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AHHOTAIINA

B crarbe npeAcTaBiIeH CUCTEMATU3MPOBAHHBIA 0030p TEXHOJIOIMYECKMX MAIIMH M YCTPOWCTB, a TAKXKE TEXHOJIOTHI NUMbOoBaHUs U bH-
HMILHO# 00pabOTKH KOKM M KOKEBO# TKaHN Mexa. PaspaboTaHa numgoBaibHas MALMHA, KOTOpast 00ecriednBaeT 00paboTKy KOXKEBEHHOTO
¥ MEXOBOTO nonydadpuKara ¢ y4eToM MOJHOr0 UCHOJIb30BaHKsl a0pa3uBHbIX MatepuasoB. Ha pabGodyem GapabaHe 3a cueT BO3MOKHOCTH
MepEeBOPAYNBAHUS ¥ OBICTPO 3aMEHBI MIT(DOBAIBHBIX JIICTOB, CO3AI0TCS YCIOBUS Il BEAECHHUS MpoLiecca IUH(OBAHUS B ONTUMAIBHOM
pexuMe B 3aBICHMOCTH OT BHJIa M CBOMCTB KOXCHIphbs. Kpome Toro, pammoHaipsHoe 000CHOBaHHE T€OMETPHUYECKUX, KHHEMaTHIECKUX U
YIPaBJISAIMX TAPAMETPOB MAIIMHBI C IUIM(OBAILHBIM 0apaGaHOM CIIOCOOCTBYET IMOBBILICHHIO €€ SKOHOMHYECKON 3(D(eKTUBHOCTH U
00eCTeYeHnI0 COXPaHHOCTH. B 1aHHO# paGoTe MpOBOAKUTCS aHAIN3 MPOYHOCTH paboyero GapadaHa GapabaHHOH NUMGOBATIBLHOMN MAIUHBI
UL KOoXH. B kauecTBe 6apabaHa paccMaTpuBaeTCsl IMIMHIPHIECKHI BaJl, BpalllaloNiuiics Mo aeficTBreM rpy3a. B npomecce mumdoBanms
KOXH Ha MOBEPXHOCTH GapabaHa IeWCTBYIOT CHIIBI TPEHNS M MHOT/Ia HEPaBHOMEPHO pacIipe/iesieHHble Harpy3Kku. [Tockomnpky 6apaban ocro-
SIHHO pabOTaeT B peskUMe BPAIeHHs], Ha €r0 CTeHKE BO3HUKAIOT IEHTPOOEKHasI CHJIa, BOSHHUKAIOIIAs OT BPAlleH! s, KOHTAaKTHOE JIaBJICHHE C
KOXel, U3ru0, BEI3BaHHbII Harpy3KaMu, IIepeiaBaeMbIMI Ha 0Ch OapabaHa, ¥ Kpy TsIllee HalpsiKeHNe, BHI3BaHHOE MOMEHTOM, IIepe1aBaeMbIM
yepe3 BaJl. [IoaTOMy HEOOXOANMO aHATM3UPOBATH GapabaH Kak CIOKHYI0 MeXaHHIeCcKylo cucteMy. [IpoBe1EHHOE pacuéTHO-TEOpeTHIECKOe
HCCIIeI0BaHNe N3rOTOBJIEHHOT0 NITN(OBAIBHOTO 6apabaHa MoKa3aJlo, YTo MpH yacToTe BpammeHus (n=1200) 06/MUH 1 cpeTHEM pacuETHOM
paauyce (r=0.145) M OKpy>kHOe HOpMaJIbHOE HarpskeHue cocTtabiser okoio (2.61) MITa. [TpoBepka pacuéTHol MOJEIM B peAe/IbHOM
cJIydae [oKasaja, YTo IIpU OTCYTCTBUM BpallieHUs w — 0 OKpyXKHOE HalpsKeHUEe CTPEMUTCS K HyJII0. YCTaHOBJIEHO TaKoKe, YTO HaIlpsDKEHUE
JIMHEWHO 3aBUCUT OT IUIOTHOCTU MaTepualla U KBaJpaTUYHO 3aBUCHUT OT YIJIOBOI CKOPOCTH M panuyca. IloydyeHHble pacuéTHbIE pe3yIbTaThl
MOJITBEPKAAIOT COIIACOBAHHOCTD IIPUHSTON aHAJIUTUYECKON MOJIENIM C TapaMeTpaMHy N3rOTOBJIEHHOTo IUTH(OBaJILHOro 6apabaHa.

KJIIOYEBBIE CJIOBA

nuOBaHIe KOXHM, KOXKeBas TKaHb Mexa, abpasuBHasi 00paboTKa, HLUTM(OBaIbHbIC MAIINHBI, KOHTAKTHOE NABJCHHE, aBTOMATH3aLus,
(punuIHAST 00paboTKa, AaBieHne 00paboTKH, aOpa3OHHAsT CTOMKOCTb.
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ABSTRACT

The article provides a systematized overview of technological machines and devices, as well as technologies for grinding and finishing
leather and fur leather fabrics. A grinding machine has been developed that ensures the processing of leather and fur semi-finished products,
taking into account the full use of abrasive materials. On the working drum, due to the ability to overturn and quickly replace the grinding
sheets, conditions are created for conducting the grinding process in an optimal mode depending on the type and properties of the leather
raw material. Furthermore, the rational justification of the geometric, kinematic, and control parameters of the grinding drum machine
contributes to increasing its economic efficiency and ensuring its safety. This work analyzes the strength of the working drum of the
drum-type leather grinding machine. A cylindrical shaft rotating under the action of a load is considered a drum. During the leather
grinding process, friction forces and sometimes unevenly distributed loads act on the drum surface. Since the drum is constantly operating
in rotational mode, a centrifugal force arising from rotation, contact pressure with the skin, bending caused by loads transmitted to the
drum axis, and torque caused by a moment transmitted through the shaft arise on its wall. Therefore, it is necessary to analyze the drum
as a complex mechanical system. The conducted theoretical and computational study of the fabricated grinding drum showed that, at a
rotational speed of (n=1200) rpm and an average calculated radius of (r=0.145) m, the circumferential normal stress is approximately (2.61)
MPa. Verification of the computational model in the limiting case showed that, in the absence of rotation, w — 0, the circumferential stress
tends to zero. It was also established that the stress depends linearly on the material density and quadratically on the angular velocity and
radius. The obtained computational results confirm the consistency of the adopted analytical model with the parameters of the fabricated
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1. BBegenne

B npou3BoJCTBE MPOAYKIMH JIETKOH HMPOMBIIIIEHHOCTH (OIEX /b, 00YBH, KOKIaJlaHTeper U T.A.) UCTIOJIb3YIOTCS HE TOJIBKO TEKCTUJIbHBIE
MaTepHasl, HO U HaTypajlbHasl, HCKYCCTBEHHasl KOXKU U MeX. i3aemus u3 3TUX MaTepUasioB CTAJIU IIMPOKO PacpOCTPAHEHBI, a C Pa3BUTHEM
TEXHOJIOTHii MOSBUJINCH M Pa3HOOOPA3HBIE CIIOCOOBI X W3TOTOBJICHUS.

ITpou3BOACTBO KOKEBEHHOTO ¥ MEXOBOTO ChIPbsl MPOIIIO JOJITHI MyTh Pa3BUTHS U B HACTOSIIEE BpeMs SIBJISAETCS OFHOM U3 BeTyIINX
oTpacJieii BO MHOTHX CTpaHax Mupa. biarogapst HoBeHIMM TeXHOIOTHAM KOXXEBEHHOE IIPOM3BOJCTBO MPEBPATHIIOCH B OHY U3 MEPCIEKTHB-
HBIX OTpacJieil JIErKoi MPOMBIIIICHHOCTH, KOTOpasi 3aKJII0YaeTCsl B MEXaHMYeCKOM M (PU3MKO-XUMUUYECKOH 00paboTKe MIKYp KUBOTHBIX, B
HEPBYIO OYepe/Ib KPYITHOro POraToro CKoTa, MOPCKMX MJIEKOITUTAIOIIHUX, IPECMBbIKAIOIMXCS U pbio [1, 2].

MexaHnyeckast 00paboTKa KOkHU, MeXa M MX MoityabpuKaThl, HPEACTABIAIOT COOOM CIOKHYI0 MHOTONApaMeTPHIECKYI0 3aJady, BKJIO-
YaIOIIyI0 KOHTAKTHYIO MEXaHUKY, PEOJIOTHI0 KalMUIIPHO-MIOPHCTHIX MAaTepPHUaJIOB U KMHEMATHKY MpOIecca.

PaccmoTpeHHBIe paGOTH B COBOKYITHOCTH Pa3BHUBAIOT JAHHYIO O0JIACTb.

B pab6ote AMaHOB U Jp. HPEAJIOKEHa YCOBEPLICHCTBOBAHHASI PEOJIOTMYECKasi MOJIEIb KOKM, BKJIIOYAIOIIAs HOBBIA MmapameTp — Ko3g-
(pureHT MHEPIMOHHOCTH NedopMaIi, HHTErPUPOBAHHBI B KOMOMHIPOBaHHYI0 Mojeb (KenbBuHa, Bunrama—IlIBenoBa u Xycanosa) [3].
Beenenne mapameTpa, yUUTHBAIONIEr0 HHEPIIMOHHOE COIPOTUBJIEHHE IIPH BBICOKUX CKOPOCTSIX Ae(OpMAaInH, SBISIETCS 3HAYNMBIM BKJIAIOM,
0COOEHHO TS IPOLIECCOB BAIKOBOIT 06paboTku. OHAKO MOAe b HOCUT (DEHOMEHOJIOTHIECKHIT XapaKTep U He IMeeT JOCTaTOYHOH Bepudu-
KaIlW B YCJIOBUSX NPOMBIIUIEHHBIX IMHAMUYECKUX HArpy30K. DKCHEepUMEHTaIbHasl METOAMKA (KOHUYECKOe BIABIMBAHUE) HE MOTHOCTHIO
OTpaxkaeT yCJIOBHS IUIOCKOM iechopManiy Mex Iy BaJKaMH, YTO OTPaHIIMBACT €€ IMPUKIAAHYIO IEHHOCTb.

Hedopmanus U JABUKEHHE KOXKH MEXKIY BalkaMH TMOOpOOHO MccienoBaHsl B padore baxamupo m Mycupos [4], tne paspaborana
MaTeMaTH4ecKast MO/ b HaPsDKEHHO 1e(OpMUPOBAHHOTO COCTOSIHUS U IBUKEHHSI BOJIOKOH. Y UET BHYTPEHHEI KNHEMATHUKH BOJIOKOH, UTO
PEIKO BCTPEYaeTCsl B YIPOIIEHHBIX MOAENSAX. AHAJMTUYECKOE ONMCAHUE YIJa 3aXBaTa M 30HHI JehOpMallii, BaKHOE ISl YCTOHINBOCTH
nporiecca. [Ipy 3TOM, IpeinosIokeHne O paBeHCTBE CKOPOCTe BaIKOB M YIIPOIEHHBIE YCIIOBUSI TPEHHSI CHIKAIOT TOYHOCTh MOJIEIIH.

JlomonHss 3TO HampasieHne, HaOueB u 1p. MCCIemyoT yCJIOBHS BEPTHKAIBHON IOAAYM KOXKHU B BAJKOBYIO CHCTeMY [5], ydunThIBast
CHJIBI TPEHHMSI, TEOMETPHIO BAaJIKOB U TATOBBIE yCHiMs. PaboTa 3aKkphIBaeT BaXKHBIH acleKT — YCJIOBHSI BXOa MaTepralia B 30Hy 00paboTKy,
I7le YacTo BO3HMKAOT JedekTsl. OJHaKo MoAeTh B OCHOBHOM KBa3HMCTaTHYeCKasl U He YUHTHIBAaeT AWHamMuueckue 3dexTsl (BHOparmy,
HEeyCTOHYUBOCTB).

B pabore AmMaHOB ¥ JIp. TpeIJIOKEH METOJ MHOTOCJIIOWHOTO MEXaHMYECKOro 0Oe3BOXHMBAHUS C HCIIONB30BAHHEM BJIATOYAAISIOINX
MatepuayioB [6]. [TokazaHO BO3MOXHOCTh OJIHOBPEMEHHON 0OpaOOTKH JI0 MATH CJIOEB KOxkU. [1oBbIIIEHHE TPOU3BOUTEILHOCTH OoJiee YeM
B 5 pa3. [Ipumenenne Merona D-onTMMaibHOTO IUIAHUPOBAHKS SKCHEpUMEHTA. Pe3ynabTarThl MOMyYeHH B J1a0OPATOPHBIX YCJIOBHSIX, YTO
OrpaHMYMBAET MX MPOMBIIUICHHYIO IPUMEHUMOCTb. MeTo/] IePCIeK THBEeH C TOUKU 3peHHs MHTeHCH(HKAIIMK ITpoLiecca, HO TpeOyeT aHam3a
KOMIIPOMUCCA «IIPOU3BOAUTEILHOCTb—KAUECTBOY.

B pa6ote BaxaaupoB u Jip. paccMaTpUBaeTCs yCTPOICTBO MOJauM KOXKHM, oOecreunBaiolee ycrpaneHue ckiaiok [7]. I'ne yunTeiaetcs
MeXaHUuYecKHe CBOicTBa MaTepHaia (MOLY/b YIIPYroCTH, IIOTHOCTD). [IpeayiaraeTcs npakTUYeCKoe pellieHre: UCTOIb30BaHNe HAKJIOHHBIX
BpAIlAlOLINXCS POJIMKOB, YCTPaHAIIUX cKaaaku. Ho, 3aMeHa TpeHHsl CKOJbKEHUsl Ha TPEHHE KaueHUs YMpOIIAeT pealbHble KOHTAKTHbIE
ycaosus. HegoctarouHo npopaGoTaHbl BONPOCH! CHIJIOBOTO B3aUMOJEHCTBUA U SHepronoTpedieHus. PadoTa pelaeT BaxHYI0 TEXHOJIOTHYe-
CKYIO 3a1auy — MOJTOTOBKY MaTepuasia nepej 00paGoTKOM, HAMPSMYIO BIMAIOLLYIO Ha KAYeCTBO.

B paGote AMaHOB M [p. MCCJIEOBaH MEXaHM3M CO3[aHHs AaBJeHUs] B BalKoBOil Mammue [8]. PaccmaTtpuBaercst obecniedeHre cra-
OUIIBHOTO JABJIEHUS ITPU U3MEHEHUH TONIIHHBI MaTepuaia. IToka3aHo MoBbIIEHNE MPOU3BOIUTENBHOCTH (B 2 pa3a u Oosee) MpU CHUKEHUN
ycunus. OHAKO OTCYTCTBYET MHTErpallus ¢ CUCTEMaMU aBTOMATUYECKOTrO YIPaBJIeHUs1 M 00paTHOM cBA3U. ONTHMalbHbIE TapaMeTphbl He
YHHUBEPCAJIbHBI U151 PA3JIMYHBIX THIIOB KOXH.

HccnenoBaHo BIMsSHUE CKOPOCTH PE3aHHU S, CHJIbI, TREPIOCTHU MOJIMMEPHOT0 HIMOBAIBHOTO KPyTa, HOJauX ¥ pa3Mep 3epHa, Ha IPOoLecc
abpa3uBHOTO HITM(OBAHUSA JEHTOYHO! NUMGOBAIBHOI MALIMHOM U1 MOJEIMPOBaHUS yaleHHs MaTepuana. IIpoliecc XapakTepusyercs
BBICOKOI HEOIIPe/IeJIeHHOCTBI0 BO BPEMsI B3aUMOAEHCTBUs abpa3MBOB C HIDKEJIEKallel MOoBEepXHOCTh0. [IpeasiokeHHble perpecCHOHHbIE
MOJIeJI MOTYT OBITh IPUMEHEHBI IUTs1 YAAIeHUsI MAaTepUaia JICHTOYHO! nunoBaIbHON MammHou [9].

ImudoBaHne KOXK U KOXKEBOI TKaHH MeXa sIBJISICTCS OJHOM U3 KJIIOUEBBIX OMepalii MeXaHH4ecKoi 00paboTKM B KOKEBEHHOM Mpo-
MblIUTeHHOCTH. OCHOBHAs Iieb JaHHOW ONepaniy 3aKkyiodaeTcss B (POPMHUPOBAHUHM TPEOYEMBIX T€OMETPHIECKHX, IIEPOXOBATOCTHBIX U
IKCILTyaTaIlMOHHBIX XapaKTEPUCTHK MOBepXHOCTH MaTepuaa. [llmigoanue obecrieunBaeT BHIpaBHUBAHKE TOJIIHHEI, yAadeHne 1e(heKTHBIX
CJIOEB, TIOBBIIIIEHNE a/ITe3HOHHBIX CBOMCTB NOBEPXHOCTU U MOATOTOBKY MaTepHaja K MOCIEAYOIMM TEXHOIOTMUECKUM OIEPaIUsaM OTACIKI
[3, 10].

B orimume ot MeTanioB, Koxa MpeACTaBIsIeT COOO0M CJIOKHBIH MHOTOKOMITOHEHTHBII BOJIOKHUCTBIM KOMITO3HUIIIOHHBI MaTepua, co-
CTOSIIIMI U3 MepeIVIeTeHHBIX KOJJIATeHOBBIX BOJIOKOH, 00JIafaloNIX CJIOKHON MepapXUIecKoil CTPYKTYpOil U BRIPakKeHHOH aHM30TpoInueit
MEXaHWYECKHX CBOWCTB MexaHW4ecKoe BO3JEHCTBHE Ha KOXY, BKJIIOYas IUIM(OBAHUE, CONPOBOXKAACTCS JechopManiell, pa3pyeHHeM 1
nepepacIipeieJIeHleM BOJIOKOH, UTO OIpe/eliseT KOHeUHble (PU3UKO-MeXaHN4eCKUe XapaKTepucTUKY Matepuana [3, 11, 12]. B csa3u ¢ atum
BBHIOOp pallMOHAIBHBIX KOHCTPYKTHBHBIX M TEXHOJIOTMUECKHUX [TapaMeTpOB 000PYHIOBaHNUS SIBJISIETCS] KPUTHUECKM BAKHOM 3aqadeil.

[Ipouecc nugopaHus NpUMEHAETCS 114 yAaleHUs IOBEPXHOCTHHIX JeheKTOB, (hOPMUPOBAHUSA 3aJaHHOM IIEPOXOBATOCTH, YTy YIlleHUs
aJire3uy TMOKPHITHI Y IOATOTOBKY IIOBEPXHOCTH K ITOCIIEAYIONINM OIEepalisiM OTAEIKU. B COBpEeMEHHBIX YCIOBUSIX MOBBILICHUE TPEOOBAHUIT
K KauecTBY NPOAYKINHU TpeOyeT pa3padoTK HOBBIX KOHCTPYKTHBHBIX pElIeHUiT 000py/10BaHM ¥ ONTUMH3ALNN TEXHOJIOTMYECKHUX PEKUMOB
obpadotku [13-15].

CoBpeMeHHble UCCIIeJOBaHUSA JIeMOHCTPUPYIOT, YTO IapaMeTpsl IITM(OBAHUA OKA3blBAIOT 3HAYUTEJIbHOE BJIMSHME HAa LIEJOCTHOCTh
MOBEPXHOCTH, MUKPOCTPYKTYPY ¥ (pyHKIIMOHAJIbHBIE CBOMCTBA MaTepyasa [16, 17]. 310 ocoGeHHO BaskHO 1J1s1 KOKEBOI TKaHU MeXa, KoTopast
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obuagaet Gosiee CI0KHOM CTPYKTYPOU U MOBBILIEHHOH 1yBCTBUTEILHOCTHIO K MEXAHMIECKUM BO3/ICHCTBUSM.

HccnenoBanus MOATBEPXKAAIOT, YTO MapaMeTphl IUTH(OBAHNS HAMPSAMYIO BIUAIOT Ha IIEJIOCTHOCTh CTPYKTYPBI, aAT€3MOHHBIE CBOHCTBA
U JOJTOBEYHOCTh KOXEBEHHBIX MaTepuasoB. [Ipy 3TOM onTuMH3aIys TEXHOIOTHYECKUX PEXHMOB SIBJISAETCS CIOKHON MeXJUCIUIIINHAD-
HOI#1 3a/1a4eill, BKIIIOYAIOIIEel MeXaHUKY KOHTaKTHOTO B3aMMOJEUCTBHsI, TPUOOIOTHIO, PEOJIOTHIO M KOHCTpYUpOBaHue obopynoBanusi [17-19].
JIOTIOTHUTEIBHYIO CJIOKHOCTB MPEJICTABIISAECT BIMSHAE BIaXXHOCTH MaTeprasa, KOTopast H3MeHsIeT MOAYJIb YIPYTOCTH, TIPOYHOCTh MEXBOJIO-
KOHHBIX CBSI3ell M MEXaHU3M paspyleHus cTpykTypsl [20]. 1o TpeOyeT pa3pabOTKH aIaNTUBHBIX TEXHOJIOTHYECKUX PEXHUMOB 00OpaOOTKH 1
HOBBIX KOHCTPYKTHBHBIX pellieHuii odopynoBanus [7].

JlaHHBIe MEXaHU3MBI IPUHIUINAIBHO OTINYAIOTCS OT IIPOIIeCCOoB NUTH(oBaHUs ApeBecHbIX MaTepuanos 1 MDF, rae ynanenue matepuana
MIPOMCXOAMT MPEUMYILIECTBEHHO 3a cyeT pe3anus [21].

[IlepoxoBaToCTh MOBEPXHOCTH SIBIISIETCSI OMHAM W3 OCHOBHBIX IMOKa3aTeseil kadecTBa mumidoBanus. OHa 3aBHCHT OT 3€PHHCTOCTH
abpasuBa, CKOpOCTH 00paOOTKY U JaBieHus [22].

VBenuueHne 3epHACTOCTH MPUBOAUT K CHIKEHHIO IIIEPOXOBATOCTH, OTHAKO MOXET CHIKATh IIPOM3BOJUTEILHOCTD. Y BEJIMUCHNUE JIaBiie-
HUS TTOBBIIIAET POM3BOJUTEILHOCTD, HO YBEJIMUMBAECT PUCK IOBPEXIEHUs CTPYKTYpHl MaTepuania [23].

Vcnionb30BaHNe COBPEMEHHBIX TPUBOIHBIX CUCTEM MO3BOJSET 00ECHeUNTh CTAOMIIBHYI0O CKOPOCTh OOPaOOTKU M TIOBBICUTH KaueCTBO
MOBEPXHOCTH [24].

JlomomHATETEHO HEOOXOIMMO YUUTHIBATh AehOpMaIMIo MaTepraa pH TPAHCTIOPTHPOBKE MEXAy POJMKaMu [6].

CoBpeMeHHble TEXHOJIOTMH BKJIIOYAIOT UCIIOIb30BAHNE HAHOMATEPHAIOB U (DYHKIIMOHAIBHBIX MOKPBITUI AJIA YJIy4llIeHUus CBOHCTB MO-
BEPXHOCTH KOXH [25]. DTH TEXHOJIOTMX O3BOJISTIOT IIOBBICUTH M3HOCOCTOMKOCTD, aHTHOAK TepUaJIbHBIE CBOMCTBA U YCTONYMBOCTD K BHEIITHUM
BO3JIEHCTBUAM. BiiaxkHOCTh MaTeprasa oka3biBaeT 3HAYNTEILHOE BIIHSIHIE Ha MEXaHHYECKHe CBOICTBA M ITapamMeTpsl 00paboTku. Onrumalts-
HBIi BHIOOD MapaMeTpoB oOecreunBaeT OalaHC Mek Iy TPOU3BOAUTEILHOCTHIO U KAYeCTBOM 0OpabOTKHY.

Ha ceropnsimnuil eHb IPOBEJEH PsJ HayYHbIX UCCIIeJOBaHUIA, HAIIPABJIEHHBIX HA COBEPLLEHCTBOBAHNE KOHCTPYKLIUIA TEXHOJIOIMYECKUX
MallvH Ui MEXaHM4YeCKoil 0OpabOTKM KOKEBEHHOTO ¥ ITyIIHO-MEXOBOTO CHIpbsi M HayuHOe 000CHOBaHMe MX mapaMeTpoB. Ha ocHoBe pe-
3yJIbTaTOB TUX KCCIIEIOBAHUI ObLIN pa3paboTaHbl TEXHUYECKHE PELIEHNsI [0 YCOBEPIIEHCTBOBAHMIO KOHCTPYKLIUH T OBAILHOM MAIIHBI
JU151 KO)KEBEHHOTO ChIPbSL.

dur. 1

Pucynok 1. Cxema ycosepuieHCcTBOBaHHOM numnoBansHoil Mamael (MMCC AH PY3).

3ajava JaHHOI MaIMHEI 3aKJI0YaeTCs B PACHIMPEHNN (DYHKIIMOHATIBHBIX BO3MOXHOCTE! MaIIMHBI AJ1s numdosanus koxu. [Ipenmy-
IMIECTBO JIAHHOM MAIIMHbI ITepesl I3BECTHHIMU IUTH(OBATLHEIMU MaIlIMHAMY 3aKJII0YAETCS B TOM, YTO MOBBIIIAETCS MOJIHOTA UCTIONb30BAHHS
JINCTOBBIX MITM(DOBAIBHBIX MATEPUAJIOB, PA3ITIaXXKMBAIOTCSI CKJIAAKM M MOPIIMHEI Ha KOXE ¥ YBEINUMBAETCS €€ BBIXOJ MO IUIOIA M. Y BeInIH-
BaeTCsI CPOK CIIykObI mMoBaIbHOI OymMaru. Kpome Toro, BO3MOKHOCTB OBICTPOTO CHSITUSI-YCTAHOBKY U IIEpeBOPaYNBaHIS NITH(OBAIBHOMN
Oymaru Jisl HOBTOPHOT'O HCIIONIB30BAHMSI COKPAIaeT BpeMsl TEXHUUECKOTO 0OCITy KMBaHMUS, YMEHbIIAeT MIPOCTON MAIIMHBI B IPOM3BOJCTBE
¥ TOBBIIIAET IPON3BOAUTEILHOCTD TPy/a.

KoHcTpykTHBHAsi OCHOBA M MpakTHUecKas peanm3anus. [Ipeiaraemast B Hactosiieit paboTe MalHa pa3padoTaHa Ha OCHOBE TEXHUUE-
CKOTO pelleHus], 3alMIIEHHOr0 NaTeHTOM aBTopa [2] «MarmHa 1u1s1 mmdoBaHus KOxk». B COOTBETCTBHM C 3araTeHTOBAaHHEIM TEXHUYECKUM
pelieHreM ObUT U3roTOBJIEH NITMGOBAIBbHBI 6apabaH ¢ BUHTOBBIM PACIIONOKEHUEM PaOOUUX 3IEMEHTOB, II0C/IE YEero Ha €ro OCHOBE Oblia
coOpaHa HOBasl MaIlIMHa JUTS IUTQOBAHUS KOX.

Takum 00pa3oM, B HACTOAIIEH CTAaTbhe 3aIaTEHTOBAHHAS KOHCTPYKIMS PacCMaTpPUBACTCs KAK MCXOfIHAs TEXHUYECKas OCHOBA, a OC-
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HOBHOE BHUMAHHE YIEJISeTCs e€ MPAKTHYECKON peali3aluy B BUAE U3rOTOBJIEHHOIO M COOPAHHOTro 00pa3lia MAIlMHBI, a TAKXKE PACUETHO
TEOPETUUECKOMY HCCIIEOBaHUI0 paboyero 6apabaHa v YCJIOBHUiA €ro IKCILTyaTalu.

B oTiiMume OT aTEHTHOTO ONKCAHMS, B HACTOSIIEH paboTe paccMaTpHBAOTCS M3TOTOBJICHHbII UM OBAJIBHBINA GapabaH, KOHCTPYKTUB-
HOE HCIOJIHEHHE €Tr0 3JIEMEHTOB, YCJIOBUS B3aMMOACHCTBHS paboyero opraHa ¢ oOpabaThiBaeMOil KOKel, a Takke Pacy€T HaNpsHKEHHOTO
COCTOsIHUS Bpalnaioierocst 6apabana. [TaTeHTHast KOHCTPYKLMSA IPeycMaTpHBaeT BUHTOBOE PACHIONIOKEHHUE Ma30B M ChEMHBIX IUTH(OBAIIb-
HBIX I€MEHTOB, TOTJa Kak B HACTOSAMIeH paboTe JaHHOE TEXHUYECKOE PEIICHHe PEeaTN30BaHO B M3TOTOBJIEHHON KOHCTPYKINH MAIIAHBE 1
UCCIIEYETCS C TOUKH 3PEHHsI €€ MEXaHNUeCKOi paboTOCIOCOOHOCTH M paboUnX MapaMeTpOB.

Ha pucynke 1 mpezacTaBieHa obmiasi cxeMa M3rOTOBJIEHHON MaIlIMHBI AJIS MUTN(OBAHIS KOKEBEHHOTO U MEXOBOTO IMoy(aOpuKaToB,
peanu3ylolneil TeXHUIecKoe pelleHre, 3amuménHoe nateHToM. 1llmidopansHas MamHa COCTOHT: U3 OMOpH 1, cTaHuHE 2, GapabaHa 7,
aneKTpoaBuraresis 3, mkuea 4, pemueit 5, 19, merku 9, crona 10 ¢ mapaupom 20 u npyxuHoii 18, mpuxuMHoro Bana 11, peraara 15 ,
npykuHbl 16, negamm 17, ru6koit TpyOs 14, ¢ OTKHAHON KphIIIKoi 13,0mopsl 21 U3 MeTalIa WM MOJIMEPHOTo MaTtepuana, Z-00pa3HbIX
npoduieii 22, 23, mumgoBaIbHBIX JIETIECTKOB 24 (BMECTO O3UIIMH JIs BTOPOTO BapHaHTa), JIUCTOB 25, 26, BUHTOB 27, 28, 60onTa 29 U raiiku
30. Cron 10 ycraHoBeH Ha mapHupe 20 1 npyXuHbl 18 11 BO3MOKHOCTH €€ II0BOPOTA, a Ipy:KKMHa 18 mpeaHa3HaueHa [l BO3BpaTa CToja
10 B McxoaHOE rOPU3OHTAIBHOE MOJIOKEHUE [2].

370 MO3BOJIAET NMPU U3HOCE NUIM(OBATBHBIX YacTHI] NITM(OBAIBHBIN 6apabaH HEOOXOIMMO IepeBEpPHYTh W IIOCTaBUTh, TOrga OyneT
paboTaTh Apyrasi CTOpOHa ¢ abpa3UBHBIMH YaCTHIIAMHU IpH LT oBaHN. Heckonbko Mg oBaIbHEIX JIENECTKOB 8 COTHYTh BIBOE 1 BCTABUTh
B Ma3bl onopsl 21. 3aTeM uX BCTaBISIOT Onopsl 21 co numoBaibHBIMY JIEIECTKaMU BO BXOZHbIE Ma3bl HUIM(poBaNIbHOro 6apabana 7 u B
KOHIIE BCTABJISAIOT OONTH 29 1 3aTATMBAIOT raiikoil 307151 ycTpaHeHHs OT BblllaeHus 13 Na3oB (puc. 2). Ha numdosansHblii 6apabaH 7 B1OIb
€ro OCH yCTAHOBJIEHBI CBApKOii Ba Z-00pa3HbIX Mpoduiteii 22, 23 ¢ BUHTOBBIME I1a3aMH, a 3aTEM Ty/a BCTABJISIOT IUTH(OBAJILHBIE JIETIECTKI
24 v tactuHel 25, 26 uzatsarupaiot BuHtamu 27, 28. Ha nasel numdgoBaisHOro 6apadana 7 ycTaHOBJIEHBI O0NITH 29 ¥ 3aTAHYTHI raiikamu 30.

7

|

A—"]

dur. 3

Pucynok 2. Il oBanbHbIi OapadaH ¢ Z-00pa3HeIMU TIPOGWISIMA (BUL CBEPXY).

IMpu u3HOCe 1UIM(OBAIBHBIX JICIECTKOB 8 MX BBHITACKMBAIOT U3 Ma30B HUIMGOBaIbHOro 6apabaHa 7 ¥ NepeBOPAYMBAIOT U BCTABISIOT B
nassl. [Ipr 3TOM paboTaeT Apyrasi CTOpOHa JIEMECTKOB 8. A TpH M3HOCE JIEMECTKOB 24 OTKPYYMBAIOT BUHTHI 27, 28 ¥ CHUMAIOT JIETIECTKH
24 v npeBOpaYMBAIOT M BCTABJISIOT MEXAY IUIACTHHAMU 25, 26 U 3aKperuisioT BunTamu 27, 28 (pucyHok.3). danee BcTaBisior 6ot 29 B
b oBaIbHBIHN a3 6apabana 7 1 3akpyuuBaioT raiikoii 30. [IpuBop meTky 9 ocyImecTBIIAETCSs OT AMEKTPOABUTaTe s Yepe3 PEMHH U IIKUBHL.

Bug A

i

23

Pucynok 3. Kperuienue 1mdoBasibHOi Oymaru k 6apadaHy.
Attachment of abrasive paper to the grinding drum.

Ipuaimn padoTs! MUTH(OBAIEHOM MAIIMHBL TS KOKH M MeXa 3aKJI0YaeTcsl B CIIeAyIONIeM.
IpeBapuTeabHO OTBOAMTCS MPYKUMHOI Bat 11 oT nmdoBansHOro 6apadana 7 peraarom 15 u npyxuHoit 16. [lanee yKiIaapBaoT KOKY
12 na cron 10, Tak 4T0ObI OOJIBIIIE MOJIOBUHBI JUIMHBI OblIA HYKE MPYKUMHOTO Bania 11. 3aTeM Ha CTOJ YKJIaIbIBAIOT KOXKY, YAepXKUBasi Ipyrue
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KOHIIbI IBYMsI pyKamu. Jlasiee BKIIIOYAIOT K TPOABUraTe b 4 1 BpallaoT nutindoBasibHbii 6apadad 7 u metky 9. Y najiee HOroi HaXKUMAIOT
Ha nefase 17, a AByMsl pyKaMu TsIHYT Ha ce0st 1 numyioT moBepxXHOCTh Koxku 12. OTmyckaoT nefass 17 HOroi 1 3aTeM BHITSTMBAIOT KOKY
12 ¥ IOBOPAUMBAIOT €€ PYKaMM M JepXKaT 00paTHYI0 CTOPOHY M OIYCKAIOT Ha GoJiee MOJOBUHBI AJMHBI KOXKH 12 Hike NPUKUMHOTO Baa 11.
3aTeM Ha)XMMAIOT HOroM Ha Teans 17 u peraarom 15 u Ban 11 ¢ HeoOGpaboranHoii koxeit 12 u nogaiot nop nutrgoBasbHeii 6apadan 7. Hatee
PYKaMH BBITATMBAIOT KOKY 12 1 UMQYIOT ee OCTalbHYI0 YacTh. IIpu padote co numMoBaIbHBIMU JIeNeCTKaMi 8 B BUJE TPAHCHOPTEPHOI
JIEHTHI § OMEepTOro Ha jiBa Baymka 33, 34 1o KoHIam 00ecTieurMBaeTCst MOMHOE UCTIONb30BaHNe a0Pa3KMBHBIX YACTHUII TAK, KaK HUTA(OBATbHBINA
TpaHcHopTep 8 Npu KOHTaKTe ¢ Koxkeil 12 nepemernaercst. [llnudopanue kox 12 ¢ ero pacTshkkoil oGecrieunBaeT pasriakuBaHHe MOPILFH,
CKJIAJJOK M TIOBBIIICHHs] BBIXOZIA UX T10 IIOMIAH. 3a CYET NepeBOpoOTa NUIM(OBAIBHBIX JIENIECTKOB M YCTAHOBKHU B IUTH(OBaIbHEI OapabaH
CPOK CITyKOBI JieniecTKOB yBesunBaetcs [10, 11].

[ImoBaspHBIA JenecTok 8 ¢ ornopoii 21 BHIIOIHEH B BHAE TpaHCHOpPTepa 8 OIepToro Ha JBa Moibix Baamka 31, 32 Ha ocsax 33, 34.
A Ha MeTaJumdecuil THOKuiA ucT 35 mpuBapens! yuiku 36, 37, 38, 39, koropbie oneTsl Ha ocH 33, 34 u 3arsHyTH raiikamu 40, 41, 42, 43.
INoBepx MeTa/uIIecKOro ruOKoro jmcta 35 ¢ 06erx CTOPOH MpUKJIeeHH! pe3nHHl 44 u 45. MeTamaeckuit ruOkuil McT 35 3aKperieH Ha
oropy 21 moraiiHeivu BuHTamu 46,47 110 ee JUIMHE. YCTaHOBKA JIEIECTKOB OT CEPEANHBI MOJl HEKOTOPHIM YIJIOM K €r0 IPOJOJIBHOI OcH 110
KOHIIaM TITHdOBaIbHOTO OapadaHa 7 obecrieunBaeT pasmiaXiBaHue KOXH 12 M ee pacTshkeHHe. DTO 0OeCIeuMBaeT BHITSIKKY KOXH 12 1
yCTpaHAeT MOPUIMHBI ¥ TaKKe MOBBIIIAET BBIXOJ KOXKH 110 IUIOLIAH.

Pucynoxk 4. O6muii B1J MalvHbl C pery/mpyeMoii ckopocThio nutidosantsHoro 6apadana (MMCC AH PY3).

2. MeTtoanl

JIJ1s1 OLIEHKH TeXHOJIOTMYECKUX NPEHMYILIEeCTB N3rOTOBJIEHHON MAIMHBI Le1lecO00Opa3HO UCIONb30BaTh [I0KA3aTelH, HEOCPEICTBEHHO CBsl-
3aHHbIC C KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH IUH(OBaIbHOro OapabaHa. B KadyecTBe OCHOBHBIX MOKazarteseil Mmpejjiaraetcsi NpHUHSTH
CTeleHb MCTIOJb30BaHKsl a0pa3uBHOrO MaTepuaia i paBHOMEPHOCTh 00PaGOTKY MOBEPXHOCTH KOXKH.

Crenenp UCNIOJIb30BaHKs aOPa3UBHOIO MaTepHala MOXKET OLIHUBATBCS OTHOLIEHHEM (DaK THYECKHU MCTIONIb30BAHHOM ILIOIaI1 aOpa3yB-
HOIi ITOBEPXHOCTH K 0011eil padoyeii muiomaay mmgoBaIbHOrO MaTepyaa:

AUCH

Mg =< X100%

Ao6u4 M

e 10
M ; A06u4 — ofmas paboyas mIOAAL A0PA3HBHOIO MaTepUaa, M> .

PaBHOMEpHOCTh 00pabOTKH TIOBEPXHOCTH KOKU MOXET OLEHUBATHCS M0 Pa30pOCy N3MEPEHHBIX 3HAUYCHHUIA TapaMeTpa MepoXoBaTOCTH
MTOBEPXHOCTH.

JLJTst K2 /I0r0 pekuMa 0OpabOTKH PEKOMEH1YeTCS BBIMOIHATh HECKOJIBKO HE3aBUCHMBIX U3MEPEHHIT B Pa3/IMUHBIX TOYKaX 00paboTaHHON
HOBEPXHOCTHU. [IJisl COMOCTABJICHHsI M3TOTOBJICHHON MAIIMHBI C TIPOTOTUIIOM HCIBITAHUS JIOJDKHBI POBOJUTHCS MPU OJMHAKOBOM THIIE U
TOJIIIMHE KOXEBEHHOIO MaTepHaia, OJUHAKOBOW 3ePHHUCTOCTH aOpa3WBa, 4acToTe BpalleHHst GapaGaHa, CKOPOCTH MOAYd U BeJIMYHHE
KOHTAKTHOT'O MPHKHUMA.

KonuecTBO He3aBUCHUMBIX 00PA3LIOB U YHMCIIO U3MEPEHUI B KaXA0M 00pa3Lie JOKHB YKa3bIBaThCsl OTASIBHO. IIpH OTCYTCTBHM 3aBep-
IIEHHBIX CPABHUTEJBHBIX MCTIBITAHUI MPUBEAEHHbIE KOHCTPYKTUBHBIE IPEUMYILECTBA PACCMATPUBAIOTCS KaK MPOSKTHbIE MPENOI0OKEHHS,
THOATIeKALIHE IKCIIEPUMEHTAIBHOI IIPOBEPKe.

Kakum o6pasom, mobinaeTcst 3¢ GeKTHBHOCTh HUCTIONb30BAaHMsI IUTU(OBAIBHBIX JIMCTOBBIX MATEpPUAIOB 3aMEHOM JICIECTKOB B BHAE
3aMKHYTOrO KOHTYpa TPaHCIOpTepa. YCTaHOBKA PE3MHBI HA METAIMYECKHil JUCTOOSCIIeUNBACT PABHOMEPHOE OaBJIEHHE Ha KOXY. DTO
MOBBIIIAET KauecTBO 00paboTku Koxk. [lanee paccMaTpuBaeTcs pabodas yacth nuirdoBanbHoro 6apadana. [{jis npeBapuTesbHON OLEHKU
HAIPsDKEHHOTO COCTOSTHMSI GapabaHa pacCMOTPHUM ero CTeHKY Kak TOHKOE BpaLaioIieecst KObLo. [IpiumeM, 4To MaTeprat KoJbLia OQHOPOIEH,

CTeMNeHb UCTIONb30BaHus abpasuBHOTo Matepuana, %;  UCI — daktuuecky ncnonb3oBanHas nioma b aGpasMBHOrO MaTepuaa,
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Ta6uuna 1. CpaBHUTEIbHAS XapaKTEPUCTUKA PEXUMOB M YCJIOBHUI 00pa0OTKH MPOTOTHIIA U MPEIAraeMoil MallluHBI.
Comparison of processing parameters and operating conditions of the prototype and the proposed machine.

DJIEMEHT XapaKTEePUCTUKU MII-600-K (Enenk, Poccus) | [Ipemnaraemasi marmaa
(UMCC AH PVY3)

3epHucTocTh abpa3uBa P100-P400 P100-P400

VYroBas cCKOpoCTbh, paj/MUH 1011 1200

CxkopocTb ogauu, mM/c 1.25 0.2

KOHTaKTHBI TIPUKIM, KI/CM” 3 2-3

Bnaxuocts, % 16-18 16-18

TommuHa MaTepuaia, MM 1,2-2,5 1,2-2,5

[Iupuna padoyero mpoxoaa, MM 600 500

Huametp mmdoBaibHOro 6apadana, MM 195 300

Pacxon abpa3mBHOIi JIeHTHI, 2 36.7 18.9

€ro paguaybHasi TOJIIMHA ¢ W IIMpUHA b noctosiHHEL. CpeqHuii paguyc Koibla 0003HauNM depes 7, INIOTHOCTh MaTepHaa — 4epes p, a
YIJIOBYIO CKOPOCTD BpalleH!sl — depe3 w. [1py BpallleHnu Ha 3TOT JMEMEHT JefCTBYeT LeHTpoOeKHas cruila (PUCYHOK. 5).

Pucynok 5. Cxema orpe3ska ot numgoBaisHoro 6apabdana.

I — CpeJIHUIl paJuyc Koiblia, R — BHEIHUIA pajuyc Kojbla, a — paJuajbHasl TONIUHA KOJbLa, b-IMpUHA KOJbLIa.
R+r
r=——-
2 @
rae R — BHEWHMI paauyc KOJbLA, 7'; — BHYTPEHHUIA paguyc KOJIbLIA, I — CPEJHUI paanyc KOJbLA.

PaCCMOTpI/IM MaJiblid JIEMEHT KOJIbLIA, COOTBCTCTByIOU_II/Iﬁ LHEHTPAJIbHOMY YTI1Y d¢ HJII/IHa AYT'dA 9TOrO 3JIEMEHTA paBHaA

dl =rdg

3)
IToaToMy 00BEM MaJIOro 3JIEMEHTa KOJIbLA ONpeIesIsIeTCs BRIpakeHUEeM
dV =abrdg )
rae rdw — JUIMHA MaJIoi oyru
Ecu miotHOCTH MaT€pualia paBHa r, TO Macca MaJioro 3J1€EMEHTa:
dm = pabrdp )

rae dm — macca Masioro augdepeHIUanbHOro JeMeHTa Kojblia, KI'; p — IUIOTHOCTh MaTepuaa, Kr/mM3; a— paauajibHasl TOJNILMHA

KOJIBLIA, M; b — IMpUHA KOJIbIA, M; () — CpeAHUIl pafnyc KOJbIa, M; d @ BeckoHeuHO MaIbIii IEHTPAIBHBLA YTOI, Paj.
B nponiecce BpameHust Ha 3Ty JIEMEHTapHYI0 Maccy AeiCTByeT LeHTpoOexkHas ciia nHepriuy. LleHTpobeskHas cuia onpeaessercs B
COOTBETCTBHHU C OCHOBHBIMHU 3aKOHAMH KJIACCHYECKON MEXaHHUKH U BBIpakaeTcs CIeIy0IM 00pa3oM:

= . 2 .
dFg =dm " -r ©)
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dF

rae q6— JIeMeHTapHask LeHTpoOexkHas cuiia, H; w — yroBast ckopocTs BpaiieHus, paj/c. IToacrasiuss popmyiy (4):

dF,« =pw*r’abd
ys =pw'T abdy @

Ha CJIEAYIOIIEM ITale ONpeACIACTCA IJIOMalb IMONEPEYHOIO CEYEHU A KOJIbLIA. [Tnomans ceyeHus paBHa:

A =ab ®)

B TMOMNEepPEYHOM CE€YEHUU BO3HUKAIOT BHYTPEHHNE CUJIbI, O6yCHOBJIeHHI>Ie OKPYKHBIM HOPMAJIbHBIM HAIIPAKEHUEM O ¢

N =0y A, =0y -ab ©)
rae Oﬁ —HOpMaJIbHOE HaMpPSIKEHUE 110 OKPYKHOCTH
PaccMoTpuM paBHOBecHe Majoro 3jieMeHTa Konblia. [IBe BHyTpeHHMe CHIbl N, AefiCTByOIIMEe Ha ero OOKOBBIX CEUYEHHUSIX, UMEIOT
paauabHBIE COCTABJIAIOLINE

2Nsin 92
2 (10)
Ycnosue PaBHOBECUS MAJIOTO JIEMEHTA UMEET BU/]
d
204ab sins? = pw2r2abd¢
2 an
[pudep — 0
sin@ -—d(p
(12)
Torna
204ab sin% = pwzrzabd(p
" U3 3TOro
_ 2.2
Oy =pwr (13)

OkpyXHOe HOpMaJIbHOE HampshkeHHe o6, onpeaensemMoe BeipakeHueM (13), cieqyeT oTIM4yaTh OT KacaTeJbHOTO HANPSIKEHHsS T, BO3-
HHUKAIOILETo MPH Nepejiaye KPyTAIEero MOMEHTa OT NpuBoja K 6apabaHy. ITpu Hanu4unu KpyTsiero MomeHTa 7' KacaTesIbHOe HalpsiKeHUe B
MOMEPEYHOM CEUSeHNH ONpPEAesIeTCs 3aBHCHMOCTBIO

p (14)
rae Tr — KPYTSIIHit MOMEHT, TIepe/IaBaeMblii BAJIOM; r — PaCcCMaTPUBAEMBIN pagunyc; P — IMONsApHbIii MOMEHT HHEPIIMHU MTOTIEPEYHOTO
CEeUeHHsI.
JI7151 TIOJIOTO KPYIJIOrO CEeUeHHst

v 4)
0= i

: (15)

Takum 06pa3oM, 0-g XapaKTepu3yeT OKpYXKHOe pacTsrvBaioliee HalpspkeHHe OT BpalleHus OapadaHa, Toraa Kak T XapakTepusyeT
KacaTteJIbHOe HalpsDKeHHe OT KPYTSAIIEro MOMEHTA.

Jlnst oueHKH mpoyHocTd GapaGaHa MPU COBMECTHOM JOEHCTBMU OKPYXKHOTO HOPMAJIbHOTO M KacaTeJIbHOrO HAMpsUKEHHil B KadecTBe
KpUTEpHsl SIKBUBAJICHTHOTO HAMPsSDKEHUs IPUHUMaeTcst Kputepuii Bon Museca. [Ipu paccMOTpeHMH TOJBKO YKa3aHHBIX AByX KOMIIOHEHTOB
9KBUBAJICHTHOE HAIpPsDKEHUE OIpeessieTcs Kak

— 2 2
Oae =\ 0p +37 (16)
rJe o — 3KBUBAJICHTHOE HanpshkeHue o Bon Musecy.

Yacrora BpaieHus numrgoBaibHOro 6apadana (n) 3a1aétrcst B 000poTax B MUHYTY (00/MuH). 1T UCTIONb30BAHUS B PacUETax B CUCTEME

SI oHa mHepeBOUTCS B YITIOBYIO CKOPOCTDH w, BBIpaXeHHYIO B pan/c: Ilpu 3amaHHO#l 4yacToTe BpalieHHs HutOBalIbHOro OapabaHa n,
BBIPAXKEHHO B 000pOTax B MUHYTY, YIJIOBasi CKOPOCTb BpallieHus GapabaHa onpenesisieTcs o hopmysie:
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27/m
0=
60 an

Iie w — YIJIoBasi CKOPOCTb BpallleHus1 6apabaHa, paz/c; n — 4acToTa BpalleHus 6apabaHa, 00/MUH.
TMoncrasisis BRIpaKeHHe JUIsl YIJIOBOW CKOPOCTH B ypaBHeHue (13), momydaem BbIpaxeHHe AJIsl OKPYKHOTO HOPMAJIBHOTO HANPSHKEHUS
BO Bpalaoeiics cteHke 6apabdaHa:

2

r2

| 2m
Oy —ﬂa

(18)
e 0 g — OKPYXHOe HOpMaJbHOE HANpsDKeHHe, BOHMKAIOIIEe B CTEHKe Bpalnamoierocs 6apadana, [1a; p — MIOTHOCTh MaTepuasia
GapaGaHa, Kr/M; n — 4acToTa BpaleHns GapaGaHa, 00/MUH; r — cpeHui paauyc GapadaHa, M.

3. Pe3yabTathbl

JI7151 BBIMOIHEHUS YUCIICHHON OLIEHKH HAIPsDKEHHOTO COCTOSIHUA HUTH(OBAILHOrO GapabaHa MPUHATH OCHOBHbIE KOHCTPYKTHUBHbIE U KMHE-
MAaTHYECKHe MapamMeTphl U3rOTOBJICHHON MAIIIMHBI.
Buennii paguyc 6apadana coctapisietr R = 0.150 M, a npu tonuuxe crenku a = 0.010 M BHYTpeHHUIA pajiityC ONpeAesaeTCs Kak

r, =R- a =0.150+0.010 =0.140

Cpennuil paguyc LMIMHIPUYECKOH CTEHKH OINpeesseTCs BoIpakeHeM

, :R+ri :O.150+O.140 —0.145
2 2 M.

Ipn yactote Bpamenus 6apadana n = 1200 06/MUH yIJI0Basi CKOpPOCTB OIpeaeseTcs 1o (popmyrte

=20 =2 120 155 66
60 60 pan/c.

Ta6umna 2. VicxonHble napamerpsl nuidgoBaibHOro 6apadaHa.
Input parameters of the grinding drum.

[Mapametp O6o3Hauyenue | 3aueHue | Enununa
BHemnuiit paguyc R 0.150 M
BuyTtpennuii paguyc ri 0.140 M
Cpennuii paguyc r 0.145 M
PaguanbHas TONIMHA CTEHKHU a 0.010 M
[Iupuna 6apadana b 0.500 M
YacToTa BparieHus n 1200 00/MHH
MomHOCTb 37K TPOIBUrATENS P 1.50 kBT
Marepuan 6apaGana — Craib 45 —
[TnotHOCTH MaTepuUaa Jol 7850 Kr/m>

CormacHo paHee TMOJYUYEHHOMY aHAJIMTUYECKOMY BBIPAXKEHUIO OKPYKHOE€ HOPMAJIbHOE HAIIPAKEHUE OT LICHTpO6C)KHOFO BO3ICHCTBUSA
OIPENELIACTCA KaK

0y =po’r?

IloacTaBiss UCXONHBIE JaHHBIE, TOTyYaeM
0y =7850 -(125.66)° +(0.145)° =2.606 x10°
Nm
0—6 N2.61 MHa

Jlnst pe/iBapuUTeSIbHOM OLIEHKH KacaTeIbHOrO HAMPSDKCHHs] NPUHUMAaeTCs, 4To MoIHOCcTh P = 1.5 kBT nepenaércst Ha GapabaH mpu
pacuétHoit yactote Bpamenus n = 1200 06/MuH 6e3 yuéta moteps B peMeHHOM nepeaye. Torna pacuéTHbINA Kpy TALIMIA MOMEHT ONIpeeseTCs
BBIpaKCHUEM.

P 1500

“w 12566 Hwm (19)

Hﬂﬂ KOJIbIIEBOI'O MOTIEPEYHOI0 CEUYEHUA 6apa6aHa HOJ'IHprIﬁ MOMEHT UHEPIUU ONPENELIACTCA KaK
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IIpu 3apaHHbIX pazMepax
_ 4 4| _ -4
Jo =5 (0.150)" - (0.140)" |=1.918 x10 M4

MakcUMaJIbHOE KacaTeIbHOe HAMpsDKEHNEe OT KPYTAIEero MOMEeHTa Ha HapyXKHOI IOBEPXHOCTH OapabaHa ONpeeNsieTcs BHpaKeHHEM

.
max —
JP (20)
CreroBaTeJIbHO,
- :11.94 -0.1_5:) —934 10°
1.918 10 Ila,
20051

T yiax ~0.0093 Mlla

HpI/I COBMECTHOM ACHCTBUU OKPYKHOI'O HOPMAJIbHOT'O HAIIPSKEHUA 0 0 ¥ KacaTeJIbHOTO HaIpAXKEHUA TmMax 9KBUBAJICHTHOE HAIIPAXKEHUE

o KpuTepuio Mu3seca orpeensieTcsi BlpaKeHueM
2 2
o :‘[ oy +3r
K8 4 max

IloacTaHOBKa YMCIEHHBIX 3HAYEHUI JAET

_ 2 2
o _J(z.sl) +3(0.0093)” ~261

a

Il ctanu 45 pacy€THOe 3HaueHue Mpejiesia TeKydyecTH npuHuMaercs o = 355 MlIla a1 cOOTBETCTBYIOIIETO COCTOSIHUS MaTepHasa
cornacHo I'OCT 1050-2013 [25]

Torna ycJIOBHbIA pacUE€THBII 3arac OTHOCUTEJIBHO TIpejiesia TeKY4eCT! ONpeeseTcsl Kak OTHOIICHHE Tpejiella TEKyYeCTH K 9KBHBa-
JIEHTHOMY HalpsiKeHHIO:

Osxe @2n

[Tonyuaem

n=32 36
2.61

Takum 00pa3oM, NpPH NMPUHATHIX MCXOIHBIX IAPaMETpax M B PacCMATPUBAEMON MEaIU3UPOBAHHON PACUETHON MOJENM KBHUBAJICHTHOE
HanpshKeHHe cocTapisieT nproamsuTesbHo 2.61 MITa, a yc1oBHBIA 3amac OTHOCUTESIBHO Npejesia TeKydecTu cranm 45 pasen 136.

JI7151 TPOBEPKH KOPPEKTHOCTH MOJTy YEHHOT'O aHAIUTHYECKOTO BBIPAXKEHHU I TPOBEIEH KOHTPOJIbHBIN aHAJIM3 €I0 3aBUCUMOCTH OT OCHOBHBIX
napameTpoB. COMIACHO BBIPAXEHUIO OKPYKHOE HOPMAJIbHOE HAIPSDKEHHUE OIPEEIIAeTCs 3aBUCUMOCTBIO

0y =pw'r?

I[1pu npeneapHOM Nepexojie YacTOTHI BPALLIEHH s K HYJTIO MOJTydaeM

lim 0 = lim po’r® =0
w0 w0 (22)
Takum 00pa3oM, NMPY OTCYTCTBHU BPAILEHHs EHTPOOEKHOE OKPY)KHOE HAIpsDKEHHE OT BPAIIATEIbHOTO ABMKEHHSI OTCYTCTBYET, YTO
COOTBETCTBYET (PM3MUYECKOMY CMBICITy paccMaTpuBaeMoii Moaenn. M3 ypaBaenus (13) Takke HEMOCPEICTBEHHO CIEAYET JIMHEHASA 3aBUCH-
MOCTb OKPY’KHOT'O HAIIPSKEHUS OT IVIOTHOCTU MaTepuaa:
oo~ ps
a 3aBUCUMOCTH OT YIJIOBOI CKOPOCTU U CPEIHErO paJinyca MMEIOT KBaApaTUYHBIA XapakTep:
O'9~(x)2,0'g ~r2.
JlJ1 JONOHUTEIBHOM NPOBEPKH PACCMOTPUM U3MEHEHHE PACUETHOTrO HANPSKEHUs IIPU U3MEHEHUU YITI0BOil ckopocTu. Ecii yrioByio
CKOPOCTb YMEHBIINTD B [IBa pa3a,

o =2
2 (23)

TO COIVIACHO YpaBHEHHIO (36)

Oy =p 1y —10
o1 =P = =—0p
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CrenoBaTebHO, YMEHBILIECHHE YIJIOBOM CKOPOCTH B [[Ba pa3a MPUBOAUT K YMEHBIICHHIO OKPY)KHOTO HANpsDKEHHs B 4YETHIpE pasa.
AHaNOTNYHO, IPU YMEHBIIIEHUH CPeIHEro pajnyca B Ba pasa

r

n=-

2 (25)
[Tonyuaem

2
2
Og1 =pw E :Z%
(26)

ITpu yBenmyeHnn INIOTHOCTU MaTepyaa B 1Ba pa3a, HAMPOTHB, MOJMyYaeM

og =Q2p)w’r* =20, @7

YTO MOATBEPKAACT JMHEHHBI XapaKTep 3aBUCUMOCTH HANpPSIKEHHs OT IUIOTHOCTH. IJIsi M3rOTOBJIEHHOTO HUM(OBaIbHOrO GapadaHa
npu R = 0.150 m, ri = 0.140 m u cpeguempanuyce » = 0.145 m, yacToTe Bpamenus n = 1200 06/MUH U IIOTHOCTH cTamu 45 p = 7850 kr/m>
yIJIOBast CKOPOCTb COCTaBJISIET

2/m

w =—— =125.66
60 pan/c

Torjia pacuéTHOE OKPYKHOE HAIpsIKEHHE OTpeeNseTca Kak

Oy =7850(125.66)*(0.145)> ~2.61 5,17,

Takum 0Opa3oMm, mpejiesibHbIi cilyyail @ — 0, JTUHeiHas 3aBUCUMOCTb OT IUIOTHOCTH MaTepuaa U KBaJpaTH4Hble 3aBUCUMOCTH OT
YIJIOBOI CKOPOCTH U pajJiyca MOATBEPAK AT MaTEMaTUUECKYIO COITTACOBAHHOCTh MPUHATOM pacuéTHoi Mmoaenu. [TonydyeHHoe 3HaYeHue AT
peasibHOro 1UIMOBAILHOro GapadaHa COOTBETCTBYET NPUHATOM aHATUTHYECKON MOIEIH LIEHTPOOEKHOTO HAr Py KEHNU.

4. Oo6cy:xaeHue

B HacTosIIEM HCCle10BaHNM MTPOBEAEH aHAIN3 KOHCTPYKTHBHBIX U PACUETHBIX XapaKTEPUCTHUK MU3TOTOBJIEHHOM MAIMHbI AJ1s IUTH(DOBAHUS
KOX, pa3pabOTaHHOW Ha OCHOBE 3aMaTeHTOBAHHOIO TeXHHYeCKoro perreHusi. OCHOBHOE BHHMAaHHE Yy/EJICHO MPAKTUYECKOW pealn3aliiu
1mgoBabHOrO0 6apabaHa ¢ BUHTOBBIM PACIIONIOKEHHEM PabOUYMX IJMEMEHTOB, OLIEHKE ero HAlpsDKEHHOrO COCTOSIHHSI MPU BPAIIEHUH U
aHaIU3y YCJIOBUiT 00PaOOTKU KOXKEBEHHOTO MaTepuaa.

TMonyveHHble pacYETHbIE Pe3yAbTaThl OKA3aJIH, YTO IPK YacToTe BpaiieHus Gapadana n=1200 06/MUH U CpeJHEM PACUETHOM pajiiyce
r=0.145 M oKkpykHOE HOpMaJIbHOE HalpsDKeHUE cOCTaBsAeT okoio 2.61 MIla. [IpoBepka pacu€THOI MOAEI M MOKa3aia, YTO MPH MpeIeIbHOM
ciaydae w — O OKpyKHOE HaTpsDKeHHE CTPEMHUTCS K Hymo. Kpome Toro, ycTaHOBJIEHO, YTO HANpsIKEHHE JTMHEHHO 3aBUCUT OT IUIOTHOCTH
MaTeprasa U KBaJPaTUYHO 3aBHCHUT OT YIJIOBOIl CKOPOCTH M paauyca. DTO MOATBEPKIAAET MATEMATHIECKYIO COTJIACOBAHHOCTh MPUHSITOM
AHAJMTUYECKON MOJEIIH.

[IpenyaraeMasi KOHCTPYKLIMS HarpaBjieHa Ha MOBbIIeHUE 3 (PEKTUBHOCTU UCTIONB30BAHUS JIUCTOBBIX a0pa3uBHBIX MaTepuasioB. Bos-
MOXHOCTB CHATH S, yCTAHOBKH U IT€PEBOPaYrBaHUs IIUTM(POBAJBHBIX JIEMEHTOB ITO3BOJISIET UCTIONB30BATh HX Pad0UyI0 MOBEPXHOCTh IOBTOPHO
MOCJIe U3HOCA OJTHOIT CTOPOHBL. J[JaHHOE KOHCTPYKTHBHOE pEllIeHHe MOKET CIIOCOOCTBOBATh CHUKEHHIO pacxofia abpa3srBHOTO MaTepuaa u
COKpAIIICHNIO BpEMEHH ero 3aMeHbl. OIHAKO KOJIMYECTBEHHAs OlIeHKA BIIVISIHUS JaHHOIM KOHCTPYKIIMK Ha CPOK CITy:KOBbl a0pa3uBa U MPOU3-
BOJIMTEJILHOCTh 00paboTKH TpeOyeT MPOBEICHHSI JOMOIHUTEIbHBIX CPABHUTEIILHBIX IKCIIEPUMEHTALHBIX UCCIICJOBAHUIA.

PesynbTaThl HacTOsIIEN padOTHl COMIACYIOTCS C paHee OIyOJIMKOBAHHBIMU UCCJICOBAHUSMH, B KOTOPBIX PacCMaTPHUBAIOTCS BOIPO-
CBHl MEXaHMYeCKO! 00pabOTKM KOXEBEHHBIX MATEPUAJIOB, MX MOJAYl, KOHTAKTHOTO JaBJICHHS U B3aUMOJCUCTBUS C PaOOYMMU OpraHaMU
MammH [3-9, 20, 23]. B yacTHOCTH, npeAbIoyIMe UCCIeIOBaHUS TTOKA3bIBAIOT CYIIECTBEHHOE BIIMSIHUE PEKMMOB IMOAAYM U KOHTAKTHOTO
BO3/ICHCTBUS HA MPOIECC MEXAaHUYECKOiT 00pabOTKM KOKEBEHHBIX MaTepHasioB. B paborax, MOCBAIMEHHBIX aOpa3uBHOI 00pabOTKe, TaKKe
paccMaTpHBaTCS BOTIPOCH yIaleHHUs MaTepralia, M3HOCa aOpa3UBHOM JICHTHI U BIIMSHUS [TAPAMETPOB KOHTAKTa Ha Pe3y/IbTaThl 00pabOTKH
[9, 17-19, 21, 22].

OTJINYHUTENILHOW OCOOCHHOCTBIO HACTOSIIIETO MCCIEeNOBAHUs SBJIAETCS MPAKTUUECKas pean3alysl 3alaTeHTOBAHHOIO TEXHUYECKOTO
pelleHus B BUEC U3rOTOBJIEHHOrO NUTH(OBAIBLHOrO GapabaHa U COOpPAHHOW Ha ero OCHOBE MAIIMHBL. B OTJMYME OT MATEHTHOrO OMUCAHMUS,
B HacTosIeil paboTe NOMOJHUTEHHO PACCMOTPEHbI pacUYETHBIC MapaMeTpsl Bpallawiierocss 6apadaHa, ero HampsKEHHOE COCTOSIHHE U
YCJIOBUSL 9KCILTyaTalluu.

K cHIBbHBIM CTOpOHAM HCCIIe/IOBaHHS OTHOCUTCS COYeTaHHe KOHCTPYK THBHOM pa3pabOTKU M pacu&THO-TEOPETUUECKOM OIIEHKH U3rOTOB-
JIEHHOTO pabouero opraHa. Bmecte ¢ TeM KcclieJoBaHHE UMEET ONpe/ie/IEHHbe OrpaHNYeHHsl. B 4acTHOCTH, Ha IJaHHOM 3Tare OTCYTCTBYET
TOJTHBIN KOMIUIEKC CPABHUTEIbHBIX KCIIEPUMEHTAJIbHBIX IAaHHBIX 10 KAYeCTBY 00pabOTKHU KOXH, IIEPOXOBATOCTH ITOBEPXHOCTH, H3HOCY abpa-
3MBHOTIO MaTepya’a 1 POU3BOAUTEILHOCTH MPH OIMHAKOBBIX pekuMax padoThl. [103TOMy KOHCTPYKTHBHBIE IPEUMYIIECTBA MpeiiaraeMoi
MAlIMHBI He CJIeLyeT HHTEePIPETUPOBATH KAK OKOHUYATEJILHO OATBEPK IEHHBII TeXHOIOrMIeCKuil 3(peKkT Oe3 NpoBeJeH sl JOOIHUTEIbHBIX
HCTILITAaHUIA.

B nanbHeiieM 1enecoo0pa3Ho MPOBECTH IKCIIEPUMEHTAIbHOE CPABHEHHE MTPe/iTaraeMoi MaIlMHBI C IPOTOTUIIOM ITPY OJMHAKOBOM THIIE
Y TOJIIMHE KOXHU, 36pPHUCTOCTH a0pa3uBa, 4aCTOTE BpalleHH s, CKOPOCTH MOJaul M KOHTAaKTHOM IpHKKUMe. B KauecTBe OCHOBHBIX KpUTEpHEB
OLICHKH MOTYT OBITh UCIIOJIb30BAHBI IIEPOXOBATOCTh 00PaOOTAHHO# TOBEPXHOCTH, PACXOJ] U CTENeHb UCIIONb30BaHHsI a0pa3UBHOTO MaTepH-
ana, IPOM3BOJUTEILHOCTh 00Pa0OTKK M M3MEHEHHUE LI KOKEeBEeHHOTro moydadpukara. Kpome Toro, nepcrnekTUBHBIM HalpaBIeHHEM
SIBJISIETCS] YMCIIEHHOE MCCIIeJOBaHe PeanbHOro GapabdaHa ¢ TEXHOMOTMYECKUMH Ma3aMU M KPEHEKHBIMU IeMEHTAMU METOOM KOHEYHbIX
3JIEMEHTOB.
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5. BeiBOaBI

PaccmoTpeHHble HccieJoBaHNUs BHOCST 3HAYNUTEBHBIIA BKJIAJ B pa3BUTHE MEXaHUUECKON 00pabOTKHM KOXKH, OCOOEHHO B 00JIaCTH BAIKOBBIX
TexHOJIOrUil. VIX CHIIBHOW CTOPOHOM fIBJISIETCS COYETaHHE TEOPETHYECKOro aHalinu3a U SKCNEPUMEHTAJbHBIX JaHHbIX. OQHaKo [Jid Kaue-
CTBEHHOTO CKayka B Pa3BUTHU OTPACIM HEOOXOOUM Iepexoj K MHTErPHUPOBAHHBIM MOJEJSIM, YUUTHIBAIOIIMM OJHOBPEMEHHO PEOJIOTHIO,
aedopMalyio, BJIAronepeHoC U AMHAMUKY 000pYIOBaHUsL.

Pa3paboraHa ycoBeplIeHCTBOBaHHAS KOHCTPYKIMsl OapaOaHHON MaIlMHbI sl IUTH(OBAHNUS KOKEBEHHOTO M ITyLIHO-MEXOBOTO CHIPbsI
(pucyHoOK. 6). I[IpeanoxeHHble KOHCTPYKTUBHO-TEXHUYECKUE NPEATIOKEHH S O3BOJIAT JOCTUYD CJIEYIONIMX MPEUMYIIECTB.

T-06pasHble Ma3bl U CMEHHBbIE ONOPBI HAa MOBEPXHOCTU IUM(OBAILHOrO OapabGaHa MO3BOJAIOT OBICTPO CHUMATh, YCTAHABJIMBATD U
HepeBopavMBaTh UIM(OBAIbHYI0 OyMary. T0 3HAYNTEIILHO IPOAJIEBAET CPOK CIIyKObl aOpa3MBHOIO MaTepuala U CHIKAET PACXOJL ChIPbS.

VcraHoBKa Oymary Ha KOHLIax 1uM¢oBajbHOro 6apabaHa Moj yrJioM K LIeHTPY o0ecreurBaeT BhIpABHUBAHHE MOPIIMH U CKJIAJ0K Ha
MOBEPXHOCTU KOXKU U YBEINUMBAET BBIXOJ KOXU IO IJIOMIA/IN.

[ImmdoBaibHas IIACTHHA B BUE 3aMKHYTOTO KOHTYPHOI'O TPAHCIIOPTEpa 00eCNeYnBaeT MOJIHOE UCIIOIb30BaHNE a0pa3UBHbIX YaCTHII.
A coii pe3uHsl, yCTaHOBJICHHBII Ha METAJUIMYECKOM TMOKOM JIMCTEe, 00eCTeYnBaeT pABHOMEPHOE AaBJIEHNE HA KOXKY U YJIy4dIlaeT KaueCTBO
00paboTKH.

CxeMa KperuieHust ¢ Z-00pa3HbIM NpoduiieM MO3BOJISET ONEpaTHBHO 3aMEHATh IUMM(OBAIbHYI0 OyMary, 4To CHHXKAeT KOJIMYECTBO
HPOCTOEB Ha MPOU3BOJCTBE U COKPAIAET BPEeMsI TEXHUYECKOTO 00CTy KHUBAHHS.

'YcTaHOBJIEHO, YTO MPEAJIOkKEHHAs yCOBEPIIEHCTBOBAHHAS KOHCTPYKIINS MAIIMHBI U1 IUI(POBAHNS KOKEBEHHOTO ¥ MyIITHO-MEXOBOTO
CBIPbSI IMEET BaXKHOE HAYIHO-TIPAKTHIECKOE 3HAYEHNE C TOUYKU 3PEHUS MOBBIIICHUS TEXHOIOTHYECKOH 3(p(peKTHBHOCTH, YIydIleH s Kave-
cTBa 06pPaGOTKU U PALIMOHAIBHOTO HCIIONb30BaHUS a0pa3UBHBIX MAaTEPHAIOB.

IIpoBe€HHOE pacYETHO-TEOPETHIECKOE NCCIIEI0BAHNE M3TOTOBJIEHHOrO MUTM(OBAIBHOTO 6apabaHa MOKA3aio, YTO MPHU YacTOTe Bpa-
mennst (n=1200) o6/mMuH u cpepHeM pacuéTHoM paguyce (r=0.145) M okpykHOe HOpMaJIbHOE HAIPsIKEHHE COCTaBIsieT okoyo (2.61) MIla.
IIpoBepka pacu&THOI MOZIeNN B TIPEAEIbHOM ClIydae IoKa3aja, YTo MpH OTCYTCTBUH BpameHus w — 0 OKpy>KHOe HanpsiKeHHe CTPEMUTCS
K HyJI0. YCTaHOBJICHO TaKKe, YTO HaNpsUKEHHE JIMHEHHO 3aBUCUT OT IUIOTHOCTH MaTepHasia M KBaJpaTUYHO 3aBUCUT OT YIJIOBOH CKOpPO-
cTu U paguyca. [lomydeHHble pacuETHBIE pe3y/IbTaThl HOATBEPKJAI0T COMIACOBAHHOCTh NPUHSTON aHAIMTUIECKONH MOJENH ¢ IapaMeTpaMu
M3TOTOBJICHHOTO NUTH(OBaJIbHOr0 HapabaHa.
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O0603Ha4YeHNsT U COKPAIIeHHsT

Cokpamenns / Abbreviations

Na CTeleHb UCIIoJIb30BaHus1 abpa3uBHOTO MaTepraina / abrasive utilization ratio

AA MCIIONb30BaHHAsI ¥ 001mast romau abpasuBHoi nosepxHoctH / used and total abrasive areas

R,ri,r BHEIIIHUi1, BHY TPEHHUI1 M CPEeHUI paauychl 6apabaHa / outer, inner and mean drum radii

a,b TOJIIIMHA CTEHKH U mmpuHa 6apabana / wall thickness and drum width

e IUIOTHOCTH MaTepuana Gapabana / density of drum material

w,n yIJI0Basi CKOpPOCTh U yacToTa BpauieHus / angular velocity and rotation rate

o) OKpYKHO€ HOpMaJibHOE HarpsbkeHue / circumferential normal stress

v, T,Jp KacaTeJIbHOe HalpspKeHue, KPyTSAIMIE MOMEHT U MOJISIPHEIN MOMeHT uHepnuu / shear stress,
torque and polar moment of inertia

o SKBUBAJICHTHOE HampsikeHre mo Musecy / von Mises equivalent stress

P MOIITHOCTb JIEKTPOABUrateisi / motor power

MIII-600-K o003HaYeHNne CpaBHUBAEMOro CTaHKa / comparison machine model

MMCC AH PY3 VHCTUTYT MEXaHHKH U CEIICMOCTOMKOCTH COOpyXkeHuil Akagemun Hayk PecriyOnuku V36e-
kuctad / Institute of Mechanics and Seismic Stability of Structures

MDF JIPeBECHOBOJIOKHHCTAS IUIUTA cpejiHel mioTHocTH / medium-density fibreboard
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OTka3 ot orBercTBeHHocTH / [IpMeuyanne uznaresst

VTBepxKaeHnsl, MHEHHsI ¥ JaHHble BO BCEeX MyOJMKAIMSIX MPUHAMIEKAT MCKITIOYATEILHO OTACIbHBIM aBTOPAM M YYACTHHKAM W He
00513aTeIbHO OTPAXAIOT B3IVISIAbl U3/IATENs], KyPHAIA WIM PEAAKTOPOB. M3maTenb, KypHAT U PEAaKTOPbl HE HECYT OTBETCTBEHHOCTH 3a
BpEJI JIIOMIsIM WITH YIiepO MMYIIECTBY, BO3HUKIIKE BCJIEICTBIE UCTIONb30BAHMS U/IEH, METO/IOB, MHCTPYKIIUIA MU MPOAYKTOB, YIIOMSIHYTHIX B
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