MOMEHTHM MOXYTh YacTKOBO CIIPHHMATHCS IITOKOM CHIIOBOTO
OWTiHApY. Benmky KOpCTKiCTP Ta HENOTaHy KYyTOBY  (pikcariiro
3a0e3neuyrTh HAMPsMHI 3 TphoMa (cxeMa 35) abo yotupma (cxemu 38 — 40,
42, 43, 45) mmpokuMu rpaHsMH. BOHM MOXyThb OyTH BUIOTOBJICHI 3
MpOKaTy creriaibHoro npodimto (cxemu 38—40), i3 3BapeHUX KOHCTPYKIIIH
a0o BimMBOK (cxemu 35, 42, 45).

OpHiero i3 BajJ NpU BUKOPHCTaHHI TaKUX HANPSMHUX € HHU3bKa
3HOCOCTIMKICTh MaTrepially Hpokary a0o BiamuBOK. HeBemuki HampsMHI
MOXYTbh OYTH CYLiBHI (cXemu 43).

[Ipu3marnyHi  HampsMHI 3 IIMPOKHUM TPaHSAMH  3BHYAWHO
BCTAHOBIIOIOTH Ha JBOX ONOpPax 3 POJMKaMH Ha ocsX. I MOKpamieHHs
KyTOBOI (pikcarii, SIK MpaBHJIO, HA KOXXHY T'paHb OIHPAIOTHCA IBa a00
YOTHPH POJIMKH, IO MaKCHUMAJIBHO 3MilleHi a0 pebep HanpsMHUX. B
MICYMKY KOYKHa OIIOpa TPUIPAHHOI HAIPSIMHOI MICTHTH I10 IIICTh POJIMKIB
(cxemu 35), a B yoTHpHUrpanHux — 1o Bicim (cxemu 38 — 40, 42). Bunsrok
CTaHOBUTH cxema 45, B sKi KOXKHa OIlOpa BEPXHHOI Ta HHMXXHBOI IpaHeil
MICTHTB TIO0 OHOMY, OiJIBII TIOTYKHOMY MOPIBHSHO 3 iHIIUMH, POJIHKY.

Cxema 36 € obepHeHOIO mO BimHOomeHHIO A0 cxemu 35. Tyt
3aMicTh pebep Ha CYMUIbHIN HWITIHAPWYHIA HANPsSMHIA BHKOHaHI Ma3M, a
KO>KeH KOHIYHUI POJIMK 3aMiHEHO Ha J[Ba POJIMKH B TIONEPEIHINA CXeMi.

Cxema 41 € xoMOiHaLli€f0 HANPSMHHUX 3 BY3bKHMH Ta IIMPOKUMH
rpassMu. TyT 0O IMIITHAPWYHOI HANPSIMHOI 3 TPbOMa BY3BKMMH T'PaHSIMHU
NIPUKpIIUIEHa MIMpOKa IUIACTHHA, SKa CIYr'ye OJHOYacHO 3y04acToro
peiikoro nmpuBoaa. HanpsiMHa BCTAaHOBIIIOETHCS Ha JIBOX ONOpax 3 YOTHPMa



polMKaMH Ha OcCsAX. Taka KOHCTPYKIiS NOEAHYE TEXHOJIOTIYHICTH Ta
HETIOTaHy KyTOBY (pikcamiro.

Hanpsmvua monymst B cxeMi 42 1o Beiil CBOil TOBXKUHI OMTUPAETHCS
Ha /IBa PSIIM POJMKIB B cemapartopax, a B 43 KO)XKHa I'paHb HaNpsIMHUX
BCTaHOBJICHA Ha JIBOX MIMPOKHX DPOJMKOBHX OIOpPaxX i3 IUPKYIIIEI0 Tl
KOUYCHHS.

Bennka KUIBKICTH OHNOPHUX €JEMEHTIB B PO3MISIHYTHX CXEMax
CHOHyKae abo MiZABMINYBaTH TOYHICTH (OPMH HAINPSIMHHX Ta B3a€MHOTO
pPO3MIllIEHHSI Orop, a00 YacTUHY OINOp BHKOHYBATH ITiANPYXKHHEHUMH.
[Tpu4omy, yuM BHUIIA KOPCTKICTH MOAYJIS Ta OUIBIII PO3MIPH MONIEPEUHOTO
NepeTUHY HANPSMHUX, TUM CKJIajHille 3a0e3neyuTd MoTpiOHYy TOYHICTH
BUTOTOBJICHHS Ta CKJIaJaHHs By3Ja.

BaromMo mMmigHATH TEXHOJNOTIYHICTE MOIYNIB, OCOOJIMBO BHCOKOL
XKOPCTKOCTI Ta 3 BEIMKUMH XOJaMH, MO3BOJLSIIOTh HAKJIAIHI HAIPSMHI.
3aBISIKM HEBENMKHM pO3MipaM TaKWX HaNpsIMHUX IOPIBHAHO JIETKO
IOOHUTHCS TOTPIOHOT 3HOCOCTIMKOCTI Ta TOYHOCTI iX 00poOkm. Bucoka
KOPCTKICTh 3a0€3Medy€eThCs MPUETHAHHIM BKa3aHWX HaNpsIMHUX IO BCii
JOBXHHI 10 JesIKOi Hecydoi KOHCTPYKIil y Burisiai [1-moxiGHOTO 3BapHOTO
kopmyca (cxema 44) a6o Ganku moprana (cxema 45 — 51, 54).

[lpyn mOpIBHSIHO HEBENUKHX pO3Mipax MOAYJIB KapeTka MOXe
MepeMilllyBaTUCh 10 JIBOX HAKJIAJHUX HANPSMHUX Ha BICBMOX IIAPUKOBHX
OTopax 3 IUPKYJIAIIEI T KOYeHHs (cxema 44). YV iHIIMX BHUMAIKaX, SIK
MPaBUJIO, BAKOPUCTOBYIOTh OIOPH Y BUIJISIZI POJIMKIB HA OCSIX.

B cxemi 46 kapeTka pyXaeTbes M0 JBOX NMPSIMOKYTHUX HAIPSIMHUX
Ha YOTHPHOX OMOpPax 3 TphOMa POJIMKAaMH B KOXHiil. OCHOBHHH HeIOJiK
JIaHOi KOHCTPYKIIi — Yy TJIMBICTh 10 HEeNapalleIbHOCTI HanpsiMHuX. Kaperka
Moxmyns B cxeMi 47 Mae TUIBKH TPH OMOPH, JABiI 3 SKUX MICTATh IO TPH
POJMKH Ha OCSIX, a TPeTs, HWKHSI — TUIBKM 1Ba. Taka KOHCTPYKIis
3abe3nedye BUIbHE MEPEMIIIEHHs HaBiTh NP 3HAYHUX NTOXHOKaX B3a€EMHOTO
po3TallyBaHHs HANPSIMHHUX.

VY mnopranpHux [IP 4acTo BHKOPHCTOBYIOTH HaKJIaHI HalpsMHI
TpukyTHOrO npodiymo (cxemu 48 ta 49). Kaperka y BKa3aHHX MOIYJSX
BCTaHOBJIIOETHCS HA TPHOX a00 YOTHPHOX OIOpax, KOKHA 3 SKHX MICTUTh
abo Mo Ba NWIIHAPWYHHUX POJMKH Ha ocsax (cxema 48), abo mo oxHOMY
KOHIYHOMY poJmKy Ha oci (cxema 49). KoHcTpykmii 3 9oTHpMa omopamMu
MaloThb OUIBII BHUCOKY J>KOPCTKICTb IIOPIBHSHO 3 MOJYJISIMH Ha TpPbOX
oropax, aje BOHH OUIbII YyTJIMBI O HemapajesbHOCTI HampsMHuX. [Ipu
HEOoOXiTHOCTI IIi TOXMOKM B3a€EMHOTO PO3TALIyBaHHS HANpPSIMHUX MOXYTb
OyTH KOMIIEHCOBaHi OAATJIMBUM BCTAaHOBJICHHSIM YacTHHHU OIIOP.

May 4ymIMBICTH 10 TIOXMOKH B3a€MHOTO PO3TalIyBaHHS MaloTh
cxemu 50 Ta 51 3 OnHI€I0 NPSMOKYTHOIO Ta OJHIEI0 TPHUKYTHOIO (B



NEepeTHHI) HaNpAMHAMH. BOH MOXYTh BUKOHYBATHCS SK Ha YOTUPHOX, TAaK
i Ha TPROX omopax. B 1iif cxemi mepekic HaPSIMHUX MIPU3BOIUTD TIIBKH 110
HEpiBHOMIPHOCTI HABaHTA)KCHHS Ha OTIOPaX.

YV IIP 3 nOpsAMOKYTHOIO CHCTEMOIO KOOPAMHAT 3aCTOCOBYIOTH
HamnpsSIMHI BEpCTATHOTO THUIY, BHUKOHAHI SK OHE MiJe 3 BiAIUTHM
KOpITyCOM, BCTAHOBJICHUM Ha (yHIaMeHTi (cxema 52).

[epemimennst [1P 3 HeBUCOKOIO TOYHICTIO MOXKE BUKOHYBAaTHCh Ha
YOTHPHOX KoJjecax 3 pedopaamu 0e3nocepesHbO IO CTaJeBUX peHKax
(cxema 53) abo aBoTaBpax (cxema 54).

4.1.6. Moayi 3 mapHipo-BakiIbHUMH MeXaHi3MaMu
NOCTYNAJILHOTO nepemimeHHs (TadJ. 4.1, cxema 55 — 58)

l'onoBHa 0COONMBICTH KOMIOHYBaIBHUX CXEM M€l Tpymu —
0COOJMBO MaJi TO3I0BXHI rabapuTHi po3mipu. [locTymanpHe mepeMirneHHs]
BXOJIB MOJYIIIB JOCATA€THCS BIAMOBIMHOIO KOOPAWHAINEIO 32 TOTIOMOTOI0
JmaHmroBoi (cxema 55), 3yOuactoi (cxema 56) abo mapHipHO-BaXiTEHOL
(cxema 57) mepemad pyXy OCHOBHHX Hecyyux naHmoriB. Lli mepemadi
3aJal0Th OJIHAKOBUI KyT iX MOBOPOTY BIJIHOCHO HEPYXOMOI OCHOBH.
bnau3bkuM 10 BKa3aHUX CXEM € TaKO)XK KOMIIOHYBaHHS 58, moOynoBaHe Ha
0a3i KyJIICHO-BaXIJIBHOTO MEXaHi3My MapajielbHUX JIHIHOK.

4.1.7. MopyJii 00epTajJIbHUX CTyNEeHiB pyXoMoCTi
(Tab.. 4.1, cxemu 59 — 74)

KomMnoHyBanbHO-KiHEMAaTHYHI CXEMH MOAYNIB  00epTalbHUX
CTYIICHIB PyXOMOCTi TIepe/l YCiM BiIPi3HSIOTHCS BHIOM BOYJOBaHUX B HHX
MEXaHIYHHX Hepeay.

[IpuBox MoxymiB Bif 3BHUAHUX 00EpTANEHUX TBUTYHIB 3BHYAHHO
BUKOHYEThCS depe3 paa 3yddactux mnepemad (cxema 59). CrenianbHi
JIBUT'YHH, HalpUKIaj, BICOKOMOMEHTHI 00epTajbHi, HEMOBHO 0OepTabHi
ripaBiiyHi 4 IHEBMAaTH4YHI, MOXYTh OyTH BOYyMOBaHi Oe3rocepesiHbO B
mapHip Moaysist (cxema 60), o J03BOJISIE CIIPOCTUTH Ta 3HAYHO MOJIETIIATH
KOHCTpyKmito. Yacrimme 3a Bce HaliifHE YUINbHEHHS TaKWX JABHUTYHIB
3a0e3MeYuTH JOCHUTh CKJIAAHO. Y 3B’A3Ky 3 [HMM TPUBOJX MOJIYJIB
o0epTaJbHUX  CTYIEHIB pyXOMOCTi OIIbIIOCTI  NTHEBMAaTHMYHUX  Ta
rigpaBmiuaux [IP BUKOHyeTbCsA BiJ 3BHYAWHWX CHJIOBUX IIJIHIPIB i3
BOYZOBaHMMM  MEXaHIYHMMH  IlepeljayamMy, 1[I0  IEepPETBOPIOIOTh
MOCTYNAJBHUI pyX B 00epTaJIbHUN.

Haiinpocrimmm BapianToM MoAyns i3 BOYJOBaHOIO MEXaHIYHOIO
nepenaueio € 3youacre kojieco — peiika (cxema 61). OxuH 3 HOro roJIOBHUX



KOMIOHYBaJbHUX MapaMeTpiB — TMO3AOBXKHIA rabapuTHHA po3Mmip —
BU3HAYAETHCS XOAOM CHJIOBOTO LIMIIIHIpa:

S=r-q,

Je I — paaiyc JUTHIBLHOTO Kojia 3y04acToro Kojieca, MM,

¢ — NOTPIOHUIT KyT IOBOPOTY BXOJY MOJYJIS, Pas.

KomnonyBanHss 61 Mae JOCTaTHRO BEIUKHUI  MO3MOBKHIM
rabaputHuid po3Mip. BukoHaTH MOAYJIh KOMIIAKTHINIMM 3a pPaxyHOK
3MEHIICHHS pajiycy 3y04acToro kojieca HE BHAETBCSA MO IMPHYMHI
IHTEHCHBHOT'O MaJiHHS >KOPCTKOCTI By3Jia (MKOPCTKICTh HporopiiiiHa 4-6
CTemeHi paniyca). 3MEHIICHHS MO3J0BXKHIX Ta0apUTHHX PO3MIpIB mpH
30epeKeHH] OCTaTHBOI )KOPCTKOCTI OTPUMYETHCS IEPECHECEHHIM PEHoK Ha
30BHIIIHIO IOBEPXHIO CHJIOBOTO MMIiHApa (cxema 62), mepexoaoM 10
OJTHOCTOPOHHBOTO CHJIOBOTO HMJIIHAPA 3 TOAYEI0 )KUBJICHHS B IOPOXKHUHY
3ybuacToro xojeca (cxema 63) abo TBOX OIHOCTOPOHHIX HTIHAPIB (CXeMHU
64 Ta 65). OctaHHsA cxeMma BiIPI3HAETHCSA BiJl MOMEPETHBOI BiICYTHICTIO
3a30piB y 3y04YacToMy 3adiIUICHHI i TOMY Hal4acTillle BUKOPUCTOBYETHCS B
rigpasniuaux [1P 3 mO3UIIHHOIO CHCTEMOIO YIIPABIiHHS.

Hacrynna rpyna MoaysiiB MIiCTHTh Nepesiadi 3 THYYKHM TATHYYHM
OpraHOM — JIAHI[IOTOM, TPOCOM YH CTPIYKOI. 3a OJHHUX 1 THX CaMHX
niameTpiB 3ipku abo Oapabana HaBiTh HaWnpocTima cxema 66 Mae
MOPIBHSHO HEBEIMKHIA TO3J0BXKHIM Ta0apuTHUH pO3MIp, IO TPOXHU
nepesuye 2S. e Menmnri rabapuTHi po3Mipyn MaroTh MOy (cxema 67) 3
YIIUTBHEHHSIM 0€3M0CepelHhOr0 THYYKOTO TATHYYOrO OpraHa, SKHH y
IIbOMY BHNaJKy BHKOHYETHCS y BHUTJIIII MOKPUTOTO I'yMOIO Tpocy. binmbm
TEXHOJIOTIYHO BiH MOXe OyTH yIIUTFHCHWH JOJATKOBHUM MOPINHEM (cxema
68). Ilpocta Ta KOMIIAaKTHa TakKoXX cxemMa 69 3 JBOMa OJHOCTOPOHHIMHU
CUJIOBUMH LMJIIHPAMH Ta MOAAYEI0 )KUBJICHHS JI0 TOPOXKHUHHU 3IPKH.

3a omHMX 1 TUX caMHX pPO3MIpiB Ta KyTa IMOBOPOTY 3ipKH 3a
JIOIIOMOT' 010 JIaHIIFOTOBOTO MYJIbTHILIEKCOpa (cxema 70) MOoKHA 301JIbIINTH
XiI Ta, BIAMOBIAHO, MOKPAN[ATH TEXHOJIOTIYHICTH CHJIOBOTO ILWTIHIpA, a
cxema 71 m03BONSE 3MEHIIUTH JAiaMETPH CHJIOBHX IMUTIHAPIB TPH THX
caMHMX MOMEHTax OIopy Ha BXOJI MOJyNsi. B IiioMy HaBaHTaxyBasibHa
3Mi0HICTh JIAHIIOTOBMX Ilepefady HK4Ya, HDK y 3yOdactux. Tomy ix
BUKOPHCTOBYIOTh TIJIBKM Y THX BHUIaJKaX, KOJM 3 KOMIIOHYBAJbHUX
MIpKyBaHb pajiiyc 3y04acToro kKojeca 4u 3ipKH IITYYHO 3aBUILCHUH.

B 3B'si3ky 3 Hu3bkuM KK/ mepenaui reunT-raiika cxemu 72 ta 73
MOPIBHSHO PiIIKO BUKOPHCTOBYIOTHCS B MOJYJSIX OOEPTANbHHX CTYIEHIB
pyxomocri. lllapHipo-BakiibHI Hepenadi i3 CHIOBUM IMIIIHIPOM (cXema
74) YK WAPUKO-TBUHTOBOK MAPOI0 IMPOKO BHKOPHCTOBYIOTHCS LIS



MTOBOPOTY Ha HEBETHKHHA KyT (Ot 90°) MaHIIOTIB ITepeBaXHO aHTYISAPHUX
MCIIP.

4.1.8. ®opmanizania maninyasuiiiHux cucrem ITP

Jlns 3HAHHS TEXHOJIOTIYHUX MOIuBOcTel [IP BaxianBow €
iHpOopMallis Mpo Bci MOKIUBI pyxu cxBartiB (Cx) abo 3aTHCKHUX NPUCTPOIB
(3I1) ITP Ta nmpo Benu4MHM LUX PyXiB, GpopMy Ta JTIHIHHO-KYTOBI PO3Mipu
pobounx 30H, iX 00’€M Ta HaAWOUIBIIY IUIOIIY, @ TAKOX PO CHUCTEMY
koopauHat (CK), B sikiii ¢yHkuionye MC. Bkaszani Ta iHIIi mapamerpu
BpPaxOBYIOTbCS HAa €Talli IUIaHYBaHHSA Ta pO3MILICHHS TEXHOJIOTIYHOTO
oOnajHaHHS MPH TEXHOJOTIYHOMY MPOEKTYBaHHI T'HYYKHUX BHPOOHUUYMX
koMmipok (I'BK) ta iHImmx po60TH30BaHUX TEXHOIOTIYHUX CTPYKTYP.

Mosxnuse popmanizoBane npeacrasieHHs MC I1P 3a gqomomororo
OomHCy X Tak 3BaHUX MPOCTOPOBO-KiHeMaTmyHHX CTpykTyp (IIKC). B
npuniumu Gopmysanss [IKC moknameHO IBa acmekTH: MPOCTOPOBHHA Ta
KiHeMaTHuyHUA. Bricane gpopmye, Tak 3BaHy, KiHematuky [1P.

OcHoBoro kiHematuaHoro acnekty omucy MC IIP e kiHemaTndyna
CTPYKTypa — CKJIaJ BUKOHYBaHMX poOouumM opraHoMm [IP enemeHTapHMX
pyxiB. Lli pyxu ineHTH(ikoBaHI BEKTOpaMU KOOPAWHATHUX HAIPSIMKIB, 10
BHUKOHYIOThCS cxBaToM (Cx) IIP B3noBx Ta (a60) HaBKpYTH ocel mpuiHATO1
cucTeMH KoopauHat (puc. 4.1) i HA3MBAIOTHCS OMEPATOPAMH KOOPIHHATHIX
nanpsimiB (OKH). B tepminax OKH onwucyrooTbcst BUAM PyXiB KOXHOI i3
nmarok MC IIP BigHOCHO HOTNIepeHBO1, 8 TAKOXK BiTHOCHA PYXOMICTh JIAHOK.

B ocHOBY mpoctopoBoro acmnekTy onucy koxHoi jganku MC ITP
MTOKJIZICH] TaKi XapaKTePUCTUKU JaHKH SK 11 po3Mip, MOYaTKOBA Opi€HTAIis
B ITPOCTOPi, BETMYMHA Ta KOOPAWHATHUN HANPSMOK 11 epeMilieHHs, TOOTO
il y3aranpHeHa koopamHata (YK).

TakuM 4HHOM, OMHKC KOXkHOI i-01 manku MC TIP npencraBiseTbes
y BUTJIAMI:

105 ti(liv), (4.1)

ne li, — posmip i-0i maHKH, IO BU3HAYAETHCS OCOOIMBOCTAMHE il
KOHCTpYKIii, Tak 3BaHa MDKJIAHKOBa BijcTaHb (MOCTiifHa
YacTHHA PO3MIpY);

O; — mo3Ha4YeHHs OcCi, B3JIOBXK SKOT KOHCTPYKTHBHO PO3TalloBaHa
i-Ta nanka: 0; € (X,Y,Z);

T; — BUA pyxy i-oi manku (10610 mo3uadenus OKH) BigHOCHO
(i-1)-oi maHKH, TIPH IBOMY SIKIIO I-Ta JIAHKA TPSMOJiHIHHO
pYXaeTbcsi — mapajeibHO  OCi, B3JOBX  SKOI  BOHA



KOHCTPYKTHBHO po3rammoBana (tobto mpu 0;l|T;), To T; 10
3aMOBUYYBAHHIO HE BKa3Y€ThCS; SIKIIO BKa3aHi MePEeMiliCHHSI
BifaCyTHI, TO T; = 0:

Puc. 4.1. Fazosa (npasa) cucmema koopourHam ma nO3HAYEHHS.
eneMeHmapHux pyxis, wo peanizyromocs 6 Hiti, ax OKH

)

T (xl YI Z;A; B; C;0|Vt1"01)
! A,B,C,Ol\?"ti # Oi

l;; — BenMYMHA TepeMilueHHs i-0i JIAHKK BiJHOCHO MOIEPEIHBOI
(i-1)-o1 nanku (3MiHHA YacTHHA PO3MIpY); IPU LBOMY IS
TMHIHHAX TIepEeMIlIeHb:

L, € {[X],[Y],[Z], [A], [B], [C]},

X,Y,Z — nosnayenns niniiianx OKH, 10 BHKOHYIOTBCSI B3JI0BXK
OJHOIMEHHHMX KOOPAMHATHHUX OCCHA;

A, B, C — no3nauennst obepranmpaux OKH HaBkono oceit X, Y, Z
BiANOBIHO;

[X],[Y],[Z] — aOcomoTHi BeIMYMHM NEPEMIIEHb -0 JIAHKH
BiiHOCHO TonepenHpoi (i-1)-of naHku HpH
BiJIIIPAI[bOBYBaHHI BIAMOBIIHUX OJHOIMCHHUX
OKH;

[A],[B],[C] — abconroTHi BenuuuHM OOEPTATLHUX IEPEMILIEHD



i-0i maHku BimHOCHO mToTepenHsoi (i-1)-oi maHKH
BiImoBixHO HaBKoIO ocert X, Y, Z.

{...} — mo3HaYeHHSI MHOXHHH, 3 SIKOi OOMPAETHCS TILNBKH OOHMH Il

€JIEMEHT IPH OMHKCI KOXKHOI JIAHKH.

Takum unHOM, B 3aranbHOMY BHNaaky [IKC r-oi mogemni I1P sBise
cO0OI0  yNOpSIIKOBaHY MHOXHMHY (KOPTEXK) IIOCIIIOBHO 3’€IHAHHX
orepaTopamMu 3B'A3Ky S B HampsMKy Bix cTiiiku no CX QopmanizoBaHUX
omuciB pyxomux abo Hepyxomux jaHok MC IIP i3 BkasaHHSAM IX
reOMETPUYHHUX PO3MIpIB Ta BUIY, a TAKOXK BEJIMYUH B3aEMHHX IEPEMIIICHb.

PKS(I‘) = (licOi‘ti(liv)Siﬁ = ﬁ, ] =i—1= 1,1 - 1,

Iic € {[X], [Y], [X]}
0; e X, Y.Z}; Iy € {[X],[Y] [X],[A],[B][C]} (4.2)

S; €{V,V,A}Lj=1,1—1: (xineKicTs omeparopis 3’eqHaHb
Ha 1 MEHIIIe KiJIbKOCTI JIAHOK);

T {X,Y,Z,A,B,C,OIVtiIIOi
i A B,C 0|Vt # O;)

Tyt I — 3aranpHa KiTBKICTh JIAaHOK KiHeMaTuyHoro JaHiora MC r-ro I1P;
V,V, A — 3Haku AW3’IOHKIIi, PO3AUTFHOI JM3 FOHKIII Ta KOH FOHKIIII,
mo mno3HavawTh mopsimok  peamizauii  OKH  (BimHOCHY
PYXJIUBICTh JTAHOK) 1 3MICTOBHO BiIIOBIJAIOTh OJHOIMEHHHM
oreparisiM MaTeMaTHYHOT JIOTiKH, ()aKTHYHO BU3HAYAIOTHCS 32
napamMerpamu Ta BujioM cuctemu YITY T1IP;

Ko. — yMOBHe TMO3HA4YCHHS KIiHIIEBOTO €JEMEHTa KiHEMaTHIHOTO
jmanmrora IIP — cxBara i3 3a3HaYeHHSM OCi, B3JOBX abo
napanenbHo sikid  MoximBui  minxin Cx  nmo  oO'ekra
MasinyioBanHs (OM - 3arotoBku, Jeraii), po6o4oi mo3uii
TOIIO.

3 piBusHHA (4.1) Ta (4.2) Maemo:

PKS(r) =

(l1c01T1 (I1v) S2-1 130,12 (I2y) S3—2 .. Lic 05Ty (1yy) Si—i-1) - Sl—(l—l)llcoltl (llv)) Ko;-
4.3)

Takum urHOM, Bupasu (4.2) ta (4.3) € paktuaro hopMaTizoBaHUM
ormmmcoMm ITKC ITP 3 pi3HuM cTymeHem neTamizarii.
OueBuano, mo a1 nposeaeHHs (opmamzanii [IKC nHeoOxigHa



inpopmanis mpo IIP, mo 3HaXoAWTHCS B mMacmoprax, KEpPiBHULTBAX IIO0
eKCIUTyaTallii, TOBiIHUKAX Ta IHMHX iHPOPMANiHHUX PKepelax y BHIIAII
TEeXHIYHHUX XapakTepucTuk [1P Tormo.

Buxonsun i3 BumeBkazanoro, [IKC xoHkperHoi wmopmem [IP
Gopmyemocs 6 HACMYNHOMY NOPAOKY'

1. Cxmamaetrbcst cxema KiHemartwuHoro janmrora MC IIP, mo
posramoByethest, sk mpaswio, B miommai X' O"™Y™  (mmommna
KpecieHHs) MpuitHATOl 3a 0a30By mpaBoi cucremu koopauHat [IP — X"
O™, Y™ TIpu usomy Bice OX"" posramosyerscst ropusontansso, a OY™
— BepTuKasibHO. Takum uyuHOM, JaHKK [IP, KOHCTPYKTHMBHO BHKOHaHi B
rOpHM30HTANBHIN UIONMHI, HA cXeMi 306paxkaroThcs mapaneabHo OX';
JMIAHKH, PO3TAalIOBaHi BEPTUKANBHO, 300pakaroThes mapamensao OY™;
pemTa — mapanensro OZ', 10 JONOBHIOE NPHITHATY CHCTEMY KOOPIMHAT
[P no mpasoi.

2. Cxema CKJIaJa€eThcsl B TaK 3BAHOMY IIOYATKOBOMY CTaHI JIAHOK,
T0OTO TIpH "HYIHOBHUX" TOYATKOBHX IMepeMimeHHsx 1, = 0 (manmpuxiran, ix
"BTATHYTOMY" TIOJIOKEHHI TIPH TIIOCTYNAJbHOMY TEpeMIilleHH] JIaHKH)
KO’KHOT 13 JIJAaHOK 3 ypaxyBaHHSM KOHKPETHHUX JIOBKHUH J1aHOK lj. # 0.

OO0epTalbHi CTYICHI PYXOMOCTI 300paKarOThCs HA CXEMi 3 OCSAMH,
napajesbHUMH ocsiM 0a30Bo1 1paBoi cucteMu koopauHart [1P, i opieHTy0TH
BIJINIOBI/THI JITAHKY MapajeabHO KOOPAHHATHUM ocsM (puc. 4.1).

3. BukoHyeTbcsi HyMmepallisi JIaHOK B HampsMKy BiJ CTIHKH 10
cxsara. Homepu nanox MC I1P nosnauaroThes B kpyxkeukax, Hanpukias (0)
(D,2,... . Tyr nix Homepom(0)03HAYAETECS HEPYXOMA OCHOBA, 10 AKOL
BCTaHOBJIOETHCS crarionapHuit [1P.

4. Ha cxemi MO3HAYalOTHCS MapaMeTp T; Ta ljy.

5. 3 BUKOpUCTaHHSM HasBHUX JIOBIJKOBO-HOPMATHBHUX Ta IHIIUX
iHpopManifHUX JKepesl BUKOHYEThCS (hOpPMalizoBaHUil ONMUC 3a BHPa30M
(4.1), (4.2) Ta (4.3) mOCHIIOBHO PO3TAIIOBAHKX JIAHOK, HIO 3’ €THYIOTHCS 3a
JIOTIOMOTOk0  KOHKPETHHX CHMBOJIiB OIEpaTopiB 3B°3Ky S;. Ilpn mpomy
OTHCYIOTHCS BCi JIAHKH, MTOYMHAIOYH 3 TEPIIOT i 3aKiHIYIOUH OCTaHHBOMWO |-
010, 3 BPaxyBaHHIM B OITMCI PyXOMOCTI KOXKHOI i-01 BiZIHOCHO INOTNEpeaHbO]
(i-1)-oi mankum, T06TO 1-0i BimHOCHO 0-01 (HEpyxXOMOi OCHOBH), 2-01
BigHocHo 1-o0i, 3-0i BimHOCHO 2-0i, ..., i-0i BimmocHo (i-1)-o0i, ..., I-oi
(ocranuboi) BigaocHo (I-1)-o0i.

3 BpaxyBaHHSM CKa3aHOT0, METOJMYHO O0YMOBIIEHA NOCIIO08HICTb
xpoxis K nipu ¢popmanizoBaHOMy ONHUCi, TOOOTO CKIaJaHHI MaTeMaTHUYHUX
MoJieNnell MaHIMyIAMIHHNX CHCTEM CTaHAAPTHUX IMIPOMHCIOBHX POOOTIB €
HaCTYITHOIO:

K1 - BHBYEHHS KOHCTPYKTHBHHX Ta KiHEMATHIHHX OCOOIHMBOCTEH

koxHOi 13 maHok MC ITP Ta MC B minomy;



K2 - rpadiune 300pakeHHs KiHemaTHyHOi cTpyktypu MCIIP
(ynopsinkoBaHe 300pakeHHS mojoxeHHs naHok MCIIP B HampsMmky Bin
CTi#iku 10 cxBary IIP B iX MOYAaTKOBOMY CTaHi);

K3 - mymeparis 1aHOK MaHINYJSIIHHOI CHCTEMH B HANpPSMKY Bil
criikn g0 cxsary IIP (HoMepHM 1aHOK TO3HAYUTH B KpYKEUKax,
HAIPUKIIAT, @ iT.g.);

K4 - nosnauenns npasoi cucremu koopauHat [IP Ha rpadiuynomy
300paxkeHH] KiHeMaTH4HOI CTpyKTypHu MC;

K5 - mnosnauenHs B3aemHOi pyxomocti janok MC [IP Ha
rpagpivHOMY X (IPOMHCIOBHX pPOOOTIB) 300pakeHHI, TOOTO Ha
KiHeMaTH4yHOI cTpyKTypH [1P 3 BUKOpHCTaHHAM NiHIHHIX Ta KyroBux OKH;

K6 - 3a pesynpTaramu BUKoHaHHS KpoKy KS mo3HaueHHS MOCTIHHUX
po3MipiB kKoxkHOI 1;.-0i marku MC ITP To6to (1;.Jic=1, n), ne = 3aransHas
KIJIbKICTB MOCTIHUX po3MmipiB Janok MCIIP;

K7 — 3a pesynpratamu BukoHaHHs K5 Ta K6 mosHadeHHs 3MiHHUX
PO3MIpiB TaHOK MaHinysiiiHol cuctemu, To6to ((1;,] iv = 1,1y);

K8 — cxiamanns ¢opmanizoBanoro onric MC IIP y Burmsiai iforo
PKS (mMomens pobota, sika Oyae 3ajaHa BHKJIagadeM abo 3a BapiaHTOM
IHIUBIIyabHUX 3aBJAHb);

K9 — 3a pesynpraramu BukoHaHHsA K8 ommc mudpoBux mapmerpis
nanok moctiiHol (1i.|) a sminnoi moexunam (1;,).

Sk BumIIMBaE i3 aHaNi3y MOAAaHOI TaKUM YMHOM iH(OpMarii, 1o
JI03BOJISIE BUKOHYBaTW ii aBroMaTu3oBany o0poOky, I[IKC wmictute nai,
HEOOXiMHI Uil pO3B’SI3aHHS TAKUX JIOKAJIBHHUX 3aa4 TEXHOJIOTIYHOTO
npoektyBanHs ['BK, sk BU3HaueHHS MaHINyJSIIHHUX MOxauBocTen 1P,
Bubip IIP 3a reomerpuyHMMH XapakTepucTukamu (popmoro, ob'eMoM Ta
UIoNIe0) poOOYMX 30H, a TaKOXK (opMyBaHHs O0a3u Janux IIP, mo Bkpaii
Ba)XJIMBO TPH CTBOPEHHI aBTOMAaTH30BaHMX CHCTEM TEXHOJIOTIYHOI
MiATOTOBKY POOOTH30BaHNX MEXaHOCKIIAAaIbHUX BUPOOHHUIITB.

Ha puc. 4.2-45 npexacraBieHli NOpUKIagy  CKIAJaHHS
¢dopmanizoBanux onucis y Burisai [IKC peansaux moneneit [1P, MC sxux
MIPALIOIOTh B PI3HUX CHCTEMaxX KOOPHHAT

Jlesiki 3 HaBeneHux Mojeneit [1P He € HOBUMU Ta/abo peaTbHUMH i
HaBeleHI TyT JUId  UIIOCTparii  MOXJIMBOCTEH  BHKOPUCTAHHS
¢dopmaitizoBanoro ommcy mansi MC omgHOpykux omgHocxBatux [IP pi3sHOrO
KOHCTPYKTUBHOTO BUKOHAHHSI.
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Puc. 4.2. Cxema ons gpopmanizayii MC I1P mo0. Pumm 05.01

MC TIIP wmoam. Putm 05.01 (muB. puc. 4.2) ¢yHKIiIOHYE B
npsimokyTHi#t CK. ®opmanizoBanuii ommc ioro [IKC mae Bun:

PKS(PI/ITM 05.01)=( llCYO(O) \Y lchO(o) \% l3CXY(13V) \Y 14CZX(l4v) \v)
lSCZZ(ISV))KZ'

3a )IOBiJ'II)HO HpHﬁHHTHMH reOMETpUIHUMHU Ta KiHEMATUYHUMHU
napaMeTpamMu JIJIAaHOK Ma€MO:

PKS(Putm 05.01) = (50Y0(0) V 755Y0(0) V 450XY(175) V
350ZX(150) V 200ZZ(100))K,.

MC IIP moxn. KM 1011.42.01 (muB. puc. 4.3) mae nomsapry CK i
(hopManizoBaHO CKIIAAAE€THCS HACTYITHUM YHHOM:

PKS(KM 1011.42.01) = (1;.YO(0) V 1, YB(lp,) V I3.XY(13,) V
L4 XX (1)) Kz.

3a HOBiJ’ILHO HpHﬁHHTI/IMI/I TCOMCTpUIHUMU Ta KiHEMaTHYHUMH
napaMeTpaMu JIJIAaHOK Ma€MO:



PKS(KM 10I1.42.01) = (150Y0(0) V 700YB(270) V 500XY(250) V
350XX(150))Ko.
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Puc. 4.3. Cxema onsn gpopmanizayii MC I1P moo. KM101].42.01
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Puc. 4.4. Cxema ona gpopmanizayii MC ITP abcmpaxmmoi modeni (XXX)



MC TIP abcrpaktHoi (HeicHyrouoi) momemi [IP 3a pmc. 4.4
xapakTtepusyerses chepuanoro CK. B zarampromy Burmani ii IIKC wmae
HACTYIHHU (OpMali30oBaHUHN OITUC:

PKS(XXX) = (14Y0(0) V 1, YB(l,y) V 13 XC(13y) V 14 XA(l4y))Kx.

3 MOBUIBHO MNPUHHATHMU TEOMETPUYHUMH Ta KiHEMAaTHYHUMH
rapamMeTpamMH JIAHOK Ta IX MepeMillieHb MaeMo:

PKS(XXX) = (250Y0(0) V 500YB(320) V 180XY(250) V

80XA(50))Kyx.

Puc. 4.5. Cxema ons ghopmanizayii MC IIP moo. Skilam SR2

MC TIIP wmoa. Skilam SR2 (muB. puc. 4.5) mae nomsipay CK i 3aranom
(bopMai3oBaHO ONHCYETHCS HACTYITHUM YHHOM:

PKS(Skilam SR2) = (15,Y0(0) V 1, YO(0) V 13,X0(0) V 1, XB(l,,) V



lScXB(ISV) v 16CXB(16V) v l7cYY(l7v))KY-

3 peaJbHUMH pO3MipaMy JIAHOK, BHIOM Ta BEIMYHMHAMH IX
TepeMilIeHb MaeMO:

PKS(Skilam SR2) = ( 75Y0(0) V 740Y0(0) V 180X0(0) V 150XB(120)

V 120 XB(120) V 100XB(120) V 100YY(80))Ky.

4.2. Ilopsiiok BUKOHAHHSA POOOTH

1. O3HAOMUTHCE i3 TEOPETHYHIMH BiJOMOCTSIMH.

2.Bu3HAaYNTH KOMIIOHYBAllbHY CXEMY BKa3aHHX BHKIAJadeM
mopeneit [1P.

3. JlaTH OLHKY KO)KHOMY MOJYJIIO Y BiINOBIAHOCTI 3 BKa3aHUMH Y
TEOPETUYHHX BIIOMOCTSIX O3HAKAMHU.

4. BukoHatu rpadiuHe KOMIOHYBaHHS KOYKHOTO 3 MOJYJIIB Ta AaTH
HOro XapakTEepUCTHUKY.

5. 3a y3romxkennsam 3 Bukiagauem abo ckmactu [IKC MC TIP mns
BKa3aHHWX BukiamadeMm [IP, abo 3a BapiaHTamu iHIWBIZyalbHUX 3aBAaHb
(mmB. TabmI. 4.2).

6. OdopmuTH 3BIT 11O POOOTI.

4.3. 3micr 3BiTY

1. Ha3Ba ta meTa po6oTH.

2. Onwuc koHCTpyKIi mozeneii [P, 1o aHami3yrOThCs, @ TAKOK
CXeMH KiHeMaTH4HuX JaHiorie ix MC mo anasorii 3 puc. 4.2 — 4.5.

3. XapakTepuCTHKH Ta KOMIIOHYBAJIbHO-KIHEMAaTHUHI CXEMH
MOJIYJIB CTyIEHIB pyxoMocTi (i3 BKa3aHHSIM Hymeparii 3rigao tabm. 4.1),
10 YTBOPIOIOTH Hecyuy MexaHiuny cuctemy MC IT1P.

4. dopmanizoBaHuii omuc y 3araJbHOMY (CHMBOJIEHOMY) Ta
“mupposomy” Bursgi [IKC MC abo 3amanux Bukiagadem I[P (s
ayIuTopHOi opMu 3aHsTh), 00 3riHO BapiaHTa iHIUBIAyaJlbHHUX 3aBIAHb
3a Ta01. 4.2 (A1 MUCTAHIIHOT (POPMU 3aHSATH).

5. KopoTki BUCHOBKH.



Tabauys 4.2

Bapianmu inousioyanvrux 3a80ams 015 6uKoHaHHs 1abopamoproi pobomu 4

Ne papiantal  YmopsakoBaHa Ne BapianTa YnopsimkoBana
mHOknHa OKH <1> mHoxknuHa OKH <>

1 (X, A, B) 16 (X, Y, B)

2 (Y,A, B) 17 (X,Y, C)

3 (Z,A, B) 18 (C,A X)

4 (C,A,B) 19 (X,A A)

5 (B, A, X) 20 (X,A,Y)

6 (B,A A) 21 (X,B, B)

7 (B,A, Z) 22 (B,A, B)

8 (C,AX) 23 (B,A,B)

9 (C,A)Y) 24 (X,A,C)

10 (C,A Z) 25 (Y,AY)

11 (Y,B, C) 26 (AY,B)

12 (Y,B, A) 27 (X, X, X)

13 (Y, A, B) 28 (VYY)

14 (X,Y,A) 29 (X,Z,Z

15 (X, A, B) 30 (X,Z, B)

YBAT A! IIpu BUKOHaHHI BapiaHTa iHAWBITyaJbHOTO 3aBIaHHS

HeoOXiJTHO BUKOHATH BKa3aHi Bumie kpoku K 3 BpaxyBaHHIM
ynopsiikoBaHoi nociigosrocti OKH 3rigno 3aganoro
BapiaHTty 3a Tabi. 4.2. KoHKpeTHi reoMeTpryHi po3mipu
KOXXHOT 13 1TaHoK MC MpoCTaBUTH B CUMBOJILHOMY
(3arajibHOMY) BUTJISIAI 13 BCiMa HEOOX1THUMH CUMBOJIAMHU Ta
1HIEKCaMHU.

JIOTIOMIKHOT;

4.4. KoHTpOJIbHI 3aUTaHHS
1. KopoTki BitoMOCTi TIpO MOIYIII 3:
a) OCHOBHOIO Ta JIOTIOMDKHOIO IIWJIIHAPUYHOIO HAIPSIMHAMH;
0) nexiIbKOMa OIHAKOBUMHM LUJIIHAPUYHUMH HAIPSIMHUMM;
B) OCHOBHOIO ILIMJIIHJPUYHOIO HAIPSIMHOIO, PYXOMOIO BiTHOCHO

I') OCHOBHOIO IMJIIHJIPUYHOIO Ta JOTMOMIXXHOIO HMJIIHAPHIHOO
HaIPSIMHUMY;
) IPU3MAaTHYHUMH HAIPSIMHIMH;

e)

MapHIPHO-BaXIIbHUMHU

TIepeMIiIIeHHS.

MEXaHi3MaM{  MOCTYHAJIbHOTO



2. 3arampHuUil BHpa3 ¢opmarnizoBaHoro omucy i-oi manku IIP,
XapaKTEePUCTUKA CKIIAJIOBHX.

3. [NowsaTTs “omeparop KoopauHaTHUX HanpsaMmKiB” (OKH).

4. TlpuHnuny, o0 TOKJIaIeHI B OCHOBY (POPMAji30BaHOTO OIUCY
TIKC IIP, Ta iX CTHCIIHI 3MICT.

4. ®opmanizosannii ormc [TKC I1P.

5. IlocainoHicts popmysanus I1KC I1P.
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