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B.b. I'ynescbkuii

PO3POBKA MATHITHUX BIICTIMHUKIB JJISI IIIIBUIIEHHSI EOEKTABHOCTI
OYMIIEHHA MACTUJIBHO — OXOJIO/KYBAJIBHUX PI/IMH ITPU PEMOHTI

JETAJIEM 3ACOBIB TPAHCIIOPTY

Pobdoma npuceauena NUMAHHAM PO3POOKU MAZHIMHUX GIOCMILHUKIE O1A OYUWEHHA MACMUIbHO-0X0]100MCY8ATbHUX PDIOUH 8
MEXHOI02IYHUX NPOUeCcax 6iOHO6/ICHHA 0emailell npu PeMoHmi 3acodie mpancnopmy.

Paooma nocesauiena eonpocam pazpa60mku MACHUMHBIX OMCHIOIHUKOB 0J14 OYUCHKU CMA304YHO-0X1A0UME/IbHBIX HCUOKOCHell
6 MEXHOI0CUUECKUX RPOUECCUAX 60CCMAHOB/ICHUA demaneil npu pemMonme mpaHCROpmHbLX cpet)cme.

[NOCTAHOBKA I1POBJIEMUA

TlocriiiHa He3abe3nevyeHiCTb PEMOHTHOTO BUPOOHU-
LTBA 3aMacHUMM YacTHMHAMM - CEpHO3HWH YWHHUK 3HU-
JKEHHSI TEXHIYHOT TOTOBHOCTI aBTOMOOIJILHOTO TPaHCTOP-
Ty. [lomanbine po3mupeHHs BUPOOHWITBA HOBWX 3arac-
HUX YACTHH MOB'A3aHe 3 HEOOXiAHICTIO 11e OiJIbIIOro 3po-
CTaHHA MaTepialbHUX 1 TPyNOBHMX BUTpaT. AJbTepHATH-
BOIO MOJAJILIIOTO 3POCTAHHS TEMIIB BUPOOHMILITBA 3amac-
HUX YaCTWH € BTOPWHHE BUKOPHUCTAaHHSA 3HOIIEHWX JeTa-
Jielt, BiIHOBNIEHUX B MPOLECI PEMOHTY aBTOMOOINIB i ar-
peratiB. JInsi BiTHOBJIEHHS TOBHOT MpaLe3AaTHOCTI 3HO-
HIEHUX AeTajieii HeoOXiHO MOBEPHYTH TM MOUYATKOBI PO3-
MipH, TeOMeTpUYHy (POpMYy i TOBEpXHEBi BIACTHUBOCTI.
HapanHs nerani peMOHTHOrO po3mipy i MpaBWIILHOT T€0-
MeTpUYHOT (POPMHU TICNIsA MPOBOTUTHCS MEXaHIUYHOKW 00-
pobkoro pizanusim [1].

Haif6inbI MOMMPEHNM BUCOKOTPOLYKTUBHUM CIIO-
cobom mexaHiuHOT 00poOKM € abpa3uBHa 0OpoOKa BifHOB-
JIOBaHMX JeTanell mumidyBanbHUMEU Kpyramu. OnHaK B Ha-
CNiIOK MIBUAKOT BTPATH PiXy4Oi 30aTHOCTI 3epeH abpa3us-
HOTO Kpyra untiyyBaHHs TMOB's3aHe 3 HEOE3MEeKO BHHUK-
HEHHS B 30HI KOHTAKTy iHCTPYMEHTY 3 JETaIIO MiABHUILE-
HUX MHUTTEBHUX | KOHTAKTHUX TeMMepaTyp, 3AaTHUX BUKIU-
KaTh CTPYKTYpHO-()a30Bi MEpeTBOpEHHS B MOBEPXHEBOMY
mapi gerarni. OCTaHHE, SK MPaBUIIO, CYMPOBOIKYETHCS MO-
SIBOKO TIPIDKOTIB Ta HEOaXaHOT PO3TATYIOUOT TEXHOJIOTIHHOT
3aJIAIIKOBOT HATIPYTH i HABITH TIOSIBOO MiKPOTPIIIIUH.

BukopucTaHHS MaCTHIBHO-0XOJOIKYBATBHUX PiAVH
(MOP) 3HIKy€E KiNbKIiCTh 3aMiH iHCTpYMEHTY, 30iNbliye
gac poboTh mutiQyBambHUX KpPYTiB MiX TpaBKamH, Iif-
BHIILY€ YUCTOTY iIHCTPYMEHTY i IPOAYKTHBHICTH OOPOOKH.
VY peanbHuX ymMoBax podotd MOP MicTsaTh pi3Hi 3a0pyn-
HEHHs, SKi TICBHMM YHWHOM BIUIMBalOTh Ha 11 (pi3WKO-
XiMiYHI BIACTUBOCTI TOMY BEJIMKE 3HAYEHHS Ma€ YUCTOTa
MOP mipu moBTOpHOMY BUKOpHUCTaHHI. CTabibHICTh YHC-
tott MOP 3aiexuts Bill 3aKOHOMipHOCTe# poOOTH OUH-
IyBayiB, 10 MPOBOISTH OYHIICHHS PiluHA Bil muTihyBa-
JBHOTO 1LIamMy. B To#i ke yac, Sk MokaszaB aHaji3, O4H-
IyBadyi, SIKi 3aCTOCOBYIOTh Ha BepcTaTax Npu adpaswBHii
00po0mi BimHOBIEHWX HeTaneil 3aco0iB TpaHCIOPTY He
JIO3BOJISIIOTH 110 33/1aHUX 3HAYEHHSX KOHLEHTpauii 3a0py-
JHEHb MPOTHO3YBATH SIKICHI MOKa3HUKH 9rcToT MOP.

s nocsirHeHHs Hakbinbiioi epekTMBHOCTI mpole-
cy abpa3uBHOI OOpOOKHM BiTHOBIIEHWX [eTajieil 3aco0iB
TPaHCMOPTY HEOOXigHO BUOpPATH OUMILYBAY 3 TAKUMHU pe-
KVUMHHMH TlapameTpamH, ski 3abesneyars 0OpoOKy nera-
Jieti 3 HaliMEHIIIOK0 BAPTICTIO 1 HEOOXiaHOKO siKicTiO [2].

AHAJII3 OCTAHHIX JOCJIIDKEHbD
IlpoBeneHUMH paHille AOCHiIKEHHIMU BCTaHOBIIE-
HO, L0 MeXaHiuHi 3a0pyaHeHHs npu 00poOui aeraneit pi-

3aHHAM CKJIQJaloThesl MEepeBaXHO 3 ApiOHOT MeTtaneBoi
crpykku po3mipom (5 — 150) MkM, yacTUHOK abpas3uBy i
3B'3ku Kpyra po3mipamu (20 — 250) MkM, mpUuOMy Me-
TaJIEBMX 4aCTUHOK mpunajaae Ha vactky (80 — 98%) Bin
BCi€l Macy miaMy, 1o J03BOJISIE pEKOMEHIYBAaTH MarHiT-
Hi ounurysadi MOP.

Hai6inp mpocTUMHU TPUCTPOSIMHU IJISI OYWILEHHS
MOP Big MexaHiYHUX AOMILLIOK € BiACTIMHMKU, B OCHOBI
SIKUX JIOKUTh TPUHLOWN TpaBiTamii — Iisi HA YaCTHHKU
TiIbKM MacoBMX CuJ TsKiHHS. [Tpu HasiBHOCTI MexaHiu-
HUX 3a0pyIHEeHb, SKi MalOTh MarHiTHI BIaCTUBOCTI TPHUBa-
JICTh BiICTOIOBAHHS MOXXHA CKOPOTHTH B KiJlbKa pa3iB i
TUM MiABUIIUTH e(DeKTUBHICTh ounlleHHs [3].

Amnani3yroumn icHyIO4i KOHCTpPYKUii MarHiTHMX Bif-
cTitinukiB [4] MoxHa 3pOOMTH BHUCHOBOK, IO y BCiX ic-
HYIOUMX MNPUCTPOSIX IPALi€HT MarHiTHOro MoJisi 3aBXKIM
Mae TOCTiHHWI HaNpsM i ApiOHOMUCTIEPCHI YaCTUHKH, SIKi
NOTParIslOTh B poO0Uy 30HY, YTBOPIOOTh MarHiTHi (pJio-
KyJIH, SIKi CTBOPIOIOTh LIYHT, THM CAMHUM, TIEpeKpHBalOUN
JiF0 MarHiTHOTO MoJisi B poOOUMX 30HAX, 10 HE JIA€ MOXK-
JMBICTb CTBOPUTH YMOBU T €(EKTUBHOTO BUTATAHHA
MeXaHIUHUX AoMilok. TakoX HEeIOJiKOM BiOMMX KOHC-
TPYKIiil € 3HAUHI KaMiTaNbHi i eKcIuTyaTaliiiHi BUTpaTH i3-
3a BEJIMKOi METaI0EMHOCTI i €HEPrOEMHOCTI.

TakuMm YMHOM TiIBUINEHHS e(PeKTUBHOCTI abpa3uB-
HOT 00poOKM TpU BiAHOBIEHHI AeTaneit 3aco0iB TpaHCMO-
PTy BUMarae po3poOKH BiACTiHHMKA B SIKOMY BHKJIHOYa-
€TbCS LIYHTYBaHHS MOJIIOCIB YJIOBJICHUMH AOMillIKaMK Ta
3 MarHiTHOIO CHCTEMOIO, II0 CTBOPIOE HEOOXiAHE 3a 3Ha-
YEHHSIM 1 rpaJieHTOM MarHiTHe MoJje Mo 3aJaHuX 3HaueH-
HSIX PEXKHUMIB pi3aHHS.

OCHOBHA YACTHUHA

Jnst mpomucioBuX BUNpoOyBaHs Oyna po3polsieHa
KOHCTPYKLisi ~ MarHiTHOro  BiACTifiHMKAa  JOBXWHOMO
L =0,65 m; mmpuna Biacriitauka, 4 = 0,12 M, BucoTa
h=0,45 (puc. 1).

BunpoOyBaHHS TPOBOIMIM TIO0 TIOBHO (hakTOpHOMY
iaHy, BapilOlOUYM MEBHUMHU Mapamerpamu: cuiia CTpymy B
obmorti enextpomardity | = 5; 10; 15; 20; 25; 30; 35; 40 A.
Yucno BurkiB B obmortui enexrpomarnity: W = 2800. Sk
MOP BukopuctoByBanu 3 % — y emynbcito YkpuHon-1 3 3a-
JAHUMU KOHLIEHTPAL[iSIMM MEXaHIUHUX 3a0pyJaHeHb. Oy =
0,25; 0,7; 1 r/n. JTns 3Ha4eHb KOHLEHTpALLiT 3a0pyaHEHb y3ATi
CepenHi TpaHyJIOMETPUYHI XapaKkTepUCTHKK 3a0pyaHEHb
MOP mipu miyBaHHI KOJNiHIACTUX BatiB ABUTYHIB KamA3,
ta CMJI BiIHOBJICHUX METaA/i3aLIEI0 HAMJIABJICHHSM Ta i
peMOHTHHI po3Mip. LLBHAKICTE TOPU3OHTAIBHOTO PYXY Vi,
MOP Ha nouarky Bincrilinika npuiiMann 9 — 12 mm/c. Yac
3HaXODKEHHs] YaCTUHOK 3a0pyaHeHb t,. y BiICTiHHUKY, Bpa-
XOBYIOUH, MTPOyKTHUBHICTH BizcTitinnka — 30 c.
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Puc. 1. Cxema yCTaHOBKM MArHiTHOTrO BiACTilHUKY:
1 — perymoBanbHuii Tpancpopmarop JIATP, 2 — sHmwKyBaIbHUN
tpanchopmarop 220/12, 3 — Bosisrmerp, 4 — amnepmerp,
5 — 610K BUIIPSIMHUX 1i0/1iB, 6 — €JIEKTPOMArHit, 7 — BiJICTIHHKUK
Ha mepmomy ertami AOCHimKeHHsS TMPOBOIWIUCS 3
KOHUEHTpauiero mexaniunux aomiuiok 1,0 r/n. MOP no-
JTaBaJlyl y BiACTifiHUK, IPW [IbOMY B OOMOTIIi eleKTpoMar-
HITy 3MiHIOBajacs BeJuuMHA cuiu cTpymy |. 3Baxarouu

HEMOJXKJIMBOTO Bi3yaJIbHOTO CHOCTEPEIKEHHsI 3MiHU KOH-
LeHTpallii, TOMy Ha BUXOIi 3 BiACTiliHWKa, TiCNsi KOXHOT
3MiHU CUIM CTpyMmy Opanu npobu ouuiueHoi MOP i Bu-
3HAYali MacoBy KOHIEHTPAIil0 MEXaHiYHHX JOMIIIOK.
Jauni 1ocnimKeHHs MPOBOJMIIKCS 3 APYTOl0 3aJaHOK KOH-
LEHTpaIli€l0 MEXaHIYHUX IOMIMIOK TI0 OTHCaHil BWIIE
MeTonuui. B pe3ynbrari ekcrnepuMeHTy OTpUMaHi 3ajex-
HOCTI, IO 3B'SI3yI0Th BUXIiJHY KOHIEHTPAIi0 MEXaHITHIX
3a0pynHeH, B MOP micisi ouMLIeHHs 3 HACTYNHUMU Ma-
pameTpaMu: Op = f (8pxloc ) (puic. 2—4). JIns 3amaHoi
KOHUEHTpauii &y, = 1 r/n orpumaHa 3aleKHICTh
Spux = T (/). AHaNOTiYHO HEBAXKKO OTPUMATH 3AJEIKHOCTI
JUIS THIIMX 331aHUX KOHLEHTpaLiit.
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4aC OCAIIKEHHS, C
Puc. 3. 3anexHicTs KOHIIEHTpALT
3a0pyaHeHbs MOP Bij yacy 3HaXOJKEHHS
YaCTUHOK B BijICTiliHUKY

(W=2800, 8, =0,7 r/n)

Puc. 2. 3anexuicrs kOHUEHTpALT
3a0pyaHens MOP Bij uacy
3HAXO/KCHHS YaCTUHOK

B BicrittHuky (W= 2800, d,, = 1 1/i)

Oikcyroun pi3HUIO Mac, OyB OTpWMaHHWl CTYMiHb
gyrctotn K, MOP B MaruiTHOMY BiAcTiiiHUKY, sika BU3Ha-
yanacs o ¢opmyni (1), Ta oTpuMaHa eeKkTUBHICTb OYHU-
IIEHHS BiA 3MiHM CUJIM CTPyMy B OOMOTULI MpH Pi3HUX
BXiJIHUX MapameTpax 3a0pyaHenus MOP (puc. 5).

83)( - 8BMX

Ky =—B B 1)
83X
e O, — BXimHa KOHUEHTpauis 3a0pyaneHs MOP, r/i;
Opux — BUXIIHA KOHLIEHTpALList 3a0pynHeHs MOP, r/n.
IMpuBeneHi ekcriepuMeHTallbHI 1 PO3PaxXyHKOBI 3ayIex-
HOCTI OYEBHIHI 1 HE BUMAraroTb OCOOJIMBUX TIOSICHEHB, TIO-
rpilHicTh Mpu ix 3ictaBneHHi He nepesuiiyyBana 10%.
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Cuiia ctpymy B oOMoOTL], A
Puc. 5. EQexTuBHICTh OYMIIICHHS TIPY Pi3HUX BXiTHUX
3Ha4YeHHsX 3a0pyaHerHs MOP

BUCHOBKHA

Ha niacraBi BUKOHaHWX JOCHiIKEHb 3po0JieHi Ha-
CTYITHiI BUCHOBKH:

— 3anMpoONOHOBaHA KOHCTPYKLsi MarHiTHOTO BiICTiii-
HUKY J03BOJISIE BUKJIIOUUTH LIyHTYBaHHS TIOJIIOCIB YJIOB-
JIEHUMHU MarHiTHUMU JOMilTKaMHu i 30epexeHHs MoCcTiitHOT
HamnpyXeHOCTi MarHiTHOTO TOJSI B po00Uiil 30HI BUTATaH-
HSl, 100 JO3BOJISIE MiABUILATH SKICTh ouniieHHs MOP i
TIOHU3UTH NIePiOANYHICTh pereHeparlii, eEKOHOMUTH €JeKT-
poTexHiuHi marepianu [5];

4aC OCAIIKEHHS, C
Puc. 4. 3anexHictb KOHLIEHTpaLiT
3a0pyiHeHb MOP Bij| yacy 3HaX0/DKEHHS Ya-
CTMHOK B BiJICTiliHUKY

(W= 2800, 3, = 0,25 1/11)

— KOHCTPYKIIisi MarHiTHOTO Bi/ICTiffHUKA MOCTiIKeHa
€KCMePUMEHTANIBHO, NP LIbOMY OTPUMaHi eMmipuuHi 3a-
JIeKHOCTI, SIKi 3B'SI3YIOTh €NEKTPOTeXHiYHI (YHUCIO BUTKIB
mwkepena noss W, ctpymy B oomorwi 1) 3 ypaxyBaHHsM
rmapaMeTpiB KOHILEHTpamlii MexaHidHuX AoMimok B MOP
npu abpa3uBHiii 00poOuUi BingHOBJIEHUX aeTaieit 3aco0iB
TPaHCTIOPTY.

— 3HIDKEHHS] BUXiIHOT KOHLEHTpauii 3a0pyaHeHOCTi
MOP moxnuBO i3 30inmbIIeHHSIM YHcTa 0OMOTOK abo i3
30iIbIIEHHSAM CTPYMY B OOMOTL.
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