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Beryn

[lpuknanna  MexaHika  CKJIAJa€  TEOPETUYHY  OCHOBY  CYYacHOTO
MaIMHOOYAyBaHHS Ta (PopMye 3aralbHOMAIIMHOOYIBHY MiATOTOBKY 1HXKEHEPIB.

Kypc «llpuknagHa MexaHika» CKIaJaeTbes 3 Tpbox posautiB: | Teopis
MexaHi3MmiB Ta matuH, 11 Onip marepianis, [11 [lerani mamus.

MeTta MeTONMYHMX BKa31BOK — HAJaTH JOMOMOIY CTyJEHTaM TEXHIYHHUX
(bakynbTeTIB AJ Kpal[oro 3acBOEHHS JIEKIIMHOrO Marepiainy Kypcy Ta HaOyTTs
HaBUYOK ISl CAMOCTIMHOI poOOTH y pO3B’s13aHHI IPAKTUYHUX 3a/1a4.

1 po3ain € OAHMM 3 BAXKJIUBUX PO3AUIB MPHUKIAAHOT MEXaHIKH, y SKOMY
BHBYAIOTh METOJM JOCIIIKEHHS (aHaji3y) Ta MPOEKTYBaHHA (CHMHTE3Yy) MEXaHI3MiB
Ta MAllluH, PO3IJISAA€ThCA CTPYKTYpa, KIHEMATHKa Ta AMHAMIKA MJIOCKUX Ba)KUIbHUX
MEXaHi3MiB.

VY 2 po3ain BUKIIAJIEHO METOJW PO3B’A3KY 3aja4 Ha MIIHICTh, )KOPCTKICTh TIPH
nedopMalisix po3TAry-CcTUCKY, 3pi3y abo 3MHUHAHHIO, KPYYEHHI Ta 3THHY, a TaKOX Ha
BU3HAUEHHS MPOTUHY Ta KyTa MOBOPOTY Mepepi3y METOIOM MOYAaTKOBUX MapaMeTpiB
1 npaBusioM Bepeniarina 3 4MCI0BUM NPUKIIAJA0M.

VY 3 po3aini po3rasHyTI OCHOBHI KIHEMaTHUHI [TapaMeTpu 3yO0uacTHX mepenay 3a
XBIJIbOBUMH I€peiadyaMH 13 pO3B’Si3aHHAM KOHKPETHOI YMCIIOBOI 3a/ayl, a TaKOX
BUKJIQZCHO JEsKl PO3AUIM HayKH JONYCKIB Ta NHocadoK. Po3risiHyre Hepyxome
3’€IHAHHA JBOX JeTajeil, HeoOXiJAHe IJid Tepenadyi OChOBOi CHJIM Ta KPYTHOTO
MOMEHTY.

JUis  3acBO€HHS BHKJIAIEHOTO MaTepially pEKOMEHJOBaHI MPUKIATU s

CaMOCTIHHOTO PO3B’I3aHHI..



I. TEOPISI MEXAHI3MIB TA MALIIUH

1. CTpykrypa, KiHeMaTHKa Ta JUHAMIKA IJIOCKMX MeXaHi3MiB

JInst TpoBeACHHS CTPYKTYpHOTO aHaji3y MeXaHi3My CKJIAQJaeTbCsi HOro
CTpykTypHa cxema. lle rpadiune 300pakeHHsT MEXaHI3My 3a JOMOMOTOI0 YMOBHHX
300paxeHb JaHok Ta kiHematnyHux mnap (KII) Oe3 BukopucranHs Macmraly
(mipuna).

JU1s Ha3BM JJTAHOK KOPUCTYIOTHCA MPaBUIIAMHU:

a) JTaHKY, sKa 00epTaeThCsl HABKOJIO CTOSIKA, HA3UBAIOTh KPUBOLIUIIOM;

0) naHKy, sSiKa 3/1HCHIOE TUIOCKO-TapaienbHuil pyx 1 Hi onHiero KII He moB’s3aHa
31 CTOSIKOM, Ha3UBaIOTh IIATYHOM;

B) JIAHKY, $Ka 3/iIICHIOE KOJMBAJIbHUNA pPyX HABKOJIO CTOSIKA, HA3MBAIOTh
KOPOMHUCJIOM;

I) JIaHKy, fKa BHUKOHY€ 3BOPOTHO-TIOCTYMAJbHUH PYyX BiIIHOCHO HEPYXOMOi
HaNpsIMHO1, HA3UBAIOTh [TOB3YHOM;

1) JIaHKy, SIKa BHUKOHYE MOIMEpPEeAHIN pyX, ajge BIJHOCHO PyXOMOI HampsMHOI,
HA3UBAETHCS KYJIICHUM KaMEHEM, a caMa HalpsMHa — KYJIiCOIO.

Creninp pyxoMmMocTi (BUIBHOCTI) IIJIOCKMX MEXaHI3MIB BH3HA4YalOTh 3a
dbopmynoro Yebumena I1. JI.:

W=3-n-2-p.—p,,

7€ n — KITBKICTh PyXOMHUX JIAHOK Y MEXaH13Mi;

ps — kuipkicTb KII 'V kitacy, a6o oqHOpyXoMuX;
p, — kubkicts KIT IV knacy, abo 1BOpyXoMux.

CreniHp pyXOMOCTI, II€ YHCIIO, K€ MOKa3ye, CKLIbKOM JIaHKaM HEOOX1IHO
3a/1aTH PyX, 00 yCi JIJAHKM BUKOHYBAJIU 3a/IaHl PyXH IO BIJOMHUX TPAEKTOPisAX, ab0
YHCIIO, SIKE MOKA3y€ KUTbKICTh y3araJbHIOIOUNX KOOPJIUHAT (JIUB. IPUKJIIAL).

Bukonatu CTpyKTypHMI aHaji3 MEXaHi3My O3HA4a€ BCTAHOBHUTH, 3 SKUX TPYI
Accypa CKIagaeTbCcs MEXaHI3M 1 B SIKIM TOCTIJOBHOCTI BOHHU MPHEIHAHI 10
BUXIJTHOTO M€XaHi3My. BcTaHOBUTH KJ1ac 1 MOPSAIOK MEXaHI3MY.

JIs1 BUKOHAHHS 1Ti€T 3aa41 HE0OX1THO 3HATH, 110 COOOK0 MPEACTABISIOTh IPYIH

Accypa 1 IK CTBOPIOETBCS OY/Ib-SIKUI MEXaHI3M.



3a AccypoM-ApTOOOJEBCEKUM OY/b-SIKHH MEXaHI3M CTBOPIOETHCS LUISIXOM
MOCJTIJIOBHOTO TIPUETHAHHS 10 BUX1THOTO MEXaHi13My KIHEMAaTUYHUX map Accypa.

I'pynoro Accypa Ha3UBA€ThCA KIHEMATUYHU JIAHLIOT, SIKUM CKJIaJAa€ThCS TUIbKU
3 pyxomux jaHok Ta KII V knacy, axi Oynydu npuegHaHUMH A0 CTOSIKA (HEPYyXOMOi
JIAHKH) MaIOTh CTEMiHb BiabHOCTI W =0.

['pynu Accypa XapaKTepU3yrThCs KIaCOM 1 OPSIKOM.

[Topsnox rpynu BHU3HAYAETHCS KUIBKICTIO BUIBHMX IMOBIAKIB 13 HIApHIpamH, A0
SIKMX MOJIMBO TIpu€eHaTucd (puc. 1).

Knac rpynu BusHauaetbcsi kinbkicTio KII HalickmagHIIIOTo 3aMKHYTOTO
KOHTYPY, B IKOMY BIICYTH1 BHYTpIiIIHI MoOyA0BH (puc. 1).

JUis BUIIIIEHHS 3 MEXaH13MY I'pynl Accypa HeOOX1HO 3HAaTH O3HAKU TaKuX IPyI:
YHCIIO JIAHOK y TPyMi MapHe; CTeHiHb BUIBHOCTI TPYyNH 3aBXIU JOPIBHIOE HYIIIO;

CTEIIHb BUIBHOCTI 3aJUIIKOBOTO MeEXaHi3My, TOOTO IicCisl BiJ €QHAHHS TPYIIH,

HE3MIHHUM.
A 3a BUXITHUN MEXaHi3M y Kiacudikairii
Accypa-ApTo60JIeBCHKOTO MPUUHSTO
W=3:1-2-1=1 , |
O 0, MexaHi3M | wmacy 1 I mopsoky, ue
kpuBowmmn OA4 .
Puc. 1

Hatinpocrinn rpynu Accypa (puc. 2) : a, 6, B, T — rpynu Il knacy 1 Il mopsiaky;
1 — rpyna I knacy i III nopsinky; e — rpyna IV knacy (A, B,C, D) 1Ill nopsiaky.

Ha puc. 2, 1 3amknytuii koutyp ABC, tpu KII, To6T0 III knac. Tpu noBoaku
AD, BE, CF 3 xinematnunumu napamu DEF . e) — HaWCKJIQIHIIIMK 3aMKHYTUN
KOHTYp Oe3 BHyTpimHiX mooynoB nie ABCD 3 4 KII, a ne MANBOCPD, Tax sk B
HbOMY € BHYTpilHI moOyaoBu — 1ie Janku AD, AB, BC, DC. Ha yoTuprox nmoBojakax
ME, NL, OK, PF Biacytusa onna KII — L, Tomy rpyna III nopsaky. Kinematnusi
rpynu a, 0, B, r Bu3HaHi Il kiacy, ockinbku jlaHka AB, a0o 1HIIA Ma€ 3aMKHYTUH

KOHTY], SIKMM Mo3HaueHo Ha AB myHKTUpPOM 1 B HbomYy JiB1 KII.



Puc. 2

Buninenns 3 MexaHi3my rpynu Accypa JOUIIBHO MOYMHATH 3 JIAHKH, sKa
HaWBIIIaJICHIITIA BiJ] BXOy MEXaHI3MYy.

Krnac 1 nopsaiok MexaHi3My BHU3HAYA€THCS KJIACOM 1 MOPSAKOM HaWCKIaHIIIOL
IPyIH, SIKa BXOAUTH Y CKJIAJ ITbOTO MEXaHI3MY.

[Tpuknan

BukoHatu CTpyKTYypHUM aHaII3 MeXaHi3My (puc. 3).

02
7
F
F,

D

Puc. 3

PosrnsayBanuii MexaHi3M Ma€e CiM PyXOMUX JIAHOK:

OA - xpuBoumm;AB, CD, EF — marynu; O,CB, O,D — kopomucna; F -
noB3yH; O, O1, 02, F, — crosku (kopnyc). Jlanku 3’eanani aecsatema KII V knacy:
O,A,B,01,C,D,E, O, F, F,.

CreniHpb BUTBHOCTI MEXaHI3MY:



W=3-n-2-ps—p,,
npu n="7 — KUIBKICTh PyXOMHUX JIAHOK;
ps =10 —xinbkicts KII V kiacy;
p, =0 — kupkicts KIT TV knacy.
W=3.7-2-10=1
Ile o3Hauae, MmO U MPUBEACHHSA B PyX YCIX JAHOK HEOOXiAHO MaTH OIHY
BX1IHY JIaHKY 1 3a7aTu i pyx. Lle manka OA.
Pozknagemo mexaHnism Ha rpynu Accypa. HaiiBinnanenimoro gankoro Bix OA €
no3yH F. IlounmHaroum 3 HBOTO 1 BpPaXOBYIOUM BIACTUBOCTI Tpym Accypa,

BiJJOKpeMitoeMo 1Bl laHku F ta EF tatpu KIl-ne E, F 1 F,.

F 3apucyeMo MOXJIMBY Ipyny Accypa TOYHO B
E O/E TaKkoMy TIOJIO’KEHHI, SIKe BOHA 3aliMae B MeXaHi3Mi
(puc. 4).
Puc.4 CreniHp BIIBHOCTI MOKJIMBOI TPYIIH:

W=3.2-2-3=0;

3aMUIIKOBUI MEXaHI3M MaTHMe
BUTJISI HA puC. S.

Woro creminb BimpHOCTI mpH
n=35p,=7: W=3.5-2.7=1,
TOOTO HE3MIHHA.

Lle miaTBepKye, IO Tpyna, CKIageHa
3 6 Ta 7 naHok, € rpyna Accypa II
knacy 1 Il mopsaky (auB. puc. 1, 6).

Jlaml HaWBIAJAJCHIIIOW JaHKOK BiJI

BxinHOi OA € nanka DO, .



Puc.6

o, Binokpemitoemo MOXJTUBY
rpyny Accypa Ta mepeBipseMo (puc.
6).

VY oMy Bumnaaky nBi JaHku CD
ta DO, 11pu KII C,D,0,.
CreniHp BUIBHOCTI:

W=3-2-2.3=0.

3aJIMIIKOBUM MEXaHi3M Ma€ TpU PyXOMi JIaHKH Ta

gotupu KII (puc. ), Tobto n=3,p. =4.

Crenidp BUIBHOCTI:
W=3.3-2-4=1.
Creninp BUIBHOCTI HE3MIHHHUH, 1€ MIATBEPIKYE IO

nsi nanku CD Tta DO, 3 tproma KII C,D,0, cTBOPIOIOTH

rpyny Accypa Il kinacy Ta Il nopsinky (aus. puc. 1, a).

3HOBY BIJIOKpEMITIOEMO MOXKJIIMBY Tpymy Accypa,
[IOYMHAIOYM 3 HaWBIAOAJEHINIOl JIAHKA, TOOTO JaHKHU
DCB.

VY upomy Bunanky maemo ABi jdanku AB ta BCO; 1
tpu KII A, B, O, (puc. 76).

[TopiBHIOIOYHM 10 TPYIy 3 TMOMNEPEIHBOI0, YXKE
nepeBipeHor, 6aunmMo, 1o BOHA MoAI0Ha, TOOTO e Tpyna

Accypa Il knacy, II nopsaky (nuB. puc.l, a).

3aIAIIKOBHN MEXaHI3M - II€ BUXIJHHU MEXaHI3M 3a
kinacudikaiiero  Accypa-ApTo0oaeBChbKOro. Y  IIbOMY

mexaHi3Mi (puc. 7B) n=1, p, =1.



Crenmiap BuibHOCTI: W =3-1-2-1=1. Sk 06auuMo, CTEImiHb BIJIBHOCTI
HE3MIHHUM.

BucHoBOK

PosrnsayBanuii MexaHi3M CTBOPEHHM MIISXOM MOCIIJOBHOTO MPHETHAHHS J0
BUX1THOTO MexaHi3My OA TphOX KiHEMaTHYHHUX Tpyn Accypa.

KoxHa 13 posrnsayBanux rpyn € rpymnoto I kiacy ta Il nopsiaky. Ile o3Hauae,
110 1 MexaHi3m B oMy Il knacy, Il mopsiky.

Jlns  camMoCTiiiHOT pOOOTH TMPONMOHYEThCS BUKOHATH CTPYKTYPHUM aHami3

MeXaHI13MiB Ha puc. 8.

Puc. 8

2. KinemaTH4He J0CJTiIKeHHsI MeXaHi3My
2.1. OcHOBHI 3aBJaHHA KIHEMATHYHOI0 JOCTiIKeHHA
OcHoBHUMU 3aBAaHHAMU KiHeMaTHaHOTO fnociimkeHHs (K/[) mexanizmy €:
a) noOy/10Ba IJIaHIB TOJIOKEHHSI MEXaH13MY;
6) moOynoBa TpaeKToOPii pyXy TOUKH;
B) BHU3HAUEHHS BEJIUYMHU 1 HANPSAMKY JIHIMHUX HIBUAKOCTEH Ta MPHUCKOPEHBb

To4yok MexaHizmy (V,a);



F) BU3HAUCHHS BCIUYMHU 1 HaIIpAMKY KYTOBHUX IHBH,HKOCTCﬁ Ta IMMPHUCKOPCHb

JAHOK MEXaHI3My (@, €).

Jiis po3B’si3aHHS IIMX 3aBJIaHb BUKOPUCTOBYIOTh TpU OCHOBH1 MeToau KJI:

- rpadiuHUl, 3 HAMMEHIIIOK TOYHICTIO Ta TPYAOMICTKICTIO;

- rpad0aHATI THYHUHN, 3 JOCTATHHOIO TOYHICTIO, HAUTIOIIMPCHIIINIT;

- aHaNITUYHUN, HAWTOYHIIINHM, IyK€ TPYIAOMICTKHI, BUKOPUCTOBYETHCS, SK
IpaBUJIO, B HAYKOBUX JOCIIIKEHHSIX.

Kimematnyne [OCHIDKEHHS MEXaAHI3MIB 3OIMCHIOETHCS Ha KIHEMATHUYHUX

cXeMax, a TOMY Iepeadayae BUKOPUCTAHHS MacIITaOHOTO Koe(illieHTa.

2.2. MacurtadHuii koeinieHT
MacmraOuuii koedilieHT (4, 1€ BEJIWYMHA, Iijla abo ApoOoBa, sika IMOKa3zye
BIJIHOIIIEHHSI A1MCHOI (p13MYHOT BETMYMHU, BUPAKEHOT Y BIATOBIIHIN pO3MIPHOCTI, 110
BIJIpi3Ka, SIKUMl BUpaXKEHWW B MimiMeTpax 1 Ha rpadiky MOoKasye 10 (i3UuyHy

BenuuuHy. Hanpukinan:

OA

M, =

ne l,, — milicHa MOBXKWHA TAHKHU, M ;

OA — noBXWHA BiZIpi3Ka, SIKUM 300pakae KPUBOIIUTI, MM ;
MacimraOuuii KoedilieHT MBUIKOCTEH, 1715 TO0YI0BH TUTaHY IBUIKOCTEH:
Vv
— A
:uv -
pa

Macmrabuuii koeilieHT TPUCKOPEHB, MPU MOO0YI0B1 MJIaHy MPUCKOPEHb:

p, =4
‘" 7a

[Tpu macmTabHOMY KOe(ili€HTI 32BN MPOCTABISAIOTH 1HJEKC, IKUI BKa3ye Ha
HAJICKHICTh MacCIITAOHOTO Koe]ilieHTa.

MacmraOuuii koeilieHT - 1€ He CTaHJapTHA BEJIUYMHA, alie, K IPaBUIIO,
pPEKOMEHI0OBaHa, TOOTO Tie mudpa, SKy 3PYYHO BHKOPHUCTOBYBATH B IOJATBIIAX
MaTeMaTHYHUX PO3PaxyHKaXx.

Hanpuxknan: 0,1; 0,01; 0,2; 0,02; 0,5; 0,05; 1; 2; 5; ...
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2.3. [1o6ynoBa miaHiB MoJI0KeHb MeXaHiZMy

[1nan monoxeHHs MEXaHi3My - 1€ KIHeMaTHYHa cXeMa MeXaHi3My, 3adikcoBaHa
B JIOBUIBHMM MOMEHT 4acy, a0o JUIsl SKOTOCh 3HAYEHHS y3arajbHEHO! KOOpPAMHATH,
a0o0 1715 IKOroCh MOJIOKEHHS KpuBomuna OA .

3a3Buyail IUTaHM TOJOXEHb MeEXaHi3My OyAyloTb ans Jekuibkox (12; 24)
PIBHOBIJIATICHUX TOJIOXKEHb BX1IHOT JJaHKu OA .

OcCkibKM KIHEMAaTU4YHE JOCHTIDKEHHS MEXaHI3My [epenye IUHAMIYHOMY
JOCIIDKEHHIO, TO TPU MOOYIOBI IUJIaHY IOJOXKEHh MEXaHI3MYy 3HaxXOSATh KpaitHi
MOJIOKEHHST POOOYOi JIaHKHW, a BIAMOBIAHO 1 TOYKKM A, KIHIIS KpuUBoIHMa. [3 1BOX

KpalHIX MOJ0XKEHb TOUKU A, OHE MIPUITYCKAIOTh 3 HYIbOBE A,, [IOYNHAIOUYH 3 SIKOI'O
TPAEKTOPIIO PYXy TOUKH A,, TOOTO KOJO, AUIATH Ha piBHI yactuHu (12; 24) y
HaNpsIMKy @), .

Po6oyoro naHKo0 B MEXaHI3MI BBaXKAIOTh JIAHKY, fKa JI0JIA€ CUIy KOPHCHOTO

onopy F xo. 32 HyJbOBE IOJOXKCHHS MexaHi3My (A,) MpUHAMAIOTh Take KpaiiHe

[IOJIO)KEHHSI po00YOi JIaHKM, a 3HAYUTh 1 TOYKM A, MOUYMHAIOYM 3 SIKOI'O JIaHKa
3MIACHIOE PYX TPOTH CHJI KOpUCHOro omopy. lle Touka, sika BU3HA4Ya€ MOYATOK
poboUoro xomy.

€ 1Ba METOAM BU3HAUYEHHS KpalHIX MTOJIO)KEHb POOOUO]1 JIAHKH:

1) posramryBannsim kpuBommny OA Ta maryna AB Ha ofniil npsMiit (puc. 9);

2) moOyA0BOIO TPAEKTOPIi pyxXy HE0OXiaHO1 ToukH (puc. 10).
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Puc. 9 Puc. 10

Ha puc. 9 pobGoyoro nankoto € no3yH E. BiH mepeMilly€eThCsl MO HAMPSAMHIMI
BEPTUKAIILHO, 3HAXOSYHCH MIPU IIbOMY B SIKOMYCh HAalBUIIIOMY TIOJIOKECHHI (11€ OJHE
KpaiHE TIOJIOKEHHS) 1 B HAWHUKIOMY TIOJIOKEHHI (11€ IpYyre KpaiHe TOJT0KESHHS).

Jlnis 3HaXOJKEHHS IUX MoyiokeHb kpuBomun OA 1 matyH AB po3ramoByoTh
Ha OJTHIN MPSMIA:

a) Butsarnysiin OA 1 AB B ofHy niHIO, Kou R, = OA + AB;

0) matyH AB nepekpusae kpusowmun OA4, konu R, = AB — OA.

[Ipu moOy1oB1 MUIaHIB TMOJOXKEHB 3a7al0Th JOBXHHU BCIX JIAHOK, a HEOOX1JHI
HOBI TOJIOKEHHSI TOYOK TMPHU PYCl MEXaHI3MY 3HAXOSATh HA MEPETHHI TPAEKTOPIH
PYXY TOUOK.

Ha puc. 9 nyHKTHpOM MOKa3aHO 3HAXO/PKEHHS HAMBUILOTO IMOJIO)KEHHS TOYKU
E npu Butsaraytux OA4 1 AB.

Ha puc. 10 po6ouoro 1ankoro € moB3yH D . BiH Takox 3/11MCHIOE BEPTUKAIbHUI
3BOPOTHO-TIOCTYAJIBHUM PyX BIJHOCHO HAIIPSIMHOL.

€ HaiiBuIlE 1 HaWHWXKYE TOJOKEHHS MOB3yHa D, 1 3HAUTH HOTO MomepeaHimM
METOJOM HEMOXJIMBO. Y JTaHOMY BHUNAJKy HEOOXIJHO MOOYTyBaTH TPAEKTOPIIO PYXY
touku C. J{7s 1boro 10oBUIBLHO OYyAYIOTH JEKUIbKa MOCIIJOBHUX KIHEMAaTHUYHUX CXEM
(yuM OlnIbIIIE CXEM, TUM TOYHIiIIa TpaekTopis). Ha koxHii cxemi 3HaxoaaTh TOuky C.
3HalifieHl TOJIOXKEHHS 3 €HYIOTh IIJIaBHOKO KpuBoko. Ha puc. 10 myHKTHpOM
MOKa3aHa YMOBHA TPAEKTOPIs Y BUTIISAI OBAIy.

Ve Hao4HO BHUJHO, 110 Koau Touyka C npoxonamna auisHkd K i1 L, To moB3yH
3aiiMaB BIJIIIOBIHO HAWBUIIE 1 HAWHWMKYE ITOJ0KEHHS.

BuxopuctoBytoun meron mnpoO, B 30H1 K A0BUTbHO BHOMpaIOTh MOJOXKEHHS
touku C. J{ns nporo nonoxeHHs Touku C OynyrOTh KIHEMAaTUUHY CXEMY MEXaHI3MY.
byaytore mnman mBuiakocteidl. fkmo BuOpana Touka C BIANOBIAE KpaliHbOMY

MOJIOKEHHIO, TO HIBUAKICTE Touku D, T00TO V,=0. Jlna BUOpaHOI TOYHOCTI
3aJIaf0Th apameTp pd =2 mm , HAIPUKJIAJ], BBAXKAETHCSA HYJIBOBHM. SIKIIIO OTpUMaHE

3Ha4eHHs V,, = pd - (1, He BIANOBIIAa€ HyI0, BUOpaHy Touky C B 30HI K 3milryroTs
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BJIIBO YM BIPaBO. 3HOBY OYIYyIOTh JJISi HOBOTO IMOJIOKEHHS TOUukH C KiHEeMaTH4YHY
CXeMy MeXaHI3My 1 IUIaH HIBUAKOCTEH. AHANOriyHO poOuThcs 1 B 30HI L 10

orpumanns V, =0.

Kpaiini nonoxxeHHs poO040i JaHKA BU3HAYAIOTh KpaiHI MOJOKEHHS TOUYKH A 3

SKHX BUOMpPAIOTh A, .

2.4. BuzHavyeHHS JIHIHHOI IIBUIKOCTI TOYKHM MEXaHi3My Ta KyTOBOI
HIBHIKOCTI JJAHKH METOJI0M IIIaHIB HIBHIKOCTEM
3HaO4M 3aKOH PyXYy BXIJHOI JaHKH Ta JOBXKHUHHU JIAHOK MEXaHi3My, MOKHa
BU3HAYUTH BEJIMYMHY Ta HAIPSAMOK JIIHIMHOI IBUJIKOCTI Oy/b-KOi TOUKU Ta KYyTOBY
MIBUAKICTh OyAb-AKO1 JaHKK MEXaH13MY IIISIXOM MOOYAOBHU IIJIaHy IIBUIKOCTEH.
[ToOynoBa TuTaHy MIBHUAKOCTEH Ta MOJAIBINEC WOTO YMTAHHS Ta BUKOPUCTAHHS

3HAYHO CIIPOINYE€THCA 13 3HAHHSM BJIACTUBOCTEH IJIaHYy MBHHKOCTCﬁ:

1. BexTopu, siKi BUXOIATH 13 MOJNIOCA TUIAHY IIBUIKOCTEH « p >, BH3HAYAIOThH

BEJIMYMHY 1 HANPsIMOK aOCOJIIOTHOI MIBUAKOCTI TOYKH MEXaHi3My B MaciiTall IjIaHy
mBuAKocTed. TOYKM TIaHy IIBUAKOCTEH, sIKI BiANOBIIAIOTh HEPYXOMHUM TOUYKaM
MEXaHi3My, 3HaXOJIAThCS B TIOJIIOCI.

2. Bektopu, sKi 3 €IHYIOTh KIHIII BEKTOpPIB aOCOJIIOTHUX IIIBUIKOCTEH,
BH3HAUAIOTh BETUYMHY 1 HAMPSAMOK BIIHOCHOI HIBHAKOCTI TOYKH B MaciuTadl MiaHy
IIBUJIKOCTEH.

3. Teopema mnoaiOHOCcTI. BekTopw BIIHOCHMX NIBUJKOCTEH Ha ILJIaHI
IIBUAKOCTEH CTBOPIOIOTH  (irypy, mMOAIOHYy OJHOMMEHHIA KOPCTKIA irypi,
CTBOPEHIN BIJpI3KaMM Ha KIHEMaTH4YHIN CXeMi, ajieé MMOBEPHYTY BIAHOCHO OCTaHHBOI
Ha KyT 90° y HanpsIMKy MUTTEBOI IIBUIKOCTI )KOPCTKOT BIrypH.

I3 TeopeTnyHOi MEXaHIKH BIiJOMO, 10 aOCONIOTHA, TOOTO CyMapHa MWBUAKICTH
Oyab-sIKOT TOYKH TUIOCKOTO MEXaHi3My BH3HAYAETHCS T'€OMETPHYHOIO CYMOIO JBOX
IIBUKOCTEN IEPEHOCHOTO Ta BITHOCHOTO pyXiB. ToOTO:

V.=V 47, (1)

abc. mep.  BimH.
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3r1IHO 3 BU3HAUCHHAM 1 BUKOpUCTaHHSIM dopmyinu (1), MOXKHA cKazaTH, 110 JJIs

OTpUMaHHs BekTopa V, HEeoOXIJHO KiHelb BeKTopa V,, IpOJOBKUTU BEKTOpoM V,,,
a BEKTOpP, 3aMHUKalO4uil I0YaToK BekTopa V, Ta KiHeub BekTopa V,,, BU3HAUUTH
BEJIMYUHY Ta HAIPSIMOK a0COJIIOTHOI MIBUKOCTI TOUKU A, ToOTO V.

Cnig 3ayBaXuTH, IIO TEpIIa CKJIaJ0Ba 3arajbHoi (HOpMynH 13 BU3HAYEHHS
IIBUJIKOCT1 OyIb-sKOi TOUKK MeXaHi3my (1), — 3aBKaM BIIOMHUM BEKTOp. SAKIIO 11€ HE
Tak, TO piBHSHHA (1) CKIIameHe HEMPaBUIHHO.

Jlpyra ckjajoBa OCHOBHOTO pIBHSHHSA - BIJIHOCHAa IUBUAKICTE. Bona Mae
BIJIOMUM HaIpsSMOK: 1€ 3aBXIW NEPHEHIUKYJSAP 0 PO3MVIIAYBAaHOI JaHKU TIPU
o0epTanbHOMY BiIHOCHOMY PYCi.

s piBasHEA (1), V,,, - ne L o AO.

BigHocHa MmMIBHUAKICTP BU3HAYAETHCS [0 BEJIWYUHI TOOYTKOM KYTOBO1
IIIBUIKOCTI JTAHKW Ha JIMCHY JOBKUHY JTAHKH.

Braxatoun OA KpuBOIIUIIOM, TAaHKOIO 1, BITHOCHA MIBUJIKICTH:

Vio=0,-1,,. (2)

[TonamnpIe po3risianHs 1bOTo MUTaHHS JOIIJILHE HA MPUKIaIi.

HMpuxaan

Busnaunt abCOMIOTHI Ta BIAHOCHI IIBHUIKOCTI TOYOK Ta KYTOBI IIBUJKOCTI
JaHOK MeXaH13My (puc. 11) nuissxom noOyA0BH IJIaHy MIBUIKOCTEH.

Binomo:

loa=0,4Mm;1,,=0,5Mm; 1,,=0,25m; 1, =0,5M; [, =0,25m3 [, ,=0,5m;

l,,=0,6M; ¢,=55;c=0,15Mm; a=0,4m; b=0,2m; n, =120 14/54.

LenTpu Baru: 1isi TPUKYTHUKA — Ha TIEPETUHI MEAlaH, IS 1HIIMX JAHOK — Ha
cepeauHl JaHKU. BizbMeMO JOBXKHHY BiJIpi3Ka, 10 Ha CXeMi MO3HAYa€ KPUBOIIMIT
OA =40 mm, Tomi:

I:ZOA :4OOMM:10MM:O’01 l;
OA 40Mm MM MM

BusznaurmMo JOBXHMHU BIAPI3KIB JUIi TOOYJIOBM KIHEMAaTHYHOI CXEMH,

BpaxoBytouu OA = lox :
M,
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[Ipu upomy:

ap = 200MMXMM _ 5 0B = 25mw; O,C =50 Mvt; CD =25 wni;
10MM
O,D =50 mm; DE =60 MM; ¢ =15 Mmm; a =40 mm; b =20 mm.
1 A 2

Puc. 11

[Tepmioro pyxoMO TOYKOK B MeEXaHi3Mi € Touka A. [l BHU3HAYCHHS
IIBUAKOCTI ITi€T TOYKH BUKOPHUCTOBYEMO 3arajibHy dopmyay (1):
‘7/42‘70'”7/40'
[lepma cxmamoBa \70=0. Ile o3Hagae, MmO \7A:‘7AO, TOOTO a0coJIFoTHA

HIBI/I,ZIKiCTB TOYKH A BU3HAYAETHCS BEIUUHHOIO 1 HalpsMKOM Bi,Z[HOCHOI IHBI/I,IIKOCTi.

V.=V, =@ -1,,=1256-0,4n=5,024 m/c,

n, _ n

. =12,56 pan/c.

HanpsiMmok mBUAKOCTI — nepneHauKysip 10 aHku OA (puc. 12), y3romxeHuit 3

HanpsMKoM @, . [y no0y0BHY IUIaHy HIBUAKOCTEW BUOEPEMO HOIIOC IIJIAHY « P .

Busnaunmo wmacmrabuuii koedimieHT moOymoBu. Ko 3agamMo mapamerp

BiAp3KYy (| pall =501 1 , sxuil Ha uiaHi Oyne 300paxkatu V,, Toxi:



P,O,O1,eo

Puc. 12

Hacrynna B mMexaHni3mi Touka B. ['ooBHE piBHSAHHS, 1110 BU3HAYA€ IIBUJIKICTh
TOYKU B, MaTUMe BUTJISI:
‘73 = VA + ‘7BA 3)
[Tepma cknanosa V, — BigoMuil Bektop. pyra ckiagosa:
V, =@, 1, @)
Bu3HaunTH BIJHOCHY MIBUJKICTE V,, HEMOXIIMBO 4€pe3 BIICYTHICTh 3HAUCHHS
, .
Uepes 11e moTpiOHO 3amucaTH I1e OJIHE PIBHSIHHSA 13 BU3HAUCHHS IIBUIKOCTI Ti€T
K TOUKUM B, ane BIIHOCHO TOukH O,. Y 3B’S3Ky 3 LUM ICHY€ NpaBuWiIo BUOOpY

HACTYMHOI 3a TOYKOI0 A Touku. TOOTO 1e MOBMHHA OyTH TOYKA, KA HAJIC)KHUTHh JTBOM
JaHKaM, 1 B KOXHIM 13 IUX JJAHOK € TOYKa 3 BIJOMOIO IMIBHIKICTIO. Y HaIIOMy

BUIIAJIKy TOYKa B Hanexuts aABoM JaHkam: AB — ne Binoma V, 1 BO, — ne Binoma
VOl =0.
Takum 9MHOM, MAaeEMO CHCTEMY ABOX DPIBHSHB 13 BU3HAUYCHHS IIBUIKOCTI
TOYKH B:
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3a mepuuM pIBHAHHAM HEOOXIJHO KiHELb BEeKTOpa V, MpOJOBXKUTH BEKTOPOM
V. » TOOTO MEPIEHIUKYIISAPOM J10 JaHKU BA .

3a ApyruM piBHSHHSM: KiHelb BeKTopa V,, =0, TOOTO HyIbOBOTO BEKTOpA, SIKHIi
3HAXOJUTBCS B  IOJIOCI, HEOOXIJHO NPOJOBXKUTH BeKTOpoM Vy,, TOOTO
NEPIEHAUKYJIIpOM 10 JaHku BO,. Ha mepeTuHl nux IBOX JiHIM OTPUMAEMO TOUKY
«b « — KiHEIb BEKTOPA IMIBUIKOCTI \73 y Toulli B.

Vy=pb- 1, =50-0,1=5m/c=V,,
Hactynmna touka wmexanismy - C. IBuIkicTh IIi€i TOYKM BHU3HAYHMO,

BUKOPHCTOBYIOUH TPETIO BIACTUBICTD IIJIaHY IIBHAKOCTEH — TeOpeMy MOAI0HOCTI.

Ha xiHemaTnuHiil cxemi Touka B 3HaxonuTbes nocepeauHi Binpizka O,C. lle
O3Hauae, 10 MBUAKICTh TOUKKM C, BPaxOBYIOUM MPONOPLIHHICTb, Oyae B Ba pazu
OinpIa:

V.=2-V,=10 m/c.

JUis BHU3HAYEHHS IUBUAKOCTI TOYKM [ 3HOBY CKOPUCTAEMOCS TEOPEMOKO
noaioHocTi. 3a TeopeMoro TpUKYTHUK O,CD mnoBuHeH Oytu noxidonum Ao;cd Ha
MIaHi MIBMAKOCTEH, ane MoBepHyTUM BigHocHo O,CD wHa xyt 90 . ITpu moGymoBi
Ao,cd HeoOX1IHO BUKOHATH BUMOTY, 3a SIKOi, HAIIPUKJIAJ, 32 PyXOM TFOAMHHHUKOBOI
CTPUIKA MOPSNOK JiTep Ha KiHemaTWuHid cxemi O,CD OnHAaKOBHH 3 IMOPSAKOM
OJTHOMMEHHHUX JIITEP Ha IUIaHl IBUIKOCTEH, TOOTO 0,cd .

[ToOynoBy Ao,cd MO)xkHa BUKOHATH JBOMA CIIOCOOAMU:

a) OCKUIbKM TpUKYTHUKH ocd 1 OCD B3a€MHO NEpHEHAMKYJSPHI, TO

NEPIEHIUKYIIAPU 3 TOUKU «¢» 10 JJaHKku CD Ta 3 Touku «o,» 10 O,D Ha nepeTuHi

CTBOPATH TOUKY «d »;

0) cKIagaHHAM MPOIOPITIH:
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o,C CD oc'CD 100-25 .

388 1 — =5111 ’
o,C Cd Cﬁ OIC 49

OC _OD  (siee gq=2 0D 10050 10055
0,C Old oC 49

Paniycamu cd Ta o,d 3 TOHOK BIANOBIJHO «C» Ta «0,», 30epiraroud yMOBY

MOCHIIOBHOCTI TP Aocd , mpoBeaemo Bl gyru. Ha nepetuHi orpuMaemMo TOUKy d :
V,=pd-u, =102-0,1=10,2 i /i.

[IBUAKICTH OCTAaHHBOI TOUYKH E BU3HAYMMO, CKJIABIIM CUCTEMY JBOX PiBHSHB,

BB@)KAIOUM [0 TOYKA HAJIEKUTh ABOM JlaHKaM: aHIi DE Tta EE,.
JlonoMixkHa Touka E, 3HaXOAWUThCS B LEHTP1 3eMill, 1 BIACTaHb EE, =co. Ane

IIpU PO3B’s3aHHI MOAIOHUX 3a7a4 BBAKAETHCS, 110 TOUYKA B PO3TJISTyBAHUM MOMEHT

4yacy 3HaXOAUTHUCS IT1JT TOUKO E':
(6)

Po3B’s13yemo nepue piBHsHHA. Kineups BexTopa V), ( Ha miaHl MIBUJIKOCTEH L€
BEKTOp pd ) HMPOJOBXKYEMO BEKTOPOM V., , TOOTO NEPHEHIAUKYISIPOM 110 JIaHKH ED .

3a gpyruM piBHSHHSM, Bektop V, =0 IpPONOBKEHO BEKTOPOM VEEO :
[lepemimennss noe3yHa E BIOHOCHO E; 3M1HCHIOETBCS 3a HANpsIMHOWO O/ —0O. Y
I[OMY K HaIPSIMKY 1 IBUJKICTh. TOMY 3 HYJIbOBOTO BEKTOpPa, TOOTO 3 MOJIIOCA « P »
MPOBEAEMO BEKTOp V. MapalenbHo ¢ — . Ha mepeTuHi OTpUMaEeMo TOUKY «e .

V,.=pe- i, =92-0,1=9,2 m/c.
Jlist BU3HAYEHHS BEJIMYMHU 1 HANpSAMKY KYyTOBHX IIBUAKOCTEH JaHOK

3BEPHEMOCS 10 BIJTHOCHUX IIBUJKOCTEH, 3HAYEHHS SIKUX 3aJIeKUTh BiJ] KyTOBOI

[IBUIKOCTI JIAHKH.
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Puc. 12

Binnocna mBuakicts V,, =@, -1l,,. Bexropamu B
il opmyni OyayTh: B JIIBIM YacTuHi - V,,, a B IpaBiii
HanpsAMoK — @,. lle o3Hayae, 10 HaIPAMOK

nepnengukyisapa V,, 1o nanku OA BU3HA4Ya€ThCA

HANPSAMKOM @), , K II0Ka3aHo Ha puc. 12.

[Tpu 3BOPOTHBOMY PO3IIIALL, TOOTO, SKINO BIJOMHUM HANpPSMOK V,,, HaIpsIMOK

@,, NOTOJUKEHUH 3 HanpsIMKoM V,,, Oyze 3a pyXOM FrOJUHHHKOBOI CTPLIKH.

BpaxoByroun 1110 BIaCTUBICTh, 3BEPHEMOCS JI0 1HIITUX BIJIOMUX IIBUIAKOCTEH IS

3HAaXO/’KCHHA BCJIIMYHNHHA Ta HAIIPAMKY KYTOBHX HIBH,ZLKOCTCﬁ IHIIIKX JAHOK.

Jlanka AB. 3BepHeMOCS 10 PIBHSHHS 13 CUCTEMH 3 BU3HAUYEHHS IIBUJIKOCTI

TOYkM B BigHOCHO Touku A. ToOTOo mepmia jiTepa B BU3HA4Yae pyxoMy TOYKY,

IIBUJIKICTh IKOT BU3HAYAEThCS, a Jpyra A — HepyxoMmy, a0 YMOBHO HEpPyXOMY,

BITHOCHO SIKOI BU3HAYAETHCS MBUAKICTh TOUYKU B .

BA - 1e npyra naHka, 1 3 BpaXyBaHHSM IIbOTO BITHOCHA IBUJIKICTD:

_ V.
— M 1 7 — _ BA

Via =@, 1, , 3BIIKH 0, =—.

lBA

Kopucryrounce nianom mBHIKOCTEN:
V,,=ba-u, =15-0,1=1,5 m/c.

.— 151i/n -
Tom a)2=05511—n= i,

HanpsiMok V,, Takox BU3HAYa€TbCS PIBHAHHAM:
Vo=V, +V,,,

abo E=E+E.

VY ubomy piBHsHHI V,(pb) € cyMapHUM BEKTOPOM 1, 32 IPAaBUIAMHU CKJIaJaHHS

BEKTOPIB, HAMIPSIMOK BEKTOpa ab TMOBHHEH OyTH BIJ TOUKH «d» 10 TOYKH «b».Jlns

BU3HAYEHHS HANpPSMKY (), HEOOXIZIHO BEKTOP BIJHOCHOI IIBUAKOCTI V,, 13 IulaHy

IIBUJKOCTI YMOBHO II€pE€HECTHM Ha JIaHKy AB (puc. 8, MOKa3aHO IyYHKTHPOM)

OOJIMKYE A0 PyXOMOi TOUKM B 1 pO3MNISIHYTH OOEpTAIbHUNA pyX L€l JAHKH A
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BIUIUBOM V,, BIJHOCHO OCI, IKa IPOXOJUTH 4€pe3 LEHTp Baru jJaHku S, . Hampsamoxk
@, TIPEICTAaBUTH TyTOBOKO CTPLIKOIO.

Amnanoriyno ais nanku O,CD . CKOpUCTaEMOCH PIBHAHHSM:

\7B=\701+V

BO,*
I3 1mporo piBHSHHSA BHUIHO, IO IMpHU VOl =0, aOcoytoTHa IIBUIKICTH V,

BU3HA4YA€THCA BiIlHOCHOI-O 3a BEJIUYHMHOIO 1 HaIllpAMKOM HIBI/IILKiCTIO, 4 BPaxoOBYIHOUHU

Te, o OB — ne yactuna navku O,C, 10:

V

Bo, = s 'lBo1 )
abo Vg =@, - Ly, ,
3BIKU:
a)3:VBO‘ _leo o 5 10 _hhg
l 0,25 0,5

co,

JUId BHU3HAYEHHS HANPIMKY @J); BEKTOD \7COI =V. YMOBHO TepeHeCEMO Ha
TPUKYTHY JIaHKY NOOK4Ye 10 pyxoMol Touku C. OOepTaHHs HABKOJIO S, MOKA3aHO
@; .

3HAWTH HAIPSAMOK @, s JJaHKU DE NOIOMOKE PIBHSIHHSL:

‘7E = VD + ‘7ED’

abo ﬁ = ﬁ +de
BinHocHa mIBUAKICTE JIAHKY 4

Vip =0, 'lED"
ne V., BU3HA4a€eMoO 13 IUIaHy IBUIKOCTEN:
V., =de-u, =18-0,1=1,8 m/c

KyTtoBa mBUAKICTE:

o, = ED:1’8 /(::3()-1
A
l., 0,6 M

Jlist BU3HAYeHHS HAPSMKY ), BIAHOCHY IIBMJKICTb V) 13 IUIaHY IIBUAKOCTEH

nepeHeceMo YMOBHO Ha JlaHKy DE Ommxye 0 pyxoMoi TOYKM E 1 pO3IIITHEMO

o0epTalbHUM pyX JIAHKHU BIAHOCHO S, .

20



OtpumaeMo HampsMOK @,, KM BIANOBIAAE€ PyXy IPOTH T'OAMHHUKOBOI
CTPIJIKH.
OcTaHHs JIaHKa ME€XaHI3My, OB3YH E, He BUKOHYe 00epTalbHUX PYXiB, TOMY,

@, BIACYTHS.

2.5. BuzHaveHHs JiHIHHOr0 NPUCKOPEHHS TOYKH MEXaHi3My Ta KyTOBOI0
NPHUCKOPEHHS JIJAHKHA METO/I0M IVIaHy NMPHUCKOPEHb

Bingomo, 110, 3Hat0UM 3aKOH pyXy BXiAHOI JJaHKH KpuBomuiny OA Ta JOBXKUHU
BCIX JIAHOK, MO’KHA BU3HAUUTH BEKTOPU aOCONMIOTHUX MPUCKOPEHb OYyb-SKUX TOYOK
MEXaHI13MY, BEJIMYMHU Ta HAMPSMKH KyTOBUX MPUCKOPEHB JIAHOK HUISIXOM MO0Y10BU
IUTaHY TPUCKOPEHbD.

[loOynoBa maHy OPHUCKOPEHb Ta MOJAJIbIIE HOTrO0 BHUKOPUCTAHHS 3HAYHO
CIIPOIIYETHCS, SIKIIO BIJIOMI BJIACTUBOCTI TIJIAHY:

1. BexTtopH, fKi BUXOASTH 13 MOJIOCA IUIaHY MPUCKOPEHb «M», BHU3HAYAIOThH
BEJIMYMHY 1 HaNpsSMOK aOCOJIOTHOTO MPUCKOPEHHS TOYKM MEXaHi3My B MacIiTabi
IUTaHY IPUCKOPEHD.

VYci Hepyxoml TOYKHM MEXaHI3My, IMPUCKOPEHHS SKHUX JOPIBHIOIOTH HYIIO,
PO3TaIlIOBaHI B TOJFOCI.

2. Bekrtopu, sKiI 3’€IHYIOTh KIHII BEKTOPIB aOCOJIOTHUX IPUCKOPEHD,
BM3HAUYAIOTh BEJIMYHHY 1 HaNpsSMOK MOBHHUX BIJIHOCHHX IPHUCKOPEHb TOYOK B
MaciiTadi IIaHny IPUCKOPEHb.

3. Teopema mnoaiObHOCTI. BekTopyn MOBHUX BIJHOCHMX IMPUCKOPEHb Ha IUIAHI
IPUCKOPEHb CKJIaAaloTh (Pirypy, moaiOHy KOpcTKid (irypi, B3sATIH Ha KIHEMAaTHYHIN

CXeMl MeEXaHI3My, ajie MOBEpHYTId BIAHOCHO OCTaHHbOI Ha KyT 180—¢a, ne
£

O/ = arctg—-, B HAIIPSIMKy MUTTEBOTO MPUCKOPEHHS JIaHKU.
()

I3 TeopeTMyHOi MeEXaHIKM BiZIOMO, IO aOCONIOTHE TPUCKOPCHHS TOYKH
BU3HAYAETHCS TEOMETPUYHOIO CYMOIO JBOX MPUCKOPEHB IEPEHOCHOTO Ta BiTHOCHOTO
PYXiB:

a, =ag+a,. (7)

abc. mep.  BigH.
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Ha BinMiHy BIJ IWIBUAKOCTEH CKIajoBa a,, BHU3HA4Ya€ IIOBHE BIJAHOCHE
npuckopeHHs. [IoBHE BIIHOCHE NIPUCKOPEHHS CKIAJA€ThCS 3 JBOX CKIANOBUX: d,, —
HOPMaJIbHOI, @, — TAHTCHLIITHO].

BpaxoByroun 1110 BiIMiHHICTb, 3arajbHa ¢Gopmylia 13 BU3HAYEHHS aOCOJIFOTHOTO,
a00 CyMapHOTO MPUCKOPEHHS TOYKH MAaTHUME BUTJISL;

a,=a,+a,,+a,,. (8)

Po3B’s3aHHS Takoro piBHSAHHS O3HA4yae€, L0 KiHELb MEpLIOi CKJIAAOBOI d,

—-—n

IIPOAOBIKYETBCA BECKTOPOM d,,, 4 KiHeI_IB ObOI'0 BCKTOPA NPOAOBKYETHCA BECKTOPOM

TaHTeHI1IHO1 ckanoBoi. CyMapHUil BEKTOp d, OTPUMAEMO, KOJIA [TOYATOK MEPILIOro
BEKTOpa d, 3’€IHAEMO 3 KIHLIEM BEKTOpa d,,, 1 B LbOMYy HampsMKy Oyne
pe3yJIbTyI0u€ 3HAUEHHS, TOOTO a0COIIOTHE IPUCKOPEHHS PO3IIISIYBAHOT TOUKH.

BusHaueHHs1 cymMapHOTo IPUCKOPEHHS NOTpeOye BiA HAC 3HAHb, SIK BU3HAUYUTHU
KOYKHY CKJIQJIOBY 3arajibHOi QOpMyYJIH 1 KyJH ii HallpaBUTH.

3aranpHUi aHami3 i€l GopMyIIH MOKa3ye, II0:

1) mepiia ckiasoBa — 3aBXK/JU BIJIOMUI BEKTOP;

2) pgpyra ckiazoBa — HOpPMaJbHE NPUCKOPEHHS 4, BU3HAYAETHCS 3a
BEJIMUMHOIO 1 HATIPSIMKOM;

3)TpeTs CKJIaloBa — TAHTEHLIMHE MPUCKOPEHHS, MAa€ BIJOMHI HampsMoK. Aje
JUI BU3HAUEHHS LI€1 BEJIMYMHU HEOOXIJHO 3HATHU 3HAYEHHS KyTOBOI'O IPUCKOPEHHS
KOJKHOT JIAHKH.

Yepe3 BIJACYTHICTP LBOrO IMapaMeTpy TaK c€aMoO, K 1 NpU BHU3HAYEHHI
IIBUJIKOCTEH, Ji€ MPaBUIO0 BUOOPY HACTYMHOI TOUKH, 1 JUIsl HET 3alIUCY€EThCS CUCTEMA

JIBOX PIBHSAHbD.

KOHerTHO 3a CKJIaJOBHMH piBHHHHH,ZLC af‘o — HOpMaJIbHAa CKJIaJ0Ba,
BU3HAYA€ETHCA:
2 2 72
aty =210 2P ho _ g 9)
A0 — l - l - "™ AO*
AO AO

HaHpaBHﬂ€TBCH HOpMaJibHa CKJIaAOBa B3J0BXK JIAHKH (}IKHIO JIaHKa - IIpsaMa

JIHIS) B PyXOMOi1 TOYKH J0 HEpyXomoi, abo ymMmoBHO Hepyxomoi. KiHerp BekTopa
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HOPMAaJIbHOI CKJIAJ0BOI [MO3HAYAIOTh OYKBOIO «71» 3 MOPSIAKOBUM YHCIOM-IHIEKCOM
(n,;;n,;...). Biapizok, sxuil 300paxae a" Ha NIaHl NPUCKOPEHb, BU3HAYAKOTh, SK

HaIpsMoK Bi1 A 10 O:

K,
ne dl,, — TaHreHIlIHA CKIIa0Ba.
Beanunna:
Ay =€ 1, (10)

HanpsiMok — neprieHAuKYJIsp 10 po3IJIslyBaHOl JaHKH.
HopwmasbHa 1 TaHreH1lHa CKJIaJ0B1 B3aEMHO MEPIEHAUKYIISIPHI.
JUiss moOynoBH IUIaHy HPHUCKOPEHb, MEpPUI 32 BCE, BU3HAUMMO IPUCKOPEHHS

TOYKU A ,KOPUCTYIOUHCh OCHOBHOIO (POPMYIIOLO:
- _ = —n —
a,=a,+a,,+a,,. (11)
Touka O - HepyxoMa TOYKa, TOMY: a, =0.
o =& "1
Aro =€ bhoo
ne £ =0,
pu @, = const ,
Tomy a'y, =0.
AOCOJIOTHE PUCKOPEHHSI TOYKH A BH3HAYA€ETHCS 3@ BEJIMUMHOIO 1 HAIPSIMKOM
HOPMAJIBHOI CKJIAI0BOI:
a,=a’, =’ -1, =12,56"-0,4=63,11 /i (12)
A~ YAa0 T MM OA — ’ s T ’ .
Hampsimok Bix A g0 O, A— O. SIkuio nNpucKOpeHHS TOYKM A Ha IUIaHi

MPUCKOPEHb MPEICTABUTH BIAPI3KOM 7a =63 MM, TO MaclITAOHUNA KOE()IIEHT

IJIaHYy MPUCKOPCHb BU3HAYNUTLCA, SK:

_a 031 M/’

“ ma 63 MM

3 noBinbHOI Touku 7 ( puc. 10), momroca miaaHy HPUCKOPEHb MPOBOAMMO

BiApi3oK 7a. HacrynHa Touka B. Bona Hanexuts aBoM jnaHkaMm AB 1 BO,, 1 B
KO>KHIM JIaHII € TOYKa 3 BIJOMUM NpUCKOpeHHM. Lle Toukn A 1 O, BIANOBIAHO.

23



I[J'IH BHU3HAYCHHIA ITPUCKOPCHHA TOYKH B 3anuiemo CUCTEMY IBOX piBH}IHB:

= (13)

[Tepmie piBHsAHHA. /{1 3HaXO)KEHHS BEKTOpa d, HEOOX1JHO KIHELb BEKTOpa a ,

IPOJIOBKUTH BEKTOPOM dj,, a KiHEIb I[bOTO BEKTOpPA MPOJOBKHUTH BEKTOPOM dy, -

Bektop, 1m0 3’€IHYyE MOYATOK BEKTOpa d, 1 KiHEIb BEKTOpA dj, , BU3HAYAE BEKTOP

ay.

n,o, o, €

e, Ss

Puc. 13

[Tepmnii BeKTOp @, BIAOMHUH 3a BEIMYMHOKO 1 HAIPSIMKOM.

Jpyruil BEKTOp d,, — I1HCHA BEIMYMHA 3 BUKOPUCTaHHSM IUIaHY IIBUAKOCTEH:

2 (ba ) (1,5)
E;AZ‘I/BAz(;AﬂV) =(’ ) =4’5 M/C2.
BA "M, 0,5

Sxuit Bigpizok Oyzae 300pakaTé Ha MJIaH1 MPUCKOPEHbD 110 BETUYHHY:

_a;A_4’5[M/CZ:|X[MM]_45MM
Cu 1,0 B
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Hanpsimok Bin B 1o A, B—>A.
Tperiii BeKTOp:
Qg =&, 1y, (14)
JlificHe 3HA4YeHHS BU3HAYUTU HEMOXIIMBO 4YE€pEe3 BIICYTHICTh 3HAYEHHS &,, aje
BIIOMUN HamNpsIMOK — 1€ NEepHeHAuKysp 10 JaHku AB, abo 1o HopmanbHOI
CKJIaI0BOI, 10 Bipi3Ka an,. AHAJIOIIYHO 3a IPYTUM PIBHSIHHSIM.
Ilepmmii BeKTOp — BiZOMa BENMYMHA 1 HAmpsMOK. a, =0 — meil BekTOp

3HaXOAUTHCA B TTOJIFOCI Tt.

Hpyruii BEKTOp:

—n VBOI 52

g =~ =05 =100 M/c?.

BO, ’

Binpizok, mo Oyze 300paxaT HOpMaabHy CKJIaI0BY:

n

a
zn, =2 =$=1oo MM .

M,

Tpertiii BEKTOp, OB’ I3aHUI 3 TPETHOIO JAHKOO:

—

App =€ gy - (15)
Yepes BIACYTHICThI £ BU3HAYUTH TAaHTEHI[IIHY CKJIAJOBY TOKH HEMOXKIIUBO.

Hanpsimox Bigomuil, 1ie nepneHaukyssip 1o JaHku BO,, abo 1o Biapizka 7n,.

Ha nepeTnHi TaHreHIIHHNX CKIANIOBUX @y, 1 @y, BU3HAYAETHCSA MOJIOKEHHS TOUKH B.

BekTop, sikuil BUXOAUTH 13 MoOJIIOca 7 A0 TOUKH B , Oyne 300pakaTu: aOCOJIIOTHE
MIPUCKOPEHHS TOUKHU B:
a,=mb- g, =103-1=103 m/c?.
Bigpizok nb Oyne 300pakaTy BEIUYMHY 1 HAIPSIMOK TAHT€HLINHOI CKJIaJ0BO]

_t .
ap, -

a,=nb-u, =40-1=40 m/c*. (16)
a B1IPI130K n,b — BEJIIMYMHY 1 HAIIPSAMOK TAHT'€HLINHOI CKIIaJ0BO] E;OI :
Ty =myb- 1, =22-1=22 M/ (17)

J71st BU3HaueHHs MPUCKOPEeHHs TOUkH C CKOPUCTAEMOCS TEOPEMOIO MOJIOHOCTI.
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Touka B nexuts nocepenuHi Biapizka O,C, a ToMy npuckopeHHs Touku C
Oyne BABIYl OiIbIIE, TOOTO:
a.=2a,=2-103=206 i /i’
C B :
[IpuckopeHHss Touku D BU3HAYAETHCS 3a TEOPEMOIO MOIIOHOCTI, POOITIN

nonioaumu AO,CD 1 Amcd .

CkrnazeMo mpormopIrii:

oC CD . zc-CD _206-25
=——, 3BiaKu cd = = =103 mm
e cd o.C 50
9¢ :OI—D, 3BiIKH 7Td = #c-OD _206-50 206 MMm.
ze  7wd o.C 50

Touky d 3HaiimeMo Ha nepetuHi ayr paaiycamu 103 mm ta 206 Mm.

IIpuckopenns Touku D:
a, =7xd - i, =206-1=206 m/c’. (18)

HpI/ICKOpCHH}I Touku E BU3HAYaA€THCSA 13 CHCTEMH ABOX piBH}IHB:
(19)

V nepiomy piBHSHHI eplla CKIaa0Ba d, — BIAOMHM BEKTOP.

Jpyra ckinagoBa — JiiicHe 3HAYE€HHS HOPMAJIbHOTO MIPUCKOPEHHS:

v _Vep L8

a =5,4 m/c*.
ED I, 0,6 /

JIoBkrHa BIAPI3KY, II0 300pakaTUME HOPMAaJIbHY CKJIAJIOBY:

dn, 2@25’14 =5,4 MM.

M,

TanrenmiiiHa CKJIagoBa BHW3HAYAETHCS IMI3HINIE, TICAS MOOYIOBU IUIAHY

IIPUCKOPEHB, YePe3 BIICYTHICTh KyTOBOTO IPUCKOPEHHS JTaHKU DE — £, .
o __
App =&, Ly (20)
aJie HalpsIMOK B1JIOMHH — 1€ TepHeHuKyJsip 10 naHku DE, abo Biapiska dn,.
Y napyromy piBHSHHI Tiepiia CKJIaJoBa — TMPUCKOPEHHS HEPYXOMOi TOUKH

a. =0.

E()
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I[pyra CKJIaa0Ba, HOPMAJIBHC IIPUCKOPCHHS, BUBHAYAETHCA, SK:

V2
iy, =7 1)
EE,

— n —
Y 3HaMEHHHUKY [, =co, TOMy HOpPMaJbHa CKIIa[0Ba IIPUCKOPCHHS d,;, = 0.

Tpers cknamoBa — TaHIeHIIMHE NPUCKOPEHHS Yy pycl 3a HaNpSMHOIO.
BusHauaeTpcsi HampsIMKOM HampsMHOI, TOOTO mapanenbHo «— . Ha mnepetuni
TAHT€HLIMHUX CKJIAJI0OBUX 13 KOKHOT'O PIBHAHHS OTPUMAEMO TOUKY « e ». [Ipu npomy:

a,=me-u, =176-1=176 i /ii*;
ai, =ne-u =216-1=216 1 /i

JIns BU3HAUEHHS BEIMYMHM Ta HANPSAMKY KYTOBUX IPUCKOPEHb JAHOK &,
BUKOPHCTAEMO 3araIbHOBIIOMY (OPMYITY:

a =&-1.

Takoxx BUKOpHUCTaEMO KIHEMAaTHYHY CXEMy Ta IJIaH MmpuckopeHb (puc. 8; 10).
Ile momomo’ke 3HAWTHM JIIBY YacTUHY Ili€i (QopMysiau, a HAmpsSMOK TaHTCHIIHHOT
CKJIa[I0BOI BU3HAYUTh HANIPSIMOK &, .

Kyrose npuckopenns nanku AO, g =0, npu @, = const .

Hpyra nanka AB Ta tpers sanka O,BCD posrasayBalucs pasoM IIpH
BHU3HAUEHH1 MPUCKOPEeHHsS TOYkH B, me cucrtema piBusAHb (13). V wmiif cuctemi nBa
TAHT'€HLIMHUX IPUCKOPEHHS:

Ay, =& -l =nb-u , ¢a3eée:
. _nb-p, 401/

) — =801
L, 05 i

I[J'IH BHU3HAYUCHHA  HAIIPAMKY 82 3BCPTAEMOCH [0 IINIaHY IIPUCKOPCHB.

TanrenuiiiHa ckiagoBa — BekTop nb. YMOBHO IepeHeceMoii Ha jaHky AB
noOIMKYe 10 pyxoMoi Touku B 1 po3riisiHeMo obepranbHuil pyXx gaHku AB BigHOCHO
TOYKH IEHTPYy Mac S, BiJl HAmNpSMKY d,, . HampsMoK &, HPOCTaBUMO IYrOBOO

CTPIJIKOIO.

Oco6smBocTi 1aHku TpukyTHUKa O,BCD .
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V cucremi piBHAHB (13) po3risaaeTbCs pyx TOUKH BIJHOCHO O, TOOTO 4acTHHA
nanku O,C.

[Tpu noBHOMy posrisaail pyxy Janku O,C y apyromy piBHsHHI cuctemu (13)
Jpyra 1 TpeTs CKJIaJ0B1 Maju O TaKUid BUTJISI:

—n —1
Ao, + Aeo, >

a cama moOyJ0Ba JOMOBHUJACA O (IUB. MYHKTUPOM). Y TaKOMY BHMAIKY JJIsI

BU3HAUEHHS KyTOBOTO MPUCKOPEHHS TPUKYTHHUKA PIBHSHHS Majio O BUTIISA:

N A t

t _ . _ . A3 AN.
Apo =€ lyy , 24T ay, =& Iy, , c8%ale:

t t

_ a BO, a]\”/ol 22 44 ] 171_2

83 = = = = :8
lpo, s 0,25 0,5

No,

Jlyist BASHAYEHHS HANPSIMKY €, TAHTEHIIAHY CKJIAJ0BY 1,C 3 IUIAHY IPUCKOPEHb
nepeneceMo Ha JaHky AO;CD mnoOmmkue no pyxomoi Toukun C 1 pO3TISTHEMO
o0epTanbHUI PyX JIAHKU BITHOCHO TOYKH IIEHTPY Mac S, MiJ BIUINBOM BEKTOpa @
Hanpsimok pyXy 03Ha4MMO JyroBOIO CTPUIKOIO.

Kyrose nmpuckopenns nanku DE . €, BU3HAuaeMO, BUKOPHUCTOBYIOYU CUCTEMY
piBusiHb (19). TanreHuiiiHa ckiIag0Ba @,,, BASHAYUTH BEIUUYHHY | HAIIPSIMOK &, .

Beauunna:

dyy, _ 2161 /i
l, 06 i

a., =g, cA%ee: €, = =360,

Hal'[p}IMOK BHU3HA4Ya€MO 3a JOIIOMOI'OX0 HAIIPAMKY BCKTOpa n,e€, SIKAM 3 IJIaHYy

IPUCKOPEHb YMOBHO mepeHocuMo Ha jaHky DE moGmmxue mo pyxomoi touku E.
Posrnsnemo obepTanbHUil pyxX JAaHKU BiJ Jli BEKTOpa BIIHOCHO TOYKH I[EHTpa Mac

S, . HanpsMoxk &, mo3Ha4nMo JyroBOIO CTPLIKOXO.
Jlanka E ( moB3yH) HEe BUKOHY€ 00€pTalIbHUX PyXIB, a ToMy & =0.
[IpuckopeHHs TOUOK LEHTPIB Mac d; BU3HAYMMO, KOPHUCTYIOUUCH MEPUIOKO i
TPETHOIO BIACTUBOCTAMM IIIaHy NpUCKOpeHb. Hanpuknan, nanka, tpukytauk O,CD,
Ma€ TOYKY LIEHTPY Mac S, Ha MEpPETHHI MepHiaH. 3TIAHO 3 TPEThOIO BIACTHUBICTIO

IUIaHY TIPUCKOPEHb TOUYKA S, TaKOX 3HAXOAWUTHCSA HA TPUKYTHUKY O,cd Ha MEPETHHI
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MeniaH. BUKOpHCTOBYIOUM Ieplly BIIACTUBICTh IUIaHY HPHUCKOPEHb, BEKTOP 7T,

BU3HAYUTDH BEJIMYMHY 1 HAIPSIMOK 553 B MaciTabi mia"y NpucKopeHb, TOOTO:
as, =7s;- 1, =133-1=133 m/c*.

AHajoriyHo:

' =31-1=31 m/c?

as, =7s,- 4, =82,5-1=82,5 M/’

as, =7s,- i1, =158,5-1=158,5m/c’

a5, =7s;- jt, =176-1=176 m/c’

ag =7s,- [

(22)

[Tpu moOy0OBi MUIaHy IMIBUAKOCTEH Ta MPUCKOPEHB JIa MexaHi3miB Il kimacy Ta
II mopsiaKy 3’ IBISIOTHCS JIBA BUTIAIKH:

1) nBi TOYKM HaJNEeKaTh OMHIA JAHIN 1 BIAJAJCHI OAHA BiJ OJHOI HAa SAKYCh
BI1/ICTaHb;

2)IBI TOYKM HaJEXaTh JIBOM JIaHKaM 1 CTBOPIOIOTH TOCTYMajbHY IMapy, a B
PO3TIISAYBAaHUM MPOMIKOK Yacy 301raroThCs.

L{i BUmagKu MU PO3TJISHYIHM B MOIMEPEIHIX PIIICHHSIX 1 BUKOPHUCTOBYBAIU IPH
IIbOMY JIBa OCHOBHI PIBHSIHHSI /I BU3HAYCHHS IIBUIKOCTI Ta MPUCKOPEHHS TOUYKH.

Jlnst Bu3Ha"eHHs mBuakocti :V, =V, +V,, .

JUiist IPUCKOPEHHS A, =@, + dyy, + Ay, -

B posrisigyBaHMX BHUIIAIKaX MEPEHOCHHM PYXOM OyB MOCTYMANbHHUMA, 1 TOmI
OBHE BiHOCHE TPUCKOPEHHS CKIAAanocss 3 HOPMANbHOI &, 1 TAHTCHIINHOI aj,

CKJIadOBHX.

VY BuUNaaKy, KOJIM NEPEHOCHHH pyX HE € IMOCTYNaJbHUM, IOBHE BIJHOCHE
IPUCKOPCHHS  dp, =0y, +dy,  CKIANAETHCS 3 npuckopenHs Kapiomica 1
TaHreH1iiHoro. Tozi NOBHE NIPUCKOPEHHS TOUKU Oye BU3HAYATHCh PiBHSIHHSIM:

A, =a,+ay, +a,. (23)

Y 1bOMy BUNIAJIKY JIAHKH, SIKI CTBOPIOIOTH CIIIBbHY TOUYKY, MAIOTh IIOCTYIAIbHUN

pyX, ajie 11l JJaHKKH HE MalTh MK COOOI0 BIJIHOCHOTO OOEPTAILHOTO PYyXy, TOMY Il

JJaHKHW MalOTh O,IIHaKOBi KYTOBi HIBI/II[KOCTi Ta IPUCKOPCHHA.
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HoBa ckmamoBa ay,

dhopmyIoro:

NOBOPOTHE IPUCKOPEHHS,

—
ag, =2V, -0,

ne V,, — LIBUIKICTh BIIHOCHOTO PYXY;

@), — KyTOBa IIBUJIKICTb [IEPEHOCHOIO PYyXY.

AK€ BH3HAYA€THCA 3a

(24)

—c o
Hal'[p}IMOK dp, BHU3HAYAECTHCA HAIIPIMKOM VBA’ KOO HOT0 IIOBCPHYTHU B

HanpsAMKy @, Ha KyT 90 . SIckpaBMM HpHUKIagoM € KymicHuil Mexanism (puc. 11).

JIJist IbOTO MEXaHI3My TUTaH MIBHAKOCTEH OyAYy€ThCS BHINE3a3HAYEHUM METOJIOM, 3a

SAKHUM:

®,=const

Puc. 14

V,=0, 'ZOA’
V,=V, +Vg,
Vs =VO1 +V301'

[Tpu moOyAOBI MIaHy TPUCKOPEHD
) . .n
a, =@ -lo, = a,,,

— _ = | —=c , =t
ag=a, +ag, +ag, 25)

—— —n —t
Ay =0y +dp, +ag, .

3BIAKA O1MCHE 3HAYECHHS:

¢ _
ag, =2V, - 0;,.

Ile BenuunHa npuckopenHs Kapiosmica.

Binpizox

C
a
ak =84

M,

[TobynoBa 1utaniB 3/ificHeHa Ha puc. 15 ta puc. 16.
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Puc. 15 Puc. 16

[H111 cKITaioB Ta X HAMPSIMKKY BU3HAYAIOTHCS BXKE BIZIOMUMHU METOAMH.

3. luHaMivHe J0CTIIKEeHHS MeXaHi3My

OCHOBHOIO METOI JUHAMIYHOT'O JAOCHIJ)KEHHSI MEXaHI13MiB € BCTAHOBJICHHS
3aJIe)KHOCTEH MIDXK cuiamMu a0o mapaMu CHJI, sIKI J1I0Th Ha JIaHKM MEXaHi3My, 1
napaMeTpaMy KiHEeMaTHKH (TepeMIIIeHHs, IIBUAKICTh, MpUucKopeHHs). Ll 3anexxHocTi
B1JIOM1 y BUIJISIII PIBHSIHb PyXy MexaHi3My. Marouu Take piBHSHHS 1, HAIIPUKJIAJ,
AII0Yl CHMJIM YM TIapH CUJ, BCTAHOBIIOIOTHCS MapaMeTpu KiHeMaTHKu. ToOTo crae
MOJIMBUM BIJIMOBICTA HA TMWUTAaHHS, SKUMU OyAyTh IMEPEMIIIEHHS, IIBHIAKOCTI Ta
IIPUCKOPEHHSI €JICMEHTIB JIAHOK BiJ1 JI1i cuJj1, a0 map CHil.

[Ipu BuUKOpUCTaHHI TEOpEeMH MpPO 3MiHY KIHETHYHOI €Heprii cucremu, Iii
PIBHSIHHSI MAOTh BUTJISII

— JIaHKa TIPUBENEHHS pYyXa€TbCs TOCTYMAlIbHO, TOOTO JIaHKa HaJlJIeHa
IPUBEICHOKD MAacol Ty, (X), mix agiero mpusenenoi cmmm Fp, (X,V,t) saificHioe

NOCTYyNAJIbHUHN PYyX.
Myp(X)

@

Fo(x v, 1)

Puc. 17

\4
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a My ()-V? —

dxl: > } =F, (x,V,1),

abo (26)
dx 1 d[m,] (axY

m(x) " +5- e (Zj =F,(x,V,1).

— JlaHKa TpHUBEICHHS pyxaeTbcs obOepTtanpHo. Jlanka OA HaniieHa
NPUBEIEHUM MOMEHTOM iHepuii I;p(@) mim BrmmmBoM Mpy(p,w,1) obepTaeThes

HaBkoJ10 ToukHu O.

Puc. 18
i|:1np(¢)'a)2

dt

: }M@@,w,r),

abo

&g 1d [Inpw’)](@jz _
Inp(¢) dt2 +2 d¢ dl _an(¢9a)’t) (27)

ne M., -F .. loa

Binomi HaGmmkeH1 METOIM BUPIMIEHHS IIUX PIBHSAHB, SIKI HE MAIOTh 3HAYHHUX
CKJIQTHOIIB.

binpnr 1mikaBUMHM € TIMTAHHS CHJIOBOTO JIOCHIDKEHHS MeEXaHI3MIB, i€
BM3HAYAE€THCS BEIMYMHA T HAIIPAMOK JIii IPUBEAEHOT CUIH F iy,

{1 muTaHHS PO3TIAMAIOTHCSA B KIHETOCTATUUHOMY JIOCIIPKEHHI Ta METO/1

BU3HAYCHH HpI/IBe,ﬂeHOT CHJIM 3a JOITIOMOT'OIO BaXKCJIA X(}IKOBCBKOFO M. €.

3.1. KineTocTaTuuHe J0CJi>KeHHSI MeXaHiZMy
B 0oCHOBY 1IOTO JOCHIIKEHHS MOJIOKEHO TEOPEMY, SIKY BHUPAXKa€ MPUHITUT

JI'AnambGepa, sIKMi CTOCOBHO MEXaHi3MIB MO>XKHa C(OPMYJIIOBATH TaK: SKIIO JI0 BCIX
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30BHINIHIX CHJI, Kl JIFOTh Ha JIJAHKK MEXaHI13My, JI0JIaTH CUJIM 1HEPIi Ta MOMEHTH
CUJ 1HEepIii, TO PO3TIAAHYTHH MeXaHI3M MO’XKHa BBa)XKaTH TaKUM, SIKUA YMOBHO
3HAXOJIUTHCA B PIBHOBA3I.

Ockinbku Tpynu Accypa 3HaxoAsThcs B piBHOBa3l (W=0), ToOTO
CTaTUYHO BHU3HAYEHI, TO KIHETOCTATUYHE JAOCHIIKCHHS 3IIHCHIOIOTH Ha TpyIax,
PO3TJISIIat0uM  TOCIIIOBHO pPIBHOBAary KOXHOI TpYNH, MOYWHAIOYH 3 TPYIIH,
HaBi1a7IeHINIOT BiJl BXOY MEXaHI3MYy.

J7is BUKOHAHHS BKa3aHOTO JOCTiKEHHSI BU3HAYAIOTh CHJIU 1HEPIIi Ta MOMEHTH
CWJI 1HEPIIii, BAKOPUCTOBYIOUU (HOPMYJIH:

F, =—m; - a [H]; (28)

M;=-1;-& [HwM].
3HaKN «MIHYC» BKa3ylOTh, 1110 CHJIU 1HEPILIIi Ta MOMEHTH CUJI 1HEepIii HampaBleH]
IIPOTH BIAMOBIIHUX MTPUCKOPEHBD.
[TocnimoBHICTP  BUKOHAHHS  KIHETOCTATUYHOTO  JIOCHIDKCHHS — Kpalle

PO3MIISTHYTH Ha KOHKPETHOMY MPHUKIIAII.

Hpuxnan
Buxinni nauni: G;=30H, C,=60H, G;=80H, G,=65H, C;=60H,
I;=0,28 xr-M’, I5,=0,88 kr-m’,Is3 =1,0 kr-m”, Iy =0,92 kr-m’, Fu=340 H;
—1HIT1 HEOOX1H1 JaH1 MPpU HEOOX1THOCTI B3SITH 3 MOMEPEAHIX PO3PAXYHKIB.
— noOy0BaHa KiHeMaTH4Ha cxema mMexanizmy (Puc. 19);
— 0Oy 0BaHUH IIJIaH MIBUIKOCTEH;
— oOyI0BaHUH TIJIaH TPUCKOPEHB;
— BlJIoMa Bara Ko>kHo1 1aHkH, G;
— BIIOMHII MOMEHT 1HEpIlii KOXKHOT JIaHKH, [;;
— BiJIoMa cujia a00 MOMEHT CHJT KOPUCHOT Iii;
— BIJIOMI KOOP/AMHATH IIEHTPa Bark KOYKHOT JIaHKH.
KinerocTtaTnune HOCIIKEHHS CKIAIa€ThCs 3 JBOX YACTHH:
1) ITigroToBKa BUXIIHOI 3a1a4l.

2) BnacHe KiHeTOCTaTUYHE JOCITIIKCHHS.
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3.1.1. ITinroroBKa BUXiAHOI 3a1a4i

1. ByayeTbcs KiHeMaTH4YHA CXeMa MEXaHI13MYy.

2. 3 mi1aHy TPUCKOPEHb Y TOYKHU IIEHTPIB Baru JIaHOK §; MEPEHOCATH
HANIPSIMKH TPUCKOPEHb dy;.

3. IIpoTuiiexxHo HampsIMKaM d,; TPOCTABJISIIOTh CHIIK 1Hepii F;.

4. Kopuctyrwouuch MONEPEAHIMH BIJOMOCTSIMH, Ha KOXHIN JIaHIl
MPOCTABIIEMO KyTOBI IPUCKOPCHHS &;.

5.1IpoTuneXkHO HaNpsAMKY & Ha JaHKax BiIHOCHO TOYKHM IICHTpa Baru
MIPOCTABIISIEMO MOMEHTH CHII 1HEpIii M;.

6.Y Ttoukax §; mpocraBiseMo cuiM Baru Gj, HampaBJeHI O IIeHTpa 3emii,
TOOTO BHU3.

7. IIpoctaBnsiemo cwry(u), a00 MOMEHT(M) CHJI KOPUCHOT JIii.

VYei ui aii BimobpaxeHi Ha puc. 19.
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_ o~ EF f;
Fi,

— I\_/I,2 32 C =

w=const 4s/| _ _ /" Fs
C/ O (L 1 a82 G & : .//“'

i2 A 2 '/// oA\ D

s AN F, N
_/g 3S4 /« le

Puc. 19

Busnaunmo cviin iHepIIii KOXKHO1 JJaHKH:

INCHE B
qg = 98

F,= |mi Ay

_G a0, =9 85 5-505,11H] ;
q ’ 9,8

F, =|m2 "dg,

F,=|m,-a,, =§-a53 :%-133=1085,7[H];

G, 65

F,=|m,-a,|=—% a,=—=-158,5=1051,3H];
q 9,8

G, 60

F:'S :|]/]/l5 'as5 :_'axi :—176:1077,5[H] ;
q 9,8
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MOMEHT cuT 1HepIIii:
M;;=0, ockinbku g;=0 ;
Mr=11,-6,1=0,88-80=70,4[H-m].
M;;3=1I5e51=1-88=88[H-™m].
M;=I1,4e,1=0,92-360=331,2[H-Mm].

3.1.2. locaigxeHHs MeXaHIi3My
Buainsemo 3 MexanizMmy nepury rpyny Accypa. SAkino HeoO0X1aHO, € MOXKJIUBICTh
3MIHUTH MAcIITaOHMNA KOE(IIIEHT MOBXKUHH. [3 BHXIZHOI 3a7aul HA JIAHKU TPYNH

MEPEHOCUMO TUTbKH cuioBi akTopu (puc.20).

le
IEk.o.

Puc. 20
JIns 3BUTBHEHHS Bij 3B'SI3KIB y PO3IpBaHMX KIHEMATUYHUX Iapax, 00epTalbHii
D 1 moctynanbHiit E-E, npoctaBisiemo peakiii. HeoOxigHo BpaxyBaTu mnpaBuia
IPOCTaHOBKH PEaKIIiii:
a) y IOCTyMaNbHIN Mapi — BITOMHIA HAMPSMOK, II€ TIEPIEHAUKYJIISP 10 HAMPSIMHOT

— Rys;
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0)B oOepTaibHIM KIHEMAaTUYHIA Mapi HEBIIOMY 3a BEJIMYHUHOK 1 HAMPSIMKOM

pPEaKIilo TPENCTABISIIOTh JBOMA CKJIAJOBHMH: HOPMaJIBHOIO, HAINPaBJICHOIO
TIOB3/I0BK JIAHKH, 1 TAHTEHIIHHOIO, MEPIEHUKYIISPHOKO JIaHmi, — Riy, R4,.
Bkazani HampsMKu peakiiii crmo4aTky BHUOHMpAOTh JOBUIBHO, ajieé B3J0BXK

JaHKU a00 MepneHIuKyIsIpHO. B3arani peakiiis mo3HAYa€eThCs JAITeporo R, HOpMalibHa

R', Tanrenniiina R', 3 n1Boma uudpoBUMHM iHIEKCAMM — Hampukian, R,. Ilepma

nudpa nmokasye HoMep JIaHKH, sIKa BIAKUHYTA MPU PO3PUBAHHI MapH, Apyra nudpa —
HOMED JaHKH, sika po3risaaeTbes. CTOSIK, HepyXoMa JaHKa M03HAYalThCs HYJIEM
«0». JIoBITbHO MIHATH MiCUAMH HUGPH 1HAEKCY HE T03BOJIETHCA, OCKUIBKU Ry3 = -
R;,. BpaxoByrouu 1i mpaBmiia, mpocTaBuMo peakiii B posipBanux KII Ha rpymi
Accypa I.

Jlist BU3HAYGHHsS peakiiii po3rJIsTHEMO piBHOBary Trpylu, 3alyCaBIIH
BEKTOpHE PIBHAHHS piBHOBaru. lle piBHAHHS € BEKTOPHOK CYMOIO CHII, SIKI JIIOTh
Ha rpyny Accypa . IcHye mpaBuiio ckiiagaHHs [IbOTO PIBHSIHHSL:

— Y PIBHSIHHSI BXOJSITH TIJIbKU CHJIH, 1 0€PYTh iX 13 3HAKOM «ILITIOC»;

— CIIOYATKY 3alKCYIOTh CUJIHU, 5Kl A1I0Th HAa OJIHY JIAaHKY, TTOTIM — Ha 1HIIY;

— MEPIIOIO 1 OCTAHHBOIO CKJIaI0BOIO PIBHIHHS OyIyTh HOPMAaJIbHI CKIIQJ0BI PEaKIlii;
— IPYTOI0 1 IEPEIOCTAHHBOK — TAHTEHIIIHI CKJIQJ0B1 peaKIiif;

— MK HUMH — BCl 1HIII CWJIH, K1 JiFOTh HA TPYITY.

PosrnsgaeTscst piBHOBara rpymnu, TOMY pIBHSAHHS MPHUPIBHIOIOTH [0 HYJIA.
BekTtopHe piBHAHHS pPIBHOBAru pO3B'A3YIOTh TIpadidyHUM METOAOM, LUISIXOM
noOynoBu minaHy cui. Ilman cunm - me 3aMKHYTHM OaraTOKyTHHK, y SKOMY , B
JOCJIPKEHH] TI0 BEKTOPHOMY PIBHSHHIO, KiHEIb OJTHOTO BEKTOpPA € MPOJIOBKECHHSIM
HACTYMHOTro. PiBHSIHHS BUPILIY€EThCS, TOOTO TUIaH CHJI OYyAY€ThCA, B TOMY BUIAAKY,
KOJIU B HhOMY HE OLJbIIE JBOX HEBIIOMUX. 3alBUMU HEBIJOMUMHU € TaHTCHIIIHHI
CKJIQJIOBI peaKIlii, sIKi BU3HAYAIOTHCS JIOMOMIKHUMHU CITIOCOOAMHU.

BukopucroBytoun TmpaBuia CKJIaJaHHS BEKTOPHOTO PIiBHSHHS, CKJIAJAEMO

Horo ajis nepuoi rpynu Accypa:

E3Z+E§4+F;4+ 4+E5+C_;5+FK.0+E05=0- (31)
naH};4 HEK&S



VY piBHsHHI Tpy HeBinoMi: R, , R/,iR,,. 3aiiBa HeBimoMa — R'3y. Jliisi BUSHAYCHHS
11€1 HEB1JIOMOT1 HEOOX1/IHO 3alucaTh OJHE PIBHSIHHS, SIKE SIBJIIE COOOI0 anredpaidHy
CyMy MOMEHTIB BiJIHOCHO Hepo3sipBaHoi KII, To6To BigHOCHO TOUKH E.

Jna 3anucy anreOopaidyHOi CyMHM MOMEHTIB JIOBUIBHO BCTAHOBIIOETHCSA
paBUJIO 3HaKIB. Hampukiian, MOMEHTH, SIKi I1IOTh 1O XOAYy TOJMHHUKOBOI CTPUIKH,
OyJieMO BBa)KaTu JOJaTHUMH, +M:

M .
Hy

[1nedi B34Ti B MM 0 IIIOYUX CHJI IpH Oe3mocepeHbOMY 3aMipi HAMKOPOTHIOT
BijicTaHi Bix Touku E mo miHii xii cum. Posmipuicte My, — [H-M]. Lle o3Hauae, mo Bci
Binctani DE, hpy hgy HEOOX1IHO OyJi0 B3SITU MIMCHOKO BEJIMYMHOIO, TIOMHOXKUBIIIM Ha
MacmTaOHui KoedimieHT 4; Pa3 Mu 11boro He poOMIM, TO HEOOXiTHO MOMEHT M,
MOJIJTUTH Ha i;. 3BIIKH:

331,2

M.
-F, h,,—G,-h,,—* -1051,3-4,5-65-15—
y7i 0,01

R, = L — 2~ = —647,1[H]. 33
M DE 60 [H) (33)

OtpumMaHe Bij’eMHe 3HadeHHA R's, CBiIYUTH NpO Te, IO JOBIABHO BUOpaHMii
IOYATKOBUI HanpsaMOK Oyjae NpoTWiekHMM. Bekrop R’y Ha rpymi Accypa |
3aKPECIIUTH 1 3aMajlOBaTH NPOTUIexKHMA. [Ipu Bimomomy BekTopi R's4 , piBHSAHHS
(31) mae aBi HeBigomi R"34 Ta Rys, a ToMy MOxe OyTH BUpimneHuM. st moOya0BH
MJany cui 3a piBHsSHHAM (31) 3amaemMo AoBiIbHUN MacTabHUI KoepimieHT up=10
[H/MmMm].

Jlist moOyaoBH 3aMKHYTOTO0 OaraTOKyTHHKA, JI¢ KIHEIb OJHOTO0 BEKTOpa €
[IOYATOK HACTYIHOI'O, BU3HAYMMO JIOBKMHH BIAPI3KIB, SIKI HA IUIAHI CHUJ OYyIyTh

MPEACTABIISITH CUIM 3T1AHO 3 piBHSAHHAM (31).

ab=&=@=64,7MM; bﬁ:i: 10513 =105,1MM;
Hp 10 M 0
G F
Cd=—4=§:6,5MM; a’e:—’S:M=107,7MM; (34)
Hp H
ef:&:@:6MM; ﬂ:&:@:34MM.
My 10 M 10
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Bigpizku Bijomi, HampsMKu cuil — Ha Tpymi Accypa. byayemo mman cun
(puc.21), MOYMHAIOYHU 13 TOUKH «a». I3 TUIaHy CHJI BUSHAYMMO BEJIMYMUHHU 1 HAPSIMKHU

HEBIJOMUX CHII:
R"34 = ak -y =202,5 10 =2025 [H];
Ros =lk - t=94 « 10 = 940 [H]; (35)
Ry, =kb-p=212,5 « 10 =2125 [H].
[lnan cuiI MoKasas, MO HAMPAMOK Rjy HEOOXiIHO 3MIHHUTH Ha 3BOPOTHIA.

Heginomoro 3ayummiiacs peaxiiisi B 00epTaibHiil KiIHeMaTHuHIi mapi E.
Jis Bu3HaueHHs 1€l peakuii ymoBHO posipBeMo KII «E» 1 posriasHeMo
piBHOBary ,0yab-sKkoi JaHku 4 abo 5. Po3risaaroun piBHOBary JlaHku 4, BIAKHAAEMO

JaHKy 5, TOAI HEBiJOMa, 3TiAHO 3 IMOMEPEAHIMU IMpPaBUIIAMHU, MO3HAYAETHCS SK
Rsy. Tlpu posrnsiai maHKd 5 Bigkumaemo jgaHKy 4, Tomi HeBizoma — Rys. 3rifHO 3
TPETIM 3aKOHOM MeXaHIKH R,s= - Rs, . Po3risHemo nepmmii BUnanok, e HeBLIOMOIO €

peakuis Rs,. 3anmuiiemMo piBHSHHS PIBHOBAru JaHKH 4 sK BEKTOPHE PIBHSAHHS, O1I0HE

piBHsHHIO (31):

Buxopucraemo momepenHio MmoOyaoBy IIaHy CHJI, MOYMHAIOYH 3 TOYKH «Kk».
Kiamem BekTopa E34 € Touka «b». Hactymuuii Bipi3ok «bc» BIANOBIAE APYTid
CKJanoBiil piBHsAHHA (36) — 171-4 , TPETIH BIAPI30K «cd» — culi 54.

JJ1 3HAXOKEHHS BEKTOpa Es 4 HEOOXI/IHO 3’€IHaTH Teplly TOUKY «k» 1 OCTaHHIO

TOUKY «d» BIAPIZKOM «dk», IPOAOBKYIOUHA BUOpAHUN HAIIPSIMOK, TOOTO BiJ «d» JO «k».
y
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Puc. 21

Posrnsstnemo apyruii Bumajok, ToOTO piBHOBAry JaHKH 5, TOJA1 HeBijoMa —

R,5. BexTopHe pIBHSHHS PIBHOBAru JaHKUA 5 MaTUME BUIJISL

Fis +(_;5 +Fk.o+E)5 +E45 =0 (37)
Bci cunu B piBHsiHESIX (36) 1 (37) 3anucyBanuch y Takid camiil MOCIiIOBHOCTI,

gk 1 B piBHaHHI (31), a ToMy a1l po3B'ss3aHHsS PiBHSIHHS (37) MaEMO MOXKJIMBICTb

3HOBY KOPHUCTYBATHCA YK€ MOOYJOBAaHUM IUIAaHOM cHI (puc. 21).
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[lepmia cxiagoBa piBHsSHHS (37) — cuia 171-5. Ha nmani me Biapizok «de»,
HACTYyITHA CUJIA — C_}5, 1€ BIJIPI30K «ef» aHAJIOTI9HO — CHUJI1 Fko BIJTIOBi1a€ BIAPI30K
«fl», peakuii Rys — Bizpizok «lk».

Jlnst 3HAXOJDKEHHS OCTAHHBOI CKJIAJIOBOI, HEBIIOMOI E45, HEOOX1THO 3’ €IHaTH

Hepiry TOUKY «d» 1 OCTaHHIO «k», 30epiratouu HarpsIMOK BEKTOPIB, TOOTO Bia «k» 110
«d».

Mu otpumamu moka3 Toro, mo Rys = -Rs; . HeoOximHo 3a3HaunMTH, YoMy B
BEKTOPHUX pIBHSHHSX piBHOBaru, Hampukiaan (31), He BXOAATh Hapu CHI BiA

MoMeHTiB. ToO6To Ha mepmriii rpymni Accypa 3aMmicTb MOMEHTY M4, 30epiraroun

, Bl cumm F,, =-F), ,

1

i4

HampsIMOK MOMEHTY, OyJia MOXIUBICT, Matn F'yy = F"y =
DE

PIBHI 32 BEJIMYMHOIO, aJie¢ MPOTUIICKHOTO HAMPSAMKY, 1 BIUCATU 11 CHJIM B PIBHSIHHS
(31). Hamami, mpu moOymoBi miaHy cuna 3a piBHsHHIM (31), Bigkimamawodu
BiJIp130K, BIAMOBIJHUN CHIT1 Fi'4, HACTYIMTHUM B1JIPI3KOM, BIJIIIOBITHUM CHJII 1712 MU
MOBEPHEMOCh y BHXIJIHY MO3HIII0. TOOTO MOMEHTH y BEKTOPHHX PIBHSHHSIX HE
BHOCSITh 3MiH Y TJIAHU CHIIL.

Buninsemo nactynny rpymy Accypa II. Ilepmr 3a Bce, B Touky D Big nii cui Ha
rpyny Accypa | TpocTaBuMO cymapHy peakiiio R,; =—R;,, BpaXoByIOuM TpeTiif
3aKOH MEXaHIKU. Y poO3ipBaHUX OOepTalbHUX KiHEMaTHYHHX Tmapax A i O;
MPOCTABUMO PEaKIIii: E’é,ﬁfz,ﬁo’g,ﬁ&. 3 BuxiaHOI 3amaui Ha rpyny Accypa II
MEepEeHOCUMO TIUIbKH CHUJIOBI mapameTpu(puc. 22). PosrnsHemo piBHOBary rpymnu

Accypa Il.

3anuiieMo BEKTOpHE PIBHAHHS PIBHOBAru:

RS+ Ry +Fiy+Gy+ Fis +G3+ R 43+ Ri3+ R{5=0. (38)
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HeBimomux y piBHsiHHI (38)

qoTUpH. 3aliBi HEBIIOMI —
€ TaHCEeHI[IWHI CKJIagoBI
peakuii R/, Ta R{s,
BU3HAYNMO JIOIIOMIKHO,
BIIOMHM  B3XXE€  METOIOM.
bynemo BBaXKATH 110
MOMEHTY 3a TOJIUHHHUKOBOIO

CTPLUIKOIO JOJIaTHOIO.

> Mp=0 — nnsa nanku AB.

Ri>
Hi
3BIIKH:
M.
—Fyhyy+ Gy hgy + 2 _505,1.24,5+60- 18+ 07
Rt — ltll — 0301 =_851 H
2 AB 50 - [H
3MiHUMO HATIPAMOK PeaKtiit Ry, .
> Mp=0 — nns nanku O;BCD
t Ml3
-R 93O B-F3'hpi3 - Ryzhrys+Gshgs— p =0;
1
3BIIKH:
M.
—Fi3 My = Ry gy + Gy - gy = .
Rl = ll'll —
03
OB
88

—1085,7-8-2125-26,5+80-10———

_ 0.01 — _919,9 [H]
25
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. t , .
3MiHuMO HampsMOK peakilii R (3. Po3p'sisyemo piBHsHHS (38) muIsxom

H
noOy0BU IUIaHy CcWiI. 3ajgaeMo Macmrtad cuin F, = 25— . Bu3zHauumo JOBXKUHHU
MM

BIJIPI3KiB, sKi Ha myaHi cui Il OynyTs 300paskaTi cUiT 3riIHO 3 piBHAHHAM (38).

ab:RlZ:825§1:3’4MM F, 505.1 G, 60

Hr pe=Ti2 2290 _snovm ed=22=2 25 aum
do=22 10Ty gy o 25 My 20
o R 29199 oo My 25 Hp 25

He 25 ’

bynyemo miian cui, HOYrMHA04H 3 TOYKH «a» (puc. 23).
[Tnan cun Il mae MOKIIMBICTH BU3HAYUTH BETUYMHU 1 HAPSIMKY HEBIIOMHUX:
R, =Ilm-u,. =139-25= 3475[H];
Ry, =km-p, =182-25= 4550[H];
R", =ma-u, =121-25=3025[H]; (39)
R,=mb-u,=122-25= 3050[H].

Peakuito R, Ha rpymi Accypa Il HeoOXiaHO 3MiHUTH 3a HANpPSAMKOM Ha
3BOPOTHIO.
Hnsa Busnauenus peaxilii B KII «B» posrisiHemo piBHOBary jJaHku AB, a
nIykaHa peakiiis 0yne Rs).
R,+F,+G,+R; =0. (40)
Kopucryemoch mianom cun Il Ta piBusuusam (40). Peakuito R;, mpencrasise

BiI[piSOK «md»:

Riy=md-up=119-25 =2975 [H,], 41)
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Riz(1)
Puc. 23

Posrnsinemo BuximHuii mexaHizsM OA, a 10 TOYKU A, BpaXxOBYIOUH JiI0 TPETHOTO
3aKOHY ME€XaHIKH, IPUKJIaJAeMO peaklilo R, AK pe3ynbTaT Ali BCIX CUJ, K1 A1IOTh
Ha iHMI1 Jadku. Kpim Toro, 10 TOYKH A Tij IpsSIMUM KyTOM TPHUKJIATa€EMO HaBEICHY

cuny F,,.
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R21 3 BUXIAHOI 3a7a4l Ha BUXIJHHUA MeEXaHI3M
TIEPEHECEeMO 1HTITI JIiFo4i cuiH (puc. 24).

A JUia  Bu3HaYeHHs npuBeneHoi cwmm  Fy,

-

np PO3IIIHEMO pPI1BHOBAry BHUXIAHOI'O MCXAHIZMY

S [UIIXOM 3aIliCy PIBHSAHHS PIBHOBAru y BUTIIAI

W=const h Ra1 anreopaiyHOi CyMHM MOMEHTIB CHJI BIJIHOCHO

0O toukn O. bynemo BBakatu Iil0 MOMEHTY 3a

— TOJMHHUKOBOIO CTPIIKOIO — IOJIATHOIO.

v
Puc. 24

> My =035 G, -h; =Ry -hyy +F, -OA=0. 42)

-G -h.+R.. -h -30- .
3mima F, = Gy hg + Ry, gy, _—30-12+3050-38,5 —2926.6[H]

OA 40

Ilpy oTpuMaHHI BIJ'€MHOTO pe3ynbTarTy, BHOpaHWil HampsMoKk F,,

HEoOXiJHO 3MIHMUTH Ha 3BOPOTHIN, a B TaKOMYy BHITQJKy CHJIA, SIKa TOTO/KEHA 3
HAIPSIMKOM «®» € HE MPUBEJICHOIO0, a 3pIBHOBAXKYBAJILHOIO, TOOTO EP = —an-
3aMuIIUIOCh MUTAHHS PO BEIMYUHY 1 HAIPSIMOK peakiii B TouIll «O».

YmoBHo poszpuBaemo KII 1 HeBigoMy peakiilo Mmo3HadyaeMo Ry;.

Posrnsnatoun piBHoBary ianku OA. 3anuiieMo BEKTOpHE PIBHSHHS piBHOBAru:

R21+an+G1+Fi1+R01=O- (43)
[IpuiimaeMo macmtaOHHMI Koe(illieHT U F:SOE. JIOBXXMHU BIAPI3KIB, SIKi
MM

Bi100pakaroTh CHJIM B PIBHSHHI (43):

F
abzﬁ:MZMMM; bc =2 =%=58,5MM; chﬁZ—EOMM.

My 50 My 50 My S

bynyemo mnnan cun BkazaHuMu Metojgamu. Ha mumani cun peakuis Ry,

Mo3Ha4YeHa BiAPI3KOM «da»
Ro;=da-ur =20-50 = 1000 [H];
Fi=ea- up=78-50=390[H]. (44)
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3.2. Busnavenns F,, 3a nonomororo Baxeust ZKykoscskoro M. €.

Kykoscekuit M. €. 10BiB, 10 Oyab-SIKUHA MEXaHI3M MOXKe OyTH 3BEJICHUM [0
CHCTEMH BaKeJlsl 3 MPUKIIQJACHUMHU J0 HhOTO CHJIAMU Ta MapaMu CHUIL.

VY maHoMmy BUMAJAKY MiJ BaKeJIeM PO3YMIETHCA TJIaH MIBUAKOCTEH MEXaHI3My
3 TOYKOIO OMOPHU B MOJIOCI, 10 BIJOOpaKaJIbHUX TOYOK SIKOTO MPHUKJIAICHI CUJH, 1110
AII0Th HA MEXaHi3M (30BHIIIIHI Ta CHJIM 1HEpIIii) B TUX CaMUX TOYKaX Ta MOBEPHYTI B
OIHOMY HampsMKy Ha KyT 90°, a nmo BigoOpaxalbHHMX BIJIPI3KIB MPHUKJIAICHI
MpUBEJICH] 10 TIaHy Mapy CUJIL, SIK1 A1IOTh HA BIJMOBIIHI JAHKH MEXaHI3MYy.

Bukopucranuss Baxkens JKykoBcekoro M. €. gae MOXIMBICTD 3aMiHU
PO3B’sI3yBaHHA 3aja4 MPO PIBHOBAry CHJI Ta Map CHJI, SIK1 JIIOTh Ha PYyXOMI JIAaHKH
MEXaHI3My, pPO3B’S3yBaHHSAM 3a/au MPO PIBHOBAry BaXKeNs, SKHHA 3HAXOIUTHCS B
HepyxoMoMmy cTaHi. ToOTo, BukopuctanHs Baxens JKykoBcbkoro M. €. nae
MOXKJIMBICTh BHUPIIIyBaTH 3ajadl JUHAMIKH, BUKOPHUCTOBYIOUW PIBHSHHS CTATHUKH.
3ayBaXuMO, M0 CHJIM TIPH TIEPEHOCI 3 MEXaHI3My Ha BaXKiJIh MOKHA HE TOBEPTATH,
SKIIIO TIONEPEIHBO TUIAH IIBUAKOCTEHN (BaXK1JIb) MOBEPHYTH Ha KyT 90°.

Po3B'sa3yroun 3amady Npo BHU3HAYECHHS IPUBEIACHOI CHIH an, JNOCTaTHbO

MiArOTYBaTH BaXKUIb, TOOTO MEPEHECTH CUJIM Ta Mapu CHJI Ha TUIAaH LIBUIKOCTEH, 1
3alucaTH €IWHE DIBHSAHHSA TpO piBHOBary Bakens. lle piBHSHHS sBisie o000
anreOpaiuHy CyMy MOMEHTIB CHJI, SIKi JIIFOTh Ha BaXKijib, BIJIHOCHO IOJIFOCA, TOOTO
M, =0;

[Ipu mepeHoci 3 MexaHi3My Ha BaXXiJib MOMEHTIB, MOXJIMBO BUKOPHUCTATHU
TaKi MPUHOMHU:

a) MOMEHTH, fAKI MOIIOTh Ha JIAHKH, MPEICTABISIIOTH Mapol CUjl, HE
3MIHIOIOYU HAaPAMOK MOMEHTY:

F'= F"=£. (45)
o

Cumu F' ta F" niepeHOCITh Ha BaXUJIb B TOUKU «A» 1 «B» 10 MpaBuiaM MEPeHOCY

(puc. 25).
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B 0) 3A1iCHIOIOTh MEPETBOPEHHS, BHUKOPUCTOBYIOUHU

F” teopemy JI.  llyanco,  sKy MOXHa
S +M chopmyoBaTH Tak: HE 3MIHIOYH [ii CHIU Ha
F’ JaHKy, i1 MOKHA TIEPEHECTH B 1HIIY TOYKY Tapa-
A JeNIeJIbHO CBOIM 11, NPUEIHABIIM TPU LHOMY
Puc. 25 NEeSIKU MOMEHT.
Mpuxnan:
B Ha nanky AB (puc. 26) Ait0Th HaBaHTaXEHHS Y BUTJISIL

cuwn F; Ta MmomenTty M;. BukopuctoByrouu teopemy JI.
[lyaHCOH, pO3TJIIHEMO JBAa BUMAJKHU IMEpEeHOCY cuiu F;

(6e3 MmoMeHTy M,).

He 3miHIoroun piBHOBarw,
nepeHeceMo cuiy F; Buile 1
HUK4YE TOUKH S (puc. 27).

V¥ touky «C» mepeHeciu CUily

F; , a mo0 He MNOpyWUTH

pIBHOBAary, MmpocTaBUMO TaKy

K mpoTtudirouy cuiny  Fh

Puc. 27 AHaJloTiYHUH  mpuiioM 1 Ha

MIPUKJIIAJI «0)».
Posrnsinatoun mapu cui, skl epeKkpeciieHl MonepevyHoro JiHi€, 0ayuMo, 110
BOHH CTBOPIOIOTH MOMEHTH M' = F; * h, aje 3ajJeXHO BiJ TOTrO, BUIIE YW HIKYE
3M1ACHIOBABCS MEPEHOC TOYKU S, MOMEHTH MAalOTh pi3HI HampsaMmku (puc. 28). Y

ObOMY BHUIIAJAKY CUCTCMHU MOXHA IMOJaTH TaK:
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a)
Puc. 28
3MIHIOIOYH InIeUe «h», MAaeEMO MOJXKJIHMBICTh 3MIHIOBAaTH 3a BEJIMYMHOIO
IOMOMIXKHI MOMeHTH M’

Posrnsgarodu nonepenHe HaBaHTAXKEHHS Ha JJaHKY AB (puc. 29) 1 BUnajaku a)
gy 0), 60auyuMo, 10 y BHIMAJAKY a), 3MIHIOIOUM IUiede «h» MAeEMO MOXKJIHUBICTH
CTBOPHTH CHTYaIlio, 3a ikK0i M =-M', To6T0o M' 3HUIIUTHF MOMEHT M, 1 Ha JaHIII
3aJUIIUTRLCS Ta caMma cuiia F;, aje npukiajeHa He B TOUIll «S», a B To4Il «C».

3anaHo: [lepeTBOpeHHs: Otpumano:

Puc. 29

i

M
VY upomy BUNAAKY h= r

i

s 3HaxomxeHHs Todok C um D mapanenbHo JiHIT A1 3amanoi cumil F, Ha
BEIMUUHY «h» TPOBOIATH JIHIIO 0 MEPETUHY 3 JIAHKOIO. 3aTUIIAETHCA TIIBKA
BU3HAYMTH, siKa Touka noTpioHa C uu D?

bynyemo mnaH mBuakocted (auB. moOyaoBy muiany V). [lawoum HoMy TOYKY

OTIOPH B MOJIIOCI «pP», CTBOPIOEMO Bax1i1b JKykoBchkoro M. €.
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Posrnsparoun nanku AB, O,CD, DE, BUaHO, 110 HA KOXHY JIiF0OTh MOMEHTH.

Bubuparodu po3risiHyTi TOMepeIHb0 METOAU TIEPETBOPEHHS MOMEHTIB, 3BEPHEMO
yBary Ha 3Hau€HHs cuJ iHepuii F;;, Ha 3Ha4eHHs MOMEHTIB M;;. Ilpu 3HayHHX
BeIMUMHAX Fj;; HENOUIJILHO BUKOPUCTOBYBAaTH Teopemy [lyaHco.

[lepeTBOpMO MOMEHTH Ha TapHW CUJ, AKi MOTIM TIEpEeHECEeMO Ha BaXKiuTb 3a
IIPaBHJIaMH ITIEPEHOCY:

M, 70,4[HXM]

F,=F,=—"2= =140,8 [H];
T o i
Fy=Fy =22 =58 36 H; (46)
I, 05
Fy=Fy =2 =202 s [H],
DE ’

VY 1mux piBHSHHSX B 3HAMEHHUKY JO3BOJISIETHCS MPOCTABIATU JOBXKUHY MIXK
JBOMa JOBUTBHUMHU (DIKCOBAaHMMH TOUYKAMH PO3TIIIHYTOI JAaHKU. 3MIHIOIOUH BiJICTaHb,
3MIHIOIOTHCSI TOUKU PUKIJIAJEHHS Ta BEIMYUHA [IUX CUJL.

[lepenHocuMO Ha BaXilib BCl CHJIM 3 KIHEMAaTHYHOI CXEMH MEXaHI3MY,
MOBEPTAIOYH 1X 32 TOJUHHUKOBOIO CTPLIKOIO Ha KyT 90° (puc. 30).

Y TOuKy «a» Baxens MNEPHEHIUKYISIPHO BIAPI3KY «pa» MPOCTABILEMO
npusesieHy cuiy Fy, , BETMYMHY 1 HATPAMOK AKO1 OyJ1eMO BU3HAYaTH.

JUis BCTAHOBJIEHHS 3HAaKy B DPIBHSHHI MOMEHTIB 3a3HAa4MMO, II0 MOMEHT 3a
TOJUHHUKOBOIO CTPLIKOIO Oy/1€eMO BBaXKaTH JOJaTHUM:

ZMpZO"

-Fupypo-Ghy-Gohy-Gyhs-Gyhy-Gshs+ Fip -h+Fiy'h+ Fiy -ht Fy-h+Fzh-

“Fiyh+ Fiy-h-Fy '+ Firh+Fish=0. (47)
-Fp°50-30-14-60-34-80-58,5-65-94,5-60-90+140,8-7+505,1-5+140,8-9+176-100+

+1085,7-14-552,8-:62+552,8-44-340-90+1051,3-70+1077,5-90=0.

148911, 2
3Bigku F,, = 0 =2978,2 [H].

IToxubOka Ipu BH3HAUYCHHI HpI/IBC,IICHOT CHJIN an ABOMa MCTOJaMH BHU3HAUYUTLCI:
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FIl X Fn K
AF =—""""%.100% =1,7% . (48)

np
npx

Le cBiAUMTH PO 3HAYHY TOYHICTH MPHU BUPIIICHHI 334l TBOMAa METOIAMHU.
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