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Manufacturing automatic packaging equipment samples using
advanced design methods is a strategically important direction for
industry development. One effective approach to addressing this
challenge is ensuring high levels of automation and precision in
packaging operations.

One area of packaging equipment development involves the ra-
tional design of devices for reorienting layers of glass bottles. Sig-
nificant dynamic loads occur during the reorientation process, which
can result in packaging and product loss. Therefore, the primary task
in determining the design parameters and operating modes of bottle
manipulators for case packing is the development of structural, ki-
nematic, and power parameters.

The purpose of this study is to analyze existing designs of bottle
manipulators for case packaging, identify opportunities to increase
the productivity of such machines, improve existing samples, and
determine the influence of various factors on productivity and the
capability of automatic machines.

The objects of study are the bottle gripper heads of manipula-
tors for case packing and the functioning of their working bodies.
The main method for improving and selecting the optimal structure
of bottle manipulators for case packing involves analytically study-
ing their characteristic parameters, such as the movement of cons-
tituent elements along rectilinear and curvilinear trajectories when
loaded and unloaded.

The conducted analysis of the influence of various parameters
on the acting forces at the hinge of the gripping head showed that
the normal component of the reaction, which drives movement in
corresponding sections, depends on factors such as the total weight
of the gripping head, the weight of the bottles, and the angle at
which the reaction is directed relative to the fixed guide. Additio-
nally, it is influenced by the size of the hinge and friction coeffi-
cients. These dependencies allow for the synthesis of movement
mechanisms under conditions of minimal load on kinematic pairs
during the rotation of the connecting rod within 65 to 130 degrees.
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CUHTE3 BUKOHABYOI'O MEXAHI3MY YKINAOAJIbHUKA
NNAWOK
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HauioHanbHul yHigepcumem xap408ux mexHosoeil

Y cmammi nposedeHo aHari3 ernnusy pisHUx rnapamempie Ha Oitoyi 3ycursnss 8 wapHipi
rnidsicku 3axeamHoi 20/108KU yKnadaribHUKa CKIISHUX MISWOK. 3’9c08aH0, WO 8eruyuHa
HopMaribHOI cKIradoeoi peakuji, sika € pyWwitiHOK CUIor Ha 8i0noesiOHUX OinsiHKax pyxy, 3a-
niexums 8i0 CyMapHOI ea2u 3axe8amHol 20/108KU ma yrako8OK, a maKkoxX ei0 Kyma, rio
SKUM peaKUjsi HaripassieHa cCmocOo8HO HePyXOMOI HarpsiIMHOI. Ha Hei erinusaroms po3mipu
wapHipa, koegiuieHmu mepms. OmpumaHi 3anexxHocmi 0atoms 3M0O2y 8UKOHamuU CuHmMe3
MexaHI3My rnepeMilyeHHs1 3a yMo8U MiIHIMaribHO20 HagBaHMaXeHHs 8 KiHeMamu4yHuUx ra-
pax KpirneHHs1 3axeamHoi 205108KU 1i0 Yac rnosopomy wamyHa 8 Mmexax 65...130 epad.

Krnroyoei cnoea: yknadarnbHUK, 3axeamHa 20/108Ka, MexXaHi3M NepeMilyeHHsI yrnakog8oK,
peakuii 8 KIHeMamuy4HUX rnapax, eHep20eMHICMEb.

Beryn. BurotoBneHHs1 3pa3kiB aBTOMAaTHYHOTO MAKyBaJbHOTO OOJIAIHAHHS 3 BHKO-
PHCTaHHSM TPOTPECUBHUX METO/IB MPOEKTYBAHHS € CTPATETTYHO BAXKIIMBUM HAMPSIMKOM
PO3BHUTKY TPOMHCIOBOCTI. [locTiiiHe OHOBIICHHS ¥ YOCKOHAJICHHS IMAaKyBaJILHUX Mare-
piajiiB, 3MIHM B TEXHOJIOTISIX MAKyBaHHS BUMAraroTh BiJl pO3pOOHUKIB MaKyBaJIbHOI'O 00-
JIaTHAHHS TIOIIYKY HOBUX IUISIXIB, sIKi O 3a0e3rneuyBain e(eKTHBHICTb, SIKICTB 1 O€3IeKy.
OnHuM 13 e(heKTUBHUX NUIAXIB BUPIIICHHS 11€T TpoOIeMH € 3a0€3MeUYeHHs] YMOB BUCOKO1
aBTOMATH3allil 1 TOYHOCTI BUKOHAHHS TEXHOJIOTTYHUX OTIEpaIliid MaKyBaHHSI.

3aB/sSIKM BUKOPUCTaHHIO NMEPEOBUX TEXHOJIOTIHM MPOEKTYBAHHS Ta BIAMOBIIHUX MaTe-
piajiB JOCSTarOTHCS HAWKPAIIl Pe3yJIbTaTH Y BUIIIA KOMIAKTHUX, MOTY>KHUX Ta €HEPro-
e(peKTUBHUX TEXHIYHHUX CHUCTEM, 1110 BIJIMOBIJAIOTh BUMOTaM CYy4aCHOI'O PUHKY MaKyBaJlb-
HOro oOyiaHaHHs. HaykoBi TOCITi/DKEHHS II0/I0 ONTUMI3AIlli CHHTE3Y CTPYKTYpH Ta pobo-
TH PI3HUX 3pa3KiB MaKyBaJbHOTO OOJamHaHHS 3a0e3ledye iXHIO pecypco- Ta €Hepro-
OLIA/HICTb, IPOAYKTUBHICTB 1 6e31epediiiHy poOoTy.

OpHuM 13 HaTPsIMIB PO3BUTKY MaKyBaJILHOIO 00JIaIHAHHS € pallioHAIbHE MIPOEKTYBAH-
HSI TIPUCTPOIB TIEPEOPIEHTYBAHHS APy CKISIHUX TUISAIIOK. Y TIPOIIEC] MEpeopieHTyBaHHS
BUHHKAIOTH BEJTUKI IUHAMIYHI HABAHTaKEHHS, 10 MOXKE MPU3BECTU JI0 BTPATH YIIAKOBKU
Ta MPOAYKTY. ToMy TepIodeproBuM 3aBIaHHIM JUIs1 BU3HAYCHHST KOHCTPYKIIIi, ITapaMeT-
piB 1 peXXUMIB poOOTH BUKOHABYOTO MEXaHI3My YKJIaAalbHHUKA TUBIIIOK € PO3pO0Ka CTPYK-
TYpPHUX, KIHEMaTHYHUX 1 CUJIOBHUX MapaMeTpiB, sKi O 3abe3neuyBanyd BUKOHAHHS BUMOT,
TIOCTABIICHUX TIepe]T po3poOHuKamu, [ 1—6].

Oruisig OCTaHHIX JAOCTIIKeHb i myOuikamiii. IcHyI04Yl MeTOMKH BHOOPY ONTHMAITh-
HOI CTPYKTYpH TaKyBaJbHMUX MAalIMH HaBEACHO B HayKoBHX mpausix [1, 7]. B mpoueci
MIPOBEACHHS ONTUMI3AIIIMHIX JOCHIKEHb BPaXOBYIOTHCS N1MCHI 3HAYCHHS TEXHIYHUX Xa-
PAKTEPUCTHUK 1 TapaMeTpiB pOOOTH YKJIaadbHUX TPUCTPOIB. DYyHKIIOHATBHUN MIX1]
MPOEKTYBAaHHS BUMAarae BpaxoByBaTH (DaKTOPH, SKi XapaKTEPU3YIOTh SKICHE BHKOHAHHS
(byHKIIIH, 10 TTOCTABJICHI B TEXHIYHOMY 3aBJIaHHI Ha TIPOEKTYBaHHSL.

OriHKy TapaMeTpiB SKOCTI TTaKyBaJTbHUX MAIIMH 3/1MCHIOIOTE 3a €KCITyaTalliiHIMU
Ta BUPOOHMYO-TEXHIYHUMU BiiacTUBOCTSIMU [8—10]. [lo excrutyaTauiiiHuX BJIacTUBOCTEN
BIZTHOCSITH ITOKA3HUKHU MPU3HAYCHHS, HAIIHHOCTI, €PrOHOMIKH Ta eCTeTHKH. J[0 BUpoOHU-
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YO-TEXHIYHUX — TPYIOMICTKICTh, METAJIOMICTKICTh, €HEPIOMICTKICTh, ITOKA3HUKHU CTaH-
JapTu3aiiii Ta yHiikarii.

MeTta gocaikeHHs: MPOaHANIZYBATH iICHYIOY1 KOHCTPYKITii YKJIaJaIbHHUKIB YIIAKOBOK
B SIIIIUKY 3 METOKO BHSIBJICHHSI MOXKJIMBOCTEH TTiABHINICHHS TIPOAYKTHBHOCTI TAKUX MAIIIAH
Ta yJIOCKOHAJCHHS 1CHYIOUMX 3pa3KiB, BU3HAYUTH BIUIMB Pi3HUX (DAKTOPIB HA MPOLYKTHB-
HICTh 1 pOOOTOCTIPOMOKHICTH MAIlTMH-aBTOMATIB.

Marepiam i MeToan. O0’€KTOM JOCIIIKEHHS € MAITMHU-ABTOMATH JIJIs IAKyBaHHS 1
VKJIaJIaHHS YTIAKOBOK B CIIOKMBYY Ta TPAHCIOPTHY Tapy 1 (yHKIIIOHYBaHHS iXHIX poOo-
ypx opraiB. OCHOBHUM METOJIOM YZIOCKOHAIICHHS! Ta BUOOPY ONTHUMAJILHOT CTPYKTYpH
MaKOBAJIbHOT MAIlIMHY € aHAJITUYHE JOCIIHKEHHS XapaKTepHUX napaMeTp1B nepeM1u1eH—
Hsl CKJIaZIOBUX €JIEMEHTIB YKJIaTaIbHUKA IIAOK Y Tapy Ha NPSAMOJIHIHOMY 1 KpUBOJIi-
HIHOMY Bi/Ipi3KaX TPAEKTOPIi pyXy 3aBaHTAKECHOI Ta HE 3aBaHTAKECHOI 3aXOILTIOBAJIHLHOL
TOJIOBKH.

Pe3yabTaTi gocaipkeHb. Y pe3ynbTaTi MPOBEICHOTO aHATI3Y ICHYFOUMX KOHCTPYK-
i YKIaJaJbHUKIB IUISAIIOK y Tapy OyJi0 MPUHHATO PIIIEHHS B MOJAJIBIIOMY yJIOCKOHA-
JIIOBATH CXeMy, HaBeJeHy Ha puc. 1. Ha nepiuioMy erarmi npoekTyBaHHS BUKOHABYOI'O Me-
XaHI3MY TIEPEMIILIEHHS IIapy YIaKOBOK OyJIM aHAITUIHO BU3HAYEH1 3aJI€XKHOCTI YIS PO3-
PaxyHKY T€OMETPUYHHUX 1 KyTOBHX XapaKTEpUCTUK MailOyTHbO1 kKoHcTpykuii [11, 12]. Ha
cXeMi BBe/IeH] TaKi Mo3HA4YeHHS: /1 — JOBXKWHA JUITHKY TT1IHOMY 3aXBaTHOI TOJIOBKH HAJT
BY3JI0OM (hopMyBaHHA 1apy; H — JOBKUHA TUISHKU OITyCKaHHs IUISILOK B Tapy; R —
pajiiyc KpUBOJIIHIHOI TUTSIHKH; [, — JTOBKHWHA TTPUBOAHOTO BaXKelst; 3 — JOBXKHHA II1a-
TyHa. KpiM IBOX OCTaHHIX, iHIII MapaMeTpy BU3HAYAIOTHCS 3 YpaXyBaHHAM pO3MIpiB yma-
KOBKH, TPAHCIIOPTHOI TapH, TabapuTiB By3iB ()OPMYBaHHS BIAMOBIHOTO APy YITAKOBOK
1 BIJIBE/ICHHS TapH.

h
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Puc. 1. Cxema BU3HAYEHHS HapaMeTPiB PyXy 3aXBATHOI F0JIOBKH
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BpaxoByroun Biomi mapameTpH, BiJICTaHi b1 Ta by B KpailHIX MTOJIOKEHHAX TOUYKH ITi/I-
BICKHM 3aXBaTHOI FOJIOBKM BU3HAYAIOTKLCS 3T1IHO 13 3aJ7I€KHOCTSIMHU:
b, = VR? + h?,b, = VR? + H?. (1)
[TouaTkoBH KYT TOJIOKEHHS TIPUBOJIHOTO BAXKETISI HAJl BY3JIoM (DOpMYBaHHSI IIapy yIia-
KOBOK 32 TEOPEMOIO KOCHHYCIB JJOPIBHIOBATUME:

_n_ (R2+h2+l§—l§) @)
Pn =3 21,VRZ+h2
KyT nosnoxeHHs: puBOTHOTO BayKeJIs HaJl KOHBEEPOM TSI TPAHCIIOPTHOT Tapu:
_T_ (R2+H2+l§—l§) 3)
Po =3 21,VRZ+H?

Ky, sikuit BU3Ha4ae poOOUMii XiJ1 3aXBaTHOI F'OJIOBKH 3 TUIAIIIKAMH TIPU PyCi Bij By3J1a
(dbopMyBaHHS JI0 TPAHCTIOPTHOI TapH, BU3HAETHCS K PI3HUII (4):

_ h H aZ+h? _(_ab+H?
P = (ﬂ + R) TR (2!2\/R2+h2) (212\/R2+H2)’ )
1€ do 3aMiHA BUILY: a2 =R?*+15—13. (5)

1. BepTrkanbHa NpsMOIiHIMHA AUISHKA MIHOMY IIapy YIaKOBOK HaJl BY3JIOM (OpMy-
BaHHS 1IAPY: IOYATOK PyXy BU3HAYAETHCS 3TAHO 13 3a51eXHOCTIO (2). Kinenp pyxy 1 mova-
TOK PYXY BJIOBX KPUBOJIIHIMHOI HAMPSIMHOI:

_ m(R*+13-13
P = 2( 2Rb, ) ©)

2. KpuBouniHiiiHa JiIssHKa EepEMIIIEHHs 3aXBaTHUX TOJIOBOK: IIOYATOK PyXy BHU3Haya-
€THCS 3AICKHICTIO (6), KiHEIb PYXY BIOBX KPHUBOIIHIHHOT HAPSAMHOT:

_ o (RP+15-13
Px = 32( 2Rb, ) (7

3. BeprukanbpHa AiIsIHKAa pyXy TPY 3aBaHTAKEH] YIIAKOBOK B Tapy: MOYATOK PyXy BH-
3HAYAETHCS 3ATEKHICTIO (7), KIHEIb Ollepallii 3aBaHTaKEHHS BiIIOBIAE KYTY:

os=(33-9)-(Sa) ®

Ha npyromy erarr BU3HAUYUMO psii OOMEKEHb CTOCOBHO BUOOPY JOBKUHH JIAHOK Me-
XaHI3My NepeMillieHHs YITaKOBOK (puc. 2).

Puc. 2. Cxema po3paxyHKY IJIsl JiITHKH iHOMY BaHTa)Ky

Haiimenia cymapHa TOBKMHA JJaHOK MeXaHi3My OyJie y pasi po3TallyBaHHS iX BIOBX
minii (CA10), it AUSTHKA MIHOMY BaHTaKy — SIK TIOKa3aHO Ha cxeMmi (puc. 2). AHalo-
IYHO JJIs AUTIHKU OIYCKaHHS YIaKOBOK B Tapy — e Oyne siHist OA41K. Ane Toai icHy-
BaHH 3’€HAHHS B KIHEMATHYHIN TTapi 4 MOYIIMBE JIUIIE B TOUIII A1, TOMY IO MpH OyTb-
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SKOMY PYCl JIaHOK B110yBa€eThcs ii pyiHyBaHHs (Touka Ao). i icHyBaHHS KIHEMAaTUYHOL
napu B TOUIl A1, /1€ 3’€IHYIOThCA JIaHKU 2 1 3, TOTpi1OHO, II0O0 BUKOHYBAIacs yMOBa:
I, + 13 >+VR% + H2, )

Binbin TouH1 pekoMeHaIlii 11010 BUOOPY JIOBXKHH JIAHOK 2 1 3 MOXHA JaTH, aHai3y-
I0YM BIUIMB HOPMAJIbHOI CKJIQJ0BOI peaKiii JJAaHKK 3 Ha IIapHIp 3aJIeKHO Bl MOMIIUBHX
BapiaHTiB Horo pyxy [1, 4, 5, 8]. Tak, 3aJie)kHO BiJ KyTa Mk HAalIPSIMKOM PyXy 1 HaIrpsiM-
KOM HOPMAJIbHOI CKJIAJIOBOI peakilii B TOYIIl MiJBICKM 3aXBAaTHOI TOJIOBKH IAPHIP MOXE
oOepTaTucs (YUCTO KOUEHHS), 00epTaTHCA 1 OAHOYACHO KOB3aTH, MPOCTO KOB3aTU abo
OJIoKyBaTH pyX (3akauHioBaHH:A) [13].

Kpim Toro, Touka JOTHKaHHS IapHipa 3 HEPYXOMOIO HANPSMHOIO B MPOIIEC] MiIHOMY
BaHTaXy Oyjie 3MIHIOBATHCS 1 JSITH HA JiBY a00 MpaBy CTOPOHY BEPTUKAIBLHOI HAIPSIM-
Hoi. Le 3anexuTh Bijl CIIBBIIHOIIEHHI JJOBXKHH JIAHOK, a TAKOX BIJ] KyTa IMOBOPOTY IIATy-
Ha, 1O 100pe BUJHO HA pUC. 3. p

Puc. 3. Hanpsimok 1ii HopMaibHOI cKiIaa0Boi peakuii /V: N| — pyX BiICyTHIi
(3axsmHIOBaHHA); N> — TUCK Ha JIiBUI OiK HaNPsIMHOT; N3 — THUCK Ha MpaBuii 01K HANPSMHOT

SIKIIO PO3MIIIHYTH PIBHOMIPHUI MiAHOM 3aXBAaTHOI TOJIOBKU O€3yBpaxyBaHHs CHJI 1HEP-
1ii, TO HABAaHTAYKEHHS VI TAKOTO BUMAJKY MPEICTABIECHO Y BUIVIS/II CXEMU Ha puc. 4.

[ToBHa peaxtist R»3 — Ha IIapHip 3 00Ky maTyHa, Oyze HampaBieHa BIOBXK JOTUYHOI
JI0 KoJia TepTsl. K0 BpaXxoByBaTH MIKPO3a30pH MIXK HAT(OIO 1 BHYTPIIIIHIM OTBOPOM IIap-
Hipa, TO HOpMaJlbHa CKJIaJI0Ba peaktii R»3 Oyze HampaBiieHa BIOBXK OCl IaTyHa 1 IpUKIIa-
JieHa B Toulli D, NTOTUKaHH: Langu 1 mapHipa.

Sk yxe BKazyBaJIOCs, IPH IiIHOMI BaHTaXXy MOXIIMBI Pi3HI BapiaHTH pyXy, aje Hai-
OUITBII OIIAJIUBUYN (HaMEHII BTpaTH Ha TEPTs) — II€ YHUCTEe KOYCHHsI IIapHipa BIOBXK
HarpsiMHoi. 1151 Toro, o6 mapHip nepekovyBaBcs BIOBK BEPTUKAILHOI HAIIPSIMHOT, a He
KOB3aBCsl, MOTPIOHO, 100 BUKOHYBAJIACS YMOBA — CyMa MOMEHTIB JIIFOYHMX CHJT BITHOCHO
TOYkH K (pyIIIHHUX Ta THX, IO FAJIbMYIOTh PyX):

Nhy + FEephy = Razk + By, (10)

Sko BpaxyBaty, WO Fe = f N 1 3p00UTH TIEPETBOPEHHS HEPIBHOCTI BITHOCHO CHJIU
N, sika € pyIIiiHOIO CHITOIO (3 OOKY IIaTyHa ), TO OTPHIMAEMO:

R43k+prrp
R (a1
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Bept nkanbHa
HanpAMHa

Puc. 4. Cxema po3paxyHky piBHOMipHOI0 migiioMy 3aXBaTHOI IroJIOBKH 0€3 ypaxyBaHHsI CHJI
inepuii: 3 — maryn; F,, — cuia, IKa HABAHTAKy€ BUKOHABYMI MEXaHi3M YKJIaJalbHIKA Ha JISHII
pobodoro xoy (Bara 3aXBaTHOI TOJIOBKH Ta IIapy YMAKOBOK); R43 — peakiis Ha mapHip 3 00Ky
HEPYXOMOI HaNpsIMHOT; R»3 — peakIisi Ha mapHip 3 00Ky maTyHa; Fe, — CHJIa TEPTS KOB3aHHI MK
HIapHipoM Ta nardoro Ha maTyHi; N — HopMaJlbHa CKJIaJIoBa PEaKIlii Ry3; (3 — KyT MOBOPOTY IIATYHA;
3 — KyTOBa IIBUJIKICTh IIATYHA; (0, — KYTOBa IIBHAKICTH 00EpTaHHsI MIapHipa (B HAILIOMY BUIMAAKY HE
BIUIMBA€E HA PyX 1HIIUX €IEMEHTIB — 3aliBUI CTYMiHb PYXJIUBOCTI); 7, — PaJiyc WAapHIpa; #, — pajiyc
nardu B TOUII MOHTaXY IApHipa; /j — BiJICTaHb JI0 JIIHIT Jii HOpMaJIbHOI CKIIAJIOBOT peaKilii; /, —
BiZICTaHb JIO JIiHii i1 CUIH TepTs; kK — KoeilieHT TepTs KOUCHHS B TOYIll KOHTAKTY IapHipa 3
HEPYXOMOIO HATIPSIMHOIO

Bincrani /1 1 hy MoxkHa Bu3HaunTH 3 TpukyTHUKA KEC:
hy =1, sin sin (180 — @3) i hy =1, cos cos (180 — ¢3) — 7, . (12)
3aeXHICTD U BU3HAYEHHS peakilii K43 MOXKHA 3HANTHU, CIIPOEKTYBABLLIM A1I0Y1 CHIH
Ha TOPU30HTAJIbHY Bich OX:
R43 = —N(cos cos @3 + f sinsin @3 ). (13)
[Ticnst miacTaHOBKY Ta BiMOBIIHUX IIEPETBOPEHb OTPUMAEMO PIBHSHHSA U1 BU3HAUYCH-
HSI HOPMAJTLHOT CKJIaI0BO1 PEaKIii Rys3:

N> f

- . (14)
sinsin @3 (1+f£>—coscos (,03(f—£>—fr—LIL
™D Tp) " Tp

3 METOI OUIBII PETENBHOTO aHali3y OTPHUMAaHHUX 3aJIEXKHOCTEH BMKOHAHI BIAIIOBIHI
po3paxyHku B cuctemi MathCAD 3 y3aranbHEHHSIM pe3yJibTaTiB y BUIJIsIL FpadiyHO] 3a-
JISKHOCTI.

3MiHa BEJTMUMHU HOPMAJILHOI CKIIQJI0BOI peakilii B Toull ¢ikcarlii 3aXBaTHOI TOJOBKH
3aJIeXHO BiJ] KyTa MIOBOPOTY IIaTyHa Ta PI13HOI Bark 3aXBaTHOI T'OJIOBKH 1 YIIAKOBOK ITOKa-
3aHa Ha puC. J.

Sk BumHO 3 rpadika, HAWMEHII 3HAYCHHS peakiii N (BiIIOBITHO, MiHIMAJIbHI BUTPATH
CHEprii) MPHUITaIal0Th Ha JTialla30H 3MiHH KyTa (03 B TIPOIIEC TiIHOMY BaHTaXy Biz 65° 110
130° (na puc. 5 3aremHeHa 30Ha). Lle Oyne HailMeHII eHeproeMHUI PeXUM 1, BIATIOBITHO,
H0ro MO)KHa BUKOPHUCTOBYBATH SIK KPUTEPIN JJ1s1 BUOOPY JOBXKUH IPHUBOJAHOTO BAXKENA Ta
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aTyHa, siki 0€31ocepeIHbO BILTUBAIOTH Ha KYT (3. CIIiJ] TaKOXX 3ayBaKUTH, ITI0 31 3011b-
IIEHHAM Fy,) MOXIIMBHI 11ana30H 3MiHU KyTa (03 Oy/1€ 3MEHIITYBATHCA.

N{H
NS({,:)\ ‘{, F;s px = 350H
800 — -
Lot 8  Fypi= 300 H
i’:‘{'lp) \ \. / "f
. '\ i  Fype=250
Nip) « \ \ 7 /
ST p -
400 : \'\ s _ ANV it
Ni(g) " e - o
: ) ; o | Fipe=150 H
00 sl /
¥
epadycu
¥ 50 100 150 200

Puc. 5. I'padix 3Minu BesmanHU /N 3aJ1e5KHO Bill KyTa @3 JIsl Pi3HOI KIJILKOCTI YIIAKOBOK Y
api, Ikui BKJIAAAEThCA B TAPY

BuKopHCTOBYIOUM OTpUMaH1 pe3yJbTaTy aHATITHYHOTO JIOCHTIPKEHHS, MOJKHA BU3HA-
YUTH MapaMeTpy MEXaHi3My MepeMIIEHHs YIaKOBOK, SIKI Il BUOPAHOTO MO€EHAHHS Ta-
PH 1 CIOKMBYOI YIIAKOBKH OYyJTyTh peali3oByBaTH HaMOUIbLII €eKOHOMHHUI MPOILIEC 3aBaHTa-
JKEHHSI I1apy YINAaKOBOK B TPaHCHOPTHY Tapy. Tak, 3Harouu napamerpu h, H, R, Bu3Ha-
gaemo 3rigHo 3 (1) bi. Jami, BukopuctoByroun rpadik (puc. 5), 3a1aeMo KyT 3 3 ypaxy-
BaHHSM BEJIWYHMHU [, (Baru 3axBaTHOI TOJIOBKU Ta MIAPY YIAKOBOK), IPU 3HAYEHI SIKOTO
HOpMaJIbHA CKJIAJIOBA PEaKIlii B TOYIN IMIJBICKU 3aXBaTiB Oyje OIM3bKa 0 MiHIMAIBHOIL.
[Ticost 9oro, BUKOPUCTOBYIOUH TEOPEMY KOCHHYCIB TSl JIAaHOK MEXaHi3My Ha TIOYaTKy Py-
Xy BIOBX BEPTHKAJIbHOI AUTHKU Ta B KiHII, BU3HAYAEMO JOBKUHH MPUBOIAHOTO BAXKEIS
Ta MIaTyHA.

BucnoBku. [IpoBeieHuiil aHani3 BIUTUBY Pi3HUX NapaMeTpiB Ha 10Ul 3yCUIUIS B IIap-
Hipi ITIJBICKM 3aXBaTHOI TOJIOBKU ITOKAa3aB, 1110 BEJIMYMHA HOPMAJILHOI CKJIQJIOBOI PEaKITii,
sIKa € PYIIHHO CHJIOK0 Ha BIANOBIIHUX AUISHKAX PyXY 1, B OCHOBHOMY, 3aJICKUTh BIJ CY-
MapHOi BarW 3aXBaTHOI T'OJIOBKH 1 YIIAKOBOK, a TAKOXK BiJ| KyTa, ITiJ] IKAM PEaKIlis Harpa-
BJIEHA CTOCOBHO HEepyxoMmoi HanpsiMHoOi. Ha Hei BIumBaroTh po3Mipu mmapHipa, koedirieH-
TH TepTst. OTprUMaHi 3aJIEKHOCTI Aal0Th 3MOTY BUKOHATH CUHTE3 MEXaHI3MY MEPEMIIIEHHS
32 YMOBH MIHIMQJIbHOTO HABAaHTAKEHHS B KIHEMAaTHYHMX Napax KPIIUIEHHs 3aXBaTHOI Io-
JIOBKH TIiJ1 4ac MOBOPOTY IaTyHa B Mexkax 65—130 rpan.
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