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MeroauuHi peKOMEHmAIlli JId TPaKTHYHUX poOIT 3  HaBYAIBHOI
muctuioriny  «[Ipukmamgna MexaHika» s 3m100yBadiB BHUINOI OCBITH
OCBITHBOTO CTyINEHS «MoJoAammii OakamaBp» cmermiampHOCTI 184
«[ipanurBo». — XKutomup : JepkaBHuii yHiBepcuteT <« JKuToMupcbka
noJiTexHikay, 2021. — 122 c.

Po3pobuuku:

MoxapoBcbkuii Mukona Map’ssHOBUY, CT. BHKJI. KadeIpu aBTOMOOLTIB i
TPaHCHOPTHUX TEXHOJIOTIH

[ocrauyk Awnzapiii MukonaiioBuy, K.T.H., JOI., JOLUEHT Kadeapu
MeXaHI4HOI iHKeHepil

Peuensentu:

K.T.H., IOEHT Kadeapu MexaHiuHoi imkeHepii bamumpka H.O.

K.T.H.,, Jouer kadeapd aBTOMOOLIIB 1 TPAHCHOPTHUX TEXHOJIOTIH
Turapenko B.€.

PosrmsiHyTO 1 peKOMEHIOBaHO Ha 3acilaHHi Kadeapw MexXaHIYHOI iHXKEHepii.
[Iporokoun Bix «28» cepunst 2021 p. Ne 7
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BCTVYII

HaBuampHMM IUIaHOM —IATOTOBKM MOJIOALIMX OakanaBpiB Hampsmy 184
"Tipaunreo" 3 muctmmiian  "[lpuknagHa MexaHika" mepen0aveHO BUBUCHHS
HaBYAJILHOTO MaTepialy MUIIXOM BiIBIAYBaHHS Kypcy JIEKIill, BAKOHAHHS Ta 3aXHCTY
MPaKTHYHUX POOIT, caMoCTiitHOT poboTH.

BukoHaHHS TPaKTHYHHUX POOIT CIIpUsIE MOMIUOICHHIO PO3YMIHHS Ta 3aKPiIUICHHS
TEOPETHYHHUX TOJIOKEHb BHBUYEHOTO KypCy, a TaKo)X HaOyTTs IOCBily 1 HaBUKIB
PO3paxyHKOBO-KOHCTPYKTOPCBHKOI pOOOTH, B TOMY dYHCTI O(GOPMIICHHIO iHXXEHEpHO-
TEXHIYHOI JTOKYMEHTallii.

Yactuna kypcy "llpuxiagna wexanika. Omip MarepianiB" BHBYAE METOAU
PO3paxyHKy OKPEMHUX €JIEMCHTIB KOHCTPYKIIA Ha MIIHICTh, KOPCTKICTh Ta CTIHKICTB.
BukopucTaHHSI OCHOBHUX METOIMK JOCIHIIPKEHHS HAIIPY)KEHOTO CTaHy KOHCTPYKIIiH Ta
iX po3paxyHOK 3a0e3redye He TIIbKM HaJIiHICTh eKCIuTyaTauii, aje W HpUHIUNN
TEXHOJIOTIYHOCTI Ta €EKOHOMIYHOCTI.

Yacruna kypcey «lIpukinagna mexanika» — « Teopis MexaHi3MiB 1 MallIiHy» BUBYAE
OCHOBM CHHTE3y Ta aHaJi3y MAaIllMH Ta MEXaHi3MiB, IO IOJSTaE y IOCHIHKEHHI
B332€MO3B’S3KIB T€OMETPUYHUX, KiHEMaTHYHHX Ta CHJIOBUX mnapamerpiB. [lig wuac
BUBUEHHS IIbOTO PO3JLTY CTYAEHT HaOyBa€ 3HaHb, HEOOXITHHX ISl TMOIAIBLIOTO
BUBUEHHA JucuuIUIinM «[IpukmamgHa MexaHika», po3giny «[erami  MammHy,
MPUCBSIYEHOT0 OCHOBaM KOHCTPYIOBAaHHS Ta IIPOEKTYBAHHS JIeTajel MallInH.
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IIpakTnuyna poodora 1

Tema: J{ocnimkeHHs Ta po3paxyHOK Opyca Ha MIIHICTh
1 )KOPCTKICTb TIPH PO3TATY (CTHKY).

Merta poboTu:

- JlocniauTy Hanpy>keHUH cTaH OAJIKH NPH NMPUKIAJaHHI 3yCHIUISA PO3TATY

(cTucky);

- Bu3Haunti BHYTpIilIHI CHJIOBI (akTOpH, NOOYIyBaTH €MIOPY BHYTPIMIHIX
TIOB3JIOBXHIX 3yCHIIb;

- BuszHaunti moTpiOHI po3MipH TMONEpedHUX Mepepi3iB Opyca 3 BpaxyBaHHSIM
YMOBH MIITHOCTI;

- [ToOynyBatu entopy HOpMaIbHUX HAIPYKEHb;

- Buznaunti nedopmamnito Oalkd TpU PO3TATY (CTHCKY), MOOYIyBaTH eIIOPY
MepeMilIeHb mepepisy;

- BusHaunTH HamOpyKEHHs B HAWOUIBII HABAaHTAXXCHOMY IIepepi3i Ta Ha
IUTOIIMHKAX, 1[0 MOXUJICHI 10 HOPMAJILHOTO Tepepi3y mig Kytamu o, Ta a+90°,

MeToanyHi pekoMeHAalii 10 BAKOHAHHA po0oTH

Bigomo, sIKIo B mornepevHuX rnepepizax Opyca mif Ji€l0 HABaHTa)KEHHS BUHUKAE
TIIBKU OJMH BHYTPIIIHIA CHIIOBHH (PaKTOp — BHYTPIIIHE TOB3IOBXKHE 3ycwimist N, To
Opyc oTpuMmye nedopMariiro — po3TAT (CTHUCK).

J1nst BU3HAUEHHST YHCEIIbHOTO 3HAUYEHHS 1 HAIPSIMY BHYTPIIIHBOTO TIOB310BXHBOTO
3YCHJIISI BAKOPHCTOBYIOTh METO/I IIEPEPi3iB, SKUil MMOJISIrae B TOMY, II10:

- YSIBHO PO3CIKalOTh OpYC Ha YacTHHHU IUIOLIMHOIO, SIKa MEPIIEHANKYJISIpHAa HOTo
IIOB30BKHii 0Ci;

- ogHy 3 yactuH (OyIb SIKy) BIIKHAQIOTH 1 PO3MIISAAIOTH PIBHOBAry 3ajHIIEHO]
YaCTHHHY;

- CKJIQJaroTh PIBHSAHHS PiBHOBATH;

- 3HaXOAATh IIOB3JOBXKHE 3YCHJUII B 3aJIE)KHOCTI BiJ JIIOYMX 30BHILIHIX
HaBaHTAXXEHb, IPUKJIAJACHUX JI0 Ti€i yacTHHM Opyca, 0 PO3IIIAIA€THCS.
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I'padiune 300paxeHHs 3MiHI BHYTPIIIHFOTO TTOB3I0BXHBOTO 3YCHIUISA IO JOBXHHI
CTEepIKHS HA3UBAETHCS enopd HYMPIUHIX N083008XCHIX 3ycuib (TIOB3IOBKHIX CHII).

[Tpu GynoBi emtop BHYTPIMIHIX CHIIOBUX (PaKTOPIB 1 mepeMilieHb Opyc po3CiKaloTh
Ha YaCTUHH, TPAaHUISIMH SKHUX € TIepepi3u Je 3MIHIOIOThCS: 30BHIIIHE HABAaHTA)KCHHS,
MaTepial, po3Mipu mepepizy.

BHyTpimHE TOB3IOBXXKHE 3YCHUIA, HANpaBlIcHE B OIK 30BHIMIHBOI HOpMAXi, €
PO3TSHKHHUM 1 BBXKAETHCS IOJATHHUM.

Jnst OUiHKM MIITHOCTI HaBaHTa)KEHOTO Opyca BHKOPHCTOBYIOTh BEIIMYMHY MipH
IHTCHCHBHOCTI BHYTPILIHIX 3yCWIIb, SKy HAa3HBAIOTh HanpyoiceHHam. HanpyxeHHs o
BU3HAYAEThCA SK BIJHOLICHHS BHYTPIIIHBOIO IOB3IOBXKHBOTO 3yCHIUIS IO IUIOIII
MOTIEPEYHOro mepepiza opyca:

o=—,

A
ne N — BHyTpilIHE MOB3TOBXKHE 3yCHIIA B iepepisi, H;
A — mutoma niepepiza 6pyca, M.

BukopucroByroun ¢GopMydy BH3HAuU€HHS HAlpyXeHb, MOXXHa I00yIyBaTH
emIopy, IO TPENCTaBisie co000 TpadigHe 300pakeHHS 3MIHM HANPYXECHHS IO
JOBXHHI Opyca. 3HaK HampyXeHHs BIANOBIJATUME 3HAKy [OB3IOBXKHBOI CHIIN:
Harnpy>XeHHS PO3TATY — 0JaTHE, HAIIPY>KEeHHS CTUCKY — BiJl’€eMHe.

Minsicte Oynme 3abe3nedueHa, sSKIIO HAMPY)KEHHS B Tepepi3i ¢ He mepeOibirye
JIOTYCTHMOTO 3HAYCHHS [G]:

N
szﬁ[a]

BkazaHa HepiBHICTh HA3MBAETHCA  YMO60I0 MiyHOCmi TIO  HOPMaJbHUM
Harpy>XKeHHSIM.
JlomycTuMIM 3HAYEHHSM HOPMAJIBHUX HAIPYKCHb BBAXKAETHCS TE, IO JOPiBHIOE

[o-]— O
n
e 0,, — TpaHudHe abo HeOe3leYHe HANMPYXKEHHS, MPH SKOMY 3 SBISIOTHCS

HeJIOIyCTHMI IIacTH4HI Aedopmaltii, ane Opyc 30epirae npane3aaTHicTh;
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N — koeQilieHT 3amacy MIIIHOCTi, IO 3aJeXWUTh BiJ CTYIICHIO BiAITOBIXHOCTI
JeTai, JOCTOBIPHOCTI BHW3HAYCHHS 30BHIMIHIX HABaHTaXCHb, OJHOPIAHOCTI
BJIACTHBOCTEH Martepiay Ta iHIHMX (GakTopiB.

Hedopmarrisi, mo OTpUMYE Opyc, B 3aJCKHOCTI BiJ HAIpsAMY MPHUKIAJCHOTO
HABAHTAXKCHHS €: TTOJIOBXEHHS — IIPU PO3TATY 1 CKOPOUEHHS — MPU CTHCKaHHI.

BpaxoByroun 3akoH ['yka Ta ¢opMyidy BU3Ha4YeHHS MOB3IOBXKHIX HaIlpyKeHb
MOYKHA BU3HAYNTH AedopMallito (3MiHy JOBXKUHH) ITUITHKH Opyca:

Al = Nk

Iin'A,

e Ali — abCoIOTHE OJOBXKEHHS (CKOPOYCHHS) i-1 NUITHKH Opyca;

|, — nomxuna i-i KijastHKH Gpyca;
E — Monynp noB30BXHBOI IpyxkHOCTI (Moayis FOHra), I1a.

3akoH aedopmallii BH3HAYAETHCS 3HAKOM ITOB3JIOBXHBOI CHJIM: TPH PO3TATY
nedopmaris JoAaTHA, IPY CTHCKAaHHS — BiJ’ €MHA.

[NepemimieHHst TOBUIBHOrO Iepepizy Opyca 3HAXOIUTHCS SIK anreOpaiuHa cyma
nedopmamiil BCiX TUISHOK Opyca, 1o JIeKaTh MK Mepepi3oM, SKUH pO3TIsSAaeThes, i
YMOBHO HEPYXOMHM Iepepi3om:

n n
5= a1 =3 Nl

i=1 i1 B A ,

Iie N — KiTBKICTh JUITHOK MIX ITOYATKOM BIJUTIKY 1 Tepepi3oM, STKUH TOCIiIKYEThCS.

UYepe3 Oyap Ky TOYKY Opyca MOKHA MPOBECTH Oe31id IIIONIMHOK, SKi Hapi3HO
OpIEHTOBaHI B MPOCTOpi. B I1bOMY BHUMNAAKy HANPYXEHHS, [0 BHHHUKAIOTH B
IUTOIIMHKAX HAXWJICHUX JI0 TOJOBHOI HOPMAJi Mifl JOBUIBHUM KYTOM, IOAUISIOTH HA
HOpMAJTBHI i JOTHYHI.

B mromuHIi mepepizy HaXWJICHOI IO HOpMAUl IiJ 3aJaHUM KyTOM 0, MOXKHA
BU3HAYUTU.

HopmaieHi HanpyxeHHS — o,=0" cos’ a ;

Hotumuni nanpyxenns — ¢ = .sin 2
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e G — HOpMaJbHE HANpYXECHHSA B TONEPEYHOMY Iepepisi Opyca (Ha HOpMabHIN
TTOITHHITI ).

Mpuknanx gociaixkeHns 6pyca Ha po3TAr (CTHCK) Ta PO3PaxyHOK HANIPYKeHb
i nedpopmauniii Opyca

Haoano: bpyc HaBaHTaXCHHMU 30BHIIIHIMH oOChoBUMH cwiamu F;=90kH,
F,=50xH, F3;=110xH, [c]=160MIla (puc. 1.1).

Po3zé’azok:

1. Busnauenns enympiuinix nog3008;cHix 3ycuiite ma no6y008a enopu.

BinmoBigHO mpaBWiI BU3HAYCHHS TPAHAL AUITHOK Opyc 300paXkyeMoO B 3pYIHOMY
Macuitaoi.

Binknmaemo HakmaneHy B’s3b 1 3aMIiHIOEMO i BIIIIOBIZHOIO pPEAKIN€r0 B’s3i R
(puc. 1.2). 3 piBHSHHS piBHOBAark BChOTo Opyca Maemo:

EFiZ:O; F1*F2*F3+R:O,

Busnayaemo: R = F, + F; — F; = 50 + 110 — 90 = 70xH. Otpumane momatHe
3HAUEHHS CHJIM R MiITBEp/KYE, 1110 HAIIPSM peakii IonepeHb0 MOKa3aHo PABUIIBHO.

Po30buBaemo Opyc Ha ainsHkH. B paHoMy npukiaai BUAIISEMO YOTHPU AUISIHKA
(puc 1.3, 1.4, 1.5, 1.6). BukopucroByroud MeTo] Hepepi3iB 3HAXOJUMO BHYTPILIHI
MOB3/IOBXKHI 3YCHIUISI Ha BINNOBITHUX MAiNsHKaX Opyca. Cxirajgaroud piBHSIHHS
PIBHOBaru HaIpsiM BHYTPIIIHEOTO TTOB3JI0BXXHBOTO 3yCHIUIS BUOMPAETHCS TaK, MO0 BiH
CHIBNaJaB 3 HAmpsIMOM 30BHIIIHbOI HOpMaii. B 1poMy pasi gopaTHe 3Ha4YeHHS
BHYTPIIIHBOTO TTOB3/I0BKHBOTO 3yCHIIIS BKA3Ye, IO [1€ 3YCHIUIS € PO3TSKHUM.

Tinstaka I: 0<Z,<l; a6o0 0<7Z,<0,5m
PiBHsIHHS piBHOBaru:

2 Fi; =0, N,—F,; =0, N; = F; = 90kH.
Jledhopmartist TUISTHKY — PO3TSIT.
Jlinsuka I1: 0<Z,<L+l, a6o 0<Z7,<09m
PiBHSHHS piBHOBaru:

ZI:iz=0, N, -F1+F,=0,

N2:F1*F2:90*50240KH.
9
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Jedopmaris TiITHKA — pO3TAT.
ﬂiHﬂHKa I11: 05235 |1+ |2+ |3 abo 05235 I,SM
PiBHSHHS piBHOBaru:

ZFiZZO, N3—F1+F2:O,
N3: F]_—F2:90—50:40KH.
Jedopmartist TUISTHKY — pO3TAT.
Hinsaka IV:
PiBHSIHHS piBHOBAaru:
X Fy;=0, Ns+R=0,  N;=—R=-70xH.

Jedopmalrtis AUISTHKY — CTUCKAHHSL.

3a OTpUMaHMMH pe3yJbTaTaMU BHYTPIIIHIX MOB3JOBXKHIX 3yCHIIb OyIyeThes iX
emtopa. [IpoBomuMo mapanenbHO oci Opyca HyNbOBY JiHiF0. Ha rpaHUYHUX AIISTHKAX
Opyca B MacmrTadi BiAKIIQZaeMO OTpUMaHi 3HAYCHHS BHYTPIIIHIX CHIIOBHX (paKTOPiB,
BPaxOBYIOUH iX 3HaK 1 Xapaktep aedopmartii (puc. 1.7).

2. Busnauennsa nanpysicenb ma neoOXiOnux po3mipie nonepeunozo nepepizy
OinAHOK bpyca.

[MoTpiOHI po3Mipn HonepeyHHX IMepepi3iB Opyca BH3HAUYAIOTHCS AJISI KOXKHOI 3
JIJISTHOK 3 YMOBH MIITHOCTI ITPH PO3TATY (CTHCKY):

o, = & < [O'],

ne Nj — MOB310BKHE 3ycHIUIs B AUIHIN Opyca, KH;

A; — TI0111a TIONIePEYHOTO Mepepi3y B AUISAHIN Opyca, M

[o] — momycTume Hanpy>keHHS I 3aJjaHOTo Matepiany, MIla.

BinmoBigHO 3aaHoro0, IDIONIY MEpepi3i Ha BCIX AUITHKAaX Opycy BHpa3uMoO 4Yepes
3a/1aHi mapaMeTpu:
2 2
Hinstaka 1: A = ﬂ‘; = E = 0,785a2;
4 4

Hinsnaxka II: A=A= 0,785a?;

Hinsaka 11 Ay = b? =a?;

10
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2 2
_ d, _z (2a)

Hinsuka IV: A, 2 =314a’.

BusnaunMo HampyXeHHS Ha KOXHIH 3 JUITHOK Opyca, BHpa3WBINK Yepe3 3aJaHi
napameTpu:

. . 8
Hinsuxa I: o, = N _ L]-Oz =115-10* a2 Ia;
A 0,785a
3
Hinsuka Il: o, N, _ 40'102 =5,09-10* -a™* ITa;
A, 0,785a
3
Hinsaka I o, = ':33 = 40'1'0 =4,0-10*-a"% Ia;
a
. — . 3
Hinsuka IV: oy =—t= Ll? =-2,23.10* -2 Ia.
A, 3lda

AHani3yroun OTpHMaHi pe3yjabTaTH, pPOOMMO BHCHOBOK, M0 HAWOLIBII
HanpyxeHuM (HeOe3neyHuM) € nepepi3 Ha nepuiit ainsHoi. Toxi yMoBy MilHOCTI Ha
nepmiii gingui 3anumemo sk: o; = 11,5 - 10° - a™* < [o].

3 yMOBH MIIIHOCTI 3HaXOIMMO MOTPIOHUI MapameTp Tepepisy a:

4 4
az [H210 =\/11'5 105 =26,8-10"° m.
[o] 160-10

Toxi xiameTp mepepisy Opyca Ha YeTBepTiH aisHI (3a ymMoBamu 3aaaui) d4 = 2a
=2 26,810 =53,6-10° M. Bignosigzo 10 CT COB 514-77 (noxatok B, taGmus 1)
3 psaay Ra40 HeoOXigHO NpUIHATH HAHOMMKUe CTaHIApPTHE 3HAYEHHS pO3MipiB Opyca:
d;=b=28vm=0,028M, ds=56mm=0,056Mm.
3. BusHauenHs HOpMATbHUX HANPYJICEHb 8 nepepizax bpyca, no6yoosa enwpu
HOPMAIbHUX HANPYIHCEHD.
BusHaunMo Hampy>KeHHsI, 10 BUHUKAIOTH B Iepepizax Opyca:

3
Hinsanka I: o, = N, = %42 =146 -10° [7a =146 MIla;
A  0,785-0,028
3
Hinstaka 11 o :&_Mzeglos Ila =65 Mlla;

2 A, 0785.0,0282
11
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. . N 40-10%-4
Ainsxa I 6 = =2 = =~ = 51.10° [7a = 51 MIla;
A, 0028
. . N —-70-10°-4
Ainsmka IV: - 5 = —4 =~ =~ = _28.10° [Ta = -28 Mila.
A, 314.0,028

3a OTpUMaHMMHU pe3yiJbTaTaMd, B BHOpaHOMY MaciuTabl OyIyemMo enropy
HOpPMaJIbHUX HATPYXEHb B epepizax Opyca (pucyHok 1. 8).

4. Busnauenns Oeghopmayiii bpyca.

BimnmoBimHOo 10 3akony ['yka nedopmamis Opyca mpu po3Tsry (CTHCKY)
BH3HAYHTHCS 110 (popMyIIi:

N. -1l
AI — I .

1 E . AI 1
ne E — Momaynb mpyKHOCTI (TofaTok A, Tabauis 2).
Jns HU3bKO-ByTIeneBoi ctani — E = 2-10° MITa = 2-10™ Ia. Toni nedopmariii
Opyca Ha KOKHIH IUISHII CKIaJaTUMYTh:

3
Hinsiaka I: Al = N -l = 90-10°-0.5 =0,365-10"° ;
E-A 2-10"-.0,785-0,028°
3
Hinsaka 11 Al, = N, -1, = 40-10°-04 =0130-10"° u;
E-A,  2-10".0,785-0,028°
3
Hinanka Il Al = N;-l, _4010°-06 _ 0,153-107° a;
E-A, 2-10".0,028?
3
Hinsaka 1V: Al = Nglg __ -70-107-07 =-0,098-10" .

‘" E-A, 2-10".314.0,028
ITepemimenns nepepisi B Toukax B, C, D, E, sxi 1exaTh Ha TPAHALAX TUJISHOK,
I 1TOYATKY BiJUTIKY B HEpYyXOMil Touli A (3akpiruieHHs Opyca) OyayTh
JTIOPIBHIOBATH:

Touka B:  dz=Al,=—0,098:10° m;
Touka C:  Sc=Al,+ Al3 =—0,098:10° + 0,153-10°=0,055-10" m;

12
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Touka D:  Jp = Alg + Aly + Al, = — 0,098-10° + 0,153-10° + 0,13-10°= 0185-10°

M;

Touka E: S5 = Aly + Aly + Al + Al; = —0,098-107° + 0,153 10+ +0,13- 103 +
+0,365:10%= 0,550 -10° m.

Enropa nepemiiieHp mepepisiB Opyca OyayeThCsi HACTYIHHM YHUHOM: OTpHUMaHi
3HAUEHHs OpJIMHAT BIJKIANAIOThCS y OOpaHOMY MaciuTabl HANpOTH BiJIIOBIIHHX
TpaHNYHUX TOYOK Mepepi3iB i IMOCHiZOBHO 3’€IHYIOTHCS BiApI3KaMH MPSAMEX JiHIN
(pucynok 1.9).

5. BusHnauenns Hanpydicenb 6 NOXUIUX NIOUUHKAX HAUOLIbUW HABAHMAICEHO20
nepepizy bpyca.

BinmoBigHO 3aBAaHHS MOXHIII IUIONIMHKKA PO3MIILEHI i KyTOM J0 HOPMAJIbHOTO
nepepizy opyca.

HopmanbHi Hanpy»KeHHsI Ha 33JaHUX IUIOIUHKAX OYAyTh CTAHOBUTH:

o, =0 -cos’ o =146 - cos® 35° = 98 MIlq,
o, =0-cos’(ar+90°) =146 - cos’ (35° +90°) = 48 MTa.

JloTHYHI Hanpy>KeHHs Ha 3aJJaHNX TUIOMIMHKAX CTAHOBJISITh:

T :%-sin 2a:%-sin 2-35° =69 MIla;

a

7, =2 sin2(e+90°) = 20 sin 2.(35°+ 90°) = —69 M1Ta.
o2 2

13
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Pucynok 1 — JlocmimkeHHst Opyca Ha MII[HICTD Ta JKOPCTKICTh IPH PO3TATY (CTUCKY)
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INonoxxeHHs 3aJaHUX MOXWINX IUIOLIMHOK Ta HANPSM BEKTOPiB BU3HAYCHHX
Hanpy>KeHb [TOKa3aHi Ha puc.2.

— g, =98
ud s |z 69
— 3 ISR AN _ N | T, =09
Z T =M
ay =48MTa

Pucynox 2 — HanpyskeHHs, 110 BHHUKAIOTh B MMOXMIIIN TUTOIIUHI HEOE3IIETHOTO
nepepizy opyca.

3micr 3BiTY

1. Bu3HaueHHs BHYTPIIIHIX MOB3J0BXKHIX 3yCHIIb Ta MOOYA0BA EHIOPH.

2. Bu3HayeHHS HANpyXeHb Ta HEOOXIMHUX PO3MIpPIB MOMEPEYHOro Mepepiszy
TISTHOK Opyca.

3. Bu3HayeHHS HOpPMAaJbHUX HANPYXEHb B Iepepizax Opyca, MoOya0Ba emopu
HOPMAaJIbHUX HAIPYKEHb.

4. BusHauenns aedopmariiii 6pyca.

IMuTaHHs 10 3aXMCTY NPAKTHYHOI po6OTH

SIke TiNO Ha3UBaAIOTH Opycom?

. 1I1o po3ymitoTh iz TEpMiHOM "MeXaHi4HE HaNpyXeHHs"?

SIke HaNpy’>Xe€HHSI HA3WBAIOTh HOPMAIILHUM, a SIKE€ — JOTHYHUM?

B dom momsrae cyth meroxy mepepisziB? Ski 3amadi po3B’s3yIOTH 3a JOIOMOTOIO
IOTO METOy?

5. Ski Bumagku nedopmarnii Opyca Ha3UBAIOTh EHTPAIBHUM PO3TATOM (CTHCKOM)?

6. Sk BU3HAYAIOTP MOIYJb 1 HANpsSM BHYTPIUIHROTO 3YCHJUIL B JIOBIJIBHOMY
MoTiepevHoOMY Tiepepisi opyca?

el A o

15
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7. Ilo sBiste coOOKO emopa MOB3TOBXKHIX 3yCHIb NMPH OJHOOCHOMY HaBAaHTAXKEHHS i
SIK BOHa OyIyeTbes?

8. Sk posnozineHi HOPMaJIbHI HAaNpYXXEHHS B IONEPEYHUX Mepepizax HEeHTPaIbHO-
PO3TATHYTOTO (CTUCHYTOTO) Opyca?

9. Slk BH3HAUAIOTHCS 3HAYECHHS Ta HaNpsM (3HaK) HOPMAaJbHUX HAIPYXEHb B
JIOBUTBHOMY Tiepepi3i Opyca npu po3Tsry (CTHCKY)?

10.lo sBisie coboro emopa HOPMaJbHUX HANpPYKEHb HPU IEHTPAILHOMY PO3TSTY
(ctucky)?

11. Sk 3amuCyeThCS YMOBA MIiIIHOCTI TIPH PO3TATY (CTHCKY)?

12.1lo po3ymiroTh mig TepMiHOM "HOmMycTHMe HampyxkeHHsA"? B womy momsrae
pI3HMIL BU3HAYEHHS MJOMYCTHMOTO HANPYKCHHS [UI IUIACTHYHUX Ta KPHXKHX
MaTtepianiB?

13. o Take xoedimieHT 3anmacy MimHOCTI? Bin skux (akTopiB BiH 3aI€KUTH?

14. SIx popMymIOETBCA Ta 3aUCy€ThCS 3aKoH ['yka?

15. SIk 3anucyeThCst yMOBA JKOPCTKOCTI Opyca mpu po3Tary (CTHCKY)?

16. IJo siBnsie o000 eMmropa MOB3I0BKHIX MIEPEMIIIICHb, SK BOHA OyIy€eThCs?

17.11lo o3Ha4alTh MOKA3HMKU: TPAHUI TPONOPLIHHOCTI, TPaHULS MPYXKHOCTI,
IPaHUIsl TEKY4OCTI, PaHHULsI MIL[HOCTI?

18. SIki nedopmarii Ha3MBaIOTH MPYKHUMH, @ SKi INIACTUYHHUMU?

19. 5k BW3HA4alOTh 3HAYEHHS Ta 3HAK HOPMAJBHUX Ta JOTHYHHMX HANpyXeHb B
MMOXUIINX TUTOIIMHKAX Mepepi3iB MpH PO3TATY (CTUCKY) Opyca?

20.B sxux mepepizax poO3TSATHYTOTo Opyca pO3BHBAIOTHECSA HAWOUIBINI HOPMAJbHI 1 B
SIKMX — HAWOLTBII TOTUYHI HATIPYKCHHS?

Tabmmms 1.1 —
BuxinHi naHi 118 TOoCiKeHHS Opyca

Iepma Homep Titoui e, KH JloBXXnHa AiSTHOK Kyt

§yKBa CXEMH ’ Opyca, M Marepian o,
[P13BHIIA Fir|F | Fs || 2] Is la rpan.
A,B, B 1 |200({9 (301(20|05|10]| 0,3 Mian -80

IT, 1 2 |110| 40 |120|11|04 03| 0,3 Crainb 45 30
E,X,3,| 3 |120|30 (40 (12|06 |04 | 04 Minp 45

LI, K 4 (130|509 (1305|0705 Jlatysp 35
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J_M,H| 5 (14080 |40 (14|04 |03]| 0,6 Bpomnza -50
O, I, P 6 |150|120|30 |15|10|0,8 | 0,7 YaByH 55
C,T,¥y| 7 |160|130(100|1,6| 0,4 | 1,0 | 0,8 |dropamominiii| -60
o, X, 11| 8 |170(150| 60 |1,7(09 |05 | 0,9 | Cranp 40X | 65
Y, ur, i, 9 |180|50|70|18|08 |06 | 0,6 | CramsCr3 | -70
€ 1,4 0 (190(80 |90 (1,104 (05| 0,8 YapyH 75
1 2 13|45 6 7 8 9 10

[Mpumitka: [Ipu BuOOpi BapiaHTy citiJ MPOHYMEpyBaTH OYKBH Mpi3BUILA
BIAMOBITHO /10 HOMepY OyKBH 00MpAaTH JaHi 3 TAOJHLII.
Hampuknan: IBAHUYEHKOB

1234567890
3 tabnuii obupaemo: cxema 4, F;=200xH, F,=90xH, F;=40xH, |;=1,8m
1,=0,6Mm, 13=0,3m, 1,=0,5Mm, matepian — 4aByH, KyT 0 = -80°
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Ta6mumsg 1.2 —
CxeMmu HaBaHTa)XKeHHS Opyca
CxeMmu HaBaHTa)keHHS Opyca CxeMu HaBaHTa)keHH: Opyca
1 2
0
75, g D
I
7
! =) A Fo F1
[
7 b6 |4 b b |4
12a 50,83
A
Q] \
@ & ;
| @/
F3
— F3 F7 F

o~
O~
o~
o~
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1 o\ 12a T4a
6'/ = d;ﬁ
o N o NS
|
y — |
% "
Bl [E F B 2T A
A
L 1¢ {
4 b b 4 4l" : - - )

IpakTuyna podora 2

Tema: J{ocnipkeHHs Ta po3paxyHOK Opyca Ha MILHICTb Ta KOPCTKICTh IPH KPyUeHHI

Merta poboTu:

- JIOCIIIUTH HANPyXXEHUI cTaH Opyca Ipu KpyueHHi;

- BU3HAYMTH 3HAUYCHHS HEBIZIOMOTO BPiBHOBa)KyBaJIbHOTO MOMEHTY To;

- BU3HAYMTH KPYTHI MOMEHTH B mepepizax Opyca, MoOyayBaTH €mropy KpyTHHX
MOMEHTIB B mepepizax opyca;

- 3 YMOBM MIIIHOCTI BH3HAYUTH HEOOXiJHI JiaMeTpu Opyca Ha BCIX #HOro
NIISHKAX;

- migibpary giaMeTpu 6pyca 3 yMOBH KOPCTKOCTI;

- BUKOHATH aHaJli3 palioHaJIbHOrO Mia0opy niameTpiB Opyca;

- BU3HAYWTH KyTH MOBOPOTY MOTIEPEUHUX Iepepi3iB AUISTHOK Opyca, moOyryBaTu
enropy abCOMIOTHUX Ta BITHOCHUX KYTIB 3aKpy4eHHsI iepepiziB Opyca.

MeToauyHi pekoMeHAalii 10 BAKOHAHHA Po0oTH

Binomo, skmio B monepedHux mepepizax Opyca, mijJ Ji€0 30BHIIMIHBOTO MOMEHTY
BHHUKAE TINBKH OIMH CHIIOBUH (PaKTOp — KPYTHUII MOMEHT CHJI IPYXKHOCTI M,, TO Opyc

20
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orpumye pedopMmariiro KpydeHHA. MOMEHT CHJI TPYXHOCTI Ta HOTO HampsMm
BU3HAYAIOTh B 3aJIS)KHOCTI Bin il 30BHIMIHIX MOMEHTIB 3a JIOIIOMOTOI0 METOIy
nepepisis:

- KpyTHHA MOMEHT B JOBUIRHOMY IONEPEYHOMY IMepepi3i Opyca dYHCenbHO
JIOpIiBHIOE aireOpaiuHiii cyMi 30BHIIIHIX OOEPTOBUX MOMEHTIB, SIKI NPUKIAAEHI 10
Opyca 1mo oauH OiK BiJ OCIIAHOTO Iepepizy;

- KpyTHUH MOMEHT Mepepi3y BBaKae€TbCs MONATHUM, SKIIO HPH MOTVSAI Ha
Bi[ICIUeHY YacTHHY 3 OOKY 30BHIITHFOI HOpPMaJi 110 Tepepily, piBHOMIHHUA MOMEHT
30BHIIIHIX 00€PTOBIX MOMEHTIB HAIPaBJICHUH MPOTH TOIMHHAKOBOI CTPLIKH.

Jlns pospaxyHky Opyca (Baja) Ha MIIHICTh Ta JKOPCTKICTh MPH KPYUYCHHI
HEOOXI1THO 3HATH 3aKOH 3MIHHM KPYTHHUX MOMEHTIB O BCil HOTO JJOBXHHI.

I'paciune 300paxkeHHsS 3MiHM KPYTHHX MOMEHTIB B3JIOBX OCi Opyca Ha3uUBalOTh
enopa KpymHux MoMeHmia.

YMoBa MIITHOCTI IpH KPYUSHHI Ma€ B

v =iy <[}
P
ne M, — KpyTHUI MOMEHT B HeOe3neuyHoMy repepisi Basia, Hw;
[z], Tmax — PO3pAxXyHKOBI Ta AOMYCTHUMI JOTUYHI HANPYXKESHHS IPU Kpy4eHHi, [1a;
W, — nonsipHuii MOMEHT onopy nepepisy, M;

3HaK [JOTHYHOTO HANpPYXEHHS BH3HAYAETHCS 3HAKOM KPYTHOTO MOMEHTY
HpYKHUX cui M,.

XKoperkicte Opyca (Bajia) BH3HAYAETHCS KYTOM 3aKkpydeHHs nepepidy. Kyt
MMOBOPOTY OJHOIO TMepepi3y BiMHOCHO IHIIOTO HA3MBAETHCS AOCOMIOTHHUM KyTOM
3aKpy4eHHs. AOCOJIOTHUI KyT 3aKpy4eHHsI JJOBUILHOI TUISTHKY BaJla BU3HAYAETHCS 110

dopmymi:

M -l

_ Ki i .
- ’

(CREN
e M,; — KpyTHHH MOMEHT Ha OBUTHHIH nistHIi, Hwm;

|;— moBxxuHa L€l TUISTHKH, M;

Gj — MOy TIPYXKHOCTI Ipyroro poxay (MoIyInb 3cyBy), [1a;

o . . . . 4
Jpi — TIOJAPHUI MOMEHT iHepIIii mepepi3y Ha ALISAHI Baja, M .
BinHOCHMIT KyT 3aKpydYeHHSI JOBIIFHOT TIJISTHKY Bajla BU3HAYAETHCS MO (hOpMyIIi:

@i
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L G-I,

3HaKu aOCOJIOTHUX Ta BIHOCHUX KYTiB 3aKpy4YECHHs BHU3HAYalOTHCS 3HAKOM
KPYTHOTO MOMEHTY.

[To 3Ha4YeHHSIM BIHOCHHMX KYTIiB 3aKpyueHHs Oynyerbcs emropa KytiB O, Toxi
YMOBa )KOPCTKOCTI TIPH KPy4eHHI Oy/ie MaTH BUIL:

0= M Kmax [@]7
G-J,
ne [@] — momycTiMuil BiTHOCHUI KyT 3aKPyUYCHHSI.

IIpn BU3Ha4YeHHI HEOOXITHOTO JiaMeTpa Baia KPYTIIOTO Mepepisy Ha KOXKHIH
IUIAHI 3 OOYMCIIEHMX [BOX 3HAYCHb IPHUUMAETHCA OUTBIIE 1 TPUBOIUTHCA Y
BignosigHicts 3 CT COB 514-77 (nonatok b).

3Harouu OOYMCIICHI KyTH 3aKpydeHHs Iiepepisi, sIKi 3HaXOJSThCS Ha TPaHMILIX
KOXXHOT 3 JIUJISTHOK, MOXKHa MOOY/AyBaTH €MIOpY KYyTiB 3aKpy4YeHHs, sKa MpEICTaBIIsIE
co0oro rpadiyne 300paXkeHHsI 3MiHM KYyTiB IOBOPOTY Iepepidy B3AOBX OCI BiJHOCHO
HEPYXOMOTO (3aKpIIUICHOT0) Mepepisy.

[puxnan nocaigxeHHs Ta PO3PAXYHKY CYUIIBHOTO OJHOPiIHOIO Bajy
KPYIJIOro nepepizy Ha MilIHICTh Ta ’KOPCTKICTh NPH KPy4eHHi.

Hapmano: CyuinpHUA OTHOPIAHUI Ball KPYTJIOTO Iepepizy 3 KOHCTPYKTHBHUME
posmipamu Iy = 09m, I, = 1,4m, I3 = 0,6Mm, I = 0,7M, HaBaHTa)XKeHHUU 30BHIIIHIMH
obeproumu momentamu Ty =570Hm, 7, =190Hm, T3 = 640Hwm, 7, = 780Hwm i
BpIBHOBaXY BaJbHUM MOMeHTOM 7Ty, Matepian Opyca — ByIJielieBa CTallb; JOIMYCTUME
notudHe HamnpyxkeHHs [7] =80MIla, momycTHMHH BiZHOCHMH KyT 3aKpy4eHHS
[©]=0,028pam/m.

71 T2 To I3 T4
. AN .

i f 7
b6 |6 [

1. Busnauenns 8pisno8asicy8aibHO20 MOMEHINY.
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[Tix niero 30BHIMHIX 00€PTOBMX MOMEHTIB BaJl 3HAXOIHUTHCS B PIBHOBA3I.

3amamocs HaIpsIMOM [Iii BpiBHOBaXKY BaJbHOTO MOMeHTY 1 (puc. 2.1).

Toxi 3 yMOB piBHOBaru MOKHa BHU3HAYMTH 3HAYCHHS BPiBHOBa)XKYBaJIbHOTO
MOMEHTY Ta HaIpsM Horo ii.

EMAZZO, Tl—Tz—T0+T3+T4:O

3Biacu To=T,—T,+ T3+ T,=570-1900 + 640+ 780 = 1800HwMm.

JlonaTHe 3HaUeHHS MOMEHTY Tj CBIAYHMTH NPO Te€, IO MONEPEIHO 0OpaHuii HOro
HAarpsiM CIIBIAJA€E 3 AIHCHUM HAIPSIMOM.

2. Busnauenus KpymHux momenmie, ma no6yoosa ix entopu.

Ban, sxuil po3riagaeTsbes, Mae YOTHPH AUIHKH. [l BH3HA4eHHS BHYTPIIIHIX
CHIIOBHX (DaKTOPiB — KPYTHHX MOMEHTIB CKOPHUCTYEMOCH METOIOM TmepepisiB. s
IBOTO MOTYMKH PO3CiYeMO Ball HA YOTHUPH AUITHKH. B MicIisax po3pi3y BKakeMO KPYTHi
MOMEHTI, III0 BUHUKAIOTH B Iepepizax (puc.2,2).

Jnst oOuMcieHHs 3HAa4eHHI KPYTHUX MOMEHTIB OyneMo CKlajaTuh pPiBHSHHS
piBHOBary.

Hinanka I: 0< 2,5 |y abo 0< 2,5 0,9m

Y M.=0, T,-M,)=0, M/=T,=570Hwm;
Jinanka II: 0< z,< l1+ 1, abo 0< 7,< 2,3m

2 M.=0, Ti-T-M/ =0, M'=Ti-T>=570-190=380Hwm;
Hinsaka I11: 0< < i+ 1+ 14 a6o 0< 7,<29mMm

X M.=0, Ti-T-To-M /" =0,
M/ = Ti—To— To=570- 190 1800 = ~1420Hw;
Himsaxa IV:  0< z,< L+ L+ 13+, a6o 0< z,< 3,6 M
2M.=0, Ti—-To-To+Ts—M," =0,
MNN=T1—To— To+ T3=570-190- 1800 + 640 = —780 Hwm
3a oOTpUMaHUMH 3HAYECHHSIMHU KPYTWIBHIX MOMEHTIB M, Oynyemo ix emtopy
(pucyHok 2,3).
3. Busnauenus diamempie 6aia HA KOJICHIU OLIAHYL 3 YMOGU MIYHOCHI.

YMoBa MIIIHOCTI IPY KPYyYCHHI Ma€ BUA: 7  — M, < [r]
max - '
W
P
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JJis cymiapHOTO OHOPIAHOTO Bajia KPYTIIOTO Mepepi3y MOISAPHUI MOMEHT OIIOPY
3
nepepizy BU3HAYAETHCS 110 (HOopMyIIi: W, = ”‘;
J1s 3agaHoro Matepially Bana — ByDJIELleBa CTallb, JONMYCTUME IOTHYHE
Hanpy)xeHHs cTaHoBUTH [7] = 80I'T1a = 80- 10°a (nomatok B, TaG.2).
Tomi 3 BpaxyBaHHSIM OCTAaHHBOTO, 3 YMOBH MIITHOCTI JiaMeTp Bajla OOYUCITIOEMO

16M

7]

BuznauaeMo noTpiOHI TiaMeTpu Bana Ha BCIiX JUISHKAX.

1o hopMymi: ¢ >3

. I .
Hinsnxka I: d, >3 16M, _ 3 16-570 - =331-107° a;
z-[r] \314-80-10
. “ .
Hinsaka 11 d, >3 16M,, =3 16380 = = 28,9-107°% a;
z-[z] \314-80-10

11
Hinsaka 11 d, >3 16M,, =3 16-1420 =449.10"° u;
z-[z]  \314-80-10°
v
g, > 16M," _ [ 16-780 _ ~368-10° .
z-[z] \314-80-10

4. BusHauenHs Olamempis 6a1a HA KONHCHIU OLIAHYL 3 YMOBU HCOPCMKOCHII.
max
M

Hinstaka IV

YMOBa KOPCTKOCTI IPH KPYUEHHI Ma€ BUI: @ — < [@]
G-J,
IMonApuuit MOMeHT iHepwii nepepisy Jpi Ha JUIAHLI CYHIIEHOTO OJHOPIAHOIO Baja
4
KPYTJIOTo Iiepepizy BU3HadaeThes 1o Gopmyii: J o = ﬂ
32

Toxi 3 BpaxyBaHHSIM OCTaHHBOTO 3 YMOBH XOPCTKOCTI JliaMeTp Bajia 00UUCIIOEMO

no hopmyni: ¢ > 4 32M, .
7-G-[0]

Busnraunmo notpibHi AiaMeTpu Bajla Ha BCiX AiISHKAX.
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Hinsuka I: d >4 32M, =4 32-570 =401-107 a;
'"\z-G-[®] V\314-80-10°-0,028
1
Hinsuka II: d, >4 32M, =4 32-380 =36,2-10" x;
7z-G-[®] 1314-80-10°-0,028
i
Hinsa I g > 32M,° _ 4 161420 =50,4-10" x;
z-G-[®] 1314-80-10°-0,028

T lV: g 54 32M. :‘{/ 0" =434-107 .
‘" \z-G-[®] V314-80-10°-0,028

[oTpiOHi amiameTpu Bajla Ha KOXHIM JUISHII, 3HaWAEHI 3 YMOBH JKOPCTKOCTI
OLUTBINI, HIXK BIAMOBI/IHI, [0 BU3HAYCHI 3 YMOBH MIITHOCTI MpH KpydeHHi. [IpuitMaemo
OLUTBIIN 3HAYCHHS JiaMeTpPiB Basa.

BignosigHo g0 CT COB 514-77 (psin Ra40) HeoOXiAHO MPUWHATH CTaHIAPTHI
3HAUEHHs JliaMeTpiB BaJia Ha JISTHKAX:
d,= 0,042m = 42mmMm; dy = 0,038Mm = 38mmMm; dz = 0,05Mm = 50mm; dy= 0,045M = 45MMm.

5. BusHauenHs abcomomuux ma 6iOHOCHUX Kymi¢ NO80OPONY NONEPEUHUX
nepepizie OiNAHOK 8ay.

[lpu nocmimpkeHHI Bajla Ha KOPCTKICTP TPH KPYYCHHI BH3HAYAIOTH KYTi
3aKpydeHHs repepi3iB Bana. [lo ¢opmynam oOumcianMo abCONIOTHI Ta BiTHOCHI KyTH
3aKpy4YCHHS TIepepi3iB Ha KOKHIM MUISHII Baa.

Hinsuka I:
| |
%:MK |1:|\/|,< l, ?;2: 5790 0,9-32 20,021 pao;
G-J, G-z-d; 80-10° -314-0,042
| I
@, = Me  M,32 51032 0,023 paol .
G-J, G-z-d] 80-10"-314-0,042
Hinstaka 11
11 17
(pz=MK |z:MK l, ?2: 3§O~1,4-32 —=0,033 pao;
G-J,, G-7z-d, 80-10" -3,14-0,038
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M 11 M 11 . 2 A
0, = k- ¥ 34 = 9380 32 +=0,024 pao/ m.
G-J,, G-zx-d; 80-10°-314.0,038
Hinsaka 1
M) M) .32 _ . .
9, = s M.l S 1?;20 0,6-32 i — 0,014 pao;
G-J,; G-z-d; 80-10° -314-0,050
M 1 M 1 . 2 _ A
Q,=—~% == 34 = 91420 32 + =—0,023 pao/ m.
G-J,; G-z-d; 80-10"-314-0,050
Hinstaka IV
MIV'I MIV'I 32 _ . X
0, = s Mol > 7980 0,7-32 ! — ~0,017 pao;
G-J,, G-z-d, 80-10° -314-0,045
M v M v .32 _ .
0, = X _ = K = 780-32 =-0,024 pao/ m.

~G-J,, G-z-dj 80-10°-314-0,045

AHaJti3yloun OTpUMaHi 3HAYCHHS BiJIHOCHUX KYTiB 3aKPy4YE€HHs BCTaHOBIIIOEMO,
II0 YMOBA )KOPCTKOCTI Bajla BUKOHYETHCS: @ may < [@] T0OTO 0,024pan/m < 0,028pan/m.
BusraunMo aOCOMIOTHI KyTH ITOBOPOTY IepepisiB B rpaHn4HuX Toukax B, C, D, E

BiZIHOCHO YMOBHO HEPYXOMOTO Hiepepi3y A:
¢s-4= ¢1= 0,021 pax;
Oca= @1+ p,=0,021+ 0,033= 0,054 pax;

Ooa= @1t @+ 93=0,021+ 0,033- 0,014 = 0,040 pax;

O 4= @01% @t @3+ 0,= 0,021+ 0,033-0,014— 0,017 = 0,023 pax.
OtpuMaHi 3Ha4YeHHS] OpAMHAT BiJIKJIAAAIOThC B 00paHOMY MaciuTadl BiAMOBiTHO
nepepiziB 1 iX KIHI[IBKH IOCTIJJOBHO 3’€JHYIOTBCS NPSIMHUMH JiHisMH. OTpuMaHi
rpadiuni 300pakeHHs € emopaMn KyTOBHUX INepeMimeHs (puc. 2.4) i BITHOCHUX KYTiB

3akpy4eHHs (puc. 2.5).
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Tesoow | T21908  To<16004 Tagugwe Tix7804

| [y I f\ V) Z\
2 k 77 \5 | - | ‘ T7
L=0% ’ L=tanl | L=0ém |, =0
— 1 | | |
2 | !
7 | | )
T<570H ’ ||
M | ;
22 I | |
| ' ||
5 | |
=570 i 70:75%" —l(‘M [ 3
T | ]
T570 To=]50H TotB00t  T3=64CHy M,
e W
| “ I | |
1 : I B 1
| sm ' ' '
J80 '
23 [l i! | M H
| | -
: : 780 |
| ' 1420 ,
» e
: : 5% | |
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Pucynok 2 — JlocnmimkeHHs Bay Ha MIITHICTB Ta dKOPCTKICTh IPH KPyUeHHI
3aBaaHHS 10 BUKOHAHHS Po0OTH

BukoHaTH JOCHIIKEHHS Ta PO3paXxyHOK CYHIIBHOTO BaJy KPYIJIOro Iepepily Ha
MIITHICTB Ta KOPCTKICTh IPH KPYUCHHI.
BuxinHi 1aHi 10 1OCTiKSHHS HagaHi B Tabmuisax 2.1 12.2.

3micrt 3BiTY

1. Amnami3 cxeMy HaBaHTaKEHHS Baja.

2. Busnauenus YUCETLHOTO 3HAYEHHS Ta HanpsAMYy HEB1ZIOMOTr0
BPIBHOBa)XYBaJIbHOTO MOMEHTY Tj.

3. Bm3HadueHHsS KpYTHHX MOMEHTIB B Ilepepi3ax Baja Ta MOOYAyBaHHS CIIOPH
KPYTHUX MOMEHTIB M,.

4. BusHaueHHA HEOOXIOHHMX JiaMeTpiB Bajla Ha KOXHIH HOUIAHII 3 yMOBH
MIITHOCTI MY KPYYCHHI.

5. Bu3HadueHHs HEOOXiMHUX MiaMeTpiB Baja Ha KOXHIA IUISHIL.3 YMOBH
xopcTkocTi. OcTaTOYHMI BUCHOBOK NPO PO3MIpH JiaMeTpiB Ha JIUISTHKaX Bajy.

6. Po3paxyHOK aOCOJIFOTHHX Ta BIAHOCHUX KYTiB 3aKpy4YCHHs Bayy Ta mo0OymoBa

iX emropu.
7. BusHadyeHHs NepeMillleHHS epepi3iB Bamy.
Tabmuus 2.1 —
BuxijHi gaHi 10 po3paxyHKy Bajly NpU Kpy4YeHHI
bykeu |Homep | 3oBHimiHi MmomenTn, Hm Po3smipu Bana, M [z, [A],
IPi3BHINA | CXEMH | T, T» Ts Ta Ih > I3 |« |Mlla| pan/m
A,B,B 1 100 | 100 | 110 | 220 | 04 | 05| 0,1 | 0,7 | 10 0,02
T, 2 200 | 200 | 120 | 220 | 05 |06 | 0,2 | 0,8 | 20 | 0,022
E, X 3, 3 300 | 300 | 130 | 23006 | 0,7 | 03|09 | 30 | 0,024
LI,K 4 400 | 400 | 140 | 240 | 0,7 | 0,8 | 0,4 | 1,0 | 40 | 0,025
J, M, H 5 500 | 500 | 150 | 250 | 0,8 | 09 | 05| 0,4 | 50 | 0,028
O, I, P 6 600 | 600 | 160 | 260 | 0,9 | 1,0 | 0,6 | 0,5 | 60 0,03
C,T,V 7 700 | 700 | 170 | 270 | 1,0 | 1,2 | 0,7 | 0,6 | 70 | 0,032
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D, X, IT 800 | 800 | 180 | 28009 |12 |08 |07 | 80 | 0,034

8
4, I, 11, 9 900 [ 900 | 190 | 29008 |13 |09 |08 | 9 | 0,035
€, 10,4 0 ]1000|1000| 200 |300| 0,7 |14 |10 |09 | 100 | 0,025

1 2 3 4 5 6 7 8 9 0 1

[pumitka: [Ipu BuOoOpi BapiaHTy ciix IpoHYMepYyBaTH OyKBH MPi3BUIIA 1 BIAIOBIIHO
110 HoMepy OykBH oOupaTH AaHi 3 Tadbauwi. /s Bcix BapiaHTiB Martepiain Baja —
BYTJICIIEBA CTallb.
Hampuxman: IBAHYEHKOB

1234567890
3 tabmumi obupaemo: cxema 4, T1=100Hwm, T,=100Hwm, T3=150Hm, T4=290Hwm,
1:=0,6Mm, 1,=0,9M, 1,=0,4m, 1,=0,5m, [7]=10MIIa, [@]=0,02paa/m.

Tabmuus 2.2 —
CxeMHU HaBaHTaXKEHHS Bajia
@ n 2 Db B /4 I lo 2 3T
N pefaf . g
7 - 7 /
// /» /] /‘ // /_7 /] /»
Q@ 11 1 I O rnrorn b i
— 1 (\ — ] - 1 l[\ — 11
7 7 7 ) Y
LG |4 i b 16 16 4
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©) 6 7 T2 o 3 /4 71 (\72 {(3 K {7\0
e ,ﬂ ‘(\ T l/\ ,{\I ; T T ; T T
I Y
LG |4 I b1 b 4
o 2 TAJ: % @ 5 & B
i = == T — (\1
” - 7V i
R £ / Lo |4 [
6] n e B2 [ (/;4 o /1 [\72 [G To //;4
R R
7 f /‘
ETL |4 i b |6 g 4

IInTaHHs 10 3aXHCTY NPAKTHYHOI po6OTH

1. Ilpwm sKOMy HaBaHTAXKCHHI IPSIMUI Opyc OTpUMY€E NepopMaIito KpydeHHs?

2. Slxwmit BUIaJoK IJIOCKOT0 HAPY>KEHOTO CTaHy HA3UBAaIOTh YUCTUM 3CyBOM?

3. o Ha3uBaroTh KyToM 3cyBY? 1110 Take BiHOCHHMIA 3CYB 1 YOMY BiH
JIOPiBHIOE?

4. Sk 3anmcyeTbes 3aKoH ['yka rpu 3cyBi?

5. o po3yMitOTh M MOIYyJIEM 3CYBY?

6. Sk BM3HAYAIOTh YKMCENIbHE 3HAUCHHS, HAMPSIM 1 3HaK KPYTWJIBHOTO MOMEHTY B
JIOBUTFHOMY TOTIEpEYHOMY Tiepepisi Opyca?

7. 1o mpencrapisie co0or0 emopa KPYTHIFHIX MOMEHTIB 1 SIK BOHA OyayeThCs?
Jlist woro BoHa moTpibHA?
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8. JSIki Hampy’>kKeHHS BUHUKAIOTH B IIOIIEPEYHUX Iepepizax Kpyriaoro Opyca mnpu
KpY4eHHI 1 SIK BOHH pPO3MOIUISIOTECS 10 Iepepizy?

9. Sk 3amucyeThCsl yMOBA MIIIHOCTI TIPU KPY4CHHI?

10. o Ha3uBaroTH MOJSIPHUM MOMEHTOM iHepIii nepepiza? YoMy mopiBHIOE
MOJISIPHUI MOMEHT 1HEpIIil Kpyriioro mepepiza?

11. o Ha3uBarOTH MOJSAPHUM MOMEHTOM OTOpY nepepiza? Yomy nopiBHIOE
MIOJIIPHAN MOMEHT OIIOPY KPYTJIOTO Tepepiza?

12. o mpexncrasisie o000 eMIopa HAMPYKEeHb TIPU KpydeHHI Bana?

13. Yomy BaJ KiJbLIEBOTO MONEPEYHOTO Iepepi3y OLIbII eKOHOMIUHHN HiXkK
CyHiTbHANA?

14. 1o po3yMirOTh i KOPCTKICTIO BaJia IPU KPyUeHHI?

15. o po3ymiroTh i aOCOFOTHUM Ta BiIHOCHUM KYTOM 3aKpPY4CHHs Basia?

16. Sk 3amucyeThCst yMOBa )KOPCTKOCTI IIPH KPYUeHHi?

17. o mpencrasisie cOO0I0 eMIopa KyTiB 3aKPYICHHS 1 sIK BOHA OyTy€eThCsT?

18. 1o Take BigHOCHUIA KyT 3aKpy4yeHHs? Un Mae CEHC MOHATTS CyMapHOTO
BIZTHOCHOT'O KYTiB 3aKpY4eHHS ISl CTYIIHYaTOro Baja?

IpakTnyna poéora 3
Tema: JlocnipkeHHs Ta po3paxyHOK OalKy Ha MILHICTb IPH 3THHI.

Merta poboTu:

- IpOaHai3yBaTh CXEMy HaBaHTAXXCHHS OalKu;

- JIOCHIJUTH PIBHOBArY JBOXONOPHOI OAJIKM IPH BUNPOOYBAHHAX Ha 3T'HH;

- BU3HAUUTH BHYTPILIHI CWJIOBI ()aKTOPH B Tepepi3ax OiKH, a came IMonepeyHi
CHJIU Ta 3TUHAI0YN MOMEHTH;

- 3 YMOBH MIITHOCTI mifibpaTu Tpu pi3HOBUIM MOTIEPEYHIUX MEePEPi3iB: KPYyTIIoro,

IPSIMOKYTHOTO (3 CITiBBiJHOIICHHSM CTOPIH K — E) Ta IBOTAaBPOBOTO TEPEPi3y;
b

- NpOaHaNi3yBaTH OTpPHUMaHi pe3yibTaTH, BUSIBHTH paliOHAIbHUI npodinb
nepepi3y, MOPiBHABIIN MacH OaJloK.
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MetoanuHi pekoMeHAaLil 10 BAKOHAHHA POOOTH

Bigomo, mo npu aedopmariii 3ruHy B MONEPEYHHX Mepepizax 0aloK BUHUKAIOTh
BHYTPIIIHI CHJIOBI pakTOpH — MOMEHTH 3THHY 1 nonepeyHi cuiu. [Ipu oxHovacHii aii B
nepepizi 000X CHIOBUX (DaKTOPIiB, 3TMHAFOUMX MOMEHTIB 1 TMONEPEYHUX CHII, 3TUH
Ha3MBaIOTh MOTIEPEYHIM, a TIPH BiZICYyTHOCTI MONEPEYHOT CUIIM — YUCTUH 3THH.

BHyTpimHi cunoBi (hakTopy BU3HAYAIOTh BUKOPHCTOBYIOYH METO] IIEPEPi3iB.

IMonepeuna cuna Qy B mepepi3i OaJku 4YHMCENBHO JOPIBHIOE anreOpaidHiil cymi
30BHIIIHIX CHII, SIKi JIE)KATh TI0 OJVH OIK BiJ mepepisy, i BBAKAIOTHCA JOAATHUMH, SKIIO
piBHOZiIfHA 30BHIMIHIX CHJI, pO3MIIIEHHX JiBOpy4 (IIpaBOpyd) Bix mepepisy,
HarmpasieHa Bropy (BHI3) (puc.3.1).

\F

/_'

Pucynox 3.1 — [Nomepeuni cuim B iepepisi mpu 3TUHI Oaiku

3ruHaroui MOMEHTH B Tepepizax OaJku IOpiBHIOIOTH anredpaidHuii cywi
MOMEHTIB 30BHINIHIX CHJI, MPUKJIAICHUX 10 OAJIKK 10 OJUH OiK Bif mepepi3y, BiTHOCHO
[IEHTpa Bard Tmepepidy, M0 JOCHiKYETbCA. 3TUHAIOYMI MOMEHT BBaXKAETHCS
JIOMaTHUM, SIKIIO 30BHIIIHE HABAaHTAKEHHS BUTHHAE OaiKy BWITYKIICTIO BHHU3 1
BiJI'€MHUM, SIKIIIO BUTHH OaJIKM HaIpaBjieHui Bropy (puc.3.2).
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Pucynok 3.2 — 3ruHarodi MOMEHTH B TIepepizax Oaiiku

Mix GYHKIISIMA 3TMHAIOY0r0 MOMEHTY My, momepedyHon cuiow Qy, 1
IHTEHCHMBHICTIO PpO3MOJICHOr0 HaBaHTaXEHHs (  ICHYIOTh  JUdepeHIiabHi
dl\/lix = QY , d& =q.

dz dz

I'padiure 300pakeHHS 3MIHM 3THHAIOYAX MOMEHTIB IO JIOBXHHI Oaiku
Ha3MBAETHCS eNIOPOI0 32UHAIOYUX MOMEHINIB.

I'padivune 300paskeHHs 3MiHM TOMEPEYHUX CHJI MO TOBXKHHI OAalTKW HAa3WBAETHCS
eniopoio NonepeyHuUx Cull.

JocmimkeHHs JBOXOMOPHUX OalloOK 3 METOI TEepeBipKM YMOBH MIIHOCTI
MOYMHAIOTh 3 BU3HAUYEHHS ONOPHUX PEeaKiliii BIAMOBIIHO iICHYIOUMX METO/IHK.

Hani 6anky ysBHO po30MBaOTh Ha AUIAHKU. SKmo Oanka mpencTaBisie coOoro
Opyc TOCTIHHOTO TOMEPEYHOr0 Tepepidy 3 OIHOPIAHOTO Marepialy, TO TpaHHUII
IUISHOK BU3HAUYAIOTBCS TEpepizaMH, B SKHX 3MIHIOIOTbCS TUITBKH  30BHIMIHI
HABaHTAXKCHHS.

Ha ocHoBi MeTony mepepisiB i nudepeHIiaabHIX 3aIeXKHOCTEH MOXHA 3pOOUTH
BHUCHOBOK IIpPO XapakTep EeIop 3rWHAI0Y0ro MOMeHTy My, nomnepeuyHoi cuimu Qv B
3aJICKHOCTI BiJI AIFOUMX Ha OaJIKy HABAHTAKEHb.

J17st enrop MonepeyHrX CHII MaroTh MicIle HACTYITHI B3a€MO3B’ I3KH:

3QJIEKHOCTI:
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- Ha JUIAHIN, [0 HAaBaHTAXXEHAa PIBHOMIPHO PpO3MOIUICHNM HAaBAaHTAKCHHSIM,
emopa Qy 300paxy€eThCsI OXHIO MPSIMOIO;

- Ha JUIAHII, BUTBHIM Bil PO3MONUICHOrO HAaBaHTaXeHHs, emopa Qy
300pakyeThCs JHIE0 MapateabHOI0 Oci OanKy;

- B mepepi3i Oankw, Ie MpHUKIajeHa 30cepepKeHa cuia, Ha emopi Qy Mae micie
"cKa4oK" 3HAUCHHI ITONEPEYHOI CHIH, L0 YHUCETHEHO AOPIBHIOE MOIYIIO 30CEPEeIKEHOT
CHJIH.

J1nst enrop 3ruHal0YMX MOMEHTIB ICHYIOTh HACTYIIHI B3a€MO3B’ SI3KU:

- Ha JIUISHI, HABaHTAXXEHIil PIBHOMIPHO PO3NOALICHUM HaBaHTAXKCHHSM, €IMopa
My 300pakyeThcs KBagpaTUIHOKO apaboioro;

- Ha JUISHI, BUTBHOMY BiJl PiBHOMIPHO PO3IIOIUICHOTO HABAaHTAXXCHHS, CIIOpa
My 300paxyeThCs PSIMOIO JIHI€I0;

- B mepepisi Oanku, Ae Ai€ 30BHIIIHIN MOMEHT, Ha emopi My BUHHKaE "ckadok"
3HAYEHHs 3THHAI0Y0I0 MOMEHTY, 1[0 JOPIBHIOE MOAYJIIO 30BHIITHBOTO MOMEHTY;

- Ha JUISHII, Jie TONepevyHa Cuiia JIOpIBHIOE HyJIeBi, entopa My — mpsMa JiHis,
mapajieiabHa oci OaKu;

- Ha JiISHKaX 3 PO3MOIIICHUM HABAaHTAKCHHSM 3TMHAIOYMA MOMEHT NpHiMae
eKCTpeMallbHI 3HA4YeHHs, B TOYKax J€ emropa IONepeyHoi CHIIM 3MIHIOE 3HaK
(nepetunae ocw Oz).

ITpu 3runHi B momepeyHHMx mnepepizax OalkW BHHUKAIOTh HOPMalbHI 1 JOTHYHI
Harpy>KeHHS.
HopmanbHi HanpysKeHHs B IOBUIbHIN TOUII ONIEPEYHOTO Nepepi3y BU3HAYAIOTHCS
o opmyi:
o= My -Yi
J.

ne My; — 3ruHAl0YMi MOMEHT B JaHOMY mepepisi, Hw;
Y; — BificTaHb BiJ] 3a3HAYEHOI TOYKH JI0 HEUTPaIHHOI OCi, M;
Jj — MoMeHT iHep1ii mepepizy BiTHOCHO HEHTpaIbHOT OCi.
YMoBa MIITHOCTI TpH 3TUHI Ma€ BUT;

O = ke ¢ 5]
X

ne My mu — MAKCUMJIBHUI 3THHAIOYMHA MOMEHT B Tiepepizax Oanku, H-m;

>
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W, = Ix_ — ocboBuit moment OTIOpY Iepepiza BiIHOCHO HEHTpaIbHOT Oci, M;
Y

max

[0] — nomycTMe HampyXeHHS! A5l AAHOTO MaTepiany OalKu.

HpI/IKJ'IaZI }IOCJ’liH?KEHHﬂ Ta PO3paxyHKy 0aJIKH HA 3THH.

Haoano: banka 3 KOHCTpYKTHBHUMH po3mipamu |y = Im, I, = 4m, I3 = Im,

3HAXOAMTKCS MiJ Ii€ro 30BHINTHROTO MoMeHTY M =20 kHwm, 30cepemxenoi cumm F =

50 kH, PO3IIOAITICHOTO £
HaBaHTa)XCHHS IHTEHCHBHICTIO (; = o \M
20 kH/™M, @ = 20, = 40 xm/m. ‘ |
Marepian 6anku ’

ByTJleneBa cranb Mapku Ct3. L B
Jlonyctume HanpyKeHHs 7/& H t\w 77
[] = 160 MITa. [ b LT

1. Buznauenmus onopnux peaxyii danxu.

[No30aBuBImM Oanky B's3el, 3aMiHUMO iX MiF0 BiJNOBITHAMH pEaKIisIMH —

peaxtisimu omop. OmopHi peakiii BusHagaemo 3 II-popmur yMOB piBHOBAaru IOBUTBHOL
CHCTEMH CHIIL:

X Mm,(F)=0,
ql.ll.'El—q2 1, +|3)-(|1+I2 ;'SJ—M —F (1, +1,)+ Ry - (I, +1, +1,)=0;
X Mq(F)=0,

R, (I, +1, +|3)—q1-|1-£'21+|2+|3j+q2 (1, +1,)-

Po3B’s3yr0un piBHSAHHS OTPUMYEMO:
| 1, +1
—ql-ll-51+q2 (1, +I3)-[I1+2J2r3)+M +F (1, +1,)
RB = =
(I +1,+1y)
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2
—20~1?+40~5-3,5+20+50~5

= =160 xH;
@+4+1)

—q,h-(g+42+gj+q,02+g)' ;' ~M+F -,
R: =
A (I, +1,+1,)

—201.(2+4+1j+4o(4+1)4+1—2o +50-1

Ra

=70 xH.

@1+4+1)

JlonaTHi 3HaUYEHHS OTPUMAHUX PEakKLiil OIOp CBiAYaTh MPO Te, IO MONEPEIHHO
00paHi HapsIMH PeaKIiil € JIHCHAMU.

[IpaBribHICTE OOYHCIICHHS ONOPHUX pEakUiil NepeBipuMO 3a JOHNOMOIOI0
PIBHSHHSI pPIBHOBAaru:

2Yi=0, Rat0Q1-1-02-5+Rg=0,
70+20-1-40-5+160=0.

YMoBa piBHOBAaru BUKOHYEThHCS, 3HAUUTD PEakKiiii ornop 3HaiieHi BipHO.

2. Busnauenwns enympiwnix cunosux (paxmopis: 32uHAIbHUX MOMEHMIE ma
nonepeuHux Cui 8 nepepizax OaiKu npu 3euHi.

HocmimkyBaHa Oaika Ma€ TPH AULTHKY, UL SKAX OyIeMO BU3HAYATH 3THHANBHI
MOMEHTH Ta ITOTICPEYHI CHITH.
Jlinsuka I: 0<7Z,<l; abo 0<Z;<lwm,
PiBHAHHS MOTIEpEYHUX CHIT

Q¢ =R,+0¢,-Z,=70+20-Z,.

3HaYeHHS MOoNepeYHUX CUJI Ha I'paHULIAX ,HiJ'[SIHKI/IZ

Mpuz; =0 ®=70+20-0=70KH;
Z1=1m Q\: =70+20-1=90 xH.
P . , q,-Z7 22
1BHSIHHSI 3TMHAJIbHUX MOMEHTIB |\/| = R Z + 2 71 _70. Z +20.-—
2
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3Ha4YeHHS 3TMHANBHAX MOMEHTIB Ha TPAHHULAX JUITHKH:
IpuZ,=0 M, =0 xHwm;
2

Zi=1m M;(==70'1+20'1E=80KHM.

AHai3yIoul OTpHMaHi 3HA4YCHHsS POOMMO BHCHOBOK: ToMmy, mo Qy € mmiHiifHa
3pocrafouya (YHKIA, MO HE 3MIHIOE Ha [OUISHII 3HAaK, TO Yy BiOMNOBITHOCTI 3
nudepeHmiaTbHIMU 3anexHocTsIME Q 1 My, emropa My Ha ningHii Oyme oOMekeHa
YBICHYTOIO KPUBOIO 0€3 EKCTPEMyMY.

Jinanxka I1: L<Z,<lL+Il, abo 1<Z,<5M,
PiBHSHHS MONIEPEYHUX CHIT

QY =R, +q,-Z,—0,-(Z,-1)=70+20-Z, —40-(Z, 1)
3HaYEHHS TOTIEPEYHUX CHUJI HA TPAHUISIX TUISHKH:
MpuZ,=1wm ,/ =70+20-1-40-0=90 xH;

Z,=5m Q) =70+20-1-40-5=—70 kH.

PiBHSHHS 3rMHAJIBHUX MOMEHTIB

2 2
M} =R, -Z, +q1-(zz—0,5)—0'2'(222_1)=70-z2 +20-(Z, —0,5)—40.(222"1).

3HaueHHs 3TMHAILHUX MOMEHTIB Ha TpaHALsgX ITISTHKH:
lpnZ,=1m M} =70-1+20-(1-0,5)—40-0=80 xHx;

2
Z,=5m M/ =7o-5+2o.(5—o,5)—4o-(5_21)=120KHM.

AHaii3yloun OTpUMaHi 3Ha4eHHs POOMMO BHCHOBOK: Ha JumsHHI Qy — JiHiliHa
yOyBaroda (yHKIIis, 0 MiHS€ 3HAK, 3HAYNTh, My — OIIyKJIa KPUBOMiHIHHA QYHKIiS, IO
Ma€ eKCTPEMYyM B TPAHUILIAX JAHOT TIISTHKH.

AOCIICY TOYKH EKCTPEMYMY 3HAMIEMO 3 BUPA3y:
aMy _ Q, =70+20-1-40-(2,-1)=0, 3Binkn Z, = 3,25 m.
dz
3ruHaJHHUN MOMEHT B TOUII €KCTPEMYMY My 0 TOPIBHIOE:
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3,25 1)

M, =70-3,25+20- (3,25—0,5)—4O~(2) =181 kHm.
Jinanka I11: 0<Z;<l; abo 0<Z;<1m,
PiBHSHHS [ONEPEUHUX CUI ' =—Rg +0,-Z, =—160+40-Z,.
3HaYEHHS TOTIEPEYHUX CHUJI HA TPAHUISIX TUISHKH:
lpu Z3=0wm /" =—160+40-0=—160 xH;

Zz=1m ”1 -160+40- l——lZOKH

2
PiBHSHHS 3rUHaIBHUX MOMEHTIB |\ V' =Rg-Z,— 975" =160-Z, — 40
3HaYeHHS 3rMHATBHUX MOMCHTIB Ha MPAHUISX JUISHKH:
MpuZ;=0wm M} =0 xHw;
12
Z3=1m M} =60-1— 405—120KHM.

AHaI3yI04H OTpUMaHi 3HaYeHHSI POOMMO BHCHOBOK: TOMY, 110 Qy € miHiitHa
3pocrarova (QYHKIIiS, 0 He 3MIHFO€ Ha JUIHII 3HAK, TO Y BiIIOBITHOCTI 3
mudepeHiambHIME 3aexHocTIMU Q 1 My, emropa My Ha ninsHI Oyne oOMexeHa
BUTHYTOIO KPUBOIO 0€3 EKCTPEMyMY.

3a orpumanumu 3HaueHHsMH Qy Ta My OyayeMoO emopH MOMEPEeYHHX CHII Ta
3TUHAIYUX MOMEHTIB (puc 3.3).
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F=50K
Q¢I4UKH/N 5 F = '\/‘7—’20/(/‘7’/‘1
111 \ 1 J | B
OTTTITT
8770074 } G,=20kH/ M
= -5 | L=ty
| |
‘ Il F=506H| N |
@ =40kH/ M ‘ ““——\/‘7"20’(/7/”
Ra=T70kH| I
| ‘ | Ro=160H
I T N T T A B M M
ATETT % ] ‘ 5
L D g=206H/M 4,15 : Lty
L :=]M ks i +
Z
L Z
% ‘ L 4
P0 ‘
i S |
* I *
LTI T e R e
< ‘ ‘
81 70 |
T w0
|
a1 I |
re {1 |
f NI
,IH“ RANRRNN A RN RNR R RN AR RaanRl] | A“AHM),KHN

Pucynok 3.3 — Cxema qociipkeHHs Baly Ha 3THH.
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3. Busnauenns posmipie nonepeurozo nepepizy Oaixu.
3a yMOBaMH 3a/1a4i BUMara€eTbcsl BU3HAUUTH pallioHaTbHUHI npodiis nepepisy Oanku.
J1yist 1bOTO, BUKOPUCTOBYIOYH YMOBY MIITHOCTI TIpH 3T'HHI,

O = ke ¢ [ 5]
X

BU3HAYMMO TOTPIOHWI MOMEHT ONOpy Tiepepily Ta  po3MipH pi3HHX BHIIB
MIOTIEPEYHOTO Iepepizy Oaiku:

M e 181-10°
[c]  160-10°

W, > =113-107° 2/°,

3
- ang O0anmKd  KPYTIIoro  Tepepizy - W, >—, 3BiIKH [QiaMeTp Oaiku
32

3
d > 32Wx _,[32 1?:113’410 = 0,226 .
T s

V BigmoigaOCcTi 3 CT C3B 514-77 3 psany Ra40 mpuitmaeMo 1 6amku KpyTioro
nepepizy miametp d = 240 mm = 0,24 M.

BU3HAUUTHCA 5K,

2 2
[Toma nonepevHoTro MIEpepizy A = ﬂ = M =452-10" u>.
4
y Jiist 6anku psIMOKYTHOTO TIepepi3y 3i CHiBBIAHOIICHHIM
CTODIH K = h =1,7 MOMEHT OTOpY nepepisy Oyme
b
£ x JOpIBHIOBATH:
3 2 2 3
W, = b”-h = L7 -b =0,482b°,
6 6
b ] Toxi cropoHa mepepizy

-3
b>s W, . 113-10 ~ 0133 u,
0,482 0,482

cropona nepepisy h=1,7b=1,7 - 0,133 =226 mm = 0,026 m.
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VY sBigmosizaocti 3 CT C3OB 514-77 3 pamy Rad40 mpuitmaemo mis Oamku
TPAMOKYTHOTO Tiepepizy po3mipu b = 140 mm = 0,14 M, h = 240 mm = 0,24 M.
I[Trotia IPSAMOKYTHOTO TMOTIEPEYHOTO Tepepi3y Oaku Oy/ie J0piBHIOBATH

A,=b-h=0,14 - 0,24 = 3,36 - 102 M.

BuznaunmMo miomty nepepizy nBoraBpoBoi Oanku. [lo
copramenty 'OCT 8239-72 (momatok B) mo MomeHTy omopy
nepepizy obmpaemo nBotaBp Ned5, 3 MOMEHTOM OHOpY
W,y = 1220 cM° i miolmero momepedroro mepepizy Az = 83 cm?
=0,83-10% Mm%

4. Ananiz memanoemHocmi 6aioK pi3HO20 NONEPEHHO20
nepepiszy.

e MeTtajgoeMHICTE  OaJlOK  TPHOX  JOCHIHKYBAHHX
B repepiziB MOKHA OLIHUTH, OPIBHIOKYH iX IUIONII:
- - Ay A4y A3=4,52: 3,36 : 0,83, abo npuiiHsAB OIHY,
HaMEHIITy 3 HUX 32 OJWHUII0, MaeMO A; : A, : A3=5,44:4,05:1,0.
[NopiBHSHHA TOKa3zye, MO0 HAHOUTBII EKOHOMIYHHM € JIBOTaBPOBHH Tmepepi3
OaJIky, a HAWMEHII eKOHOMIYHUM — KPYTJIHH.

3aBaaHHA 10 BUKOHAHHS PO00TH

BukoHaTH 10CHiKEHHS Ta PO3PaXxyHOK OaJIK{ Ha MII[HICTh MPH 3THHI.

BuxigHi mami Ta CXeMM HaBaHTaXEHHS OalloK IS JOCIIUKEHHS HaIaHO B
Tabmmix 3.1.13.2.
3micrt 3BiTY

1. Anani3 cxeMH HaBaHTa)KEHHs OaJIKH.

2. BusHaueHHs BHYTpIIIHIX CHJIOBMX (akTopiB B mepepizax Oinku, a came
MIOTIEPEYHHX CHJI Ta 3THHAIOYMX MOMEHTIB.
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3. IIixGip TppOX pi3HOBHIIB MONEPEIHUX MEPEPi3iB: KPYTIOro, MPsIMOKYTHOTO (3

CIIBBITHOIIEHHIM CTOPIH Kk — D) Ta JIBOTaBPOBOTO IEPEPi3y 3 YMOBH MIITHOCTI.
b

4. AHaii3 OTpUMaHUX Pe3yJIbTATIB, BISIBICHHS PallioHAIBLHOTO IPOQII0 mepepizy
LIJISIXOM TOPIBHSHHS MacH 0aJok.

IuTaHHs 10 3aXMCTY NPAKTHYHOL po6oTH

1. IIpu sKkoMy HaBaHTaXCHHS Oalka BHUIPOOOBYE YHCTHH, a IPH SKOMY —
MONEPEYHUI 3TUH?

2. SIxi TMOIM OTIOp BUKOPUCTOBYIOTH JJIS 3aKPIIICHHS OaIKU Ha OCHOBI?

3. SIx BH3HAYAIOTHCS OTOPHI peakiii Oanku?

4. Sk cKkIanaroThCs PIBHAHHS IONEPEYHHMX CHII 1 3TMHAIBHUX MOMEHTIB B
JIOBUILHOMY TIepepi3i Ha qiIsHKax Baja?

5. o co0or0 mpencTaBIAIOTh EMIOPH MOMEPEYHUX CHUJI Ta 3THHAIBHUX
MOMEHTIB, 1 IK BOHH Oy1ylOThCS?

6. Sk BM3HAYaIOThCS 3HAKHM NONEPEYHHUX CHJI 1 STrHHAIHUX MOMEHTIB?

7. Slka mudepeHmianbHA 3aleKHICTh ICHYE MIDK 3THHAIBHUM MOMEHTOM,
TIOTIEPEYHOI0 CHIIOIO Ta 30BHIIIHIM PO3MOIUICHUM HaBaHTAXKEHHAM?

8. Sk BW3HA4YarOThCA HOPMAaJIbHI HANPY)KEHHS B MOTIEPEYHOMY Iepepi3i Oaiku i
SIK BOHU 3MIHIOIOTBCS T10 BUCOTI Oanmku?

9. 1o mpexcraisie cOO0I0 HEHTPANBLHUH MPOIIAPOK 1 HEUTpaIbHA BiCh, IK BOHH
po3mimeHi B 6ani?

10. Sk 3amucyeThCst yMOBa MIIIHOCTI ITpHU 3TUHI?

11. SIx BM3HAYAIOTHCS OCHOBI MOMEHTH 1HEpIIii Ta MOMEHTH OTOpPY Tepepizy A
pi3HUX mepepi3iB (KPyrioro, KBaAPaTHOTO, IPSIMOKYTHOTO)?

12. ki popmu nonepeyHOro nepepiza € HaHOIbII PAIiOHATIBHUMH TP 3THHI?

Tabmuusg 3.1 —
Buxiani magi 11 qocigyKeHHs OaJIkd Ha 3TUH

Bbyksa | Homep F, M, o} Po3mipu 6anku, M [o] K= h
npiseuma | cxemu | kH | kHm | xH/™m | | P I3 b

A,b,B 1 10 10 20 1,0 2,0 0,8 80 15
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I, 1 2 20 20 18 1,2 2,8 0,9 90 1,6
E, XK, 3, 3 30 30 30 13 2,6 1,0 | 100 | 1,7
LI,K 4 40 40 32 1,4 2,4 1,1 110 1,8
J,M,H 5 50 50 24 15 2,2 1,2 120 19
O, I, P 6 60 60 25 1,6 2,0 1,3 130 2,0
C,T,V 7 70 | 70 | 35 | 1,7 | 28 | 14 | 140 | 1,9
o, X, 11 8 80 80 40 1,8 2,6 15 | 150 | 1,8
Y, III, II1, 9 90 90 25 1,9 24 14 160 1,7
€ 10,41 0 100 | 100 20 2,0 2,2 0,8 150 1,6
1 2 3 4 5 6 7 8 9

[Mpumitka: [Ipu BuOOpi BapiaHTy ciifi npoHyMepyBaTd OyKBH Tpi3BUIIA i
BIJIMIOBIZTHO 10 HOMepy OykBHM OOHpaTH maHi 3 Tabmuii. JIjis Bcix BapiaHTiB
MaTepial Bajia — Byrienena cranb Mmapku Ct3.
Hampuknan: IBAHUYEHKOB
1234567890
3 tabmmmi obupaemo: cxema 4, F1=10 kH, M =10 xHwm, q = 24 kH/m,
1,=1,9m,1,=0,9 M, 15=2,6 ™, [6] =110 MIla, k=2,0
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Tabauus 3.2 —
CxeMu ABOXOMOPHUX OAJIOK JJIsl OCITIIXKCHHS Ha 3THH
Bapiantu cxem 0aJioK [Tt JOCHIIKCHHS Ha 3THH
M q F © M F g

fiid

oo | <

b oy C a

b 5

g
EERERRIEN

2 L

by C C A
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@ £ q M

/C
q
© Y Ao | b e

|
%7 4 b%@};

IIpakTuyna podora 4
Tema: CriiaiaHHsl KIHEeMaTHYHUX CXEM Ta CTPYKTYPHUIT aHaJIi3 IIIOCKUX MEXaHi3MiB.

Merta pobortu:
OBoNOiHHA HAaBUYKaMH CKJIaJaHHS KiHEMaTHYHHX CXEM pealbHUX MEXaHi3MIB,
abo MoJienei, MPOBEJICHHS CTPYKTYPHOT'O aHaJli3y OTPUMAaHUX MEXaHI3MiB.

MeToanuHi pekoMeHAalil 10 BUKOHAHHS PO0OTH

Koxna pyxoma gerans abo rpyna getanei, siki yTBOPIOIOT OJIHY KOPCTKY PyXOMY
CHUCTEMY T, HA3WBAETHCS PYyXOMOIO JIAHKOK MexaHi3My abo MamwHH. Pyxome
3’€JHAHHS JBOX JIAHOK, SIKi B3a€MOJIIOTh, HA3WBAETHCS KiHEMATHYHOKO mMaporo. Bci
MEXaHi3MH 3a pO3TAallyBaHHAM JIAHOK Y IIPOCTOPiI PO3MOIINAIOTECS Ha IUIOCKI Ta
npoctopoBi. CTPYKTypHHUH aHalli3 MeXaHi3MiB BKJIIOUae B cebe: BUSHAYEHHS CTYIIECHIO
PYXOMOCTI MeXaHi3My Ta HOro Kiacy 3 3a3Ha4eHHAIM OyZOBH MEXaHi3MYy.
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Uwncno CTYNEeHIB BINTBHOCTI INIOCKOTO MEXaHI3MY BH3HAYAETHCS 32 CTPYKTYPHOIO
(hopMyII0I0 AT IIIOCKUX MEXaHi3MIB 3arajJbHOTO BUTIIALY:
W =3n—2p;—pa,
Jie N — YKCIIO JaHOK, SIKI PyXatoThes,
P1 — YHMCIIO OTHOPYXOMHX KiHEMAaTUUHHX I1ap,
P2 — YHMCIIO JBOPYXOMUX KIHEMATHYHHX Tap.

KinemMaTHyHM{ JAHLIOT, SKUH TiCis MPUEIHAHHS HOTO BUILBHUMH €JI€MEHTaMH
nap 10 iHIIMX JJAHOK MEXaHi3My He 3MIHIOE HOTO CTYIiHb BIJIBHOCTI i SKMH HE MOXKHa
po3’emHATH Ha TMPOCTINI KIiHEMAaTHYHI JAHIIOTH HYITBOBOTO CTYIICHS BIJIBHOCTI,
Ha3MBA€ETBCS CTPYKTYPHOK Ipymoro, abo rpymor Accypa. Ilopsmok cTpykTypHOI
TPYIH BH3HAYAETHCS KUIBKICTIO €IEMEHTIB JIAHOK, SKUMH BOHH MPUEIHYIOTHCA IO
MexaHi3My. Kitac cTpyKTypHOI Ipynu BH3HAYa€ThCs KUIBKICTIO KIHEMAaTHYHUX I1ap, IO
YTBOPIOIOTH 3aMKHEHUI KOHTYp Tpymu (Tad. 4.1).

Kiac MexaHi3My BH3HAYa€ThCS HAWBHUIIMM KJIACOM CTPYKTYPHHX TIpYI, SKi
BXOJISITh JI0 HHOTO, Ta 3JIEKUTH BiJl BUOOpPY MOYATKOBHX MexaHi3miB. [louaTkoBuit
MexaHi3M (MexaHi3M | kiacy) — 1e ABOTaHKOBUI MEXaHi3M, 110 CKIaJa€ThCs 3 BEAY4Ol
(MOYaTKOBOT) JIAHKH Ta CTIHKH.

IcHye neBHUI TIOPSAAOK MPOBENIEHHS CTPYKTYPHOTO aHaIli3y MEXaHi3MiB.
Bu3Ha4Yar0Th YKCIIO CTYMEHIB BITBHOCTI MeXaHi3My (200 KiHEMaTHYHOT'O JIAHITFOTA).

2. BuainstoTh MOYaTKOBI JIAHKH, KUTBKICTh IKHX BH3HAYA€THCS YHCIIOM CTYIICHIB
BUTHHOCTI MeXaHi3My (KiHeMaTHJHOTo NaHImrora). [louaTkoBa JaHKa i CTOSIK yTBOPIOE
MexaHi3M [ kiacy.
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Po30uBaroTh MexaHi3M Ha CTPYKTYpHI IpynH. BimokpemiieHHs CTpYKTypHOI rpynu
qacTille BChOTO PO3MOYMHAIOTH 3 JIAHOK 1 Map, HaWBiIJAIEHININX BiJ] MTOYaTKOBOI
naHkd. PosmounHaroTe 31 cnpoOu Bim’emHaTH Big MexaHismy Tpymm I kmacy.
Bin’enHyroun cTpyKTypHI IpynH, Tpeba MepeBipUTH YUCIO CTYHEHiB BiibHOCTI W
Ti€l YaCTHHU MeXaHi3My, SKa 3aJHUIIIIach, Ipu 1isoMy W 3MiHIOBaTHCS HE TIOBUHHO.
I'pynu BiZOKPEMIIIOIOTBCS 1O TOTO dacy, NMOKM HE 3aJIMINAThCS OJHA MOYAaTKOBa
nmaHka 1 crosk (MexaHisM | kmacy), skmo W = 1, M KijbKa MOYAaTKOBHX JIAHOK,
KIUJIBKICTh SIKMX JIOPIBHIOE OJIep)KaHOMY YHCIy CTYIEHIB BijbHOCTI. SIkimo crnpoou
BiokpeMIieHHS Tpyn 1l kiacy He nagyTh TaKOro pesyibrary, Tpeba MepexXoAnuTH A0
cnpo6 BigokpemueHns rpyn 111 knacy, notim IV Toimo.
BuzHauaroTh Kn1ac i HOPSAOK CTPYKTYPHHUX T'PYII 1 KJIaC MEXaHi3My.
3amucyrots GopMyiy OyJJOBH MeXaHi3My.

[Nopsimox mpuenHaHHA CTPYKTYpHUX Tpym (opmymy moOymoBu MexaHi3My)
Ba)KJIMBO 3HATH JUIS IPOBEICHHS KIHEMaTHYHOT'O Ta CUJIOBOTO aHANI3Y.

Hpuxkaan 4.1.

BukoHaTH CTPYKTYpHHUH aHaNi3 MEXaHi3My HONEPEYHOCTPYTaIbHOTO BEPCTaTy
(puc. 4.1, a), AKII0 TOYATKOBA JIaHKa — KpuBowun OA4.

Po3zé’azanna:

1. Hananuii MexaHi3M CKJIQJAETHCS 13 [SITU PyXOMHEX JIaHOK, ToOTO (N = 5).

2. Hamamo xXapaKTepHCTHKY KiHEeMaTHYHHUM MapaM MeXaHi3My (1ab6.4.2)

Tabmuusg 4.2 —
No V sikiit
. . | 3 AKuX TaHOK . 3a xapakTepom 3a cryneHem
KiHEMaTHYHOT TOYII . . .
CKJIaIa€ThCs BIZITHOCHOTO PYXYy BUIBHOCTI
napu yTBOpEHa

1 0-1 (0] obepTanpHa V kinacy
2 1-2 A1 obepranbHa V kiacy
3 2-3 As MOCTyMNanabHa V xnacy
4 0-3 B obepTanbHa V xnacy
5 3-4 C obepranbHa V kiacy
6 4-5 D obepranbHa V kiacy
7 0-5 Do MOCTyMNanabHa V knacy
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4
a) 0) 6

Pucynok 4.1 — CTpyKTypHHIA aHaJi3 MeXaHI3My MOMIEPEIHO-CTPYTaTbHOTO
BepcTaTa: a) CXeMa MeXaHi3My MOIePEeYHO-CTPYTaJIbHOTO BEPCTATa,;
0) BimokpemiieHa rpyna Accypa 4-5; B) BilokpemiieHa rpymna Accypa 2-3 Ta BXigHa
JTaHKa

3. Ywmcio CTyNeHiB BIUTBHOCTI BU3HAYaeMO 3a (opmysnoro Uebuiesa:
W=3n-2ps—ps=3-5-2-7=1.
4. PoskiagaeMo MexaHi3M Ha Irpynu Accypa, TOYNHAIOYN 3 OCTAHHBOI JJAHKH.
5. BigokpemmroeMo KiHemaTtwdHWi JsaHIror 4-5 (puc.l, 0). Pospaxyemo
CTYHiHb BUIBHOCTI JUIS 3QJIMIIKOBOT YaCTHHU MEXaHi3MYy:
W=3-3-2-4=1.
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BpaxoBytoun, mo W He 3MiHWIOCH, BiJOKpEMJICHHH KiHEMaTHIHHUN JIAHITIOT €
rpynoto Accypa Il knacy II nopsiaky.

Jaii BiZOKpeMITIOEMO KiHEMAaTHIHUH JIAHITIOT 2-3, MiCiIsT YOTO 3aJIUIIAa€ThCS
MOYaTKOBa JIaHKa, CTymiHb BitbHOCTI skoi W = 1 (puc.l, B). 3HauuTH
BiJTOKpEMIICHHH KiHEMaTHYHH JTaHIIOT 2-3 € rpymnoro Accypa Il knacy II mopsaxy.

6. 3amummemMo cTpyKTYpHY popMyIry MexaHi3MY:
I(1)—-11(2,3)—>11(4,5).
Hocmimkennit mexanism — II kmacy.

3aBaaHHA 10 BUKOHAHHSA PO00TH

1. [ToOynyBaTH KiHEMaTHYHI CXEMH peaJbHHX MEXaHI3MiB a0o iX mojeneil.

KopucTytounch HaCTYIHOIO TOCIITOBHICTIO.

3’scyBary, sIKi KIHEMaTHYHI TApH YTBOPIOIOTH JIAHKH, SIKi B3a€EMOIIFOTH (00epTalbHi,

MIOCTYTAJbHI).

VY 3amanoMy Macmrtabi noOyayBaTH BeAydy JIaHKY Yy HOJIOKEHHI, MPHU SIKOMY

HaOUTbII €PEKTHBHO CIOCTEPIraeThCsl BITHOCHE TOJIOKEHHS JTAHOK.

300pa3uTH iHII JTaHKH MEXaHI3MYy.

[MponymepyBat naHKH apaOChKUMK mU(pamMu (HEPYXOMi JIaHKH PEKOMEHIY€EThCS

HyMepyBaTH 1udporo 0), KiHeMaTUYHI apu O3HAYUTH OyKBaMH.

[TpoBecTH CTPYKTYpHUIl aHAJI3 MEXaHI3MYy, 3a pe3yJIbTaTaMH SIKOTO CKJIACTH 3BIT.
JlaGopaTopHy poOOTY MOXJIMBO BHKOHYBATH, BUKOPHCTOBYIOYM IPOrpaMHi

pO3pOOKH, TpH3HAuYCHI I CTBOPCHHS IUIOCKHX MEXaHI3MIB 3a JOIOMOTOI0

KOMIT'IOTepa. 3 1Ii€l0 MeTOI HeoOXigHo BigmiTuTH mporpamy "TMM.

Kunemarnyeckuii aHanmm3 MexaHU3MOB'" Bepcis 2.2, po3poOiieHy Ha kadeapi OCHOB

npoektyBaHHs MamuH JJoHHTY. MoxiuBocTi nporpamu:

OynyBaTH Ta pegaryBaTH KiHEMaTHYHI CXEMH CTEP)KHEBHX MEXaHi3MiB, SKi

CKJIaJal0Thes 3 Tpyn Accypa 2-To KJiacy;

Oy/ayBaTH JUHAMIYHUHN TUIaH TOJIOKEHb MEXaHI3MY;

BHKOHYBaTH KiHEMaTHYHHUH aHAJi3 MEXaHi3MYy;

30epiratu pobody ob61acTe mporpaMu B rpadigHOMY Gaiii.

3mMict 3BiTY
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1. Hasga mexanizmy.
2. KinemaTnyHa cxeMa MeXaHi3My.
3. Bu3sHaueHHs CTYIIEHIO BUTBHOCTI 31 CKIIaqanHaM Tabuuii (1uB. Tab. 4.2).
4. Poz6uBanHs MexaHi3My Ha rpynu Accypa (quB. puc.4.1).
5. CkIaiaHHS CTPYKTYPHOI (OPMYIIH MEXaHi3MYy.

IuTaHHs 10 3aXMCTY NPAKTHYHOL po6oTH

1. Ski ocHOBHI 3amadi AuctUILTiHN «Teopis MexaHi3MiB 1 MarIuH»?
2. Illlo Take 5aHKa, KiHEMaTWYHA Mapa, KIHEMAaTHYHHH JIAHIIOT, MEXaHi3M,

MaluHa?

3. Slka maHka Ha3UBA€E€THCS BX1THOIO, IKa — BUX1AHOIO?

4. 3a IKIMH 03HAKaMU KIacH(IKyIOTh KiHEeMaTHYHi mapu?

5. Sk kmacuQikyroTh KiHEMaTHYIHI JaHIIOTH?

6. Haenite Qopmynu Juiss BHU3HA4YEHHS CTYyNEHs BUIBHOCTI IUIOCKHX Ta
MIPOCTOPOBUX MEXaHI3MIB.

7. Slke mpakTUYHE 3HAUEHHS Ma€ CTYIIHb BUILHOCTI MEXaHi3MiB?

8. Sk BU3HAYAETHCA KIIAC, MOPSAOK CTPYKTYPHOI IPYIIH, Ki1ac MexaHi3my?

9. JSIki ocHOBHI 3a/1a4i CHHTE3Y MEXaHi3MiB?
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[pakTu4yna podora S

Tema: CxragaHHs KiIHEMaTHIHUX CXeM 3y0UacTHX MeXaHi3MiB. Bu3sHaueHHs
TepeaBaIbHOTO BiTHOMICHHS 0araToJIaHKOBHX 3y0UacTHX MEXaHi3MiB.

Mera poboru:

ORBOJNIOJIHHS HABHUYKAMH CKIQJaHHS KIHEMaTHYHHX CXeM 3y0uYacTux
MEXaHI3MIB 3a pealibHUMH MeEXaHi3MaMH, a00 1X MOJCISAMH; 3aKpIIJICHHS 3HAaHb
CTOCOBHO BHM3HAUYCHHS MEPEAaBaJbHOIO BiJHOIICHHS 0araTONIAHKOBHX 3y04acTHX
MEXaHI3MiB.

MeToan4Hi pekomMeHaalii 10 BAKOHAHHA po0oTH

IMepenaBansanm  BigHOomeHHsM U ,p Big JaHKH «A» 10 JaHKH «B»
Ha3MBAETHCS BIHOIICHHS KYTOBOI HIBHAKOCTI JIAHKH «A» JI0 KYTOBOi IIBHIKOCTI
JaHKHu «B»:

U= wy/wp.

MOJIMBUX HaNpsIMiB KYTOBHX IIBUJIKOCTEH /1Ba, TOMY iX MOYKHA MPEACTABUTH
3HaKaMu «+t» 1 «». [I03UTUBHOIO 3BHYAHHO BBAXKAETHCS KYTOBA ILBUJIKICTh,
HarpasJjieHa IPOTH X0y F'OJIMHHUKOBOI CTPiIKU. B mpocTopoBux nepenavax KyToBi
LIBUKOCTI JIAHOK MOXYTh MaTH HE3Ji4eHHY Oe3JIiu HanpsMiB, TOMY ABOMa 3HAKaMU
X IpeacTaBUTH HEMOXKIIHBO.

[epenaBanbHe BiHOMIEHHS 3y09acTHX Mepeiad MOXKHA BUPA3UTH TaKOX depe3
BIZJTHOCHHHM YHCENl 3y04YaThX KoJIic, TIOYaTKOBHUX PajiycCiB, YaCTOT 00epTaHHS.

Hampuxnan:

U,, =i%=i:’£:%, (5.1)
1 2
ne U, ,— mepenaBanbHe BinHOLIEHHS Bij Kojeca | 10 Koneca 2;

Z — gucno 3y6iB;

I, — paziyc mo4aTkoBOTO KOJIa;

N — yacToTa 00epTaHHS.

PosrisiHeMo po3paxyHOK NepelnaBajbHUX BIIHOCHH Ui JIESIKMX HPOCTHX
3y04YacTUX MEXaHi3MiB.

53



MIHICTEPCTBO OCBITH I HAYKH

YKPATHH ©-20.05-
JEPXKABHUI YHIBEPCUTET ‘ i
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae

JACTY IS0 9001:2015

Exzemnnap Ne 1 Apk 122 /54

1) [ns mepenadi, Mo CKIAAaeThes 3 IBOX IMUIIHAPOBUX Koiic (puc. 5.1 i puc.
5.2) mepenaBaibHE BiTHOIICHHS BU3HAYAETHCS 32 (HOPMYIIOIO:

Z
U, :&:ifz, (5.2)
@, Z

3HAK «ILTIOCY BIAHOCHTHCS JI0 BHYTPIIIHBOT Iepeaayi.

H
Al 1
- U
Pucynoxk 5.1 Pucynok 5.2

2) Jns cximyactoro psigy komic (puc. 5.3) nepenaBajbHE BiJHOIICHHS
BH3HAYAETHCS 32 (POPMYIIOIO:
Uu. =U. .-U.. -U :M(_l)" (5.3)
1-n 1-2 3-4 (n—l)yn Zl i 23 . 7 ) . .
(n-1)
3) Juis1 mociioBHOTO (MApa3uTHOTO) PSAY Koutic (puc. 5.5) nepeaaBaibHe

BIZJHOIIICHHS] BU3HAYA€ETHCS 32 POPMYIIOI0:
u,, =Zn (-1)° 5.4
1-n — . ' ( . )
Zl
Ie P — umcio 3y09acTux map i3 30BHIIIHIM 3YETICHHM;

N — gucio 3youactux koiic (abo oceit).
3 ¢dopmynu (5.3) BuaHO, M0 HepegaBajbHE BiIHOLICHHS HOCIIJIOBHOTO psty
HE 3aJIeXKHTh BiJ] YKcia 3y0iB «I1apa3uTHOTO KOJIeca.
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4 , 7
L B —
1 Z
2l ywy
= 3 : . ™

wi
—X
/4
/ L
Pucynoxk 5.3 Pucynok 5.4

4) TlepenaBaibHe BiHOILICHHS YepB's4HOI mepeaadi (puc. 5.5) BU3HAUYAETHCS
3a (hopMyII0IO:

U, ===, (5.5)

ne U ., — mepenaBansie BigHOMEHHS Bilx YepB'sKa 10 Koeca,
Z, — uncso 3y6iB uepB'sIYHOTO KOJECa;
Z., — 4uCI0 3aX0/IiB YEPB'IKa.
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Pucynok 5.5

5) TlepenaBajbHe BiJHOMIEHHS 30BHINIHBOI KOHIUHOI mepemaui (puc.5.6)
BHU3HAYAETHCS 32 (HOPMYJIOKO:

z
U, =22
1-2 Z1
|74 s |77

(5.6)

[NV [ I NN\
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Pucynok 5.6

6) Iepenapanbre BigHomenns U, mpoctoi muaneraproi nepegadi (puc.5.7)
BiJ Bemydoro koyieca 1 o Boamna H Bu3HauaeThes 3a opMyIioro:
— ()
U, =1-U/"%. (5.7)
CumBon Ul(fg [03HAYa€ IepesiaBalibHe BiJHOLICHHS BiJ HEPIIOro KoJjeca JIo0

3aKpIMICHOTO TPETHOTO KoJieca B iX BITHOCHOMY pyci IO BiJHOLICHHIO 10 Boauna H.
Jns migpaxyHKy InepeiaBalbHOrO BimHomeHHS U l(fg MOTPIOHO TMPUITYCTHUTH, IO

BOJAMJIO HEPYXOMO, a KOJECO 3 OTPHUMAJI0 MOXKJIHMBICTH O0EPTATHCS HABKPYTH CBOET
oci.

Toni komeca yTBOPIOIOTh 3BHYAMHWI CXITUaCTHH PsA KOJiC, TOOTO TakKmit
CXiZYacTuil psj, B SIKOMY OCi 0OepTaHHS HEpIIOro i OCTAHHBOTO KOJIC JIeXKaTh Ha
onmHii mpsmiid. s uporo psmy mnepenaBajibHE BiJHOUICHHS BU3HAYA€THCS 110
dopmymi (5.4). 3actocoByroun 1 GOpMyly J0 JaHOTO MexaHismy (puc. 5.7)
MaeMo:

Z,-Z
Ul =Z2° %3 pop 5.8
=gt e (5.8)
/Zf
“/Z_L
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Pucynok 5.7

IlepenaBanpHe BimHOMmICHHS U 1(33) B JAHOMY BHIAJIKy IO3UTHBHO, OCKUIbKH

KoJieca CXi4acToro psigy YTBOPIOIOTH JBa 30BHIIIHIX 3a4€IUICHHSA, 1 TOMY IpH
Hepyxomomy Bommii H xoneca 1 i 3 o0epTaroThes B OJTHOMY HAIpsMi.
Z,-Z,

-

Z,-Z,

Slkmo OararonaHkoBa 3yOuacTa Iepefada CKIaJA€TbCsl 3 JEKIIbKOX
MOCIIIOBHO CIIONYYEHUX NMPOCTHX 3yO4acTHX Hepeaad, TO 3arajibHe IepeaaBajibHe
BIHOIICHHS  0araToNaHKOBOi  Iiepenadi  BUXOAUTH  IIEPEMHOXKYBAaHHAM
nepeaaBaibHAX BIJHOCHH IIepesad, o BXOATh 10 1i CKIay.

U, =1- (5.9)

3aBaaHHA 10 BUKOHAHHSA PO00TH

1. OsHaiiOMHTHCh 31 CTPYKTYpOI OTPHMAaHHUX MOJeiei 3y0uacTux
MeXaHi3MiB.

2. HakpecauT KiHEMaTHYHY CXeMy 0araToJaHKOBOro 3y04acToro MexaHiamy.

3. TlponymepyBaTu BCi 3y04acTi Koueca.

4. TlizpaxyBatu uymcia 3y0iB BCiX KOJIC 1 4nCIia 3aX0/1iB YepPB'sKiB.

5. Po3unenyBaru OaraTonaHKOBWi 3y0uyacTHii MexaHi3M Ha  TPOCTI
MEXaHI3MH,  PO3MJIAHYTI  BHWIIE, BCTAHOBHUTH  PO3paxyHKOBI  Qopmymnn
NepeaBaibHOTO  BiMHOIIGHHS Ui KOXHOTO 3 HHX, a IOTIM TiJpaxyBaTH
nepeiaBajibHi  BITHOIIEHb IIPOCTHX MEXaHI3MIB 1 BChOro 0araTolaHKOBOTO
MEXaHi3My.

3mict 3BiTY

1. KinemarmuHa cxema 06araToJaHKOBOTO 3y04acTOTO MeXaHi3My.

2. Cxemu mpocTHX 3y04acTHX MEXaHi3MiB, SKi BXOIITh OO CKJIaLy
0araToJaHKOBOTO 3y04acTOr0 MeXaHi3My.

3. BusHayeHHs nepenaBaibHUX BiJHOLICHB IPOCTUX MEXaHI3MIB.

4. BusHaueHHA TIepelaBaJIbHOrO BIJHOIICHHS BCHOTO 0araToJaHKOBOTO
MEXaHi3My.
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IuTaHHs 10 3aXMCTY NPAKTHYHOL po60OTH

Nogak~owphE

Slka icHye knacudikamis nepemay?
Has3BiTh nepenadi 34eTICHHSIM.

HageniTh mpuKIaay 3aCTOCYBaHHS 3y04acTHX epenad.
1o Take mepenaToYHEe BiAHOIICHHS?
SIk BU3HAYAETHCS 3HAK MEPEIATOYHOIO BiTHOMICHHS?
SIki MexaHi3MH Ha3UBAIOTHCS TUIAHETAPHUMHE?
3anumrite (GOpMyNH BU3HAYCHHS IEPEJATOYHOTO BiJHOIICHHS dYepes

TEOMETPHUYHI Ta KIHEeMaTHYHI TOKa3HUKH.
BU3HAYCHHS MEPEAATOYHOrO BiJHOIICHHS IUIAHETAPHUX
MEXaHI3MIB aHAJITHYHUM METOIOM.

8. OcobmmBocTi
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IIpakTuyna podora 6

Tema: [ToOynoBa eBoIbBEHTHHX MPOdIIiB 3yOLiB
METOJIOM OTMHaHHS (OOKOYYBaHHS).

Mera poborTu:
[TobymoBa MeTomOM OOKOUYYBAaHHS €BOJIEBEHTHHX MPOQLTiB 3yOIliB HYIHOBHX
Ta TO3UTHUBHUX KOJIC 3 YHCIIOM 3yOIliB MeHIIHM 17.

MeToau4Hi pekoMeHAalil 10 BAKOHAHHA po0oTH

VY TexHIli HIMPOKO 3aCTOCOBYETHCS HApPi3yBaHHS 3yOIliB 3y0UacTHX KOJIIC
IHCTPYMEHTOM PEHKOBOro THIY (IHCTPYMEHTAIBHOIO PEeifKolo, YepB'siuHOT Ppe30to)
32 METOAOM OOKaTKH.

IIporiec BUTOTOBICHHS 3y04YacTUX KOJIC IHCTPYMEHTAILHOI peikoro (puc. 6.1)
32 METOJOM OOKaTKH MOJIArae B TOMY, LIO peiika, MepeKouyl4Hnch 0e3 KOB3aHHs
cepenHboi (MOIYNBHOT) mpsiMoi abo OAHiEl 3 MUIMIIBHUX TPSIMHUX, MapaieilbHUX
MOIYyNBHI a00 OmHIM 3 NIUIMIBPHHX TPSAMEX, M[apajelbHUX MOIYIBHINA, II0
nimunbHOMy Kony (d = mz) koseca (pyx OOKaTku), 3[MiHCHIOE OJJHOYACHO INBHUIKI
3BOPOTHO-TIOCTYNAJIbHI PYyXH Y3I0BX OCi KoJeca, 3HIMAIOUH IIPU LbOMY CTPYXKKY.
JinunbpHe KoJio KoJieca 1 AUTMIIbHA MpsAMa PeiiKH, sKa IepeKouyeThes: 0e3 KOB3aHHS
10 JUIMILHOMY KOJy, € HOYaTKOBUMM KOJIOM Ta MpsSIMOI0 IIPpU 3adeIUIeHHI
00po06ITIOBaHOTO KOJIECa Ta IHCTPYMEHTAIBHOT PEHKH.

Komeco Ha3mBaeThCs HYNBOBHM, SKIIO B TPOIECi HOTO BUTOTOBIEHHS IO
OUINTBHOMY KOy KOTHTBCS cepelHs (MOAysbHA) mpsiMa pedku. SIKmo >k peiika
BiJICyHyTa BiJ HEHTPy Kojeca (MO3WTHBHHI 3CyB) Ha JHesKy Bimctawb b, To mo
JUTHILHOMY KOJIy KOTHTUMETBCSI AIIMIIbHA MpsiMa PeHKH, pO3TallloBaHa OJIMK4Ye /10
npsAMol BUCTYIIB peitku. 3cyB b peiiku BHpa)aeThCs Yepe3 MOJYIb /1 3a4eTUICHHS
3a JIONOMOTrolo KoedilieHra 3cyBy &

b=¢m (6.1)
3y0uvacTi Koyieca, BUTOTOBJIEH] NP MO3UTHBHOMY 3CyBi PEHKH, Ha3UBAIOTHCS
mo3utuBHUMHE. CIIiJ] 3ayBa)KUTH, IO TO3UTUBHE 3MIIIEHHS 30UIBIIYE TOBIIMHY 3y0a
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Ha JUTHIIFHOMY KOJI 1 BEJIMYMHU JiaMeTpiB KiJl 3amaJnH i BUCTYIIB, ajie 3MCHIIYE
TOBIIMHY 3y0a Ha KOJi BHCTYMiB. 3 KypCy BiZOMO, IO Yy HYJIBOBHX KOJIiC, IO
MaroTh YHCIIO 3yOMiB MeHIe 17, 3yOri BUSBISIOTECS MiIpi3aHUMU 01151 OCHOBH, IO
3MeHIIye IX MilHicTb. [ yCcyHeHHs minpizaHHS MOTPIOHO BIACYHYTH (3MICTHUTH)
peiiky BiI LIEHTPY KoJjieca Ha BIJICTaHb (3CyB), SIK€ BHU3HAYAEThCS 3a JOIMOMOTOI0
koedinienTa 3¢yBY ¢ o0p, AKHI PO3PaXOBYETHCA 32 POPMYIIOI0
17—z
Sy =17

JIe Z — YUCII0 3yOlIiB KoJieca, 10 Hapi3yeThCs.

[Ticns 1poro HEOOXiAHE 3MIIIEHHS BU3HAYA€ThCS 3a GopMmyitoro (6.1).

Omuc mpubopy TMM-42. OCHOBHHMH YacTHHAMH TPWIALY € >KOPCTKO
3'eqHaHi aucku 1 Ta 2 i 3yOuacTta petika 3 (puc. 6.2); 3SMOHTOBaHI Ha 3arajbHil TUTATI
12. Oucku 1 i 2 MOXyThb oOepTaTHcS B TIPOILECi KpEcIeHHS 3yOIiB HABKOJIO
HepyxoMoi oci. [liameTp HIDKHBOTO AWCKa MOPIBHIOE AiaMeTpy AUTHIBHOTO KoJa
KoJleca, 1o Hapi3yeTbes. 3y0dacTa pelika 3 po3TalioBaHa 3 HEBEJIMKHUM 3a30pOM HaJl
BEpXHIM IUCKOM 1 i1 3aKpirieHa TBUHTaMH 6 Ha KapeTIi 5, ska MOXe IepeMilaTucs
BJIBO 1 BIIpaBO B Hampasisouux It 12. Ha peiini Hanecena pucka 13, mio
300paxkae CepelHI0 JIiHil0 (MOIYJNbHY NpsAMY) PEHKH, a TaKoX BHUrpaBipyBaHi
3HAYCHHS MOMAYJIS 3a4eryIeHHs M, mpodinsHOro kyra (Kyrta 3ademieHnHs) a = 20°
peiiku 1 giamerpa d, AIMMIBHOTO KOJIA KOJEca, 10 «Hapi3yeThes». KiHemarnuHuit
3B'SI30K MDX PEHKOIO 1 3aTOTiBKOO, HEOOXIMHUI NIt 3MIHCHEHHS pyXy OOKaTKH ITiJ|
yac KpecieHHs 3y0iB, 3a0€3MeuyeThCsi CTPYHOI 4, OXOIUTIOE JTHCK 2 10 BChOMY
kosy. CTpyHa NpaBuUM KiHLEM MpPUKpIIUIEHa O KapeTKW, a JIBMUM — JO 3aXBaTy,
3'€eJHAHOTO 3 KapeTKolo, SKUM 3a JOIOMOTrOI0 EKCIEHTPHUKOBOIO MeEXaHi3My 3
pykosTkoro 11 Moke CTBOprOBaTH Ha TsDKIHHA Iii€l cTpyHHU. [IpsiMomniHiiiHa aHKa
CTPYHH PO3TAIlOBaHa Y3IO0BX TOPHU3OHTANBHOTO pebpa miaHku 16, 3’eqHaHoi 3
KapeTKoIo.

(6.2)
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Pucynok 6.1

Peiixa i TuCKM NPUBOAATHCS 710 PyXY BPYUHY LIJISIXOM HAaTHCKAaHHS Ha BaXIiJb 8
XpamnoBoro MexaHismy. [Ipm KOKHOMY HaTHCKaHHI Ha BaXimb 8, poOoda cobauka
XparoBOTro MeXaHi3My IepecyBae peiiky Ha 4-5 MM BiiBo. [Ipu 1mpomy, 3aBISIKH
HasiBHOCTI HATATHYTOI CTPYHHM 4, 3[IMCHIOETHCS TIEPEeKOYyBaHHs 0e3 KOB3aHHA KOJa
Jucka 2 (o 30iraeTbes 3 JUIMUIBHUM KOJIOM) IO TOPHU3OHTAILHOMY peOpy IUIaHKH
16, 306iraeTbcs 3 AUTMILHOT NpsiMOi peliku. [Ipu 3BiNBHEHHI Baxkesds 3aMHKao4a
cobauka HalliiiHO (ikcye peiiky.

VY npunazi nependadeHa MOXKIIMBICTD MEPEMIILICHHS peiiKky BIiBO 1 BripaBo. [1jist
LOr0 HEOOXIJHO HATHCHYTH IUIOCKY IPYXUHY 7, sika BUBeIe 3 3aueIUICHHS 3
KapeTko o0uaBi cobauku. IlociaOWBIIM TBHHTH 6, MOXXHA 3MIHHTH BiJCTaHb
peWKH Bii IEHTPY 3arOTOBKH, a MOTIM 3aKpiMKTH ii THMH X TBUHTAMH B ITOJIOXKEHHI,
BU3HAYCHOMY 3MILLIEHHAM D, sike BiZipaxoByeThCs 3a mikagamu 10.
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il e

e
8" \m\ b 6 g
Pucynok 6.2

3aBaaHHA 10 BUKOHAHHSA PO00TH

1. OsHaifoOMHUTHCS 3 TPUCTPOEM i IPUHITUIIOM 1ii prtaxy TMM-42.

2. Haknactu Ha BepxXHil JUCK ManepoBy 3aroTiBKYy, AlaMeTp SIKOi 3a3HAaUeHUH
Ha MMPO30pPOMY JAMCKY HpHiaxy, 1 3aKpilMTH HOro Hakiankowo 15 3a momnomororo
rBuHTa 14.

3. BcraHoBuTH peliky Tak, 100 11 iHIeKcH 9 3HaXOAMIHKCS MPOTH HYJIbOBHX
nozinok mkan 10.

4. HarucHytn npyxuHy 7 1 BiZIBECTH KapeTKy 3 peiKoi B KpaiiHE mpaBe
TIOJIO>KEHHS.

5. [InaBHO HATHCHYTH BHH3 J0 YIOPY BaXiIb 8 i, MICIS MEpeMIilleHHS peHKn
BIiBO [JO 3YNHMHKH, OKPECIMTH Ha 3aroTiBii KOHTyp 3yOwiB peiikn. Tak
MIOBTOPIOBATH JI0 THX IIip, TOKH peika 3aiiMe KpaiHe JIiBE IIOJOXEHHsS, a Ha
3aroTiBLi BUiae 2-3 3y0a HyJIbOBOTO KoJieca.

6. Ilocmabutn pyKosTKOIO 9 HATAT CTPYHH 4 1 MOBEPHYTH AUCK i3 3arOTiBKOIO
Ha 180°, micis 90ro 3HOBY CTBOPHUTH HEOOX1THUN HATST CTPYHH Ti€i %K PYKOSITKOIO.

7. BusHauuTtH 4ucio 3yOIliB Kojeca, IO «HApI3YeEThCS» 33 (HOPMYIOIO:

8. Bmsnaumtu 3a (opmynono (6.2) BEIMUHHY MIHIMAaIbHOrO KoedimieHTa
3CYBY PEHKH &,00p, IO 3a0€3MI€UYyE YCYHEHHSI TTi/Ipi3aHHs 3y0iB.
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9. BuzHauwtu 3a hopmysioro (6.1) Bennuuny 3cyBy b peiikn.

10. 3micTuTH peiiky Bim oci 3aroTiBKM KoJieca Ha BEJMYUHY b, KOPHUCTYIOUHCH
mkaigamu 10, Ta 3akpinuTi ii rBUHTAMH 6.

11. HatucHyTtH Ha npyXuHy 7 i BiIBECTH KapeTKy 3 PEHKOI0 B KpaWHE IpaBe
TMOJI0XKEHHSI.

12. Bukpecautu jaBa-Tpu 3yOLss MO3MTHBHOTO KOJIeCa, KOPHUCTYIOUYHCH
BKa3iBKaMH B IIYHKTI 5.

13. 3HsTH ManepoBy 3aroTiBKY 3 JHCKA.

14.O6uncnut 32 (¢dopMyTaMu, 3a3HaYCHUMH Yy OJaHKY MPOTOKOIY,
napaMeTpyu HyJIbOBOTO 1 IO3UTUBHOIO KOJIIC.

15.Hanectn Ha 3aroTiBKy 3a OOYHCICHHMH B 1. 14 3HAYCHHSAMH diaMETpiB
JITHIIBHE, OCHOBHE, KOJIa, KOJa 3alaJuH 1 BHCTYIIB HYJBOBOTO i IO3HTHBHOTO
KOJTiC.

16. [TopiBHATH Ha 3aroTiBII 3a JOIOMOIOI0 BHMIpIOBada TOBIIMHHU 3yOiB IO
XOpIi AUTHIBHOTO KOJIa, a TAKOX JiaMEeTPH Kl 3amagdH i BUCTYIIB HYJIBOBOTO 1
MIO3UTHBHOTO KOJIiC.

17.O0dopmuri BHKOHaHy poOOOTY TWPOTOKOJOM 1 TPHKIACTH O HBHOTO
3aroTiBKYy 3 HaKpecIeHUMH Ipodiisimu 3y0iiB koic (puc. 6.3).
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3mMict 3BiTY

1. Buxingui nai npuiany:
1.1 Mogyns peliku m =
1.2 Kyt npodimo peiixu o = 20°
1.3 Hiamerp ainunsHOTo Kona d, =

MM.

MM

2. Po3paxyHOK reOMETpHYHMX IapaMeTpiB 3y09acTHX KOJIIC:

Hynpose xoneco

KOpeFOBaHe KOJIECO

HaiiMeHyBaHHS | pospaxyHKOBa po3Mip, po3paxyHKoOBa po3mip,
bopmymna MM tbopmymna MM

Yucno 3y6mis , d, . d,

KoJieca “m T m

Hiaverp do = d, cos d, =d
= o1 =dad, Cos,

OCHOBHOTO 00 0 o 0

KoJa

Hiametp kosa
3anajguH

JiameTp koma
BHCTYIIIB

Kpox
3UeIUICHHS

Tormmaa 3y011st
10 TITHIEHOMY
KOJTy

d, =m(z-2)5)

. =m(z+2)

T =7m

d, =m(z-2,5)+2x
2 =M(z+2)+2x

T =7m

S, = ? + 2xig
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IIuTanus 10 3aXUCTy NPAKTHYHOI po0OTH

Jlati BU3HauYECHHS €BOJIbBEHTH.

HasBatu MoxuBi mpodisi 3yOuiB 3y0uacTux KoJic.

Y yoMy nepeBarv €BoJIbBEHTHOT'O 3UETJICHHS Y MOPIBHSHHI 3 IHIITMMU?
IlepeniunTi OCHOBHI T€OMETPUYIHI XapaKTEPUCTUKHU 3y0TIaCTHX KOJIC.
[Ilo Take MOIYIb 3y0YacTOro 34eIICHHS?

SIk MO>KHa BH3HAUUTH YHCIIO 3yOLiB 3yOUacToro koueca?

SIke 34UeIIICHHS] HA3UBAIOTh KOPEroBaHUM?

SIki ICHYIOTh BHIU KOpPETYyBaHHS?

3 SIKOI0 METOIO 3aCTOCOBYIOTh KOpETyBaHHs 3yOIiB?

©oOoNoOR~LNE

IpakTuyna podora 7

Tema: BusHaueHHs TeOMETPUYHHX XapaKTEPUCTHK BiHI 3 €BOJILBEHTHUMHU
3yOLSIMH 1 BUBUCHHS KOHCTPYKIIi 3y09aTHX KOIIiC

Merta podortu:

- BHBYMTH BHJH, KOHCTPYKIIi}O Ta OCHOBHI XapaKTEPUCTHUKHU 3y04YaThX KOJIiC;

- BCTAaHOBHUTHU FeOMeTpI/Iqu XapaKTCPpUCTUKH BiHHﬂ 3 €BOJIbBCHTHUMH
3yOLsImMu;

- po3paxyBaTH IapaMeTpd Ta KOHCTPYKTHBHI PO3MIpH 33/laHMX 3yOuaTnx
KOJIiC.

MeToauuHi pekoMeHAaIlii 10 BAKOHAHHS PO0OTH

Koucmpyxyis ma posmipni napamempu 3y6uamux xoaic. Ha pucyHky |1
HABEJICHO TCOMETPUYHI pO3MIpH BIHIISA 3 CBOJIBBCHTHHUMH 3YOILSIMU IHIIIHIAPHIHOTO
3ybuaroro xoseca (puc. 7.1, a) Ta po3mirieHHs 3y0iB Ha npsMo3yoomy (puc. 7.1, 6),
Koco3ybomy (puc. 7.1, 6) 1 meBpoHHOMY (puc. 7.1, 2) Konecax.
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Pucynok 7.1 — [uninapudse 3y64ate Kojaeco:
@ — TEOMETPUYHI PO3MIPH BIHIII 3 €BOJIEBEHTHUMU 3yOISIMH;
0, 8, 2 — BIIMOBITHO TPsAMO3y0e, Koco3yOe i MIeBpOHHE KoJeca.

leomeTpryHi po3MipH 3y0UaTHX KOJIC 3HAXOASTHCS O popmynax tadmumi 7.1

[HO1 po3mipu € KOHCTPYKTMBHMMH, BH3HAYAIOThCA 110 EKCIIEPUMEHTAIBHHUX
3aJICKHOCTSAX 1 OKPYIIBIIOTBCA a0 craHmaptHoro 3HaweHHs 3a ['OCT 6636-69.
dopmy 3yOuyaTHX KOJIC y OUIBIIOCTI BHUMAIKIB BHU3HAYAKOTH Y 3aJISKHOCTI BiX
croco0y OJiepikaHHS 3arOTOBKH, IO BHOMPAETHCS 3 ypaxyBaHHSIM MaTepiany i
PO3MIipiB KOIIiC, 8 TAKOXK 00CATY BHUITYCKY.

1. Huninopuuni 3y6uami Koneca 306HIUHbO20 3a4enieHHs

B onmunnuHOMYy Ta JpiOHOCEpiHHOMY BHPOOHHMITBaX 3y0O4acTi Koyieca 3
JiamerpoM BepurH 3y0iB d, < 200 MM BHTOTOBISIIOTH i3 Kpyrjoro mpokaty. [Ipu
da < 600 MM 3arOTOBKH KOJIIC OJCPKYIOTh KYBaHHSIM Y BUTIISAI KPYTJIMX KyBaHb.

Y GaratocepiiiHOMY i MacOBOMY BHUPOOHUIITBI 3aTOTOBKH KOJIIC HEBEJIUKHX 1
cepennix miamerpiB (d; < 600 MM) BUTOTOBIISIOTH MITAMITYBAHHSM Y JBOCTOPOHHIX
LITaMIIaX, a BEJIUKHUX J[IaMETPiB — JINTTSM 1 3BapIOBAHHSM.

Tabmms 7.1 —
Po3mipu enemenTiB 3yO1iB MIUTIHAPHYHUX 3y09aTHX KOIiC
Komneco
Enementn 3y011s
npsiMo3yde Koco3y0Oe (IeBpOoHHE)
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Bucora: - roiaoBku h,=m h,=m
- HDKKH hy=1,25m he = 1,25m
- 3yoms
Yo h=h,+h=225m | h=h,+h;=225m
PaniansHmii 3a30p ¢ =0,25m ¢ =0,25m
Paniyc KpuBH3HH
FIYC KpHL . pr=0,38m p=0,38m
nepexigHol KpUBOi
Hiamerpu BiHLS:
- TUTAJIBHAN d=mz d=m - z/cosf
- BEpIIMH 3y01iB d,=d+2h,=d+2m| d,=d+2h,=d + 2m
- 3amaiuH di=d-2h;=d-25m| d;=d-2h;=d-2,5m
Kpoxk 3auennenns p=mm pi= mwm/cosp

Komneca 3 d, < 250 mm (puc.7.2) BUKOHYIOTh Y BH[i JUCKIB 3 MATOYMHAMHU YK
0e3 HuMX. MarounHa Mo)ke OyTH pO3TalllOBaHa CHMETPHYHO a00 HECUMETPHYHO.

Hiamerp Maro4yuHH mpuiiMaoTh: d,,

HACalKy€ThCA I(OJ'IeCO).

Hoexuny matounnu mpuiimarots: I, = (1,0..

3yOI1I€BOr0O BIHIIS.

= 1,7d,, ne d,

S

— miaMeTp Baya, Ha SKUH

.1,5)d,, ajne He MeHII MIKUPHHA

Pucynok 7.2 — Konctpykuis 3youatux kojic aiamerpom d, < 250 mm.
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[Ipu BUKOHAHHI KOJIC Y BHUII AUCKIB AOIUIFHO HAa TOPIX BUKOHATH BUTOYCHHS
rmmbnHor0 K = 1..2 MM, mo0 He oOpOoONATH 3 MIiJBHIICHOI TOYHICTIO BEIUKY
TOpIIEBY MOBEPXHIO JUCKa, sika € 0a30r0 aist HapizyBaHHs 3youiB. llupuny Topuis
3yOILIOBATOTO BIHIM MpHUAMaroTh: S = 2,5m + 2 mMMm. Ha Toprpsix 3yOmeBoro BiHIIA
BHKOHYIOTh (hacku mig KyToM o = 45°, (Ha kK0co3yOmX Kojecax HpH TBEPIOCTI
HB > 350 kyt of = 15°) posmipom f = 0,7m 3 OKpyIJeHHSAM IO CTaHIAPTHOTO
snaueHHs. Koneca npu 250 mm < d, < 600 MM BHKOHYIOTh 3 JUCKAMH MOJIETIICHOT

¢dopmu (puc.7.3).
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Pucynok 7.3 — Koncrpyxkiist 3y6uatux kodic miamerpom 250 mm < d, < 600 Mm

VY Takux Kojecax TOBIIMHY J¥CKa JUIsl 3MEHIICHHS MacH Koiyieca poOisiTh
3HAQYHO MEHIIE INUpUHM 3yOueBoro BiHIA. KpiMm Toro, y amckax Mk oOoxoM i
MaTOYHMHOIO Tepe0avaroTh NWITHAPUIHI OTBOPH (3BUYaiHO 4 ab0 6) 1yt 3pydHOCTI
TPaHCIIOPTYBaHHS Ta KPIIUICHHS 3y0UacTHX KOJIIC Ha BepcTaTax Ipu oopooii.

VY Kkoinecax i3 MITaMIIOBaHWX 3aroTiBOK BHYTPIIIHI HOBEpXHi 000/a i 30BHINIHI
MTOBEPXHI MATOYNHH MAIOTh KOHIYHY (popMy (KOHYCHICTH OJIM3BKO 6°).
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Pexkomenpamii 10 BH3HA4YEeHHS PO3MIpiB KOHCTPYKTHBHUX €IIEMEHTIB KOJIC

HaBeIeHO B Ta0mI 7.2.

Tabmuus 7.2 —

Po3mipu enemenTiB auckoBux komic mpu 250 mm < d, < 600 MM

Po3wmip (puc. 1.3) ®opmyna [pumitka
3oBHimmHil giamerp marounnu | d, =1,5d, + 10 Mmm
JloBKHHA MATOYMHM l,=(1,0...1,5)d, [Sxwo I, < 6, npuitasru |, =

b

TosmuHa oboma

0y =2,5m + 2 Mmm

J1J1s1 IEBPOHHUX KOJTiC
00 = 4m + 12 Mm

BHyrtpimHii giametp odona

D,=d;—20

ToBuMHa qUCKY

C =(0,35...0,4)b,

J1J1s1 IeBPOHHMX KOJTiC
C=0,35b

HiameTp oTBOpIB

do = 0125(Dx - d,w)

[pu dy < 20y oTBOPH HE
BUKOHYIOTh

KisnpkicTh 0TBOpIB

4...6

HiameTp Koya po3MilIeHHS
OTBODIB

D, = 0,5(D, + d.)

Pasiycu 3a0KkpyricHb

R=6...8 MM

3y6uacti koneca 3 d, > 600 mm npu wupuHi by < 200 MM BHIOTOBISIOTH
JUTUMHU 31 CIHIAMH XpecTomoaibHoro mepetuny (puc. 7.4), a mpu by > 200 mm —
JIBOTaBPOBOIO MEPETUHY. YUCIIO CIULIb IPUIMAETHCS TAPHUM.
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Pucynoxk 7.4 — Koncrpykuis 3ybuatux komic giamerpom d, > 600 mm

Sxmo 3a ymMoBamm poOOTH 3yOIiB MOTPiOHO 3aCTOCYBaHHS BHCOKOMIITHUX
KyTHX CTaJici, a BEJIUKI pO3MIpH HE J03BOJIAIOTH OJCPIKATH 3arOTOBKY KYyBaHHSM,
KoJieca BHKOHYIOTH CKIIA[ICHUMH 3 JIBOX JAeTaieil (puc. 7.5): KOBaHOro 3yOLEeBOro
BIHIIA 1 JMTOTO YaBYHHOTO (piIIie CTajxeBoro) MLeHTpa, MO0 Mae 00in, AHNCK i
MaTouynHy (OaHmaXoBaHE Kojeco). BiHelb CIOMy4YaeThCsl 3 KONICHHUM I[EHTPOM
MOCAJIKOIO 3 TAPAHTOBAHUM HATATOM (puc. 7.5, a).

o TP e T T N

v

o

\ N 5
R
_

a o 8
Pucynok 7.5 — bangakoBaHi 3y09acTi KoJieca 3 pi3sHAMH CIIOCO0aMH CHOTY9IEHHS
BIiHIIA 3 KOJICHUM IIEHTPOM:
a — 3 TApAaHTOBAHUM HATATOM; 0-3 TapaHTOBAaHUM HATIATOM i CTOIIOPHUM
TBHHTOM; B — 3a JIOITOMOT'0X0 0OJITOBOIO 3'€ THAHHS.

Juis OLIBIIOT HAMIMHOCTI B IUIOIIWHI 3'€JHAHHS BIHIM 3 IICHTPOM CTaBISATh
CTONOPHI IBUHTH (pHC. 7.5, 6), ab0 3'€THYIOTh BiHENb 3 KOJIICHUM LIEHTPOM OoiTamMu
(puc. 7.5, 6). 3 METOI0 EKOHOMHM JIETOBaHMX CTaJell OaHIaKOBaHWMH BUKOHYIOTh
iHoni Koyeca cepenHix po3mipis (d, = 250...600 mMm).

[eBponHi 3y09acTi Kojeca BiIPi3HAIOTHCA BiJ IHIINX OWTIHAPUIHUX KOJIC
36imbIIeHoro muprHo. llleBpoHHi 3y04acTi koneca OyBarOTh JBOX BUKOHAHD:
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- 3 JJOPIKKOIO B CEpeInHI KoJieca UII BUXOY iHCTpyMeHTa (4epB'ssaHoi ppesw,
puc. 7.6);

- 0e3 nopixXKH (HApi3yHTHCS MOAYIIBHOK (Dpe3oro).

LleBponHi koneca 0e3 MOPIKKM BHTOTOBJIAIOTH Ha MAaJONPOIYKTHBHUX
BepcTaTax, TOMy BOHHM 3aCTOCOBYIOTBCS pille, HiX Kojeca 3 TOPiXkKOIO.

N\
/.

Pucynok7.6 — llleBpoHHe Koseco
2. [uninopuuni xoneca 3 6HYMPIUHIM 3A4eNIeHHIM

Koseca 3 BHYTpIIIHIM 3aY€IUICHHSIM MAOTh KAHABKH MIXK IHCKaMHU 1 3yOIssMu
JUIsL BUXONy IHCTpyMeHTa (J1071051Ka) 1 PO3MIILEHHS CTPYIKKH, 1110 YTBOPIOETHCS MPU
noBOanHi. Ha puc. 7.7 300paxxeHO KOHCTPYKTHBHE BUKOHAHHS KOJIIC 3 BHYTPIIIHIMH
3yousMu
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Pucynox 7.7 — LuninapuyHi Kojieca 3 BHYTPILIHIM 3a4eTICHHSM.

3. Llecmepni.

Mo>xuBi 1Ba BapiaHTH KOHCTPYKTHBHOTO BHKOHAHHS IIECTEPEHb 3y0UYacTHX
mepenad: pa3oM 3 BaJioM (Bai-mIecTepHs, puc. 7.8) 1 okpemo Big Heoro (HacamHa
mecTepHs, puc. 7.9).

Hepmomikom mepmioi KOHCTPYKIT € HeOOXiTHICTh BUTOTOBJICHHS Bajia 3 TOTO XK
MaTepiay, 0 W MIecTepHs, YacTo OUTBII SAKICHOTO i JOPOTOTo, YMM MOTPiOHO Iyt
Bana. Kpim Toro, npu 3aMiHi 1ecTepHi, HAPHUKIIAA YHACIIIOK 3HOCY YU TIOJIOMKH
3yOLiB, MPHUXOANTHCS 3aMiHATH 1 Baj. He3Baxkaiouum Ha 1e, y peayKTopax 4acrto
LIECTEPHIO BUKOHYIOTh 3a0[{HO 3 BajJIOM. Ban-miectepHs Mae OUIbIIY JKOPCTKICTH 1
MIIHICTB, @ TAKOK TEXHOJIOTIYHICTh, 110, 3PCIITOI0, 3HIKYE 11 BAPTICTS.

VY 3ajexHOCTi BiJ CIIBBiIHOUIGHHsS MdiaMeTpiB IIECTEpHI Ta Baja 3yOI
Hapi3ylOTh Ha BUCTYINawO4YoMy BiHLi (puc. 7.8) abo 4acTKOBO MOIIMOJIOIOTh Y TiJIO
Baja. [Ipm mormuOnenHi 3yOIiB MOTPiOHI HNSHKK MOBXHHOIO "a" g 3axomy i
BUXoAy ¢pesu miametpom D.

Pucynok 7.8 — Ban-mectepHs: 3y01i Hapi3aHi Ha BUCTYNAO4YOMY BiHII.

[lecTepHs BUKOHYETHCS Pa30M 3 BAJIOM IIPH CIIiBBiAHOIIEHHI PO3MipiB:

d

-mpu 2 - 2, ae d — ginuipHUR JiaMeTp IecTepHi.

6

d

- Ipu . 2, EKOHOMIYHO BUTIJJHIIIIE BUKOHYBATH IIECTEPHIO HACATHOIO.

6

- IIpu 2<i<3’ KOHCTPYKTHMBHO HacCaaHa MIECTCPHA BUI'OTOBJIAECTHCA Y

6

BHTJISII CYHTBHOTO JucKa (puc. 7.9).

74



MIHICTEPCTBO QCBITH I HAYKH
IIEP)KABHI/II;I]I§’1;$I}SI:EI/11CI/ITET ®-20.05-
JKutomupcobka «KUTOMMUPCBHKA MMOJITEXHIKA» 05'01/184'0206;1MB/OK1 1-
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY IS0 9001:2015
Exzemnnap Ne 1 Apk 122175

d

- mpU 5 3 UIECTEPHs BUKOHYETHCS Tak CaMo, SIK 1 JMCKOBi Koieca (puc.

6

7.3).

Dy, i

Pucynok 7.9 — KoHcTpyKIlii HacagHHUX MIeCTEPeH.
3aBaaHHA 10 BUKOHAHHSA PO00TH

1. BuBumtH 3a 3pa3kaM¥ KOHCTPYKIIifO 3y09aThX KoIlic, KiIacu(ikyBaTH iX 3a
OCHOBHUMH O3HaKaMH Ta JIaTH IX OIHC.

2. s 3amaHoro 3y0uaroro kojieca (3a BKa3iBKOK BHKIIAaaadya) BHU3HAYUTH
TeOMETPHUYHI po3MipH.

Jis pOoTO MOpaxyBaTH YHCIO 3yOLiB Z i BUMIPSTH JIiaMeTp BEpUINH 3yOIiB
MIMPUHY 3y0UYaToro BiHI 1 JOBKHHY 3y04aToro BiHis D;.

Hiamerp BepmmH 3y6uiBs d, mpu mapHOMy 4HCHi 3yOIiB 3aMiplOETHCS
6e3mocepenHbo  (pHC. 7.10).

IIpu HemapHOMY quci 3yOuiB
3aMiproeTbesi Uy 1 B (puc.  7.10). Hiamerp
BEPIIUH 3yO1IiB nopieuioe d, = d,,, +
2B.
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Pucynoxk 7.10 — 3amiproBaHHs AiaMeTpa BepiuuH 3y61iB d,: mpu napHOMY YHCITi
3yO1LiB Ta P HEMAPHOMY YHCIi 3yOIIiB.
3. 3a pe3ynpTaTaMy BUMIpIOBaHb BU3HAYHUTH 32 HOPMYTaMHU:

KyT f HaXuiy 3yOLiB /B =arcsin E;
1
Ta MOAYJIb 3a4eIICHHS m= d,
z
cosp

4. TlpwifHATH HAROIMKIMIA MOIYJIh 3a4CeTUICHHS 332 CTAHIAPTOM.

5. PospaxyBatn mapamerpu 3ajaHoOro 3y0uaToro Koijeca 3a (opMmysIamu
Tabmuti 7.1. PesynbraTu 3aHecTH B TabnuIio 7.4.

6. BusHaunTH MoXMOKYy BU3HAYEHHS MOYIIIO 3a4CTIIICHHS.

7. BukoHaTH ecki3 3y04UaToro BiHIM KoOJieca B TOPIEBIH IUIOIIWHI, BKa3aTH
reOMETPUYHI PO3MipH BIHII.

8. BuMmipsTH KOHCTPYKTHUBHI pO3MIpH €JEMEHTIB Kojieca. BukoHaTtu ecki3
KoJieca 3 BKa3yBaHHAM PO3MIipiB.

9. Po3paxyBaTh  KOHCTPYKTHBHI ~ PO3MIpHM  €JEMEHTIB  Kojeca  3a
dbopmynamuTtabdn.7.2.

10. ITopiBHsTH BUMIpsIHI Ta pO3PaxyHKOBI PO3MIpH.

3micT 3BiTY

1. Pesynbraru BumipiB 3yOouaroro BiHus (Ta0.7.3)
Ta6muus 7.3 —
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Z d,, Mm b, MM by, MM

2. Pesynbpratu po3paxyHKiB napamerpis 3youaToro BiHig (1ad. 7.4)

Ta6muusg 7.4 —
B’ MOHYHB m’ MM dax de dl hax hfl hl P
rpang BI/IMipﬂHI/Iﬁ T'OCT MM MM MM MM MM MM MM

3. PesynbraTtn po3paxyHKiB KOHCTPYKTHBHHUX pO3MipiB Kojeca (Tab.7.5)
Tabmumsg 7.5 —

3HAYCHHS, MM

KoncrpykTuBHUI napamerp -
po3paxoBaHe BUMIpsiHE

Hiametp Bana xoseca d,

3oBHimHI giametp maTounnu d,,

JloBxuHa MaTO4nHH |,

ToBmuHa 06012 I,

BuyTpimniii riametp oboxa D,

TosmmHa qucky C

Iiametp oTBOpIB d,

KispKicTh 0TBOpIB

Jiametp Kkoxa po3MimieHHs: 0OTBOpiB Dy

4. BUCHOBOK IIPO MOPIiBHSHHS BUMIPSHHUX Ta PO3PAXYHKOBUX PO3MIipH.
IIuTanHs 10 3aXUCTY NPAKTHYHOI pOOOTH

1. Ha3BaTu OCHOBHI KOHCTPYKTHBHI €IEMEHTH 3y0UacToro Kojeca.

2. Sk xnacudikyroTbes 3y0uacTi nepeadi y 3aJeKHOCTI BiJ po3TallyBaHHI Ha

3y04yacToMy BiHIII?
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3. Sk xmacudikyroThcs 3y0uUacTi mepemadi y 3aJeKHOCTI BiJl B3a€EMHOTO
po3TanryBaHHs ocel 3y09acTux Koiic?
4. SIki icHYIOTb KOHCTPYKLII 3y0UacTux Komic?

5. Ski 3y0uacTi Kojeca Ha3MBaIOThCs OAHIAKOBAHUMHE?

6. SIkuM YMHOM OOHPAETHCS BHUKOHAHHS IIECTEPHI Ta Baly OKpeMo abo y
BHTJISIZII Baja-IIeCTepHi?
7. HazBaTi OCHOBHI reOMETpHYHI TapaMEeTPH 3y0YacTOTO 3UCILUICHHS.

78




MIHICTEPCTBO OCBITH I HAVKHU
ﬂEP)KABHI/H;I]g;fI};I:EP;CHTET @-20.05-
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11-
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY ISO 9001:2015
Exzemnnap Ne 1 Apk 122179

[pakTu4yna podora 8
Tema: I[IpoexTyBaHHS Ta pO3paxyHOK MPHBOY MEXaHIYHOTO OOJIaHAHHS

Mera poborTu:
[MiniOpatn  eNeKTPOABUIYH TIPHBOAY Ta BUKOHATH KiHEMaTHYHHH Ta
€HEProCHJIOBUIl PO3PaxyHOK ITPUBOJY.

MeToan4Hi pekomMeHaalii 10 BAKOHAHHA po0oTH

Besmocepenne  3'emqHaHHS ~ Bamy — poOOdYOro  OpraHM  MEXaHi3My 3
SJICKTPOABUTYHOM MOXKJIMBO JIMIIE y BiHOCHO DPIJKMX BHIAJKaX, KOJIH YacTOTH
oOepTaHHS IMX BajJiB ONHAKOBI, HANIPHWKIAA B IMPHBOAAX BIAIEHTPOBUX HACOCIB,
BEHTWJIATOPIB TOIIO. B OCHOBHOMY /1151 IPUBOLy MaIlIMHN HEOOXiZTHO BCTAHOBJICHHS
Ii/IBUIIYBaJbHOI YM 3HM)KYBaJbHOI 4acTOTy OOepTaHHs YCTaHOBKU. B Oinbriocti
BUIIAJKIB PO3POOJISIOTECS 3HIDKYBAJIBHI Iepeladi  BiJl €JIEKTPOJIBUTYHA [0
MIPUBOJIHOTO BaJly MalllHHU.

B 3asexHOCTI Bii KOHKPETHUX YMOB MPHCTPI, 110 IPOEKTYEThCS, nepeadaydae
BUKOPDHCTAaHHS TiepeJad pi3HUX THUIIB — 3y0uaTWX, 4YepB'SYHHX, IACOBHX,
JIAHIIOTOBUX, (PUKIIHHKUX Ta TX MO€HAHHS.

[IpoexTyBaHHs TPUBOAIB CIIi/I TIOYMHATH 3 KIHEMaTHYHOTO PO3paxyHKy. s
I[bOTO BHM3HAUYAIOTh YacTOTy oOepTaHHsA BajiB mnpuBoxy. Jlam, 3agarounch
MOTIepeIHbO  YacTOTOI0 O0EpTaHHS €JIEeKTPOABUTYHA, BH3HAYAIOTh 3HAYCHHA
MepeaTOYHOTO BiHOIIECHHS (0a)KaHO TS JEKITEKOX BapiaHTIB).

AHamni3yloun OTpUMaHi 3HAa4YeHHS, HaMIYalOTb KOMIIOHYBaHHS HPHUBOY.
[MpuitHATY KiHEMaTHYHY CXEMY IPHBOJIY PO3PAaXOBYIOTh, MEPEBIPSIOYN BUKOHAHHS
BCTaHOBJICHUX YMOB.

Po3risiHeMO NPOEKTYBaHHS Ta PO3PaxyHOK MPUBOJY MEXaHIYHOTO 008 JHAHHSI
Ha TIPUKIATI.

Haoano:

Cxema npuBoOILy
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Pucynoxk 8.1 — KinemaTtudyna cxema KOHBEEPHOI YCTAHOBKH:
1 — enexmpoosueyn; 2 — kiunonacosa nepeoaua; 3 — pedyKmop;
4 — mygpma, 5 — bapaban; 6 — cmpiuka.

Tsrosa cuna crpiuku koHBeepa F = 6 xkH.
HIBuakicTh nepeMilieHHs cTpiuku V = 1,5 m/c.
Hiametp 6apabany D = 0,2 m.
Ctpoxk ciyx6u C,., = 5 poKiB.
Jo6oBa TpuBaiticts podotu Z,,, = 3 3MiHU.
KoedirieHT BUKOpHCTAaHHS MTPUBOIAa MAITMHA Ha MMPOT:3i 3Minn K, = 0,8.
KoedinieHT KOpOTKOUaCHUX ITyCKOBHX NEPEHABAHTAKEHD Ky =1,2
Bumoru o rabaputiB IpuBOIa — HE JKOPCTKI.
Tun nepenadi — npsiMo3y0a 3 MITTHAPUIHUMH KOJIECaMH.
. Bubip enexmpodsuzyna. Pospaxynox enepeocunogux ma KineMamuuHux
napamempis npusooa pobouoi MawuHu.
BusHaueHHs MOTYXKHOCTI Ha MPUBOJIHOMY Bally OapabaHa KOHBeepa
P;=P,=F-v-10°=6-10>-1,5- 10°=9 Br.
BusnaadueHHS TOTPiOHOT pO3paxyHKOBOI OTYKHOCTI €I€KTPOIBUTYHA
P = Py :i:lO xBm;
0,9

08.p.

POONoO~WOWNE

1€ 77,4, — 3aranpanit KK nmepenaBaabHOToO MPUCTPOLO, SIKUH TOPIBHIOE
Nsae = Nnac™ Nsn® 71nK = 0,96 . 0,97 . 0,993 = 0,9
1€ Muqe = 0,96 — KKJI macosoi nepenaui (Jogarok I', Tabmums 1);
N = 0,97 — KK]I 3ybuacToi nepenayi;

80



MIHICTEPCTBO OCBITH I HAYKH

YKPATHH ©-20.05-
JEPXKABHUI YHIBEPCUTET ' i
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae

JACTY IS0 9001:2015

Exzemnnap Ne 1 Apk 122 /81

n,= 0,9 — KK]I onni€i mapy migmnmHAKIB KOYCHHS;
K — KUTBKICTP TIap HiAIIAITHAKIB KOUCHHS.
KyToBa mBUAKICTE MPUBOIHOTO Baly KOHBEEPA

@,,= V__ _15 =15 padlc.
05D 0,5-0,2
BusHauaeMo MakCHMalbHY KyTOBY IIBHAKICTH Bally JBHTYHA 1 HOTO YacToTy
obepranHs, Oepyud 10 yBard, MmO sl 3y04acTOro PeayKTopa PEeKOMEHIYEThCS

mepeaTouHe YUCIIO Uy, >4, a IUIS TacoBOi epeaadi U,,.>2 (monatok I, Tabmurs 3):

0’96 < Wpp* Usy * Upge < 15 -4 - 2 =120 pan/c;
155 < 30 - @'yy/m = (30 120)/7=1146 x8™".
Bubupaemo 13 npoBimHuka Tpuda3Huil acMHXpoHHMH ABUTYH 4A160M6 3
takumu napamerpamu (Jonarok I', Tabnuus 2). [lepeBipka ABUTYHA HA MOXKJIUBICTH
HOro 3amycKy MpH MakCHMaJIbHOMY HAaBAaHTA)KCHHI KOHBEEPA 32 BUPA30M:

T}’l'(‘K
P, K, <P, -2,

96.p. nyck
Hom

10-1,2<11-1,2
OCKUTBKM HEpIBHICTH BHICPXKYETHbCs, IBUTYH 4A160M6 € mnpumaTHUM.
KoncTpykmiss, rabapuTHi, MOHTaXHi (miamerp Baja Ta HOrO JOBXHHA) 1
MIpHUETHYBAIBHI pO3MipH IMOKa3aHi Ha puc. 2.2.

Pucynox 8.2 — KoHCTpYKIIist aCHHXPOHHOT'O €JICKTPO/IBUIYHA 3
KOPOTKO3aMKHEHHM POTOPOM.

Tabmus 8.1 —
OCHOBHI TeXHIYHI XapaKTEPUCTHKH €JIEKTPOIBUTyHA
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BigHomenus
ITyCKOBOTO
Tun HominanpHa Yacrtota KytoBa (MaKCHMAaJIBHOTO)
JBUTYHA MOTYXKHICTE | OOEpTaHHA | IIBHIKICTH obeprarvoro
Nos, kBT Nys, 00/XB | oe, C-1 MOMEHTY JI0
HOMIHAJILHOTO
Iy Toax
T H T H
4A160M6 11,0 975 120 1,2 2

VYTOYHEHHS 3aTaIbHOTO MEPEJATOYHOTO YUCTA Uy, MEXaHIYHOTO MPUCTPOIO Ta
PO3IO/LT HOTO MiXkK MACOBOIO Ta 3y0YaCTOO MepeaduamMH.

Ockimeku ¢ = — My _314-975

=102,5 padlc,u,, _ 0, 1025 _

6,8.
30 30 ®,, 15
o - : u, 68 max
[pwitmMaemo U, = 2, TOmi Uy, = — - =34, Wo MeHwe U, = 7.
Bu3HauaeMo KyTOBI MIBUAKOCTI BaJia [IECTEPHI Ta KoJjeca
2] 102,5 w 102,5
o, =0, == :7:51,025 paolc;, w,=w, =L =—"""=15 padlc.
unac

u

3n '

BuzHauaeMo NOTYXHOCTI Ha Bajax IIECTEPHI Ta Koiecax
P1: Pds. P Mnac * Mniow = 10 - 0996 ’ 0a99 = 9a5 KBT)
PZ = Pl “Nsn* Mniow = 9a5 : 0597 ’ 0999 = 9a12 KBT.
Bmsrauaemo 06epToBi MOMEHTH Ha Bajax MIECTEpPHI Ta Koyeca

3
=P 95107 1g6 5 hu
o, 51,025
3
r, =2 2912307 g0 1,
w, 15

3aBaaHHA /151 BUKOHAHHSI PpO00OTH

1. BuBYHMTH KiHEMAaTH4YHi CXEMH TOITUPEHUX TUITIB PEAYKTOPIB.
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2. BukoHaTH MPOEKTYBaHHS IPHBOIY TACOBOTO KOHBEEDY.

3. JochimuTi KiHEMAaTW4HYy CXEMy IPHBOAY KOHBEEPY Ta BHMOTH, IO
CTaBJIATBCS 10 HBOTO.

4. BuKOHATH KIHEMaTHYHHIA Ta CHEPTOCUIOBHI PO3paxXyHOK MPUBOIY.

3mict 3BiTY
1. KinemarnyHa cxema KOHBEEPHOI YCTaHOBKU. BuxiqHi gaHi.
2. BuOip enekTpoaBUryHa.
3. Po3paxyHOK €HEProCHIOBHX Ta KiHEMAaTHYHUX MapaMeTpiB MNpPUBOJA
po00Y0i MaIIuHH.
UwcenbHi 3HaYCHHS BapiaHTiB BUXITHUX JaHUX HaJaHi B TaOmumi 8.2.
KinemMaTHuHy cXeMy MPUBOAY B3SITH 3 MPUKJIAJA, PO3IIITHYTOrO B POOOTI.

IuTaHHs 10 3aXMCTY NPAKTHYHOL po6OTH

1. HaBectu Bu3HAueHHs ejekTpoMexaHiunoro mpusoay (EMII), iioro
MIPU3HAYCHHSI.

2. Ha3paru eHEeprocusioBi mapamMmeTpu IpUBOIY.

3. Onucaru ctpykrypy EMII.

4. Hagsecru ¢yHkuil ckinanoBux enemeHtiB EMII.

5. IIlo Take «xoediieHT KOPUCHOT Mii»?

6. SxuM uMHOM BU3HAUYAETHCS 3arayibHUM KoedimieHT kopucHoi aii EMII mpu
TIOCITIIOBHOMY TIPHEIHAHHI, ITPH NTapajieIbHOMY NpHETHAHHI?

7. Sxa icHye 3aJIeXKHICTh MK HOTYXHICTIO Ta KDyTHUM MOMEHTOM CTYIICHEH
EMII.

8. Illo Take pemykTop?

9. Ski iCHYIOTH BU/IH PEILYKTOPIB?

Tabamms 8.2 —
BuxinHi naHi 10 po6oTu

Jlani 3aBIaHHs
Byksa
Y F, | V, | D, Buvorit 2O Tun 3y6uacToi
[Ip13BUILIA Cen | Zen | Kon Knyex Fa6apI/ITlB .
kH | M/c | MM nepeaayi
MIPUBOY
A,b,B| 6 [150(0,20| 2 |1 |0,6(1,20 JKOPCTKI npsiMo3yba
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Ir,I,a |75|165(025| 3 |2 |0,7]1,25| mexopcTKi Koco3y0a

E, X 3,90 (1,80(0,30( 4 | 3 |0,8/1,30 JKOPCTKI IICBPOHHA

ILI,K |10,5]1,95(0,35| 5 | 1 [0,9]1,35| HexopcTKi npsMo3yba
J,M,H [12,0|2,10(0,40| 6 | 2 (1,0{1,40 JKOPCTKI KOCcO3y0a

O,ILP |135(2,25|0,45| 5 | 3 [0,9(1,45| HexopcTKi IICBpPOHHA

C, T,V (150(2,40|0,50| 4 | 1 {0,8]|1,50 KOPCTKI npsiMo3yba
@, X, 11(16,5/2,55({0,55| 3 | 2 |0,7]1,45| HexopcTki Koco3y0a
q, 111, 111,/ 18,0 2,70|0,60| 2 | 3 |0,6(1,40 JKOPCTKI IICBpPOHHA
€, 10,41(195(2,85/0,65| 3 | 1 {0,7(1,35| HexopcTKi npsMo3yba

1 2 3 14(5|6]|7 8 9

Ipmmitka: [Ipu BuOOpi BapiaHTY CIIig MPOHYMepyBaTH OYKBH MPi3BHIIA i

BIJITIOBIZTHO 10 HOMEPY OYKBH OOHMpaTH AaHi 3 TaOJHIIL.

Hanpuknai: IBAHYEHKO

123456789
3 tabaumi obupaemo: F = 10,5xH, V = 1,5m/c, D = 0,2mm, C,, = 2, Z.,= 3,
KS.H = 0187 Knycz( = 174
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IIpakTuyna podora 9

Tema: BuBueHHs KOHCTPYKIIIi Ta pO3paxyHOK Ha
JIOBTOBIYHICTH MiAIUITHUKIB KOYEHHS.

Merta podortu:

- BUBYUTH  KOHCTPYKLIKO  XapaKTepPUCTHKH Ta YMOBHI  IIO3HAuyCHHS
MIIIIMITHAKIB KOYEHHS

- BHKOHATH PO3PaXyHOK MiJIIUITHUKIB HA JIOBIOBIUHICTS.

MeTtoanyHi pekoMeHAaNii 10 BAUKOHAHHA Po0OTH

1. Ocnosni idomocmi npo niowunHuKu KOYeHHsa ma ix napamempu

OcHOBHI po3MipH HAHOLIBII PO3MOBCIOPKEHUX THITIB IMiIIAIHHUKIB MOKa3aHO
Ha puc.9.1. Jlo Takux po3MipiB HaleXaTh BHYTpIlIHIi giaMeTp d 30BHINIHIH HiameTp
D i mmpuna migmmnauka B. B ymopHuX KynpKOBHX mimmmmnHukax (puc. 9.1, a)
mMpuHy Xapakrepusye po3mip H (puc. 9.1, 6), a B paniaibHO-yIIOPHUX POJIMKOBUX
nipmunHukax (puc. 9.1, ) HaliOUIbIIY IIUPUHY BU3HAYa€ po3mip 7.

basosa Ounamiuna eanmasiconiouomnicms — 1€ TOCTiHE pafiaibHe
HaBaHTQXCHHSA (a U1 YIMOPHUX 1 YIOPHO-pagialbHUX MiANINITHUKIB — OCHOBE
HaBaHTAXKEHHS), SKE MIAMWIHUK MOXE YMOBHO CIIPHAMATH IIPOTATOM OJHOTO
MuTbiioHa 00epTiB pu iMOBipHOCTI Oe3BiAMOBHOT pobotu 90%.

bazosa cmamuyuna eanmasiconioviomnicms — e TaKe CTaTHYHE HABAHTAKEHHS
Ha MiIIIAOHUK (pamialibHe — UL paJialdbHHUX 1 pajialbHO-YIOPHUX ITiIIIHITHUKIB
abo IeHTpaJbHE OCHOBE — IS YIOPHHUX 1 YIOPHO-palialbHUX), SIKOMY BiITIOBiga€e
3arajbHa 3aJUIIKOBA Aedopmarist TiT KodeHHs | Kineup y HaiOiabIl HaBaHTaKEH Il
TOUIli IXHBOTO KOHTAKTY, 0 HopiBHIOE 0,0001 miameTpa Tija KOYEHHS.

3 wMeroro 3a0e3nedeHHs HAIiifHOT POOOTH AN MiANINIHUKIB KOYCHHS
BCTaHOBJICHI I'PaHUYHI 3HAYEHHS 4YaCTOTH OOEPTaHHA Mg, 3 YPAXyBaHHAM BHIY
MacTuia (pifKe 4M IIacTHIHe).
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H T
B %
Q © & RIS w

a 0 8
Pucynox 9.1 — OcHOBHI po3MipH HiIIIUITHUKIB

OCHOBHUMH PO3PAXyHKOBHMH MapaMeTpaMH MiIIIHIMHUKIB KOYEHHS €
0a3oBa AMHAMiYHA BaHTAXOIiAHoMHICTE €1, 0a30Ba CTaTMYHA BAHTAXOIT THOMHICTh
C,.

2. Vmosni nosnauents niOWUNHUKIE KOYEHHS

YMOBHI MO3HAYCHHS MiIIIAIHUKIB KOYEHHS CKJIAJAl0ThCS 13 OCHOBHOTO
YMOBHOTO T[IO3HAYCHHsI 1 JOMAaTKOBHX YMOBHHX I[I03HAY€Hb, SKIi MOXYTh
pO3TalIOBYBATUCH TIPABOPYY 1 JIBOPYY B OCHOBHOTO YMOBHOTO IIO3HAYCHHS.
YMOBHI IO3HAYEHHS HAHOCATHCS Ha TOPIAX KLTSIh ITi IITATHHUKIB.

OCHOBHI YMOBHI TO3Ha4eHHsS MiIAMHUKIB Biamosimao g0 I'OCT 3189-75
CKIIAJIAIOThCS 3 Py TUdp.

Hei nepwi yugpu, paxyrouu crpasa, 03Ha4arOTh YMOBHO BHYTpILIHIN JiaMeTp
d migmunHuKiB:

- JUTSl TMANIAIHAKIB 3 BHYTpimmHIM giamerpoM d > 20 MM mubpH 3a3HAYai0TH
YacTKy BiJ AiJICHHS AiaMeTpa Ha 5 (B MM);

- U TANANHEKIB 3 BHYyTpimHIM giametpom d < 9 MM mepma 1mbppa
MIPaBOPYY NoKa3ye (GpakTHUHUIA po3Mip BHYTPIIIHBOTO JliaMeTpa B MM;

- BHyTpimHi giamerpu 10, 12, 15 1 17 MM no3navators neoma nudpamu 00, 01,
02, 03 BigmoBigHO.

Tpems yugpa mpaBopyd B OCHOBHOMY YMOBHOMY TIO3HAu€HHI pazoM i3
CHOMOIO CBiT4aTh PO CEPIIO MiAMIMITHUKIB BCiX giamerpis (d > 20Mm):
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OCOOJIMBO JIETKA cepist mo3HaYaeThes mudporo 1,

- JIerka — 2,
- cepenHs — 3,
- Baxka — 4,

JIerkKa mupoka — 5,

- cepenHs mUpoka — 6

Yemeepma yugpa npaBopyd MOKa3ye Ha THII ITiJIIUITHAKA:

0 — panmianbpHUI KyJIbKOBHH OJHOPSTHHIA;

1 — panmianeHUI KyITbKOBUH TBOPSIHAN CHEepHUIHUIA;

2 — pazianbHUH 13 KOPOTKUMH HWTIHAPUIHAMH POIMKAMI

3 — pamianbHUIA POTMKOBUI ABOPSAHUN CHepUUHNI;

4 — ponuKoBUil 13 JOBIUMH LIJIIHAPUYHIMHU POJIHKaMH 200 roM4acTHid;

5 — PONIMKOBHIA 13 BATUMH POJIUKAMHU;

6 — panianbpHO-YNOPHUI KyJIBKOBHH;

7 — pOIMKOBUN KOHIYHHIA,

8 — ymopHuit KyJIbKOBHIA;

9 — ymopHUit pOTMKOBHIA.

I'sma Ta wocma yughpu paBopyd, MO BBOJATHCA HE JJIS BCIX IMiAITUITHHKIB,
XapaKTepU3yIOTh iXHI KOHCTPYKTHUBHI OCOOIMBOCTI.

Hooamkose ymoene no3uauenHs Jni6opyu BiJ OCHOBHOTO BKa3ye Ha Kiac
TOYHOCTI MiAMIMIHAKA, pajiaIbHUH YM OCHOBHH 3a30pH B IMIALIMITHUKY, BEIHIHHY
MomeHty TepTs. Ludpu 0, 6, 5, 4 i 2, mo cTOATH Yepe3 3HaK ,,Tupe” mepen
OCHOBHHM YMOBHHMM [O3HAU€HHSM MiJIIMIIHAKA, 03HAYAIOTh HOTr0 KJac TOYHOCTI (2
— HaWBHIIMH Kiac TOYHOCTI). HopmanbHuii kiac TouHOCTI no3HavyaeTbes 1udporo 0,
sSIKa B JICIKUX BUIIJIKaX HE MPOCTABIISETHCS.

Hoodamxose ymoene nosnauenHs npaeopyy Bili OCHOBHOI'O XapaKTEPH3YE
Marepial 1 KOHCTPYKIIil0 cemapaTopa, KOHCTPYKTHUBHI 3MiHH, CHEIliaJlbHi BUMOTH
11010 LIYMY Ta iHIIE.

3. Xapaxmepucmuxa ma napamempu niOWURHUKIE

3.1. Kynvbkosi niowunnuxu padiaibHi 00HOPsOHI.

KynbkoBi MAMIUITHAKA paiaibHi oMHOPsAHI (pUc. 9.2) BUTOTOBISIOTH TAKUX
tumis: 0000, 60000 1 80000. [TiAMIUITHUKY UX THITIB MOKYTh COPUAMATH HE TUTBKU
pamianbHi, aje # OChbOBI HaBaHTAKEHHS, IO JIIOTh B 000X HAmpsMax B3JIOBXK OCi
Baja 1 He mepeBumyoTsh 70% HEBHKOPUCTAHOTO OMYCTHMOTO PaAialibHOTO
HABAHTAXKCHHS.
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72
SN

N
273 ¢

Pucynok 9.2 — Ky/bKOBI MiIIIMITHUKH paaiaibHi OHOPSIHI

[opiBHSHO 3 IHOIMMH THIIAMHU KYJIBKOBI pajialbHI OXHOPIMHI ITiIIIAITHUKA
MPAIIOIOTh 3 MiHIMATEHUME BTPAaTaMH Ha TEPTS 1 JOMYCKAOTh HAWOUIBITY 4acToOTy
obepranHs. CHiBBICHICTD ITOCAaIOYHUX THI3/ IMiJ TaKi IiIIAITHAKA TOBUHHA OYTH B
TaKAX MeXaxX, 00 TepeKic 30BHINIHIX KUICIb BIJHOCHO BHYTPIIIHIX HE
nepesuiysas 10... 15'.

[TiAIIUITHAKA BCTAHOBJIIOIOTh HA JKOPCTKUX JBOOTOPHUX Bajiax, MPOTHH SKHUX
i JI€F0 30BHIMIHIX CHJI HE BHKJIMKAE HaJMIPHOTO KyTOBOTO 3MIIICHHS OCI BaJjia
BiJTHOCHO OCI TIOCaI0YHOT0 OTBOPY, TOOTO Ha BaJiaX 3 BiJICTAHHIO MiXK oropamu L

<10 d, (d, — niameTp Bana).

Iligmunaukn Tamnis 60000 1 80000 BiAMOBIZHO 3 OAHIEIO 1 JBOMA 3aXMCHUMH
maibaMy 3aCTOCOBYIOTh B TAKUX BHIIAJKaX, KOJH Yepe3 0OMEeXEHHs rabaputiB abo
HEe3py4yHOCTI B  OOCIyroByBaHHI HeOakaHe  BUKOPHUCTAHHS  CIICIiaJIbHUX
YIIUIBHIOBIGHUX IIPUCTPOIB AJIsI 3aXMCTy MiANIMITHHUKIB Bijg 3a0pyaHeHHs abo
YTPUMYBaHHS MacTHJIA.

Cenapatopu B pajialbHUX OJHOPSIHUX KYyJbKOBHX IIJIIMITHUKAX B
OCHOBHOMY IITaMIIOBaHI 3 IIEHTPYBAaHHSAM Ha TUTaX KOYCHHS. B miammwmHukax, mo
MPALOIOTh B OCOOJNIMBHX YMOBaX, a TaKOX B JEIKHX BEIUKOrabapuTHUX
MiAMIUITHAKAX 3aCTOCOBYIOTh MAacHMBHI CemapaTopH 3 aHTH(PHUKIIHHUX MaTepiaiis:
OpoH3H, JIaTyHi, TEKCTOJITY, JTIOMIHIEBUX CIIJIABiB Ta 1HIII.
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3.2. Kyavbkosi niowuntuxu padiaivhi 080pa0Hi cheputHi.

KynbkoBi  mimmmmHuKe — pamianbHi  ABopsaxHi  cdepmuni  (pmc.  9.3)
BHUTOTOBJIOTh Takux TumiB: 1000, 11000 1 111000. [TigmmmHuKyA TpU3HAYEHI IS
CHPUHHSATTS pajlialIbHUX HAaBaHTaKEHb, ajle BOHU MOXYTh CHPUMMAaTH OZHOYACHO 1
JIBOCTOPOHHE OChOBE HaBaHTaXeHHI (10 20% BeIMYMHHM HEBHUKOPHCTAaHOTO
JOMYyCTUMOTO  pamianibHOro). Jlopi’kka KOYEHHS Ha 30BHINIHBOMY  KUIBII
BUTOTOBJICHA CPEPUUHOIO.

Pucynok 9.3 — KynbkoBuii miIIIUITHAK pamialbHUN TBOPSAHAN chepruaHuin

Taka 11 ¢opma 3abesnedye HOpMaNbHY pOOOTY MiNIIUIHHUKA HABITH HpPH
3HauHOMY (o0 2...3°) mepekoci BHYTPIIIHBOTO KUIBIS BiJHOCHO 30BHILIHBOTO.
[TinmMOoHUKN BCTaHOBIIOIOTH B ONOpax: 0araTOONMOPHUX BaJiB TpPaHCMICIHHOTO
TUITY; ABOOIIOPHUX BaJli, [0 MAIOTh 3HAYHI MPOTHUHH Iif] JIi€I0 30BHIIIHIX CHJI;, B
KOHCTPYKIIAX, A€ TEXHOJOTIYHO HEMOXKJIMBO 3a0€3MEeYNTH CTPOTY CIiBBICHICTH
MOCAI0YHUX THi3M (TIpU PO3TOYYBaHHI OTBOPIB B KOPITyCax OIMOP HE 3a OJUH MPOXiI,
IIPY BCTAHOBJICHHI MiJIINITHAUKIB B OKPEMO PO3TAIIOBAHUX KOPITycax OIOp TOIIO.

CenapaTtopu y OUTBIIOCTI ABOPSAHUX COHEPUIHHUX KYJIBKOBUX IiANIUITHUKIB
mramnoBadi. [liANMMIHUKE BEMTUKHX PO3MIPIB BUTOTOBIAIOTE 3 MAaCHBHHMU
JIATYHHUMH CenapaTopamu.

3.3. Kynbkogi niowunnuxu padiaibHo-ynopHi 0OHOPsOHI.
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KynbkoBi miamumHuKy pagiaasHO-YIOPHI ogHOPSAHI (puc.9.4) BUTOTOBISIOTh
Takux timis: 36000, 46000 1 66000.

[MigmunHUKY WX THIOIB TPU3HAYCHI U1 COPUHAHATTS padiajdbHHUX 1
O/IHOCTOPOHHIX OChOBHX HABAHTaKEHb. IXHA 3MaTHICTb CHOPUHMATH OChOBE
HABaHTA)KCHHS BU3HAYAETHCS 3HAUCHHSM KyTa KOHTAKTy O (KYT MK IUIOLIMHOIO
LEHTPIB KYJbOK 1 MPSAMOIO, sSIKa MPOXOIUTh Yepe3 IIEHTP KYJIbKH 1 TOYKY JOTHKY
KyJIBKM 3 JOPDKKOIO KOUYSHHS Ha 30BHIIIHbOMY Kijbli). [3 30iiblICHHSAM KyTa
KOHTaKTy 3pOCTa€ 3AaTHICTh IMiANIMIHHMKA CIIPUHMATH OChOBE HABAHTAXKCHHS 3a
paxyHOK 3MEHIICHHS panianpHOro. [IiINIIUIMHUKKA BCTaHOBJIIOKTH IEPEBaKHO
NOIapHO Ha [BOX OMNOpPax >KOPCTKHX KOPOTKMX BaliB HaBiTh IPH YMOBI
OJHOCTOPOHHEOI JIif 0CHOBOI'0 HaBaHTAXXCHHSL.

Pucynox 9.4 — KyapKoBHMI HiIIINITHUK pajlialibHO-YHOPHUH

Oco0MUBICTIO MAIINIHAKIB € T€, [0 BOHW BUMATal0Th PEryIIOBAaHHS OCHOBOTO
3a30py B IPOIIECi IXHHOIO MOHTAXXY a00 B MPOIIeCi eKCIITyaTallii.

Cenapatopu y pamiaJbHO-YIOPHUX KYJBKOBHX IMiJIIUIMHAKAX OyBaroTh
ITAMIIOBaHI 3 IICHTPYBaHHSIM Ha Tilax KOYEHHs ab0o MacHuBHiI 3i CIUIaBiB
KOJIbOPOBHX METANIB 3 IEHTPYBAHHAM I10 BHYTPIIIIHBOMY KiJBIIO.

3.4. Kynvkosi niOwunHuxky ynopHi.
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KynbkoBi migmunaukw ymopHi (puc. 9.5) BuroToBstoTh ABoxX THIiB: 8000 i
38000. VYmopHi MiAMIMITHAKA TPH3HAYEHI [UIS CHOPUAHATTA TITBKH OCHOBHX
HaBaHTa)KeHb. BOHM JOIyCKarOTh 3HAYHO MEHIIY YacTOTy OOepTaHHs IMOPIBHSHO 3
IHIIMMHU THIIAMHU KYJIbKOBHX ITiIIIAMHHUKIB, OCKITBKH BiAIIEHTPOBI CHIIH, IO MIIOTh
Ha KYyJIbKM, 3HaYHO HABaHTAXYIOTb CEMapaTopH 1 JOPDKKM KOYEHHS KiJelb
MiAIIUITHHAKIB.

OnunapHi ynopHi migmunHuky tuny 8000 mnpu3HaueHi Ui CHIPUHHATTS
OCHOBHX HaBaHTaXXEHb, IIO JIIOTh B OJHOMY HampsiMy. BoHM MaloTh 1Ba KiJbLis:
OJIHE TYyTe, SIKe BCTAHOBIIOETHCS Ha BaJy, a APYre 30BHILIHE, 10 PO3TAILIOBYETHCS B
Kopryci omopu. Take pO3MINICHHA Killelb HEOOXimHe sl CaMOLCHTPYBAaHHS
YIIOPHOTO MiAIINITHUKA.

J
4
]

Pucynox 9.5 - KypKoBI NiZIIIUITHUKK YIOPHI
3nBoeHi ynopHi nimmunaukun tauny 38000 npu3HaueHi Uit CIIPUHHATTS
OCHOBHMX HaBaHTaXk€Hb, IO JIOTh y ABOX HampsiMax. L{i miAMIHUKKA MaroTh TpU
KUIBLIS: CepellHE — Tyre, sSKe BCTAHOBIIIOETHCS Ha BaJM, a KpaiHI — BUIbHI IS
BCTaHOBJEHHS Yy THi3NI Kopmyca onopu. CemapaTopd KyJIbKOBHX —YIOPHHX
MiAMIUITHAKIB IITaMIIOBaHi 200 MacUBHI 31 cTalli 200 CIUTaBiB KOJILOPOBHUX METAIIB.

3.5. Ponukogi niowuntuku paoiaibti 3 KOPOMKUMY YUTIHOPUYHUMU DOJIUKAMU.

PonukoBi miJUIMITHUKY paxiaibHi 3 KOPOTKUMH HITIHIPHIHUMU POTUKAMH
OCHOBHOI HOMEHKJIAaTypH (pHc. 9.6) BUrotosisirots Takux tumis: 2000, 12000,
32000 i 42000. [TiqmumHEAKYA TpU3HAYeH] IS CIPURHATTS TUTBKH paIialbHUX
HaBaHTaXXeHb. BOHM Ma0Th 3HAYHO OUIBIIY pafiadbHy HaBaHTAXKYBaJIbHY
3[IaTHICTH, HIX piBHOrabapuTHI pajtianbHi KyIbKOBI IMiIIMIWITHAKY, ajle JOIMYCKa0Th
MEHIIT 4acToTh o0epTanHs. [TiqIIUITHUKH Jy)Ke Iy TIIMBI 10 MEPEKOCIB BHYTPIIITHIX
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KiJIeTb BiTHOCHO 30BHIMHIX. ToMy Ii MiIINITHAKA BUMAraloTh BECOKO TOYHOCTI
00 CIIBBICHOCTI MOCA0YHUX THI3]I B OMOPax i MOXKYTh 3aCTOCOBYBATHCH TLTBKH
JUTSL IOCUTB )KOPCTKUX 1 KOPOTKUX TBOOIIOPHHX BAJIiB.

OnmHOpSAZHI POJMKOBI MiANIMIHUKKA OCHOBHOro Ttumy (2000) maroTh Taki
KOHCTPYKTHBHI Pi3HOBHHOCTI:

2000 — 6e3 60pTiB Ha 30BHINIHEOMY KiJIbIII;

12000 — 3 0THOOOPTOBHM 30BHIIIIHIM KLTBIIEM;

32000 — 6e3 60pTiB HA BHYTPIIIHEOMY KiJIbLIi;

42000 — 3 0o7HOOOPTOBHUM BHYTPIIIHIM KiJIBIIEM.

1 EFH A &7
S Sy f

oz wd tmd ez

Pucynox 9.6 — PonnkoBi miqIINITHAKY pajliaibHi 3 KOPOTKAMH NI HIPUIHIMHA
posuKamu

Higmumankn  tamie 2000 1 32000 momyckaroTh y Tpomeci MOHTaxy i
eKCILTyaTaIlii TBOCTOPOHHE OChOBE IEPEMIICHHS BHYTPIIIHHOTO KUTBI BIIHOCHO
30BHIHBOTO, a TimmunHUkKA TumiB 12000 1 42000 — TiTBKM OIHOCTOPOHHE,
MIPUYIOMY OCTaHHI MOXYTh 3a0e3ledyBaTH OIJHOCTOPOHHIO (iKcalifo Bajia TUIBKH
IPH HE3HAYHHUX OChOBUX 3ycuiuisix. CemapaTtopu B paiaJbHUX POJMKOBHX
I IIAITHAKAX MITaMIIOBaHi a00 MacuBHi 31 cTalli abo CrIaBaB KOJLOPOBUX METAIIB.
L{eHTpYIOTHCSI MACHBHI CEMapaTopH MEPEBAXKHO 110 1BOOOPTOBOMY KiJIBIIFO.

3.6. Ponuxogi niowunuuky padiaibHi 2014acmi.
PonnkoBi miIIMITHUKY paliaibHi TOIYacTi (puc. 9.7) BUTOTOBISIOTH TAKHX
tumis: 24000 i 74000. JaHi TiIIIATHAKA TPU3HAYCHI JUTA CIPUIHATTS TUTBKU
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panmiadbHUAX HaBaHTaXXCHb. BOHM MarOTh BITHOCHO MEHIII paliabHi TabapuTH
TIOPIBHAHO 3 MiIMIMITHAKAMHU 1HITHX THIIIB 32 YMOBH PiBHOCTI BHYTPIIIHIX AiaMeTpiB
Ta BaHTAXOMi'eMHICTh. Uepes BiACYyTHICTh cenapaTopa MiAMNIHUKA MaloTh
BIZTHOCHO BHCOKI BTpaTH Ha TePTs MiX rojkamu (ponukamu). Tomy rpaHudHa
4acToTa 00epTaHHs 3HAYHO HIDKYA, HDXK Y MIALIMITHUKAX 13 cenapaTopamH.

(X2 it
2
o] 7]

Pucynox 9.7 — ITliqIuunHuKK pajiaibHi roayacti

[Migmmnanku Tuny 24000 He MarOTh BHYTPINIHBOrO Kijblisg. ToMy MoBepXHs
JIOPIKKM KOYEHHSI YTBOPKOETHCS Oe3M0ocepeIHbO Ha TIOBEPXHI Baya i IOBUHHA MAaTH
BHCOKY TBEPHICTh, TOYHICTh 1 HHU3BKY MIOPCTKICTH IOBEPXHI IiAITUITHHKOBUX
kinenp. [linmumanku Tamy 74000 MarOTh BHYTPIIIHE 1 30BHINIHE KUTBI, IPHYOMY
BHYTpimHE 0e3 OOpTiB, mo 3a0e3ledye BiTHOCHY PYXOMICTh KiJIelb B OCHOBOMY
HaTIpsIMI.

3a ¢gopmoro i po3MipaMH 10 TOTYACTHX IiJIIUITHHUKIB MOAIOHI ITiIIIAITHAKA
tuny 5000, 1110 MatOTh BUTI IMJTIHAPUYHI POJIUKH.

3.7. Poauxogi niowunnuky padiaibHo-ynopHi KOHIYHI.

PonmkoBi migIIMIHUKY paialbHO-YIIOPHI KOHIYHI (prc.9.8) BUTOTOBISAIOTH
TaKUX THUIIIB:

7000 — ocHOBHA HOMEHKJIATYPA;

27000 — 3 BeJIMKUM KyTOM KOHYCHOCTI;

97000 — nBopsiaHi;

77000 — 4OTHPBOXPSHI.

[MimmunmHUKE  OAX THINB NPU3HAYEHI s OJHOYACHOTO  CIPHHHSATTS
pafianbHUX i OCHOBHX HABAHTAKeHb. IX JOMYyCTMMA 4acTOTa OOEpTaHHsS 3HAYHO
HWKYa, HIXK Y TIIIATHAKIB 3 MWIHIPUIHAMHA POJMKAMH, a 3IaTHICTh CIpUAMATH
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OCHOBI HaBaHTa)KCHHS BH3HAYAETHCS KYTOM KOHYCHOCTI, @ 30BHIOTHBOTO KimbI. 3i
30iLTBpImIeHHAM KyTa KOHycHOCTI (Trir 27000) ockoBe HaBaHTaKEHHS 30UIBIIYETHCS 32
paxyHOK 3MEHIIEHHs paziaigpHoro. [liAmMMIIHUKKM HE JOIYCKalOTh BiJHOCHOTO
MePeKOCy Oceil BaJIiB 1 THI3 I OMOP I MiAMIUITHAKH.

PucyHoxk 9.8 — PonnkoBHi MiAMKMITHUK paiajbHO-YIIOPHUN KOHIYHHH.

Opvopsiaai mimmumauky tamie 7000 1 27000 mpusHaueHi IS CHOPHAHATTS
pamiadbHAX OJHOCTOPOHHIX OCHOBHX HaBaHTaXXCHb. BOHU JOIMyCKAlOTh PO3AITHHHAN
MOHTa)X 30BHIIIHIX KiJIeIb i BUMAraroTh PETYIIOBAaHHS OCHOBHUX 3a30piB SK IIiJl Yac
BCTaHOBJICHHS, TakK 1 B mporeci excruryaramii. [TiAmmMmAanKrn MOXXHa MOHTYBAaTH 3
MOTIEPETHIM HATSATOM, SIKH CTBOPIOETHCS MPH YMOBI PO3TAllyBaHHS Bajia Ha JTBOX
KOHIYHUX ITiIIATTHAKAX.

JBopsiani migmunHuky tairy 97000 npu3HaveHi Ui OHOYACHOTO CIIPUHHATTS
pamialibHUX 1 JTBOCTOPOHHIX OCHOBUX HaBaHTaKeHb. HeoOXimHWI pamiadbHUA qH
OCHOBHI  3a30pM B  MIJMUNHUKY  3a0e3MEeUylOTBCSA  BiAUUITI(OBYBaHHAM
JMUCTAHIIIMHOTO KUIBISA, SKE BCTAHOBIIOETHCS MK BHYTPIIIHIMUA  KiTBIISIMH.
CenapaTopy KOHIYHUX MiANIUITHAKIB BUTOTOBISIOTH i3 CTajl IITAMITyBaHHAM abo
TouiHHAM. L[eHTpyBaHHS cemaparopiB 3IIMCHIOETHCS IO TiaX KOYEHHS, SIKI MarOTh
(opMy KOHIYHHX POJIHKIB.

4. Po3paxyHoK niOWUnHUKI@ KOYEHHs Ha OUHAMIYHY 86AHMANCONIOUOMHICIb MA

00620614HICIb.
Haoano:
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Miamerp mmma Bana pemykropa mix mimmunauk d, = 40 MM, oOpanwmit
POTMKOBHH pamianbHU chepryHUA ONHOPSAHUHN MiAIMIHMITHUK cepemHboi cepil Ne
308. 3 moBimnuka o 'OCT 8338-75 mist mimmMnHUKa MaEMO:

d, mm D, MM B, MM r, MM C,xH C,, kH
40 90 23 2,5 31,3 22,3

Konose naBanTaxkenns F=3750H,
PanianpHe HaBanTaxkenus F, = 1400H,
OcboBe HaBaHTaxeHHs1 F, = 830H.
CymapHi peakuii onop Bana R; =2060H, R, = 1960H.
Po3paxoByeMO MiIIUITHKUK 110 OLTBIIT HABAHTAKCHHUI OTOPI.
Busnayaemo eKBiBaneHTHe HABaHTAXCHHS:

we=(V X F+Y F)K, K

3 BpaxyBaHHSM YMOB eKCIUTyaramii MiAIMIHIKA BHU3HAYAEMO KoedilieHTH
(Jomarox I, Tabm. 11 2):

V = 1,0 — kiHemaTtnyHui KoeQIli€HT, SKUIl BpaxoBye KOTpe i3 KijJelb
HIIMIAITHEKE 00epTaeThest (00epPTAETHCSI BHYTPIIIHE KiJIbLIE MiIIHITHUKA);

K; = 1,0 — TemneparypHuii koediuieHT poO0U0i TeMnepaTypH MiALIHITHUKY (10
100°0);

K, =1,0 — xoediuieHT Oe3mneku npu KOPOTKOYACHUX HaBaHTaxeHHsX 10 130%.
Bupaxyemo criBBiHOIIECHHS:

F_ ﬂ = 0,037 > UbOMY 3Ha4EHHIO Bi/oBinae Koediuient e = 0,23
C, 22300

'i 830 _ =0,59 > e e Fr — panianbHe HaBaHTaxeHHs Ha onopi Fr= Ry.
F, 1400

Busnagaemo koedirienta X = 0,56, Y = 1,88 ([logarok b, tabm. 3 i 4).
Toni P,,= (1,0 - 0,56 - 2060 + 1,88 - 830) - 1 - 1 =2700 H.
BusnayaeMo moTpiOHy AMHAMIYHY BaHTaXKOIiTHOMHICTB:
60nL,
10°
ne Lp— moTpiOHa BHTpHBATICTh MIANIMITHUKA B ToAWHAX, Ly = 15360 romux (TepMin
poboTH penyKTopa);
N — gacrora oO0epTaHHs MPOMiXKHOTO Basia, N = 970 006/xB.
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/ 60-970-15360
Cmp =2700,/————— =80,73 xH,;
10
Cpp> C
80,73 kH > 31,3 kH

YMOBa BUKOHYETBCSL.
Po3paxyHkoBa 10BroBiyHicTh miammmauka Ne308:

L= (CT = (31?)00)3 =1557,45 man.o06.
P 2700
Po3paxyHKoBa JOBrOBIYHICTh IMIANIHUITHAKA B TOIAHAX
~ L-10° 1557,45-10°
© 60n  60-970

OTpuMmaHe 3HAa4YCHHS PO3PAXyHKOBOI JOBTOBIYHOCTI MiAIIUITHAKA OiibIne
TepMiHY CIy>KOU peaykropa, ToMy miamuinHuK Ne 308 BBaKaeThCsl MPUAATHHM.

L, =26760 zo0.

3aBaaHHs 10 BUKOHAHHS PO00TH

1. BuBYMTH 10 337aHUM 3pa3KaxX KOHCTPYKIIIO MiJIIHITHAKIB KOYCHHS, OIHC
SKUX HaJaHUI BUIIIE;

2. [ns KyJIBbKOBOTO palialbHOTO OJHOPSIAHOTO IiJIIUITHUKA, POIHKOBOTO
pamiadbHOTO  MIANIUITHAKA 3 [OWIHIPUYHAMH POJHKAMH 1  POJHUKOBOTO
pamiaTbHOYIOPHOTO KOHIYHOTO MiIIAMHAKA  (TIJIIATHAKA — BHJIAOTHCS
BHKJIaJ]aueM) HEOOXiTHO:

- BU3HAYUTH THUII i BUKOHATH €CKi3 3 3a3HAYCHHAM PO3MIpiB;

- BUKOHATH PO3MHU(PPOBKY YMOBHUX O3HAYCHB;

- HagaTH KOPOTKY XapaKTEPUCTHKY KOHCTPYKTHBHHX Ta EKCIUTyaTaIliiiHUX
SIKOCTEH;

3. Jlis Baja OJHOCTYIIHYATOrO PEeIyKTOpa po3paxyBaTH 3ajaHi MiJIIHITHUKH
(TMO  TMiAIIUIHAKA, PO3paxyHKOBa CXeMa Baja 1 KyTOBa YacToTa OOepTaHHS
HaJAI0THCS BUKJIaIaueM) Ha JOBTOBIYHICTh Ta TUHAMIYHY BaHTa K0T JHOMHICTb.

3micT 3BiTY

1. Ecki3u NigmIMITHUKA 3 TOCTAHOBKOIO OCHOBHHX PO3MIpIB.
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2. Tun migmumanKa 3 po3mudpyBaHHAM HOTO YMOBHOTO MTO3HAYCHHS.

3. Koportka XxapakTepucTHKa KOHCTPYKTHBHHX Ta eKCIUTyaTauiitHuX
SIKOCTEH.

4. Po3paxyHKkoBa cxema Bajia 3 po3Mipamu.

5. Po3paxyHOK ONOpHUX peaKiiii.

6. Po3paxyHOK eKBIBaJGHTHOTO HABaHTaXCHHA 1 pecypcy pooOoTu
HIAMIAITHEKA B rognHax (y pa3i BUKOPUCTAHHS PajiallbHO - YIIOPHHX MIiJANIMITHHKIB
BUKOHYETBHCS ~ PO3paxyHOK OChOBOI  CKJIaZOBOi CHJIM  BiJ  paziajJbHOTO
HaBaHTaXXCHHS).

7. BHCHOBOK TpO Tpane3NaTHICTh MiANIMIHAKA B JaHUX  yMOBax
eKCILTyaTarlii.

8. YV pasi He3amoBUTBHOTO pecypcy pOOOTH MiIIIUIHUKA IPOBOIUTHCS
IepepaxyHOK MOTPiOHOT TMHAMIYHOT BaHTa)KOMIIHOMHOCTI 1 BHOIp HiANIMITHUKA TI0
KaTayuory.

IInTaHHs 10 3aXHCTY NPAKTHYHOI po60OTH

[Tpu3HaYeHHS i ANIUITHUKIB.

Knacudikaris miainmnHuKiB.

Sk po3mM(pPOBYETHCSI yMOBHE MTO3HAYECHHSI MTIAIIMITHUKIB?

Oco0MMBOCTI KOHCTPYKITIT ITi IITHITHUKIB KOB3aHHS.

KoHCTpyKIis MiANTUITHAKIB KOYEHHS.

OCHOBHI KpHTepii po3paxyHKY ITiJIIHTHHKIB.

Oco0IMBOCTI pO3paxyHKY 332 CTATUYIHOIO BaHTAXKEI1 €MHICTIO.

SIKMM YMHOM Ta B SIKMX OJMHHUISIX BHUMIPIOBaHHS BHU3HAYAETHCS PECypC
pOOOTH i IITUITHUKIB?

N~ wWNE

[pakTuyna podora 10

Tema: BuueHHsS KOHCTPYKIIii Ta BU3HAYCHHS BAaHTAXXHOI 31aTHOCTI
BaJIiB 1 3'€IHAHD JeTalIel 3 BaJIOM

Meta podortu:
- BHBYMTH KOHCTPYKIIIO BaJIiB;
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- BU3HAYUTH (DYHKIIOHANBHE MPU3HAYCHHS TIITHOK Baly;

- BH3HAUUTH BaHTa)XHY 3/IaTHICTH BaJla 3 PO3PaxyHKY Ha KPyYCHHS;

- BU3HAQUUTH BaHTaXHY 3JaTHICTb 3’€JHaHb JeTajed, mo o0epTaloThcs 3
BaJIOM.

MeToan4Hi pekomMeHaalii 10 BAKOHAHHA po0oTH

Banu npusHaueHi [Uis yTpUMaHHS JeTalicd, 0 O0epTarOThCsA 1 mepemadi
KPYTHJIBHOTO MOMEHTY.

3a KOHCTPYKIIEI Bajld NPUBOMIB MAIIHUH MOMUIAIOTh HAa MPsIMi TIIAAKI
(TpancwMiciitai) (puc 9.1), cryminudati (puc. 9.2), xomindati (puc. 9.3) i rHydki
(puc.9.4).

OnopHi YacTHHH BaJiB HAa3WBAIOTHCH yangamu, KiHIEBl HMarndu Ha3HBAIOTHCS
wunamu, TPOMiKHI TaTIQu — wuikamu.

Jus mepemavi KpyTHJIIBHOTO MOMEHTY BiJl Baja 1O HAacaJPKeHHX Ha HHUX
neraneid (3y04ari Koyieca, IIKIBH, T.II.) 3aCTOCOBYIOTH MIMTOHKOBI Ta ILIIIBOBI
3'eqHaHHS 200 MOCaIKW 3 rapaHTOBaHHM HataroM (puc. 9.6, 9.7, 9.8, g). OckoBa
¢ikcarliss Haca/PKCHHX JeTajeil 3IIHCHIOEThCS 32 PaxXyHOK YIOPHHX KITBICBHX
BUCTYMiB — OYypTHKIB, Ha KIHI[IBKax I[OCAJ0YHUX MIUISTHOK, PO3MIPHUX BTYJIOK;
[IJISIXOM 3aCTOCYBaHHS KIIMHOBHUX IHIOHOK (pHc. 9.6, 2).

[MonepenHiii po3paxyHOK BaJliB NPOBOJSATH 3 PO3PAXyHKY Ha KPYYEHHS IO
3aHIKEHUM JIONyCTUMUM HANpYXXSHHSM, B 3B 513Ky 3 BiJICYTHICTIO BpaxyBaHHS Jii
3THHAJILHOIO MOMEHTY. ['paHuuHe 3HAUeHHs JOIyCTUMHUX HAINPY)KEHb MPU KPyUYeHH]
JUIsL BYTJIELIEBUX Ta JIErOBaHUX cTayied ctaHoBUTh [7] = 10 + 20 MI]a.

T
=—X< A
=y =l

Pucynoxk 9.1 — Ilpuknan riagkoro (TpaHCMICIHHOTO) Balty
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Pucynok 9.3 — Cxema KOJIIHYATOTO BaIy

7

Pucynok 9.4 — Cxema rHy4Koro Bary

YTOouHEeHNIT pPO3paxyHOK BaJliB BUKOHYETHCS MIiCIS PO3POOKH PO3PaxyHKOBOT
CXEMH BaJa 10 EKBIBAJICHTHUM HAaNpyXEHHSM B Iepepisi, /e Iil0Tb 3IMH Ta
KpY4eHHs, 110 3-i Teopii MillHOCTI:

o, = w/0'32(, +472 < [O'];
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‘
32 max
Z[e O =

32

— HamnpyKeHHs 3TUHY B oOpaHomy niepepisi, MIla;
y
3
2= — MOMEHT OHOpy Tepepisy, M .

Y32
[ImoHKOBI 3'€MHAHHS 3 MPHU3MATHYHOIO IIMTOHKOIO, TICIs BHOOPY mepepizy
LINIOHKH, PO3PaxOBYIOTh II0 HANPYXEHHAM 3MHUHAHHA: 5 — F <[G ] Ta IO
M - M
A

M
Han i3y: F
PYKCHHSM 3pi3y: 7 = <|z
3p - 3p P
5P
ne F — cuna, 1110 Aie Ha MIOHKY, BU3HAYAETHCS 3 YMOBH Mepeaadi KpyTHIBHOTO

MomeHTy (puc.9.6, 6): =£, H,
d

6

A,,, — TIoIa 3MHHAHHS, A, == o
Ip = Ium_ 2r= Imn_ bmm

h — BucoTa MIMOHKY;

|, — po3paxyHKOBa OBXKHMHA IINOHKH (puc. 9.6, 6);
|, — TOBXHHA IITIOHKH;

b,,, — nmpuMHA MIMOHKY;

b

I — paziiyc 3aKpyIJIeHb TOPLIB IIIOHKH, | = —4 -
2

A,, — riowa 3pisy wmoHkH, A,, = Dy,
IninpoBe 3'€eqHAHHS NEPEBIPAETHCS M0 HANPYXEHHSIM 3MUHaHHSA (puc.9.7).
[Tpu upomy 3amicTs riamMeTpa Bana OepyTh cepeaHiil JiaMeTp IUTIBOBOTO 3'€ JHAHHS
D+d
d,= 7
Toni rmroma 3MUHAHHS JUIS [UIBOBOTO 3'€JHAHHSA OOYMCIIOETHCS 10
dopmymi:

D+d
A= > A,-Z-y;
ae |, — moBxuHa MaTOYMHU 3y04aToro Kojeca, 3'€THAHOTO 3 BaJiOM;
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKHA
VKPATHU
JEPKABHU YHIBEPCUTET
«KUTOMUPCBKA IMOJITEXHIKA»
Cucrtema ynpasiinns sikicTio Bianosigae
JACTY ISO 9001:2015

®-20.05-
05.01/184.00.1/MB/OK11-
2021

Exzemnnap Ne 1

Apk 1221101

220

ly
063 [/ — 14a
V. >~ 063 %)
T —
>~
R B
5 g o

Z — gucno 3yO0IiB NUTIEOBOTO 3'€THAHHS,

W — KoeilieHT HEepiBHOMIPHOCTI PO3MOALLY HaBaHTAXKECHHS MK 3yOLSIMH, ¥ =
0,75. JomycTiMi Hanpy>KeHHS JUIsl CTAJIEBUX IIITOHOK Ta IUIIIIB NPUHMAIOTh

[0:] = 100 MITa, [z,,] = 60 MIla.

Pucynoxk 9.5 — Korcrpykii Bainis
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKHA
YKPAIHA
JEP)KABHUM YHIBEPCUTET
«KUTOMUPCBKA MMOJITEXHIKA»
Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY ISO 9001:2015

®-20.05-

05.01/184.00.1/MB/OK11-

2021

Exzemnnap Ne 1

Apk 1221102

l

6) 3’€THAHHS 3 CETMEHTHOIO IIIITOHKOIO
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKHA
VKPATHUA
JEPKABHU YHIBEPCUTET
«KUTOMUPCBKA IMOJITEXHIKA»
Cucrtema ynpasiinns sikicTio Bianosigae
JACTY ISO 9001:2015

®-20.05-
05.01/184.00.1/MB/OK11-
2021

Exzemnnap Ne 1

Apk 1221103

/ ;

2) 3’€Z[HaHH$[ 3 KJIIMHOBOIO IIITIOHKOIO

Pucynok 9.6 — Tumnu mImoHKOBUX 3’ €qHAHDL
y

0) eBOJIbBEHTHE
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MIHICTEPCTBO OCBITH I HAVKHU
IIEP)KABHI/II;I]I§’1;$I}SI:EI/IECI/ITET @-20.05-
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11-
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY ISO 9001:2015
Exzemnnap Ne 1 Apk 1221104

N
2

a) IpaMoOidHe 6) TPYKyTHE
Pucynok 9.7 — Tunu norinboBuX 3’€THAHD

3aBaaHHA 10 BUKOHAHHSA PO00TH

1. BukpeciauTu ecki3 Baja 3 MOCTAHOBKOIO YCIX AiaMeTpajbHUX Ta JIHIHHHX
po3MipiB (nuB. puc. 9.9).

2. To Ttabmumsm CT CEB 189-75 i TOCT 8794-68 Bu3HA4alOTh PO3MIipU
LIMOHOK, JUIs IIUTILOBOrO 3'€HAHHS po3Mipu Bu3HavatoTh no tabmuisim CT CEB
188-75 i I'OCT 6063-51.

3. Busnawaroth QyHKIIOHAIIBHE PU3HAYECHHS JUITHOK Baja.

4. BuzHauyaroTh KPYTWIBHMHA MOMEHT, IIO IEPENAETHCS BAJIOM 3 YMOBH
PO3paxyHKy Ha Kpy4eHHSI.

5. IlpoBecTn mepeBipouHHMH pO3PaxXyHOK Baja Ha 3TMH 3 KPYYEHHSIM IO
€KBIBaJICHTHUM HAIPy>XKCHHSM.

6. Bu3HaYMTH BaHTAXHY 3[aTHICTH 3'€IHAHb HACAKCHUX Ha BaJl ACTaJCH, 110
obepTaroThCs.

7. 3poOuTH BUCHOBOK PO MOKJIMBY BaHTaKHY 3/IaTHICTh By3JIa Baja.

3mMict 3BiTY
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MIHICTEPCTBO QCBITH I HAYKH
IIEP)KABHI/II;I]Ig;fIgglECI/ITET ®-20.05-
JKutomupcobka «KUTOMMUPCBHKA MMOJITEXHIKA» 05'01/184'020631MB/OK1 1-
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY IS0 9001:2015
Exzemnnap Ne 1 Apk 1221105

1. Ecki3 Bana 3 po3mipamu.
2. Po3paxyHOK HaBaHTa)XEHOCTI BaJia i 3'€/IHaHb.
3. BUCHOBOK Ipo I0NyCTHMY HaBaHTAXKCHICTh By3Jia Bana.

2#40k6

Mi6-6g
1::“ ‘ ,
D NN

0
& S 9
=184 S8
| — = =
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKH

YKPATHU ©-20.05-
JIEP)KABHUI YHIBEPCUTET ' i
«KHTOMHPCBHKA TTOJITEXHIKA» 0501/ 184'0206;/1“45/ OK11

Cucrtema ynpasiinns sikicTio Bianosigae
JACTY IS0 9001:2015

Exzemnnap Ne 1 Apk 1221106

oY
o

1 T i
) )
3 X
N N 5
R R EN
< ES

! 1 !

(bux
6)

Pucynok 9.8 — ®yHKIiOHATPHE IPHU3HAYCHHS TUITHOK BalliB

106




MIHICTEPCTBO OCBITH I HAYKH
IIEP)KABHI/II;I]Ig;fIgglECI/ITET ®-20.05-
Kutomupcenka «KUTOMHUPCBHKA MMOJITEXHIKA» 05'01/184'0200';/1MB/0K11_
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JACTY IS0 9001:2015
Exzemnnap Ne 1 Apk 1221107
#90061,537)
A-A 7 Ara T ” " ,25/ /
| 903 | 4 27506( 5037/ .
ar |1 b6 |//1a03 |8
i |=|or |8
o Z !
= i & gl 6 N
- - A - o & |
18 Ra 16 - Ra108 = s

o756/,
o105
#7568

! 2x45°

|
X A._l Ra 16 I_.B 2 gacky
25
_ 0 _| 2 @ 200 -—=
190 s *
635
2 X251
R15 1 Teproodpodka Hopramzayiaté0. 180 HE

2 Hebxazaw padiycu ckpyeners 3 M

2 Hebrazaw zpanusm Bidxunenns: ombopiB H14,
bambhth, muwux 2T1/2

4. [ocmpr kpomku npumynumu.

&=

Pucynok 9.9 — Ecki3 Bana
IInTanHs 10 3aXHCTY NPAKTHYHOI podiTH

[Ipm3HayenHs Bamis?

SIKi iCHYIOTh THIIM BaJiB y 3aJI€)KHOCTI BiJ IPU3HAYCHHS?
Kpurepii HaBanTa)keHHS Baia?

OyHKIIIOHATbHE TPU3HAYEHHS TUITHOK Baya?

PiBHSHHS MIITHOCTI Bajia 3 po3paxyHKy Ha Kpy4eHHS.
5.Cnocobu 3'eqHanHs neranei, siki odbepraroTses?

Kpurepiit HaBaHTa)XCHHS HIMTOHKOBUX 1 IITIIIBOBUX 3'€THAHB?

NogahM~wdhPE
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKHA
VKPATHUA
JEPKABHU YHIBEPCUTET
«KUTOMUPCBKA IMOJITEXHIKA»
Cucrema ynpaBiiHHSA sIKicTIO BiinmoBigae
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Exzemnnap Ne 1

Apk 1221108
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MIHICTEPCTBO OCBITH I HAVKHU
ﬂEP)KABHI/H;I]g;fI};I:EP;CHTET @-20.05-
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11-
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae
JCTY ISO 9001:2015
Exzemnnap Ne 1 Apk 1221109

CucoK peKoMeHI0BaHOl JIiTepaTypu

1. 'onrapoBceka T.M., I'onrapoBcekuii B.I1., CagoBuuunii B.B., Tonox M.IL.
Texniuna Mmexanika: HaBuambHUI MOCIOHWK ISl CTYIEHTIB CIICIialIbHOCTEH
7.080403 «IIporpamue 3a0e3meueHHS aBTOMATH30BaHHUX cucTem», 7.091401
«Cucremn ympaBiiHHA 1 aBTomMatukw», 7.092501 «ABTOMaru3oBaHe
YIpaBIiHHS TEXHOJOTIYHUMM TIpolecaMu 1 BHpOOHuHTBamMH», 7.091002
«bioTexHiuHi Ta MenmyHi amapatu i cuctemm», 7.090701 «PamioTexHikay —
Kutomup : XKITIL, 2001. — 241 c.

2.Tymiga EM., [I3w06a JI.®., OmbxoBuit [.M. IlpukiamgHa MexaHika:
Minpyunux/ 3a pen. E.M. T'ynigu. — JIssiB: Cait, 2007. — 384 c.).

3. ArronoBa ['.B. Ilpmknamna wmexanika: Had. moci6. / [.B.AHTOHOBa,
JL.YO.bonpapenko, 0.0. Bepuikos; TaBpiiicekuit JIep>KaBHUN
arpoTexHoJOoriYHuil yHiBepcuTeT iMeHi JIMutpa MoTopHOro. — MeniTonons:
THAATY, 2019. — 202c.

4. Tekctu (KOHCHEKT) Jiekiii 3 aucuumutinu “Tlpuknaana mexanika”. (YactuHa
I) mns crynenrtiB 3aouHoi Qopmu HaBUaHHsS cremnianbHOcTed  8.092206
“Enextpudni MamiHH i anmapatu’”’, 8.090403 “JluBapHe BUPOOHUIITBO YOPHUX 1

KOJIbOPOBHX MeTaiB”, 8.090603 “EJeKTpOTeXHIuHI CHUCTEMHU
enekrpocnoxuBanas”’, 8.092203 “EnexTpoMexaHidHI CHCTEMH aBTOMAaTH3aIlil
ta enekTponpuBon” /Yxi.: b.O. Tpeckynos, B.I'. IlleBuenko. [ 3anmopixxs:

3HTY. 2002. - 61 c.

5. Pomantok O./1., Teninko JI.II., Pakma C.B. P69 Teopernuna ta npukiagHa
Mmexanika. Kopotkuit kypc /O.[Jl. Pomaniok, JL.II. Teminko, C.B. Paxkma.
Kam’sauceke: JATY, 2021. 282 c.

6. [lpukaagHa MexaHika : HaBYAIbHUN MMOCIOHHMK KOHCHCKT JICKIHA st
CTyIeHTIB cremiansHocTe 136 «Metamypris» Ta 141 «Enextpoeneprernka,
eNIEKTPOTEeXHIKa Ta enekTpomexadika» / M. I. Kinmenko. — Kpamaropeek :
JOJIMA, 2018. — 152 c.

Jlonomiscna nimepamypa
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Kutomupcbka
noJiiTexHika

MIHICTEPCTBO OCBITH I HAYKHA
VKPATHUA
JEPKABHU YHIBEPCUTET
«KUTOMUPCBKA IMOJITEXHIKA»
Cucrtema ynpasiinns sikicTio Bianosigae
JACTY ISO 9001:2015

®-20.05-
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2021

Exzemnnap Ne 1

Apk 1221110

1. Kinnupkuit S1.T. Teopis mexanizmiB i mammH. — K.: HaykoBa mymka. — 2002. —

661 c.

2. IlaBnoBcekuit M.A. Teopernuna mexanika: [linpyunnk. —K.: Texnika 2002.
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YKPAIHA
JEP)KABHUM YHIBEPCUTET
Kutomupenka «KUTOMMUPCBKA INOJITEXHIKA»
noJIiTexHika Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae

MIHICTEPCTBO OCBITH I HAYKH

JACTY IS0 9001:2015

®-20.05-
05.01/184.00.1/MB/OK11-
2021

Exzemnnap Ne 1

Apk 1221111

Hoparox A
Tabmums 1
3HaYCHHS IOIYCTUMUX HANPYy>KeHb JESIKUX KOHCTPYKIIHIX MaTepiaiB
. Teepmictp, | Jomyctumi Hanpyxerrs, MIla
Marepian HB
po3Tsr CTHCK
YaByH 170 - 240 14 50
E:;Zfloggmma T 150 - 170 160 160
c]i:;:e;;elsa AKICHA  MapKH | 4 on 100 200 200
iﬁfﬁﬁﬁﬂfﬁx FCTOPAIE | 265 315 300 300
Mins 3,5 80 80
Jlatynp 55-150 100 100
Bpomnza 66 — 200 80 100
HropanromiHii 45 -113 125 125
Ta6muis 2
3HaYeHHS MOIYJIA MPYKHOCTI AGIKHX KOHCTPYKIIIHUX MaTepialiB
Martepian Moyib mpy»KHOCTI Mopaynb 3cyBa
E, MIla G, MIla
Cranb 2:10°-2,2-10° 0,81-10°
Yapyn 1,15:10°~1,6:10° 0,45-10°
Minp 1a 1i critaBu (J1aTyHb, OpOH3a) 1,0 -10° 0,25-10°
Jlropamomiiit 0,7-10°-0,99-10° 0,27-10°
CxJromiacTuk 1-10* 0,22- 10°
JepeBuHa: B30BK BOJIOKOH 0,1 1-10° 0,006- 10°
TIOTIepeK BOJIOKOH 0,05:10°—0,14-10° -
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MIHICTEPCTBO OCBITH I HAYKH

YKPATHH ©-20.05-
JEPXKABHUI YHIBEPCUTET ‘ i
HKutomupeska «KMTOMHPCBKA HOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11
noJTiTexHiKa Cucrema ynpaBJIiHHSA SIKICTIO BiinoBinae

JACTY IS0 9001:2015

Exzemnnap Ne 1 Apk 1221112

Beron | 0,03 -

Honatoxk b
Tabmuus 1
HopwmaisHhi niniitai posmipu mo CT C3B 514-77 (BUTAT TiHIHHUX PO3MIpIB 3
cTaHIapTy B iHTepBaii Big 10 10 950Mm)

Psan
W 3|8 w3 [8|F | w3 |8 S| w3 |8|Z
fl ||| |2|&|E |8 ||| |C|C |
10|10 |10 |10 |25 |25 |25 |25 |63 |63 |63 |63 160|160 160|160
10.5 26 67 170
11 | 11 28 | 28 71 | 71 180|180
115 30 75 190
12 | 12 | 12 32|32 | 32 80 | 80 | 80 200 | 200 | 200
13 34 85 210
14 | 14 36 | 36 90 | 90 220 (220
15 38 95 240
16 | 16 | 16 | 16 | 40 | 40 | 40 | 40 | 100|100 |100 | 100|250 | 250|250 | 250
17 42 105 260
18 | 18 45 | 45 110|110 280|280
19 48 120 300
20 | 20 | 20 50 | 50 | 50 125125125 320|320 | 320
21 56 | 56 130 340
22 | 22 60 140 360 | 360
24 | 24 150 380

Ipumitka: Psax RaS cainx psaay RalO, psx RalO — psxy Ra20 i t.1. 3HauenHs
HOPMaJbHUX JiHIHHIX po3mipiB 1o psiay Ra40 npu | >380mm: 400; 420; 450 480;
500; 560; 600; 630; 670; 710; 750; 800; 850; 950; 950Mm
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Kuromupcbka
noJiTexHika

MIHICTEPCTBO OCBITH I HAYKH

YKPATHHI ©-20.05-
JEPKABHUI YHIBEPCUTET ‘ )
«KHTOMHPCBHKA ITOJITEXHIKA» 05.01/ 184'02%2/11“5/ OK11

Cucrema ynpasJiiHH# SIKiCTIO BiInoBinae
JACTY IS0 9001:2015

Exzemnnap Ne 1

Apx 122113

JlonaTtox B

CraJp rapsiuekatana. banku notasposi (TOCT8239 — 72)

[To3nauenHs:
h — Bucora Oanku;
b — mmpuna Ganku;
d — ToBIIMHA CTIHKY;
t — cepeaHs TOBIIMHA MOJKU;

bd
4 Jyx — MOMEHT iHepii
- W, — MOMeHT omopy
\ ::: 7 Sy — cTaTuuHMI MOMEHT ILIOLLI HaNiBIepepi3y;
L b | iy — paaiyc iHepuii.
Posmipu, MM ILmoma OBIJTHMKOBI BEJIMYMHHM ISl OCEi
Homep |[Maca 1l HepeI;HBy '):EC )I: A =y
npodias |Mm.M., KT h b d ’ — — -
pod cm? Jx, oM Wy, ev®| iy, oM | Sx, em® | Jy, em® [Wy, em® iy, CM
1 2 3 4 5 7 8 9 10 11 12 13 14




MIHICTEPCTBO OCBITH I HAYKH
YKPAIHA
JEP)XXABHUU YHIBEPCUTET

®-20.05-

05.01/184.00.1/MB/OK11-

Kuromupcenka «KUTOMUPCBKA NOJITEXHIKA» 2021
nmoJriTexHika Cucrema ynpasJiiHH# SIKiCTIO BiInoBinae
JACTY ISO 9001:2015
Exzemnnap Ne 1 Apk 122 /114
10 9,46 100 55 4,5 7,2 12,0 198 39,7 4,06 23,0 17,9 6,49 1,22
12 11,5 120 64 4.8 7,3 14,7 35 58,4 4,88 33,7 27,9 8,72 1,38
14 13,7 140 73 4,9 7,5 17,4 0572 | 81,7 5,73 46,5 41,9 11,5 1,55
16 15,9 160 81 5,0 7,8 20,2 873 | 109,0 | 6,57 62,3 58,6 14,5 1,7
18 18,4 180 90 51 8,1 23,4 1290 | 143,0 | 7,42 81,4 82,6 18,4 1,88
18a 19,9 180 100 51 8,3 254 1430 159 7,51 89,5 114 22,8 2,12
20 21 200 100 5,2 8,4 26,8 1840 184 8,28 104 115 23,1 2,07
20a 22,7 200 110 5,2 8,6 28,9 2030 203 8,37 114 155 28,2 2,32
22 24 220 110 54 8,7 30,6 2550 232 9,13 131 157 25,6 2,27
22a 25,8 220 120 54 8,9 32,8 2790 254 9,22 143 106 34,3 2,5




Honmatok I

Tabmuus 1
1 2 3 4 5 6 7 8 9 10
24 27,3 240 115 5,6 9,5 34,8 3460 289 9,97
24a 29,4 240 125 5,6 9,8 37,5 3800 317 [10,10
27 31,5 270 125 6,0 9,8 40,2| 5010 371 11,2
27a 33,9 270 135 6,0 10,2 43,2| 5500 407 11,3
30 36,5 300 135 6,5 10,2| 46,5 7080 472 12,3
30a 39,2 300 145 6,5 10,7 49,9 7780 518 [12,50
33 422 330 140 7,0 11,2 53,8 9840 597 13,5
36 48,6 360 145 7,5 12,3 61,9 13380 | 743 14,7
40 57 400 155 8,3 13 72,6| 19062 | 953 16,2
45 66,5 450 160 9,0 14,21 84,7| 27696 | 1231 18,1
50 78,5 500 170 10 15,2 100,| 39727 | 1589 19,9
0
55 92,6 550 180 11,0 | 16,5 [118, [5596 [2035 21,8
0 R
60  [108,0 600 190 12,0 | 17,8 |138, (7680 [2560 [23,60
0 P

Cepenni 3HaueHHs kKoedillieHTa KOPUCHOI J1ii MeXaHIYHUX repeaay

Ilepenaua K.JLI. M Ilepenaua K.ILI. T
3aKpgTa 3yOuyara: Tantorosa:
3 L[I/IJ'I.IHILpI/I‘{HI/IMI/I xonecamu |0,97 — 0,98 SaxpiTa 0,95 0,97
3 KOHIYHUMH KOJIECaMHU .
Binkpura 3y0uara nepemava | 0,96 — 0,97 Binxpura 0.9-095
0,95-0,96




Kuromupcbka
noJIiTexHika

MIHICTEPCTBO OCBITU I HAYKHA
YKPATHI
NEP)KABHHUM YHIBEPCUTET
«KUTOMUPCBHKA MOJITEXHIKA»
Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae
JACTY IS0 9001:2015

®-20.05-

05.01/184.00.1/MBb/OK11-

2021

Exzemnnap Ne 1

Apk 1221116

3akpuTa 4epB's;yHa TP YHUCITI
3aXO[IiB YepBsIKa:

21:1
21:2
z,=4

0,70-0,75
0,8-0,85
0,8-0,95

ITacoga:

3 IJIOCKMM ITaCOM

3 KJIMHOBHM 1
[TOJTIKJIMHOBUM I1ACOM

0,96 -0,98
0,95-0,97

Ipmmitka:

1. Burparu Ha TepTs B MiJIIAITHUKAX OI[IHIOIOTHCS MHOXKHHUKOM 1) = 0,99 — 0,995

Ha OOWIBI OIIOPH BaJja.

2. B mpuBozax 3 mapajensHUMH NepeAayaMy 3HAUYCHHS KK BPaXOBYIOTh OJJMH pa3.
3. B MexaHi3Max KpaHIiB BUTPATH Ha TEPTS BPaXOBYETHCS B OJIOKaxX i B KaHATax:

7= 0,96 — 0,98.

Tabmus 2
Enextponsurynu acuaxponti cepii 4A T'OCT 19523-81. TexHiuHi XapaKTepHUCTHKH
Howminanbna |  Yacrora T T
Tun JBUrYHa | TIOTYXHiCTh, | obepranns, | KK]I cos ¢ — —
kBT 00/xB. T, T,
1 2 3 4 5 6 7
CunxpoHnHa yactota odepranss 3000 06/xs.
4A71B2 1,1 2810 0,78 0,87 2,0 2,2
4A80B2 2,2 2850 0,83 0,87 2,1 2,6
4A90L2 3,0 2840 0,84 0,88 2,1 2,5
4A10082 4,0 2880 0,86 0,89 2,0 2,5
4A100L2 55 2880 0,88 0,92 2,0 2,5
4A112M2 7,5 2900 0,88 0,88 2,0 2,8
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MIHICTEPCTBO OCBITH I HAYKH

YKPATHI ©-20.05-
JEP/KABHUIi YHIBEPCHTET ‘ )
“Kutomupeka «@KATOMHPCBKA TOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11
noJIiTexHika Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae

JACTY IS0 9001:2015

Exsemnnap Ne 1 Apk 1221117
1 2 3 4 5 6 7
4A132M2 11,0 2900 0,88 0,90 1,7 2,8
4A160S2 15,0 2940 0,88 0,91 14 2,2
4A160M2 18,5 2940 0,88 0,92 14 2,2
4A180S2 22,0 2940 0,88 0,91 14 2,5
4A180M2 30,0 2945 0,90 0,95 14 2,5
4A200 M2 37,0 2945 0,90 0,98 14 2,5
4A200L2 45,0 2945 0,91 0,90 14 2,5
4A225M2 55,0 2945 0,91 0,92 14 2,5
4A250S2 75,0 2960 0,91 0,89 1,2 2,5
4A250M2 90,0 2960 0,92 0,90 1,2 2,5
4A280S2 110 18,5 0,92 0,90 1,2 2,5
CunxpoHHa 4yactoTa obeprants 1500 06/xs.

4A80A4 1,1 30,0 0,75 0,81 2,0 1,6

4A90L4 2,2 37,0 0,80 0,83 2,1 1,6
4A10084 3,0 45,0 0,82 0,83 2,0 1,6
4A100L2 4,0 55,0 0,84 0,84 2,0 2,2
4A112M4 55 75,0 0,85 0,85 2,0 2,2
4A13254 7,5 90,0 0,87 0,86 2,2 2,3
4A132M4 11,0 1460 0,88 0,87 2,2 2,3
4A16054 15,0 1465 0,88 0,88 14 2,3
4A160M4 18,5 1465 0,89 0,88 14 2,3
4A18084 22,0 1470 0,90 0,90 14 2,3
4A180M4 30,0 1470 0,91 0,89 14 2,3
4A200M4 37,0 1475 0,91 0,90 14 2,5
4A200LA 45,0 1475 0,92 0,90 14 2,5
4A225M4 55,0 1480 0,92 0,90 13 2,5
4A25084 75,0 1480 0,92 0,90 1,2 2,3
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MIHICTEPCTBO OCBITH I HAYKH

YKPATHI ©-20.05-
JEP/KABHUIi YHIBEPCHTET ‘ )
“Kutomupeka «@KATOMHPCBKA TOJIITEXHIKA» 03.01/ 184'02065/1MB/ OK11
noJIiTexHika Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae

JACTY IS0 9001:2015

Exsemnnap Ne 1 Apk 1221118
4A250M4 90,0 1480 0,92 0,91 1,2 2,2
4A28054 110,0 1475 0,92 0,91 1,2 2,3
CunaxponHa gacrorta ooepraras 1000 06/xs.

4A80B6 11 920 0,74 0,74 2,0 2,2

4A90B4 2,2 950 0,81 0,75 2,0 2,2

4A112MAG 3,0 955 0,81 0,76 2,0 2,5

4A112MB6 4,0 950 0,82 0,81 2,0 2,5

4A132S2 5,5 965 0,85 0,80 2,0 2,5

IIponosxenHs Tabmuii 2

1 2 3 4 5 6 7
4A132M6 7,5 970 0,96 0,81 2,0 2,5
4A160S6 11,0 975 0,86 0,86 1,2 2,0
4A160M6 15,0 975 0,88 0,87 1,2 2,0
4A180M6 18,5 975 0,88 0,87 1,2 2,0
4A200M6 22,0 975 0,90 0,90 1,3 2,4
4A200L6 30,0 980 0,90 0,90 1,3 2,4
4A225M6 37,0 980 0,91 0,89 1,5 2,3
4A250S6 45,0 985 0,92 0,89 1,2 2,1
4A250M6 55,0 985 0,92 0,89 1,2 2,1
4A280S6 75,0 985 0,92 0,89 1,4 2,2
4A280M6 90,0 985 0,92 0,89 1,4 2,2
4A31556 110,0 985 0,92 0,89 1,4 2,2

CuHxpoHHa 9acToTa obepranus 750 06/xB

4A90LBS8 1,1 700 0,7 0,68 1,6 1,9
4A112MAS 2,2 700 0,76 0,71 1,9 2,2
4A112M8 3,0 700 0,79 0,74 1,9 2,2
4A132S8 4,0 720 0,83 0,70 1,9 2,6
4A132M8 55 720 0,83 0,74 1,9 2,6
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MIHICTEPCTBO O"CBITI/I I HAYKH
YKPAIHI/I ®-20.05-
Kutomupcbka «)K)i/[ll}l"l:))llf/ﬁ/}s}flcl/llalfcz gg;;fT%?(ﬁi;A» 0s.0111 84'020651MB/OK11-
noJIiTexHika Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae
JACTY ISO 9001:2015
Exsemnnap Ne 1 Apk 1221119
4A160S8 7,5 730 0,86 0,75 14 2,2
4A160M8 11,0 730 0,87 0,75 14 2,2
4A180M8 15,0 730 0,87 0,82 1,2 2,0
4A200M8 18,5 735 0,88 0,84 1,2 2,2
4A200L8 22,0 730 0,86 0,84 1,2 2,0
4A225M8 30,0 735 0,90 0,81 1,2 2,1
4A250S8 37,0 735 0,90 0,83 1,2 2,0
4A25088 45,0 740 0,91 0,84 1,2 2,0
4A280S8 55,0 735 0,92 0,84 1,2 2,0
4A280S8 75,0 735 0,92 0,85 1,2 2,0
4A315S8 90,0 740 0,93 0,85 1,2 2,3
4A315M8 110,0 740 0,93 0,85 1,2 2,3
Tabmuus 3
CepenHi 3HaUCHHS MIEPEAATOYHUX BiHOIICHD
[epenaui u
3ybOuara: 3 MITTHAPUYHUMHE KOJIECAaMH 3-6
3 KOHIYHUMH KOJIECaMU 2-4
Ueps'siuHa 8_40
JlaHirorosa 3_6
IlacoBa 2_4
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Kuromupcbka
noJIiTexHika

MIHICTEPCTBO OCBITH I HAYKH

VKPAIHA

NEP)KABHHUM YHIBEPCUTET
«KUTOMUPCBHKA MOJITEXHIKA»
Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae
JACTY IS0 9001:2015

®-20.05-
05.01/184.00.1/MBb/OK11-
2021

Exzemnnap Ne 1

Apk 1221120

Honmarok [
Tabmuus 1
3HaueHHs KoedimieHTa Ky
PoGoua remneparypa 0100 | 125 | 150 | 175 200
mgmunauka, °C
K; 1,0 1,05 11 1,15 1,25
Tabmums 2

3naueHHs koedimieHTa K,

HaBaHTa)XeHHSI Ha MiAIIMITHUK K, [Mpuknaan BUKOPUCTAHHS
CriokiitHa 6e3 MomToBXiB 1,0-1,2 | IlprBoaHM CTPIYKOBUX KOHBEEPIB
Jlerki momITOBXHM; KOPOTKOYAcHi [Mepenaui MeranopizaabHUX
nepeHaBaHTaxeHHs 1o 125% Bin 1213 BEpCTaTiB; OJIOKH
HOMIHAJBHOTO  (PO3pPaxyHKOBOIro) | ' €JIEKTPOIBUTYHIB; JICTKI
3HAYEHHS BEHTUJISITOPHU Ta MOBITPHOAYBH
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Kuromupcbka
noJIiTexHika

MIHICTEPCTBO OCBITU I HAYKHA
YKPATHI
NEP)KABHHUM YHIBEPCUTET
«KUTOMUPCBHKA MOJITEXHIKA»
Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae
JACTY IS0 9001:2015

®-20.05-
05.01/184.00.1/MBb/OK11-
2021

Exzemnnap Ne 1

Apk 1221121

IomipHi momToBXH; BiOpamiliHe
HaBaHTAXKECHHS; KOPOTKOYACHI 5
. KCU PEILCOBOIO aHCIIOPTY;
nepeHaBaHTaxenns g0 150% Big | 1,3-15 Y P P ) PTY;
. MPUBOIM TBUHTOBHUX KOHBEEPIB
HOMIHAJIBHOTO  (PO3PaXyHKOBOIO)
3HAYEHHS
. .. eHTPU(YIH; TOTYXKHI
Te 5 came, B yMOBaXx 301JIbIICHO] Uerrp (by. .
.Y ; 15-1,8 CJIeKTPIYHI MaIlINHU;
HaIIHHOCTI
eHepreTuvHe 00aHAHHS
. . 3y6OuaTi nepeaadi 9-ro CTymneHto
3HaYHi MOUITOBXH Ta BiOpaIlii; . .
. TOYHOCTI; TPOOUIIKH 1 KOTIPH;
KOPOTKOYACHI NMepeHaBaHTAKEHHS .
o) . 1,8-25 KPHUBOIIMITHO-TIIATYHHI
10 200% Bi1JT HOMIHAJIBEHOTO .
MEXaHi3MH; BaJIKH MPOKATHUX
(po3paxyHKOBOT0) 3HAYCHHS . .
CTaHiB, MOTYXHI BEHTHIATOPH
3 CUIBHUMH yapaMu Ta
KOPOTKOYaCHUMU Baxki KyBaJbHI MAIIUHH;
nepenaBaHtaxeHHs 10 300% Bin 2,5-3,0 | micomuibHI paMu; POJIbIaHTU
HOMIHAJIBHOTO (PO3PaxyHKOBOIO) CTaHiB, OJIOMIHTIB
3HAYEHHS

Tabmus 3
KoedinienTn X Ta Y 11 0MHOPSAHUX pafialibHUX Ta PaialibHO-YIIOPHUX KYJIbKOBHX
MM NATTHAKIB
Kyt P “ 5 e Kyr P —>e
Haxuiy | —- VF, e | maxumy | —- VF, e
ao o X Y o o o X Y
0,014 2,3 |0,19 0,014 1,81 | 0,3
0,028 1,99 | 0,22 0,029 1,62 | 0,34
0 0,56 12 0,45
0,056 1,71 | 0,26 0,057 1,46 | 0,37
0,084 1,55 | 0,28 0,086 1,34 | 0,41
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MIHICTEPCTBO OCBITH I HAYKH

VKPAIHA

JEPKABHHU YHIBEPCUTET

®-20.05-

05.01/184.00.1/MBb/OK11-

Kuromupcnka «KUTOMUPCBKA INOJITEXHIKA» 2021
noJIiTexHika Cucrema ynpaJIiHH# SKIiCTIO BilnoBinae
JACTY IS0 9001:2015
Exzemnnnp N 1 Apx 122122
0,110 1,45 | 0,30 0,110 1,22 | 0,45
0,170 1,31 | 0,34 0,170 1,13 | 0,48
0,280 1,15 | 0,38 0,290 1,04 | 0,52
0,420 1,04 | 0,42 0,430 1,01 | 0,54
0,560 1,00 | 0,44 0,570 1,00 | 0,54
26 - 0,41 | 0,87 | 0,68
36 - 0,37 | 0,66 | 0,95
Tabmuus 4

Koedimientn X Ta Y 1y pagianbHO-YHIOPHUX POIUKOBUX ITiAIINITHAKIB

F, >e —>e
VF, VF, e
X | Y X | Y
[MigmumarK 0 THOPIIHI
1| 0o | 04 | odctge |  15tga
TTifmumHEIKY IBOXpSIHL
1 | odsctge | 067 067ctge |  1,5tga
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