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AHOTALLIS

Kpusenko O.0. HocnukeHHs poO0TH MaIIUHK JUTs OAPiOHEHHS KaM’ SHHX
\iaTepiayiiB 3 ypaXyBaHHSM 3MIHH F€OMETPHYHHX ITapaMeTpiB pob0ovoro opraxy.

Kpanidikauiiina po6ota mMarictpa Ha 3000yTTS OCBITHBO-KBAJI(PIKAIIHHOTO
piBHS «MaricTp» 3i cmenianbHocTi 133 «[ amy3eBe MamMHOOYAyBaHHS), HaNpiM
ocpitn «MexaHiuna imkenepis», — Hanionansuuii yHiBepcuter «llonTaBcbka
tonitextika iveni FOpis Konnpariokay, [lonrasa 2024.

Kparmidikamifiza po6ora MaricTpa NpHCBSYEHa JOCIIIKEHHIO po0OTH
\VALIMHK U8 TTOAPiOHEeHHs KaM’SHUX MareplalliB, 30KpeMa aHaJIi3y BILJIMBY 3MIHH
reOMETPUYHHX IapaMeTpiB podoYoro opraHy Ha e(heKTUBHICTh TOAPIOHEHHS. Y

pofoTi TPOBEICHO TEOPEeTHYHHMI aHaii3 Ta eKCIepHMMEHTaJIbHI OCITKEHHS,

cpsMOBaHI Ha BH3HAYCHHA palioHaJIbHUX I1apaMeTpiB, IO 320€e3MeYyHOTh

iIBHIIEHHS TPOIYKTHBHOCTI T2 MIKPEMOHTHOT'O IIEPIOTY.

Ha ocHOBI MpOBEIEHHs TEOPETHYHHX Ta €KCIEPHMEHTAIBHHX JIOCITIDKEHD

Oyno 3anporoHOBAHO MOJIEpHI30BaHy KOHCTPYKIIIO MOJIOTKOBOL npobapKu U1

nopiOHEHHA KaM AHHUX MaTeplalliB.

. 53 i
KmodoBi  cioBa:  ApobGapka, — TMOAPIOHEHHS,  KaM iHI MaTeplally,

IPOyKTHBHICTh, MOJIOTOK, MOACPHISALIA.
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The Summary

Master's thesis for obtaining the educational and qualification level "master" in
specialty 133 "Industrial mechanical engineering", direction of education
"Mechanical —engineering", National University "Yuri Kondratyuk Poltava
Polytechnic", Poltava 2024.

The master's thesis is devoted to the study of the operation of the machine for
grinding stone materials, in particular, the analysis of the effect of changing the
geometric parameters of the working body on the grinding efficiency. In the work,

theoretical analysis and experimental studies aimed at determining rational

parameters that ensure increased productivity and the inter-repair period are carried

out.
On the basis of theoretical and experimental research, a modernized design of a

hammer crusher for crushing stone materials was proposed.

Key words: crusher, grinding, stone materials, performance, hammer,

modernization.
30 O R T
T 1T —T1T1 rmim601-MMs.010-00.00.000A
e L 0 oo | Tiome [ama _
Porpos | Kousemo | W oz |22.O8
lepesip. | Bacuwes {9 12203 AHOTaLS L
mm_m iMmeHi HOpis KoHapaTioka
ancey | Opuceno A0 YO8 2024

e e N i




MiHIcTepeTBO OCBITH | HAyKH Ykpaitu
HarionanbHiH yHIBepeuTeT «llonraBepka nomitexnika imeni Opis Konmpatiokay
Kadenpa ramyseBoro MammHoOy1yBaHHs Ta MeXaTpPOHIKH

JlocmipkeHHsT po0OTH MAIIMHM AJIS NOAPiIOHEHHS
KaM’sIHUX MaTepiaJjiB 3 ypaxXyBaHHSIM 3MIHH
FreOMETPUYHHUX NApPaMeETPiB po00YOro OpraHy

[TosicHIOBaJIbHA 3aIHCKA
no kpaJidikaniiinoi po6oTu maricTpa

I'MiM.601-MMs.010-00.00.000 I13

[TonraBa — 2024 pIK




3SMICT
BLI YA vl o oo
................................................................................. 10
Posmin 1 AHAJIR OBJIATHAHHS
JUL1  TIOIPIBHEHHS ’
WIAIEPIAUIB e, | BEndics o
I N i i e 12

I.TETH‘IHE AOCIIIKEHHS POBOYUX [TIPOLOECIB YIAPHOT
MOJIOTKOBOI TPOBAPKU

N R T T 34
1 /AHAJI13 OCHOBHUX eTariB Apo6ieHHs MaTrepiany

.................................................. 34
2.2 NOCHiIKEHHS OCHOBHIX 11apAMETPIB PyXy YaCTKU TA MOJIOTKA ...........ooo..... 37
2.2.1 AHani3 pyxy cuposuHu Y BIOPaUiHOMY SKUBHITBHUKY ...........oooooeooooee 38
2.2.2 IlpoHuKHEHHS MaTepiaiy B pO6OYY 30HY MOTOTKIB...............ooooeooooe 39

4 ! '
4 Pyx mmaTka matepiany TOBEPXHEIO MOJIOTKA IICJIS MOBTOPHOT'O NMPOHUKHEHHS
B poOouy 30HY

2.2.5 Kinematuunuii ananis pyxy Marepialy o BigOifHOI mMTH Ta ITIOBEPHEHHS B
po0oYy 30HY MOJIOTKIB

Posgin 3 EKCIIEPUMEHTAJIbHI JOCJI/DKEHHSI TIAPAMETPIB TA
PEXXMIMIB POBOTU MOJIOTKOBOI TIPOBAPKU

................................................. 60
BUCHOBKM o e i bt o e il BBt & SE SRR 71
A Y A e e L e A e e L % TSR 72

=L T e

I T 1 _1 1 rMiM.601-MMs.010-00.00.000.13 g

S T Ap | s dorgm__| Monuc

= '
e it e am -




Ta MIABUIIYIOYH
IPOXYKTUBHICTB.

Kam'sHi ' |
1 MaTeplanm, micns Buno6yTky Ha kap'epax a6o B [IaxTax, MPOXOaaTh

KIIbKa eTamB oOpoOku mepen Tum, sk MOTPaUTH OO0 Jpobapku. Croyatky

BCIMKHMH  €KCKaBaTOpaMu  abo

Oyibmo3epaMH  BOHM  36HPAOTHCS

AO3BOJISE TIONICTIINTH TIOJaNIbIIe TPAHCIIOPTYBaHHA Ta 06poOKy. Lli mmaTku MOXYTE

EepEeMIIIATHCS Ha CIIeLIAIbHAX KOHBEEPHAX CTpiyKax abo BaHTaXiBKaX [0 ApoOapKu
JUIS TOJaJIBIIOro MoApiOHEeHHS.

[Ticna Toro, sk kaM'sHMIl Marepiayl MOTparuise A0 ApoOapKH, BiH NPOXOIUTH

npouec apoOiieHHs, WO nepeadayae 3MEHIIEHHs pO3MIpiB MaTepialy IIIsIXOM
MEXaHIYHOro BIUIMBY Ha HBOro. Y HaMNpPOCTINIOMY BHIIAKY, Ll MPOILEC BKIIIOYAE
MmoapiOHeHHs MaTepialy MK PyXOMMMH Ta HEPYXOMHMH YacTHHaMH pobodoro
oprany apo6apky, TAKAMHA K MOJIOTKH abo mmTH. Marepian nogaetses y npobapky |
3BepXy, Oe Imij MAi€ro 00epTaJpHOro pyxy poOOYUX OpraHiB BIH CTUCKAETHCH,
IaMa€TbCsl Ta PO3MNANAETbCA HA npioHim 4vactuHU. [licns apoGneHHst 4yacTUHKM

MaTepiany, 10 AOCATIIA 6aKaHOro PO3MIPY, IPOXOMATH Yepe3 CeliabHI CUTa
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[licna 3aBeprenns [IPOLIECY NpoOeHHs MaTepian Moke OyTH BHKOpPHCTaHMi] y
PI3HUX Taly3sax [IPOMHUCIIOBOCTI  3aJIeXXHO Bix i

XapaKTepUCTK. Hanpuxnan, monpi6uenuii kamim: MOX€ BHKOPHCTOBYBAaTHCS Y

OyIIBHHUUTBI JJIT BUPOOHMIITBA Oetony a6o achansry, B JIAHAMAa(QTHOMY au3aiiHi

a0o0 X y MeTanypriiuiii TPOMUCIIOBOCTI JIJIS ITOAAITBIIO] 00poOKH. Marepiamu, mo ge

AKTYanbHICTE NOCIIUKEHHS MOJIrac B TOMY, IO PO3BUTOK TEXHOJOTIH i
SPOCTaHHS BHMOT IO SKOCTI MOAPiIOHEHWX MaTepialliB BUMAararoTh BIOCKOHAJIEHHS
KOHCTPYKIIA MallMH JUIss OPOONEHHS, 30KpeMa, THX, IO BUKOPUCTOBYIOTBCSH IS

00poOKHM KaM'sHMX Marepianis. Bu6ip onTuMaTEHEX KOHCTPYKTUBHUX |
TEXHOJIOTIYHHUX ITapaMeTpiB ApoOapoK J03BOJISE JOCATTH OLIBIIT BUCOKMX MOKA3HUKIR
NPOAYKTUBHOCTI ~Ta HaMIMHOCTI oOnangHaHHA. BpaXyBaHHS reomMeTpUYHHX

napaMeTpiB poOOYMX OpraHiB ApoOapoK, a TaKOXX YMOB €KCILTyaTallii, € KIIFOYOBUMH

aCleKTaMHU JUIA TIABHIIEHHS e(DEKTUBHOCTI NpoLeCy MOApIOHEeHHS.




Posnin 1 AHAJII3 OBJIAJHAHHA JJISA ITIOAPIBHEHHS KAM’ STHUX
MATEPIAJIIB

YMOBHO 1 JApoOJIeHHSIM Ta IMOJApIOHEHHSAM pPO3YMIIOTHECS IIPOLECH
pyifHYBaHHS IIMAaTKiB (3€peH) KOPUCHUX KONAJNWH Ha ApiOHIII 3epHa LUIAXOM Jii
30BHIIIHIX CHJI, IO JOJAKOTh BHYTPIIIHI CHJIM 34YeIlNIEHHS MiX ImMatkamu. llpw
IbOMY YMOBHO IpOOJIEHHSM BBaXKA€ThCsS OTPMMaHHS MaTepially Ha BHXOJI 3€pHa
OLNBIIICTIO TTIOHA S MM, a MOAPIOHEHHSIM — MEHIIE 5 MM.

Crioci® pyiiHyBaHHS 3aJIeXXHTh BiJl BUAY BIUIMUBY pyHHIBHOI CHJIM Ha IIMATKH

MmaTepiany (puc. 1.1).
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Pucynok 1.1 - OcHOBHI crrocobu pyiHyBaHHs KaM sSHO-pyAHUX MaTeplais
a - po3JaBJIIOBaHHA, 6 - pO3KOJIOBaHHSA, B - yHap, I' - pO3JIaMyBaHHS, T - |

CTUpaHH4, [ - 3pi3yBaHHs, € - MCTO/IH pi3aHHs, € - BUIbHUH yJap
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Cnoci6 npob6nenns BUOMPAETBCA B 3ae)HOCT] BIX i3uKko-MexaHiunyx

BIAaCTUBOCTEH Marepiany Ta KPYIHOCTI HOro ImMaTtkiB no Ta MICHs ApoOeHHs.

Po3p13HsIOTh ripekki TOPOAX MEBHOI MIIHOCTI, TBEPIOCTI, B'A3KOCTI Ta KPUXKOCTI

UL AKX 3aCTOCOBYIOTH Pi3Hi CIIOCOGH PYHHYBaHHS 260 iX MO€IHAHHS.

IcHYIOTE Taki BuIH IpOOJIeHHs Ta NoAPiGHEHHS Mo KPYITHOCTI MaTepiaiy 1o Ta
[MICJIS QUCTIEPTyBaHHS:

1) Bemuke OpOOJIeHHS, KOJH Marepian apibaocti 1500-500 MM PYHUHYETBCS 10
po3mipiB 400-125 mm:

2) cepemHe ApoGIeHHS, KOMU 3 BUXIIHOTO MPOAYKTY po3Mipamu 400-125 mm
OACPXYIOTh MaTepian KpymHicTio 10-25 Mum:

3) npibHe npobenHs - MaTepian ¢paxuiero 100-25 MM gpo6uTECs 10 25-5 MM;

4) npibHe MonpiOHEHHS - 3MeHIIeH S KPYMHOCTI 3 25-5 MM 110 1-0,2 MM;

5) TOHKe MOAPiOHEHHS - olepKaHHS po3MipiB MeHIme 0,2 MM.

HeoOximni nans pyiiHyBaHHS I1IMaTKiB MaTeplally 3yCHJUIS pealli3yIoThCs
ApOOMIIBHUX MaITWHAX, KOHCTPYKIIiS SIKUX 3abe3nedye 3/iHCHEHHS IEBHOrO cocoby
PYHHYBaHHA. 3 ypaXyBaHHAM (i3MKO-MEXaHIUHUX BJIACTUBOCTEN MareplaiiB (TaKux
K TBEPAICTb, MILHICTh, KPUXKICTh TOIIO) y CYYacHil MpakTHI 3aCTOCOBYIOTBCS TaKl
BUIU IpoOapoK: IIOKOBI, MOJIOTKOBI, POTOPHI, BAJIKOBi, KOHYCHI, a TAKOX MJIMHH.

3alIe)KHO BIA BHAY PYHHYBaHHsS CHPOBMHM MO JpiGHOCTI peKOMeHIyeThes
BUKOPUCTOBYBATH TaKi TUNMU MaluuH (Tadi. 1.1).

JInss miAroTtoBkM 3a  (pakUiMHUM CKIIQIOM arjoMepamiiiHuX Kam’sSHUX
MaTepiaiB B MeTATypriifHOMY BUPOOHMIITBI 3aCTOCOBYIOTLCS TaKi THIIM APOOHIBHUX
MalIyH:

1) moxoBi apoGapku, MNPHHIMI I SKUX TIOJNAra€ B MEPIOAUUHOMY
PO3aBIIOBAHHI MaTepialy B IPOCTOPI MDK PYXOMOIO Ta HEPYXOMOKO IIIONIMHAMM

(moxamm);

2) koHycHi (koOHi4Hi) ApoOapku, B SKMX PpO3JABJIIOBAHHS IIMaTKOBOIO

i ' oHycCa, 10
Marepiasy NpPOBOAUTHCA Oe3rnepepBHO 3a JONOMOIOI YCIYEHOro KOHYCA,

eKC]_[eHTquHo pyxaeTI:CH I10 KOJIY,
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3) BaJNKOBi ApoGapKH, WO 3 /il CHIOIOTE PO3MABIIIOBaHHS ab0 po3aBMOBaHHg =

PO3KOJIOBAHHAM Yy 3a30pi MiX Bamkamu (3 TIaKoI0, pupneHow abo 3y6yacToro

[TOBEPXHEI0), IO 00epTaroThes Ha3yCTpPI4 OMH OJHOMY:
p

4) MOJIOTKOBI Npo0apku, mo mpamTs 3a IPUHIHUIIOM yzaapy abo ymapy 3
CTUPAHHSIM;

PexoMeHI0BaHi THIIM MaIMH 115 pi3HUX BHIIB noApiOHEeHHS
Bun nonpiGuenus
|

| | | U;[ox'osi opodapku

Tun Mammuu

—m

Kpynne KonycHi npobapku

I

MOJOTKOBI ﬁpo6ap1m

HpoOnenns | - | I1{oxoBi ;(1:306ap1<ﬁ
Cepenne |

KonycHi J:;poGapKH

—

; BankoBi Opobapku
Minke

| MonoTkosi npobapku

Y 1apHO-BIAUEHTPOBI APOOAPKH Ta MIMHH

bapabaHH1 MIIUHU
ToHke

PoJIMKO-K1JIbIIEB]I MJIMHU

[lonpiOHenHs CTpPi)KHBBi IpoOapku

| Bibpauiiini MIMHH Ta Apo6apKy

HanToHke CtpyMeHeBO-B10paliiiHl MIIMHU

Butupauli

—

[IlokoBi jpobapkd € OIHHMH 3 HAUTIOIIUPEHIIMX BHIIB APOOHMIBLHOIO
06NTanHaHHs. SIKe BHUKOPHUCTOBYETBCS B PI3HHX Taly3sX NPOMHCIOBOCTI JUls
J

[epBUHHOrO ApoOIeHHs TBEPAHX maTtepiaigiB. BOHU BIAIrpalOTh KIFOYOBY POJIb Y

ApPK.




npouect MIATOTOBKM CHPOBMHM IO MOAAIBLIONO BUKOPHCTAHHS B OyIBHUIITBI,
ripHH90A00yBHIN, MeTamyprifiHiit Ta XiMiuHiit mpoMucioBocTi. OcHOBHWMIL IIPAHIIUII
poOOTH IIOKOBUX ApoOapoK Imosrae B CTHCHEHHI MaTepially MiX JBOMa IOKAMH,
OJlHA 3 AKUX PYXA€ETHCS, a IHIIA 3ATTUIIAETECS HEPYXOMOIO.

[llokoBl npobapku MOALIAIOTECS Ha JEKiMbKAa TMABHMIB 3aJ€XHO Bin
KOHCTPDYKTHBHHMX  OcCOoO/MBOCTEH Ta  cmocoby  pyXy  pyxoMoi  IIOKH.
HaiimomupeHIlMMH € mpocTi i cknagHi mokoBi Apo6Gapku. Y NMPOCTHX IIOKOBHX
npobapkax pyxoma IoKa 3MiHCHIOE KOJMBANBHI PYXH IiJ Ii€l0 eKCLEHTPHKOBOIO
Baja. CKJIagHI IIOKOBI ApoOapK¥ MaloTh NOMATKOBHH BaXKiTbHUH MeXaHi3M, SKHUif
3a0e3Mevye CKIaNHIIly TPAEKTOPII0 PyXy IMOKM, IO J03BOJSE JOCATATH OibId
BUCOKOI e(eKTHUBHOCTI apobnenHs. KpiM Toro, icHyroTe Mojeni 3 BepXHIM alo
HIDKHIM pO3TalllyBaHHSM Bajia, IO TaKOX BIUIMBAE Ha €(EKTHUBHICTE pPOOOTH |

MO>XXJIUBICTE OOCITYyTrOBYBaHHS 00JIaHAHHA.

OCHOBHUMH IlepeBaraMM IIOKOBUX Ipo0apok € iXHA HaliHICTh, IPOCTOTA
KOHCTPYKIIII Ta BHCOKA MPOAYKTHBHICTh. 3aBISKW LHUM XapaKTepHUCTHKaM, BOHH
MOXYTh €(EKTHBHO IpallOBaTH 3 BEIUKUMHU 00'eMaMu MaTeplaily 1 3a0e3nedyBaTh
piBHOMipHe apobneHHs. KpiM Toro, mokoBl ApoOapkd MOXYTh IpPAaLIOBaTH 3
PI3HUMH THIIaMH MaTepialiB, BKIIOYarO4d HaWTBEpAINII ripchkl mopoau. llle oxHiero
Ba)KJIMBOIO IE€PEBArol0 € MOJKJIMBICTh JIErKOl 3aMIHH 3HOILNYBAHUX JeTaJleH, IO
3HIKY€E BUTPATH Ha 00CITyroByBaHHs Ta pEMOHT.

OmHak IIOKOBI ApoOapkW MaroTh 1 JAeskl Hepoyku. OAHMM 3 TOJIOBHHUX
HEIONIKIB € BUCOKHWI piBEHb 3HOCY PYXOMHX HacTHH, IIO NoTpedye peryiasspHoOro
o0cTyroByBaHHS 1 3aMIHH netaneii. KpiM Toro, BOHM CTBOPIOIOTH 3HauHI BiOpauii Ta
WyM mijg yac poOOTH, IO MOXe BUMaraTd N0JaTKOBHX 3aXO0JI1B I 3MEHIIEeHHS
BINIMBY Ha HABKOJIMIIHE CEpeIOBHIIC Ta 3a0e3neuyeHHs Oe3nexku mnpaiiBHUKIB. llle
ONHHUM HeIOJIKOM € OOMexeHa MOYKJIUBICTh PEryJIOBaHHS KIHLEBOI0 pO3MIPY

npoGnenoro Marepiamy, IIO MOXe BHMaraTl BHUKOPHUCTaHHS IOAATKOBOTO

06NagHAHHS Ul JOCATHEHHs HEOOX1IHUX TIapaMeTpIB MPOAYKIIL.
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llloxoB1 pobapku, mokasani na puc. 1.2, a, 0, MaroTh 3BapHuit xopmyc 1, skuit

MIBILICHHA 110 BEPXHBOl YACTHHU PYXOMOTO WIOKA 3, SKWH MinBilmeHwit 10 oci 5

HepyxoMa Ioka 2 yTBOPIOETECS CEPEAHBOIO CTIHKOIO CTaHUHHU, JI0 SKOI

KPITATHCS
mopiOHIOIOUa MminTa 4.

Ilepemimenns maryna 8, mimsimeHnoro Ha CKCLICHTPUKOBIN YacTHHI Baiy 7,
3a0e3nedye pyXx pyxomoi moku. Ha kiHngx msoro BaJTy 3aKpIIJIEHO JIBa MAXOBUKH 6,

PHHEOMY OHMH 3 HAX CIYXHTh KIWHONACOBMM MWIKiBOM JUIS ITlepefadi MPHUBOLY.

KiHeMaTHYHUN INATYH MOB’SI3aHUH i3 pyXOMOIO MOKOIO Ta PETYIIOYUM IPUCTPOEM
9 wepe3 po3mnipHi mmTK 12 i 13. Bigrsokauit npuctpiit 3 Tsroto 11 ta npyxuroro 10
BCTAHOBJICHAW JUIsl 3aM00IraHHs BUTIAJAHHIO BiJIbHO BCTAHOBJIEHHMX PO3MIPHUX TUIHT i
sl 3a0e3NeYeHHs BiBOAY IMOKHM I Yac XOJNOCTOrO pyXy. 3a JOMOMOTOK
KIIMHOBOTO PEryIIOBAIBHOIO TIPUCTPOIO MOXXHA 3MIHIOBATH INMPHHY BHXIJHOI
munHA. Kamepa nmoapiGHeHHs yTBOPIOEThCS GOKOBUMH CTIHKAMH KOPITYCY ApOOapKH
Ta p0OOYOI0 MOBEPXHEIO MOIPIOHIOIOYUX TIITHUT.

Y mpoueci obepTaHHs EKCIEHTPUKOBOTO Bally IIaTyH BHKOHYE 3BOPOTHO-
MOCTYNAJBHUN PYX Y BEPTUKAIBHIN MNIOMIMHI, MIAHIMAIOYK Ta OIYCKAIOYHU TOpLI

PO3MIPHUX IUIMT, 10 AOTOPKYHOThCS A0 HbOro. Il yac nmoapiOHeHHs: pyxoMa LI0oKa

HaOmKaeTbcss [0 Hepyxomoi IMoKW. [HepuiiHa Maca MaxoBUKIB 3HUXKYE
HEPIBHOMIPHICTh X0y PyXOMOI IOKH Ta CIIOXKMBAHHS €HEepril MiJ Yac MoAp1OHEHHS.
Ile mocsraeTbcs 3a AOMNOMOrOI JABOX IIPOIECIB: HAKOMWYEHHS €HEpril I 4Yac
XOJIOCTOrO pyXy Ta Bijjadi ii Mmij 4yac poOOYOro pyxy.

[Ilo6 3amobirT¥  MOIIKOUKEHHSM, — CIPUYAHEHUM  HEMOAPIOHIOIYUMH
MaTepianamu, y KOHCTPYKIIii 1po0dapok MICTATHCS 3armo0bKH1 pucTpol. L1 3amo0ixH!1
PUCTPOI BKIIKOYAIOTh IUIHTH 3 EKCLEHTPUCHTETOM 1 CKJIaJI0B1 PO3IIPHI IIJIUTH.

HoBuii nu3aiilH BUKOPHUCTOBYE NOTIOMDKHMM TpuBoJ. BiH ckiamaeTbes 3
eNEKTPOJBUIYHA MEHIIOL MOTYKHOCTi, 3yO4acToro peaykropa 3 OUIbLINM
nepeaaBajbHUM 4YHCIIOM i obrinHoi MydTH, sKa 3’€lHaHa 3 BajJOM TI'OJIOBHOTO

CJIEKTPOABUTYHA JJIS 2aGe3rnedeHHs MUCKY Ta IyCKy Apo0apoK Mij 3aBajioM. Y UbOMY

BUMIAKy NONOMIKHUM HpI/IBi)l Kepye rux, a MMOTIM I'OJIOBHUH IBUT'YH BMUKAETHCSI.
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lokoBi apobapku 3i ckmamam PYXOM moxu (puc. 1.2, ) BUKOPUCTOBYIOTECS

1 TIOMP] ' 1 Mi '
T NPIOHEHHS TIopix CCPEAHBOI MIITHOCTI SIK MaJIoro, Tax CEPEHBOTO po3Mipy

BonM JIETII, KOMNaKTHIM Ta COXKHBAIOTE MEHIIY KUTBKICTh eHeprii

; Y HUX Hemae
IIaTyHa. FyxoMa moka 3, minsimena Oe3nocepentro Ha €KCLIEHTPUKOBIiA
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PrcyHok 1.2 — I1{oxoBa poGapka (a) Ta ii KIHeMaTHIHI CXeMIH 3
npocTiM (6) Ta CKIaHHM (B) PyXOM IIOKH:
1 - kopmyc; 2,3 - HepyXoMa Ta pyXoMa IIOKI, 4 - npo0iisiya mianTa; S - BICh;

6 - MaxOBHK; 7 - Bal; 8 - ATyH; 9 - peryJIOIOUHIl IPHCTPIH; 10 - IpyXKIHa,

11 - Tara; 12,13 - po3MipHI INIHTH




IS BTOPUHHOI'O Ta
TPETUHHOTO IPOOJIEHHS TBEpaMX Matepianis. I1i mpucrpoi 3smaxonsTs 3aCTOCYBAHHS

y TIpHUYO00YBHIH, OyniBenbHiil, METaIyprifiHii Ta xXiMidHilt npomucnoBocri Jie
b

BOHU 3a0€3MevyloTh edeKTHBHEe MOJPIOHEHHS MaTepianiB 10 HeoOXiTHUX pO3MipiB.

KonycHl npoGapku BUKOPHUCTOBYIOTECS 1UIi OOpoOKM pIi3HUX THMIR OpI

PIBHOMIPHHUI PO3Mip rOTOBOTO MPOAYKTY.

OJHIEIO 3 TONOBHUX TepeBar KOHYCHUX APO6apoK € X BHCOKa IPOAYKTUBHICTE

Ta e(EeKTUBHICTb. BoHM MOXyTh 00po6nsaTy Bemmki 06'eMu MaTepialy 3 BHCOKOIO
IIBUIKICTIO, IO POOMTH 1X He3aMIHHMMH y BeTMKMX BHPOGHMYMX mpouecax. Kpim
TOr0, KOHYCHI ApoOapKku BiI3HAYaIOTHCS IOBrOBIYHICTIO i HANIMHICTIO, OCKLIBKH
OUTBINICTE 1X KOMIIOHEHTIB BHWIOTOBIIEHI 3 BHMCOKOSKICHHX MaTepialiB, IO

3a0e3neuye TpUBAIMH TepMIH CIy)XOM HaBiTh y BaKKMX YMOBAX eKCILTyaTallii.

Bucoka cTyniHb aBTOMaTH3allll Cy4yacHUX MOJeNel 103BOJISIE 3MEHIIUTH BUTPATH Ha

00CITyroByBaHHS Ta MIABUILIUTHU Oe3neKy poOOTH.

[TpoTte, kKoHycHI apoOapkM MarTh 1 JAeskl Helolikd. OOUH 3 OCHOBHHUX
HEJONIKIB IIOJIATa€ Y BHUCOKIH BapTOCTI SK camMoro oONagHaHHS, Tak 1 HOro
obciyroyBanHs. CkiagHa KOHCTPYKINS 1 HAasBHICTh BEJIMKOI KIUJIBKOCTI PYXOMHMX
YACTUH BUMAraroTh PEryJsIpHOro TEXHIYHOr0 0OCIyroByBaHHs Ta CBOEYACHOI 3aMIHH
3HOINYBAHUX JIeTaJIeH, 110 MOKE Oyti’ BUTpaTHUM. KpiM TOro, koHycHi apoOapku
MOXYTh OyTH YyTJIMBUMHU IO TBEPJOCTI MaTeplany, 1o oOpoOIsETLCS; 3aHAATO
TBEp/i IMOPOAH MOXKYTh CHPUYUHATH HaJAMIPHUN 3HOC oOJlagHaHHSI Ta 3HWXKYBAaTH

Oro MpOJYKTHBHICTb.
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kBalmQikawii o6¢cmyrosyroyore epcoHay.

KoHnycHi IpoOapku  BinpisHsAIOTHCS BIZl IIIOKOBHX Ipobapok TuUM, 1m0

NOAPIOHEHHS Bin6GyBaeThes OesnepepsHo. V kamepl monpibuenHs apoGapku KBJI

BICCIO Bally Ta BICCIO IOpoOapKW CTAHOBUTL 2—3 rpanycu. IlonpiGHioroui KoHycH

BUTOTOBJICHL 3 3HOIIYBAaHOCTIHKOI cTami Ta 3axuimeHi mmrtamu 2 i 8. ITin wac
00epTaHHS EeKCLIEHTPUKOBOTO CTaKaHa KOHiuHa MOBEPXHS 3 BEPIIMHOK Ha TOYII
IBIITYBAaHHA ~ OMMCYETBCA LIAM  BaJOM pPYXOMOro KoHyca. IloapiGHeHHS

BINOYBAETbCS HA MUISAHLI 30JIMXKEHHS, TONI K DO3BAHTAKECHHS BIIOYBAETLCS Ha

IPOTHIIEXKHOMY OOI11l.

[loxui KoHycH 1poOapKy XapaKTepu3yIOThCsi IpodineM po6o4oro MpUCTPOIO,
10 Mae "mapaiesibHy 30HY" (puc. 1.3, 0), ska 3a0e3nedye oTpuMaHHA APiOHIIIOrO
npoaykTy. JIpobapku LbOro TUIY IMPaLOIOTh 3 OLIBIIOI MIBUAKICTIO, 31iMCHIOIOYH
80-170 xonmusanb. OKpiM TOro, MOXMUII JApodapku obaHaHI JUCKOM-XUBHIIEHUKOM
13, skuit piBHOMIPHO pO3MOAINIAE MaTepial IO 3aBaHTaXyBalbHOMY OTBOpY, a
nmianopa noapiOHIOBAIBHOIO KOHYCAa CKJIAJAETHCS 3 CHEpUvHOro mianm’sTHUKa 12 3

OLTBIINM pajilyCOM.

HepyxoMuii KOHYC OCHAILIEHWH MNpPYXHHAMH, SKI JO3BOJSIOTH MiAHIMATH Ta

ONyCcKaT! HenoApiOHEHUH maTepiasl 6e3 MOLIKOLKEHHsI IpobapKH.

[MiM.601-MMs.010-00.00.000.113
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PrcyHOK 1.3 — KoHycHi Ipo6apKH 3 KpyTHM (a) Ta IIOJIOTHM (0) KOHYCOM:
| - ocHOBA; 2,8 - IUTHTH; 3,7 - HePYXOMi Ta pyXOM1 KOHYCH; 4 - apHIp;
5 - TpaBepca; 6- Bai; 9,10 - KIHHONACOBA Ta 3ybuacrta nmepejaul; 11 - cTakaH;

12 - mian’aTHHK; 13 - JHCK-KNBHJIIBHHK

KonycHi apobapku, Ha BiJIMiHY BiJl IIOKOBUX, MAIOTh BUIIY NMPOAYKTHBHICTb
3aBISKH  Oe3repepBHOMY TPOIECY MOAPIOHEHHS, CIOXHBAIOTE MEHIIE eHepril,
MalOTh BUCOKHI CTYIIHb o ipiOHEHHs Ta HaIiMHICTh, @ TAKOX MOXYTh IIpallOBaTH 3
nepesanTaxkenHsaM (10 15-20%). OnHak IXHIMM HeIOJIKaMHU € 3Ha4Hl pO3MIpH Ta
Bara, ckJjajgHa KOHCTPYKIlIsSI, BHCOKA BApTICTh, a TaKOX CKJIQIHOCT1 T dac
HaBaHTa)KeHHd MaTeplary MalmdHaMu 3 HEBPIBHOBAXXEHUMH 0OepTaTbHUMH MacaMH.

Konycui apo6apku moTpedyroTh MHaMiyHoro OanaHcyBaHHs, W00 3MEHLIUTH

HaBAaHTAYKeHHS Ha AeTaui Ta QyHAaMeHT.

-




BankoBl IpoOapkd € BaXJIWBUM THIIOM APOOMIBHOrO obnangHaHHA, sKe
BUKOPUCTOBYETLCS JUIsl MOAPIOHEHHA MarepialiB pisHoi TBepmocTi Ta po3MipiB y
MPOMUCIIOBOCTI. BOHM 3HaXONATh WIMPOKE 3aCTOCYBAHHSA V ripHUY0100YBHii1,

OyMIBENBHIA, METANypriiHIX Ta XiMmiuHii# npomucnosocti. OcHOBHa hyHKIis

BAJIKOBHX JIPOOAPOK MOJISTa€E y BTOPHHHOMY Ta TPETHHHOMY APOOJIEHHI MaTepiais,

3a0€e3MeYyIOur PIBHOMIPHUN PO3Mip YaCTHHOK IJIS MONAIBIIONO BUKOPUCTAHHS ab0
00pOOKH.

OCHOBHMH TpPHHIMI POOOTH BAIKOBHX Apobapok 6a3yeTbcs HA CTHCKAHHI

MaTeplaly MDK NBOMa BallkaMH, fKI 00epTaloThCs B MPOTHIEKHHX HAIpIMKaXx.

Martepiall IOAAEThCSL B pobapKy 3BepXy i MOTpaIuIse Mix BalKaMH, O Mim Ti€ko
THCKY BINOYBa€ThCs Horo monpiGHenHs. Banku MoxyTs 6YTH SIK TIAAKHMH, TaK i
PUQIICHVMH, 3aJIEKHO Bil HEOOXIHOTO CTYTEHs MOAPiGHEHHS i THITY MaTepialy, o

00pobnsieThest. Posmip kiHuesoro MPOAYKTY PEryJIFO€TLCS BIJICTAHHIO MDK BaJIKaMH 1
IIBUAKICTIO 1X 00epTaHHs.

OZHIEIO 3 OCHOBHHUX TIepeBar BaJKOBHUX Apobapok € iX BUCOKa e(eKTHBHICT Ta
31aTHICTE 00po0NIATH Bemuki oOcsti Matepiany. BoHu 3abe3medyloTh piBHOMIpHE
NpoOJIEHHSI 1 BHCOKY SIKICTh KIiHIIEBOTO MPOAYKTY, IO OCOOJIMBO BaXIJIUBO I
NPOMHUCJIIOBUX I[IPOLIECIB, J€ MNOTpiOHAa TOYHICTH pO3MIpPIB YacTHHOK. BakoBi
NIpOo0apK! BIA3HAYAKOTLCS HAMIMHICTIO Ta JAOBrOBIYHICTIO, OCKUIBKHM OUIBINICTE IX

KOMIIOHEHTIB BUI'OTOBJIEH] 3 BHUCOKOSKICHMX MarepiajiB, CTIMKHX 10 3Hocy. Kpim
TOro, i JApoOapku MalThb MOPIBHAHO NPOCTY KOHCTPYKUIIO, IO CHPOIIYE iX
00CITyTOBYBaHHS 1 PEMOHT.

[Ipore BanmkoBi apobOapku MaroTh 1 Jeskl HeloNikH. OJHHUM 3 TONOBHHX €
oOMexkeHa 31aTHICTh 00po0IATH ayKe TBepAl abo abpa3uBHI MaTepiaiy, OCKIJILKH 1IE
MOK€ TPHU3BECTH [0 LIBUAKOrO 3HOCY BAJIKIB 1 3HWXXEHHS 1X IPOJYKTHBHOCTI.
BapTicTh 3aMiHM 3HOLIEHWX BaIKIB MOX€ OyTH JOCHTHL BHMCOKOIO, IO BIUIUBAE HA
3aranbHi BUTpaTH Ha eKcIutyarauito obnamxanHs. Kpim Toro, BankoBi apoGapku

MOXYTh OYTH YYTJMBUMH JO BEIMKHX LIMATKIB Marepiaiy, 10 MOXe CIPHYHHUTH

3AKITHHIOBAHHS BAJIKIB 1 3yITUHKY po00TH ApodapKH.
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€ OJHHU 1 i
llle omuum HemomikoM Bankopux podapok € iX o6Mexena FHYYKICTh
HaJIALITYBAaHHI PO3Mipy KiHIEBOTro IPOIYKTY,

JIONATKOBUX 3aCO0IB I HOCATHEHHS HEOOXIIHUX mapamerpis. Kpim Toro, Bouu
.

MOTPEOYIOTh 3HAYHUX E€HepreTHYHMX PECYpCIB I po60TH, 10 MOXKeE BIIHBATH Ha

CKOHOMIYHY NOUUTBHICTD X BUKOPUCTAHHS B ACSIKUX BUITagKax

PoTopHi Ta Monorkogi Ipo0apkn — me MamuH" yaapHoi mii, ski

MOZIPIOHIOIOTE MaTepian ymapamMu MoNoTka afo Ola B KOpmyc poTopa 3 YacToToro

25-33 ¢! i KooBOKO WBUIKICTIO 20-80 m/c.
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PrcyHOK 1.4 — KOHCTPYKTHBHI 1 KIHeMATIYHI CXeMII 1p00apoK y/1apHOI il

A - poTtopHOI: 1 - KOpIYC; 2 - 61, 3 - KIHHA, 4 - BIAONBAIBHI ILIHTI;
5 - perymoK4Hil IPHCTPIil; 6 - BaIL; 7 - pOTOP;

B - MOJIOTKOBOI: 1 - KOpIyC; 2 - POTOpP; 3 - MOJIOTKH; 4 - 6p0HeBi| ILIUTH;

5.6 - TOBOPOTHA 1 BHCYBHA KOJIOCHHKOBI PeIIITKH




Hpobapku ynaproi nif BUKOPUCTOBYIOTEL IS APIOHOTO, cepemHboro Ta

KPYMHOTO MOAPIOHEHHS MaTepialiB i3 HU3LKOIO abpasMBHICTIO Ta cepenHboOIo a6

HH3BKOKO MIIHICTIO (G < 200 MITIa), Takux sx BaIlHSIK,

JIOJIOMIT, Mepres, Byrinns,
KaM siHa CUIb Ta iHIIi. BoHW

TaKOX 3aCTOCOBYIOTBCS TpH 06po6Ii abpa3uBHUX |

POTOPIB, KWK MOXe OyTH peBepcUBHUM aGo HEPEBEPCUBHUM

; 1 KITIBKICTh KaMep, SKi
MOXYTb OYTH OIHO-

abo nBoctynenesnmu. Ix BukopucTOBYIOTH M BEJIMKOTO,

CEPEAHBOTO Ta OPIOHOrO MOAPiIOHEHHS BiAmoBigHo. YV JIPB nosxuHa poTopa OinbIa,
HOK giametp. Y JIPC i P/ ui PO3MIpH OTHAKOBI.

Kmaau 3 6un 2 y xopmyei 1 POTOPHOI APOOapKH MII[HO 3aKPillIIOTE POTOD 7
Ha HbOMY (KUIBKICTB psiftiB 6un z = 2...6). Bin6upamsHi mwmta 4 BCTAaHOBJICHI Ha
KOpITyc1 Apo®apku mapHipHo. Ha Topuesnx crinkax KOpITyca 3HaXOOUTHLCS MPUCTPIit
>, SIKWH peryoe HWKHI Kinui mmty 4. JIPB Mae 18i, Toxi sk JAPC 1 IP/I maroTs TpH.
Lle pobuthes s TOro, mo6 MaTH MOXITHBICTE KOHTPOTIOBATH CTYIIIHb MTOAPiIOHEHHS
Ta po3Mip rotoBoro npoxykty. Takuii nmpuctpiit 3anoGirae. Komu uemonpi6ueni
IPEAMETH MOTPAIUIAIOTE Y NPYXXWHU, BOHU aMOPTU3YIOTHCS, 1 KiHUI BiIOMBaIbHUX
MUT BIAXOAATH BIJ POTOpa, IO IMPHU3BOAUTL JO TOrO, IO I peaMeTH

[IPOMYyCKarOThCH.

3 ypaxyBaHHSIM BHIIEBUKJIAJEHUX peKoMeHJauii (tabn. 1.1) mis miaroroBku
KaM’sIHUX MaTepialliB B yMOBax arjioMepauiifHoro BUpOOHHUIITBA 3 METOIO OTPUMAHHS
BEIMKOT  KUIBKOCTI  JAPIOHOJUCIIEPCHUX  HYaCTHHOK _ JIOUUIBHO  3aCTOCOBYBATH
IOEAHAHHSA yJjapy 3 CTHpPaHHAM, IO peajli3ye€ThCsl B TOPU3OHTAIIBHUX MOJIOTKOBHX
abo BimuenTpoBO-yaapHUX Apobapkax. Y Apobapkax yAapHOT Ail NpoOHuit MaTepian
PYHHYeTBCS minm Ji€l0 MeXaHi4HOro Yyaapy, KOJM KIHETHYHA eHepris Til, Lo
PYXarOThCsl, TOBHICTIO 200 YaCTKOBO IIEpeXOAUTh B eHepriro nedopmanii Ta

PYHHYBaHHSI.

rMiM.601-MMe.010-00.00.000.713
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Pucynok 1.6 - Trmy MOJIOTKOBHX npobapoK:




- 3 XXOPCTKUM KPIICHHSM MOJIOTKIB Ha ocj (O, 1, 1, €);
- PeBepcusi (1, n);
- HepeBepcusni (a,6,8,T, ¢, €);

- I'paTtuacTi (a, B, T, I, €);
- Oearpatyacri (6, g, €);

- OntHopoTopwi (a, 6, r, n);

- JIBopoTopsi [BOCTYMIHYACTI (B, I') 1 OMHOCTYIIiHYACTI (e, €).

Haii6inemoro  ebextusnictio UL OTPUMaHHs ApibHO3ApiGHEHOT d)

paKilii
BOJIOJIIOTE MOJIOTKOB] i POTOpPHI npoGapku, ne

Ha HaKJIa[ICHHs yaapy Ha marepian
BUTPAYAETBCS Omu3bko 17% Bin YCIEL eHeprii, 1o NIABOJUTHECA, a HA CTUpaHHA -
33%.

J1st nopiBHsITEHOTO aHam3y Oy o6paHi 0HOPOTOPHI MONOTKOBI Ta pOTOpHI

Apo0apkH pi3HMX THMIB I BENHKOTrO, CEPEHBOT0 Ta JpiOHOrO ApoOneHHs 3i

CXOXKHMH  TEXHOJIOTIYHMMH  XapaKTEPHCTHKAMHY, FEOMETPUYHUMU TIapaMeTpaMu

POTOpa, JIHIAHOK IIBUJAKICTIO MOJIOTKA NPH 3iTKHEHHI 3 MIMAaTKOM ApoOHOro

MaTeplany Ta NpoayKTHBHicTIO 1o 300 T/rox:
- poropH1: IPK-16x12, CM/I-94, IPC-16x16;
- mosnioTkoBi: JIMP-14,5 x13, IIM-13x16.

Y npoueci ekcrulyatauii mpu ApoOJICHH! PI3HMX MarepialliB peBepcHBHI Ta

HepeBepCHBHI ApoOapKu pOTOPHOrO Ta MOJIOTKOBOI'O TUITY 3apeKOMeHAyBalu cebe 3

> ‘“' I TIepeBar Ta HEIOJIKIB, SKI
Halikpamoro OOKy, ajie B TOHW JX€ Yac MaroTb psAA TIep i ,

BinoOpakeHi B Tabmmui 1.2.




Tabmius 1.2 - Tepesary ta wenomixy MOJIOTKOBHX IpoGapok
s
Tun Henonixu
PoropHa - TipocToTa KOHCprI.(]_[i'f, — BIIHOCHO HU3LKA
S‘;?f;:;‘; H;i‘;‘:if;;i CKCITyaTaull; | perynsoBanicTs po3Mipy
’ a I1Ha; : .
MOJIOTKIB) | - BUCOKa e Ef;fiff ;HOI‘O T
_ poOnenHs;
| PEMOHTONpARaTHICTS; - IHTEHCHBHHH 3HOC MONOTKIB
e DBICTE APOOINICHHS | Yepes BemmiKi HaBaHTaKeH [Py
[IMATKIB BETMKOI (pakii IpoO0JIeHHi;

" BHXIA 3 jagy  yepe3
| HCMOXIIMBOCTI BIJXUJICHHS OUB
| pY 3ITKHEHHI 3 He APOGHUMM

IpeaMeTaMu;

- CKIAIHICTh 3aMiHM MOJIOTKIB

- DOTOpPAa B
MOJIO'I'“KOBa - BEJIUKUIA JUAMNa3oH | - YCKIIaqHEeHHS KOHCTPYKLIT;
(lmapHIpHE perymoBaHHS KPYIHOCTI | - iHTEHCHBHE aOpa3suBHE 3HOC
BCTAHOBJICHHS | MOAPIOHEHOr0 NPOXYKTY; MOJIOTKIB  4Yepe3  KOB3aHHS
MOJIOTKIB) - BUCOKHMU CTYIIHB | MaTepiary BHACJTi IOK 1X
NpoOIeHHs:; BIAXUIICHHS B MOMEHT YIApHOTO
— 3anoliraHHs  poGOYNM | KOHTAKTY 3 IIMATKOM:
| OprasaM  1pH  yAapHOMY | — BITHOCHO BHUCOKA
| KOHTaKTI 3 €HEPrOEMHICTE [polecy
HEAPIOHUMH TIpeaIMeTaMH 3a | Apo6IeHHs
paxyHOK BIAXUJIEHHS
| .- MOJIOTKIB By i
PeBepcuBHa - MOJXJIUBICTS | - YCKIATHEHHS! KOHCTPYKIIiT
BUKOPUCTOBYBAaTH  OOM/BI
pobo4i1 rpaHi MOJIOTKa
0e3 mepeycTaHOBKH MOJIOTKA
Ha 180° o] o T o
HepeBepCHBH_;—I-_— BIJIHOCHA POCTOTA | — /ISl BUKOPHCTAHHS 000X rpanei
| KOHCTPYKIIT MOJIOTKIB HEOOXITHO pO3ropTaTy
MOJOTKM Ha 180°
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PucyHnok 1.7 — 3araneauit Burnsg apodapok tumy JJMPIE

Y wMonotkoBux apobapkax tuny JMPIE BUKOpHUCTOBYETBCA IMPUHIUII
NpOOJIEHHS MaTepialiB 3a paxyHOK YyJAapiB, PO3KOJIOBAHHSA Ta CTHPaHHI MIX

MOJIOTKAMH 3 1 KOJIOCHUKOBHUMH rpatamu 9. J[poGapku BUIIYCKAIOTh 3 LEHTPAILHUM

3aBaHTAXKEHHSIM Marepialy depe3 OTBIp y Kopmycl 1, 3 BCTAaHOBJIEHUMH Ha HbOMY

BinGidauMu 11 i moBopoTHHMHM IumTamu 12. MomoTku Ha ocl 4 IIapHIPHO
BCTAHOBJIEHI B OTBOpax 2 MIMCKIB, gKki HabpaHl Ha NPUBOJHOMY Bally poTopa 3.

[puBin potopa 3xificHIoeThCS GesnocepeHbo BiA ABUryHA. Konochukosi rpatu 9

mapHipHO 3aKpimIeHi B kopiyci Ha ocax 10.

JlpoGiieHnii MPOTYKT 9YacTKOBO — BUBAHTAXYEThCA  Hepes IIITUHA B

KOJIOCHUKOBMX TpaTax, a OCHOBHa Maca Marepiaiy — 9epes pO3BaHTAXXyBaJIbHUH

OTBip 6. JIs pery/IOBaHHs 3a30py MDK KOJOCHHKOBHMH rpaTaMH 1 MOIIOTKaMH 3

METOI0 OTpHUMAHHS HeobGXiQHOTO CTYNEHs JpOOJIeHHs Marepialy  CIIYXXHTb

eKCUEHTPUKOBHI MeXaHi3M 7. [TpuTHCKAHHS KOJIOCHUKOBHX IpaT 10 EKCLEHTPY.

B e g——— - m—
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3 aHam3y JIpoOUILHO

KpIIUIEHHSAM OHMB pOTOpa 3 TOYKH 30py €HeprosbepexeHns BUIIIMBAE, 110 BOHU ¢

KpaliMH, HDK IpoOapku 3 mwapHipaum KPITUIEHHSM MOJIOTKIB.

OnHaxk
; Apo0apok, OmHUM 3
roJIOBHUX IX HENOJNIKIB € BENMKAa WMOBIpHiCTB BUXONy 3 Jylany poGoduux oprais i

MBUAKE 3HOUIYBAHHS IIOBEPXOHL OUR 9€pe3 IX BIOXWJIEHHS NPH KOHTAKTi 3

HEAPIOHWUMH TIpeIMETaMHu, 1110 OOYMOBIIEHO OpCTKUM KPIMJIEHHSM Ha poTOpi, KOJIH

KOHUCHTPAIIA BIUIMBY PYHHIBHUX 3yCHIL Ha poboui opraHu MBHIKO 3pOCTa€E Ta

PI13KO 3HHXKYE pecypc 1X paue3gaTHOCTI.

C1abKoro JTaHKOI0 B MOJIOTKOBIi Ipobapii € poGoumii By301, IO CKIAMaEThCS

3 pOTOpa, OCEH IMIBICY Ta MOJIOTKIB. TepMin cmyx6u MonOTKIB 3anexHO Bix

BIACTHBOCTEH MaTepiany, mo mnepepobiseTses (BoMOrocTi, (hpaxuiiHoro CKJIany,

aOpa3sMBHOCTI) CTAHOBUTH BiX 72 110 530 TOIUH.

Takxum gwHOM, nankoro, mo KPUTHYHO 3HOIIYETHCS B Apobapli € ymapHHi
CIEMCHT, @ 30KpeéMa HOro 4acTHHa, o Oe3mocepeHbO B3aEMOMIE 3 IIMATKOM
Marepialy — poboda moBepxHs (6oiiok). Takuii BiTHOCHO Manuii TepMiH poOOTH
NpU3BOAMTE 1O TIJBHMINEHOI BHUTPAaTH OOOPOTHMUX KOINTIB Ha 3aKyIMiBIIO Ta
BATOTOBJICHHS 3MIHHUX JIeTalleii Ta By3/liB, a TakoX 30iIblIEHHS 4acy
T€XHOJIOTIYHUX MPOCTOIB 3@ pPaxyHOK BEJHMKOI KUIBKOCTI TEXHIYHUX OOCITYroBYBaHb
(TO) Ha 3aminy 3HOmeHux By3:iB 1 getanei (1o 20 TO Ha pix).

Takox BimoMo, 10 CTYHiHb ApOOJIEHHS MaTeplaly 3HAaYHO 3HMWKYETHCS IpH
3HOIIYBaHH| po6oUMX rpaHeit MONOTKIB. ToMy MIZABHIIECHHS 3HOCOCTIHKOCTI MOJIOTKA
Ha TaHU MOMEHT 3 IMIIAETHCSA HaWaKTyabHILIIMM 3aBIaHHSM.

AHaJi3 pe3ynbTaTiB JaHuX HayKOBHX JI0CTIJDKEHB M0Ka3as, 110 B OCHOBHOMY
yBara mpuainserbcs 3MiHi (popmH yAapHOI MOBEPXHI MOJIOTKIB JJISl IiJBHILIEHHS
edeKTUBHOCT] TXHBOT POGOTH Ta 301NBIICHHS TEPMIHY CITyXOu.

JIns moxpamieHHs TexHiKOo-eKCIUTyaTallilHAX XapaKTepHUCTHK Ta BHKOHAHHS

P3HMX (yHKIiOHANBHUX 3aBJaHb BUKOPHUCTOBYETHCS, 3aJIEKHO BiJl BUPOOHHUYHX

YMOB, BeJtka KiibKicTh (hopM Ta KOHCTPYKIIH MOJIOTKIB (puc. 1.8):




a, 0 - 3 YoTHpMa poOOYNUMH TOBEPXHAMHU;

B - 3 IBOMa poOOYMMHU MOBEPXHIMU;

I - OOTSDKEHHM 3 IBOMa pOOOYHUMHU NTOBEPXHSIMH:

I' - [I-moxiGHuii 3 ABOMa po6oYMMHU OBEPXHIMMU:

I - KUTBIIEBUA;

€, € - 3 00MeXEeHUM Jiara3oHOM KOJTMBAHb:

X - T€ X, BUCYBHUH;

3 - CKJIQJIOBOIO.

MoioTku KonocHukoBoro tuiy (puc. 1.8 a, 6, B Ta puc. 1.9 a) 3acToCOBYIOThCH
U1 ApOOJIEHHS KPUXKHAX ManoabpasMBHUX Ta M'SKHX KaM'SHO-DYIHHX MaTepiajis.

[Ipu 3HOCI 000X CTOpPiH 3 ONHOrO KiHLS yHapHOro po6OYOro OpraHy BOHM MAlOTh

MOXITMBICTb IIEPEYCTAHOBKH Ha COi MiABICY.

Pucynok 1.8 - Tunu yaapaux opradis apobapku

Takosx pO3ALIAIOTE OCHOBHI THUITH MOJIOTKIB yIpPHUX JpoOapoK 3alle)HO BIJL

bopmu Ha 3 ocHOBHI rpymu (puc. 1.9): KOIOCHMKOBOrO THITY, OaHIaXHOTO THIY,

cK060MmoAi6HOT KOHCTPYKIIIT.
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Pucynok 1.9 - Tunu MonOTKIB

MonoTtku 6annaxHoro tTuny (puc. 1.8 r ta puc. 1.9 6) MaroTe NOTOBIIEHHS Ha
pobodoMy KiHmi Goiika (s 30ibIIEHHsS MacH i, BiIMOBIAHO, KIHETUYHOI €HEprii Ta
IMIYJIBCY YAApHOT'O BIUIMBY Ha MaTepial OJHOTO MOJIOTKA) 1 3aCTOCOBYIOTHCS HJIA
NPOOJIEHHS MIITHUX MOPiJ cepeIHbOI abpa3UBHOCTI.

Ckomnoxni6ui Mmosiotku (puc. 1.8 r i puc. 1.9 B) pekOMeHAYIOTbCS AJIS MILHUX
MaTepiaiB i € 6inbm eeKTHBHUMH, NIPOTE EKCIUTyaTalls Apobapok 3 Oi1aMu Takoi
bopMHM  yckianHIOE OanaHCyBaHHA poTOpa B IMPOLECI eKCIuTyaTalii IpH
HEpiBHOMIpPHOMY 3HOCI poOOYHX OpraHiB.

Crniocobu migBuineHHs e(EeKTUBHOCTI poOOOTH MOJIOTKOBOI Apobapku Ta
3GITBIIeHHST 3HOCOCTIMKOCTI poOOYMX OpraHiB UUISXOM 3MiHH ¢opmHu Oolika

peanizoBaHi y HACTYMHHUX KOHCTPYKTHBHHX OCOOJIMBOCTSX MOJIOTKIB:

- MiCTHTH KOpPIYC 3 KBaJpaTHOIO BHIMKOIO, IIO YTBODIOE MepeaHe 1 OiuHe

OTBOPH, 1110 MA€ BEPXHIO 1 HHKHIO BUCTYIIAIO4l YAApH1 YaCTUHHU, IPU3HAYEH] JJIs

30iNBIIeHHs TepMiHy CITyXOH OUB 1 CKOpoUYeHHs Jacy mpoctois (puc. 1.10 a);




— Mac OCHOBHE TIIO0, BUKOHAHE y BUIVIAAI TPHOX YaCTUH, OIYHI CTIHKHU Skux

pO3XOAATECA 10 TOPLEBOI MOBEPXHI OCHOBHOLO TUJIa, L0 3a0e3neuye 36impmenys

TEPMIHY CITY>KOU 3a paXyHOK 30iIbIIeHHs TOBLINHY Ooiika (puc. 1.10 6);

- 38 PaXyHOK IUTaCTHHH, 3aKPIIIEHOl Ha poTopi, BUTHYTOI 110 I'BUHTOBIH MiHiT 3

OTBOPOM, NEPNECHIMKYJISIPHUM pPOTOPY, B AKOMY BCTaHOBJIEHUU CTPM)KEHB, IO Mae

CHipaJennoAIOH] KaHaBKH 3 MOXJIMBICTIO 00epTaHHs, a omopa 06epTaHHS CTPHXKHS

BAKOHAHA Yy BUINIAAl MINIIMIHAKA KOYEHHS, IIpH BOMY SK CTPHUXHS MOXe

3aCTOCOBYBATHUCH (puc. 1.10 B);

— 110 MICTHTH MiABIC 3 OTBOPOM MJIA KPIIUIEHHs Ha POTOpi, YAapHy YacTHHY 3
NpoMIILOBAHOK 30BHIIIHLOIO [IOBEPXHEIO, BCTAHOBJIEHOIO Ha MiABici uepes
MAMATHAK 1 Ma€ MOXIHBICTE 06epTaTLHOro PyXy, 3 YOAapHOI YaCTHHOIO,
3a0€3MeYCHOI0 TPHKYTHUMH pUbICHHAMH, 10 3a paXyHOK TPUKYTHO1 (opMHu Ooiika
3abe3nevye NOMaTKOBHI po3inaM MaTepiary Ta 3HIM)KY€E IHTEHCUBHICTE 3HOCY LIJITXOM
PIBHOMIPHOTO 0GepTaHHS HaBKOJIO Oci, o 3a6e3neuyeTses 3a pPaxyHOK ITIIITHITHUKA
koB3aHHS (puc. 1.10 r);

— Ma€ TIIOJIOBXEHUH OTBIp s INTH(GTA Ta BCTaBKY, SKa JO3BOJISE

BCTAHOBJIIOBATH MOJIOTOK Yy MEPIIOMY Ta Yy APYroMy IOJOXEHHSIX Ha pOTOpi A

IPOAOBXKEHHS TepMIHY Ciryk0u (puc. 1.10 r);

- BUKOHAHMI y BUMISAI NJIACTUHU 3 OTBOPAMHU JUISl KPIIUJIEHHS 3 MaCHUBHOIO
YaCTMHOKO y BUIJIAAI JBOX JOAATKOBUX YAApPHMKIB, 3aKpPIIJIEHUX Ha KiHII HECY4YOro
MOJIOTKA [IapHipHUM CIOcoOOM, 110 [03BOJISIE 3HU3UTH HOr0 METAJIOMICTKICTh i

3abesneyuTy BpiBHOBaXkeHe 3iTkHEeHHA (puc. 1.10 n);

— IO J03BOJISE 332 PAXyHOK 3pi3aHHA YaCTHHOK Mareplaly KpoMKaMH BUOipKu
MiIBUIIUTH IHTEHCUBHICTh BIUIMBY YAapHHUX OLIB Ha NpoOHu# matepian (puc. 1.10
€);

- 30inpIIyro4nii KoeIilleHT BUKOPUCTaHHS Ta TEPMIH €KCIUTyaTauii yaapHoro

pobouoro oprany 3a paxyHOK BHKOPHCTaHHJ 3MIHHOI HAacalgKW, BCTAHOBJICHOI B

OCHOBHOMY Tij1i MOJIOTKA (pHC. 1.10 €);




- [HABHILYE 3HOCOCTIMKICT LLIAXOM 3MiHM GOPMM TONOBKM, 6iymi CTOPOHH

) . : , : _
gKol 3a OUTBIIMM PO3MipoM MoOB's3aHi OITYKIJIOIO KPUBOIO IOBEPXHEIO 1 HAXUIIEH] i

KyTOM, L0 peanisye 1060Buit yaap no 4acCTUHII MaTepiany (puc. 1.10 X);

— IO IMIABHUINYE JOBrOBiYHICTE

A, 10 3HUXXY€E HANPyTH

b

10 BHHHKAIOTH IIPpH YAApl MOJIOTKa, s YHUKHEHHS JIOKaJIbHOTI'O 3dCTOCYBAHHA

HaBaHTAXXEHBb Y pasl, AKIIO (S UISHKA Mae FOCTPOKYTHY (popmy (puc. 1.10 3).

Crocobu miBUINEHHS eheKTHBHOCTI poOOTH ynapHOi MOJIOTKOBOI ApoGapku

Ta 3HOCOCTIMKOCTI pOOOYMX OPraHiB MIIIXOM 3MiHK KOHCTPYKIii poTopa:

0 MICTHTh 3aKpilIeHi Ha Baly NpPOMDKHI IMCKM 3 OTBOPAMH IO
KOHIECHTPHIHOMY KOJIy JUISl PO3MILIEHHS OCeif XBOCTOBMKIB OHMB i (hikcaTopis,
BCTAHOBJICHUX Yy TIa3aX, BUKOHAaHUX 3 Ooky mnepudepii AWcKa BIAKPUTHMH Ta
OBIAOMJIICHUMH 3 TPOTHIEXKHOrO GOKYy 3 OTBOpDAaMH, KOJNH BiChb KOXKHOTO Ia3a
po3TamoBaHa mix KyroM 60—70° rutommsi, mo npoXoauTh Yepes JiHiio, IO 3'€AHYE
[IEHTPHU AHUCKa Ta OTBOPH, a (IKCATOp BUKOHAHWUM Yy BHUTJIAHI IIPU3MH 31 CKOLIEHOIO
IOBEPXHEIO, 3BEPHEHOKO 0 mepudepli AUcKa Ta MPYXKHOI IMI0OA0 OCTaHHBOro. JlaHa
KOHCTPYKIIIS J03BOJISIE MIABUINUTH HAOIMHICTL MOJIOTKIB Ta 3PYYHICTh IIpH
TeXHIYHOMY 0OciyroByBaHHI Apobapku (puc. 1.10 u);

- Ma€ NPUBOJHMI JUCK, Mo nepudepll SKOro MEpPHEeHIUKYISIPHO OO HOro
[IOLIMHUA PIBHOMIPHO IO KOJy OOepTaHHS pPO3TallOBaH1 MO3J0BXHI OCl, Ha SAKHUX 3
MOXJIMBICTIO TMOBOPOTY INOAO MAMCKAa 3aKpIMUICH1 pajalalbHO BCTAHOBIEHI Y
BIXiIHOMY TTOJI0’KEHHI MOJIOTKH, JKOPCTKO CKPIMIIEH] 31 CBOIMHU OCSAMH, KiHEMaTHIHO
3B'RAHMMH Midk cOBOIO 3a JOMOMOTOI0 MOBOPOTHOTO KiNBIS 3 Ma3aMH i KOXHOIO
BICCIO Ta KyJIayKiB, 3aKpIIUIEHUX Ha OCAX 3 PO3MILIEHHSM Y BIANOBIAHUX Ma3zax. Y
naza 3agHsl CTIHKA YTBOPIOE 3 Moro mnepeaHboo CTIHKOIO IBOTPAaHHUU KYT 1
BCTAHOBIEHA 3 MOJK/IMBICTIO B3a€MOJIl 3 BICCIO B KPaHHbOMY poOOYOMY TOJIOXKEHH]
KibLs, a KyJadoK y Tasy BCTAHOBJIGHUH 3 MOXJIMBICTIO B3a€MOXIl 13 3aJHBOIO

CTIHKOIO 1a3a y BUXIAHOMY oJIoyKeHHI KUIbL 1 3 IEPEAHBOIO CTIHKOIO 1a3a MOJIOTKA

- B po6oyoMy 1OJI0MKEHH] KIJbLIS. (puc. 1.10 x).
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Poznin 2 TEOPETUYHE JOCJII)KEHHS POBOYHMX ITPOIIECIB
YAAPHOI MOJIOTKOBOI IPOBAPKHU

T o s I R =

— | -. T

Pe3ynpTaTH BUKOHAHOrO TMOPIBHAJIBHOIO aHali3y piBHA TEXHIYHUX DillleHb,
3aKIaACHUX IIPYU BAOCKOHAJIEHH! MOJIOTKIB HO3BOJIMJIM 3pOOHUTH BHUCHOBOK, IO B
GLIBLIOCT] BUIMIAJIKIB IPH 1X BUBYEHHI JOCIIKYBAIOCS 301TbIIEHHS TEPMIiHY CITYXOH
Ta E(EKTHBHOCTI ApOONEHHS LIIAXOM YCYHeHHS HACTigKiB, a He IpHYMH
BUHHKHEHHS 3HOCY 1 BTpaT KIHETUYHOI €HEPrii Ta yIapHOro iMITyJIbCY IPH B3aEMOJIIT
MaTeplally 3 MOJIOTKaMH, IO MepeBaXHO 3MiMCHIOETHCS 3a PaXyHOK 3MiHHM (GopMH
yaapHOl 4YacTHHH. lle 3yMOBIEHO BIACYTHICTIO O0OJIIKY KOMIUIEKCHOTO BILIABY

(paKTOpIB, BIX SKHUX MPSIMO YH OIIOCEPEAKOBAHO 3alEXUTh €(hEKTUBHICTH POOOTH

yAapHHUX €JIEeMEHTIB Apo0apKu, 30KpeMa MOJIOTKIB.

Jlo uux dakTopiB cij BIIHECTH BiACTaHb BUIBHOrO NPOHUKHEHHS APOOHOro
MaTeplaily B poOo4y 30HY MOJIOTKIB JApoOapku, KYT iX BIOXWJIEHHS BiJI paaiallbHOTO
[MOJIOKEHHS MPH YAapHOMY 31TKHEHHI 31 IIMaTKOM, IIBUAKICTH KOB3aHHS Marepiary
[0 TMOBepXHiI Ooifka Ha BCIX cTagigX ApobneHHs. SIkicHa Ta KUIbKICHA 1H(MOpMaIis
Mpo piBeHb BILIMBY 3a3Ha4Y€HUX (PAKTOPIB, a TAKOXK MPO NapaMeTpH B3aeMOAIl IIapy
MaTepiaqy Ta MOJIOTKIB Yy TMpolecl NOoApIOHEHHs, TMOKIWKaHa 3a0e3NeunTH
JIOCSTHEHHSI BUCOKOTr0O piBHSA €()EeKTUBHOCTI i MPAaKTUYHOr'0 3aCTOCYBaHHS B IIPOIIEC]

bpakiuiitHOT MiArOTOBKH TEXHOJIOTIYHOI CHPOBHHH B MOJIOTKOBHUX Jpobapkax.
2.1 AHaJ1iz OCHOBHHUX eTamiB Apo0JIeHHsI MaTeplaJry

OcHoBHMMH (aKTOpaMH, 1IN0 BIUIMBAIOTh Ha IMOKAa3HUKM poOOTH B Impoleci
NpobniedHs MaTepialy B YAapHOMY Oe3pelIiTHOMY MOJIOTKOBOMY ApobapKy, €

MBHIKiCTL V) Ta HanpsaMoK pyXy Tk mojpiOHIOBaHOT0 Marepiaimy B poboyomy

['MiM.601-MMe.010-00.00.000.713
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MpOCTOPI, & TAKOX KYT BIAXHUJIEHHS MOJOTKIB Yk Bir panlaJbHOTO TONOKEeHHS [pu

ylapHIi B3aEMONIT 3 LIMaTKkamMu Marepiaiy.

JIisi BHUBYEHHS BIUIMBY pPi3HUX eJeMEeHTIR JIpOOHMIIEHOTO KOMIIIEKCy, o

BKJTFOYAE Bi6p0pr60ROHBe€p 1 PEBEPCHBHY  MOJIOTKOBY  apo6apKy (3

ACMOHTOBARIMHA KOJIOCHUKOBUMHU IpaTaMH), PO3IISHYTO 1i CTPYKTYpHY CXEMY, II0

CKJIANAETHCS 3 II'SITH OCHOBHUX EJIEMEHTIB — M1ICUCTEM.

KoxHa 3 migcucreM BukoHye mepHi GYHKLIT 1 MepeBOOUTH CHCTEMY 3

MONEPEIHBOTO CTaHy S; 3 mapamerpaMu Vi, T, Y« Y HACTYOHHM CTaH Si+; 3
mapaMeTpaM” Vi+i, Tie1, Yie1.
IlepeBaroro 3anpomnoHoBaHOi CTPYKTYPHOI CXEMH € MOXJIMBICTb BHUBYEHHS

BIUIUBY KOXHOI'O 3 OCHOBHHUX (DaKTOpiB, IO XapaKTEpU3YIOTh L€l TEXHOJIOTIYHUIA
npolec okpeMo (puc. 2.1):

[.1 - 3aKiHYeHHs MaTepiay 3 TpyOOKOHBe€Epa;

1.2 - npoHUKHEHHS B po00Yy 30HY MOJIOTKIB;

1.3 - 31TKHEHHS 3 MOJIOTKAMH,

1.4 - pyx apoOHOro mMarepiany y HalpsMKYy 0 BIAOIHHOI IIUTH;
1.5 - B3aeMois IIMaTKIB 3 BIAO1MHOIO TUIUTOLO;

1.6 - moBepHEHHSA Y pob0o4y 30HY MOJIOTKIB;

1.7 - TOBTOpPHUI KOHTAKT 13 MOJIOTKaMH.
Pucynok 2.1 — CTpyKTypHa cxeMa eTariB IpoOJIeHHs KaM’ IHUX MaTepialis

B y3arajbHECHOMY BUIJISIAI MOJXKHA TPUIYCTUTH, 1O JUISI MOJIOTKOBOI

NpoGapKH, 1o pO3rJIAAAETHCS, OCHOBHHMH, 110 BIUTMBAIOTH HA MOKA3HHUKH poboTH, €
?

bakTopu, 110 BiJIHOCATHCS 10 HACTYTTHAX migcucreM (puc. 2.2).

FMiM.601—-MMe.010—00.00.000.13
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Pucynok 2.2 — CTpyKTypHa CX€Ma eTamiB JApPOOJIEHHs, INO BKIIHOYAE

HiZCHCTEMH 3 MapaMeTpamH, L0 MaioTh OCHOBHUM BIUIMB Ha e()eKTHBHICTH pOOOTH

yIapHOi JpOoOapKH:
1.1 - IpOHMKHEHHA y pobody 30HY MOJIOTKIB; 1.2 - 3ITKHEHHS 3 MOJIOTKaMH;

1.3 - pyx mmMarka micis siTKHEeHHS Ta yaap o0 BIAOIHHY IUTUTY; 1.4 - moBepHEHHS 10

P060Y0T 30HH MOJIOTKIB; 1.5 - [TOBTOPHMI KOHTAKT 3 MOJIOTKaMH

[Togaua BUXiAHOI CHPOBHHH TpyOOKOHBEEPOM  XapaKTepU3YETbCA HOTO

WIBUIKICTIO epecyBaHHsA Vul , SKd BIIMBAE HA HAMpPsAMOK 3aKiH4YeHHs marepiamny 1)

Ta Ha Micle po3TallyBaHHs TOYKH BXOY B pobouy 30HY MOJIOTKIB (eTam 1.1).

MiM.601-MMe.010-00.00.000./13

Ne GoKyM.
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mcis yaapy.

Bin xyra Bigxunenns monorka Ta MICUS pO3TAlIYBAHHS TOYKH YIAApHOTO

KOHTAKTY 3aJISKUTh TPAEKTOPist pyXy MaTeplany Ts 1o Bin6iiHoT mIuth (eramm 1.3).

HacTynHuM etamowm (eTam 1.4) ¢ [TOBEPHEHHSI OPOOHOr0 Marepiany B pobouy

S0HY MOJIOTKIB, IO XapaKTEepU3YeThCS IIBUIKICTIO pyXy mmaTKa micis ymapy o6
BIAOIHHY IUTUTY Vg4 Ta $0r0 TpaeKkTopiero Ty,

lIpu [IOBTOPHOMY YIapHOMY KOHTAKTi (etam 1.5) MOJOTKM CTHKAIOTHCS pu

MOJIOTKIB J10 Ta Micis yaapy, 0e3nocepeaHbo BIUIMBAIOTH HA TIOKA3HUKM O1TBIIOCT]
MPOIECIB, MOB'A3aHUX 13 B3a€EMOJIEI0 CUPOBUHM Ta YAApHUX OpraHiB. s OLIHHOIO
aHaj13y BIUIMBY IapaMeTpiB KOXXHOIO €Tamy IANOTOBKM IIUXTOBHX MaTepiaiiB y
YOapHIii MOJIOTKOBIM JpoOapii HEOoOXIAHO AOCHIOUTH KIHEMATHKy INIMAaTKiB Ta
yOapHHUX OprasiB y ii po6o4oMy MpocTopl.

JIns BU3HAYEHHs IapaMeTpiB KIHEMAaTHYHOTO pyXy MOJIOTKAa Ta IIMAaTKa
MaTepianry Mpyu MaTeMaTHIHOMY MOJIENIIOBaHHI IPUHHATO TaKl MPHITYIEHHS:

- I1IMaToK MaTepiay NpeACTaBIAETLCS Y BUTIISAL KYJIi;

— CHJIAMH TepTs Y LIapHipaxX HEXTYIOTh (BHACIQOK 1X HE3HAYHOT'0 BIUIUBY);

— MOJIOTOK TpEJACTaBICHUN Y BUIVISIAI CTPYOKHS 13 30CEPEIKEHOI0 MAco0 Y
LHEHTP1 TSHKKOCTI;

- Bin6iitna miMTa abcoIIOTHO HEPYXOMd.

MiM.601-MMe.010-00.00.000.113
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MOJIOTKaMH.

JU1sl TOCTOBIPHOTO BUSIBNEHHS 3HAYeHHS KyTa 3’, a BiIMOBigHO, i IIBHAKOCT

pyXy IIMAIKIB, BUKOPHCTOBYETLCS METOJ, 3aCHOBAHMI HA BH3HAYCHH; BEPTHKAILHOI

aMILIITYZH O T2 TOPH3OHTANLHUX 0 KONHBaHS (pHc. 2.3)

Pucynok 2.3 — C(Cxema i po3paxyHKy IIBHAKOCTI pyXy MaTepiany B

TpYOOKOHBEEPI

3 TPUKYTHHKIB, YTBOPEHHX BEKTOpPAaMH TOPH30HTAJIbHHUX 1 BEPTUKAIBHUX
KOJIMBaHb, 3HAYEHHS aMIUTITYIH pe3yJIbTYIOUnX NEPEMILIEHE M1 4ac pyXy Marepialy

BIOpawiifHoro Tpy00I0 BU3HAYAETHCS SIK:

a=.\al +a: (2.1)
KyT Mi HarnpsMOM KOJIHBaHb TPYOH Ta HOPMAJLTIO 10 OBEPXHLI:
p'= arccos[&j - p (2.2)
o

Iie § — KyT HaXuiIy ocl BiOpOTpPYyOH.




[lincraBuBum y dopmyny (1.21) 3anexsocri (2.1) 1 (2.2) mBuakicTs
TPaHCIOPTYBAHHS BAHTAXY >XUBUIBHUKOM i, BiAMOBigHO, 3aKiHUEHHS MaTepiany B

pobovy 30HY NpoOapku, HAOIMKEHO MOXKE OyTH BU3HaueHa 3a (HOPMYIIOIO:

i
: 1
Via = gk + k;sin f) [1- — (a, cos S - ; sin B) (2.3)

\ T

2.2.2 IIpoHuKHEHHS MaTepialy B po6ouy 30Hy MOJIOTKIB

Hpyroro cramiero mnpomecy mnomadi apiO6HOI CHpPOBMHM B Apo0apKy e
MPOHUKHEHHS IIMaTKa MaTeplajly B 30HY 31TKHEHHS 3 MoJIoTKaMH (ertam 1.1).

Po3TanryBanHs TOYKH 31TKHEHHS 3 KOHTAKTHOKO IIOBEPXHEIO pOOOYOro OpraHy
BIUTMBATHME Ha ITPOLIECH yAapy 1 MOJAJIBIIOr0 pyxy IIMaTKa A0 BiAOIHHOI MIUTH.

[lo3uLiOHyBaHHS LEHTPY 3IiTKHEHHS IIMaTKa Ta MOJIOTKa 3ajieXaTUMeE BIJ
ITMOMHU BIIPOBA/DKEHHS C Ta BiJCTaHI BUIBHOTO pyxXy IIMarka B poboulil 30H1 |
[IMaTKa 10 TOYKH peai3allii yIapHOTro KOHTAKTY (puc. 2.4).

Bincranb, siKka IOJIAEThCS IIMATKOM JI0 LIEHTPY YyHAapy 3 MOJIOTKaMH B

FOPU3OHTATBHIN TUIONIMHI, BU3HAYAETBCA CUCTEMOIO PIBHSHB pyXy MaTeplany LIoJ0

BepTHKaILHOI 0Ci 06epTaHHs poTopa ApodapKy:

[ =V, cospt
2 (2.4)
gt
h=V,,cospt==—
2
me h — BigcTaHb Big TOYKM BUBAHTKEHHS Marepiamy 3 BiOpaliiHOro

KUBUJIBHUKA [0 PaalaIbHOTO MOJIOKEHHS 30BHIITHLOT I'PaHi MOJIOTKIB Ry (puc. 2.4);

t — yac rmajiHHg [IMaTKa MaTteplaiy.

Piimenns cucTeMy piBHSIHB (2.4) 1ae pe3yJbTaT K 3aJ1€XHICTD.

4.2 el I AR B

v sin” 23 +8ghv cos” f —v;sinp
2g

= (2.5)




o
1\
i —
““ =
| S
L\
1\ Q—Qb
I
ok
Pucynoxk 2.4 — (Cxema NpOHMKHEHHS IIMaTka B poOOYYy 30HY MOJOTKOBOI

npobapku

Toni BigcTaHb BIIBHOIO pyXy LIMaTKa y poOo4iit 30HI MOJIOTKIB:

c=(Vqlsin,6’+\/E)

Jie Z — KUTBKICTh psAJIiB MOJIOTKIB Y Apobapii;

L (2.6)
Z

() — KyTOBa IIBUAKICTh 00epTaHHS poTOopa.

Buxonsguu 3 IbOTO, paiiyc 3ITKHEHHsS IIMaTka Marepialy 3 MOJOTKOM

BU3HAYAETHCS 3a (POPMYJIIOLO:

T

R=R+r-c (2:7)

ne R — pajiyc oceii miaBicy MOJIOTKIB;

o
Ne 0oKyM. [ama
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I — BUICTaHb BIA OCI KPIiIUIEHHS MONOTKIB Ha poTopi

J0 30BHIIMHBO] rpaHi
poiKa.

2.2.3 YnapHuii KOHTAKT MOJIOTKIB i3 MaTepiasiom

JI1si BABHAYEHHS KyTa BiIXUIEHHS MOJIOTKIB HEOOXITHO JOCIIKYBATH MpOLiec

iX OAMHOYHHUX YIapiB Y MOMEHT KOHTaKTy poOo4ux opraniB i3 mMartkom BaITHAKY

npu 3aBaHTOXKCHHI B MOJOTKOBY ApoGapky (erarm 1.2), nna goro chopmymoemo

MaTeMaTH4Hy MOJENb, 3aCHOBaHY Ha BMKODPHMCTAHHI Apyroro 3akoHy HrroToHa Ta
cTaTHIHOI Teopii ynapy epra.

Knacuana Teopis ynapy MPYXHHUX TUI nepenbadae, mo iXHS BiOHOCHA

WIBAAKICTD HPH B3AEMHOMY yAapHOMY KOHTAKTi JOpiBHIOE HYJIIO, @ LEHTD 3iTKHEHHS

(Touxa A, PUC. 2.5) 3alIMIAETCS BiAHOCHO HEPYXOMUM.

Y pasi 3acTocyBaHHS wiei Teopii m0 YMOB MOJIOTKOBOI ApoOapku
BUKOPHCTOBYETRCA CHCTEMA, IO CKIIANAETHCS 3 JBOX B3a€EMOIOB'S3aHUX IIAPHIpIB,
mo 00epTaroThCs IMOAO LEHTPiB obepTaHHA poTopa (poGoYa 30HA MOJOTKIB 3

panlycoM oOepTaHHs I') 1 Oci MiABICY MOJOTKIB, JIe TOJIOKEHHS TOYKM 3iTKHEHHS

KOOPAWHATHUX OCAX X 1Y 3QIMIIAETHCST HE3MIHHUM.

PosriisHeMo oOepHEHy 3ajlayy — IIMAaTOK MaTepialy 3 IEBHOI0 IIBUAKICTIO

BIApAE M0 HEpyXoMoMmy MoJIOTKY. [Ipu nbomy pobounii opran oTpUMYy€E MOYATKOBY

IBUJKICTH, IO 3al€XKUTh BIJ MAacOBUX XapakKTepUCTHK IIMaTKa MarTepiay,
MIBUAKOCTI pyXy 1 MOMEHTy IiHeplll camoro wMojoTka. Ilpumyctimo, 1o
BiIOyBacThCs aOCONIOTHO HENPYKHUHM LEHTpalbHUA yAap, MOJEeNb YAapHOTO
KOHTAKTY SIKOT0 300pakeHa Ha cxeMi (puc. 2.5).

[IpencraBUMO IMATOK JipoOHOro Marepiany y BHIUIAAI YMOBHO 30CEpEIKEHOI
MacH y TIeBHiif Toyui wIapy marepiaily md4, MO BCTYMAE y yrapHy B3a€EMOJIIIO 3

MOJIOTKAMH, @ caMl MOJIOTKH Y BUTJISILI YMOBHOI'O CTPHIKHSI Macoio Myy. Y LbOMY

BUMAJIKy LIEeHTp 3iTKHEeHHs Oy/Je po3TalloBaniH y Toulll A.

[lionu




Pucynok 2.5 — Po3paxyHkoBa cxema IJIg BH3HA4eHHS KyTa BIAXHIICHHA
MOJIOTKA B MOMEHT 3iTKHEHHS 31 IIMaTKOM Marepiaiy

a - y TOYaTKOBIi cTanii ynapy; 6 - y KiHLeBi# cTamii yaapy

JIns BW3HAYEHHS IIBUJKOCTI, IO KYIYEThCS MOJOTKOM micasg ymapy o0

[IMATOK 31 IIBHIKICTIO V2, CKOPHCTAEMOCS 3aKOHOM 30epeXKeHHS KIHeTHIHOl eHeprii

Ta 3aKOHOM 30epeKeHHs IMITYJIbCIB TLUI, IO BCTYNAIOTh Yy B3aEMO/IIIO:

2 2 2
muqu ! mE‘.uVMZ muvuﬁl

- —_— + T
2 2 2 (2.8)

mqvﬂ = m}:.uvMZ 0 mt.*vﬂ

e Vo — IIBHJKICTh MOJIOTKA HaNpHUKIHL1 yaapy,

V43 — IIBUAKICTH YaCTKH micsisl 31ITKHEHHSI.

Buxonsuu 3 pilIeHHs CHUCTEMH piBHsHb (2.8), dopmyna [uisi BH3HAYCHHS

[IBUAKOCTI pyXy MOJIOTKa B KiHleBiii cTamil 31TKHEHHs (KOJIM LIEHTPH Mac

BiIaNSThCS OIWH BiJl OJIHOr0) BUTTISAAE AK.

R
— | [MiM.601-MMse.010-00.00.000.1'13
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—— 2mq
v.uZ =V

& mu + mEM (2'9)

BU3HAUMBIIM  WIBUAKICTH  yxapHoro

€JIEMEHTA B MOMEHT 3aKIHYEHH

e Jy — MOMEHT iHepuii MoNoTKa.

Hiis BU3HAYEHHS MOMeHTY IHEpLil MONOTKa MmOmO OCi obepTaHHS Ha oci

MABICY POTOPA CKOPUCTAEMOCS PO3paxyHKOBOIO cxeMoto (puc. 2.6).

Prucynok 2.6 — (Cxema BH3HAYeHHS pajilyca IHepLii MOJIOTKa IOJ0 OCi MmiaBicy

poTopa

MoMeHT iHepliT MOJIOTKAa BU3HAYAETBCA SIK:

2

JM = mzﬁf’;f (2 1 l)
Jie I, — paalyc LeHTpYy Mac (paaiyc iHepLli) yIapHOTO eJleMeHTa:

G =)+ B+ =)
8 2(bl, + byl, = bys




ne by, l| — TOBIIMHA Ta JOBXHMHA HIKKH MOJIOTKA BIJITIOBIIHO,

S — WIHUpPUHA MOJIOTKA,
b, , I — ToBUIMHA Ta MOBXUHA 60iiKa.

OCKUTBKH KYT Y, MPUITYCKAEMO IOCHTD MAJIHM, TO siny,=y,, R'=R+r.

B Takomy Bumanky:

mme (R+r—c)r-c)

Vo T T Y, =0 (2.13)
Pimmenns piBusHHS (2.13) Mae BUMISL:
=Clsin\/5,t+Czcos\[a71t (2.14)
ne:
2
wl=w (R+rzc)(r c) (2.15)
v

U

[TocTiiinl C; ta C; BU3HAYAEMO 3 MOYATKOBUX YMOB:

_vm2

t=0:y,=0,y, = (2.16)

gl

Buxoasuu 3 nux ymoB, Gopmyia (2.14) Habyae BUTIAAY:

S . 2.17
If: (r—c)\];u_l(smwlt) ( )

BanOByTOl{H, 110 MAKCUMAJIbHE 3HA4YCHHI KYyTd Sil’l’}’z HOCATA€TECA 3da YMOBHU

r
(Ulf :—2-:
vMZ
' PRI o (2.18)
(r—c)\Jo
[TizcTaBUBLIN ® TAV | , OTPUMYEMO:
4 :(l—i- A J——' e _________4777‘?:, (219)
A s\ =0 mglwm;) \/(r c)(R+r—c)

pr—
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[lepeTBOpuMO (bopMyny (2.19), BUKOPHCTOBYIOYM 3aMicTh Mac IIMAaTKIB |

MOJIOTKIB IXHE BimHOWeHHs j _ /7
m

—=¢  (koedimieHT Mac), Tomi BoHa HaOyne

mu

HACTYITHOT'O BUTJISINY:

= R 4
Y- —(1+ )———-—_ u L
Y e (k,,,+1)\/(?‘—-c)(R+r__c) W

JU1s  aHamiTU4YHOrO TOPIBHSAHHS

3alexHoCcTl  (2.20) 3a  momomororo

3a0eazneueHns MathCAD OTPUMaHO pIlIEeHHS

TIHIMHOTO HEONHOPIIHOrO AU(EpPeHiaNbHOro PiBHIHHS Apyroro mopsaaxy (2.13)
MpU BHPILMIEHH] 3amayi

MAaTEeMaTHYHOTO  IIPOrpaMHOIO

Komi — OAHOPIAHOrO IU(EPEHLIANILHOIO pIBHAHHA 3
[I04aTKOBUMH yMoBamHu (2.16).

Ha rpadikax (puc. 2.7) HaBemeno BIIOOpaXKEHHsI TEOPETUYHOT 3aJIeKHOCTI

KyTa BIAXHJICHH: MOJIOTKA BIJl MaCH IIMaTKiB MaTepiany Ta paziyca IHEepL1l y1apHOT0

5 25 45 65 85 105 0,15 0,17 0,19 0.21 0.23 0.25
koedimienT Mac ki, paziyc HeHTPY Mac 7. MM

a) 0)

oprasy.

.1

0,6
, Pan

2 025 03 035

0,4

i

0
0

KYyT BIAXHIEHHS Y2, Pajl
0,2 :
KYT BIIXHIEHH )

Pucynok 2.7 — I'padiky 3anexKHOCTeH KyTa BIIXMIICHHS MOJIOTKIB
a - ipy 3MiHi koedinienTa Mac ky , 6 — TpH 3MIHI pajiiyca IHepIlii MOJIoTKa T,

Ta IOCTIHHOMY Koe(ilI€HTI Mac (km=16)
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HIMaTKa MaTeplajly moBepXHE MOJIOTKA Iic/Is MOBTOPHOIO
NPOHHKHEHHS B pobouy 30Hy

Posriisitnemo pyx mmarka Marepiaiy 1o HiXui Ta po6oyoi MOBEpXHI MONOTKA y
MPOTLECT IXHBOI B3aEMO/I11 IPH MMOBTOPHOMY NPOHUKHEHH] B pobouy 30HY MOJTOTKOBOT

IpoOapKH.

Buxoasuu 3 Toro, mo BerHuyuua IIBUAKOCTI pyXy IIMaTKa B HaNPSIMKY PyXY

MOJIOTKIB ITOPIBHSHHA 3 JIIHIHHOIO MIBUIKICTIO MOJIOTKA B TOYII B3aEMOMII, a TaKOX
NpOaHalI3yBaBIIM XapaKTepHi TpaeKTopii pyXy Marepiasry Ha eram 1.5,
nepen0avaeThes, MO MMAT KOHTAKTYE 3 MOJOTKOM B 30Hi MEPETUHY 13 30BHIIIHLOIO

[TOBEPXHEIO POTOPA, a B3a€MOJIIS BiIOyBaeThes Ge3 BiIXUIIEHHS MOJIOTKa (BiAMOBIAHO

110 3ai1eHOCTI (2.20)).

Toai po3srissHeMo pyX IIMaTKa MO MOJIOTKY BiJl TOYKM KOHTAKTy 3 IMCKOM Ta
HDKKH MOJIOTKZ B pajlialbHOMy HalpsMKy SIK KOB3aHHS 110 YKOPCTKO 3aKpillIEeHOMY
yAapHOMY ejieMeHTY (puc. 2.8).

Y MOMEHT rnepeMillleHHs LIMaTKa I10 OBEPXHI YAapHOT'0 €JIEMEHTAa Ha HbOTO
nie BimuenTpoBa cuia Fyey, CHJIa KIHETHYHOIO TEPTS KOB3aHHS Marepiany F., cuna
HopMmanbHOI peakiii N Ta cuia Kopiomicy Fy.

BektopHa ¢opMa piBHSAHHS BIIHOCHOTO pyXy IIMaTKa MaTepialy 3amuIeThCs

K.

mqg_—_ﬁ-}-m*{-}—‘:ﬁﬂ*‘ﬁ (221)

Jle 3 — BEKTOP BiJJHOCHOTO IPUCKOPEHHS MIMaTKa MaTeplajy W00 MOBEPXHi

MOJIOTKa.
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Pucynok 2.8 — Cxema BHM3Ha4YeHHs BiJHOCHOI IIBHAKOCTI pyXy LIMAaTKa

MaTepially 1o MOBEPXHI MOJIOTKA

[Ipu LbOMY KOp10JIICOBA CHJIa BU3HAYAEThCA AK:

F =2moy (2.22)

Nie V — IIBHKICTh pyXy LIMaTKa 100 po6oyoi moBEpXHI.
PipastHEs (2.21) y MpoeKuisX Ha pyxoMi KOOpAMHATHi oci X, y (PHC. 2.8),
HoB's3aHi 3 IUIOIIMHOI pobodYoi IpaHi MONOTKA, NpH 30epeXeHHI B INEPLIOMY
HaBIIOKeHH] 3aneKHoCTI Ui e Teptsa Fr= fN Ta BifcyTHicTs mprckopeHHs y=0

nae ocTaToyHe aWbepeHuiaTbHe PIBHAHHS BIAHOCHOTO pyXy IIMarkKa OPOOHOIO

MaTtepiany Mo MOBEpXHI MOJIOTKA:
y+2foy-0'y=0 (2.23)
CrangapTHa npoueaypa iHTErpyBaHHs PIBHSHHS BHIY (2.23) npU3BOAUTE 110

3arajlbHOTO pIIIEHHS:

y= c,e‘”’('f ), cze”‘”('f 0 (2.24)

MMocTiitai C; Ta C, 3HaX0AUMO 3 TIOYaTKOBUX YMOB PYyXY:

t=0, y=R,,, y=0.

| Buxonasguu 3 11boro, popmysia (2.24) BuryIgaac Tax.

- . APK.
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p

y=Rpe‘f“'-” Ch(m\/f2+f)+8h(m {d"‘l)f\

(2.25)

IIponudepenuiroBaBmm Bupas (2.25), OTPUMAEMO PIBHSIHHS JUISI BU3HAYEHHS

BIJIHOCHOI IIBUAKOCTI pyXy IIMAaTKa 110 IIOBEPXHI MOJIOTKA:
(Sh(a)t\/-fzjﬂ)«./fz +1 —fch(a)t\/}z +1)+
- - f ot ; =
V' =R,0e™" f(ch(a)t\/fz+1)\/f2+1—ﬁs'h(a)t1/f2+1)) (2.26)

+

L \/Zféh(ln(f))

OO4HCIIeHHS 3 BUKOPHUCTAHHAM 3aJI&KHOCTI (2.26) € JOCHTh TPYAOMIiCTKHMH,
TOMY, 3 YPaXyBaHHSM OI[IHHOIO XapakTepy po3paxXyHKiB, BHU3Ha4YaeMo V 3
OTPUMAHMX  3aJIeKHOCTEM TMIJ dYac BHpPIIMIEHHA JIHIKHOrO HEOIHOPIAHOIO
nudepeH1aNbHOrO PIBHAHHS Jpyroro mnopsaky (2.23) 3 J0moMOror IHXXEHEpHOrOo
MaTeMaTHYHOTro mporpamHoro 3abesnedeHHs MathCAD, mig dYac BHpIIIEHHS
sapaadHsg Komi — opxHopigHoro amdepeHmialbHoro piBHSHHA. [logaTkoBl Ta
rpaHWYHI YMOBH JUTS BUPILIEHHS JAHOTO PIBHAHHA BU3HAYaIOTHCS PO3MIpaMH poTOpa
Ta IIPUB'A3aHi JI0 KOHKPETHOT'0 THIIOPO3MipY ApOOapKH.

V 3B'S3KY 3 TPYAOMICTKICTIO BH3HAYeHHs IIBUJAKOCTI 3a ¢opmynoro (2.26)

Gymo yXBaJdeHO PpillleHHs almpoOKCHMYBAaTH 3aJIEXHICTh Y BHIVISIL JIOrapU(QMITHOL

hYHKIIIT:

v.~aln(x+b)+c (2.27)

ne a , b , ¢ — MnapameTpu norapudmivHOol (QyHKLIT, 10 3anmexaTb Bl

TeXHOJIOTIYHUX NTapaMeTpIB npobapKi Ta yMOB KOHTAKTY IIIMATKa 3 MOJIOTKAMH.

CHT
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2.2.5 KiHeMaTHYHHMI ananiz PYXY MaTepiany no BinGiiinof IVIHTH Ta

MOBEPHEHHN B pPo00Yy 30HY MOJIOTKIR

B3aeMonis 3i mMaTtkamu BrmMBae Ha PyX mozpiOHeHoro Matepiany no

BIAOIMHOL IUTUTH (eTan 1.3) Ta noBepHeHHs Matepiary 1o po6oyoi 30uu (eran 1.4)
IloxkasHuku nmx mnpouecis 3anexars BII KyTa BiIXWJIEHHS MONOTKa 1,,

WBUAKOCTL PYXy IIMaTKa V43 Ta MICIS PO3TAIIYBAHHS TOYKH YAApHOro KOHTaKTy Ha

eraml 1.2. Pyx nmo BimGiifHol mmuTH XapaKTEepU3yeTbCSd HOro HampsMoM Tz Ta
MBAAKICTIO HIMaTKa MaTeplaiy micis ynapy o6 BifGiiHy MUIHTY V. [TapameTpu, mo

BITUBAIOTE Ha MIOBEPHEHHS CUPOBHHU B po0O0OYY 30HY, 3aJ1€XKaTh Bijl IIBHIKOCTI pyxy

[IMaTKa IMICIISA ynapy o6 MMty vqe Ta ioro Tpaexrtopii Th.
OCHOBHUM 3aBJIaHHSM BUBYEHHS [IPOLIECIB Ha HABEIECHUX BHIIE eTanax €
BU3HAYCHHS TIapaMeTpIB B3aEMHOTO KOHTAaKTy IOMaTka 3 MOJOTKAMH IIpH

NPOHHKHEHHI B poOody 30HY Ha erami 1.5 (MOBTOpHMiT KOHTAaKT Marepiany 3

MOJIOTKaMH ).

JUis 1bOro HEOOXI1IHO BHU3HAYMTH: IONIOXKEHHS CEKTOpa, B SKOMY MpPOHHUKAE

Marepiajl IpH TOBTOPHOMY YAApHOMY KOHTAaKTI 3 MOJIOTKAMH, 4ac IOCATHEHHS

mMaTka poOo4Yoi 30HM poTOpa; KYT BIAXHIEHHS MOJOTKA Bill pamiaJbHOIO
[10JIOXKEHHs MPHU MOBTOPHIM YJapHIM KOHTAKTHIA B3a€MOJIl 31 IIMaTKaMHd CHPOBHHH;
BiZICTaHb BUILHOI'O pyXy LIMaTKa y poOodiil 30HI; MIBUAKICTh LIMATKIB T4 MOJIOTKIB
[IPH B3aEMHOMY BiJIHOCHOMY pYCI.

VYMOBa KOHTaKTy BUKOHYETBCS, SKIIO IIMAaTOK BCTUIa€ MOJOATH BIACTaHb [0
pobouoi 30HW IMiJl 9ac MOBOPOTY pOTOpa. IHakme y B3aEMOAII0 BXOIAUTHME
HACTYITHUH P/l MOJIOTKIB POTOpA.

KyT KOHTakTHOI B3a€MOZII 3al€XUTh Bil KyTa HaXxWjy MOJIOTKa B IIPOLECI

BIJHOBJIEHHS CBOT'O palajgbHOro MOJ0XKCHHA rmicis Moro BIAXWIEHHS Ha etani 1.2 Ta

KyTa HaxWJIy TpaeKTopll pyXy MMaTka Moo HOpMaJli 10 KoJia, 1o obMexye pooouy

30HY yJlapHUX €JIEMEHTIB, 110 qKiif 3MiHCHIOETbCS IIPOHUKHEHHS MaTeplany B poOouy

30HY.

POEE
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JUist UbOro BU3HAYAETBCA Yac, 3a AKMH IIMAaTK¥ MOApPiGHIOBAHOTO Marepiay

gocATHYTb pobool 308K MonoTkiB (cextop EF, puc. 2.9):

L L
_ =2 =
tl_z e +tﬂ'ﬂ}'f) + _'2_'2- (2128)
Va3 Vs
ne Li2 — BIACTaHb Bill UEHTPY 3iTKHEHHS O TOYKH KOHTAKTY IIMAaTKa 3

si101HOIO ITMTOXO;

L.2 — BIACTaHb B TOYKM KOHTAKTY 3 BifIGil{HOO [THTOO 0 pO6OYOI 30HY;

Vu4 — WIBUIKICTD IMAaTKA IiCIIA 3iTKHEHHS 3 BiIOIHHOIO IUIHTOIO.

PucyHnok 2.9 — Po3paxyHKoBa cxeMa BU3Ha4YEHHS XapaKTepHUX TPaEKTOpIH

: et
DyXy [IMaTKiB MaTepiary Ha eranax 1.3 i 1.4 npx 3Ha49EHHAX KyTa Y2 B MEXKaX BIX 0

no 30°
| - Bich migBicy; 2, 3 - MOJIOXKEHHS MOJIOTKA IIPH 3ITKHEHH] 0€3 1 3 HalOIbIIUM

BixueHHAM: 4, 5 - TONI0XKEHHS MOJIOTKA IIPH TOBTOPHOMY KOHTAKTI 31 IIMATKOM,
?

6. 7 - BeKTOpH MepeMillleHHs IIMaTKa MaTeplary TpH HaOTBIIOMY
7

BIIXWMJIEHH] MoJIoTKa; 8, 9 — BEKTOPH mepeMilleHHs IMaTKa MaTeplaiy BIIXHIICHHS
? )

MOJIOTKa 0€3 BIIXHIICHHS

APK.
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. . Ha cxewmi IMO0Ka3aHi
rpaHHYHI (xapaKTepm) [TOJIOKEHHS 1IMaTKa, POTOpa Ta MOJIOTKAa B MOMEHT KOHTaKTy

3 IIMAaTKOM Ha eTamni 1.2 Ta Ha eTtani 1.5

Y3 m,, n m, (230)

3 ypaxyBaHHsAM KoedinienTa mac k,, , 3a/1eXHICTh IMBHIKOCTI Vy3 (2.30) Habyne
BUTJISIY:

2k

Ve = Vi (2.31)

Bincrane, mo gonaroThes mMaTkoM Ha ertami 1.3 Ta 1.4, BU3HA4aroThCS 3a

cxeMoIo (puc. 2.9) 3 ypaxyBaHHSIM Koe(ILIEHTa BIJHOBIEHHS MIBUAKOCTI IIPU yAapi:

tgor
kg =-221 (2.32)
tgar,
e o — KYT MK BEKTOpPOM JIiHIHOI IIBUAKOCTI pyXy IIMaTKa Marepiany Ta

HOPMaJLTIO 10 ITOBEPXHI B1I01MHOI IJIMTH 0 YAAPHOTO KOHTAKTY;
0y — KYT MDK BEKTOPOM IIBHIKOCTI PyXy IIIMaTKa Ta HOPMAJUTIO 10 TIOBEPXHI
BINOIMHOI MUINTHU Micid YAapHOTro KOHTAKTY.

[ToTiM BU3HAYAETLCS MOJOXKEHHS BEPXHBOI TPaHl MOJIOTKA IIOAO CEKTopa

IPOHUKHEHHS [IMATKa B pobouy 30HY Ta KyT HOrO BIAXUJIEHHS 3a 4ac t)., IpU LbOMY




3HAXOMUTBCA Hac IMOBEPHEHHS MOJIOTKA B paJiaibHe MONOXEHHS I/ BiIXUIEHHS B

poLec! YAapY, a TaKoX 3aNeXHICTb KyTiB y; Ta B (puc. 2.10) 1 kyT moBoOpoTYy ToUKH

BIJTHOCHO OC1 00epTaHHs pOTOpa 3a Yac t..

a) 0)
Pucynok 2.10 — Po3paxyHkoBa cxeMa JUIs BU3HAYECHHS 9acy IIOBEPHEHHS

MOJIOTKA B pamaane ITOJIOKCHHAL.

a - y IIOYATKOBIH cTajli, 0 - y KIHIEBIHA cTamii

Jlis BU3HAYEHHS Yacy NMOBEPHEHHS PO3TIITHEMO CHCTEMY y IpoLecl il pyXy.

Uunni cuom (puc. 2.10):

— igueHTpoBa cuia (MpY MauMX 3HAYEHHAX KyTa BIIXUJIEHHS MOJIOTKA

7,-R ~R+r,:

F. =myo’(R+r,) (2.33)

yo.M

— IHepuII:




BuanosinHo no npuanuny danam6epa PO3rIsTHEMO MOJIOTOK SIK TiJIO, IO Y

piBHOBa3i:

2. My =F,, r,cosy,+F,,0C=0 (2.36)

OCKUIBKHM KYT Y, nepentavaeTsbes MajliM, TO MOXHa NPUUHATH, L0 X=T,V>,
cosy2=1, siny>= 7y,, a mneye O'C BU3HAYAETHCH 3 TpukyTHHKa BO C (puc. 2.10):
O'C=r,sinp, (2.37)

zie 32 — KyT IOBOpOTY poTopa mij yac yaapy.

B1amoBioHO 10 TEOpEMH CHHYCIB:

r. = R2+R* = 2R Rcos f, (2.38)

¥, COSY, = R,; cos f3,
3aneXxHo BiJ 3MIHH KyTa Y2 Y IIPoOLIeC] YAapy TaK0XX 3MIHIOETBCSA KYT MIX BiCCIO
CUMeTpli YJapHHUX €JIEMEHTIB Ta paJlyCOM TOYKM YJapHOr0 KOHTaKTy IIOAO OCI
o0epTaHHS pOTOpa, AKUH BU3HAYAETHCA AK:

. Rsin R
B, = arcsin(arcsm( R‘y : D . -ﬁ (2.39)

[TizcTaBuBIIM oTpUMaHi 3anexHocti (2.33), (2.35), (2.37), (2.39) y dopmymy

¥, =0 (2.40)

MiM.601-MMe.010-00.00.000./'13
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LR e et = o L e e L e e e TR sl SRS i ;

7 (2.41)

Y 1bOMY BHUIIAJIKY Yac MoBepqe
y y PHCHHSA MOJIoTKa B PazllajibHe TONOKEHHS mic)s
2iTKHEHHS 3 MOJIOTKaMM:;

tﬂ:-}—lg. _’i‘.

2 (2.42)

AHAJIITHYHOrO ' :
Jlns IOPIBHSAHHA  3anexxHOoCT] (2.40) 3a pmomomororo

pILICHHA JUHIMHOTO HEOMHOpINHOrO nudepenniamLmore PIBHAHHS APYTOro MOPSAKY
(2.13) mpH BUpIIIEHH] 3anaui Komi

104aTKOBUMH yMOBamu (2.16).

— OAHOPIHOrO nUepeHiaNbHOro PiBHAHHS 3

MpOaHATIZYEMO pPyX CHCTEMH pPOTOP-MONOTOK INONO oOci o0epTaHHs poTopa B

noNApHAX KoopauHarax (R, ¢ ) (puc. 2.11).

3 CHCTEMH DIBHSHB (2.38) BH3HAYAEMO 3aIEKHICTE KyTa IIOBOPOTY pOTOpa Mif

4ac yaapy ¢z BII KyTa y; Ha etari 1.2 (puc. 2.9):

. \2 2 1
R(1-cos?7, )+ V26087, 2R*~R’ (1 - cos2y,)

|
4, = arccos e (2.43)
L i
3 ypaxyBaHHsAM KyTa [3,:
e BV,
,;;52 ﬂz el (2.44)
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Pucynok 2.11 — Po3paxyHkoBa cxeMma BU3HAYEHHS 3aJIEXKHOCTEN BIJHOCHOTO

pyXy CHCTEMH POTOP-MOJIOTOK B IOJIIPHAX KOOPAMHATAX

Jlx BHIHO i3 cxemu (puc. 2.11), 3a uyac MEPEMILIEHHS] 30BHILIHBOI TI'paHi

MOJIOTKA 3 TOYKM H 10 Touku G BiH moBepTaeThes Ha KYT ¢z, TP LBOMY 3MIHIOETHCS

HOTO HAXWII Y2 1, BIAMOBIIHO, KYT ¢2. BUX0sT4H 3 pOro0, 3a/I€XHICTh KyTa TOBOPOTY

yapHOI I'paHl MOJIOTKAa HaOyze BUTIIANMY:

¢3 > ¢ T (352 i (¢2 7 A‘;ﬁz) (2.45)
[TincraBuBmm (2.39) ta (2.44) y gopmyny (2.45) 3 ypaxyBaHHSM TOro, IO

0=t, KyT HaXHJIy MOJIOTKA IPX MIOBOPOTI 30BHIMIHLEOr0 pedpa ioro yaapHoi rpasi Ha

IEBHUU KYT BU3HAYUTHCH SK:

d.(R+r
3
: ru
Ryl =t
\ \ru

®opmyina (2.46) cripaBeUIiBa 1UIs yMOB, KOIM B [, 21, 5y pasi skwio f, <1, ,,

MOJIOTOK ITOBEPTAETLCS Y CBOE pajliaibHe MOJOKEHHS Ta KyT y3=0.

Kyt nosopoty ¢3, 32 AKHM MOJIOTOK BITHOBJIIOE CBOE pajiiajibHE CTAHOBHIIIE,

ApPK.
MiM.601-MMe.010-00.00.000.113 [~
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i S Sl (2.47)

3 YpaxyBaHHSM BHpa3y (2.41), dbopmyna BusHaueHns KYTOBOI IIBUAKOCTI

b
B R
o, —-a{l+ — (2.48)
7'" J
Hac, HeoOXimHuM nns KocsrHeHHSs po00Y0i rpaHi MOJIOTKA CeKTOpa 3iTKHEHHS
31 IIMATKOM;
b . 4+
_%
by = ——+ il (2.49)
0, 0,

c

BukopHcTOBYIOUHM 3anexHocTi (2.47) Ta (2.48), Bupas (2.49) Burnsgac sx:

i
Rry, E-—IJ

e u
; JBRER)ory  TOANR ) (2.50)

3anexHictb (2.50) imocTpye, mo nMIIe 3a BIJHOCHO MaJMX KyTaX O3 CIiX
BPaXOBYBAaTH KyT HaXWIy MOJIOTKAa MPH BiJHOBJIEHHI pafiaJlbHOrO MOJIOXEHHS 73,
OCKUIBKH 4ac HOro MOBEpHEHHs NMPH 3Ha4YeHH1 KyTa BiIXWIEHHS MOJIOTKA Y3=0,5 pas
— t; =4,58 10~ ¢, ToOTO MOJIOTOK BCTHra€ MOBEPHYTHCA B paialibHe CTAHOBHIIE 10
MOBTOPHOI B3aeMOMIl 31 mMaTkoM. Toxal Qopmyna s BHU3HAYEHHS 4Yacy pyxy

MOJIOTKA 10 KOHTAKTY 3 IIMATKOM.

? =-f-)- (2.51)

e ¢ — KyT IOBOPOTY poTopa 3a 4ac ti2 (puc. 2.9).
Ha rpadikax noka3aHo 3aJIKHOCTI MBUAKOCTI PyXy IIMAaTKa IIC/A 3iTKHEHHS

3 MonoTkamu (puc. 2.12 a) Ta pe3ynabTaTH rpadoaHaliTHYHOrO aHaJi3y napaMmeTpiBs

KiHeMaTHKN MONOTKa Ta [IMaTKa Ha eTamax pyxy A0 BIAOIHHOI MIMTH: BiJCTaHb MPH

pyci Ha erami 1.3 (puc. 2.12 6); BifcTaHb Bill BiIOIHOT MIMTH N0 poOOYOi 30HH




monoTKiB (prc. 2.12); kyT mosopory POTOpPa 10 TOYKM KOHTaK

: MOJIOTKIB |
mmaTKoM y cekTopi EF (puc, 2.12 o). Ty OTKIB |3

=
- -
: AN
3 8 4 g B
! N 5T \*
. b O "
L g g & RN
% ) S - ,“k
: | 1 e e
- O -
00 *;_" '
1993 1252795 #6535 5 0,00 0,07 0,14 0,21 0.28 0.35
KoedimienT mac ki KYT BIIXHIEHHA y, paj
a) 6)
S o,
N =
= o0
P
S S,
L g ©
x =
5 & ab <
g - o
M
- )
- =
0,00 0,07 0.14 0,21 0,28 0,35 0,00 0,07 0,14 0,21 0,28 0,35
KyT BiIXHIEHHS y, paj | KYT BIIXHIEHHS ), paj
G) 2)

Pucynok 2.12 — I'padiky TeOpeTHYHUX 3aJIE)KHOCTEN MapaMeTpiB KiHeMaTUKY

lIMaTka MaTepiany Ha eranax 1.3 1a 1.4

T R . ry—— - o

[suakicTh pyXy IOMaTKa MaTepiamy MICHA 3ITKHEHHS 3 MOJOTKaMH [0
OBTOPHOr0 MPOHMKHEHHS B poO0oyy 30HY pOTOpa BU3HAYATLCA 32 (hOpPMYJIOIO:

V=KV, (2.52)
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MIHIMYM Ha JIBa TIOPSANKKM MEHIIE 4acy pyXy IIMaTKka B pobodomy mpocropi,

TOMY
LI€l CKIaI0BO1 MOXXHA 3HEXTYBATH.

JL71st OLIHKY yMOBM B3aeMHOro KOHTAKTy IIMAaTKIB Ta MOJIOTKA [TOPiBHAEMO JIBa

[OKA3HUKHK: L1 U ty (puc. 2.13). V Bumanxy, komu vac MIOBOPOTY pOTOpa MEHIIHH,

HIK Hac pyXy IIMaTKa, KOHTaKT 3AiCHATbL HaCTyHMIA pSJl MOJIOTKIB:

Sk (2.54)

Y IHMX yMOBaX y B3a€MOMII0 31 LIMATKAMM IC/IS 3iTKHEHHS 3 B1AO1IHOIO

T TOIO BXOXUTHME HACTYITHHUM Sl MOJIOTKIB.

0.01

0,009

0.008

Yac. ¢

0,007

0,006
0,14 0,21 0,28 0.35

KyT BIOXHIEHHA MOJIOTKA )2, pax

Pucynok 2.13 — I'padik TeopeTHYHOT 3aJIeXXHOCTI Yacy NPOHUKHEHHS IIMAaTKa

Ta MOJIOTKA Y CCKTOP B3a€EMHOI'O KOHTAKTY

| - gac, HeoOXigHMIA AJIsi MPOHUKHEHHS MOJIOTKA B 30HY MOBTOPHOTO KOHTAKTY

3 MOJIOTKOM ty3; 2 — 4Yac pyXy mmarka t;.2

3 saneskHOCTI a 1 6 Ha rpadikax (puc. 2.14) BUIHO, IO NMPH MEBHHX 3HAYEHHSX

KyTa BiIXmeHHs MoJoTKa Ha erami 1.2 Ta 4acTHHA MaTeplary, sSKa He BCTUTraE




mofoiaTh BIICTAHb N0 30HM TPOHUKHEHHS 3a yac liz , mpomoBxye PYX 1 Ti

I 'l s L L]
"HA3[OTARAC™ HACTYNHUM psn. IlotiM BinGyBaethes xoHTakT, i mMartox IOYHHAE

KOB3aTH MOJIOTKOM y palallbHOMY HaIpsMKY.

[IIBUOKICTE pyXy MaTeplaly NpH BXOIi B po0oYy 30HY Ta KyT HaXuiy BEKTOpa

jioro MBHUIKOCTI IMOAO po6OYOi rpaHi MOJIOTKa, SIKI BU3HAYAIOTHCH 31 CXEeMMU (puc.

2.9), BLnoOpaXkeHi Ha rpadikax (puc. 2.14).

65

0,8

X . a;=0.0117y, + 0.6243
Eﬁ = B R?=0.9773
S 3
S S
I\n
g, <
4 .,%
/
= >,
S q O
v D“‘
1392 LI 0Y widF S 0,00 0,07 0,14 0,21 0,28 0.35
KoedienT Mac k, KyT BIZXHIIEHHA Y2, pal
a) 0)
Pucynok 2.14 — I'paiku TeopeTHYHUX 3aJIe)XHOCTEH IIBHUAKOCTI Ta KyTa

HaXMJTy TIPH MPOHHKHEHHI IMaTKa B po004y 30HY MOJIOTKIB Ha etamni 1.5
a - rpadik BIZITHOCHOI IIBUAKOCTI MOJIOTKA Ta IIMATKa; 0 — KyT MIX BeKTOpaMu

WIBUAKOCTEN YAaCTUHKHU Ta MOJIOTKA

[MpoananizysaBmy pyx Ha eranax 1.2—1.4, mepenbayaeThes, 1O B3aEMOILO
MIMaTka Ta MOJIOTKIB Ha erani 1.5 HeoOXIOHO pO3OUIMTH HA [Bl CKJAIOBI:

NPOHWKHEHHS [MIMaTKiB MaTepiay B po6ouy 30HY “CBOTO” PsIy MOJIOTKIB T4 KOHTAKT

13 HAaCTYITHUM 3aJI€KHO B1J{ YMOB (2.54).




Pospin 3 ERCHHEPUMEHTAJIBHI JO CJIJI)KEHHSI [IAPAMETPIR TA
PEKMMIB POBOTH MOJIOTKOBOI IPOEAPKH

Y nmpolect poGOTH MOJIOTKH ApO0apK¥ MifNAIOTECS 3HOCY, BHKIMKAHOTO

KOHTAKTHOIO ~ B3a€MOJIEI0 31 MIMAaTKaMM Ha pi3HMX CTAmisx JIUCIIepTyBaHHS

MaTeplainy.

AHAI3YIOYH TTapaMeTpH KiHeMaTUKH PYXy Ta YMOB KOHTAKTy IIpH B3a€EMOMIi
MMAaTKIB 3  MOJIOTKAMH  pPO3TJITHEMO  MeXaH|3Mu 3HOCY TIOBEpPXHI y
ABOKOMIIOHCHTHOMY CEpelOBHILII: ynapHHil (eposiiiHui) Ta abpa3UBHMIA npH
BTOMHOMY 3HOIIYBaHHI TPH MaAJIOLUKIOBUX HABAHTAKEHH X

IIpu eposifiHomMy 3HOCI mMaTka MaTeplany yaapsioThcs 00 MOBEPXHIO, €

BINOYBAETBCS 3HATTS MeTany. [lpu 3HOCI CTHpaHHsIM (abpa3uBHe 3HOC) TBep.l

[IMaTKH PYyXarOTbCs B3OBX IOBEPXHI1, IPUTUCKAIOTHCS JIO HEl MiA Ji€0 CHII TEPTH
abo Kopionica 1 3HOIIYIOTS 1.

IIponiec npoOnenHs moB's3anuii 3 ygapaMu OKpeMHX IIMAaTKiB 06 MOBEPXHIO
MOJIOTKA Ta BIHOCHUM PYXOM (KOB3aHHSIM) IIMATKIiB 110 HOro yaapHii mosepxHi. ¥
3B'S13KY 3 THM, IO TBEPAICTh, 3HOCOCTIMKICTh, NPYXXHI XapaKTEPHCTUKH 1 HANpYIH,
Mpu SKUX BI1AOYBA€ThbCS PYHHYBAHHS, Ta IHIII XapaKTEPUCTUKH IIMATKIB 3HAYHO
HWK4Yl 3a aHaJIOriyHl XapaKTEepUCTUKA MOJIOTKA, TO MPUIIYCKAEMO, IO MHOro
SHOIIYBAaHHS I10OB'S3aHe 31 BTOMJIEHHMM pYHHYBaHHSM IIOBEPXHEBOrO IIapy Bil
YIApPHOrO BIUIMBY IIMaTKa 3 MOAAJBUIMM HOro CTHPAaHHSM 32 PaXyHOK BIJHOCHOIO
KOB3aHHS MaTeplay.

BuznayeHHs] HaNpyrH, IO BUHUKAIOTh MPH B3aEMHOMY KOHTaKTI MaTepiaiy 3

[MOBEPXHEI0 MOJIOTKA, 3 ypaxyBaHHsAM TCPTA, 3HOCY Ta PYWHYBAHHS € CKJIQJHOIO

MaTteMaTHyHoro TpobsieMoro. Omuc JaHuX MPOLIECIB € OKpeMy IpodiiemMy, ska He

BXOIMTH 1O METH A0CHiKeHHs. ToMy Uil BUPIIIECHHS MOCTABJIEHHX 3aB/aHb
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3HaXOJUKCHHS I1apaMeTPIB B3aEMHOTO KOHTAKTY TiJl BUKOPUCTOBYEMO TOJIOKEHHS

NpUKIAIHOI Teopli ymapy, poOisum MPUITYIIEHHS, IO AO3BOJNSIOTH MOGYMYBaTH
MOJEJIb, 3a IOTIOMOI0K0 IKO1 BAACTHCS OTPUMATH SIK SKICHI, TaK i KiTbKiCHi OLIIHKH.
[Iponiec 3HOmIYBaHHS poboyoi ymapHoi IOBEPXH1 MOJIOTKA JApoOapKu Moxe
OyTH MOALIEHUN Ha TPH eTaru. llepma - 3HOIIYBaHHS HingukK GiyHO] IIOBEpXHI 1-2 B
pe3ylbTaTl yaapy o6 martepian, mo NIOAPIOHIOETRCS; Apyra - CTUpPaHHSA BCiei OiyHOi
noBepxHi 1-3 mpu TpuBanoMy koB3aHHi mo Hilf mpw [IOBTOPHOMY IPOHHKHEHHI
[IMaTKa MaTeplairy B po6ody 30HY MOJOTKIB (pOTOpa) Mic/s 3iTKHEHHS 3 BiIOilHO
[TATOIO 32 YMOBH (2.54); TpeTs - eposiliHe 3HOIIYBaHHS OiISHKY OiYHOI IOBEPXHi |-
2 B pe3yNbTaTl yapy MOJIOTKa 00 LIMATOK B IpoIleci MOBTOPHOrO KOHTAKTY Ha eTalli

1.5.

Jnst moKpameHHss po6OTH MOJOTKOBOI ApoGapky i 3amoGiraHHs IIBHIKOTO

3HOIDEHHS MOJIOTKIB BaXIJMBO BJIOCKOHAIWTH KilbKa KIFOYOBMX acCIeKTiB i
koHCTpyKUIl. Ilo-epme, cnix 3BepHYTH yBary Ha Bary MoJIOTKa. 30iNbIIEHHS Baru
MOJIOTKA TIABHINYE IHEPLUIHHWA MOMEHT, IO J03BOJISE MOJOTKaM e(heKTUBHIIIE
pYIHYBAaTH MaTepiall, SMEHIIYIOYM HaBaHTAXXEHHs Ha 1HIN1 YacTHHU Apobapku. Lle He
TIIBKA TMOKpally€ IpPOAYKTUBHICTh, aje # 30UIbllye MDKPEMOHTHHH MEpIOf,
OCKIJIBKH MOJIOTKM MEHII MIJAal0ThCs [IBUAKOMY 3HOLIEHHIO.

OxpiM 1IbOro, BaXJIMBO KOHTPOJIIOBATH Macy Marepiany, LIO IOJAETBCS B
npobapky. 3MEHIIEHHS MacH MaTepiany, 110 MOAAETHCS, 3HWKYE HAaBaHTAXEHHS Ha
NpobapKy, 1O CrpusAe OLIBII piBHOMIPHOMY 3HOLIEHHIO KOMIIOHEHTIB. Lle Takox

JI03BOJISIE YHUKHYTH HaMipHOr0 HaBaHTKEHHS Ha MOJIOTKH, 110 3HAYHO MPOJOBXYE
iX TEpMiH CJTy)KOH 1 3MEHLIY€E JacTOTy HeOoOXITHOTO TEXHIYHOI'0 00CIyrOByBaHHS.
PaioHaybHAN BHOIp MBHAKOCTI pOTOpa € IIe OJHAM BaXIIMBHM (aKTOPOM.

OnTHMATEHA INBHIKICTH J103BOJIsE e(peKTHBHO TOApiOHIOBAaTH MaTepian 0e3

HagMIpHOro 3HOIIEHHS MOJIOTKIB. 3aHaATO BHCOKa IIBUAKICTH MOXE IPHU3BECTH 10

HaZMipHOro 3HOCY Ta MOUIKOUKEHHA KOMITOHEHTIB Ipo0apku, B TOH 4ac sIK 3aHAATO

HU3bKA IOBHUAKICTE MOXE 3HWYBATH e(eKTUBHICTD NOAPIOHEHHA. [lpaBUIBHO

Nigibpana meuaKicTb obepTaHHS POTOpa 3a0e3neyye ONTUMAaIbHUN OalaHc MiX




npoXyKTUBHICTIO 1 TPUBANICTIO po6oTH apobapku 6e3 HEOOXITHOCTI YacTux

peMoHTiB.

[{i BIOOCKOHANEHHS B KOHCTPYKLIi MOJOTKOBO] IpO0apKH  CIIPUSIOTEH
MiIBHIICHHIO 11 €(QeKTUBHOCTI Ta JIOBIOBIYHOCTI, 10 € BAKIMBHM IUIS 3HIKEHHS
eKCIUTyaTallliHUX BUTPAT Ta MiABHINEHHS 3araibHOI IIPOAYKTUBHOCTI TMPOLECY

npoOJICHHS.

[Ti1 9ac MpoBeneHHS eKCIIEPUMEHTY 3MiHCHIOBATIOCE NpoOIeHHs B MOJIOTKOBI i
1pobapil TPH 3MIHI BarM 3epeH, IO MOAAIOTHCH, BarM MOJOTKA, a TAKOX MimGip
pallOHATBHOL  IIBHUAKOCTI  poTopa. Ilicns woro Oymu nmposeneHi BHUMipH

MpOXYKTHBHOCTI 110 KOXXKHOMY €KCIIEpHMEHTY.
byno BHKOpPHCTaHO CIUIaHOBaHWN TPU(AKTOPHUN eKCIIepUMEeHT. Y SKOCTi

GyHKUIl ¥ TPHUAHATO NMPONYKTUBHICTH I7, T/rof; y SKOCTI apryMmeHTiB: X, — Bara
MOJIOTKa mj, KT, X, — Bara Marepiaiy, 0 MOAA€ThCA 3a MEBHUI IPOMIXOK Hdacy my,

1/xB, X, — IIBHAKICTH 00epTaHHs poTopa w, 06/XB.

Jllana30HW BapilOBaHHsA 3MIHHUMHM I@puBeAeHl y Tabn. 3.2, a MarTpuns
IaHyBaHHS €KCIIEpUMEHTIB — Yy TabJ1. 3.3.

Ta6muusa 3.2 — Jlianma30Hu BapirOBaHHS 3MIHHUMU €KCITIEPUMEHTY

——————— — —— — — —

[IIBUAKICTE
Konose Bara
Bara monoTka] : oOepTaHH4
XapakTepuCTHKa | TO3HAYEHHS MaTeplaiy
i et | | poTopa
PaETipe KT T/XB 00/XB |
BepxHiil pIBEHb i SRS sy i 2,4 3000 |
HynboBuii piBEHb L e o bR 2 2000
HuxH1ii piBEHb -1 I 10 1,6 1000

MaTpu1s niaHyBaHHs eKCIIepUMEHTY NMPE/CTaBIICHA Y Tadi. 3.3.

rMiM.601-MMe.010-00.00.000.713

Mionuc |Hdama

5 ] |
I
i

T

Ne dokym.



Tabmaus 3.3 — Marpuus IUTAHYBAHHS €KCIIepUMEHTY

Bara Bara MIBuaxicts | &

Ne | Kox | Momotka, | Ko : obepTanus _
= I MaT:/E){lBEUTy, Kon pOTODA, TTpoayKTHBHICTE

. = 2 O _ 00/XB

e N TP (7 R O ) P

] 4 20 + 2.4 ¥ | 3000 T 379

2 & 10 e 2.4 TR 3000 165

-l Sl c &l s 1,6 | + 3000 | 312 |

S 10 = 1,6 T 3000 165

d 1 % 20 + 2,4 =i -1000° - | 281

-l 5 e LA L 2,4 = 1000 150

Lol 2 ‘ 20 = 1,6 — 7t - 1000 270

0 3 - 1,6 —- 1000 223

I R 1 0 2 0 2000 284

14 s 10 0 2 0 2000 130

L1018 +. 2.4 0 2000 200

12 | 0 15 — 1,6 0 [ 2000 279

13 | 0 15 | 0 2 + | 3000 203

14 | O 1S 0 2 = 1000 163

5] o 15 0 2 0 2000 245

16 | 0 5 = 2 ‘ 0 2000 | 202

MR EEE 2 0 2000 237

Y pe3ynbTati OOpOOKH eKCNepHMEHTAIbHUX MaHUX OTPHMAHO DiBHSHHS

perpecii B KOZOBAaHOMY BMIJIAi, 3TiHO PO3B’S3KiB SIKOro 1Mo6ymoBaHO rpadiuHi

3asiexxHocCT! (puc.3.1 —3.9):

Y =219,38+56,07x, —15,7x, +5,67x, +17,77x> +

(3.1)
+25,27x,* —30,897x,” +9,08x,x, +13,37x,x, + 6,83x,x,

[TepeBipKky afeKBaTHOCTI OTPUMAHOT (QYHKIIOHATBHOT 3aJIeXHOCTI (HaKTHUHHM
pesyiabTaTam, OTPAMAaHMM Ha OCHOBI €KCIIEPUMEHTIB, 3pOOJIEHO Ha OCHOBI

pospaxynky kpurtepito @imepa F, 1 TOpIBHAHHA HOTO 3 PEKOMEHIOBAHHM

3HAYEHHAM [ FP]. PiBHSIHHS BBaYKAETHCS NMPUAATHUM NPH F) < [FP] 15].

——{  MiM.601-MMe.010-00.00.000.713
| Midnuc |Hdama

il

Ne dokym.




['panutiHa BenuunHa | F, |-kpurepito Busnavena, s F,]=18,9.

Po3paxyHKOB - ! '
paxy € 3HaYeHHs F -KpuTepiio Oimepa Bu3HaueHo 3a hopMyiio10:

S,
I, = -—3"- (3.2)

y

2 .
zie S, — MUCTepCist aleKBaTHOCTI (0cTaTouHa JMCIIepcis);
2 " . o
Sy — AuUcCTepcis y HymboBiM Toumi. ITpu TPUPA30BUX BUMIPIOBAHHAX s

2
OTOYHOT0 EKCIIEPUMEHTY S =2,16.

3riiHo po3paxyHkis, S2, =13,759.

Po3spaxynkoBe 3HaueHHs kpuTepiro Dimepa:

r 8% 13,759
P
Se =216

y

=6,37<18,9.

OCKUTBKH pO3paxyHKOBE 3Ha4YeHHs F -KpHTepil0 MeHIle, HiX IpaHWYHE, TO

MOKHA CTBEp/UKYBaTH, IO po3podsieHa Ha OCHOBI OaraTo¢akTOpHOro aHaui3y
OyHKLUIOHANbHA  3a&leXxHICTh (3.1) ajexkBaTHO oOmUcye TMpouec  BIUIUBY
KOHCTPYKTUBHHUX TapaMeTpiB Ta pexXuMIB pobOTH JApobdapku Ha  HoOro
NPOAYKTHBHICTb.

Ha puc. 3.1-3.3 noka3aHo rpa(bi'qu 3QJIEKHOCT] MPOLYKTUBHOCTI JpOOJIEHHS

BIJI IIIBUJIKOCTI 0OepTaHHA poTopa.

LT R R
-=— rMiM.601-MMs.010—00.00.000.113
Sun | Aprc | e domgmr,

Ne dokym.




250

230

210

150

170

150

130 |

1000 1500 2000 2500 3000
= Bara marepiany 3a xenauuy 1,6 T/xB, Bara MonoTHa 10 kr
== Bara mavepiany 3a xeuauHy 1,6 T/x8, Bara MonoTKa 15 Hr

= Bara mavepiany 3a xenanny 1,6 T/xe, sara monoTka 20 Kr

Pucynok 3.1 — 3anexnocti MPOXYKTUBHOCTI ApOOJIEHHS BiJl IIBUIKOCTI

obepTaHHs poTopa, npu w = 1000 06/xe

1000 1500 2000 2500 3000

e B3T3 MATEPIATY 38 XBUAWHY 2 T/XB, BAra MONOTKa 10 Kr

— BATA MATEDIATY 33 XBUAKHY 2 T/XB, BBra MONOTKa 15 Kr

e BA[A MATEPIATY 33 XEUAUHY 2 T/XB, Bara MonoTra 20 Kr

PucyHOK 3.2 — 3aJIe)KHOCTi POAYKTHBHOCTI APOOJICHHS Bil IIBHIKOCTI

obepTaHHs POTOPA, IIPH W = 2000 006/xB




340
320
300 T =
280

260

240

220

1000 1500 2000

2500 3000

B33 MATEPIANY 33 XBUANHY 2,4 T/XB, Bara monoTka 10 kr
=== BAra MITEPIATY 32 XBUANHY 2,4 T/XB, Bara MONOTKA 15 Kr

s BATG MATEPIGNY 33 XBUAMHY 2,4 T/XB, Bara MOAOTHA 20 Kr

PucyHok 3.3 — 3anexHoCTi MpoXyKTHBHOCT] APOGIEHHS Bifl MIBHAKOCTI

obepranHs poropa, npu w = 3000 06/XB

XapakTep rpa@iuyHUX 3alle)XHOCTEM, IO npeacTaBleHo Ha puc. 3.1-3.3
CBITYHUTH IIPO 3POCTaHHS ITOKa3HWKAa MPOAYKTHBHOCTI ApoOapku MpH CEpemHIX
MOKa3HUKaX MIBUJIKOCTI oOepraHHs poTopa. TakoX BUAHO, IO 3MEHINEHHS Baru
MaTepialy, IO TMOMAEThCA Ja€ Kpauluid pesynbTaT. Ajle NpH BCIX HAWHUKYHX
MOKa3HWKaX MPOAYKTHBHICTH MaJac.

Ha puc. 3.4-3.6 mokasano rpa¢iyHi 3aJIeXXHOCTI MPOXYKTUBHOCTI APOOApKH BiN

MaCH MOJIOTKaA.




350
330
310

270
250
230 /——-_-\
210
190
170
150
10

15 20

e~ BAra marvepiany 3a XBUAMKY 1,6 T/xB, weMAKiCTL ODepTaHHA poropa 1000 06/xs

Pucynoxk 3.4 — 3anexuocri MPOAYKTUBHOCTI IpoGJIeHHS BiJl MaCH MOJIOTKA,

npum; = 10 kr

r
D
L

(- rJ
(n 3
— -

[
8y
[

-
.
)

10 15 20

— B3T3 MATEPIANY 38 XBNAMHY 2 T/XB, WBKAKICTL OO prauna poropa 1000 o6 /xe
e B33 M3TEPI3TY 33 XBUAWHY 2 T/XB, WBHAKICTL 06epTaHHA poropa 2000 of/xe
- BAra marepiany 3a xenauny 2 7/x8, WBKAKICTb obepranin poropa 3000 ob/xe

PrcyHoK 3.5 — 3anexHoCTi MPOAYKTHBHOCTI APOONICHHS Bl MACH MOJIOTKA,

npu m; = 15 Kr

== MiM.601-MMes.010-00.00.000./'13
s

o
=
o

PK. Ne GokyMm.




350

XapakTtep rpadiyHux 3QJIOKHOCTEH, W0 TMpencTaBJIeHO Ha puc. 3.4-3.6

CBIAYHTL NPO 3POCTAaHHS MOKA3HWKA IPOXYKTUBHOCT] apobapku mpH cepemHiil Ta
BUIINIH MacCl MOJIOTKA.

Ha puc. 3.7-3.9 nokasano rpadiyni 3a1eH0CTi MPOAYKTUBHOCTI Ipodapku Bix

MacH Matepiaiy, 0 MTOJAEThCs 3a MEBHUM MIPOMIXKOK Jacy.

300
280
260
240

~ M
.y

= Nm
Fan.

180

160
140
120
100

1,6 1,7 1,8 1,5 2 2,1 2,2 23 2.4

s (1| BUAKI €T OO € pTRHKA pOTOPA 1000 06/XB, BaramonoTka 10 kr
. weuakicrs obepranna potopa 1000 06/xs, BaramonoTra 15 kr

e L EHAKI CTB OB € pTAHHA poTopa 1000 06/x8, Baramonotra 10 kr

Pucynok 3.7 — 3aneHOCTi TPOAYKTHBHOCTI JpoOJIeHHS B1A Macu MaTepialy,

npu my = 1,6 T/XB

MiM.601-MMs.010-00.00.000.113




1

o

5 |
1,7 1,8 1,9 2 2,1 2,2 2.3 2,4

=———WBHAKICTb O6epranng POTOpa 2000 06/x8, BaraMmonoTka 10 kr

——WBMAKICTL 0GepTanta poTopa 2000 00/x8, BaramonoTra 15 kr

R . S A LRI S
150\________—__

1,6 1,7 18 1,9 2 2,1 2.4 2,3 2.4

WenAaKicTe obepradia potopa 3000 o6/xB, BaramonoTka 10 Kr

WeuAakicTe obepralia potopa 3000 06/x8, BaramonoTks 15 Kr

‘ WenArICTb obepranna potopa 3000 06/xe, BaramoaoTka 20 Kr

Pucynok 3.9 — 3anexHocTi NpOAYKTHBHOCTI ApOOIEHHS Bil Mach MaTepiany,

npu my = 2,4 T/XB

Xapaktep rpaQiuHux 3aJeXHOCTEH, IO TpejicTaBieHo Ha puc. 3.7-3.9

CBITYUTL IPO 3POCTAHHS IMOKa3HHUKa MPOAYKTHBHOCTI JIpoOapKu MpH HaWMEHIi

]
]
Em




Maci MaTeplaly, o noxaeTbey 3q XBUJIUHY.

— Maca MojioTka m; = 18-20 r,
— Maca MaTepiainy m; = |,6-] ,8 T/XB,

— IIBHJKICTH 06epTanus PoTopa w = 2000-2500 06/xs.




llpn BukoHanmHi namoj MaricTepeskoi mumonm
JOCTLIDKEHHS  poGoTH |

MPOAHAII30BAHO |

Ha ocHoBi :
' HUX OCIIIDKEHb 6yo SalIPOTIOHOBAHO MAaTEMAaTHYHY MOZEND, IO
OMACYE TMPOLEC noapiOHeHHS MaTrepiany B Apobapmi. Ilx

MPOTHO3YBATH 3MIHY NPOAYKTHBHOCT] Ta MI
3SMIH  T€OMETPHYHHX

MOJENb JI03BOJISE
’KPEMOHTHOT'O TIEPIOAY B 3aJIEXKHOCTI Bix
MapamMeTpiB Ta  yMmoB ekcmryarauii.  IIpoBeneri
EKCIIEPUMEHTANBHI NOCITiKEeHH S [1apaMeTpiB Ta pexHMiB po6oTH apoGapku. B

PE3YNIBTATI YOr0 OYJIO 3aNpONOHOBAHO BOCKOHAIMTH KOHCTPYKLIIO ApoOapKu, IIo
AAJIO SMOTY TIIBHIIMTH NPOXYKTHUBHICTB Ha 50 T/rox.

ExcnepuMeHTanbHUM muTsIxoM MATBEPIXKEHO, 10 30LIBIIEHHS Bard MOJIOTKA
MABHIIYE IHEPLUIHHWI MOMEHT, IO NO3BOJISIE MOJIOTKAM e(EeKTUBHIIIE PYHHYBaTH
MaTCp1al, SMCHITYIOUHM HaBaHTa)XCHHS Ha iHIII YaCTUHHU Npo6Gapku. 3MEHIIeHHS Macy

MaTeprary, IO MOAEThCs, 3HMKY€E HAaBAaHTAXEHHS Ha IpobapKy, IO CIpHse GBI
PIBHOMIDHOMY 3HOIIEHHIO KOMMOHEHTIB. Lle Takox 103BoJIsie YHUKHYTHU HaIMIPHOTO

HaBAHTAXKCHHS Ha MOJIOTKH, II0 3HAYHO MPOJOBXKYE iX TEPMiH CITyXKOM i 3MeHIIye

4aCTOTy HEOOXIJHOro TeXHiYHoro obcmyroByBaHHA. [IpaBHIBHO migiopana

WBUIAKICTE OOepTaHHs poTopa 3abe3lmedyye ONTUMANbHUM  OajaHC  MiX

MPOAYKTUBHICTIO 1 TPUBAIICTIO poOOTH Jpobapku 0e3 HeoOXimHOCTI YacTUX
PEMOHTIB.

Y pesynpTari TMPOBEHAEHHSA 3arajllbHOr0 HOCHIKEHHS MPOLYKTHBHOCTI

Ipobapku i TOApIOHEHHs  KaM SHHX MaTeplajiB 32 TpUGAKTOPHUM

eKCIIEpMMEHTOM BH3HAYEHO palliOHAbHI ITApaMeTpU Ta pexuMu podbotu npobdapku:

— Mmaca mojotka m; = 18-20 kT,
— Maca marepiany m; = 1,6-1,8 T/XB,

— mBuaKicTh obepranHs poropa @ = 2000-2500 06/xs.

R | 2 P P
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