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2022, Ne9

Annomayua. B cmamve paccmompeHsl npobiemHble 80NPOCHL, C8A3AHHbIE C KOMNIIEKCHOU nepepabom-
KOl HEOOHOPOOHBIX U CNIOJCHBIX HO COCMABY U CBOUCMEAM Mamepuanos. Ha ocnose oyenku mexuuieckozo
VPOBHS cyuecmeyroueco 060py008anus 000CH08aHA HEOOXOOUMOCTL €20 MEXHOL02UYECKOU MOOepHU3AYUU
u pazeumus. Bnepevle npednosicena u 060cHo8aHa KOHYenyus CO30aHUSA MEXHOI0SUYECKUNMAUUH C KUHeMA-
muuecku deghopmupyemoil 801HOU paboueli kamepol. Paspabomanvl éapuanmol mexHoN02U4eCKUx peutenuil
00HO — U 08YXBOIHOBBIX ANNAPATNOE, KOMOPbIE MO2Ym OblMb UCHOIb308AHYL OJisl NPOBEOEHUS NPAYECCO8 CMe-
WUBAHUS, USMENbYeHUs U PA30eleHUsl MaMePUaios no KPYNHOCMU, d MAaKice HOKA3AHbl OCHOB8HblE 0COOEHHO-
cmu nogedeHusi 2UOKUX BOJIHOBLIX NOGEPXHOCHEN npU 83aumoleticmeuu ¢ oopabamoléaemoti cpedot. Onu-
Camvl KOHCMPYKYUY 08YX 9KCHEPUMEHMANLHBIX YCIMAHOBOK, NPUBEOEHbl UX MeXHUYECKUe XapaKmepucmuxu,
U3TI0JICEHbI COCMAs 00pabaAMbIEAEMbIX MATNEPUATO8 U NPEOCMABLEHbl Pe3YIbINAbL IKCHePUMEHMATLHBIX UC-
C1e008aHUll NO nepepabomKe KapbepHo2o Meid, CIMPOUMeNbHbIX CMecell U MEePObIX KOMMYHANbHBIX OMX0008.
Honyuennvie dannvie N03601510M CYOUMb O OOCHAMOYHO BbICOKOU MEXHOI02UYeCKol IPdhexmugHocmu u
HeoOX00UMOCU OATbHeue20 pa3eumus annapamos ¢ 80JIHOBBIM padOYUM 000py008aHUeM, YMO 8bIPANCA-
emcs 8 00CMAMOYHO 8bICOKOM Kauecmee Noayiaemvix npooykmoa) 603MONCHOCHU YAPABIEHUSL UX SPAHYII0-
Mempu4ecKum cOCmasom, CHOCOOHOCU pabomams 8 YCa08UsAX CKa4KooOpa3HO20 U3MEHEHUs CBOUCME 00pa-
bamvlgaemoul cpeodbl, 6 MOM YUCTIe 3 CUEM CaMOOYUUEHUs INeMEHIN08 pabouell Kamepsbl U YCMPaHenus 3d-
KAUHUBAHUS KYCKO8 MAMEPUANA 8 pAOOYUX 30HAX U COBMEUSCHUS PA3TUYHBIX MEeXHON02UYeCKUX pyuKyul 6

00HOM annapame.

Knioueswie cnoga: sonnosou annapam, usmeibyenue, cMeuwusanue, poxodenue, 2ubkas kamepa, aoan-
MUBHOCMY, YENHOU azpe2am, IPdexmusHocms HPOYeccd.

Beenenne. Bo MHOTMX OTpacisix MpOMBILTICH-
HOCTH TpeOyeTcs nepepadaTsiBaTh OIPOMHO, KOJIH-
YeCTBO MaTEPUAIIOB, KOTOPBIE XapaKTEPH3YIOTCS He-
OJTHOPOJTHOCTBIO TI0 COCTaBy W cBowcTBaMm [1, 2]. K
HUM B NIEPBYIO OYepeb MOXKXHO OTHECTH CHIPbEBBIC
KapbepHble Marepuanbl (MeJ, TTHHY, U3BECTHSKH,
Topd U Ap.), TBEpIble KOMMYHAIBHBIE U CTPOUTENb-
HBIE€ OTXO/Ibl, TOPHO-XUMHYECKOE CHIPbE, MPOAYKTHI
JIeCO- M CellbX03Mepepad0TKH, a TaKKe OCYIIeCTB-
JSITh TEXHOJIOTUMECKUE. TIepeieNbl C AUCIEPCHBIMU
cpeaaMu, KOTOpbIe OTIIMYar0TCsl PEOJIOTMYECKOH He-
CTaOMIBHOCTBIO MnTPEOYIOT JOMOIHUTENBHBIX OIle-
pauuii, HaHpUMep, YBJIAXHEHUs WIH CyIIKH. Bce
BBILLIETIEPEYUCIICHHBIE (aKThl CBUAETEIBCTBYIOT O
HEOOXOIMMOCTH Pa3pabOoTKH MHOTOLENEBOro 000-
pyJoBaHus, obecrieunBaroniero 3pQeKkTuBHy0 Te-
pepaboTKy TaKMX MaTepPHAIOB U OTBEYAIOIIETO Tpe-
O0oBaHUSAM 3HEPro- u pecypcocoepexenus [3, 4].
OnHUM U3 HaIPaBICHUN PEICHHs TIePEUUCIICHHBIX
3a]a4 MOXKET OBITh WCIOJIb30BAHUE TEXHOJIOTHYE-
CKMX anmaparoB aJalTHBHOTO ACUCTBHS, OCHOBAaH-
HBIX Ha HOBBIX KOHCTPYKTHUBHBIX HCIIOJIHEHUSX pa-
6ouero obopynoBanus [5, 6].

OcHoBHas 4yactb. KoHnenmus obopynoBaHus
OCHOBaHa Ha UCIOJIb30BaHUN Pab0UUX KaMep TEXHO-
JIOTUYECKUX allapaToB, BBHIIOJTHEHHBIX B BHJIC KH-
HEMATHYECKU Je(QOPMHUPYEMBIX BOJHOBBIX THOKHAX
CIUTONIHBIX, Tep(OPUPOBAHHBIX WU COCTaBHBIX
000JI04EK, BHYTPCHHHE IIOBEPXHOCTH WM DJie-
MEHTBI KOTOPBIX CIIOCOOHBI BO3/IEHCTBOBAThH Ha Tie-
pepabaTbiBaeMyro cpely ¢ MaKCUMAaJIbHOW aJarTHB-
HOCTBIO TIPU MPOBEACHUH MIPOIECCOB U3MEIBUCHUS,
CMEIITUBAHUSA U PA3JICJICHHSI MATEPHUAJIOB 110 KPYITHO-
cru [6, 7].

Baxueiiieit 3agaueid Ha EPBOM FTare MPOEK-
THPOBAHUS TEXHOJIOTHIECKUX aIMapaToOB C THOKUM
BOJIHOBBIM Pa00YnM 00OPYOBaHUEM SIBIIIETCS TIpa-
BUJIBHBIA BBIOOP KWHEMATHYECKOW CXeMbl. Jlis
3TOrO0 TpeOyeTcsl MPOBEACHUE aHAIN3a BapUAHTOB
JIBIDKCHUS THOKUX BOJTHOBBIX pabOYMX OPTaHOB, KO-
TOpBIC B 3HAYUTEIHLHOW CTEIIEHU OYAYT ONPEACIATh
TEXHOJIOTHYECKHE BO3MOXKHOCTH  CO3aBaeMOI0
obopymoBaHus. 1T IIEIIOCTHOTO BOCTIPUATHS BapH-
aHTOB JBIKCHUS THOKHX 3JEMEHTOB BOCIIOJB3Y-
eMcsd METOJaMU aHalu3a, CTPYKTYPhl U KMHEMATH-
YECKHUX CBS3€H B MEXaHW3MaxX W TPHUBEAEM HX K
YCIIOBUSIM pa0OThI TEXHOJIIOTUIECKUX arperartos [8].
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AHanu3 U OL€HKa KOHCTPYKTUBHOI'O BBINOJIHE-
HUS pa3pabaThiBacMBIX alapaToB TPEOYET CHUCTe-
MaTH3allMd BapHaHTOB MX TEXHUYECKOH peanmsa-
nun. B xauecTBe OCHOBHBIX KPUTEPUEB OyAeM CUH-
TaTh XapaKTEPUCTHKH AeGOopMaItiy BOJIHOBOM pabdo-
4yel KaMepbl U BO3MOXKHOCTb IIPH 3TOM CO34aBaTh
yCJIOBUS, TPH KOTOPBIX OOECIEUMBACTCS MAaKCH-
MalibHas TeXHoJorndeckas 3¢ (HEKTUBHOCTH MPH pe-
QIM3alUM  Pa3IMYHBIX IIPOLECCOB: H3MENbYEHNS,
CMEIIMBAHUS U Pa3lIelICHHsI MATEPUAIIOB IO KPYITHO-
ctu. KoHKpeTHbIe TpUMepBI CO3IaHHs MHOTOLEIe-
BBIX arperaTtoB ¢ BOJHOBBIM paboO4YnMM 000pymoBa-
HUeM TpecTaBieHsl Ha pucyHke 1. [To crenenu ae-
(bopmupoBaHusl THOKUX BOJHOBBIX Kamep OHHU pas-
JieJIeHbl Ha OJHO- U IBYXBOJHOBBIE. KpaTko pac-
CMOTpPUM pa3pabOTaHHbIE KOHCTPYKTUBHBIE pellie-
Hus. [Ipy UX ONMCAaHWU TIPUHATHI CIEAYIOUIUE OC-
HOBHbIE 0003HAYCHUS, BXOSIIUE B HUX 3JIEMEHTOB!
1 — ruOkas BoTHOBas KaMepa, 2 — MmaTyH, 3 — KpUBO-
U, 4 — MoiBeC MasiTHUKOBOTO phlYara, 5 — Harpas-
JIAIOIINE, 6 — MAPHUPBL, 7 — aMOPTU3ATOP.

Cxema 1. BonHoBas rubkast kamepa MOHTHPY-
€Tcs Ha BEPTUKAIBHOM TOJABECE, COBEPIIAIOIIEM
1o I[eﬁCTBPICM KPUBOIIWITHO-IIATYHHOI'0 MCXa-
HU3Ma KoJjieOaTenbHble ABKeHus. [Ipu 3ToM BostHO-
Basl KaMepa UMEET BO3MOXKHOCTh Je(OpMUPOBATHCS
TOJIBKO 32 CUET CUJT MHEPIMH €€ CTEHOK U 00pabaThl-
BaeMOro Matepuaia. Anmapar MoxeT paboTaTh Kak
CMECHUTENb WIX IPOXOT C AOCTATOYHO BBICOKOU 3(-
(DEeKTUBHOCTBIO TIPU CPABHUTEIHLHO HEBBICOKOM IPO-=
U3BOUTEIHHOCTH. KOHCTPYKIIHSI MPOCTa B U3TOTOB-
JICHUU U 9KCIUTyaTaluu.

Cxema 2. Pabouas kamepa nedopmupyercs
CHUHXPOHHBIM ITepeMelleHreM e€ KOHIIOB B,rOPH30H-
TaJIHBIX HAIIPABJISIFOLINX, YTO Peaid3yeTCs IPUBOA-
HBIM MEXaHU3MOM C JABYMs IIATYHAMU, JIPUIEM OCh
MPUBOJIA PACIIONIOKEHA B BEPXHEM YacTH armapara.
YcnoxkHeHne TakuM 00pa3oM KOHETPYKIIMU 0COOBIX
TEXHOJIOTMYECKUX MpeuMyuiecTs He Aaét. Ilo mpu-
MEHEHHUIO 3TO TPOXQT WM CMECUTENlb HENpepbIB-
HOT'O JIEUCTBUS.

Cxema:3. OTiaM4acTcs OT CXEMBI 2 TeM, UTO T'uo-
Kas Kamepa 1e(hopMUpyeTCst HOCPEICTBOM IT'OPU30H-
TaJBHOTO [IEPEMENICHHUS TOJILKO OJHOTO U3 €€ CTOo-
POH, YTO YHPOLIAET KOHCTPYKLMIO, HO HE CIOCO0-
CTBYET MHTEHCH(HKauu pabouero mpoiecca.

Cxewma 4. [lepenada ycunust OT miaTyHa IpOWC-
XOJIUT HAa OJHY M3 OOKOBBIX CTEHOK BOJHOBOM Ka-
MEpBbI BBIIIE HIDKHEH TOYKH €€ MPOBUCAHUS. DTHM
oOecrnieunBaeTCs CIOXKHBIN Xapakrep AedpopMupoBa-
HUS THOKO#M 000JI04KH, KOTOpas o0ecrneynBaet 3¢-
(dexTHBHYIO TpaHChHOpPMALUIO 3HEPTrUH KOJIeOaHui
1IaTyHa 1 mpeodpa3oBaHue €€ B UHTEHCHBHBIE IT€pe-
MeleHus: 00pabaThIBaeMO Cpelibl, MO CIIOKHBIM
NIPOCTPAHCTBEHHBIM TPACKTOPHAM XapakTep KOTO-

PBIX MOKHO 33JaBaTh H3MEHEHHEM MTapaMeTpOB KO-
nebaHni MaTyHa, MECTOM U HalpaBJIeHUEM UX MPH-
JIOXEeHUs1 Ha pabodylo kKamepy. B kadecTBe Hemo-
CTaTKOB TaKOH KOHCTPYKIIMU MOXHO CUUTATh HEOO-
XOJIMMOCTh YCTpaHEHUs] OOKOBBIX KOJIeOaHWH KOH-
CTPYKIINH, BO3HUKAIOIINX OT ACHCTBHUA HMHEPIHOH-
HBIX CHJI C ITOMOIIBI0 aMOpTH3aTopoB. OTanyaeTcs
XOpoIIeH cMeceo0pa3oBaTebHON CIIOCOOHOCTHIO U
MTOBBIMICHHOH 3P PEKTUBHOCTHIO MpoIIecca Ipoxode-
HUSI, 0COOCHHO HEOJHOPOIHBIX M CIOXKHBIX IO CO-
CTaBy M CBOWCTBaM MaTEpPHAJIOB.

Cxema 5. JlaHHOE TEXHHYECKOE pEIICHHE
npegycMatpuBaeT JaedopMaiuio BOJTHOBOW KaMephl
CHUHXPOHHBIM IepeMeleHneM ¢€ OOKOBBIX CTEHOK
MOCPEACTBOM NPHBO/IA JBYX HIAPHUPOB, CBI3AaHHBIX
C BEPTHKAIBHBIM IIaTyHOM PBIYaroB. 3a CYET 3TOTO
rulkas 00oJiouka paboyeil KaMephbl NEPUOIUICCKU
n3rubaercs ¢ 00pa3oBaHNUEM ABYXBOJIHOBOM KOH(HU-
Typamuy, KOTopast B 3aBUCHMOCTH OT XOJa IIaTyHa
MEHSIET CBOM OUEPTAHUSI OT BBITYKIIBIX K BOTHYTHIM.
CnabbiM MECTOM KOHCTPYKIIAM SIBISCTCS HATUYHE B
pabodeM MPOCTPaHCTBE TIOABMKHBIX COTPSIKEHUH,
HO TIPY 5TOM OTCYTCTBYIOT OOKOBBIE PEAKIUH, TIepe-
JlaBagMbl€ Ha KOpITyc ycTpoiicTBa. IMeeT BO3MOXK-
HOCTB AIPAKTHYECKOTO 3HAYCHUS KaK CMECUTEIh HITH
IpoXoT.

Cxema 6. B oTiinyuu OT cXeMbl 5 BEpPTUKAIBHO
YCTaHOBJICHHBIC LIATYH CBS3aH C ICHTPaIbHOW Ya-
CTHIO BHYTPEHHEW CTEHKH pabodell KaMepbl U Mpo-
MBBOJIUT €€ TepeMEeNCHNUs C TIEPHOANIEeCKUM 00pa-
30BAHMEM JIByX CHUMMETPUYHBIX BOJIH Pa3IMYHOU
HaNpaBJIEeHHOCTH B 3aBHCUMOCTH OT KHHEMATHKH
ero aBrkeHus. KoHCTpyKIus mpocta B M3roTOBIIE-
HUU U HE Tpe6yeT YIJIOTHCHM A ITOABUIKHBIX 3BEHLEB.
B nenom 3To nepcrneKTUBHBIN TEXHOJIOTHYECKUH an-
rapat MHOTOIIEIIEBOTO Ha3HAUCHUSI.

Cxema 7. UzorayTas no ¢popme AByX BOJIH rU0-
Kast 000JI0YKa B CBOEH LIEHTPAJILHON YacTH CBA3aHa
C BEPTUKAIBHBIM TI0JIBECOM MasTHUKOBOTO phIYara,
PacCIiojiIo’K€HHBIM 110 OCH CHMMETPHHU alllapara.
[TonBec ogHMM KOHIIOM YCTAaHOBJIEH B IIAPHUPE U
MIPUBOJUTCA B KoJieOaTeNbHBIE JBIKEHUS MOCPE]-
CTBOM KPHBOIIUITHO-KOPOMEBICIIOBOTO MEXaHHU3Ma.
1o mepe mepemernieHus IOBECA BOJIHBI pabodeit Ka-
MEpBI U3MEHSIOT CBOIO (POPMY, COBEPILAs CIIOKHBIE
JBWKEHUS TI0 BEPTHKAIN M TOPU3OHTAIH, 4TO 00ec-
NeYNBaeT MHTEHCUBHBIA MEXaHU3M BOSHCﬁCTBHH ux
BHYTPEHHHX MOBEPXHOCTeH Ha oOpadarbiBaeMble
Matepuaibl. OTin4aeTcs OONbLUIMM KOHCTPYKTHB-
HBbIM MHOI‘OO6pa3I/IeM, B TOM YHUCJIE€ BBIIIOJJHCHUEM
paboueil kaMephbl U3 JIUCTOBBIX JJIEMEHTOB, repdo-
PUpPOBAaHHOH, B BUAE LEMHBIX TMPJSHI, C OCHAIe-
HUeM pabouero o0opynoBaHus 3yObsIMH, HOXKAMU U
1.71. O0acTh MpUMEHEHUS U3MENbUCHHE, TPOX0oUe-
HUC U CMCIIMBAHUC, B KPYIMTHOTOHHAXHBIX ITPOU3-
BOJICTBaX.
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Cxema 8. OtnugaeTcss OT CXeMBbI 7 BEPXHHUM
MOJIBECOM MAasITHUKOBOTO pblYara M HEKOTOPHIMU
OCOOCHHOCTSIMH JIBVDKEHHUS MaTepuaia B pabouei
KaMmepe, KOTOPbIi UMeeT OOJIBIIYI0 COCTABIISIONLYTO
JIBIDKEHMS B BEPTUKAIBHOM HarnpasieHnd. Ha pabo-
yeM 00OpYJOBaHMH OTCYTCTBYET HAJMIIAHWE W HE

TpeOyeTcs CIEITUATBHBIX MEp I10 3aIIUTE OT IOoTaja-
HUAA B pabodyi0 30HY TOCTOPOHHUX BKITFOUCHHM.
KoHncrpykiust MokeT HaWTH MIUPOKOE MPOMBIIIICH-
HOE MPUMEHEHUE B YAaCTHOCTHU MPHU OCHAIICHUU €&
IIETTHBIMHU DJIEMEHTaMH I IepepaboTKH HEOIHO-
POJTHBIX M CIIOKHBIX TIO COCTAaBY M CBOHCTBAM Mate-
pHUaioB.

OJIHOBOJIHOBBIC arrmaparbl

Cxema 1

Cxema 7

Cxema 8

Puc. 1. KunemaTudeckue cXeMbl BOJTHOBBIX allapaToB
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Brimonnennas mo ro6oit u3 cxem 1-8 u ycra-
HOBJICHHAS 1101 YIJIOM K TOPU30HTY BOJIHOBast pabo-
Yyasg Kamepa SIBISieTCS YHHMBEpCaJIbHOM M B HeH
MO>KHO OCYIIECTBIISITH MPOLECCH MEepeMeIInBaHMs,
IPOXOYEHHUs, U3MENbUYEHUSI WM IPEABAPUTENbHON
CYIIKH, TIpHYEM I TPOXOYEHHs ee rudkas 00o-
JIOYKA C COOTBETCTBYIOIIMMH OTBEPCTUSIMH SIBIIS-
ercst cutoM. i Lenell nmepeMeIBaHusl U CyIIKU
ru0kasi 000JI0uKa M3rOTaBIMBAaeTCA TIiIagkoid. Bo
BCEX BO3MOXKHBIX BapHaHTaxX NMPUMEHEHHS T'MOKOU
000JI04YKe COOOLIal0TCs MHTEHCHUBHBIE IMepeMelle-
HUSI, KOTOpBIe o0ecrieurnBatoT 3G(GEKTHBHOE TIPOBE-
nenre pabounx mpoueccoB. C 1eTbi0 aKTUBU3AINN
TEXHOJIOTHYECKUX MPOIIecCOB paboyasi Kamepa Mo-
JKET OBITh OCHAIIICHA Pa3IMYHBIMUA HA0OpaMH HHTEH-
CUPUIIPYIOMNX YCTPONCTB: IETSIMH, 3yObsIMH, JI0-
MAaCTAMH, HOKaMH, IETKAMH H T.JI.

OcHoBBIBasICH Ha ()EHOMEHOJOTHYECKOM IOA-
XOZI€ ¥ METOJie aHaJIOTUil B KauecTBE OOBEKTOB ISt
HCCIIeIOBaHNUs BEIOPAHbI OJTHOBOTHOBOM M IBYXBOJI-
HOBOI1 amnmaparthl, COOTBETCTBYIOIINE cxeMaM 4 u 8
Ha pucyHke 1. IlpuBenemM HEKOTOpBIE PeE3yIbTATHI
HCCIIEIOBaHUS MX pab0ounX MPOIIECCOB.

Anmapatr ¢ ruH0KMM OJHOBOJIHOBBIM pado-
4yuM o6opynoBanueM. OOIHii BU OJHOBOIHOBOTO
ammapara NpeiacTaBieH Ha pucyHke 2. [lomomHu-
TENBHO K cxeMe 4 Ha pucyHke 1 oH cHaO)KeH WHTEH-
cu(uKaTopaMH TpoIEcca, BHINOJIHEHHBIMH B BHJE
CBOOOJHO YCTaHOBJICHHBIMU HAa KPOHILUTEHHE B IIEH-
TpaJbHON 4YacTH pabodell KaMepbl IEMHBIMHU Jie=
MCHTaMU.

Puc. 2. O61mmii BUJT 0THOBOJIHOBOTO armapara

TexHuueckol THIOTE301 pa3pabOTaHHON KOH-
CTPYKLIMH CIIY>KUT BBIIIOJIHEHHE IIPOCEUBAOLIEH 10-
BEPXHOCTH, M30THYTOH IO AyTre WU IMOABEPKEHHOH

TaKUM KoJeOaHHSM, KOTOPbIE MPUBOIST K MepemMe-
MICHUIO pa3JeNiIeMOro Marepuaja HOPMAaJbHO IO
OTHOIICHUIO K OTBEPCTHSM Ha €€ BHYTPEHHEH MO-
BEPXHOCTH 0°.

[locraBneHHast 3aja4a TOCTUTAETCS TEM, YTO B
amnmapare JIsi TPOXOUeHUS TPYAHOPA3AeIIeMBIX Ma-
TEpUANOB, COJEPKALINM paMy, IPUBOJ U MPOCEUBA-
OIIYI0 TIOBEPXHOCTB, COTIIACHO M300PETEHHI0, TIPO-
CeMBaloIIasi MOBEPXHOCTh BHITIOJHEHA B BHJE yCTa-
HOBJICHHOTO TIOJi YIJIOM K TOPH30HTY BOJHOOOpa3-
HOTO THOKOTO Mep(oprupOBaHHOTO JIOTKA, KOTOPBIA
MIOCPEICTBOM MMapajieNbHON €ro MpoAOJIbHOM OcH,
3aKpeIyICHHOW Ha OJHOM W3 OOpTOB BBIIIEC HIKHEH
TOYKH €0 MPOBUCAHUS TPUBOTHOM IIAHKU CBSI3aH C
KPHUBOIINITHO-IIATYHHBIM MEXaHU3MOM IIpUBOAA, a
BTOPHIM OOPTOM COEIMHEH ¢ aMOpTHU3aTOpaMHu, 3a-
KPETUICHHBIMU TTOCPEICTBOM OHOPHOW IUIAHKU OJI-
HHUM KOHIIOM Ha CTE€HKE JIQTKa, BBILIIE HIKHEH TOUKU
€ro MpOBUCAHUS, a BTOPBIM KOHLIOM Ha pamMe, Mpu-
4YeM MpPUBOJHAS, M OMOPHASITIIAHKH MapajiebHbI
MEXTy COOOM.

B mporiecce” padoTel ammapara BOJIHOOOpas3-
HOMY THOKOMY IIep(OpHUPOBaHHOMY JIOTKY COOOIIIa-
IOTCSLMHTEHCUBHBIC TIEPEMEIICHUSI, YTO IPUBOAUT B
JBIDKEHHE HepepaldaThIBAIOLIyIO Cpelly, T.€. HaChII-
HOM{MAaTepHan, KOTOPHII NEPHOINIECKH CTalIKUBa-
eTcsl C TIOBEPXHOCTHIO JIOTKA, a KyCKH WIJIM YaCTHUIIH,
pa3Mep KOTOPBIX MEHBIIEC pa3Mepa MPOCEHBAIOIINX
OTBEPCTHUI NPOXOIAT Yepe3 HUX B KauecTBE MOJApE-
HICTHOTO MPOAYKTa. BomHOoOpa3Hasi MOBEPXHOCTH
Ul TIpOCEeUBaHMS O00ECTICUNBACT CIIOKHOE JBHIKE-
HHe nepepadaTbIBAEMOMY MPOAYKTY, YACTHLIBI KOTO-
POro NPUHYAUTENBHO W C OOJBIIUM YCKOPEHHEM
MPOTAJIKUBAIOTCS TIEPE]l OTBEPCTHEM COOTBETCTBY-
IoLIero UM pasmepa. B paboueil 30He mpoucXoaAUT
AKTUBHOE NIEPEMEIINBAHNE, C TIOBEPXHOCTH KYCKOB
OT6I/IBaIOTC$I MCEJIKME€ YaCTHUIlbl U IIbLJIb. HpI/I 3TOM
MOCTEIIEHHO OTCEeMBAeTCs MeJikas (ppakiius, a OoJiee
KpyIHasi JBMKETCSI BHU3 MO JIOTKY. MIMeHHO Takoe
KOHCTPYKTHBHOE HCIIOJHEHUE MPOCEHBAIOLICH MMO-
BEPXHOCTH M OpraHu3alus €€ IBUKEHHs CIOco0-
CTBYET MaKcHMaJIbHOH 3(deKTHBHOCTH mporecca
rpoxoueHus1. PesnHoBas ru0kasi KHHEMaTHYeCKH Jie-
dbopMupyemasi 000JI04Ka MPOCEUBAIOIICH MOBEPX-
HOCTH MOJTHOCTBIO UCKITIOYAET HAJTUIIaHUE 1 3a01Ba-
HHUE MPOIYCKHBIX OTBEPCTHi, a OTCYTCTBHE B HEH
METAJUIMYECKUX 3JIEMEHTOB CIIOCOOCTBYET 3HAYH-
TEJILHOMY CHIDKEHHMIO ITyMa TIpU padoTe.

B nomonHUTENbHBIX BapHaHTaxX BBIMOJIHEHMS
amnmapara MpeayCcMOTPEHO, YTO MPOCENBAIOIIAs 10-
BEPXHOCTb BBITIOJIHEHA U3 HAabopa CeKIui, pa3Mepsl
OTBEPCTHUI KOTOPBIX CTYIIEHYATO YBEIMUUBAIOTCS OT
BEpXHEW YacTH K HWKHEH YacTH JIOTKa, TPUYEM IPO-
CeuBaloIIasi TOBEPXHOCTD BHITIOIHEHA B BUE JINCTA
13 U3HOCOCTOMKOM PE3UHBI, apMUPOBAHHOMN BHICOKO-
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[IPOYHBIMU BOJIOKHaMM, B YaCTHOCTH MeTajlIMYe-
ckuMu. [ MHTEHCH(UKAIUU mponecca rpoxoye-
HUS LIenecooOpa3Ho Haj MPOCEUBAIONICH IIOBEPXHO-
CTBIO YCTAaHOBHUTH HHTEHCU(HUKATOPHI TIpOLIecca pas-
NIeJIeHNs1, TIPEACTABISIONINE COO0H OTPE3KH IeTeH,
3aKpEIUICHHbIE OJHUM KOHIIOM Ha KPOHIUTEHHaX U
CBOOOJIHO IPOBHCAIOIINX B LIEHTPAILHON YacTH THO-
KOro nep(oprupoOBaHHOTO JIOTKA, a IS YIPOIICHUS
KOHCTPYKLUH aMOPTHU3aTOPOB U YIIyUIIEHHUs JEMII-
¢dupoBanus KonebaHUi U BO3BpaTa B KpaiiHee MoJo-
KEHUE X JIy4YIlle BCEro M3rOTaBIMBATh B BUAEC 1IH-
JUHIPUYECKUX MIPYKUH PacTSKCHUS.

st onpeaenenns: HIOTCHIUATBHBIX BO3MOKHO-
CTell OJHOBOJIHOBBIX alllapaToB MNpPOBEAEH KOM-
IUIEKC MCCIIEJOBAaHUM 110 U3YUYEHHIO IIPOLIECCOB CME-
LIMBaHUS U Pa3feNCHNUs MAaTEPUAJIOB 110 KPYITHOCTH,
T.e. TpoxodeHus. s 3Tux nenel Mcmoap3oBaiach
YCTaHOBKAa CO CIEAYIOIIMMH XapaKT€PUCTHKAMHU:
pasMep paboueii kamepsl B maHe — 650%x250 MM,
mrHa Kpuoruna — 30, 45, 60, 75 MM, yacToTa Bpa-
menuss kpupomuna — 0...600 06/MUH, MOITHOCTh
npuBoaHoro asuratens — 1,1 kBt. s mpouecca
CMeEIIMBaHus THOKas pabouasi kamepa BBITIOJIHEHA B
BUAEC  PE3MHOBOIO  JIMCTAa, M TIpoliecca
rpoxo4eHus: — nepHopHUPOBaHHOTO C KPYIJIBIMU OT-
BepCcTHAMH AraMeTpoM 30 M.

CMmemmBaHue MPOBOAMIOCH Ha CYXUX CTPOH-
TENBHBIX CMECSIX C KPYITHOCTBIO 3aMOJIHUTENS 70 5
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MM. B kadgecTBe KJII0UEBOI0 KOMIIOHEHTA UCIIOJIB30-
BaJicsl pyOJIEHHBIN KBaJIPaTHBIM MOJIMITUIIEH pa3Me-
pamu 5x1 mMm. ccnenoBancst onuH pabounii pexxuM:
yacToTa BpaimleHus kpusommuna n = 300 o6/MuH,
A KpuBommma » = 60 mm. [lpu aTom nepemen-
HBIM (PaKTOPOM CITYXKHJI YTOJI HAKIIOHA pabodeil Ka-
Mepbl K TOpU30HTY. I[lomydeHHBIE pe3ynbTaThl B
BHJE rpadyika BIUSHUS yTiIa YCTAaHOBKH 0° paboueit
KaMepbl Ha OZHOPOJHOCTh CMeCH X U NPOU3BOAM-
TenbHOCTh I1 cMecuTens mpeacTaBieHbl Ha PUCYHKE
3a.

HccnenoBanue mporecca rpoX0oueHHs B BOJIHO-
BOM armnapare poBOJMIOCH Ha Pa3IMIHBIX OTXO01aX
HEONpeAeNEHHBIX Pa3MepoB, GOPMBI, IIIOTHOCTHA U
T.A. (TBepIple KOMMYHAIbHBIE OTXOHAbI). 31ech
TAKX€ HCIOJIb30BAJICA OOUH, pabounil Ppexum: ya-
cToTa BpalieHus kpusoinumna n= 300 00/MuH, JTuHa
KpuBomumna » = 60 MM, a/TilepeMEHHBIM (HaKTOPOM
CIIy’KUT yroj HakJIoOHa 0° pabQued KaMephl K FOpH-
30HTY. [lomy4yeHHbI PE3yNBTaTHl B BHIE rpaduka
BJIMSHUS YriadycTaHOBKH»0°) paboueil kaMepbl Ha
s dexTnBHOCTS £ TPOXOUCHHS U MPOU3BOJUTENb-
HocTh [ TpoxOTa npeacraBieHsl Ha pucyHKe 3 0.

BusyanpHas OlieHKa pa3essieMoro B OHOBOJI-
HOBOM,aIlIapaTe MaTepuana WUIIOCTpUpyeTcs pu-
CyHKOM 4.
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Puc. 3. Bimsinue yriasyetaHoBKHM 0° paboueil kameps! Ha 3()(h)eKTUBHOCTH PabOTHI MPOILIECCHI BOJHOBOTO alapara
a — Ipollecc nepeMeInBanus; 0 — MPoIecc rPOXOYeHHS

Puc. 4. BusyanbHast orieHKa pa3aensieMoro Marepuaina
a — UCXOTHBIN MaTepuair; 6 — MaTepuall ociIe TPOXOYCHHUS

92



Becmuux BI'TY um. B.I'. lllyxoea

2022, Ne9

Ha ocHoBaHuu NMpOBENEHHBIX HKCIEPUMEHTOB
MOJKHO CJIeJIaTh BBIBOJ, YTO HanoOoee 3(h(heKTHBHOM
paboTa OTHOBOJIHOBOT'O amNapara Ha yrilax HaKJIoOHa
paboueii kamepsr 12...15° Ilpu 3TOM paccioeHue
cMecH He HabJroIanoch, a B pabodei kamepe KOM-
MTOHEHTHI CMECH OCTATOYHO PAaBHOMEPHO pacripeie-
JSIOTCS KaK 10 JJIMHE, Tak U 1o ceueHuro. Obmiee
BpeMsI HAaXOXXICHHSI HMCXOOHBIX KOMIIOHEHTOB Ha
BOJIHOBOM JIOTKE, KaK MpPaBHJIO, HE TIPEBBIMIAET
8...10 cexyHn npu 001IEH BRICOKOW HHTCHCUBHOCTH
mporecca.

OnennBast paboOTy BOJHOBOTO CMECHUTEIS
MOKHO OTMETHTb, YTO TOAOOHBIH cOCOO mepeme-
IIUBaHUsT TPYOOTUCTIEPCHBIX CpPEl MOXKET HaWTH
MIPUMEHEHHUE [Tl TPUTOTOBIICHUS CHITUKATHBIX (hop-
MOBOYHBIX CMecCe€H, B TEXHOJOTHSIX MOIyUSHHS
KECTKUX 6CTOHHI)IX CMCCGﬁ, IJId [IPUTOTOBJICHUA
KOMOHMKOpMa U T.1I. B manpHeleM miaHupyeTcs uc-
CJIEIOBATh BIMSHUE BIAKHOCTH UCXOMHBIX KOMIIO-
HCHTOB Ha KMHCTUKY U Ka4CCTBO NPUTOTOBJICHHBIX
CcMecen.

B mpouecce ucnplTanuii TaKOro anmnapara ycra-
HOBJICHO, YTO MepQOpPUPOBAHHASI BOJTHOBAS MOBEPX-
HOCTB NP pa3Mepax orBepctuii 30 MM sBsieTCs 3¢-
(heKTUBHBIM pabounM OOOPYAOBAHUEM TSI COPTH-
POBKH TpyAHOpa3JeasieMbIx MatepuainoB. Ha takoii
IIOBEPXHOCTH OTCYTCTBYET HAJIMIIAHUE, a IPOCEUBA-
IOLIME OTBEPCTHsI HE 3a0UBAIOTCS UCXOJHBIMH KyC-
kamu. [lomydeHHBIE 3aBUCUMOCTH TIOKA3bIBAIOT, YTO
MEPCHEKTHBHOW OO0JIACTBIO KCIIONB30BAHUS OJIHO=
BOJIHOBOTO TPOXOTa SIBJSIETCA pasfielieHue HEeOoAHO-
POITHBIX M CIIOKHBIX TI0 COCTaBY M CBOHCTBAM MaTe=
pHAJIOB, B TOM YHCIIE€ TBEPJBIX KOMMYHAIBHBIX OT-
XOJIOB.

HroroBoit orieHKoii pa3pabOTaHHOTO OIHOBOJ-
HOBOTO 000PYZOBaHUs, a 3TO B PaBHOI CTENIEHH OT-
HOCHUTCSI U K CMECHTEIIO, ¥ K TPOXOTY, CIeIyeT CUH-
TaTh €ro XOpOIIyK PabOTOCTOCOOHOCTh M JIOCTA-
TOYHO BBICOKYHO TEXHOJOTHHECKYI J((eKTHB-
HOCTh. [IJs1 oBeieHusI MPEeICTaBICHHBIX KOHCTPYK-
U 10 MPOMBIIFICHHOTO UCIOIH30BaHUS HEO0XO0-
JUMO BBINOAHUTH ¢0oTBeTcTBYIOMUM 3Tan HUOKP,
a Take' pa3pad0TaTh TEXHOJOTHIO H3TOTOBJICHHS
BOJTHOBBIX, pA00OYMX OPTraHOB, KOTOPbIE OBbI OTIIHYA-
JUCh H3HOCOCTOMKOCTBIO, YCTaJIOCTHOH NPOYHO-
CThIO, MaJILIMA CONPOTUBJICHHUIMH JePOPMHUPOBa-
HUIO | T.JI.

JAByxBoJiHOBO# nemnHoii arperar. IIpakTuye-
CKasl peaJin3allys armmapara COOTBETCTBYIOIIETO KH-
HeMaTHdeckoi cxeme Ne§, oCylecTBieHAa B BHIC
JIBYXBOJTHOBOTO IIETTHOTO arperata [7], a ero oommii
BHJI TIPEJICTABIICH HA PUCYHKE 5.

Pabora nenmHoro arperara mpouCXOAMT CIETY-
omuM 00pa3oM. DIJIEKTPOABUTaTeIh MPHUBOAWUT B
JEHCTBHE KPUBOIIUI /, KOTOPBHIA BpAIIaeTcs C 3a-
JaHHOM yacToToil Bpamenus. OAuH KOHell aTyHa 2

CBSI3aH C KPUBOIIUIIOM /, a IPYTO¥ ¢ MassTHUKOBBIMU
peraaramu 3. lllatyn 2, comepmias IutocKomapal-
JeNbHOE ABMKEHNE, TPUBOJMT B JICHCTBUE MasiTHU-
KOBBIE pbluaru 3, Ha KOTOPOM JKECTKO 3aKpericHa
IITaHTa 4, MPU 3TOM JBWKEHHWE COOOIIaeTCs Ier-
HBIM ITOJIOTHAaM 6 (Ha KOTOPBIX MOTYT OBITh YCTaHOB-
JICHbI CheMHBIC TUIAHKH 7) U THOKUM cTeHKaM J. Ta-
KM 00pa3om, Bc€ pabouee 00OpydOBaHHE COBEp-
IIaeT BBIHYXKJCHHBIC KOJEOAHUS C ONpeaeiIeHHON
YacTOTOW M aMIUIUTYAOH, BETUYMHBI KOTOPBIX

MOKHO U3MCHSTH B OIIPCACIICHHOM AHaIria3oHe.

Puc. 5. O6umii BUJ IBYXBOJIHOBOTO IIEITHOTO arperara
1 — xpuBoOmIHI; 2 — MATYH; 3 — MAaITHUKOBBIE PhIUaru
(BTOpOIt Ha PUCYHKE HE MOKa3aH);

4 — mranra; 5 — ruOKHe CTEHKH; 6 — IEMHbIE T0JI0THA;
7 — cbeMHbIE TUIAHKH; 7 — JUTHHA KPUBOILIHIIA

CHpoeKTHpOBaHHBIN IIEMHON arperat UMeeT
pasMephl MPUEMHOTO OTBepcTHs B IiaHe 450%350
MM, 00beM paboueil kamepsl 0,046 M, MOIIHOCTE
npuBoAHOro snekrpoasurarens 1,1 kBrt. Yacrtora
BpallleHUs] KPHUBOIIWIA 7 W3MEHSETCS IUIaBHO B
nuanasone 0...600 06/MuH, a ero JIuHa r U3MEHS-
ercs crynenuyaro — 30, 45, 60, 75 mm.

TexHOIOTHYECKNE WCTBITAHUS JBYXBOJHO-
BOTO IICITHOT0 arperara MpoBOAMINCH Ha PA3TMIHBIX
KYCKOBBIX MaTepHaJIax: MEJOTIUHUCTOM C pa3Me-
poM ucxoaHoi ¢pakuu S...100 MM U BIaXKHOCTBIO
15...18 %, KOMOBOI INIMHKI BIIAXKHOCTHIO 12...15 %,
M3BECTKOBOM Martepuaje KpynHocThio 20...50 MM u
BJIAXHOCTBIO 2...5 %, 0TX0ax U30B0OJIa B BUJIE pac-
CBHIMMUATOTO MaTepHalia C pa3MepamH eAMHUYHBIX
KkyckoB 30...100 MM, CyXUX 1 YBIIaXKHEHHBIX CMECSIX
MEPEYUCIICHHBIX MaTEePHAJIOB, a TAKXKE MeJla BIIaX-
HOCTBIO 21...26 % u xkpynHOCTHIO (...100 MM.

[Ipomecc m3MenpbUeHHUS TEPEUNCICHHBIX Ma-
TEPUATIOB 3aKIIOYAICS B COYCTAHHMH HECKOJIBKHIX
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Croco00B CHIJIOBOTO BO3ACWUCTBUS Ha MaTepuai, a
MMEHHO yAapHOT0, PAacKaJbIBAIOIIETO W UCTHPAIO-
miero. [1pu 3ToM BOTHOBBIE TOBEPXHOCTH 32 CUET TIe-
pEMEIIEHUH MAaSTHUKOBBIX PBHIYArOB HM3MCHSIIU
cBOIO (popMy U, TaKUM 00pa3oM, coodiranu oopada-
THIBaEMBIM MaTepHallaM CMEKHBIEC IBIKEHUS C TIe-
pHOAMYECKOH Mmojaueii ero Ha yJAapHbIC IEMEHTEHI.
LermHple TOJOTHA W3MENbUEHHE TPAKTHUYECKH He
MIPOM3BOJIAT, @ BEIOTHSIOT (DYHKITH IPOXOTa C Tpa-
HUIIEW pasfeneHus COOTBETCTBYIOIIEH 3a30pam
MEX[y 3BEHBSMH ILEMHBIX 3JEMEHTOB, KOTOPHIE B
MIPUBEICHHOM BapWaHTE BBIMIOJHEHUS paboyero
000pyIOBaHUS COCTABISLIM 25...28 MM.

Ha ocHoBaHWM NaHHBIX TEXHOJOTHYECKHX HC-
MBITAHUI YCTAaHOBJIEHO, YTO OJHOM W3 MEPCIEKTUB-
HBIX OOJIacTell WCIONIb30BaHUS IIETTHOTO arperara
SIBIISIETCSI €TO IPUMEHEHHE NpH repepaboTke Mena B
TEXHOJIOTHH MPOU3BOJCTBAa M3BECTH CyXHUM CIIOCO-
6om [9, 10]. B xauecTBe nmepepabaTbIBaeMOro MaTe-
puanga HCIONB30BAICS MeEJ, IPUMEHSEMBIM B
OAO «KpacHocenpCKCcTpoMaTepraiby MpHU Tpo-
W3BOJICTBE U3BECTH.

C yueToM mpejacTaBieHHBIX B paborax [4, 11—
13] pexomeHaanuii, HaMu BBIOpaHBI TPEOOBAHHS K
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YCIIOBUSIM TEXHOJIOTHUYECKON MOATOTOBKM MeNa K
00XHTy: (QpPaKIMOHHBI COCTaB CHIPbS JIOJDKEH
HaXOJIUTbCA B Ipeaenax 5...25 MM; ChIpbe JOJKHO
UMeTh OJHM3KHE O pa3Mepy YacTHLBI; MOCIE H3-
MEJTbUCHHUSI YaCTHUIBl JOJDKHBI MMETh HENpPaBHIIb-
HYIO OKPYTIYI0 (GOpPMY C MHOTOTPAaHHOH PHIXIIOHN ITO-
BEPXHOCTBIO. PyKOBOACTBYSCH NaHHBIMH YCIOBH-
sIMH, OBUIH TIPOBEJICHBI MCCIIEOBAHNS, HAPABJICH-
HBIE Ha TOJIYYCHHUS MaTepHhalia, COOTBETCTBYIOIIETO
3TUM TpeOOBaHUSM.

[TosTanHo mpoBe/ieM aHAU3 BHITIOJIHEHUS JaH-
HBIX TpeOOBaHWH TMPHU HCIIOIB30BAaHUH IIETTHOTO ar-
perata B KauecTBE MAIIWHBI Ui MEPBUYHOTO H3-
MEJIYCHUS CHIPBSI.

C yuerom chopMyITHpOBAHHBIX, TpeOOBaHUI
CIIeNlyeT OTPEICTUTh BBIXOA (ppakimy Mena B mpe-
MOYTUTENBFHOM JHamna3zoHe 5...25 MM. Dxcnepu-
MEHTBI TIPOBOJAWJINICH Ha /MaTepHaie BIAKHOCTHIO
21...26 % u cpenHeM pa3Mepe UCXOOHOH (pakuuu
38 mm. Jons dpakiyn 0...5MM B UCXOTHOM MaTe-
puane cocrasmsna 20/%. Bapbupyemblie GpakTopsl —
4acTOTa BpallleHUs KPUBOIIIHIIA /1 ¥ €T0 JinHa 7. Pe-

3yJNIBTAaThl  AKCIEPHUMCHTALHBIX  HCCIICIOBAHUIMA
MIPEACTABICHBI HA'PUCYHKE 6.
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Puc. 6. Bnusinue yacToThl BpallleHUs 71 U JUIMHBI KPUBOUIMIIA 7 HA MIPOLIECC U3MENbUEHUS Mea
a — amHa KpuBomumna 7 = 30 MM; 0 — JyTMHA KpUBOIIHIA » = 45 MM; B — JITTMHA KpHUBOIIUMA 7 = 60 MM;
I — AJIMHa KpuBowMNa » = 75 MM

AHanu3upyst MONy4YeHHBIE PE3YIBTATHl MOYKHO
c/eNaTh 3aKIIOYeHHE, YTO BBIXOA (ppakiuu mena B
Iuama3oHe 5...25 MM 3aBHCHT OT BapbHUPYEMBIX
tdhaxTopos. [Ipu mmuae kpuBomumna » = 30 u 45 Mm
BBIXO/J] MPENNOYTUTENHFHON (PpaKIuyu HAXOJUTCS Ha
ypoBHe 35...53,5 %, a npu anuHe KpuBomumna » = 60

u 75 MM —49,5...60 %. Creqyer oTMETUTD, 9TO T10-
BBIIIICHUE YaCTOTHI BPAIICHUS 7, TP OOJBIIHNX 3HA-
YCHMSX JJIMHBI KPHUBOIIMIIA 7 HPUBOJNUT K CHIDKE-
HUIO BBIXOJIa MPEANOYTUTEIIbHOM (ppaKIuu, 3TO 00y-
CJIOBJIEHO MHOTOKPATHBIM CHJIOBBIM BO3JICHCTBHUEM
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Ha MaTepua, KOTOPIA He yCIieBaeT MOKUHYTh Ka-
Mepy IETHOTO arperara u B KOHEYHOM HTOTE TIPUBO-
JIUT K TIEPSU3MEIIbYCHHIO ChIPhSI.

BrinosiHeHE BTOPOTO YCIOBUS OBLIO OIIEHEHO
MO BBIXOJY MNPEANMOYTUTEIbHON (pakiud B BHJIE
nByx rpymm S...15 u 15...25 mm. Beixona dpaxiun
15...25 MM mpeobnanan ¥ B CpeAHEM H3MEHSUIICS B
muamazone 50...70 % B 3aBUCUMOCTH OT Bapbupye-
MEBIX (hakTopoB. Takum 00pazomM, MOKHO cIeIaTh 3a-
KIIFOUCHHE, YTO MaTepua, TOCTUTIINN pa3Mepa Impo-
CCUBAIOIINX OTBEPCTHI, OBICTPO yaanseTcs u3 pado-
Yel KaMephbl, Y4TO SBJISETCS CBUICTEIBCTBOM BBICO-
KOU CEJICKTHMBHOM CIIOCOOHOCTH Takoro 000pyaoBa-
Hus [14].

IMocne mepepabOTKM 4YacTHIBI Mella UMEIOT
MHOTOTPAaHHYIO PBIXITYIO TIOBEPXHOCTH (pUC. 7), 9TO
COOTBCTCTBYCT H3JIOKCHHBIM Tpe6OBaHI/I§IM noaro-
TOBKH CBIPbsI TIEpe]] 00XKHUIOM.

Puc. 7. CoctaB marepuana nocie uaMeabueHus
B IICTTHOM arperare

[IpoBeneHHoE Mccne{OBAHNE CBUIECTEIBCTBYET
0 TIOTEHLIMAJIEe LIEMHbIX/arperaros, Kak O MalllHaXx,
CIOCOOHBIX BBIMOIHATH TEXHOJOTHYECKHE 3a]auu
10 repepadoTKE PA3INUHBIX CHIPBEBBIX MaTEPHAIIOB,
B YaCTHOCTHRIIEPEPAQOTKH Meja B TEXHOJIOIHHU IPO-
W3BOJICTBA M3BECTHACYyXUM criocobom. Crenyer oT-
METHTh, YTO [IEMTHON arperat MOXeT OBbITh UCIONb-
30BaH HE TOJILKO B KayecTBE MAIIMHBI IJIi OCY-
MIECTBICHUS U3MENTbUEHHSI HEOTHOPOHBIX U CIIOXK-
HBIX 110 COCTABY W CBOHCTBaM MAaTEpHUAJIOB, HO U B
KayecTBe rpoxoTa, HampuMmep, Ui OYUCTKU Oania-
CTa Ha JKEJE3HOH Jopore, COPTHPOBKU TBEPIBIX
KOMMYHAaJIbHBIX, CTPOUTEIBHBIX H TIPOMBINUICHHBIX
OTXOJIOB U PEIICHUS A APYTHX TEXHOIOTHUECKHX
3agauq [15].

BriBoabI

1. ChopmynupoBaHa KOHIICIIHS HCIIOIB30BAa-
HUSL paboumx KaMep TEXHOJOIMYECKHX MallhH B

BUJIE KHHEMATHYECKH JIe(OPMHPYEMBIX BOIHOBBIX
THOKUX CIUTIOIIHBIX, TeP(HOPUPOBAHHBIX HITH COCTAB-
HBIX 000JI0YeK BHYTPEHHHUE MOBEPXHOCTH WIIU 3JI€-
MEHTBI KOTOPBIX, 00ECIIEUNBAIOT POBEJCHUE COOT-
BETCTBYIOIIUX MPOIIECCOB CMENIMBAHUS, H3MENTbUe-
HUS U pa3JieliCHUs] MAaTePHANIOB 110 KPYITHOCTH.

2. Pa3zpaboranpl BapuaHThl KOHCTPYKTHBHBIX
peleHni BOTHOBBIX aNapaToB U HA OCHOBE WX KOH-
CTPYKTHBHOTO aHAJIN3a JJIsl IPOBEICHHUS TEXHOJIOTH-
YEeCKHX HCTBITAHUN W TPaKTHYECKOH peaan3anuu
BBIOpaHBI OZJHOBOJHOBOH ammapar ¢ OOKOBBIM IMPH-
BOJIOM H JIBYXBOJIHOBOH C BEpXHUM TIOJIBECOM MasiT-
HUKOBBIX PhIUaros.

3. Ha co3maHHOM 3KCIIEpUMEHTaIbHOM 000pY-
JIOBaHUM TIPOBEJICH KOMIUICKC TEXHOMOIHMUECKIX UC-
CJIEJIOBaHMI IO TIepepabOTKE pa3IuYHBIX MaTepHha-
JIOB ¥ B PE3yJIbTaTe KOTOPHIX YCTAaHOBJICHO, YTO Ha
OJIHOBOJIHOBOM amnmapaTte MOYHO C BEICOKOM 3¢ dek-
TUBHOCTHIO MPOU3BOIUTH MIEPEMEIINBAHKE U pa3Jie-
JICHWE MaTePUAIOB TI0 KPYIHOCTH, a Ha JBYXBOJIHO-
BOM TepepadarbiBaTh/BIAXKHBIC CHIPHEBBIE MaTEePH-
aNbl U Pa3IMYHBIE BH/IBI OTXOJIOB C BO3MOXKHOCTBIO
CEJICKTHBHOT'O ‘YIIPaBJICHUS KauyeCTBOM 00paboTaH-
HBIX IIPOAYKTOB. DHEpPreTuiecKue 3aTpaTsl Ha Mpo-
BEJICHUE DTUX TPOILECCOB HIDKE MO CPABHEHUIO C
000py/I0BaHWEM aHATIOTMYHOTO HA3HAYCHHS.

4., OGoCcHOBaHBI HEKOTOPBIC HAIIPABJICHUS Pa3-
BUTHSI BOJTHOBBIX allapaToB, BKJIIOYAIONIAE ONTH-
MU3AIHI0 UX TCOMETPUYCCKUX, KHHEMATHUECKUX U
SHEPrOCHIIOBBIX MapaMeTpOB, ONPEICICHUE palHo-
HAJILHBIX 00J1acTel NCTIONB30BaHMs, a TAKXKe BEIOOD
MaTepHAaIOB M TEXHOJIOTHH JIJIsl U3TOTOBJICHUS pabo-
4yero 00Opy/IOBaHUS B 1IEJIOM M OTIENIBHBIX €ro dJie-
MECHTOB.
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MULTIFUNCTIONAL TECHNOLOGICAL APPARATUSES WITH FLEXIBLE WAVE
WORKING EQUIPMENT

Abstract. The article deals with problematic issues related to the complex processing of materials that
are heterogeneous and complex in composition and properties. The necessity of its technological moderniza-
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tion and development is substantiated on the basis of assessment of the technical level of the existing equip-
ment. For the first time, the concept of creating technological machines with a kinematically deformable wave
working chamber is proposed and substantiated. Variants of technological solutions for one- and two-wave
apparatuses have been developed. They can be used for mixing, grinding and separating materials by size.
The main features of the behavior of flexible wave surfaces when interacting with the processed medium are
shown. The design of two experimental installations is described, their technical characteristics are given, the
composition of the processed materials is stated. The results of experimental studies on the processing of
quarry chalk, building mixtures and municipal solid waste are presented. The data obtained make it possible
to judge a sufficiently high technological efficiency and the need for further development of devices with wave
working equipment, which is expressed in a sufficiently high quality of the products obtained, the ability to
control their particle size distribution, the ability to work in conditions of an abrupt change in the properties
of the treated medium, including due to self-cleaning elements of the working chamber and the elimination of
Jamming of pieces of material in the working areas and the combination of various technological functions in
one apparatus.

Keywords: wave apparatus, grinding, mixing, screening, flexible chamber, adaptabilitypchain unit, pro-

cess efficiency.
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