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Pegepar

bakamaBpCchbkuil IUIUIOMHUNM TIPOEKT Ha TeMmy «MIIMH MasSTHUKOBUM 3
MOJICPHI3aIll€l0 By3/Ia pOJHKa», IIO0 B TOBHOMY 00CA31 CKIAJa€ThCs 3
MOSICHIOBAJIBHOI 3aIMCKHU Ta rpadiuHoi yacTHHH: (2 C., 22 PUCYHKIB, 2 Ta0IHllb, 2
nonaTkiB, 20 mxepeinn; 4 KpecieHb, | miakart.

O06’exT IpOEKTyBaHHS - MIIMH MasTHUKOBUI 3 MOJICPHI3aIII€10 By3J1a POJIUKA.

Mera pobGoTu: po3poOka Ta MPOEKTYyBaHHS 3TIHO TEXHIYHOMY 3aBJIaHHIO
MJIMHA MAagTHUKOBOTO ISl 301IbIIICHHS] MIIIHOCTI POJIMKA, /JIs 3MEHIIECHHS 3aTpaTu
Ha MpoIlec oMeNy; 31IMCHEHHSI MOJIEpHI3allli By3Jia pOIUKA.

VY IUMIOMHOMY HOpPOEKTI PO3IJISHYTO MPUHIMI POOOTH Ta KOHCTPYKIIIIO
MJIMHA MAagTHUKOBOTO, SIKMI BUKOPUCTOBY€ETHCS Y TEXHOJIOTIYHIN JIiHII MIATOTOBKU
cyab(dary Harpiro. Ha OCHOBI aHami3y TEXHIYHUX MapaMeTpiB 1 XapaKTEPUCTHK
poOOTH MIMHA MAasTHUKOBOI'O, BHKOHAHO IapaMETPUYHMA Ta KIHEMaTUYHHM
pPO3paxyHOK 1 po3paxyHOK pojimka Ha MirHIcTs B cuctemi ANSYS. Pesynpratn
PO3paxyHKIB MiATBEPKYIOTh JOIUIHHICTh 3alPOMOHOBAHOI MOICPHI3AIlii.

Henomnik 6a30B01 KOHCTPYKIIIT MJIMHA MasITHUKOBOTO y TOMY, 1[0 MPU MOMEJT
aOpa3uMBHUX MarepiaiiB MOBEPXHS POJIMKIB IIBUAKO 3HOLIYETHCS. 3 METOIO
MJBUIIEHHS TEPMIHY CIIY>KOM POJIMKA MPOBEICHO JITEPATyPHO-TIATEHTHUN TOIITYK
Ta 3aMpoNOHOBAHO MOJICPHI3AllII0 POJIUKA, 110 MOJISITA€ Y HASBHOCTI J10JaTKOBHUX

BCTABOK JIJIS1 TIJIBUIIIEHHSI TEPMIHY CITY>KOU pOJIUKA.

Knrouosi cinosa: MJIMH MASTHHUKOBMI, PO3MEJIBHUII BY30JI,
[IOMEJI, = ABPA3MBHI = MATEPIAJIM, KEPAMIYHI = BCTABKU,
[IPOEKTYBAHHSI, = MOJEPHI3ALIIS, PO3PAXYHKH, IIATEHTHI
JIOCJIIJKEHHSI.



Abstract

Bachelor's thesis project on "Pendulum mill with the modernization of the
roller assembly", which consists in full of an explanatory note and a graphic part: 72
pages, 22 figures, 2 tables, 2 appendices, 20 sources; 4 drawings, 1 poster.

The object of design is a pendulum mill with modernization of the roller unit.
Purpose: development and design according to the technical task of the pendulum
mill to increase the strength of the roller, to reduce costs on the grinding process;
implementation of the roller assembly modernization.

The diploma project considers the principle of operation and design of the
pendulum mill, which is used in the technological line of preparation of sodium
sulfate. Based on the analysis of technical parameters and characteristics of the
pendulum mill, performed parametric and kinematic calculation and calculation of
the roller for strength in the ANSY'S system. The results of the calculations confirm
the feasibility of the proposed modernization.

The disadvantage of the basic design of the pendulum mill is that when
grinding abrasive materials, the surface of the rollers wears out quickly. In order to
increase the service life of the video, a literary-patent search was conducted and the
modernization of the video was proposed, which consists in the presence of

additional inserts to increase the service life of the video.

Keywords: PENDULUM MILL, GRINDING UNIT, GRINDING,
ABRASIVE MATERIALS, CERAMIC INSERTS, DESIGN, MODERNIZATION,
CALCULATION



Ilepenik mno3HaYeHb

YMOBHI ITO3HAYECHHS;

D — miamMeTp KuTbIIs, M;

d - miametp ponuka, M;

F — Bumymiena cuna, H;

f - koedilieHT TepTa poJKKa 110 MaTepiaiy;
H — BucoTa MiIMHa MasiTHUKOBOTO, M;

h — Bucora mapy marepiany i poJTHUKOM;
i - CTyNHb NOAPIOHIOBAHHS;

L — 1oBkHHA MJIMHA MasiTHUKOBOTO, M;

| — mpuHa poOOYOT YACTHHU POJTUKA, M;
M - Mmaca MITMHAa MasSTHHKOBOTO, KT

N — cuna TUCKY pojKa Ha Kijblie, H;

N — yacToTa o0epTaHHs, 00/c;

P — cuta mpuTHCKaHHS POJIMKA,;

Q - IIpoxyKkTHBHICTH MIIMHA, T/TOT;

R - BiAcTaHb Bijg 0ci 00epTaHHS XPECTOBUHHM JI0 OC1 POJIMKA, M;
S — mupuHa MJIIMHA MasITHUKOBOTO, M;

V —IIBUJIKICTh 0OEpTaHHS POJIMKA, M/C;

Z — KUTbKICTh MAsITHUKIB;

Dcep - cepenniii po3mip mmaTka MaTepiaiy, M;
Ky — KpaTHICTb IUPKYJIALIIT;

l, — IOBKMHA POJIUKA, M,

M, — Maca poJIMKa, Kr;

N,, — MOTY>XHICTh MJIMHA MAaITHUKOBOTO, BT;

n,- 9actota oOepTaHHs Baly MJIMHA, 00/XB,;



np

P, - cuna T onopy pyxy poJmka, H;
P, - cuna iHep1ii pojuka, M;

P53 - CHIIa TEPTA KOB3aHHs, H;

P,y - cuna Tepts KkoueHHs, H;

Vex — HIBUJIKICTH KOB3aHHS POJIMKA;

a1— KyT 3axXBarty, °;

1y — KK/l nBuryHna;

Puac - HACUIIHA TYCTHUHA MaTepiany, Kr/m3;

U —KOoe(DIIIEHT OMOpPYy KOUYEHHS POJIMKA,

[6] — momycTUMe HaBaHTaKeHHS JJis cTadil, [1a;

W — KyTOBa IMBUJIKICTh POJIHKA, PaJi/C.

CKOpOYEHHS:
[X® — iHkeHepHO-XIMIYHUH (haKyJIbTET;

HJC — nanpyxeHo-nedopmMoBaHuii CTaH.

- 4aCTOTa 0OEPTAaHHS POJIMKA HABKOJIO CBOEI OCl, 00/XB;
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Beryn

[TonpiOHEHHS € BaXJIMBOIO OMEpaIlielo 0araTboX TEXHOJOTTYHHUX IPOIIECIB.
Jlis BUKOHaHHS IIi€l omeparii 3aCTOCOBYIOTh Pi3HI THIM MJIMHIB 3aJI€KHO Bif
XapaKTepUCTHK MaTepiaiy, 10 MOAPIOHIOETHCS, PO3MIPY BHXITHOTO MPOAYKTY Ta
HEO0OX1THOT MPOTYKTUBHOCTI.

MeTor0 naHoro 6akamzaBpChKOrO MPOEKTY € MPOEKTYBaHHS Ta MOJEpHI3allis
MJIMHA MAasTHHUKOBOTO, SIKHH € BaKJIMBOIO CKJIQJIOBOIO TPOIICCIB BUTOTOBJICHHS
OyIiBeIBbHUX MaTepiajiB, y TIPHUYOPYAHIN Ta XIMIUHIM TPOMHCIIOBOCTI.

JIis JOCATHEHHSI MOCTAaBJICHOT METH MPOBEIACHO JiTepaTypHO-TIATCHTHUN
MOIIYK Ta 0OpaHO MAaTEeHT, 1110 J03BOJIAE€ ONTUMI3yBaTH MpoLieC TOMENy cyiabdary
HATpIlO0, Ta PO3pOOJEHO HOBY KOHCTPYKIIIIO MJIMHA MAasTHUKOBOIO, SIKa MOBHMHHA

MIJBUIIUTH €(hEKTUBHICTh HOTO POOOTH.
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1 Ipu3HayeHHs i rajay3pb 3aCTOCYBAHHS MJIMHA MASTHUKOBOI'O

1.1 Ilpu3HavyeHHs1 MJIMHA MASITHUKOBOT O

MiuH MasTHUKOBUM — MallIMHa Oe3MepepBHOI i1 A1l TOAPIOHEHHS, poOOYUM

OpraHOM SIKOT € MasiTHUK, 110 3/11MCHIOE 00EPTOBI Ta 3BOPOTHO-TIOCTYHAIbHI PYXH.

[Tpu3HaueHHSAM MIIMHA MasTHUKOBOTO € TOHKHUI MTOMEI M’ SIKUX TIOpiJ] Majol Ta

cepeaHbOo1 MIITHOCTI (TJIMHH, TITICYy, Kpeiau, rpadity) y XiMIuHIA, XapuyoBiM, MpHAYIN

Ta 1HIIUX Tady3sX TPOMHUCIOBOCTI. MIMH MasiTHUKOBHI HTUPOKO BUKOPUCTOBYETHCS

B XiIMiuHi#, OyiBeNBHIN Ta IHIIMX TaIy3sX MPOMUCIOBOCTI. [1-2].

1.2 3acTrocyBaHHsI MJIMHA MAasITHUKOBOTO Y TeXHOJIOTTYHI JTiHil

NIATOTOBKH CyJb()aTy HATPiIO

Cynbdar HaTpito (HaTpieBa ciib cynbdarHoi kucinotu, Na;SOs) — mumpoko
3aCTOCOBYETHCS Y BUPOOHMIITBI Marepy, COJU Ta y CKJISIHIM IPOMUCIOBOCTI.

TexHosOryHa JiHIS TIATOTOBKU CyJlb(paTy HATPIIO AJIs MOAAIBLIOTO HOro
BUKOPHCTAHHS HAaBEJEHO Ha pucyHky 1.1.

Cynbdar HaTpil0 MOCTyHAa€E HACUIIOM 31 CKIIATy 1 TIOJAEThCS TperdepoM y
npuiiManbHui OyHKep 1, a 3BiATH CTPIYKOBUM KUBUIBHUKOM 2 Y BaJIKOBY IPOOAPKY
3.

[ToapiOHeHuii cynbdaT HATPIIO TPAHCIOPTEPOM Ta MPOMILKHUM CTPIYKOBHM
KOHBEEPOM 2 TPAHCIOPTYETHCS B 3aBAaHTAXKYBAJIBHHUM MPUCTPiil Ta B CYHIMIBHUN
Oapaban 4, mo nparroe ipu 700 °C.

Bucymienuii cynbdar HaTpil0 po3METIOTh B MasSTHUKOBOMY MiIMHI 5. [ToTiM BiH
MoCcTynae Ha (QUIBTPYBaHHS y LMKJIOH 6 Ta MHEBMOHACOCOM / TOJAETHCS B

posxigauii Oyukep 8 [4].
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https://uk.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D1%83%D1%80

1 — OyHKep; 2 — CTpIYKOBUI JKUBWIBHUK; 3 — BaJIKOBA Jipodapka; 4 — CymuIbHUMI
OapabaH; 5 — MasTHUKOBUH MIIMH; 6 — IUKJIOH; / — THEBMOHACOC; 8 — PO3XiTHHIA
OyHKep.

Pucynok 1.1 — TexHomnoriuda cxema miJiIrOTOBKU CyiIb(}aTy HATPitO
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2 TexHiuHi XapaKTepUCTUKU MJIMHA MASTHUKOBOI'0

B Tabmumi 2.1 HaBeIeHO OCHOBHI XapaKTEPUCTHKUA MIIMHA MAasTHUKOBOTO Ta

BJIACTHUBOCTI MaTepiaily, 1o MoApiOHIOETHCS.

Tabmuig 2.1 —TexHIuH1 XapaKTepUCTUKU MJIMHA MasSTHUKOBOTO

No [Tapametp [Toznauenns | OpguHuUI | 3HaYCHHS

1 | Hacunna ryctuHa maTepiaiy Prac Kr/m° 1700

2 CepenHiii po3mip IImMaTka Deep M 0,025

3 | KoedimieHT TepTst posvKa 1o f — 0,3
Marepiaity

4 Cryninp noapiOHIOBaHHS i — 35

5 | IIpOayKTUBHICTb Q T/TO1 10

6 | ['aGaputHi po3mipu:

— JIOBJKHHA; L 4,225
— IIUPUHA; S M 3,020
— BHUCOTA. H M 4 544
7 Maca minHa M KT 10400
8 KinbkicTe MasTHUKIB 4 — 4
9 | diameTp posuka d M 0,35

ApK.
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3 Onuc KOHCTPYKIil Ta MPUHITAN Ail MJIMHA MASTHUKOBOTO

MasaTHUKOBUIT MJIMH, 10 300paxkeHuii Ha pucyHky 3.1 wmae Taky
KOHCTPYKILIIO: Ha BepTHUKaIbHMI Banm 13 3akpimuieHo XpecToBuHy 12, 10 sKOi
miABiIIeHI 4oTupu MasTHUKKA 4. BcepenuHi kopmycy MJMHA MasTHUKOBOTO Ha
MIITAITHAKAX BCTAHOBJIGHUM BHYTPINIHIM CTakaH 2 y HIKHIM KOHIYHIA 4YacTHHI
AKOTO 3aKpirieHo poiuk 1. BygoBa masTHHKA Ja€ 3MOTY BHYTPIIIHBOMY CTaKaHy
BUIbHO TMEpEMIIyBaTUCh TONepeKk Kopnycy wastHuka. [lig uac oOepraHHs
BEPTUKAJILHOTO Bally, IiJl BIUIMBOM BIJILIEHTPOBOI CHJIM MAasSTHHUKH PO3XOMASTHCS,
MPUTHUCKAIOYHNCH CBOTMH POJIMKAMU JI0 HEPYXOMOTO PO3MENBHOTO Kinblig 23. Ponmku
HOJpiOHIOIOTH MaTepiall, AKUl MPOXOJUTh MONEPEK KOPIYCY BEPTUKAIBHOTO BaJly .
BepTtukanbHuii Banm 3aBaka€ MOTPAIUITHHIO MOAPIOHIOBAHOTO Marepialy B
HIITATTHUKOBI BY3/H 21.

JUia momaul Matepially 10 PO3MEIBHOTO By3Jia MJIMHA MAasTHUKOBOTO
3aCTOCOBAHO POTOPHUH KUBWIBHUK — 103aTOp 14, saxuii ckiaamaeTscs 3 kopiycy 10,
mubepa 8, yIuiiibHIOBAIbBHUX CEKTOPIB 7, K1 MIapHIpHO MiABimeH1 Ha kopryci 10 ta
MaioTh (DIKCYI0Ul MPHUCTPOi, pOoTOpa-KUBMIbHUKA 9, 3akpiruieHoro Ha Bamy 11 3a
JIOTIOMOTOFO IITMOHKH, a TAKOXK 1HIMBITyallbHOTO eJeKTpoABUTryHa 18 3 pemykropom
20. Ha HepyxoMoMy pO3MEIbHOMY KUIbIIl 23 BCTAHOBJIIOETHCS KUIBIIEBUN KOJIEKTOP
15, 3’eqnanuii TpydonpoBoaamu 16 3 BianeHTpoBUM BeHTUIIsITOpoM 17. Ha BepxHiit
TUTONTMHI KUTbl 23 3aKpIIJICHUH PO3HIMHUN KOPIYyC S 3BapHOI KOHCTPYKIIi, Y
BEPXHIii YaCTHHI IKOTO PO3MIIIEHUI cemapaTop 6.

[TonpibHeHuit MaTepiad MOTOKOM MOBITPS, 0 HAAXOAUTh KPi3h KUJIbIIEBUMA
KoJeKkTop 15 y Kopmyc MIIMHA, MiIXBAadyeThCs 1 BUHOCHUTBCS Yy cemaparop 6.
Cemnapatop Biaijisie BEIMKI YACTUHU MaTepiaiy, siki 3HOBY BUNAAAal0Th y MIIMH, A€ i
JOMEJIOIOTHCSA, a IPIOHUI MPOAYKT TPAHCHIOPTYETHCS 1O IIUKIOHA, JI€ 0CAKYETHCS
Ta BiABOAUTHCS. [IOBITpPSI KPi3h IUKIIOH YACTKOBO CIIPSMOBYETHCS Ha3a]] B PO3MENIbHY
KaMepy MJIMHAa MasiTHUKOBOTO, a YacTKOBO IMPOXOJUTh uYepe3 pyKaBHUN QiIbTp,

OYHIIY€E€THCS Ta MOTIM BUXOJIUTH J0 atMocdepu. MIIMH MasTHUKOBHUM MTPUBOAUTHCS
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B pyX enekTpoaBuryHom 18 uepes peaykrop 20 3a 101OMOT0I0 MPY>KHUX BTYIKOBO-

nanbiesux mydr 19 [ 1].

1 — ponuk; 2 — BHYTpIIIHINA cTakaH; 3 — KOPITyC-CTaKkaH; 4 — MasITHUK;
5 — po3HiMHUH KOopryc; 6 — cenapaTop; / — yIIUIbHIOBAJIbHI CEKTOPH; 8 — mmobep;
9 — porop-xuBunpHuK; 10 — kopnyc; 11 — Bain; 12 — xpecToBuHA;
13 — BepTukanbhumii Bat; 14 — nozatop; 15 — KiabIieBUlA KOJIEKTOD;
16 — TpybGonpoBina; 17 — BimueHTpoBUil BeHTWIsATOP; 18 — iHAuBiAyansHui
enekTpoasuryH; 19 — mydra; 20 — penykrop; 21 — miAMIMITHUKOBI BY3JIH;
22 — ctakaH; 23 — HepyXOMe PO3MeIbHE KiJIbIle

Pucynok 3.1 — 3aranbHuii BU MassTHUKOBOTO MJIMHA
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4 JliTepaTypHuil Ta NATEHTHUI OIJIsII CTAHY NMTAHHS, OOTPYHTYBaHHS
3alpPOINOHOBAHOI MOJAepPHi3amii

4.1 JlitepaTypHO-IATEHTHUH OTJISI]

Merta mpoBeieHHs JIITepaTypHO — NATEHTHOTO MOIIYKY - BUOIp TEXHIYHOTO
pilieHHs Ta OOIPyHTYBaHHS MOJEpHi3alii, ska 3abe3neunTb OiTbll e(EeKTUBHE
noApiOHEHHs Ta 301IBIICHHS TEPMIHY CITyKOM 1ICHYIOUOTO 00J1aTHAHHS.

B [1] HaBeeHO TUITOBY KOHCTPYKIIiFO MJIIMHA MasiTHUKOBOTO, SIKY OYJIO B3SITO
3a 0a3zoBy (pucyHok 4.1). MiIMH MasSTHHKOBHU MiICTUTh KOPIIYC Y SKOMY
BCTAHOBJICHUW BEPTUKAIBHUM BaJl 3 XPECTOBUHOIO, Ha CTPWXKHAX SKOI 3a
JIOIOMOTOI0 IIAPHIPIB MIABINICH] MasTHUKHU 3 POJIMKAMU HA iXHIX HUKHIX KIHIISIX,
BCTAHOBJICHUMHU 3 MOXJIMBICTIO B3a€MOAII 3 BHYTPIIIHBOIO IOBEPXHEIO
PO3MENIBHOTO KIJIBIIS, a TAKOXK BCTAHOBJICHUM HaJl XpECTOBUHOIO CenapaTop.

3 METOI0 BJIOCKOHAJICHHS POJIMKA MJIMHA MasSTHUKOBOTO OYJ0 31HCHEHO
MATEHTHUH TOIIYK ISl BUPIIIEHHS KOHCTPYKTUBHOIO PIIIICHHS MO YI0CKOHAJIEHHIO

IIPUCTPOIO PETYJIIOBAHHS MAsTHHUKA.

Pucynok 4.1 — 3aranbHuil BUJ MIIMHA MasiTHUKOBOTO
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Po3MenbHuit By30J1 (pUCYHOK 4.2) MasSTHUKOBOI'O MJIMHA Ma€ HEJOJIK Y TOMY,
110 IHTEHCHUBHICTh Ta €(DEKTUBHICTh PYHHYBaHHS MaTepialy MOXKHA JOCATATH JIUIIE
3MIHIOBaHHSIM KYTOBOI IIBHIKOCTI BEPTUKAIBLHOTO Bajy, IO 3BY)KYE TEXHOJOTIUHI
MO>KJIMBOCTI MJIMHA.

Jlnisg BupilleHHS IOTO HENOMIKY OyJo 37iiicHeHO momryk Ta posrisg 10

[MaTEHTIB.

Pucynox 4.2 — Po3menbHUM By30J1 MIIMHA MaSTHUKOBOTO

Pesynprar niTepaTypHO-IIaTEeHTHOIO OTJIsAY HaBeaeHo B TaOuii 4.1 [5-14].

Apk.

/I161(1).012116.01- 70113

IMH.

Apk. Ne dokym. lidnuc | Aama




Ta6nuis 4.1 — Tabauis po3rissHyTUX MaTEHTIB

Ne | [Ipenmer nomyky | Kpaina Bumaui, Bun | CyTHICTB TEXHOJIOTTYHOTO
3/m Ta HOMEp | pillICHHS Ta  LUIb  HOTO
JTOKYMEHTY CTBOPEHHSI
1 2 3 4
MasTHuKOBUI B02C15/00 BcTaBku B MOBEpXHIO POJIHKA,
MJIMH (2006.01); 110 MAlOTh BITHOILICHHS 00'eMy
B02C4/30(2006.01); | mo twiomi moBepxHi(V/ S) B
. B22D19/06 iHTepBami MK 3 Ta Scwm,
(2006.01); nepeBakHo Mixk 3,2 4,5 cm
B22D19/08
(2006.01)
RU 2673 191 C2
MasTHUKOBUI 'B02C 15/08 Oci  IKIBIB  KJIWHOIACOBOI
MJTUH UA127565U nepeaayi po3TanioBaHi
2 BEPTUKAJIBHO, BEICHUN IIKIiB
3aKpIIUIEHO OE3M0CEPEeIHbO Ha
BEPTUKAIILHOMY BalTy.
MasTHUKOBUH B02C15/02; Bxigauit OTBIp MJIMHA
B02C23/22; B .
MITHH BO7B11/06: MasTHUKOBOTO e OTBip 3
BO7B7/083 peryJIbOBaHUM 00'eMom
3 (2018.08) . .
CN108435337 (A) | MOBITPA, BEHTUIALIHHMI OTBIp
3’ € THAHUU 3 1o1a4ero
Marepiainy.
MasTHukoBUI Y mpucrpoi BCTAHOBJICH1
B65G 53/00 '
MJIMH TOPU3OHTAIBHUN 1 HAXWJICHUUN
4 MOBITPOIIIBI/IHI naTpyoku,
yepe3 SKIi B 30HY KaMepu
3MIITYBaHHS MMJABOJASITHCS JBa
ApK.
/M61(1).012116.01- 70113
3mH. | Apk. Ne dokym. lidnuc | Aama



https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=true&locale=en_EP&FT=D&date=20180824&CC=CN&NR=108435337A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=true&locale=en_EP&FT=D&date=20180824&CC=CN&NR=108435337A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=true&locale=en_EP&FT=D&date=20180824&CC=CN&NR=108435337A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=true&locale=en_EP&FT=D&date=20180824&CC=CN&NR=108435337A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20180824&DB=EPODOC&locale=en_EP&CC=CN&NR=108435337A&KC=A&ND=4
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&date=20180824&DB=EPODOC&locale=en_EP&CC=CN&NR=108435337A&KC=A&ND=4

B32€EMO/IIFOUHUX MOBITPSTHUX
CTpyMEHi,  poO3TalloBaHi Yy
TOPU3OHTAIBHIA Ta HaXWJICHIN

IJIOMINHAaXx.

MasiTHuKOBUI B02C15/00 XKono6 momaui  matepiany
MJTUH (2006.01) PO3UICHHI epEeropoaKaMy Ha
B02C23/02 JBa a00 OlIbIIE KaHATHU, JTOTKH
(2006.01) BHUKOHAHI 31 CKOCaMH, 1 5K0JI00
° RU 2 609 258 C2 OPUKPIIICHUH 10  mepmioi
TOPIIEBOi CTIHKH MiJ TOCTPUM
KyTOM 10 TUTOLIIUHU
PO3MOIIBLHOTO CTOMY.
MasTHUKOBHI _B02C17/14; [nidyBanpHui HATHAP
B02C17/24 §
MJTIH (2015.03) MasTHHKAa  BUKOHAaHWWA  Ha
CN104437766 () BUTHYTI OCHOBI, PEUKH SKOI
3BOPOTHO-TIOCTYIAILHOTO
pPyXy, PO3BaHTaXKyBaJIbHI1
° MPUCTPOiI 3aKpiUIeHI Ha 000X
KIHIISIX OCHOBH yepes
NIIIIUITHUKA  Ta  PyXaroThCs
pazoM 3 nuTidyBaIbHUM
LUAJITHPOM.
MasgaTHUKOBUI B02C15/02 [IpuBomHMIT MeXaHI3M MJIMHA
MJTUH US2011278386A1 MasiTHUKOBOT'O BUIBHO
. M1BIIICHAN bi o) HIDKHBOT

CTIHKM  KOpPIyCy  MJIMHA.
[IpyBOMHMM  MEXaHI3MOM €

OpsAMUNA  TPUBIL. SKAA Mae

IMH.
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BUXIJHHH Bajl, 1JCHTHYHUI
IIPUBOJHOMY Baiy. MOHTaxHa
IJIacTUHA 3'€THaHA 3 HUKHBOIO
CTIHKOIO KOpITyCy MJIMHA 1 €

P03’ €MHOIO.

MasaTHUKOBUN

MJIMH

B02C15/02
US2011278386(A1)

HwxHs cTiHKa KOPIyCy MJIMHA
Ma€ 3aMUKaI04l MEXaHi3MU, SIKi
B 3aKpUTOMY  TOJOXCHHI
(hIKCYIOTh MOHTaXHY

TJIACTUHY.

MasaTHUKOBUN

MIJIMH

B02C17/14
CN104437766 (A)

[Tpuctpoi nojayi 1
BUBAaHTOKCHHSA 3aKpiIljIeHl 3
000x KIHIIIB MJIMHA
1 AIITATTHAKAMU Ta
NEepPEMINIYIOTbCS  pa3oM 3

PYXOM POJIMKa MJIMHA.

10

Pomuk

MasATHHUKOBOI'O

MJIMHA

US2016367995

Ponuky HagmaeTbcs NMOCUIIEHHS
Kpal B SIKOMY € MOJIMBICTb
3MIHIOBAaTH KpaioBi
1JICUIICHHS. BcraBku
BUTOTOBJIEHI 3 BIAMOBITHOTO
TBEPJIOTO Marepiary 1
JIOMYCKAalOTh ~ 3HOC  3aMICTh
nepudepiiHoro Kparo camMoro

poOJIHKa.

IMH.
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4.2 O0rpyHTYBaHHA BHOOPY BapiaHTy y10CKOHAJIEHHS POJINKA

Ponuk — enemeHT oOmamHaHHS Jyisi IpoOJeHHS, MOApiOHEHHS abo moMeny
MatepianiB. 3a paxyHOK MOCTIHHOI B3aeMO/Ii 3 aOpa3suBHUMH MaTepiajlaMH, HOTo
MOBEPXHS HIBUAKO 3HOIIYETHCA, 1[0 CTBOPIOE HEOOXITHICTh HOTO 3aMiHM, a OTXKE 1
3YMUHKHU OOJIaAHAHHS JJI1 PEMOHTY.

OO0pana MoiepHi3allisi OJIATa€e B TOMY, IO POJIUK MICTUTh TOAATKOBI BCTABKH
2 3 4aByHYy 3 BHCOKHM BMICTOM XpOMY, SIKi BKJIaJieHI B MeTajieBy Marpuiro 1 3
KOBKOT'O 4YaByHy a0o craji. BcraBku po3TamioBaHl MO BCIM JOBXKHHI poOOYOi
noBepxHi ponuka. HasBHICTP KepamiuHUX BKJIAIUIINB 3 JOAATKOBO 301IbIIyE
MIIIHICTh TOBepXH1. HasgBHICTB 3B’513y1040T0 €eMeHTa 4 Mi>k BCTaBKaMH J103BOJISIE
MIHIMI3yBaTH HIUPHUHY HIUTMH MK BCTaBKaMHU POJIMKA, IO TOKpailye ¢ikcaliiio
BCTAaBKM B MaTpHIIl.

Buxopucranus Takoi KOHCTPYKIIT pOJMKa JOTMOMarae IiABUIIUTH
3HOCOCTIMKICTh TOBEpPXHI POJIMKA, 1 THM CaMHUM 3pOOHMTH EKCILTyaTallito

MAaSTHUKOBOT'O MJIMHA O1IBIII EKOHOMIYHOKO.

Pucynox 5.1 — MopepHi3zaiiist poyinka
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5 OxopoHa npani Ta HABKOJMIIHbOIO cepeI0BHUINA

OxopoHa Tpaltii € CHCTeMOIO aKTiB Ta 3aKOHIB, K1 OXOIUIIOIOTh TaKl MTUTaHHS,
sk Oe3meka mpalli, yCyHeHHsS (aKTOpiB, 10 MOXYTh MPU3BECTH 10 TpaBMaTH3MY,
MOTIEPEIKEHHST MOXMJIMBHX 3aXBOPIOBaHb, aBapiiHUX BHUIMAJAKIB Ha BHPOOHHUIITBI,
npo0JieMH MPaBOBOT OXOPOHH IIparil.

BinnoBigHO 10 TeMu MPOEKTy «MIMH MasTHUKOBUHM 3 MOJEpHI3AIII€I0 By3a
poJIMKa» MpU poOOTI JiHIT MATOTOBKH CyJib(haTy HATPiI0 Po3poOJIeH] 3aX0aH IS
3abe3reueHHs 0€3MeYHUX YMOB TIpaill

[1ix yac 06cTyroByBaHHs 00J1aJHAHHS ONIEPATOP 3HAXOAUTHCS B IPUMIIICHHI
y BUpoOHMYOMY Hexy miomero S= 80 M? ta 06'emom V =520 M. 3a nanmx ymoB
IIK1JIMBUMU Ta HEOE3NMEYHUMHU (PaKTOPaAMH €:

- IOBITPsI POOOYOT 30HHU;

- eJleKTpoOe3neKa,

- IOKEeKHA HEOEe3MeKa,;

- BUPOOHUYUIA IITyM.

5.1 IloBiTpsi po06040i 30Hi

PoGota onepatopa 3 00CIyroByBaHHS MJIMHA MasTHUKOBOTO BITHOCUTHCS 10
Kareropii Jerkux ¢izuuHux poo6iT. EHeproButpat o/Hi€l TI01UHN CTAaHOBISATH 150
kkan/r (172 Jlxl/c ).

3riJIHO 3 KaTEeropi€lo , CEPEIHI ONTUMAJIBHI TApaMeTPH METPOJIOTTYHUX YMOB
B poOouiii 3001 MirHa MasTHHKOBOTO 1o JJCH 3.3.6.042-99[15] cknanaroTs:

B xonognuii nepion poky:

- TemmepaTypa noitps — (22...25)C,

- BlgHOCcHA BosoricTh — 40-60%,

- MBHUAKICTH pyXy moBitps — 0,1 m/c

B termmuii mepion poky:
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- Temmeparypa nositps — (23...25)C,

- BimHOCHA BoJoricTh — 40-60%;

- mBHAKICTH pyxy moBitps — 0,1 m/c.

MeTeoponoriydi  mapaMeTpu TMPUMIMIEHHS 3a0e3MeUyIOThCSI MPOTOYHOIO
BUTSDKHOI BEHTWJIAIT B TEIUIMH TEpio[ POKY Ta OMAJICHHSM IMEHTPATbHUM — Y
XOJIOHUH Tiepiof poky i BiamosigaroTh JJCH 3.3.6.042-99 [6].

[IpumimeHHsi, 1€ BCTAHOBJICHUW MIIMH MAaSTHHUKOBUH, TOBUHHE OyTH
3a0€3MeUYeHUM MUJIOBJIOBIIOIOYMMU anaparamu, 10 J103BOJISITh MOBEPTATH 3HAUHY
KUTBKICTh TOTOBOTO MPOJYKTY, ajie 1 3aMo0IrTd 3a0pyAHEHHIO MHUJIOM MOBITPSHOTO
OaceliHy 3aBoJly Ta IPUJIETJIUX J0 HhOTo TepuTopiid. [lepen Bukugom B atmocdepy,
MOBITPS TOBMHHE OYMIIYBATHUCS JJIS 3HUKEHHS Y HBOMY BMICTY MHIY JO
YCTAaHOBJICHHX 3aKOHOM CaHITAPHUX HOPM.

B niexy nmomesny caniTapHi HOpMHU 3aITMJICHOCTI BUKOHYIOTHCS 32 JJOTIOMOTOIO
PO3BHHEHOI CHUCTEMH acmipalii JKUBWIbHHKIB, MICISI 3aBaHTAXEHHS Ta
BUBAHTA)XCHHS, TPAHCIOPTYBAHHA 1 IOMOJIBHOIO OOJIaJHAHHA, HAJAIHHUMU
yIIUIbHIOBaYaMU 3'€JHaHb MPOBOJIIB 3 MaTepiajioM 1 razoxoji. [Iun 3 BUCOTHUX
MalJJaHYMKIB 30UPalOTh 3a JOMOMOIOI0 CHEIlalbHUX CIYCKHUX TPYO, 110 3'€THaHI

repMETHYHUM IUIIXOM 3 OyHKepamu [16].

5.2 EnekTpode3neka

BupobHuue mpumiiieHHs, e po3TallOBaHWW MYHKT KEPYBaHHS MIMHOM
MasiTHUKOBUM, 3TiHO 3 Aitounmu npasuiamu [IYE BigHOCUTBECSA 10 MpUMIIIEHD 3
MIJBUIEHOI0  HEOE3MEKOI0  BPAKEHHS  JIOJEH  €NEeKTPUYHUM  CTPYMOM.
J1J1s )KUBIICHHS MJTMHA MassTHUKOBOT'O BUKOPUCTOBYIOTH TpHdasny Harnpyry 220/380
B, gacrororo 50 I'1 Ta 130150BaHOI0 HEUTPAILITIO.

[TpuurHaMu BpakeHHS] pOOOYOTO MIEPCOHATY MOXKYTh OyTH:

- HEeTIpaBWJIbHE BBIMKHCHHS YCTaHOBKH,

- MOLLIKOJI?)KEHHS KOPITYCY;

ApK.

/I161(1).012116.01- 70113

IMH.

Apk. Ne dokym. lidnuc | Aama




- MOPYIICHHS BUPOOHNUYOT AUCIUTIIIHY;

- TOTHK J0 BIAKPUTHX CTPYMOIIPOBITHUX YACTHH €ICKTPOYCTAaTKyBaHHS,

- BTpaTa 130JI1IMHUX BIACTUBOCTEH 130JIAI111.

OcHoBHUMH 3aco0amMu  3a0€3IMEUEHHST EJIEKTPOOE3NEeKH € 130JTFOBaHHS,
3aXMCHE PO3IJICHHS €JICKTPUYHUX MEPEeXk, OJIOKYBaHHS OCHOBHHX €JICKTPOBY3JIiB
Ta BUKOPUCTAHHS MaJioi HApPyTH.

[3omstis MTOBUHHA 3a0e3neuyBaTu TEXHIUHY Ipale31aTHICTh
€JIEKTPOYCTAHOBKU, 3MEHIIYBaTH WMOBIPHICTh MOTPAIUISHHS JIOJWHUA MiJl AII0
CJIEKTPUYHOTO CTpyMy, 3a0e3reuyBaTH 3MUKaHHS JAPOTIB Ha 3E€MJII0 Ta KOPILYC
CIIEKTPOYCTAHOBKH, 3HIDKYBAaTH CTPYyM, IO TPOXOIUTH Kpi3h JIOIUHY, SKa
JIOTUKAETHCS JI0 HE130JIbOBAHOT YACTHUHU B €JIEKTPOYCTAHOBIII.

EnexrpomarniTHi 050kM O€3MeKM BUMHUKAYiB, 3a3€MJIIOIOYl HOXI Ta
pO3’€IHYBaul BUKOPUCTOBYIOTh Ha PO3MOAUIBHUX IMPUCTPOAX JUIsl 3a0€3MEeUCHHS
MOCJIIJIOBHOTO BBIMKHEHHSI 1 BUMKHEHHS 00JIaJHAHHSI.

CymapHuil omip eJeKTpOI30JiALii BITHOCHO 3€MJII Ta €MKICHICTb CTPyMY
3aMHUKaHHS Ha 3eMJII0 3aJI€KHI B JOBXHHHM MEPEX Ta iX posraimyxkeHocTi. [lpu
30UTbIIEHH] KX MapameTpiB CyMapHHU OIip 130JiAL1i 3MEHIIYEThCS, & €MHICTB,
HaBMaku, 30UIbIIyeThcs. [lomin Ha oOkpeMi HEMoB’si3aHI MDK COO0OI0 YaCTUHU
CJIEKTPOMEpEXKI 3a JIOMOMOTror TpaHChOpPMATOpiB, MO MAalTh KOEQIIIEHT
TpaHc(opMmallii piBHUNA OJAMHUIN, MIJBUILYE OMIP 130JA11i Ta 3MEHIIYE EMHICTh 1
301JIBIITYE PIBEHB CIEKTPOOEC3IEKH.

JlilicHi HOpMaTHBHI JTOKYMEHTH PO3AUISIIOTh HU3BKY HAIpPYry 3MIiHHOTO
CTpyMy Ha niama3onu 12 ta 42 B.

Harmpyra 12 B 3MiHHOTO CTpyMy 3aCTOCOBYETHCS JIJIsl 5KUBJICHHS TIEPEHOCHUX
CBITWJIbHUKIB B HEOE3MEYHUX YMOBAX. METAJIEBUX, OCTOHHUX, 3a1i300€TOHHUX Ta
IHITUX EMHOCTSIX, KAOCNbHUX Ta 1HIIMX €HEPTeTHYHUX IMiI3eMHUX KOMYHIKAIIisX,
OTJISIZIOBHUX sIMaX, BEHTWJISAIIWHUX KaMmepax, TEIJIOMyHKTaX TOMIo. (s KuBneHHs
[IUX CBITWJILHUKIB MEpEBAry BiJAal0Th CTAI[IOHAPHUM €JIEKTpOMEpekKaM HaIpyroro

nmo 12 B. Jlns miAKIIOYEHHS CBITWJIBHUKIB PO3ETKA Yy TaKUX Mepexax
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KOHCTPYKTUBHUM YHHOM BIAPI3HAIOTHCS BiJI PO3ETOK JJIsi OLIBIINX Jiara3oHiB
Hanpyru. [Ipu HeIOUITPHOMY BUKOPUCTaHHI CTAI[IOHAPHUX MEpeX 3 Hampyrow 12
B nomyckatoTh 3aCTOCYBaHHS MOHMUKYIOUHX TpaHCHOPMATOPIB.

BenmuuuHoto mpu TpuUBalioMy BpaKE€HHI CTPYMOM Y HOPMAaJbHUX YMOBAax
BBaXkaroTh cuity ctpymy 0,01 A.

Jist 3ano0iraHHs TpaBM BUKOHYIOTh HACTYTIHI MpaBHIIa:

- pO3MilIeHHsS] PYOMIBHUKIB JUIsl BBIMKHECHHSI YCTAaHOBOK Yy CIHEIliabHUX
madax;

- CWJIOB1 Ka0eJi y creliaibHUX 3aXMUCHUX METaJIeBUX pyKaBax;

- 3a0€3MeYnTH aBapifHO-3aXHCHE BIJKIIOUYECHHS YCTAHOBKH B BHIIQJIKY
MOTPAIUISTHHSA JIIOJIMHU T 110 HATIPYTH,

- Ha MIaHEJISAX YIPaBIIIHHS BapTO epeA0aunTH CrieliaibH1 JJaMITi BBIMKHEHHS
YCTaHOBKH;

- BY3JIM YCTAaHOBKM IIJI HANPYrol OCHANIYIOThCS 3aTUCKaAMU IS
T TKJTFOUCHHS 3236 MJICHHS.

OckuIbKH yCTaHOBKA KMBUThCA Hampyroro 220 B i1 icHye WMOBIpHICTH
MOTPAIUISTHHS ITEPCOHAITY i HAPYTY, YCTAHOBKA 3a3E€MITFOETHCSI.

3aXMCHUM 3a3€MJICHHSM € CIICIiaIbHe eJEKTPO3 €HAHHSI METAJICBUX
HECTPYMOITPOBIAHUX YAaCTHH, [0 MalOTh WMOBIPHICTh MOTPANUTH MiJl HAIPYTY 3
3emiiero a0o 1i €eKBIBAJIEHTOM.

Moro BUKOPHCTOBYIOTh ISl 3a0€3MeUeHHs 3aXHCTy YCTATKyBaHHS Ta JIHOJeH
BiJl BIUIMBY HAIlpyTH Ta CTPyMY, sIKi B aBapiiHOMY pexuMi. 3aXUCHE 3a3eMJICHHS
NIPY NIPaBUIIBHOMY HOTO BUKOHaHHI 3MeHInye Hanpyry Uqor [15].

6.3 IIpoMucnoBe OCBITIICHHS

BaxnuBy ponb y poOOTI BiJirpae OCBITIEHHSA. BUPI3HSIIOTH IITy4YHE,
OpPUPOAHE 1 CHOJMyYeHE OCBITIEHHA mpuMimeHHsa. CaHITapHUMH HOpPMaMu
BCTAHOBJICHI BUMOTH JI0 MAaKCUMaJIHbHOTO BUKOPUCTAHHS MPUPOTHOTO OCBITICHHS
MPUMIIICHB, SIKE MIJIBUIIYE 3aXUCHI (YHKIIT Ta CTUMYIIOE POOOTY PI3HUX CHUCTEM

JIOACHKOTO OpPTaHi3My.
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VY nenHuit yac BUpOOHUYE MPUMIIIEHHS OCBITIIOETHCS MPUPOJIHUM OIYHUM
OCBITJICHHSIM Yepe3 MPOPi3u B 30BHIMIHIX CTiHAX.

OOGcayroByBaHHsI yCTaTKyBaHHS HAJIGKUTH 110 Tiapo3aity "a" VI posniny —
3arajibHe CIIOCTEPE)KCHHS 3a TEXHOJIOTIYHUM TporecoM. PekoMeHgoBaHa
OCBITJICHICTh 7Sl TpuMillieHb BUpoOoHnuyoro nexy Exn = 200 nk. J{ns mrydHoro
OCBITJIEHHS BUOpaHO cTaHaapTtHy jaammy - JIPM-400, cBiTnoBuil MOTIK SKOi

190005m. Kinmbkictb tamm N = 25 mr. Ep=250nk JIBHB 2.5.2.8.2006 [17].

5.4 TloxexxHua HeOe3MmeKa

Ha BUpOOHUIITBI MOXKYTb TOPITH €JIEKTPOI30JIsIis, EPEeB’THI MaTepiain Ta
1HIIII TOprOYi pedoBUHHU. L{eX BiTHOCHTHCS 10 KaTeropii moxkexxHoi Hebe3neku B (3a
OHTII 24-86), knac Il-Ila 30Hu mokexxoHeOe3neku, I cTymiHb BOTHECTIHKOCTI
(CHulI 2.01.02-85)

Jlo mpu4uH, M0 BUKJIMKAIOTH CIajax, BiTHOCATS:

- HECTIPABHICTh CJICKTPOTPHIIAIIB,

- KOPOTKE 3aMUKAHHSI BHACJIIIOK NIEPEBAHTAXKCHHS KaOEJiB KUBJICHHS,

- HECTIPABHICTb 130JIS1111 €JIEKTPOIPOBO/IIB;

- BUKOPHUCTAHHSI BIIKPUTOTO BOTHIO B HEIO3BOJICHUX MICIISIX;

3ano0iraHHsAM crajgaxy COpHUsOTh HACTYIHI 3aXO0/IH:

- TOTPUMAaHHS TEXHOJIOTTYHUX HOPM 1 MPaBUJI eKCIUTyaTaIlli:

- CBOEYACHUH 1THCTPYKTAX I10 T€XHiIl Oe3IeKH,;

- IPOTHUIIOKEKHNN 3aXUCT;

- 3ac00u oprauizaiiii, CHCTEMH eJIeKTpUYIHOT nmoxexHoi curnamizarii (ETIC) i
3ac00M OMEPATUBHOTO 3B'A3KY 3 TIOKEIKHOIO YaCTHHOIO,

- 3ac00M TOXKEKOTaCIHHA B Oe3mocepeIHIi OJM3bKOCTI BiJ 00J1aJHAHHS,

- 3a3eMJICHHSI METaJICBUX CJICMEHTIB,

- TPOMOBIJIBOJIY Ha Oy IiBIi.
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JInst raciHHS HEBENMKHUX [JUISHOK Clajaxy 3acTOCOBYIOTh BYIJIEKHUCIHI
BorHeracHuku OVY-5 (2 mmr.). Jns raciHHS BKIIOYEHOI  EIIEKTPOMEpexi
3aCTOCOBYIOThCS MoporikoBi Boraeracauku OI1-10 (1 ).

Mupuna nBepeit eBakoBuUXoAy - 2 M. KibKICTh BUXOAIB MOBHHHA OyTH HE

MEHIIIOK0 JBOX. JIBepi moBuHHI BinkpuBarucs HazoBHi (CHull 2.09.02-85)[15].
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6 OuikyBaHi MexaHiK0-eKOHOMiYHi MOKA3ZHUKHU

OpHuM 3 HEAOMIKIB MJIMHA MasSTHUKOBOTO € 3HOIICHHS PoOOYO0i MOBEPXHI
pOJIMKa PO3MENBHOTO By3J1a MIIMHA MasiTHUKOBOTO. Lle mpu3BoIUTh /10 3MEHILICHHS
e(eKTHUBHOCTI Ta MPOAYKTUBHOCTI MJIMHA MAasTHUKOBOTO Ta HEOOXIAHOCTI 3aMiHU
po06oYoro oprany MiIMHa MasiTHUKOBOTO.

KoHcTpyKIlis MOJEpHI30BAaHOTO BYy3Jia pOJMKa Tepeadadae 3HOCOCTIHKI
BCTaBKH 3 YaBYHY 3 TIa3aMM JIJIsl YCTAHOBKU KePaMiYHUX BKJIQJUIIIIB 3 ITiIBUIIICHOIO
3HOCOCTIMKICTIO Ha poOOoYiil TOBEepXHI poyiuka. BcTaBku 30UIBIIYIOTH TEPMIiH
CIIY>KOW pOJIUKA 1 UM CAaMUM JIO3BOJIIOTH 30UIBIIUTH TPUBAJICTh EKCILTyaTalli
MJIMHA MasTHUKOBOTO 0e3 3ynuHoK. [1i/1 yac peMoHTy 00J1aJHaHHS, BCTABKU POJIMKA
MOXYTbh OyTH 3aMiHEHI Ha HOBI.

BuxopucTtanss 3anmponoHOBaHOI KOHCTPYKIIIl POJIMKa MJIMHA MasiTHUKOBOTO
JTO3BOJISIE 3HAYHO TMIJBUIMUTH 3HOCOCTIMKICTh HWOTO TMOBEPXHI MiJl 4ac IMOMENy
aOpa3uBHUX MaTEpIaJIiB.

TakuM YMHOM MIJBUINYIOTHCS TEXHIKO-€KOHOMIYHI TOKa3HUKU MAaIIWHH,

OCKUJIbKU 3MEHIIYIOThCSI BUTPATH Ha 1 €KCIUTyaTallio Ta 00CIyroByBaHHSI.
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BucnoBku

[lin yac BUKOHAHHS AUIUIOMHOTO MPOEKTY Ha TeMy «MIIMH MasTHUKOBUIA 3
MOJICpPHI3aIli€l0 By3Ja POJHMKAa» BHBYECHO MPU3HAYCHHS Ta KOHCTPYKIIIO MIIHMHA
MasiTHUKOBOTO, IKMI1 BUKOPUCTOBYETHCS 71l IOMETy MaTepialliB Ha MPUKIIAI JIiHIi
MIJITOTOBKU CYJIb(}ATy HATPIIO.

B xox1 BUkoHaHHS poOOTH IPOaHAII30BaHO TEXHIYHI XapaKTEPUCTUKHI MIIMHA
MasTHUKOBOTO. Ha OCHOBI aHai3y BUKOHAHO JITEPATYPHO-MATEHTHUN TOLIYK JJIs
MOJAJIBIIOT MOJIEpHI3aIlil poJinKa po3MelibHOro By3ia. O0pano nateHT Ne2673191,
Ha OCHOBI SIKOTO PO3POOJIEHO MOJIEPHI3AIII0 POJMKAa PO3MEIBLHOIO BY3Ja.
3anponoHoBaHa KOHCTPYKIIisl 3HAYHO MiABUIIYE 3HOCOCTIMKICTh MOBEPXHI POJIUKA,
10 J03BOJIA€ 30UIBIIMTH TEPMIH €KCIUTyaTalli MIMHA MassTHUKOBOTO 0€3 3yMUHOK
JUTSL PEMOHTY Ta 3aMiHM POJIMKa. 3alporoHOBaHa KOHCTPYKIIS poJiMKa nependadae
3aMiHy BCTABOK IIPU PEMOHTI POJIMKA IICJIS SKO1 POJIMK 3HOBY MOKE OYTH BBEJICHUMN
B €KCILTyaTaIlio.

Y pozaun «OxopoHa mpaili Ta HaBKOJHUIIHHOTO CEPEIOBHUIAY» BHUSBICHO
HeOe3neyHi ¢akTopu il Yac poOOTH MIIMHA MAasiTHUKOBOTO ISl IEPCOHAITY, SIKUM
o0ciyroBye mamuHy. Ha OCHOB1 BHSBIEHUX MIKIJIMBUX (PaKkTOpiB Ta HeOE3NeK
PO3p00JICHO MIIAXHU iX MOJOJaHHS, 10 BIATOBIIAIOTh BCTAHOBICHUM CaHITapHUM
HOpMaM.

Takox po3riIIHYyTO MEXaHIKO-€KOHOMIYHI MOKa3HUKK 00paHOi MoJIepHizalii
pOJIMKa PO3MENIBHOTO BY3JIa, SIK1 MIATBEPKYIOTh JOIUIBHICTE OOPAHOTO PIIICHHS

Ta HOro e(peKTUBHICTH i 4ac poOOTH MIIMHA MASITHUKOBOTO.
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SMICT

1 Po3paxyHkH, K1 TiATBEPAKYIOTh Mpale31aTHICTh MIIMHA MasSTHUKOBOTO. ... .. 2
1.1 IlapameTpuuHHI PO3PAXYHOK MIMHA MASTHUKOBOTO. ... .veueenneennnennnn. 2
1.2 KinemaTu4HUN pO3paXyHOK MASTHHUKOBOTO MITMHA. .. .\veennreeanreeennnnnsn. 3

2 MaremaTtudHe MOJICITIOBAaHHS HAIIPY>KEHO-1e(OPMOBAHOTO CTaHY POJIMKA

MasiTHUKOBOT'O MJIMHA T11]T 9YacC TTOMENTY CYIb(ATy HATPIFO. ..oovveeenreeeannaeannnenn 6
2.1 MaremaTu4yHa ITOCTAaHOBKA 3aJ1a4l CTATHYHOL MPYKHOCTI. .. 'vvvreenrreannnnnnns 6
VAR 2370401 0: 1 B0 ) < | DU 7

2.3 PesynbraT uncnoBoro ananizy HJIC posimka po3MensHOro By3ia
MasiTHUKOBOT'O MJIMHA TT1JT YaC TOMENY CYIb(ATY HATPIIO. ..evvuveeennreeennneennnnns 7

| 237015 (0):) 4 s SO 12

/IM161(1).012116.02- 70PP
3mH. | Apk. N dokym. llidnuc | Aama
Po3pob. (aBeHok B. - /lim. Apk. Axpywib
, — o Maun massmHukoBuu 3
lepebip. KapbauskuiA. [ | | !
modepHizayierw Bysna
H. KoHmp. po/uKka KIII im.12ops Cikopcbkoeo
3ambepd. [oHdnsix 0.B




1 Po3paxynkmu, siki NiATBepP/KYIOTH NMpane3IaTHICTh MJIIMHA MASITHUKOBOT0
1.1 IlapameTpuyHHUii PO3PaAXyHOK MJIMHA MASITHUKOBOTI'O

[TpomyKTUBHICTH MJITHA MasSTHUKOBOT'O MJTMHA BU3HAYAETHCS 32 (POPMYIIOI0:
lhvpz
= k f

i

ne | — mupuHa po60Y0i YaCTUHH POJIHKA, M;

h — BucoTa mapy matepiany mij posmkoM, M; h = 0,02 m;
V —IIBHIKICTb POJIMKA, M/C; V, = 4 M/C;

Prac — HACUIIHA TYCTUHA Matepiany, Kr/m>;

Z — YHCIIO POJIUKIB;

Ky — kpaTHicTh HHpKYIIALi; K, = 15.

SIkmo
L0100 g kryc
3600
TO, IMIMPUHA POOOYOT YACTUHH POJIMKA JTIOPIBHIOE:
Q *k, _ 2,78 x 15

[ = = = 0,077 m.
hvpz 0,024 17004 M

KyT Mi TBIpHOIO 1 BEpTUKAJUTIO BEPXHBOTO 3P13aHOTO KOHYCY MPUHMAEMO O

= 40,

JIOBXXUHY pOJIMKA 3HAXOIUMO 32 POPMYJIOL0:
lp =2lcosa=2%0,077 *cos4° = 0,153 m.
[Tpuiimaemo noBxkuny ponvka l, = 0,150 m.
JliaMeTp MEHIII0i OCHOBH 3p13aHOI0 KOHYCa pOJIMKa:
di=d—2lsina=0,35—2%0,077 * cos4° = 0,196 m
Biacrans Big oci 00epTaHHS XPECTOBUHHU JI0 OCI POJIMKA CTAHOBUTb:
R =05 —-d)=05(,02-0,35) =0,335m.

ne D — miameTp KUIbI:
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Deep(d + Deep) 0,025 % (0,35 + 0,025)

a; aq
Deep — d * tan? > 0,025 — 0,35 * tan? >

ne Deep — cepenniii po3mip mmaTtka, M,

D=

1,02

d — niametp posuka, M,

a,— KyT 3axBary (mpuitmaemo 24°).

3a3BUyail pOJIMKU MJIMHA BUKOHYIOTh 3 BHCOKOMApraHIEBOI 3HOCOCTIMKOI
cram Ctl110I'13J1, sika 3aCTOCOBY€ETHCS JUIsl BUTOTOBJICHHS JCTANICH, IO IIBUIKO

3HOLIYIOTBCH.

1.2 KinemaTuyHuii po3paxyHOK MasiTHUKOBOI0 MJIMHA

KyTroBa mBuaKicTh 00EpTaHHS Baly 00UUCITIOETHCS 32 POPMYIIOLO:

w; = = 12 pag/c,

240 % 0,335

ql B 0,15 102 % 0,077
m,R

1e  — TUCK poJihKa Ha Kiuibie, H/M;
M, — Maca pojMKa, Kr.

Yactora oO0epTaHHs Bally MIIUHA:

30«w, 30%12
n1= =

= 114,59 06/xB.
T

YTouHeHe 3HaYeHHS MIBUAKOCTI 00€pTaHHS POJIMKA:
v=wR=12%0,335=4,02m/c.
KyToBa mBUAKICTh poOJIMKa:

v 4,02
~05d 0,5%0,35

Yactora o0epTaHHs POJIMKA HABKOJIO CBOET OCI:

_30*w_30*23
=—=

w = 23 pax/c.

n = 219,6 06/xB.

p

Ha pucynky 1 300pakeHi cuiy, siKi IiF0Th Ha POJIUK Ta pO3MEIbHE KIJIbIIE.
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N — peakirist KiJblisl, 1110 piBHA CUJIl TUCKY poJIMKa Ha Kiiblle. Ha miagic O aie

cuna TsoKiHHS G, pONIMKA 1 0Ci MasgTHHKA 1 IeTasneid, mo ix 3'eqHyioTs. h = 0,75 M —

B1JICTaHb MIXK BICCIO MIABICY 70 IICHTPY POJIMKA.

e £\
e
|
- R S
o =
: [5)
i — Pi-sin4°
Y
Pi-cos4® .
! X
N Gpi

o)
Pucynok 1.1 — Cxema cuii, 110 J1iF0Th Ha POJIUK Ta PO3MEIIbHE KIIbIIE

Cuta iHepIIii poJiika:
P; = mywiR = 240 * 11,4% x 0,37 = 11540H
Cuia TUCKY pOJIMKA Ha KUIbLIE BA3HAYAETHCS 3 PIBHSIHHS MOMEHTIB BCIX CHII:
N xhcosa —P;cosa *hcosa — P;sina x hsina =0
3BiacH:

N - Pi(cos?a +sina) Py 11540

= = — = 11568H.
cosa cosa cos4

Cuna TepTs KOUEHHS, 1110 JIl€ Ha POJIUK:
Py = uN = 0.1 11568 = 1157 H
Cuna TepTs KOB3aHHS:
Peows = fN = 0,35 % 11568 = 4049 H
Cuna onopy pyxy poJjuKa:

P,.. =P,y + Props = 1157 + 4049 = 5206 H.
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CknasioBUMH  TOTY)KHOCTI TPUBOJY Baly MAasTHUKOBOTO MIIMHA €
MOTY>KHOCTI, III0 BUTPA4alOThCs Ha MepeKodyBaHHs posukiB Ni Ta omip cuii TepTs

IIPU TIPOKOB3YBaHHI poTMKIB Ny, SIK1 BU3HAYAIOTHCS 32 HACTYITHUMH (POpMYJIaMU

B Puvz B 22500 0,1 %4,02 x4

M= 1000~ 1000 = 36,18xBr,
N = Pfveez 22500+ 0,35+ 04 %4 12.60 kB
2= 7000 1000 - HAOTEET

ne P — cuna NpuTUCKaHHS POJIMKa!

P =ql, =0.15« 10° % 0.15 = 22500 H,
U —KOeIIIEHT ONOPY KOYCHHSI POJINKA;
f — KoediIieHT TepTS MiXK POJIMKOM Ta MaTepiaioM
Ve — HIBUJAKICTh KOB3aHHS POJIMKA!

Ve = 0,1v =0,1%4,02=0,4Mm/c.
[ToTyxHICTb, IO HEOOX1AHA /I [TOI0JIAHHS ONOPY B IHIIMX By3JaX MJIMHA:
N; =0,1(N; + N,) = 0,1 x (36,18 + 12,60) = 4,88 kBr.
Toai NOTYXHICTh MJIMHA!
Ny, = N; + N, + N3 = 36,18 + 12,60 + 4,88 = 53,66 kBT.

[Ipuitmaemo nBuryH 4A225M2 V3 notyxHicTio 95 KBT.
Yacrora obepranus N, = 985 06/xB.

[lepenaroune yncio MiIMHA:

n
u=—=10
n,
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2 MaTemMaTu4He MO/IeJIOBAHHSA HANIPY:KeHO-1e(OPMOBAHOI0 CTAHY

POJIMKA MASITHUKOBOI'0 MJIMHA IiJ Yac nmoMeJay cyjab(ary HATPiI0

Merta: BUKOHaTH MOJIETTIOBAHHS CUJIOBUX YMOB IIOMENY CyJlb(aTy HATpito y
pO3MeNbHOMY BY3J1 MasTHHKOBOro MianHa y cucteMi ANSY'S Ta po3paxyHok

HarnpyxeHo-aepopmoranoro crany (H/IC) ponuka.

2.1 MaTteMaTH4HA NMOCTAHOBKA 3a/1a4i CTATUYHOI NPYKHOCTI

J1711 MOZIETTIOBaHHS BUKOPUCTOBYEMO YHCIIOBUI PO3B 30K 3a/1a4i CTATUYHOI
npysxHocTi [18].

Jlo cuctemu cranioHapHUX JudepeHlaTbHUX PIBHSAHB 33/1a4ul CTATUYHOI
MPYXKHOCTI JIJIs1 130TPOITHOTO MaTepiainy BXOISATh PIBHSHHS PyXy 1 pIBHOBAru,
r€OMETPUYHE PIBHSIHHS — TEH30p MaluXx Jedopmaririii Ta ¢pi3uuHe piBHIHHS —

y3arajpHeHuH 3akoH ['yka [16]:

1 ( (2.1)
E \Y%
Ojj = ——| &j + 5 Oij€u
1+v 1-2v
ne oy i, 1, ] =1,2,3 — vacTunHa noxinaHa Bin TeH30pa HanpyxkenHs, [la/m;
Gjj» 1, ] =1,2,3 — KoMIIOHEHTH CHMETPHYHOTO TEH30PA HANPYKEHHS JAPYTOro
panry, Ila;
P — I'yCTHHA, KI/M>;
b, 1=12,3 — KOMIOHEHTH BEKTOpa MacoBUX CHJI, H/KT;
&, 1, ] =12,3 — KOMITOHEHTH CHMETPUYIHOTO TEH30pa JPYTOTO PaHTy

IPYXKHUX epopMaltiii;
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U;, 1=1,2,3 — KOMIOHEHTH BEKTOpA MePEMIICHb, M;

Ui i I, ] =1,2,3 — yacTWHHA TOXiHA BiJI BEKTOPA ITEPEMIIIICHHS;

E — Moaynb mpyKHOCTI ITij1 4ac OJHOBICHOTO pO3TATrYy/CcTUCKaHH, [1a;
v — koediuient Ilyaccona;
1opu i=j;

J; ..
0 mpu 1+ J,

i = — cuMBoJI Kponekepa.

['paHn4HI YMOBH JJIsl YUCIOBOT MOJIEINI:
— mepemimieHHs abo 3amemieHHs (MOBUHHO OyTH 3aJjaHo Xoua O B
OJTHIM TOYIIl HA MIOBEPXHI TiJIa)

ul. =0, =123, (2.2)

Su

ne S, — noBepxHs (a60 TOUKA MOBEPXHI), HA AKiM 3a]1aHO NEPEMIILEHHS, M;

— CUMETpii

n.u

S :Ol I :1’2’31 (2-3)
Su
ne N, 1=12,3 — KOMIIOHEHTH BEKTOPA 30BHINIHBOI HOPMAJTi 10 TIOBEPXHi
Tina;
Sy, — MOBEpXHs CUMETPii Tina, M;

— 30BHIIIHINA TUCK

(Gijnj)ni‘sp =P, (2.4)

e P — 30BHIilIHIN THCK Ha MOBepxHi S, ITa;

— 30BHINIHS CUJIA, AKY MPUKIIAIECHO B TOYIT.
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FiP = JGijnde,

(2.5)
AS,

P - . .o .
ne K", 1=1,2,3 — KOMIIOHEHTH BeKTOpa 30BHIIIHKOI cHitk B Toulli P, H;
AS p — ENIEMEHTAPHA IUIONIA/KA IOBEPXHI Tiia B OKOJI TOYKH P, Mm%

CriBBIAHOIICHHS SISl BU3HAYEHHS 3aI1acy MIITHOCTI.

ExBiBaIeHTHI HANPYKEHHS Ogq ) 38 Mi3€COM BU3HAYAIOTHLCSA 32

dbopmynamu:

CequM = 7\/(511 - 022)2 + (022 - 533)2 + (033 - 011)2 + 6(5122 + 533 + 612&)’

'6)

abo

V2

2 2 2
CeqvM -5 (51_52) +(02_03) +(53_(’1) , (2.7)
e 1, ] =1,2,3 — komnonenTH TeH30pa HarpyxeHs, I1a;

O, =2 0, = G5 — KOMIIOHEHTH BEKTOPA IFOJIOBHUX HanpyKeHsb, I1a.

3anac minHOCTI K, miacTHUHMX MaTepianiB BU3HAYAETHCS 3a (hopMysI0i0

s J (28)

ne [GT] — I'paHulA TeKY4YOCTi (MIIIHOCT1) Matepiainy, I1a;

Gequm — EKBIBAJICHTHE HanpyxeHHs 3a Mizecom (2.6), (2.7), Ia.
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2.2 Buxigui nani

Marepian ponuka — Ct110I'13J1;

Moyb npyxkHocTi — E = 2,1-10° MI1a;
rpaHuis Tekydocti — o = 360 Mlla;
koedimient [lyaccona — v =0,3;

rycruna — p = 7800 kr/m>;

Marepias BcTaBok B postik — UX22 (4aByH XpOMHUCTHI)

Moxyb npyxkHocti — E = 1,5-10° MI1a;
rpanuis Tekydocti — o = 400 Mlla;
koedimient [lyaccona — v =0,22;

rycruna — p = 7300 kr/m3;

2.3 PesyabraTn uncjioBoro anajaizy HJIC posanka po3mesbHOTo By3J1a

MAasSITHUKOBOI0 MJIMHA M 4ac nmomeJy cyJjJb(pary HATPiI0

['eomeTpuuHa Mozens By3/la APOOMIBLHOI KaMmepu IIOKOBOi Apobapku

nooynoana B CAD-cuctemi SolidWorks (pucyHok 1).

Pucynok 2.1 — TpuBumipHa MOJENH POJIMKA

Apk.

/I161(1).012116.02- 70PP

IMH.

Apk.

Ne dokym. [lignuc | Aama




Pospaxynok HJIC ponuka BukoHaHo 3 BukopuctaHHiaMmM CAE-cucremnu
ANSYS (Static Structural — Design Modeler, Mechanical), oo mo6ynoBani Ha 6a3i

YHCJIOBOTO METOIy CKIHUCHHHUX eJieMeHTIB [19].

- g
. Fixed Support
©

| Pressure: 1200, Pa-

B O O B e e e, (/¢

Pucynox 2.3 — CkiHUeHHO-€JIEMEHTHA MOJICTTh POJTUKA

6,848e-10 Max
6,0871e-10
5,3262e-10
4,5653e-10
3,8044e-10
3,0436e-10
2,2827e-10
1,5218e-10
7,6089e-11

0 Min

Pucynok 2.4 — Ilone cymapHuX nepeMilieHb pojuka

Apk.

/I161(1).012116.02- 70PP

3mH. | Apk. Ne dokym. lidnuc | Aama




- A: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: m/m
Time; 1
30,05.2020 17:22

7,9313e-9 Max
7,05e-9
6,1688-2
5,2875e-0
4,4063e-9
3,525¢-9
2,6438e-9

| 1,76260-9
8,8131e-10
5,8964e-14 Min

Pucynox 2.5 — Ilone exBiBajgeHTHUX Aedopmariiii 3a Mizecom

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: Pa

Tirre: 1
30.05.202017:26

1576 Max
14009

1225,8

1050,7

875,56

700,43

525,34

350,23

175,12
0,011761 Min

e I

Pucynok 2.6 - Ilone exBiBaJIeHTHHX HaIpyKeHb 3a MizecoM

A: Static Structural
Safety Factor
Type: Safety Factor
Tirne: 1
30.05.202017:28

1

15 Max

15 Min
0

Pucynok 2.7 — Ilosne 3anacy MiltHOCTI

BurkoHyeMO po3paxyHOK MOJEPHI30BAaHOTO POJIHKA 3 BCTaBKaMM. [IJis bOTO
CTBOPIOEMO TpPUBUMIpHY Mojenab poiuka B SolidWorks. 3amaemo anamoriusi

HABaHTAXXCHHS Ta 3aKPIIUICHHS (PUCYHOK 7)

ApK.

/I161(1).012116.02- 70PP

3mH. | Apk. Ne dokym. lidnuc | Aama




ure: 1200, Pa.
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4,8784-10
4,1824e-10
| 3,4853e-10
- 2,7882:-10
2,00126-10
1,301e-10
6,97062-11
0 Min

Pucynox 2.10 - [Tone cymapHuX mnepeMiiieHb MOACPHI30BAHOTO POJIMKA

Apk.

/I161(1).012116.02- 70PP

3mH. | Apk. Ne dokym. lidnuc | Aama




T A1
L2731 M

Pucynox 2.11 — [Tone ekBiBaJIeHTHUX JedopMaliiii MOJAEPHI3Z0BAHOTO

poJiika

8013774 Min

Pucynok 2.12 — [one exBiBaJIeHTHUX HaBaHTaXeHb 3a MizecoM

MOJIEPHI30BaHOTO POJIMKA

Pucynox 2.13 — I[Tone 3anmacy MIiITHOCTI MOJIEPHI30BAaHOTO POJIUKA

/I161(1).012116.02- 70PP

IMH.

Apk.

Ne dokym. lidnuc | Aama

ApK.




BucnoBku

Bukonano mnapaMeTpuyHuUil Ta KIHEMAaTHYHUM  pPO3paxyHOK MIIMHA
MasTHUKOBOTO JIJIi BU3HAYCHHS OCHOBHHMX XapaKTEPHUCTHK 1 TapaMmeTpiB poOOTH
MAaIIMHU Ta MiATBEPKEHO Mpale3JaTHICTb 11 By3IiB.

3a pesynbraramu uucioBoro ananizy HJIC ponuka po3MenbHOro By3ia
MasiTHUKOBOro MiuHa B cuctemi ANSYSoTpumaHO Ta TOpIBHSAHO 3HAYEHHS
Gb13WYHUX TOJIIB POJIMKa JI0 Ta Micis MojiepHizalii. B pe3ynbrari MoaepHizalii 3a
naTteHToM Ne2016142139 orpuMaHo HACTYIIHI 3HAYCHHS:

- MaKCHMaJbHI CyMapHi MepeMIIIeHHs pojinka 3MeHmcs Ha 8,5%;

- eKBiBaJeHTHI aedopmarii — Ha 15 %;

- E€KBIBAJICHTHI HaBaHTaXeHHA 3a Mi3zecom — Ha 16,6 %.

[Ipu npomy 3amac MIIIHOCTI KOHCTPYKIIIT 3a0e3reuye HallifHy eKCIUTyaTalliio
poJiMKa, 10 J03BOJISIE BUKOPUCTOBYBATH OOpaHi KOHCTPYKIIIAHI MaTepiaiu JUis

BUI'OTOBJICHHS POJIMKA PO3MCEJIBHOT'O BY3JIda MAATHUKOBOI'O MJIMHA.

ApK.

/I161(1).012116.02- 70PP

3mH. | Apk. Ne dokym. lidnuc | Aama
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3MICT

1 TexHOJOTTYHUN TPOIIEC BUTOTOBICHHS JIETAT ... uvvvreirrrreesssrressssseesssssnnessssneeesnnns 2
2  BUOIP TIPHCTOCYBAHHS. ....ccuveeureiieestteeteessteesseessseesseesseaseessneesseesneesseeanneesnneans 14
2.1  Onuc KOHCTPYKIUT 1 MPUHITUITY POOOTH . .vveenttteeteeeaneeeineeeanaeeannnns 14
2.2 PO3PaxXyHOK CHJT BAKPITITICHHS . . .\ v e utteeennteeenteeeeneeennneeanneeannneeenaanns 16
| 237 (635 (0) : 0 PP 17
/IM61(1).012116.03- 70 TE
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1 TexHoJIOTiYHNH NPoOIleC BUTOTOBJIEHHS AeTaJTi

MeTo10 po3/lly AUIIIOMHOTO MPOEKTY € pO3pOOKa TEXHOIOTTYHOTO MPOIECY
BUT'OTOBJICHHS JIETaJIl — BTYJIKHU 1 MPOEKTYBAHHS OCHACTKU (IIPUCTPOIO) SISl OJTHOT 3
orepariiii BAUTOTOBJICHHS JI€TaJIl.

B mporieci BUKOHaHHS poOOTH BUPIMIYIOTHCS Taki 3aBJaHHS, SIK pO3pOOKa
TEXHOJIOT1i BHUTOTOBJICHHS JI€Tajl «BTYJIKa», B SIKy BXOJHUTh OOpaHHS METOMY
OTPUMAaHHsI 3aTOTOBKH, BUOIp YCTaTKyBaHHS 1 IHCTPYMEHTIB JIJIsl KOJKHOT Orepartii.

Brynka 3’enHye Bayn penykTopa 3 MIMHOM MAasTHUKOBHM. Jletanb €
BIJIMOBIAAIBHOIO 1 HANIPYKeHO0. JlepexTr BHYTPIIIHI 1 30BHIIIHI HE TOMYCKAIOTHCS.

Marepian neraini Ma€ JAOCTAaTHIO IUIACTHYHICTh JJIi OOPOOKH THCKOM.
3aroToBka 3a (OpMOI0 Ta po3Mmipamu Onm3bka 10 (HOpPMH Ta PO3MIPIB TOTOBOI
JIETalTl, a IIe € 03HAKOIO0 TEXHOJIOTTYHOCTI.

Martepian nmeram cranb 40X I'OCT TI'OCT 4543-71 noOpe migmaeTbes
pI3aHHIO 3 BUKOPUCTAHHSIM CTaHAAPTHUX PIKYYHMX MarepiaiiB (TBEpAuid CIUIaB,
IIBUJIKOPIXKYYa CTajlb). Bel MOBepXHI AeTali JOCTYIHI ISl PiXKydoro IHCTPYMEHTY.
CryneHi TOBEpXOHb OOEPTaHHS 3MEHIIYIOTHCS B OJHOMY HaIpsIMKY, - 1€
TEXHOJIOT1YHO.

B iHmomy nerans ckianaerbes 3 yHI(PIKOBaHUX KOHCTPYKUIMHHUX €JIEMEHTIB
ONTUMAJIBHOTO CTYMEHI0O TOYHOCTI Ta IIOPCTKOCTI TOBEPXHI, IO J03BOJISIE
BUKOPHCTOBYBAaTH BHUCOKOMPOIYKTUBHE 00JIaTHAHHS Ta CTAHAAPTHY OCHACTKY MPH
JTOOpHUX TEXHOJIOTIYHUX 0a3ax.

Texnonoriuynuit nmpouiec BurotosyieHHs BTyiaku HaBeneHo B MK, KE ta OK.

ApK.

/IM161(1).012116.03- 70TE

IMH.

Apk. Ne dokym. lidnuc | Aama
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Pucynok 1.1 — Ecki3 BTynku
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3mH. | Apk. Ne dokym. lidnuc | Aama
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2 Bubip npucrocyBaHHs

2.1 Onuc KOHCTPYKUIl i IPpUHIKUIY Po00TH

[Ipu BUrOTOBIEHHI J€Tall — BTYJIKU 3IACHIOEThS OaraTto pi3HUX OMEpallii.
JI1st KOKHOT 3 HUX MEpPEeBaXXHO BUKOPUCTOBYIOTh CBOE MpHUCTOCyBaHHs. [laTpon 3
KOPCTKUM LEHTPYIOYUM E€JIEMEHTOM 1 TpbOMa MpPUXBAaTaMH BUKOPUCTOBYETHCS IS
PO3TOYYBaHHS BHYTPIIIHBOT TOBEPXHI.

[laTpoH 3 >KOPCTKUM ILIEHTPYIOUMM €JIEMEHTOM 1 TpbOMa MpUXBaTaMu
(pucyHok 2.1) mpaitoe HACTYIIHUM YHMHOM. BTyika, HEHTPYEThCS 0OpOOICHUM
OTBOPOM Ha MAajbIll 5, a TopueM ¢uIaHilsd npuitarae 10 Topis Kuibis 3. OcroBuUit
3aTUCK JIeTaNi 3MIHCHIOETECS TPhOMa BaXKiIAMU(ITpuxBaTamu) 4, 10 SKUAX PyX Bif
MTHEBMOLIMJIIHpA MepeacThes 3aBasiku Ts31 13 1 kopomuciy 11.

Jlns Toro, mo6 3a0e3MeunuTH 3aTHCK JIeTalll pIBHOMIPHO BCiMa BaXKeISIMH
nependadeHe BUKOpUCTaHHA cepuuynnx maid 9 1 10, ski mawoTh KOpoMHCTY
kauatucd. [lix gac 3BopotHbOrO X0Ay Tsiru 13 kinbie 12 THcHe HA KOPOMHMCIIO 1
nepeminrye #oro Bmpaso. [Ipu oMy Bakeni 4 KOB3alOTh B3JIOBXK CyXapiB 6, 110
pO3MilleHI B KpUIII 2 1 i BIULTMBOM MPY>KUH 8 1 MIyHXEPiB / PO3KPUBAIOTHCH,
11100 3BUTBHUTH JI€TaJTh, 1110 00POOIISETHCS.

Jliist 6e3nexu poOOTH NMPUCTPIN BKPUTUNA KOKYXOM 1.
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Pucynok 2.1 — ITlatpoH 3 KOPCTKUM IIEHTPYIOUMM €JIEMEHTOM 1 TphOMa

IIPUXBATAMM.
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2.2 Po3paxyHOK CHJI 3aKpilJIeHHA
3akpirieHHs 3arOTOBKU B TATPOHI BUKOHYETHCS 3 JIOMOMOTOI0 3aTHCKHOTO

I'BUHTA.
Busnadaemo cvity npuTUCKaHHA 3arOTOBKM P IipuxBaTamu:

_2My k214435 o0
D-f  0146-0,16

P

Myax — MaKCUMaJIbHIN 00E€pPTOBUI MOMEHT IPU CBEPIJIIHHI OTBOPY i Pi3h0Y
M10-6H, dhopmyna [].

M ax =14,4Hm

D — niametp 6a3oBoi moBepxHi, D=0,176 wm;

K — koedimient 3amnacy, k=3,5 [14,c¢.85]

f — xoedimienT tepts, f = 0,16 [14,¢.85]

G — HaIPY’>KEHHS PO3TATY — CTUCKY MaTepiany rBunTa, 6 = 9-107T1a [13,c.186].

,Z[iaMeTp 3aTHUCKHOI'O I'BHUHTA.

d :1,4-\/E:1,4- ’m =0,0145m
o 9.10

[IpuiimaeMo niaMeTp IBUHTA 3aTUCKAIOYOTO MeXaHizMy T 16X2.
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BucHoBkn

Y po3gini IUIUIOMHOTO TPOeKTy «TeXHoJoriss BUTOTOBJICHHS JAeTam 1
MOHTQXXy BY3JIa» PO3POOJICHO TEXHOJOTIYHUN TPOIEC BUTOTOBIICHHS BTYJKHA. B
pe3yabTaTi po3poO0JICHO MapIIpyTHI Ta OmepaliiHi KapTh Ta KapTH €CKi3iB s
BUTOTOBJICHHS BTYJIKH, 1€ MiA10paHo 00J1afHaHHS Ta METaJIOpi3alibHI BEpCTaTH JJIs 11
BHUT'OTOBJIEHHS.

Po3risHyTO Tpu3HAuYeHHS BTYJIKH, i1 KOHCTPYKTHBHI ocoOiuBocTi. OOpaHO
MIPUCTOCYBAHHSI ISl BUKOHAHHS OJHIET 3 Omepariii BUTOTOBJIICHHS BTYJIKH, & Came
MaTPOH 3 JKOPCTKUM IIEHTPYIOUMM €JIEMEHTOM 1 TpbOMa TMpPUXBAaTaMU IS
PO3TOYYBaHHS BHYTPIIIHBOI IMOBEPXHI BTYJIKHU. P0O3paxoBaHO CHIM 3aKpiIICHHS

BTYJIKU y MTATPOHI.
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3arajnbHi BUCHOBKH

BukoHaHo MIUIOMHHM TIpOEKT Ha TeMy «MIMH MasATHUKOBUM 3
MOJICpHI3AIlIEI0 By3Ja pOJIMKA», METOI SKOro OyJl0 BHUBYEHHS KOHCTPYKIIII,
MpPU3HAYEHHS Ta MPUHIUIY pOOOTH MJIMHA MAasSTHUKOBOTO JJISi TIPOBEICHHS HOTO
MOJIEpHIi3aIlii.

[Tpuaun poOOTH MIMHA MAasTHHUKOBOTO PO3MVITHYTO Ha MPHUKIAI WOTO
BUKOPHUCTAHHS B TEXHOJIOT1YHIN JIIHIT MATrOTOBKH cyibdary HaTpito. IIpoBeneHo
aHa13 TEXHOJIOTIYHUX XapaKTEPUCTUK Ta TapaMeTpiB poOOTH MIIMHA MAaITHUKOBOTO,
B XOl SKOTO BU3HAYECHO MEpEeBaru Ta HEAOJIKM MAIIMHH i 4ac 1 eKCIuTyaTartii.
Busznaueno, 1110 11 4ac momeny abpa3suBHOTO MaTepiairy, podoya MoBepXHs POJIUKIB
PO3MEJIBHOTO BY3J1a IIBUJIKO 3HOILIYETHCS, 10 IPU3BOIUTH JO HEOOX1THOCTI 3yITUHKU
oOJagHaHHS Ta IOTO PEMOHTY.

J11s1 BUpIIIEHHS I[LOTO HEJIOJIIKY MTPOBEICHO JIITepaTypHO-TTATEHTHUH OTJISIT Ta
oOpano nateHT Ne2673191, Ha OCHOBI SIKOT'O 3alIPOIIOHOBAHO MOJIEPHI3ALIIO POJIMKA
pPO3MENBHOTO By3ia. JlaHe pillleHHs J03BOJISIE 3HAYHO MIJABUIIUTH 3HOCOCTIUKICTh
poO0UOi TTOBEpXHI POJIMKA, & OTXKE 1 CTPOK HOro ciayxOu 3aBIsIKM BCTaBKaM 3
M1JIBUIICHOIO TBEP/IICTIO Ta 3HOCOCTIMKICTIO B TIOBEPXHI POJIUKA.

Po3pobneno pozmin «OxopoHa mpairi Ta HABKOJMIIHBOTO CEPEIOBUINA
MPOAHAJII30BAHO IIKIAIUBI (DAKTOPHU Ta HEOE3MEKHU IS )KUTTSA Ta 30POB’ S IEPCOHATY
IiJ] 9ac eKCIuTyaTallli MjInHa MasTHUKOBOTO Ta BU3HAYEHO NMUISIXHU iX YCYHEHHS.

[IpoananizoBaHO MEXaHIKO-€KOHOMIUHI ITOKAa3HUKH, IO MMATBEPIKYIOTh
e(EeKTUBHICTh Ta JOLUIBHICTE OOpaHOi MoOJEpHi3allii, a caMe 30UIbIICHHS
3HOCOCTIWKOCTI MOBEPXHI Ta TPUBAJIOCTI €KCIUTyaTallii MJIMHA MasTHUKOBOTO 0e3
3YNMUHOK Ha PEMOHT, MOKJIMBICTh 3aMIHM BCTaBOK Ha HOB1 0€3 HEOOX1AHOCTI 3aMiHU
BCHOT'0 POJIMKA MiJ] YaC PEMOHTHUX POOIT.

BukoHaHo psn po3paxyHKIB MIIMHA MAasSTHUKOBOTO SIKI IMiATBEPIKYIOTh
nmpane3IaTHicTh oOpaHoi MojepHizamii posuka. B cuctemi ANSYS BukoHaHo

PO3paxyHOK HaNpyKeHO-Ae(hOPMOBAHOTO CTaHy pOJMKa 3a JOMOMOTOI0 3ajaadl
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CTATUYHOI MPYXHOCTI. JIJIsi UTIOCTpYBaHHS AOLUIBHOCTI MOJEpHI3aIli BUKOHAHO
PO3paxyHOK POJUKA PO3METHLHOTO By3J1a JI0 Ta MICJsl MOJEPHI3aIlii.

OTpuMaHi pe3yabTaTH MOKa3yIOTh, 1I10:

- MakCuUMaJbHI CyMapHI MepeMIIEeHHs POJIUKa 3MEHIIIINCA Ha 8,5%);

- ekBiBaJIeHTH1 Aedopmariii — Ha 15 %;

- eKBIBaJICHTHI HaBaHTa)XKeHHs 3a Mi3zecoM — Ha 16,6 %.

[Tpu poMy 3amac MIITHOCTI KOHCTPYKIIT 3a0e3neuye HalliiHy eKCILTyaTallio
pOJIMKa, L0 JI03BOJIIE BHUKOPUCTOBYBATH OOpaHi KOHCTPYKIIMHI MaTepianu s
BUT'OTOBJICHHS POJIMKA PO3MEIBHOTO By3Ja MasiTHUKOBOI'O MJTMHA.

VY posnut «TexHoyoriss MammMHOOYTyBaHHS PO3POOJICHO TEXHOJOTTYHHIMA
MIPOLIEC BUTOTOBJIEHHS BTYJIKH, IT1]T 4aC SIKOr0 pO3p00JIEHO onepalliiiHi Ta MapIIpyTHI
KapTu Ta KapTU €CKi3iB Ipollecy, /e MiaiopaHo oOJagHaHHS Ta MeETaJopi3asibHi
BEPCTATH I 11 BATOTOBJICHHS.

Po3risiHyTo npu3HadyeHHs BTYJIKH, 1i KOHCTPYKTUBHI ocoOimBocTi. OOpaHO
IPUCTOCYBAaHHSA NIl BUKOHAHHS OJHIET 3 omepalliii BUTOTOBJICHHS BTYJKH, a caMme
NaTpOH 3 JKOPCTKUM IEHTPYIOYMM €JIEMEHTOM 1 TphOMa TMpUXBaTaMH ISt
PO3TOUYYBAaHHSI BHYTPIUIHBOI MOBEPXHI BTYJKHU. PO3paxoBaHO CHUIM 3aKpilJIEHHS
BTYJIKH Y TATPOHI.

3a TeMOI0 TUIIIIOMHOTO MPOEKTY MiJATOTOBAHO Ta OITYOJIIKOBAHO TE3H.
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MonaepHi3auisi By3Jjia poJiiKa MAassTHUKOBOTO MJIMHA
Casenok B.B., cTyn.

HamioHnaneHuii TEXHIYHUN YHIBEpCUTET Y KpaiHU
«KuiBcbkuii noniTexHiunuil iHCTUTYT iMeHi Iropst Cikopcskoro», M. Kuis

3anpononosano yOOCKOHANEHY KOHCMPYKYIIO 8V31ad POAUKA MASMHUKOBO20 MIUHA, WO
3a6e3neyyec ni0BUWEHHS MePMIHY U020 eKCHIyamayii ma Haoae MOXCIUBICMb 06a2amopazoso2o
BIOHOBNIOBAILHO2O PEMOHMY 30 PAXYHOK BUKOPUCMAHHA KEPAMIYHUX BKIAOUWLIE 3 NIOSULYEHOI0
meepoicmio ma 3HOCOCMIUKICIIO, POSMIWEHUX 68 Memanesux 8CMAasKax, Ki MOHMYIOMbCSA HA
pobouiti nosepxwi poauxa nio kymom 0-45 ° 0o oci tioco obepmanns ma moxcymos Oymu 3aMiHeHi
Ha HOBI Ni0 Yac npoeeoenHs. peMOHMY 0ONAOHAHHSL.

[Tin gac poOOTH MasSTHHKOBOTO MJIMHA OCHOBHE MEXaHIYHE HABAHTAXXCHHS NPHUITAAE HA
PO3MeEIbHI POJIMKH, SIK1 IPU3HAUEH] JIJIs TIOMEITy MaTepialliB 3 BUCOKOI0 abpa3uBHicTIO. Le y cBoIO
4yepry MPU3BOIUTH JIO IIBHIKOTO 3HOIICHHS IOBEPXHI POJUKIB MIIMHA. BioMo, 1110 Bij MIITHOCTI
Ta 3HOCOCTIMKOCTI Marepialy poJMKa 3aJIeKUTh TPUBATIICTh SKCIUTyaTallil po3MeJIbHOTO By3ja B
niomy. ToMmy 3 METOIO MiJBUIICHHS TEPMiHY CIYy)KOM POJIMKA, a, BiAIOBITHO, i 3MEHIICHHS
BUTpAaT Ha CKCIUTyaTallild Ta OOCIyrOBYBaHHS MAasTHUKOBOTO MIIMHA, 3allPOIOHOBAHO
MOJIEpHIi3allifo By3Ja posinka 3a marentom Ne RU2673191C2 [1].

VY 1oCKOHAJICHHST posinKa 3a mateHToM [1] mossirae B TOMy, IO POJIMK MiCTHTH TOJATKOBI
BCTAaBKH 2 3 YaBYHY 3 BUCOKHM BMICTOM XPOMY 3 Ia3aMH JIJIsl YCTAHOBKY KEPAMIYHHUX BKJIA IHIIIB
3, sIKi BMOHTOBaH1 B METaJIeBY MaTPUI[IO poJivKa 1, 1110 BUTOTOBIEHA 31 cTajli a00 KOBKOTO YaBYHY.
BeraBku po3ramoBaHi MO BCi JOBXHHI poO0doi MoBepxHi ponmka. HasBHICTH KepaMiuHUX
BKJIQJUINIB 3 OJAaTKOBO IiJIBUIIYE TBEPIICTh Ta MIIHICTh MMOBEPXHI PO3MEIBHOIO POIHKA. Y
MIPOMIXKKAX MIX JIBOMa BCTABKaMU 3HAXOUTHCS 3B’ SI3YFOUHIA €JIEMEHT 4, 10 moKpanrye (ikcarriro
BCTaBOK B MaTpulli 1. HasiBHICTH 3B’513yI040ro eJieMeHTa JIa€ 3MOTY MiHIMI3yBaTH IMIUPUHY HIUTAH
MIDXK BCTaBKaMHU POJIMKaA.

Puc. 1. MonepHi3oBaHuil poHK MasTHUKOBOTO MiinHa [1].

BucnoBku

BukopucTaHHs 3amporoHOBaHOI KOHCTPYKINI pOJMKa Ja€ 3MOTY 3HAYHO ITiIBUIIATH
3HOCOCTIHMKICTh MOBEPXHI POJIMKA 1, BIMOBIHO, CTPOK HOT0 CIIY>KOH, 1 TAKMUM YMHOM ITiJIBUILUTH
TEXHIKO-€KOHOMIYHI MOKa3HUKH €KCIUTyaTallii MasTHUKOBOT'O MIJIMHA.
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