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AHAJII3 KOJIMBAHDb BAHAKY HA THYYKOMY IIJABICI
IIPY ITIOBOPOTI CTPLJIM BAHTAXKOHNIJTMOMHOI'O KPAHA

HocranoBka mnpodaemu. [ligiiomHo-TpancnoptHa Texnika (I1TT)
CTBOPIOE MaTepiaqbHy OCHOBY MeXaHi3alii i aBromaTu3aiii 0OaraTthbox
BUPOOHMYMX TIPOLECIB Yy MPOMHUCIOBOCTI, OYIIBHHITBI, CUIBCBKOMY
rocToJapcTBl W Ha TpaHcmopTi. PoboTa migiioOMHO-TPaHCTIOPTHUX MAaIITuH
(ITTM) mae cyTTeBWil BIUIMB HA TEXHOJOTIYHHUNA MPOIEC MPOMHUCIOBHX M
TPAHCIIOPTHUX 1 APHEMCTB. Bracnigok crienupiaHuX YMOB
¢ynkuionyBanus I[ITM i, y mepumry uepry, BEJIUKOI NHTOMOI Baru
MEepexiJHUX TMPOIECiB y 3arajibHi TpUBAIOCTI POOOTH MEXaHI3MIB,
HalOUIBIIMI 1HTEpeC BUKIMKAE MpolieMa ONTUMAIbHOIO KEpyBaHHS
mexanizmamu [1TM.

Crnig 3a3HauuTH, 00 3a7adi ONTUMaIbHOTO KepyBaHHs [ITM
BIZIPI3HSIOTBCS CBOEI0 PO3MIPHICTIO, CTPYKTYpPOIO U 3MICTOM KpHUTEpito
ONTUMAJILHOCTI, BUJIOM PIBHSHB 3B 53Ky, SIKI ONHCYIOTh CTaH OO0’ €KTYy, 1
0OMEeXEeHHSIMHU, 1110 HaKJIaJal0Th Ha KepyBaHHS HUMU. J{71s1 po3B’A3Ky 3a1aul
ONTUMAIIFHOTO KEPYBAaHHS 3a3BHYail BUKOPUCTOBYIOTh MAaTEMATHYHY
MOJIENTb TIPOIECIB, SIKUMHU HAMararoTbCs KEpyBaTH, pa3oM 3 HATYPHUMH
BUIIPOOYBaHHSAMH, a TAKOXK y3arajbHIOIOTh A0CBiA excrutyartanii [ITM.

3po3ymino, mo crad po3BuTky IITT Bumarae mnojaneIoro
BJIOCKOHAJICHHS ~MaTeMaTHUYHMX MoJeJIed  TEeXHOJOTIYHUX  IPOLECIB
KEepyBaHHsI, MPOAYKTUBHOCTI M TOYHOCTI MO3MI[IOHYBAaHHS BAaHTaXy MpU
MOBOPOTI CTPIIIM BAaHTAXOIITHOMHOTO KpaHa. [CHye HarainbHa HEOOX1IHICTh
pPO3paxyHKy BJIACHHX BIIHOCHHUX KOJHBaHb, SKI BHHHKAIOTh IIPH
pO3rolJyBaHHI BaHTaXXy BIPOJOBX IEPEHOCHOIO 00EpPTaIbHOIO pPYXY
CTpLI0BOi cucteMu kpaHa. Kpim Toro, po3paxyHku i JTUHaMIYHUNA aHAMI3 y
MEXaHIYHIA CHUCTeMI  «CTpUIa-BaHTaX»  BaHTAXKOMIAMOMHOIO  KpaHa
JI03BOJIAIOTh BHU3HAUaTH JMHAMIYHI HAaBaHTa)XEHHS HAa OCHOBHI €JIEMEHTH
HECY40i KOHCTPYKIIi.

AHaJni3 ny0aikanii 1o TeMi A0CHiIKeHH .

BpaxyBaHHs BIUIMBY BIJIEHTPOBUX CHJI 1HEpLii Ha XapakTep
KOJINBaHb BAaHTa)XXy IpU MOBOPOTI CTPUIM KpaHa 37iiicHuin aBropu [1]. ¥V
poboti [2] po3pobieHa MareMaTH4yHa MOJETh IMOBOPOTHOTO KpaHa B
imiTamiiiHOMy cepemoBumni Sim Mechanics makery Matlab, peamizoBane
ONTUMAJIbHE KEepPYBaHHS MOJEIUII0 KpaHa 3a jornomoror monyns Matlab
Optimization Toolbox. VY nmocmimxensai [3] po3riasHYTI MiAXOOU OO
ONTUMAJILHOTO €JIEKTPOMEXaHIYHOIO KEepyBaHHS BHUJIBOTOM CTPUIM KpaHa.
3apunpkuM A.A. Ta iH.. y [4,5] HaBeneHa ximacugikaiis po3TOMITyBaHHS
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BaHTAXy, MPUUYOMY aBTOPH LUX POOIT BIJHOCHE PO3TOWIYBAaHHS BAHTAXY
BITHOCSTH J0 JWHAMIYHHX MOXMOOK KPaHOBOI CHCTEMU. 3a/iadi 3HIKECHHS
pO3roWyBaHHS BAaHTaXy MpPH MOBOPOTI CTPIAM KpaHa MpOaHaTi30BaHI
TakoX y poborax [6-8]. BpaxyBaHHs BIUIMBY BHITaJIKOBOTO BITPOBOTO
HAaBaHTAKCHHS ~ HAa  JUHAMIYHI  PEKUMH  POOOTH  CTPLIOBOTO
BAaHTAKOMIJHOMHOIO KpaHa, Yy T.4. IPU EKCTpEeMalbHUX yMOBax
eKCIUTyaTallii, BukoHane y po6ori [1]. ¥V mocmimxeni aBropis [10] 3anucana
¢ynkuia Jlarpamka i npoaHasizoBaHe PIBHSHHS PyXY BaHTaXy Ha KaHaTi
KpaHa, 10 O0epTaeThCs HABKOJO BICI, y HENIHIMHIA MOCTaHOBI 3ajadi.
Bongnouac cmig 3a3HaumTH, mo y gocaipkeHHsx [1-10] mpuaineHo
HEJ0CTaTHhO YBaru aHajizy AMHAMIUYHUX PEXUMIB PO3TOIyBaHHS BaHTAXKY
y TOPHU3OHTAJIBHINA IUIOMIMHI KOJMBaHb 13 BPaxyBaHHSAM  BIUIUBY
npuckopenHs Kopiosica Ha BiIHOCHY TPa€eKTOPilO BaHTaXy Ha KaHaTi, 110
3YMOBJIIO€ aKTYaJIbHICTh TAHOTO JOCIHIPKEHHS, SKe MPOJOBXKYIOTh pOOOTH,
posmnouati y [11].

3a3HauMMO, IO OJHIEI0 3 MPUYUH 3MEHIICHHS MPOJYKTUBHOCTI
[ITM € came posroiiyBaHHs BaHTaXy Ha THydkomy minsici [1]. [ns
CTPLIOBUX KPaHiB HaHOLIbII XapaKTEPHUMH € PO3TOMIyBaHHS BaHTAXY MPU
NOBOPOTI  cTpiIM KpaHa. Kpim nii BIiAIEHTPOBOI CHiM, SIKa BUHHMKA€E IMpPU
MOBOPOTI CTPUIM, Ha BaHTAX TAKOX JI€ ¥ cuja 1HEpIii, 3aBISKU SIKIH KyT
BIIXWJICHHS KaHATy BiJ BEpPTUKaJIl HaWOUIbIIMNA HpU MYCKy ¥ 3ymuHII
MeXaHI3My MOBOPOTY. BaHTax 3MIMCHIOE KOJWUBaHHS, SIKI TMPEICTaBISIOTH
c0000 CKJIaHUI MPOCTOPOBUH PYX.

JUis  3MEHILIeHHS KOJUBaHb MOXKHAa 30UIBIIMTH  TPUBAIICTh
HepexiIHUX MPOLECiB, OJHAK L€ 30UIBIINTH TPUBAIICTH POOOYOr0 LUKIY
KpaHa, 110 3MEHIIyEe MPOAYKTUBHICTh HOro QyHKIIOHyBaHHS. 3apa3
3aCTOCOBYIOTH KEPOBAHHMW ENEKTPONPHUBOJ, SKOMY 3aJal0Th IPOrpamy
KEepyBaHHsI €JIEKTPOJBUTYHOM MEXaHi3My MoBOpoTy [12].

JUis ckiajaHHs Takoi HporpaMM HEoOXiIHO MigiopaTh pexum
HOBOPOTY KpaHa, KOTpUH BpaxoByBaB OM BIUIMB HOT0 KOHCTPYKTHBHHUX
0co0sIMBOCTEH 1 3a0e31meuyBaB NPOCTE KEPYBAaHHS MEXaHI3MOM.

s po3B'a3Ky MoAiOHMX 3ajady HEOOX1JHO 3HAaTH PIBHAHHA PyXY,
KOTpPl JIOCUTHh TOYHO ONHCYIOTh MOBEAIHKY BAHTaXy Yy peajbHIN MaIIMHI.
ABtopu [13] oOrpyHTyBaju BKa3aHy CHUCTEMY DPIBHSIHb pyXy BaHTaXxy Ha
THYYKOMY MiJBICI TP MTOBOPOTIi KapHY.

Pesynpratn poGit [1-13] OyayTh BHUKOpUCTaHI y JaHOMY
JOCII1JIKEHHI.

MeTta po0oTH _Moisirae y oOTpyHTYBaHHI METOIy PO3B'SI3KY 3ajad
TUHAMIKA W KIHEMaTUKH CHUCTEMHU «CTPUIOBUH KpaH — THYYKHN MiaBIC—
BaHTaX» MpH ii MOBOPOTI, 3aCHOBaHMM Ha pe3ynbratax pooiT [11,13], skuit
noJisAirae y aHamizi a3oBUX MOPTPETIB KOJIMBaHb, III0 BUHUKAIOTh y 00 €KTI
JIOCJIJUKEHHS.
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BukJiag 0CHOBHOI'O 3MICTV JOCTIIKEHH .

1. AmHani3 KOJMBaHb y IUIOIIKMHI PO3TOHAYBaHHS CTPLJIM KpaHa.

BuxopuctoBytoun wmeton Qynkmiin Jlarpamka astopu [1,13]
OTpUMalll HACTYIIHY CHCTEMYy pIBHSHb pyXy BaHTaxy (ITO3HAa4YeHA
IIUTOBAHUX POOIT 30epekeH] y JaHOMY JTOCIIIKEHHI):

O+a-@-cosf-sing—a--cosfcosg—(w+ @) -sinfcos O +
+/3-sinf =0,
(+ @) -sin@+2(w+¢)-0-cos@+a-@-cosd+a-@ -sing=0, 1)

pe 0 - KyT BIOXWJIEHHS KaHaTy BiJ BepTUKAI, ¢ - KyT MIX

IPOEKIJi€0 MiBICY Ha TOPU30HTANIBHY IuomuHy OXxy Ta Biccio OX, o)

T
o=
3aKOH 3MIHM Y Hacl t KYTOBOI IIBHIKOCTI TOBOPOTY CTPUIM KpaHa, I,
p== r
I', 1- noBxwuHA miaBicy, ° - BiACTaHb BiJ BiCi MOBOPOTY KpaHa [0
TOYKH niaBicy, g- IPUCKOPEHHS BIJIBHOTO

mazinns (g=9,81 %)
3 yMOB pO3roiyBaHHs BaHTaXY:
P(t)=¢(t) =0. )
Cucrema (1) cnpouryerbcsi, OCKUIbKH (2) HAKIAAAIOTh OOMEKCHHS
HAa pyX BaHTaxy, 3a0OpOHSIOYM KOJMBAaHHSI 1032  IUIOIIMHOIO
po3roiiiyBaHHsl CTpind. Y I[bOMY BHIIAJKy MAaTUMEMO pIBHSHHS PyXy
BaHTaxy [ 1] HacTynHOro BUAY:
6+ (a+sinf)-cos@-w’ + f-sinf =0. 3)
PiBusinus (3) posp’s3yBasioch uncenbHo Ha IIEOM 3a HacTynmHux
YMOB:

6(0)=06(0)=0, 4)
IS 3aKOHY 1) BU]TY:
of) = @, -sin’ (——-1),0<t <t
2-t, (5)
ne L=5¢ - TPHUBAJIICTh MyCKYy MeXaHi3My noBopory, “=0,8 pan/c — KkyroBa
9aCTOTA MOBOPOTY CTpiny KpaHa. 3aryxamus xomusanb &) Gymo BBemene
(E€HOMEHOJIOTIYHUM YHMHOM, TOOTO U770 Bennunnn o it B oOupanuch

CIOYATKy Tak, sk y [13] (#=2; B =2,6c'2), ajyie OTIM JIJISl PI3HUX 3HAYEHBb [
smintoBasuch @ i 2. Ha PUCYHKaX, IMOJAAHUX HIKYE, HABEIICHI 3aJICKHOCTI

o) 6(r) 6(t)

i (azoBi mopTpetu pyxy ( KIacHUYHUN — (9’9) A BUIIHMX
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MOPSIKIB: (939.), (6-9). OctanHi 703BONAIOTH BCTAHOBIIIOBATH HAIIPSMOK
EBOJIIONIT OCHOBHHMX KiHEMAaTHYHHX Tapamerpis pyxy cucremu (9-6:0) y
aci ', a Takox ix B3a€MHUii BIUIMB (xopensiito). 3aMKHEHICTh TPAEKTOPIi
pyxy o) y rpadikis y miomunax (9:9), (9:¢) o3uauae, mo pyx Bantaxy
ONUCYETHCS SIK TepioanyHUi (y Nepioa IMYyCKy CHUCTEMH). 3aTyXaHHs
xonusans ) pupuanocs 3a sHaueHHAM 7/=(O,5) c-1.

AHaui3 pe3oHaHCIB piBHAHHA (3) MOKa3ye, IO MPH YMOBI 0 <<1
BOHO IEPETBOPIOETHCS Y HACTYIIHE!

- +(B-w) 0=0. ©6)
Jlns curyarii, ko € = const 3 (6) orpumaemo:
o
0= —
B-w (7

TOOTO y MOMEHT 4Yacy, KOJHu B=® pumuxarors pEe30HaHCHI
pO3roiilyBaHHsS KOJMBaHb BaHTaXy Ha KaHaTl BIJHOCHO BEpTUKANl U
enmmunna 0 3pocrae. OTxe, y mporecax MycKy po3risiiyBaHOI MEXaHIYHOi
CUCTEMH CJI1Jl YHUKATH CUTYaIll, KOJIU:

B=a ®)

1. AmnHami3 KOJIMBaHb BAaHTAXY 32 HASBHICTIO pyXYy 11032 ILIOMIMHOIO
posroiinyBanHs crpiin kpana. [lomamo cucremy (1) y Burmsaai,
3pyYyHOMY JUIs YHCeNbHOTO aHani3zy Ha [IEOM:

=0 @ cos-sing+a--cos@cosd+
+(@+ @) -sinBcos@— B-siné,

cos ¢ o sin @

sin@ sin@’ )

¢=—-2w+¢) 6-ctgd—a- b

20
18

0 245 g T 10 125 15 175 2ol o 258 ] 748 o 125 15 174 20
Time (sec) Time (sec)

a) 0)
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Time (sec)
B) r)

20| —dTetard b
15 :

1.0

5 i 1.5 2 25 3

x)

Puc.1. I'padiku ¢pyHKuii nepeminieHHs (a), KyToBOi HIBUAKOCTI (0).
KyTOBOT'O MPUCKOpeHHs (B), Ki1acuuHuil (azoBuii moptper (T) Ta (azoBuit
TIOPTPET BHUIIOTO MOPSAKY (/1) BaHTaxy npu &= 5, B=26 ¢?, %=0.8 pan/c,
f,=5¢, 1=3.77m, "1=18,85 M.

Cucremy (9) Oymemo interpyBatu Ha I[IEOM 3a HacTymHHX
MOYaTKOBUX YMOB:

6(0)=10";6(0) = 0;6(0) = 6(0) = 0. (10)

I'padiku nmojaHi HUXKYE UTIOCTPYIOTh PyX CHCTEMH, IO OMHCYETHCS
piBHsiHHAMHU (a) i ymoBamu (10).

Cnig 3a3HaYuTH, 10 HPU YUCEIBHOMY pO3B’S3Ky (@) IpPUMHATI
HACTYITHI 3HaYEHHS TapaMeTpiB:

a=28=2,6¢"q =o,81"’%;tn 5.

Oyukuis mae Buf (5), a ans At) aemo:

i) =27 sin| 1 _
2t, t ) 0<t<t. axt)=0 t=t,. (11)
3. I'opu3oHTaNbHI KOJMBAaHHS BaHTaXy Ha TPOCI MIPHU PIBHOMIPHOMY
= const

nosopoti crpimmkpana (% ) 3 ypaxyBaHHSM BIUIMBY MPUCKOPEHHSI
Kapiosica Ha BITHOCHY TPAa€KTOPIIO PyXy BaHTAXY.
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1a 125 15 17.5 20

Tirme (sec)

10
Time (sec)

W ietiaddiz dtetam
3 d2Tettaltlt?

dTetta’dt
)

Puc.2. I'padiku ¢pyHKUiN nepeMinieHHs (a), KyTOBOI HIBUAKOCTI (0).

KYTOBOTO TIPUCKOpEHHS (B), KJIacCHUHUI (ha30BHiA mopTper (T') Ta ¢a3zoBuid

MOPTPET BUIIOTO MOPSAAKY (1) BaHTaXy Ipu &= 5, B =2,6 ¢-2, “=0.8 pan/c
,Li=5¢,1=3.77 m,"'=7,54 M 3 ypaxyBaHHSIM 3aTyXaHHS 70,5 c-1

Cuctema mudepeHIiaTbHUX pPIBHSAHb BIAHOCHOTO PYXY BaHTaXy
nojaHa HIbk4Ye. Y I[bOMY BHUNAJAKY CHCTEMa pIiBHSHbB, IO OIUCYE PYyX
BaHTaXy Ha Tpoci HaBeneHa y [11].

x'—zwey‘—wjx=—§x;

j}+2a)eic—a)§y:—§y,

! (12)
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ne (®Y) — yzarambmeni koopauHatm BamTaxy, @ T kyToBa

MIBUKICTH OOEPTaHHS CTPUINM KpaHa HaBKOJIO HOTO BEPTHUKAIBHOI BicCi
(@ =const R—paniyc oGepTaHHS CTPLIH).
Cucremy (12) po3B’si3yBaiiv 32 HACTYITHUX ITOYaTKOBUX YMOB:
@' Rl
PO YO =——% . =
X(O)—O’ X(O)——Q)ER, g—a)el’ y(O)—O (13)

JUis  mepeBipku  pe3ynbTaTiB - J1abOpaTOpHUX  BUIPOOYBaHb,
npoBeeHUX y [11], BUKOPUCTOBYBAJIMCH HACTYIMHI YHCEJIbHI 3HAYCHHS

BUXI1JTHUX TapaMeTpiB:
02020905 /c, R=0,492 \y 1=0,825 \ Toni s ¥© maemo YO =0.0018

[Tpu ymoBi:
wezl=g, (14)

BUHHKAE€ pE30HAHC ¥ BIUIMB IIOYAaTKOBUX YMOB (30erMa, moao y (O))
CTa€ CYTTEBHUM. Bzaopx BiCl Oy KOJINBAHHA BaHTAXy Ha TpOCi CYTTEBO

30UTBIIYIOTHCA.

5 b \
f/_ \ll\ . ‘
I | |

8

7

]

5

f yesi fi
e |

2

1

1]

15 10 125 15 174 £ | 25 5 75 10 125 15 175 20
Time (sec)

a)
e —= TP

8 ; 1 ;
3 poeonmenament Semner s S SorsmiremR

] 5 10 15 20 |-
Time (sec)

- 0 F 2 3 all "o 248 5 75 10 125 15 175 20
dTetta/dt Time (sec)
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Puc.3. I'padiku ¢yHkuiii nepemimieHHs (a), KyToBoi MBHIKOCTI (0).
KYTOBOTO MPUCKOPEHHs (B), KiiacuuHuil (a3oBuii mopTpet (r) Ta dha3oBuit
HOPTPET BUILOTO MOPAAKY(H) BaHTaxy rpu F= 5, B =2,6 c-2, “=0.8 pan/c

,tn =5¢, 1=3.77 m,"=7,54 M, F — KyT BiIXujeHHS MasTHUKA BiJ BEpPTUKAIl B
IJIOIIKHI TOBOPOTY (€),
«Tettay - KyT MOBOPOTY MassTHHKA 3 BAHTA)KEM HaBKOJIO BEPTUKAIBHOT OCI.

Y mepyxoMiit iHepuianbHili cucremi koopmuHat (*2°Y2>%2) cucrema
(12) nabyBae Buny:
ydyn = y(O)n

X, =y(-w,)sin(ot)+(R+y+y dyn)(—a)f)cos(a)et) + jcos(w,t) — ya, sin(@,t) +
+isin(@,t) + 2%, cos(w,t) — xa. sin(@,t);
J =y, cos(@,t) + (R+ y+ y,, )~ )sin(@,1) + Jsin(m,1) + yo, cos(,1) —
—icos(wyt) + 2%, sin(w,t) + xa cos(w,t). (15)
PiBHSIHHS TpaekTOpii pyxXy BaHTa)Xy Ha TPOCI y HEpyXOMill cuctemi
KOOpAMHAT (x2’y 2)) 3HaXOJUMO 3 CUCTEMHU:
X, =(R+y+y,,)cos(a,t)+xsin(w,);
{yz =(R+y+y,,)sin(@,) — xcos(a,t),

(16)
3BIJIKM BCTAHOBJIIOEMO 3aKOH yz(x2), BUKJIIOYAIOYX I[apaMeTp t ,
O0<t<T

11
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x)
Puc.4. Tpadixu (asoBux moprperiB KoauBanb cuctemu: (¥2°%2) —(a),

(%) = (6), (¥2+2) — (1), (¥2+72) — () 12 Tpacxropii pyxy - 72(%) - (n)

4. AHanmi3 TOPU3OHTAJIBHMX KOJIMBAaHb BAaHTAXy Ha TpPOCI MpHU
HepiBHOMipHOMY TI0BOpoTi cTpimu kpana (2()) 3 ypaxyBaHHAM BIIMBY
npuckopeHHst Kapiomica Ha BITHOCHY TPa€KTOPIIO pyXy BaHTaXY.

V Bumazky 3anexsocti 20 (5) cucrema nudepeHuianbHuX PiBHAHD
BIZTHOCHOTO pyXy BaHTaXy IPUIMaE BHI:

x—we(R+y)—2a)ey—wjx:—§x;

Frax+205-a(R+y)=—Sy,
! (17)
a IMOYaTKOBI YMOBH 33Jaf0ThCS HACTYITHUM YAHOM:
x(0)=x=0. y(0)=3(0)=0 (18)
AOGCOIOTHI KOOPAWHATH BaHTaXy Ha Tpoci (y HepyXxoMiit cucremi
KOOPJMHAT) BU3HAYAIOTHCS CITIBBITHOIICHHSIM:

{xz(t) =(R+y)-cos[@,(t)-t]+x-sin[@,(t)-1];

y,(0)=(R+y)-sin[a,(t)-t]—x-cos[w,(¢) t]. (19)

IIpu npomy @1 pysnauaerses chiBBiHOImEHHAM (11), a
TPAEKTOPIiI0 Pyxy 2 () BaHTa)Xy Ha TPOC1 y HEpYXOMill cucTeMi KOOpJIUHAT
MOYKHa 3HalTH 3 (19), BUKITIOYa0un ! gk napamerp.

Hwxue npuBeneHi rpadiku, ski ONMCYIOTh pyX BaHTaxy Ha TpOCi

IIpU NOBOPOTI KpaHa 3 @,(1 ).

12
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Y1 dy1/dt

B) r)

Puc.5. I'padiku (ha3oBHX MOPTPETiB KOMMBAaHB cHcTeMH: (*2:%2)- (a),

(%) = (@), (P = (B), (P272) ~ (1)

BUCHOBKU

1.Buxopucranns piBHsHb Jlarpanxka Il pony i nuHaMigyHOl TeOpeMu
Kopionica no3Bosnuino orpumatH JudepeHiiaabHi PiBHAHHS BiJHOCHOTO
PYXy BaHTaXy Ha TPOCI, SIKHH 3aKpIIJICHUH Ha CTPLIl BaHTAXKOMIAMOMHOTO

KpaHa, L0 3JIHCHIOE pIBHOMIpHE # HEpiBHOMipHE @,(1) oOepTaHHs
BIJTHOCHO HEPYXOMOi BEpTUKAJIBHOI BiCi.

2. JlocmiuKeHUH  BIJIMB  HA pPyX BaHTaXy CHJI 1HEpIii Bif
nepeHocHoro Ta KopiomicoBoro mpuckopeHHsl. BcraHoBneHi cutyarii, 3a
SKMX BUHMKAIOTh PE30HAHCHI KOJMBAHHSA Y MJIOLIMHI PO3TOWyBaHHS CTPLIN
KpaHa.

3.BuBueHi 0coOIMBOCTI KOJMBAaHb BAHTaXy 3a YMOB BHHUKHEHHS
HOTO pyXy y IUIOLIMHI, MEPIEHIUKYISPHINA 10 TJIOMIMHUA KOJMBAHb CTPLIN
KpaHa.

4. BcranoBieHi GopMyi, siKi 3B’ SI3YIOTh BiTHOCHHI Ta a0COTFOTHHIMA
PYXH BaHTaXXy Ha TPOCI y MepeXiJHUX pekuMax (GyHKIIIOHYBaHHS KpaHa.

5.Po3pobnena mareMaTHyHa MOCIH CTPUIOBOI CHUCTEMH 3 JBOMA
(TppOMa) cTEnEeHSMHU BUTHHOCTI PyXy AOCHIKEHA YUCEIbHUMH METOJIaMU
Ha [TEOM. [loOynoBani (a3oBi mopTpeTH (KJIaCH4Hi) Ta BUIIUX MOPSIKIB,

13
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Kl ONHCYIOTh OCOOJMBOCTI pPyXy IMHAMIYHOI CHUCTEMH, KOPEJALII0
KiHEMaTHYHUX XapaKTEPUCTHK TAaKOTO PYyXY, a TAKOX JO3BOJIIOTH OLIHUTH
iX eBOJIOILIIO Yy Yaci, YMOBU BUHUKHEHHS PE30HAHCIB 1 MEPEXOIiB J0 HOBHX
CTIAKUX PEXKUMIB PyXy BaHTAXKY.

6. Pe3ynpTatu 1aHOTO AOCHIIKEHHS MOXXYTh OYTH y MOJAJIBLIOMY
BUKOPUCTAHHI Il pO3pPOOKH TMPOIECIB  ONTHUMAIBHOTO KEPYBaHHS
MEXaHI3MOM TIIOBOPOTY BaHT@XOMIAMOMHUX KpaHiB SK Ha CTajisax
MIPOCKTYBaHH/KOHCTPYIOBaHHS, TaK 1 y peKUMax peajibHOI eKCIuTyaTarfii.
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