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Banip K.K.
HarionansHuii aBiaiiHui yHiBEpCUTET

MOJIEJIIOBAHHS ITIPOHECY MATHITO-TYPBYJIEHTHOI'O OUYULIEHHA
HNIAIAUITHUKIB KOYEHHA

Pecypc i excnayamayiiini  xapakmepucmuxu mpubocucmem KOYeHHA md, HOPMAIbHA
npaye30amuicms MAwuH [ MeXaHi3mMi8 6 YIIOMY CYMMEBO 3ANeHCamsv 6i0 uyucmomu ix poboqux
noeepxoHb. Y pesynrbmami nioGuwjenHs e@exmusHOCmi  OYUWEHHS MPubosy3nie  MAuwuH I
3MAWYBATLHUX POOOYUX DIOUH pPecypc MeXawizmié yux Mawiun modce Oymu 30invuieno 6 2-3, a y
sunaokax 3 npeyusiuHumu eyziamu — 0o 10 pasis. Takum uunom, 3abe3neyeHHs i KOHMPOIb YUCHOMU
mpubocucmem KOUenHs, 003801UMb NOKPAWUMU iX eKCHIYAmAayiiuHi Xapakxmepucmuxyu ma 30iouumu
pecypc, wo Ha CbO200HI € AKMYATbHUM HAYKOBO-MEXHIUHUM 3a80anusam. OOHum i3 cnocobie
RIOBUWEHHST pecypcy Md NOKPAWeHHs eKCNyamayitiHux Xapakmepucmux RIOUWUNHUKIE KOUEeHHs €
ehekmuene GUOANEHHS 3A0pYOHEHb 3 pOOOYUX MNOBEPXOHL, WO MAE 0coOaUGe 3HAYEHHS O
cneyianbHux ma npeyusitiHux RIOWUNHUKIG, SKI WUPOKO GUKOPUCHMOBYIOMbCA 6 PI3HUX 2ANY3SX
NPOMUCIO080CHI, MA 0A€ 3MO2Y 3anodiemu nepeduacHoMy iX 3HOULYBAHHIO | CKOPOMUMU UMpPAmu Ha
00cny208y8anHs U pemonum. Jlimepamypuuii ananiz ma pe3yivmamu OOCHIONCEHb NOKA3AMU, WO
sibpoakycmuyni napamempu (8iOpowleUOKicms ma GIOPONPUCKOPEHHS), K OCHOBHI napamempu
CMawny SKOCmi mpubdocucmem KOYeHHs, 6e3nocepeorHbo 3aiencams OKPiM MOYHOCHI 6UCOMOBIEHHS §
CKAAOAHHS, MAKONC 8I0 YUCMOMU POOOUUX NOBEPXOHb MA GIOCYMHOCHI PI3HO20 POy 3a0pyOHeHb,
30KpemMa MemanidHux.

Knwouogi cnosa: mooenosanis, ouunjerus, niOWUnHuK, 3a0pyOHeHHst, MacHimue nojie

Jns BUBYEHHS TIPOIlECiB, IO MAlOTh MiCIle MiJ Yac BUIAIEHHS MEXaHIYHUX 3a0pyIHEHb 3
MOBEPXOHb MiIUIMITHUKIB KOUEHHS, 3 METOI PO3poOKH e(EeKTHBHUX METOJIB 1 3aCO0IB OYMIICHHS
Oyna moOyzmoBaHa (¢i3WKO-MaTeMaTHYHA MOJENb. B sKiif pO3risHYTO BIUIMB CKJIQAOBUX CHJI, IO
3MIMCHIOIOTH BIUIMB IIiJ] YaC BHUJIAJCHHS 3a0pyJHEHb 3 TPHOOCHCTEM KOYEHHS 3MIHHHM IMITYJIbCHUM
MAarHiTHO-TypOYJIIEHTHUM METOJIOM.

[Mpu B3aeMoJlii ENEKTPOMATHITHHX IIOJIB 3 TMOBEPXHSAMH JeTaliell MiAMNITHAKA KOYEHHS
BiIOYBa€ThCs B3aEMHE MEPEMINICHHS PYXOMHUX €JIEeMEHTIB HOro KOHCTPYKIIii, o rnepedyBae B cTamii
ouHIIIeHHs Ta (POPMYyBaHHS TiPaBIiYHKX MOTOKIB MHIOYOTO cepenosuiia [1-4, 7].

Marematnyaa MoOjeiIb TPONECY BHIAICHHS 3a0pyJHEHb Ta 3alMIIKIB 3MallyBaJlbHUX
MarepialliB 3 TOBEPXOHb JAeTajlel MiIIINITHUKIB KOYeHHs MOoOyI0BaHA 3 BUKOPHCTAHHSIM HACTYITHUX
HPUITYIICHB:

1. YactuHka 3a0pyqHeHHS Mae chepudny Gpopmy.

2. Po3riisaeThbest 30BHIIIHE KiJIbIIE MIAMNAITHUKA, [IOBEPXHS SIKOTO € 1/1eaIbHUM IIUTIHIPOM.

3. Cuna 34YeryieHHS YaCTUHKHM 3a0pyJAHEHHS 3 IOBEPXHEIO IIIIIUITHUKA HE 3aJICKUTH BiJ
HaNpsIMKY 3MillIeHHs 3a0pyIHEHHS 1 CIPSIMOBaHa TIPOTHIICHKHO JI0 3MIiIIEHHS.

4. B3aemojisi YaCTUHKHU 3a0pYyIAHECHHS 3 MIANIUITHUKOM Ta PIAMHOIO 3 JOCTaTHBOK TOYHICTIO
OIMCYETHCS 3aKOHAMH KJIACHYHOT MEXaHIKH Ta T1IpaBIiKu.

PosrnsiHeMo cwin, o Iif0Th Ha 3a0pyAHeHHS chepruuHOi (GOPMH, sIKE MICTHTHCS Ha MOBEPXHI
Kbl miamunauka (puc. 1 a, 0). Kinblie mianmunauka 00epTaeThesl B MHIOUIN PiIUHI.
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Puc. 1. Cunu, mwo airoTh Ha 3a0pyaIHEHHS cpepryHOi POpPMU: a — Ha 30BHILIHIN TTOBEPXHI KiJIbIIA
MIIITAITHAKA; O — Ha BHYTPINTHIA TOBEPXHI KUTBIIS ITiTIITHITHIKA
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Jlo HUX HaJeXKaTh:
1. Cuna TsoKiHHS
K =mg, 1)
Jie M — Maca 4aCTHHKH 3a0pyIHEHHS, KT} § — IPUCKOPEHHS BLILHOTO maminus g = 9,8 m/c’.

2. Cuna 34eruleHHS 4YacTHHKH 3a0pyIOHEHHA 3 MarepialioM Kbl MIMUIMHAKA F7.
BpaxoByroun, mo Matepian 3a0pyIJHEHHS BapifO€TbCS, CHJIAa 3UCIUICHHS TAaKOX MOXXE MaTH Di3HY
NpUpoAy, M0 YCKIAagHIOE ii TeopeTHYHe BHM3HAYEHHS 1 MEpeBOOUTH L0 3amady B 00JacTh
eKCIEPUMEHTABHUX JTOCIII)KEHb.

3. Cuna Apximena, o mparHe BHINTOBXHYTH YaCTUHKY 3a0pyIHEHHS 3 CEPEIOBHINA,B SKOMY
BOHA 3HaXOJUTHCSA (OUUIIYBAILHOI PiHHN):

Fa=poV, (2)

7ie p — muToMa Maca (IyCTHHA) piguad, Kr/M°, V — 06°€M YaCTHHKM 3a0pyIHEHHS, M.
) 4
3riHO MPUIHATOTO HAMU TIPUITYIIEHHSI, [0 YaCTHHKA Mae chepuuny popmy: V = gm’ 3 (3)

I — paziyc YaCTHHKH.
Toni 3 BpaxyBanssaM (3) Bupas (2) anst BUHAYCHHS CHITM ApXiMena mpuiiMe BUTIISI:

Fo= o, (@

Crig 3a3HauWTH, MO CHiIa ApXiMeaa Ji€ He JWIe Ha YaCTHUHKY PiAWHH, ane W Ha 00oiMmy
nigmumnauka. CyTTEBUM BIUIMB CHIIM ApXiMeZia € 32 YMOBH, III0 TUTOMa Maca MaTepiaiy 3a0pyJHEHHS
€ MEHIIIA 33 MMUTOMY Macy PiIMHU abo OJHOro MOPAIKY 3 Hew. fkmo p, > p (pz — muToma Maca
3a6pyIHEHHS KI/M°), TO cHila ApXiMe/a He YMHHTH CyTTEBOTO BILIMBY Ha BHIAICHHS 3a0pyIHEHHS 1 Ti
MOXHa HEC BpaxOBYyBaTH.

5. BepTukanbHa CKJ1aJ0Ba CUJIN TUCKY, 110 CIPHUSIE€ OCAPKEHHIO 3a0py JHEHHS:

Fo = p9Vs, (5)
ne Vi — 00’eM Tina TUCKY, 0 0OMeKeHe BIIBHOIO MOBEPXHEIO PiIWHH, TIOBEPXHEIO 3a0pyJHEHHS Ta
BEPTHKAIBHOIO IMITIHAPHYHOIO OBEPXHEIO, 110 TIPOXOIUTH 0 KOHTYPY IMOBEPXHi 3a0pYAHEHHS.

3 reOMEeTPUYHUX MipKyBaHb
V; =ar’H —%r3=7zr2(H—%r), (6)

ne H — rmubuHa 3aHypeHHs eHTpa Mac YaCTUHKHU 3a0pyAHEHHS Mi/I BiIbHY ITOBEPXHIO PiAMHU, M.
®opmyna (5) 3 BpaxyBaHHIM (6) MaTUMe BUTIIS;

2
F, = pgar (H —%r), )
Bennuunna BepTHKaIbHOI CKJIAZOBOI CHIIM TUCKY HNPSMOIPONOPILiiHA TIMONHI 3aHypEHHS LIEHTa
Mac YaCTHHKH 3a0pyTHEHHS IiJ] BUIbHY MMOBEPXHIO PiguHU. [ OpH30HTAIIBHI CKJIAIOBI CHIIM THCKY Ha
YacTUHKY 3a0pyAHEHHs BPIBHOBXKYIOTHCS, TOMY iX HE BPaxoBaHO. BujaneHHs JeskuX 3a0pyIHEHHS
BinOyBa€eThCs 1LIe 0 HaJaHHs MiAIIUIHUKY IIEBHOI YacTOTH OOEepTaHHS, HA €Talli 3aHYpPEeHHsS HOro B
piouHy.
[Tpu 1bOMy MOXKITUBO JIBa BUTIAIKH:
a) YacTUHKA 3a0pyTHECHHS CIUIMBAE HA BUIbHY IOBEPXHIO PIAWHU, SKIIO
F.>F+F+F. (8)
MMincraBuBmm B hopmyny (8) Bupasu (1), (4), (7) oTpumMaeMo yMOBY CIUTHBaHHS 3a0pyTHEHHS
Ha MMOBEPXHIO PiJIMHYU 32 YMOBH BiJICYTHOCTI 0O€pTaHHA MiALIUITHUKA:
2
F, < pgar®(2r —H)-mg, 9)
. 2
1[0 MOKJIUBE NPH YMOBI M < pg 7t (2!’ -H )
0) yacTHHKA 3a0pyAHEHHS OMYCKAEThCS HA JIHO MUIOYOI KAMEPH 3 PiAMHOIO
F.+F <K +F. (10)
[MincraBuBmm B popmymy (10) Bupasu (1), (4), (7) orpumMaHO YMOBY OIyCKaHHS 3a0pyJHEHHS
Ha JTHO MHUIOUYOi KaMepH 3 PIINHOI0, 32 YMOBH BiJICYTHOCTI 0OepTaHHsI MiIIUITHAKA!
F, < pgar?(2r—H)+mg, (11)
®opmymna (11) € yMOBOIO TiAPOCTATHYHOTO OCAKCHHS 3a0pyAHCHHS, aHAITI3 SKOi CBIAYUTS, ITI0

MOJKHA MmiAiOpath Taky TiMOWMHY 3aHypeHHs H, 3a sfKkoi 11 yMoBa OyJe BHKOHYBATHCh, a OTXKE
© Bbagip K.K.
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3a0pyaHEeHHS OyayTh BUmansaTucs. [Ipore, depe3 BeIuKi CHIN 3YSTUICHHS peajizallis i€l yMOBH MOXE
BHUMAaraTy 3aHypeHHS MiIIIMITHAKA Ha OlIbIIy MITHOUHY.
2. BinuenTpoBa cuia inepiii

F =mo’R, (12)
ne @ =7n/30 — kyroBa mWBUAKICTH 0OEPTAHHS Kbl MiAIIMIIHUKA, paj/c; N — 4acToTa obepTaHHs
KUTBI TiAIIUITHAKA, 00/XB., R — BiACTaHp BiJ UEHTy oOepTaHHS 1O IEHTpa Mac YaCTHHKHU

3a0pyIHEHHS.

Crnig 3a3HayuTH, 1O JUIs 3a0pyJHEHHS, 10 3HAXOAMTHCS HA 30BHINIHIM TOBEPXHI KIS
I IIATHUKA, BIAIICHTPOBA CUJIA CIIPUSIE BUIIAJICHHIO 3a0pYIHCHHS, a JUI1 YaCTHHKH, 110 MiCTUThCS Ha
BHYTPIIIHINA MOBEPXHI KiJbII miaAmUIHEUKA (prc. 1 6), HaBMaKky, YCKIaIHIOE BUJAIICHHS 3a0py HEHHS,
CTBOPIOIOYH JIOJATKOBY CHITY TEPTS MK YaCTHHKOIO 3a0pyTHEHHS Ta KiJIbIIEM ITiIIATHUKA!

B = ko A (13)
ne Ko — xoedillieHT TepTs CHOKO0, IO 3aJeXKHUTh BiJl Marepiany 3a0pyJAHEHHS Ta MaTepialy Kbl

MMAIIWITHUKA.

Toni popmyna (13) 3 BpaxyBanHsaM (12) MaTHMe BUTIISAL:
k,z°’mn’R
900

ToMy 3 TiIBUIIEHHSIM YacTOTH OOepTaHHS MiANIMITHUKA BUAAJICHHS 3a0pyAHEHb 3 BHYTPILTHIX
MOBEPXOHB KIJIBIS MiIIMITHAKA YCKIIAIHIOETHCS, 110 OOMEKY€E 4aCcTOTy OOCpTaHHSI i IIIMITHUKA.

6. Cuna omopy pyXy YacTWHKW 3a0pyIHEHHS PIOUHH, SKa 3aJeXHUTh BiJl IMIBUAKOCTI PyXy
PiOVHY 1 BUZHAYAETHCS:

— IS JTaMIHAPHOTO pexumMy 3a popmyoro Crokca:

Fop =6murv, (15)

ne w — koedimieHT auHamMiuHOI B’s3kocTi piauam [la*C; © — cepemaHs WBUAKICTH pigwHu. s
JAMiHApHOTO PEKUMY

, (14)

FTER =

v=U,/2, (16)
II€ Umax — MAKCUMAJIbHA IIBUAKICTE.

Bracnigok HasgBHOCTI B’A3KOCTiI PiIWHHU ii IMapy, IO KOHTAKTYIOTh 3 TOBEPXHEIO KiIBIIA
MIIIAITHAKA MAIOTh IIBUJIKICTh BIJTHOCHO PyXOMOI MOBEPXHI OJU3bKY 110 HYJIS 1 PYXarOThCs 3 TAKOO

K MBHJKICTIO (puc. 2 a, 0) [5, 6]. Tomy MakcuMalibHa MBUIKICTH BU3HAYAETHCS SIK:

umax=coR1=”2—§1. (17)

ne Ry — BificTaHp BiJ IEHTpY 00epTaHHS 10 TOYKH KOHTAKTY MOBEPXHI MiIIAITHUKA 3 3a0pyTHEHHSIM.

a)
Puc. 2. Po3mnoi MBUIKOCTEH B KOHTAKTHOMY IIapi 3 HOBEPXHEIO KU ITANIUITHAKA: & —
JaMiHapHUH pyX; 0 — TypOyJIeHTHUH pyX

3 ypaxyBanusm (16) ta (17) dopmyna Crokca (15) MmaTume BUTIIS:
2
7 urnR;
F =Z/7"1 18
6D 10 (18)
— 17151 TypOyJIEHTHOTO PEeXXUMY PyXy 3a 3akoHOM HploToHa:

© Bbagip K.K.
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2
v
Feo =C p2 S, (19)
ne Cyx — koedilieHT 1000BOro Oropy, 10 XapakTepu3ye GopMy Tia; v — cepelHs MBUIKICTh PIAUHH.
u
Jliisg TypOyIEHTHOTO pexuMy U = — % —  Tomy IpUHMEMO, 1O:
yPoy Py ¥ 15,03 P

umax
L= 20
12 (20)

S — mIo1a MPOEKIIii Tijia Ha MJIONIMHY, 10 MEPICHIUKYIISIPHA IO HAMPSIMKY PYXY.
st chepruHOi YaCTUHKH 3a0pyTHSHHS:

g=at’

3 BpaxyBauusaMm (17), (20), (21) popmymna (19) Habyxne BuTIALY:
72 an Rfl’z
Fp,=C ——. 22

TakuM 4uHOM, AJ1 BUAAJICHHS 3a0pYyAHCHHS Iia yac 0O0epTaHHS MiAMIWITHUKA HEOOXIAHO 11100
BUKOHYBAJIUCh HACTYIIHI T1IPOJUHAMIYHI YMOBH:
A) ISt 9aCTUHKH, IO MICTHTHCS Ha 30BHIMITHIN MTOBEPXHI KiJBIS i IIAITHAKA!

JF% +(F +F —F,f +F2 > F,. (23)
B) mnst yacTHHKH, 1110 MICTHTBCS HA BHYTPIIIHIN MTOBEPXHI KiNbLIS MiIIIMITHIKA:
\/FGZD + (FT + FG - FA)2 + I:|2 - FTER > I:z : (24)

XapakTep ~ TEpeMIIIeHHS  €JIIEKTPOMArHiTHOTO  TMONs  3a0e3MedyloTh  MepioandHe
pO3MarHidyBaHHSI MaTepiary IiIIIAITHAKA, KOJIW CyMapHH BEKTOP MPOTIKaHHS CTPYMIB B Marepiaii
JOPIBHIOE HYJIO 1 CHJIM MarHiTHO1 B3aeMoJii 3a0pyAHEHHS 3 JACTASIMH MiAIIUITHUKY 3HUKAIOTh. [Ipn
BOMY TiJ €0 IHIIMX CKJIAJOBHX CHJI B3a€MOJIi YaCTKH 3a0pYJHCHHS MEPEXOIATh Y MUIOYHIA
pO3UMH TpHW BHUKOHAHHI TigpoauHamMivyHuX yMoB (23), (24). Mami, xomu 3’SBISIETHCS 30BHIIIHE
marnitHe none (MII) Ha 3a0pynHeHHsT OyJe MisATH CUIa B3a€MOJIIi MarHiTHUX 3aps/iB, a TaK SK
HanpyXeHicTh 30BHIIHbOro MII Oinbia 3a HaNpy>KEHICTh MOJIsl HA TOBEPXHI JeTallel MiIIUITHUKIB,
ne Oyne ChOpusATH BHAAICHHIO 3a0pyJHEHHS B TOTIK B HANpsSMKY JOAATKOBOTO 30BHIIIHBOTO
iMITyITECHOTO MaruiTHOro moits (J3IMIT).

Jlst BU3HAYEHHS MapaMeTpiB ODKYydOro MarHiTHOTO ITOJIS MPOBEICHO psja eKcrepumeHTiB. Lle
MOB’S3aHO 3 ypaxyBaHHSM BEIHKOI KUIBKOCTI (haKTOpiB 4epe3 OCOONMBOCTI PI3HHX KOHCTPYKIIH
T IIATTHUKIB KOYSHHS 1 MaTepiaiB, 3 SIKHX BOHU BUTOTOBJICHI, a TAKOX CKJIay Ta CTaHy 3a0py/THEHB,
IO MPU3BOJUTS JI0 CIa0KO1 KOpeilii MaTeMaTHYHUX PO3PAXyHKIiB.

Ha ocHOBi oTpuMaHHX pe3yNbTaTiB €KCIEPUMEHTAIRHUX JaHuX, iHmykmiss MII Ha moBepxHi
repMeTnyHoi Kamepu ckiagae 140 mTi, 30BHINIHE KiTblle MiJIIUIHUKA Ma€  3aJHIIKOBY
HamarHiueHictb Omm3bko 10 MTh, BHyTpintHe Kinbie — 9 MTu, inaykist MII migmmmHaMKa Ha BijCTaHi
15 mm Big nHa kamepu — 100 MTo1.

[Napamerpu MII, HeoOxinHi i eQeKTUBHOTO BUIATICHHS 3 pOOOYHX MTOBEPXOHb TPHOOCHCTEM
KOYEHHsI MiKpO- Ta CyOMiKpo4acTOK 3a0pyJHEHb 1Ie:

- amrorityna MIT — mist 3a6e3neverHHs epeKTHBHOTO BHIAJICHHS 3a0pyAHEHb, IOBUHHA OYTH HE
MEHIIIOIO 32 TIOJIOBUHY BUCOTH 000MMH (JUTSI CEpeTHBOI cepii MiIIMITHUKIB CTAaHOBUTH 13...15 MMm);

- HOMiHaJIbHA YacTOTa 3MiHM NOMIOCiB iMIynbcHOro MIT;

- e(peKTHBHUH Yac OYMINEHHS B MEXaX BH3HAYCHUX ONTHMAJIbHUX AaMIUIITYId MarHiTHOI
IHAYKIIT 1 4aCTOTH 3MIHHOT'O iMIysbcHOTro MII.

B sixocTi MUFOYOT piiMHE BUKOPUCTOBYBAJIOCH aBianiiiae manmuso (PT, TC-1).

Marnitee mnone [3IMII ckimagaeTbcss 3 JBOXIONIOCHUX €JIEMEHTIB, IO BHKOHaHI 3
MarHiTOTBEPAMX MaTepialiB, i ki po3ramoBaHi mo4yeproBo -S-N-S-....S-N- Ha Jucky BHKOHaHOMY 3
3amiza Apmko abo cram 10 i cayxuth Mar"itonpoBogoMm. Makcumanbha Bifnctanb fii JA3IMII Ha
nigmunauKoBy ctane IX15 BuHMKae mpu moBHOMY ii mpwisiraHHi Ao kepena MIL. MarnitHa
IHIYKITiE OJAMHWYHOTO JDKepena mocTiitHoro wmardiTHOoro mois (JAIIMII) ckmamae 450 mTa. 3i

© Bbagip K.K.
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30UTBIIIEHHSAM BifcTaHi 10 50 MM 11 BEeIMYWHA 3MEHITyBaJIach A0 HyJs. [licis BUTpUMYBaHHS 3pa3Ka
31 cram IIIX15 Ha moBepxHI MOCTIHHOTO MarHiTy mpoTaroM 20 XB. CTYIIHb HaMarHi9eHOCTI
omnintoBaBcsi TeciamerpoM EM 4305/1 i nocsira 20 mTa. [lpu ounineHHi TpuOoCHCTEMH KOYECHHS il
MOBEPXHI 3HAXOMSATHCS Ha BIJICTaHI, Ka CKIIAJA€ThCS 3. BIJICTaHI BiJl MoBepxHi pxepena MII no nHa
KaMepH; TOBIIMHU MaTepialy KaMepH; BiACTaHi BiJl HKHBOI TTOBEPXHI MIAMNWITHUKA 10 THA KaMepH.
[anyxTuBHICTF MII B IbOMY BHIIAAKY 32 paXyHOK €KpaHyBaHHS KOMIIO3UIIIHHUM MaTepiaioM KaMepu
3MeHuryBanach 10 140 mTn, a BpaxoByrouu BifcTaHi Bif miammnHuka g0 aua kamepu — 100 mTo. Le
MOJMJIUBO JIOCATTH (BpaxOBYIOUM €KpaHYBaHHS €JIE€MEHTaMH KOHCTPYKLIi MHIOYOI BaHHH)
BUKOpUCTaHHsAM B skocti JIIMII enemeHTiB, 1m0 BHKOHAHI 3 MAarHITOTBEpIUX MarepiamiB
JCTIEPCIHHOTO TBEPIiHHS CHCTEMH HEOAMM-3alli30-00p, abo camapiii-ko0anbT, ab0 3aCTOCYBaHHSIM
MOTY>KHUX €JICKTPOMArHITiB.

IIpu mocriitnomy MII HaMaraideHIiCTh MOBEPXOHB MiANIUITHUKIB Majia TMEeJTIOCTKOBHIA XapaKTep
(puc. 3., puc. 4). Haii6inpmmii piBeHs (puc. 3) HAMarHi9eHOCTI crocTepiraBes Ha 30BHIIIHBOMY KiJIbII
nigmunHuka i csiras 10 MTi. BHyTpiliHe KinbIie 1 TpakT KOYEHHS HAMarHiayrTbes 10 9 M1

LvIn

— A
Aj

—_— A

Puc. 3. Po3nogin marHiTHO iHAYKii | TOBEpXOHB MeTaleil miIIIMITHAKA BITHOCHO PaliyciB
30BHIIIHBOTO (A;) 1 BHYTPIIIHBOTO Kijlelb (A,,) Ta cernapaTopa 3 Tiiamu KoueHHs (Ag) micis 10
XBWJIMH HaMarHiqyBaHHS JpKeperoM noctiitHoro MIT
LwTn

Puc. 4. Po3nozin marHiTHOT iHAYKIii | TOBEpXOHB JeTaleil miIIIMITHAKA BITHOCHO PaliyciB
30BHIIIHBOTO (A;) 1 BHYTPIIIHBOTO KiJlelb (A,,) Ta cemapaTopa 3 Tinamu KodeHHs (Ag) micis 20
XBWJIMH HAMarHigyBaHHs JpKepenoM moctiiHoro MIT

Makcumaibaa pododa yactora 3MiHHOTO iMITyascHOro MII nmoBunHa Oyt He MeHie 1000 ['n,
OCKIJIBKM €KCIIEPUMEHTAJIbHO BCTAaHOBJICHO, IO HAa MEHINIH YacTOTI OpraHi3ailis Oe3KOHTAKTHOI'O
o0epTaHHs 30BHIIIHLOT 000MMK 00’ €KTa OUYHINEHHS YCKJIaHEeHa, a epeBuiieHHs yactotu B 5000 Iy
BUKJIMKA€ AKTUBHUH HEKOHTPOJBOBAaHUM BIATIK MHIOUOi piAMHU Bixg 00’€KTa OUMILEHHS, IO
MPU3BOJIWIO JO TadiHHA e(EeKTUBHOCTI BHJAICHHS 3a0pynHEHb. ToMy JOCHI/DKEHHS CTYICHS
HaMarHiYeHOCTI MPOBOIMIMCH Ha I Ta HIKYMX YaCcTOTaX. 3TiHO 3 pe3ysibTaTaMH BUMIpIOBaHb (pHC.
5) mpu B3aeMojii 3 TMOJIEM BU3HAYEHOTO 3HAYEHHS IPOTATOM S5 XB. HAMAarHiYeHIiCTh JeTajei
i IIATHUKIB 3MEHITyBanach 10 4...6 mTu.

TakuMm 9WHOM, 3TIAHO 3 PE3yNbTaTaMM TOCHTIDKEHb, TIPH Iii 3MiHHOTO iMIyiabcHOTO MII Ha
00’€KT OYMINEHHS, Y BHIMAAKy 3a0e3MeueHHs ONTHMalbHUX BEIUYMHU TOJS, YacTOTH Ta dacy

© Bbagip K.K.
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OYMIICHHS CTYIIHb HaMarHiueHocTi He nepeBuirye 10% Bix MakcHMaIbHOI aMILTITYIW HAMPY KEHOCTI
moxepena MIT B poOouiii 30HI. 3MEHIIICHHS MarHiTHOT iHAYKIIT ukepena MII, firo4oro Ha MmigIIAITHUK
KOYCHHS MTPU3BOIUTH JI0 3MCHIIICHHS PiBHS HAMAarHi4eHOCTI HOTo JieTasnei.

A

As

Puc. 5. Po3nozin maruitHOT iHAyKIii | TOBEpXOHB JeTaliei MiIIIMITHAKA BITHOCHO PaliyCiB
30BHIITHBKOTO (A;) 1 BHYTPIITHROTO KiJIeTlb (A,,) 1 cemaparopa 3 TimamMu KO4eHHS (A3) MiCII OYHIICHHS
MPOTATOM 3 XBHJIMH TpH 9acToTi iMmynscHoro MIT 4800 I'a

TakuM 9UHOM, MPH OJHOCTOPOHHKOMY TO3MIiOHYBaHHI A1t MII 3 30HOI0 mii mons B 20 MM
OuuIIeHHs Oy/e epeKTUBHUM JUIA MiAMUITHAUKIB 3 BUCOTOO Kinerb 10 15 mm. [Ipu qBocTOpoHHBOMY
TIO3HIIIOHYBaHHI (TIpH MePEeCTaHOBIII MiJIINITHUKA B 3MiHHOMY iMITynIbscHOMY MII 3 oHi€el cTopoHU Ha
IHIIY), OYUIICHHS Oyae €(pEKTUBHUM JUIsS MiAMIUIHHUKIB 3 BUCOTOI Kijelb 10 40 MM. 30UIbLICHHS
BHCOTH Kinenp motpedye crBopeHHs [IMII 3 Oimbmioro iHIYKIIEIO Ta 30HOIO il TOJNSA i OLIBIIOO
HAIPYKEHICTIO, a00 3 OLJIBII CKIIaIHOK KOHCTPYKIIIE€I0 MarHiTOIPOBOY.
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Bagup K.K.
HauuonanbHbIM aBHALIMOHHBIN YHUBEPCUTET

MOJEJUPOBAHME ITPOIIECCA MATHUTO-TYPBYJIEHTHOM OUUCTKH

HNOJIUITHUKOB KAUEHMUS

Pecypc u oxcnayamayuonnvie xapaxmepucmuxu mpubocucmem Kavenus U, HOPMATbHAA
PAbomocnocoOHOCMb MAWUH U MEXAHUIMO8 8 UYEeIOM CYUeCMBEHHO 3A8UCAM OM YUCMOMbL UX
pabouux nogepxnocmeil. B peszynomame noeviwenus sghgpexmuenocmu ovucmiu 8y3n068 MAauuH u
CMA30UHBIX pAbOUUX HCUOKOCHEL PECYPC MEXAHUZMO8 IMUX MAWMUH MOdcem Obimb yeenudero 8 2-3, a
6 cnyuasx ¢ npeyusuoHumvlmMu yziamu - 0o 10 pas. Taxum obpazom, obecneuenue u KOHMPOIb
YUCMOmubl MpUOOCUCEM Ka4eHUs:, NO360AUM YIVUUUMb UX IKCHLYAMAYUOHHbIEe XAPAKMEPUCTUKY U
VBEAUUUMb PeCYPC HA Ce200HSA ABNAeMCA AKMYANbHbIM HAYYHO-MexXHuyeckum 3aoanuem. OOHUM u3
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Cnoco608 NoGblUEHUA pecypca U YAYYUleHUs DKCNLYAMAYUOHHBIX XAPAKMEPUCMUK NOOUUNHUKO8
KaueHus s181semcs dhgexmugnoe yoanenue 3a2psasHeHutl ¢ pabouux nosepxHocmetl, umeem ocodoe
3HAYeHue 015 CReYUANbHbIX U NPEYUSUOHHBIX NOOUUNHUKOS, KOMOPble WUPOKO UCHONL3VIOMCS 6
PA3TUYHBIX OMPACTIAX NPOMBIULIEHHOCMU, U NO3B0JIsIem NPEOOMEPAMUmMbs NPeicOespemMeHHoe Ux UsHOC
U 3ampamol HA 0OCHYHCUBAHUE U peMOHm. JlumepamypHblil aHAIU3 U pe3yIbmamvl UCCAeO08AHULL
NOKA3aU, YMo 8UOpoaKycmuieckue napamempsl (6U6POCKOPOCmMyb U 8UOPOYCKOPEHUs), KAK OCHOBHbLE
napamempuvl COCMOSHUSL Kauyecmea mpudocucmem KaueHus, HANPIMYyI0 3a6UCAm KpoMe MOYHOCU
U320MOBAeHUsL U COOPKU, A MAKdHCe OM YUCHOMbl pabOuUxX NOBEPXHOCHEN U OMCYMCMEUU PA3HO20
pooa 3a2pa3HeHUl, 8 MOM YUCLe MeMAaLIUYeCKUX.
Knrouesnie cnosa: mooenuposanue, 04uUCmKa, NOOUWUNHUK, 302PA3HEHUS, MACHUMHOE NOojle

K. Badir
National Aviation University
MODELING THE PROCESS OF MAGNETIC-TURBULENT CLEANING OF
ROLLING BEARINGS

The resource and operational characteristics of the rolling tribosystems and the normal
operation of machines and mechanisms as a whole substantially depend on the cleanliness of their
working surfaces. As a result of increasing the cleaning efficiency by tribo-tilting machines and
lubricating fluids, the life of the mechanisms of these machines can be increased by 2-3, and in cases
with precision assemblies - up to 10 times. Thus, the provision and control of the purity of the rolling
tribosystems will allow to improve their performance and increase the resource today is a relevant
scientific and technical task. One of the ways to increase the service life and improve the performance
of rolling bearings is the effective removal of contamination from working surfaces, is of particular
importance for special and precision bearings, which are widely used in various industries, and helps
prevent their premature wear and maintenance and repair costs. Literary analysis and research
results showed that vibroacoustic parameters (vibration velocity and vibration accelerations), as the
main parameters of the quality of the tribosystem rolling, directly depend on the accuracy of
manufacturing and assembly, as well as on the cleanliness of working surfaces and the absence of
various kinds of pollution, including metallic ones.

Keywords: modeling, cleaning, bearing, pollution, magnetic field
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