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Moagenb nnactuyHoro aedopmMyBaHHSA MOPOLUKOBOI CyMilli nig yac BibpauinHoro
ywinbHeHHA MaTepiany

Xpucmuneyv H.A. Modenv nnacmuunozo oeopmyeannus nopowikoeoi cymiwti nio uac eiopauiitnozo ywjinonennua mamepiany. B
pobomi npogedeHo OOCHONCEHHs. napamempie 6iOpayitino2o Gopmyeants O OMPUMAHHS 2PAOIEHMHO20 MAMepIany 3 RPOMINCHUMU
SHAYEHHAMU BUCOMU CHOPMOBAHUX WIAPIE MA HEOOHOPIOHUMU IX XaPAKMEPUCMUKAMU NO 8UCOMI 3pA3KA.

H.A. Xpucmuney Moodenv nnacmuueckozo 0egpopmuposanus nopouwiKogoii cmecu npu UOPAyUORHO20 ynaiomuenus wamepuana. B
pabome nposedeHo uccied08anue napamenmpos BUOPAYUOHHO20 HOPMUPOSAHUs 015l NOTYUeHUs 2DAOUEHIHO20 MATNEPUANA C NPOMEICYMOYHbIMU
S3HAYEHUAMU 8bICONBI CHOPMUPOBAHHBIX CL0EE U HEOOHOPOOHBIMU UX XAPAKMEPUCUKAMU O blCOme 00pa3zya.

N. Hrystynets. Model of plastic deformation of the powder mixture during vibratory compaction of the material. This paper studied the
vibration parameters for obtaining the gradient forming material with intermediate values of the height of the existing layers and heterogeneous
characteristics of the height of the sample.

Karouosi ciaoBa: BiOpamiiine (opmyBaHHA, IutacTUuHE Ae)OpPMYBaHHS, Tpai€HTHE
PO3/UIEHHS, MOICTIIOBAHHS], IUCIIEPCHA CYMILI

[TpoBenieHHS TEOPETHMYHUX Ta EKCHEPUMEHTAJIBHHUX JOCITIJKEeHb, SKi CHpPSMOBaHI Ha
pO3po0JIeHHS HAYKOBUX OCHOB, METOMIB Ta TEXHOJOTIYHUX IMPOLECIB CTBOPEHHS (PUIBTPYIOUMX
OaraTtomapoBUxX TpaJi€HTHUX MaTepialiB 3 BUKOPUCTAaHHAM TIOPOILIKIB, SKi BOJIOJIIOTh
MiIBUIIEHUMH  €KCIUTyaTalliIiHUMHU ~ XapaKTepUCTHUKAMH, YCTaTKyBaHHS [UId TpPeCcyBaHHs
BIJIMOBIAHMX BUPOOIB, METOMAIB Ta MPHUCTPOIB KOHTPOIIO iX SKOCTi, @ TaKOX IX MpPaKTHYHE
BIIPOBA/PKEHHSI, € CYJYaCHOIO Ta aKTYaJIbHOIO 3a]1auelo.

ITponec BiOpariiiHOTO (OopMyBaHHS KOMIO3HMLIHHMX MaTepiaiiB 3 METAIEBUX MMOPOIIKIB
IPYHTYETBCS Ha OCHOBHHUX IOJIOXKEHHSAX Teopii YIIUIbHEHHs MatepiaiiB. 30Kpema, OJHi€l0 3
OCHOBHHMX 3aJ[ay Teopii yIIUIbHEHHS € TifnoTe3a, sKa J103BOJIA€ ONucaTH AedopMyBaHHs IIapiB
METaJieBUX IOPOIIKIB 1 BUOpaTH TMOKa3HUKM I1HTEHCHUBHOCTI BiOpauiiiHoi B3aemonii mpu
MIHIMAJIbHUX €HEpreTMYHHX 3arparax. Llg rimore3a cTBepKye, IO MpH BiOpamiiHOMY
(dbopMyBaHHI MOPOIIKOBA CyMilll HAOyBa€ BIACTUBOCTEH B’SI3KO1 PiIUHU, 1 BIATIOBITHO /IO 3aKOHIB
[Tackans, 3amoBHIOE ¢GopMH pi3HOT ckimagHocTi. Llg Teopis 3Haiimma CBOE MPOJOBXKEHHS 3
MOJKJIMBICTIO OINUCATH BiOpaliiHuii mpouec GopMyBaHHS CyMilled METaJiuHUX HOPOUIKIB 3
ypaxyBaHHAM NapaMeTpiB BiOpauiiHOro oOjajHaHHS Ui YIIUIbHEHHS BUPOOIB Ta pPEXHUMIB
BiOpatlii mpu Aii 30BHIITHBOTO AWHAMIYHOTO HaBaHTaKeHHs P.

VYnockoHaneHHs 11i€i Teopii yTouHIO€ omuc BiOpauiiHOro mpoiecy (GopMmyBaHHA
cymimie 3 MeTaleBUX MOpOWKiB. B skocti mnoBepxHeBo-akTuBHUX pedoBuH (ITAP)
3aCTOCOBYIOTh KapOOHOB1 KHUCIOTH, CHUPTH XUPHOTO PALY, BOJHI KOJOIIHI PO3UMHU KUPHUX
KHUCIIOT, 3aXUCHI KOJIOIIM — B 3&JIGKHOCTI BiJ THUIy MeTaleBMX HopouwkiB. Lli HamoBHIoBaui
BIZIIrPalOTh POJIb 3MA3KU MOPOIIKY y CyMIlIi 1 CIy»KaTh Il MOKpaleHHs nepeaadi BiOpariifHoi
i1 1o BCii TOBIIMHI 3pa3Ka I yac BIOpOHABaHTKEHHS.

[Tponiec ¢dopmMyBaHHS MOPOIIKOBUX CyMillle MiA Ai€ro BiOpalii IpoXOAWUTh Yy KiJIbKa
eraniB. Ha meprmomy erami, sKMi 32 4acoM HalMEHII TpPUBAJIMH, BIIOYBAa€TbCs IHTEHCUBHA
ocajka MOPOLIKOBOi cyMmimi — MacThuyHa jAedopmanis. I[HTeHCUBHICTH BiOpariifHOro
HaBaHTAKEHHS Ha (OpMyrody CyMill THOBMHHA OyTH OLUIBIIOI 32 BEJIMYMHOIO 3a CUJIU
oBepxHeBOro HaTATy IUIBOK [TAP. Ockinbku iHEpLiiHI CUIM NPONOPILIHHI NIPUCKOPEHHSM, TO
JUTSL TIEPEeXOAy MOPOIIKOBOI CyMillli y CTaH MIIBUINEHOI TEKy4OCTi HEOOXigHI BHCOKOYACTOTHI
pexxuMu (opMyBaHHS 3 MajauMmu amiutitygamu. Lle — apyruil eran mpouecy BiOpauiiHOTO
¢dbopmyBaHHS.

[Topsia 3 BUMOraM¥ HEOAHOPIIHOCTI CyMili, B Ipo1eci BiOpohopMyBaHHS OPOLIKOBOIO
MaTepialy, BAKJIMBUMH € BUMOTH JI0 PIBHOMIPHOTO PO3MOAUTY (pakiiiif 1o BUCOTI mpec-PpopmH,
KOJIM, HAmnpuKiIaJ, TMOTpIOHO OTpUMATH HaWOUIBII BUCOKI IOKAa3HUKHU IKOPCTKOCTI 1
3HOCOCTIMKOCTI B HWXXYMX IIApax 3acUNKW. Pe3ynpTaT Takoro MoAULTy MOXHA Ha3BaTU
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IpajlicHTHUM , OCKUIbKM Tpu IboMy nucrepcHa cymimn ([C) orpumae mocTynoBy 3MiHY
OCHOBHHUX BJIACTMBOCTEH B OJTHOMY HaNpsiIMKY:

1) 3MmiHa MIUTBHOCTI p;

2) 3MiHa po3MipiB 0 YaCTUHOK;

3) 30uIblIeHHS KoedillieHTa 3aracaHHs A XBWII YIIUIbHEHHS, TOOTO 30UIbLICHHS
aucunarii eneprii neopmartii;

4) 30UTBLICHHS IBUAKOCTI V IOUTUPEHHS (PPOHTY XBHJII YILLTbHECHHS,

5 ) 3MeHIIeHHS HEOAHOPIHOCTI .

VY teopii Hampyr i aedopmariiii IucCHepcHE CepeloBUINE, IO CKIAAAEThCS 3 0e3mivi
JUCKPETHUX YaCTHHOK, MOXKE OYTH PO3TJISIHYTE K CTATUCTUYHHI MAaKpOCKOIIYHUIN €KBIBAJICHT ,
JOOCTYIHMI JJI1 MaTEMaTHYHOTO aHaJli3y METOJaMHU MEXaHIKU CYIUIBHOTO CepelOBUIA

SIK mokazayim JOCTIDKEHHS Ta NPOBEACHUH aHaji3 JiTepaTypHUX JUKepel, B SIKOCTI
napameTpiB BiOpaii, 110 3AIHCHIOIOTh HAWOUIBII MOMITHUN BIUIMB HAa MpPOILEC YIIUIbHEHHS,
BUCTYNAIOTh YaCTOTa Ta aMILIITy/a, ab0 X MOXiIHI — MBHUIKICTh, IPUCKOPEHHS, IHTEHCUBHICTb.
Omxe, Hampyra i yactota BiOpaliiHOTO HAaBaHTa)XEHHS — OJHI 3 OCHOBHMX (aKTOpiB, SKi
BIUIMBaIOTh Ha mpouec (opmyBaHHA. ToOTO, B SIKOCTI OCHOBHOTO (hakTOpy MHpu MOOYAOBi
MaTeMaTU4HOI MOJIENI 3MIlTyBaHHS YacTOK JHMCIIEPCHOTO CEPEeOBHINA MOXKHA B3ATH J100YTOK
1ux (akTopis, a00 BETUUMHY IHTEHCUBHOCTI

ly =0, 0, (1)

ne Oy — ammuiitya Hanpyr, 10 BUHUKAE B CEPEIOBUIIII B PE3YJIbTATI YILIbHEHHS;

(V) — KkyTOBa YaCTOTA KOJMBaHb.

3riiHO eMIIpUYHOTro 3aKoHYy ['epcTHepa, Ha eTarni IPyKHO-IIACTUYHOTO J1e(hOpMYyBaHHS,
OKpIM CKJIaJOBO1 MPYKHOTO 30JMKEHHS KOHTAKTYIOUHMX €JIEMEHTIB, 3 SBISETHCS CKIIAI0Ba
miacTuyHoi JedopMarii. 3anekHICTh BIIHOCHOI TutacTU4YHOI nedopmaiii  Bil BETUYHUHU
JMHAMIYHOTO HaBaHTa)KEHHS MOXKe OyTH alpOKCUMOBaHA BUPA30M:

— — . n
e=¢g+e&,=b-P" )
ne € — BeaMuMHA BiIHOCHOT IUIACTHYHOT Aedopmalii;

&1 — npyxna ckinanosa aedopmarii;

& 2 — IUIACTUYHA CKJIa/I0Ba Aedopmarrii;
P - nunamiune napantakenns;
bin- eMITIpHYHi KOe]ILi€HTH, 10 XapaKTePU3yIOTh MPYNKHO-TUIACTHYHI e opMalrtii.
MakcuManbHa BiTHOCHA IJIACTUYHA e(hopMallisi BUPAKAETHCS 3aJICKHICTIO
n
Emax = b- I:)k 3
ne P — 3Ha4yeHHS AMHAMIYHOIO HABAHTAXKEHHS, NPU SIKOMY JOCSTA€EThCS HEOOXigHa
HITBHICTD BUPOOY 3 METAJIEBOI0 MOPOIIKY ITiJl Ai€10 BiOparlii.
V mogeni miactuunoro aedopmysanns (puc. 1) semmunnu H,, H,, H — Bucora
($hopMyr04Oro mapy B HEYIIUTbHEHOMY, YIIUIBHEHOMY 1 TPOMDKHOMY CTaH1 BiAMOBIIHO.
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Puc. 1. 3miHa BUCOTH YIIUIBHIOBAHOTO (POPMYIOUOTO CEpeIOBHILA

3HayeHHs IUX BCIMYMH MOXHA IIPEACTAaBUTH TAK:

m m m
Hy H = ; Hy = 4)

_S'go, S'g , S'gk

ne M — maca nopomkoBoi cymimi (const);

S - moma ocrosn pUMYIOUOTO 1Iapy;

Jo» Yk» 9 - winbnicTs HacUMHOTO, CPOPMOBAHOTO i TPOMBKHOTO APy BiAMOBINHO.

Topi, 3rigHo BupasiB (4), BeIWYHHY IUTACTHYHHX AedopMalliil MOKHA MMOJJATH Y BUTJISII:

_AH _HO—H _0-0,

g 5
Ho  H, g ®)
g_AHk _ HO_Hk _ 9% =9
= - = ©)
H, H, g
[MincraBusmu Bupasu (5) 1 (6) y 3anexuocti (2) i (3), oxepxumo:
g _go n
27% _p.p 7
g (7)
gk_gO:b'Pkn (8)
9

Pozainueim (7) Ha (8) , oTpuMaEMO BENIUYHMHY MIUTBHOCTI MOPOIIKOBOT CyMillli BiTHOCHO
BEJIMYUHY JTUHAMIYHOTO HABAHTAXKCHHS:

9=—""" ©)

Tenep Bpaxyemo 4ac U i iHTeHCHBHICTH IMHAMIYHOrO HABAHTAKEHHS Id Ha [OPOIIKOBY
cyMmimn. OTpUMaEMO 3aTIEKHICTB:

P=I,-t=0,-0-t (10)
Toni 3anexHicTb (9) MEpEeTBOPIOETHCS 10 BUTIIALY:
g= 9o
n (11)
GO Q) 't
1-g | 2090
I:>k
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3nauenns nokasuuka 1 BuGMpaemo 3rifHO BUJIIB HABAHTAKEHHS 1 XapaKTEPHCTUKH
METaJIeBOrO MOPOIIKY.
B ToMy BUManKy, KOJIM MOPOIIKOBA CYMIlI JOCATA€E CKJIAAHOTO HAIPYKEHOTO CTaHy, IO

BUHUKAE TIPU OJTHOYACHIN 111 HOpManbHUX HANpYr O B BEPTUKAIBHOMY HANPSMKY 1 JOTHUHHUX

Hanpyr T B rOpU3OHTAJbHIN IUIOIIMHI, €KBiBajleHTHA Hamnpyra O, BH3HAYAETHCA 3 TINOTE3H
eHeprii opMO3MiHU:

[ 2
O e = \/GO +3-7 (12)
B 1ibomy Bumnajky 3anexHicts (11) mepeTBOpUTHCS 10 BUTIISAAY:

_ o
9= 7 (13)

o, -1
€K6
k
3anexHnicth (13) cnpaBeyinBa B TOMY BUIIAKY, KOJIX

0,,20

e

min »
ne O, — BeIUYuHa eKBIBaJICHTHOI Harpyru,

O 1in — BeIMYUHA MiHIMaJIbHOI HAIPYTH Yy (OPMYIOUOMY IHIapi.
Heo0Oxiguuit uac BiOpaniiinoi aii aus gocsraenns mitbHocti J B 3amexHocti Bix Bumy
BiOpamiiftHOi i1 BU3HAYAETHCS 32 (HOPMYIIOIO:
1

t I:)k . g_gO n

c,, 01 g-¢&,

InTencuBHicTh BiOpamiiiHoi aii Tpeba BHOWpaTH Tak, OO 3arajibHa TPHUBAJICTb
BiOpaIliiiHoi B3aeMOIii Ha TOPOLIKOBY cyMmilI He nepeBuiryBaita 16-30 cekyHn.

Bucnosxu

3 ypaxyBaHHSIM 3alpONOHOBAHMX TEOPETUYHUX BIJOMOCTEH MeETOl0 polboTH Ta
MOJANBIINX JOCTIKEHb € BIOCKOHAJIEHHS TEXHOJIOTIYHOTO IMPOIECY YUIUIbHEHHS MOPOIIKOBUX
cyMimieid meronoM BiOpamiiiHOi cerperaiiii, OMUC MaTeMaTHYHOI MOJETl IJIs OTPUMAaHHSI
IPaJi€eHTHOTO MaTepialy 3 MPOMDKHMMM 3HAYEHHSMU BHCOTH C(OPMOBAHUX IIapiB Ta
HEOJHOPITHUMH X XapaKTEpPUCTHKAMHU IO BHCOTI 3pa3Ka.
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