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NMPUMEHEHME JJUCMEMBPATOPHOW MEJBLHUIIBI CO BCTPOEHHBIM KJTACCAPUKATOPOM
VIS UCCIIEJOBAHUS TPOIECCA AKTUBALIUMU BSIKY LIUX MATEPUAJIOB

KaHo. mexH. HayK, ooy. A.A. TAPABA’KHY
(Benopycckuii 2ocyoapcmeennblii mexHoa02udeckull ynusepcumem, Munck)

Paccmampusaemcs koncmpykyusi u npunyun 0eicmeust 8biCOK0IPHeKmueHot OUCMeMOPAMOPHOU Mellb-
HUYbL CO 6CMPOEHHbIM Kaccugukamopom. Tlpedcmaesnena memoouxa npogedenus: IKCnepUMeHmaibHulX Uccie-
008aHULl Npoyecca aKmuBayUY YeMeHMHO20 U 2UNCOBO20 GANCYYUX Ha baze Oannou menvhuybl. [lokazanwl no-
JIYHeHHble NO Pe3yIbmamam dKCHEPUMEHMANbHbIX UCCIE008aHULL 2papuyecKkue 3a6UCUMOCIU USMEHEHUs. NPOY-
HOCMU YeMEHMHO20 (2UNCOB020) KAMHSI OM CKOPOCHMU 00pabomKu yeMeHma (Sunca) uiu necka u yeia nogopo-
ma JHcano3u KiacCuQuKAyuoHHOU Kamepvl npu pasiudHblX CPOKAx meepoeHuss oopasyos. Beinoinena mamema-
muueckas 00pabomxa pe3yibmamos SKCHePUMEHMATbHbIX UCCIE008AHUIL.

Beenenne. B nocnemaue ronsl B ctpanax ObiBiero Coserckoro Coro3a OTMEUaeTCst 3HAYUTENBHBIN pOCT
TEOPETHIECKUX U IKCIIEPUMEHTAIIBHBIX HMCCIIETO0BAaHUN B 00ACTH aKTHBALMM BSDKYIIMX MarepraioB. I1omoOHbII
MHTEPEC MOYKHO OOBSICHUTH CIEeAYIONM 00pa3oM. CpoK roHOCTH JII0OOTO BSDKYIIEro MaTepralia HanpsiMyro 3a-
BHCHT OT yCIIOBHUS €ro XpaHeHus. Tak, HarnpuMep, JUIst OOBIYHBIX W BRBICOKOMApOYHBIX IIEMEHTOB 3T0 60 1 45 cyTox
COOTBETCTBEHHO, a JUIsl THIICOBOTO BSDKYIEro — He Oosee 2 mecsiues [1; 2]. Korna rapanTHitHBIN CPOK XpaHEHUS
Marepuaia 3aKOHYMJIICS, 3TO HE 03HA4aeT, YTO OH ITOJIHOCTHIO TOTEPSJI BCE CBOM CBOICTBA. Benencreue mcrek-
IIETO CPOKA XPaHEHHSI MOKET IMPOU30UTH €ro CIEKUBaHUE, CIMIIAaHNE YacTHUIl, YaCTHYHas TUApaTanus, U TaKkon
MaTepHall MOKET [I0Ka3aTh 0oJiee HU3KYIO IPOYHOCTh U IIJIACTUYHOCTD B IIPOLIECCe IKCILUTYaTal[My — 3TO OJJHA U3
OCHOBHBIX Tp0O0OJieM OOJIBITMHCTBA 3aBOJIOB IO NPOU3BOJICTBY CTPOUTEIBHBIX MarepuaioB B bemapycu. B pe-
3yJIbTaTe CIESKHBAHUS BSHKYLIETO MaTepHaya sl TONYYeHHs MPOAYKIMU TOW e MPOYHOCTH, YTO M TPH HC-
H0JIb30BaHUU HOPMAJIbHOTO MaTepuala, Heo0X0JUMO YBEIMYUTh €r0 PAacXoj, a 3TO MOBJIeYeT 3a coOoi yBenu-
YeHHe CTOMMOCTU MPOIYKIUU U, CIIEI0BATENIbHO, IIOBIHAET Ha €€ KOHKYPEHTOCIIOCOOHOCTS.

Pemenne naHHO# mpoOJieMBl BUIUTCS B UCIIOIB30BAaHUHU TIpOLlEcca aKTHBAIMH ISl BO3BPALICHUS BSIKY-
IieMy MaTepualy IepBOHAYaJIbHBIX CBOMCTB [3].

AKTHBaIMs MM MEXaHOAKTHBAIMsS — ATO MPOIECC MEXaHMUYECKO 00pabOTKM TBEPJBIX BEIECTB, B pe-
3yJbTaTe KOTOPOTO MPOHUCXOINT YBEINYEHNE KPUBH3HBI IOBEPXHOCTH YaCTHUCK, YTO BIMSAET HA UX aKTUBHOCTb.
B pesynprare akTHBallMM Ha MECTE pa3ioMa YacTHYeK 0OpasyroTcs CBOOOIHBIC MOHBI, CTpeMsIIuecs 00beau-
HUTHCS. 3a CYET ATUX MOHOB IMPOUCXOINUT YBEIHUYESHHE MPOYHOCTH BSKYIIET0 MaTepHuaia II0cie ero TBepICHHS.
KavecTBOo akTMBammu BO MHOTOM 3aBHCHUT OT THIIa BBIOpDAaHHOW MaIllMHBI, B KOTOPOW JaHHBIM mporecc Oyaer
nporcxoauTh. CyIIecTByeT TpH THUIA MallWH, KOTOPbIE MCIOIB3YIOT sl aKTHBALMN, — 3TO MAIIMHBI YJapHOTO
JIEWCTBHUS, MAIIMHBI UCTUPAIONIETO ACHCTBUS M MAIIMHbI YApPHO-UCTUPAIONIETro ACHCTBHS. AHAIN3 COBPEMEH-
HOW HayJHO-TEXHMUYECKON M MAaTeHTHOH JINTepaTyphl MoKa3al, 4To Hanbosee 3(¢GEeKTHBHOW M SKOHOMHUYECKU
1enecooOpa3Hoi MaIMHON JUIS ITPOBEJCHUS MPOIIECca MEXaHWIECKOW aKTUBAMH BSDKYLINX MaTEpPHUANIOB SIBIISI-
ercst tucMeMoOparop min aesuHTerparop [3]. OCHOBHBIMU NMPEUMYIIECTBAMH MAIIMH JAHHOTO THIIA SIBIISIOTCS
HeOOoJIbIIasi MOITHOCTh MPUBOJA MPU OOJIBIION yAETHHOW NMPOU3BOAUTEIILHOCTH, BHICOKAs CTENIEHb 00pabOTKH
HCXOJJHOTO MaTepuaja U HeOOJIbIIOH yAENbHBIH pacX0od SHEPIHH TIPH €ro aK THBALHH.

OnucaHue KOHCTPYKIMM M NPUHLHMNA JefCTBUSA AMCMeMOPATOPHOH MeJbHHMIBI €O BCTPOEHHBIM
KJaccupukaropom. s M3ydeHHs mporecca akTHBAIllMd MUHEPATBbHBIX BellecTB Ha Kadeape «MaliuHsl U arl-
napatbl XMMHUYECKHX M CHJIMKATHBIX MPOU3BOJICTBY Bemopycckoro rocyaapcTBEHHOTO TEXHOJIOTHYECKOTO YHU-
BepcuTeTa OblTa pa3paboTaHa JadopaTopHasl yCTaHOBKA JUCMEMOPATOPHOTO THITA, OCHOBHBIM 3JIEMEHTOM KOTO-
POt siBIIsieTCs qrucMeMOpaTopHast MEITbHHIIA CO BCTPOSHHBIM KJIACCH(HKATOPOM.

JuncmemOpaTopHast MeNBHHIA CO BCTPOSHHBIM KiaccudukaTopoM (puc. 1) cocrout u3 kopmyca 1 ¢ pas-
MEIIEHHBIMU B HeM poTopoM 2 u cratopom 3. Ha porope 2 u crarope 3 pacronararotcst maiblibl 5, nepudepuii-
HBII psIl KOTOPBIX Ha POTOpE 2 3aMEHEH JIONACTAMH 4, CO3IAIONIMMH IIOTOK BO3yXa, HEOOXOAUMBIH IS YHOCA
YaCTHUII U3 30HBI IOMOJIA. Y CTPOMCTBO [UIS BRITPY3KH MaTepualia 7 BBIIIOJIHEHO B BHE KPHBOJIMHEHHOTO HaTpyO-
ka 9, pa3menientoro B 3a3ope 10 Mexay cratopom 3 u KoprycoM 1 M COGAMHEHHOTO C 3arpy304HbIM JIOTKOM 6
yepe3 okHO 13, a co cratopom 3 — uepe3 O6okoBoe orBepcTre 8. KpuBomnuHelHbiil matpyook 9 Ha BOTHYTOI 1O-
BEPXHOCTH CHA0EH MPOJI0bHBIM OTBepCTHEM 11, MepeKphITHIM MOBOPOTHBIMHE KaTi03u 12.

Marepuan yepe3 3arpy304HBIN JIOTOK 6 momagaer B pabouyro 30HY JpcMeMOpaTopa IoJ yAapHOe BO3-
JeficTBHEe TaNbIeB 5 poTopa 2 U cTaTopa 3, Iie IPOUCXOIUT €ro MepBOHAYAIBHOE M3MeTbYCHHEe. 3aTeM IOJ
JEHCTBHEM CHIT TSXKECTH, IEHTPOOEKHOM CHITBI M CUIIBI a3POIMHAMHYIECKOTO BO3JICHCTBHS YaCTUIBI POXOIAT B
3a30pBl MEX/Ty MMANBLIAMH S U TTOCTYMAIOT Ha CIEAYIONIYIO CTyNeHb u3MenbpueHus. [Ipu 3ToM Marepuan, mpoxozs
OT IeHTpa aAncMeMOparopa K nepudepun, MoJBepraeTcsi HHTEHCHBHOMY HarpyKeHHIO, KOTOPOE MOCTENEeHHO
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BO3pacTaeT 3a CUeT YBEIWYEHHs] CKOPOCTH JBW)KEHHMs Jiornactell 4 poropa 2 ¥ yMEHBIICHHUS 3a30pOB MEXIY
nanbliaMu 5 cratopa 3 Ha KaXIoW THOCIeAyromel crynenn usmenbuenus. C nocnennei (mepudepuitHoii) cry-
TIEHN W3MENTbYEHHBIH MaTepuall COBMECTHO C BO3IYIIHBIM ITOTOKOM depe3 OOKoBoe oTBepctue 8 B craTope 3
TIOTIA/Ia€T B YCTPOWCTBO ISl BBITPY3KK Marepuana 7, TJie PU ero JBMKEHWHU 10 KPUBOJIMHEHHOMY natpyoky 9
M0J| ACHCTBUEM LIEHTPOOEKHOW CHIIBI TIPOUCXOJUT Kiaccu(uKanus yacTull. YacTuubl OoJbiero pamepa, JABHU-
XKYIIMECs 10 BHEITHEMY paJlycy KpHBOJIMHEHHOTo narpyOka 9, yepes okHo 13 momagaroT B 3arpy304HbIii JIOTOK 6
W BO3BPAIIAIOTCS Ha JOWU3MENbUYEHUE, B TO BpeMs Kak Oojee MENKHe YacTHIIbI, JBIKYIIUECS 110 BHYTPEHHEMY
paarycy KpUBOJIMHEWHOTro narpyoka 9, mpoxo/st uepe3 npoaosibHoe oTBepcTHe 11, mepekpriToe MOBOPOTHHIMU
xamo3u 12, ynanstores u3 qucMemMOpartopa. 3a c4eT M3MEHEHHs! yIjla YCTaHOBKH IUIaCTHH JKamo3u 12 nmpoucxo-
JUT peryiaupoBaHue (QpakIMOHHOTO COCTaBa FOTOBOTO IPOAYKTa M 00ECIeunBacTCs rapaHTUPOBAaHHOE TIOTy4e-
HUE U3METbUYEHHOT0 MaTepraa ¢ 3aJJaHHbIMH XapaKTepUCTUKaMU [4].

Puc. 1. lucmemOparopHast MEJIbHUIIA CO BCTPOCHHBIM KJIACCH(HKATOPOM

Metoauka npoBeIeHUs IKCIEPUMEHTAIbHBIX HCCIe0BAHMIT

B pamkax Hay4HO-HCCIIEIOBATEBCKOM pabOThI MO AKTUBAIIMHA MUHEPAIBHBIX BEIECTB MPOBOIUINCH MpuU
cepuu IKCNePUMEHMANLHBIX UCCTe008ANHUL

1) akTHBaIMs CIIEKABIIETOCA [ieMeHTa Mapku M500 ¢ mocrneyronmm 106aBieHneM HeoOpaboTAHHOTO MECKa;

2) aKTHBAIUS TIECKA C MOCIEAYIONUM T00aBIeHreM HeOOpabOTAHHOTO IEMEHTa,

3) aKTHBAIUS CIIEXKABIIErocs rumca mapku I'-5.

BHauasie ieMeHT, TUIIC WK TIeCOK MPONYCKAINCh Yepe3 JUCMEMOpaTop CO BCTPOCHHBIM Kiaccuduka-
TopoM (cM. puc. 1) niam 6e3 Hero NMpu pasInYHBIX CKOPOCTSIX BpallleHHs: POTOPa U PAa3JIMYHBIX YIlaX MOBOPOTa
KaJIIO3U KJ'IaCCHd)PIKaHHOHHOﬁ KaMephbl, IA€ OHU MOABEPTAINUCH JOIIOJHUTEIBHOMY IIOMOJIY U aKTHBAIlUHU. ITo-
clie 3TOro 13 00pabOTaHHOTO MaTepualia JIeJaTuCch ONBITHBIE 00Pa3Lbl, MPEACTABISIONINE COO0N KYOHKH ¢ pa3-
MepaMu 2X2x2 cM.

[Ipu M3roTOBIIEHUN ONBITHBIX 00PA3IIOB UCIIOIB30BATINCH MIPU PA3IUUHbIE MEMOOUKU.

1) B aKTUBHPOBAHHBII IEMEHT OOABIISUTUCH HEOOPaOOTaHHBIN TIECOK B COOTHOLICHHH 1/3 COOTBETCTBEH-
HO M BOJIa B BOAOLIEMEHTHOM cooTHomeHu: 0,4 U MepeMeIBaInCh B TCYCHHE OTHOH MUHYTHI;

2) B aKTHUBHPOBAHHBIH MMECOK 00ABISUTUCH HEOOPAOOTaHHBIN IIEMEHT B COOTHOMICHHH 3/]1 COOTBETCTBEH-
HO M BOJIa B BOJIOLIEMEHTHOM cOOTHOIIeHNH 0,5 U MepeMeIuBaIich B TCYCHHE OTHON MUHYTHI;

3) B akTUBHPOBAHHBIH TUIIC H00aBIsUTICh 0,5 YacTeld BOJBI, EPEMEIIHBAIICH B TEUCHUE OHOW MUHYTHI.

[NomyduenHbie TakUM 00pa30M OIIBITHBIE OOPA3IIbl BEIIEP)KUBAIICH B TedeHHne 3, 7 U 28 CyTOK W MOJIBEp-
TATUCh JANTbHEHIIIEMY HCIBITAHUIO Ha TIPOYHOCTh Ha ruapaBindeckoM mpecce MC-1000 [5; 6].

OMBITHBIC UCTIBITAHHUS TUCMEMOPATOPHOIl MENBHHUIBI (CM. pUC. 1) MPOBOMUIKCH TIPH YTIIe TIOBOPOTA JKa-
JII03M KJIacCU(pUKAIMOHHON kamepsl +30°, +15, 0° (pamuansHoe Hampasienue), —15°, —30° u ckopocTsx Bparie-
Hust potopa oT 2500 no 4000 06/muH ¢ marom 500 06/mMuH.

Pe3yabTaThl 3KCIIEPUMEHTATbHBIX HCCJIET0BAHMIA

Jnst mpoBeneHusi CPaBHUTEIBHOTO aHAIN3a PE3YJAbTATOB IKCIEPUMEHTAIBHBIX HCCIIEIOBAHUN BHavase
OBbLTH MOJYYCHBI JaHHBIC O MPOYHOCTH OOPA3IIOB, W3TOTOBJICHHBIX M3 HEAKTHBUPOBAHHOTO I[EMEHTA U THIICA.
Taxk, Harrpumep, nociie 3-CyTOUHOTO TBEPJESHUS TPOYHOCTh HEAaKTUBHPOBAHHOTO IleMeHTa coctaBmia 5,25 MIla, a
MPOYHOCTh HEaKTUBHUPOBaHHOTO rurica — 2,81 MIIa. Tlocie 7- u 28-cyTo4HOro TBEpACHHS POYHOCTh HE AKTUBH-
poBanHOTO 1IeMeHTa coctaBmia 7,23 u 10,32 MIla coOoTBETCTBEHHO, a MPOYHOCTh HEAKTUBHPOBAHHOTO THUIICA —
4,23 u 5,01 MIla cooTBETCTBEHHO.

OCHOBHBIE Pe3yJIbTaThl HKCIICPUMEHTATIBHBIX UCCIISIOBAaHUH OBUTH 00Pa0OTaHBI M TMPEACTABICHBI B BUIIE
rpadpuueckux 3aBucumocteii (puc. 2-10).
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Ha pucynkax 2—4 npeacTaBieHbl 3aBUCUMOCTH U3MEHEHHsI TIPOYHOCTH [IEMEHTHOTO KaMHsI OT CKOPOCTH 00-
PabOTKU IIEMEHTA | YTJIa TOBOPOTA KAJFO3U MPH 3-, 7- 1 28-CyTOUHOM CPOKaX TBEPICHUS 00pa3lOB COOTBETCTBEHHO.
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Puc. 2. lI3MeHeHHe IPOYHOCTH IEMEHTHOTO KaMHsI B 3aBHCHMOCTH OT CKOPOCTH 00pabOTKH IIeMeHTa
U yIJIa IOBOPOTA XKAIFO3M IPH 3-CYTOYHOM CPOKE TBEPJICHHS 00pa3LoB
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Puc. 3. Usmenenue NPOYHOCTU LHEMEHTHOT'O KaMHA B 3aBUCUMOCTHU OT CKOPOCTHU 06pa6OTKI/I HEMCHTa
U1 yrjia mOBOpOTA XKaJlkO3U NpU 7-CyTO'-IHOM CPOKE TBEPpACHUA 06p3,3LIOB

MaxcuMainpHas MPOYHOCTb HEMCHTHOT'O KaMHA (KaK BUIHO U3 PUCYHKOB 2—3, M 0 YEM CBUJCTCIILCTBYCT

pucyHOK 4) HabJroaeTcsl Py JIMHEHHOM ckopocTu potopa nucmembparopa 31,5 m/c (4000 06/MuH) 1 yrite no-
BOpOTA KATIO3M KJIacCU(PUKAMOHHOM Kamepbl +30° He3aBUCHMMO OT CpoKa TBepAeHHs o0pa3uoB. s naHHOU
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YacCTOThI BpalllCHUS pOTOpa U MIPU JaHHOM YTJIC IIOBOPOTA KAJIKO3U MPOYHOCTH o6pa311013 HOEMCHTHOI'O KaMHA U3
AKTUBHUPOBAHHOI'O HEMCHTA YBCJIMYWJIACH 110 CPABHCHUIO C o6pa3uaMH N3 UCXOOHOTI'O (HeaKTHBHpOBaHHOFO) e-

MeHTa Ha 29,9, 38,6 u 39,3 % mipu 3-, 7- u 28-CyTOYHOM CpPOKE TBEPJCHUS 00pa3IlOB COOTBETCTBEHHO.

Puc. 4. lI3ameHeHue NPOYHOCTU HEMEHTHOT'O KaMHsA B 3aBUCUMOCTHU OT CKOPOCTHU O6pa60TKI/I HEMEHTa

Ha pucynkax 5—7 npeacTaBieHbl 3aBHCHMOCTH M3MEHEHHUs MMPOYHOCTH IIEMEHTHOTO KaMHS OT CKOpO-
CTH 00pabOTKH IeCKa U yIiia MOBOPOTA JKATFO3H NPH 3-, 7- U 28-CyTOYHOM CPOKaX TBEpAEHHs 00pa3IOB COOT-
BETCTBEHHO.
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1 yTJia MOBOPOTA JKAIIFO3H MPH 28-CyTOYHOM CPOKe TBEpICHHsS 00pa3ioB
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Puc. 5. U3menenune MPOYHOCTH HEMEHTHOI'O KaMHS B 3aBUCUMOCTHU OT CKOPOCTH 06p360TKI/I Tnecka

U yIJIa IOBOPOTA XKAIFO3U NPH 3-CYTOUHOM CPOKE TBEPJICHHS 00pa3LoB
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Puc. 6. lI3MeHeHe IPOYHOCTH IEMEHTHOTO KaMHsI B 3aBHCHMOCTH OT CKOPOCTH 00pabOTKH Hecka
1 yIia IOBOPOTA JKAIFO3HU IIPH 7-CyTOYHOM CPOKE TBEPICHHUS 00pas3IoB
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Puc. 7. VI3MeHeHHe TPOYHOCTH IIEMEHTHOTO KaMHS B 3aBUCHMOCTH OT CKOPOCTH 00pabOTKH necka
Y yIJIa IOBOPOTA JKAITFO3H MPpH 28-CyTOYHOM CPOKE TBEPACHHUS 00pa3lioB

AHanM3 3aBUCHMOCTEH, MPEACTAaBICHHBIX Ha PUCYHKaX 5—7, TO3BOJIMII C/IENAaTh BBIBOJ, YTO MaKCHMAIlb-
Has MPOYHOCTh IIEMEHTHOTO KaMHs HAOJIOAAeTCs MPHU JMHEHHOW CKOPOCTH poTopa aucMmeMbOpartopa 31,5 m/c
(4000 06/MuH) U yIiIe TOBOPOTA JKATIO3U Kiaccu(UKamoHHON Kamepbl +3(0° He3aBHCHMO OT CPOKa TBEPICHHUS 00-
pa3uoB. [[yns [aHHOW YacTOTHI BpallleH!s: POTOpA M MPH JIaHHOM yIiie MOBOPOTA XKAIFO3U IPOYHOCTh 00pasIoB 1ie-
MEHTHOT'O KaMHs 13 aKTHBUPOBAHHOTO I1€CKa YBEJIMYMIACH 110 CPABHEHHIO C 00pa3iiaMH U3 HCXOJHOTO (HEeaKkTHBH-
poBanHoro) necka Ha 31,1, 39,1 u 38,8 % mipu 3-, 7- u 28-cyTOUuHOM CpOKE TBEP/ICHHSI 00Pa31I0B COOTBETCTBEHHO.

84



HPOMBIIIJIEHHOCTb. T[IPUKJIA/THBIE HAYKH. Mawunosedenue u mawunocmpoerue

MNe 3

Ha pucynkax 8—10 npescraieHbl 3aBUCAMOCTH H3MEHEHHSI IPOYHOCTH TMIICOBOTO KaMHSI OT CKOPOCTH 00-
paOOTKH TUIICA U yTiIa TOBOPOTA KAJFO3M TIPH 3-, 7- U 28-CYyTOYHOM CpPOKax TBEPJCHUS 00pa3I[OB COOTBETCTBEHHO.
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Puc. 8. VI3mMeHeHHE TPOYHOCTH TUIICOBOTO KaMHS B 3aBHCUMOCTH OT CKOPOCTH 00pabOTKH THIIca
U yIJIa TOBOPOTA XKAIFO3M NPH 3-CYTOYHOM CPOKE TBEPJICHHs 00pa3LoB
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Puc. 9. MI3MeHeHNe TPOYHOCTH THIICOBOTO KaMHS B 3aBHCHMOCTH OT CKOPOCTH 00paboTKH TUrca
1 yIJIa IOBOPOTA XKAFO3U NPH 7-CyTOYHOM CPOKE TBEP/ICHHs 00pa3LoB
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Puc. 10. VI3MeHeHHE IPOYHOCTH MMIICOBOTO KAMHSI B 3aBHCHUMOCTH OT CKOPOCTH 00pabOTKH rurca
Y yIJIa IOBOPOTA JKAITFO3H MPH 28-CyTOYHOM CPOKE TBEPACHHUS 00pa3lioB

Kak BugHO 13 pucynkoB 8§—10, MakcuMalibHasi MPOYHOCTH TUIICOBOTO KaMHs HAOJIO1aeTCsl IpH JIMHEH -
HOW CKOpocCTH poTopa mucmemoOpartopa 31,5 m/c (4000 06/MHH) U yTIIe TOBOPOTA KO3 KIIACCH(UKAITNOH-
HOM KamepsI +15° He3aBHCHMO OT CpoKa TBepAeHHS 00pa3noB. [iisg TaHHON 9acTOTHI BpAIleHUs POTOpPA U MPH
JIAHHOM yTJIE TI0BOPOTA KO3 MPOYHOCTh 00Pa3IOB THIICOBOTO KaMHsI M3 aKTHBHUPOBAHHOTO TUIICA YBEJIH-
YHJIach TI0 CPABHEHHIO C 00pa3laMy M3 MCXOAHOTO (He akTHBHUPOBAHHOTO) ruica Ha 44,1, 44,9 u 23,4 % nipn
3-, 7 1 28-CyTOYHOM CpOKe TBEpACHHsI 00pa3I[0B COOTBETCTBEHHO.

MaremaTnyeckasi 00padoTKa pe3y/JbTaTOB IKCIIEPUMEHTAIBHBIX HccIe10BaHuil. [ nanpHenIero
MPaKTHYECKOTO HMCIOIb30BaHUS PE3yNNbTaThl SKCIEPHUMEHTAIBHBIX HCCIEJOBAaHNH OBUTH MaTeMaTH4YecKH oOpa-
0OTaHBI C LIENBI0 YCTAHOBJICHHS AHATMTUYECKOW 3aBHCUMOCTH MEX]Y JIMHEHHON CKOPOCTBhIO POTOpa, YIrioM
MIOBOPOTA JKANI03 KITaCCH(PUKAIMOHHON KaMephl U NMIPOYHOCTHIO 00Pa3LiOB LIEMEHTHOTO MJIM TMIICOBOTO KaMHS
Ha C)KaTHe TPH Pa3IMYHbIX CPOKaX €ro TBepiAeHMs. Hipke mpuBeneHbI 3aBUCUMOCTH, MOJIYYCHHBIE 1T0CIIEe MaTe-
MAaTU4ECKON allIpOKCUMAaLH.

3aBUCHMOCTh IIPOYHOCTH IIEMEHTHOIO KaMHsI (IIPU HCIIOJIb30BAHUM AKTUBHUPOBAHHOTO LIEMEHTA) IOCIE
3-CyTOYHOTO TBEpAEHHUS OT JIMHEHHON CKOPOCTH POTOPA 1 YIJIa IIOBOPOTA JKAIIO3H KJIACCH(PUKALIIOHHON KaMephl:

6=726-0,39v—031¢+ 021"+ 0,0009¢>+ 0,01y ¢ — 0,0003v >+ 2,28¢°— 2,56v ¢>— 0,0002v g, (1)
rie 6 — MPOYHOCTh OOpasiia IIeMEHTHOro KaMmHsi Ha cxkarue, MIla: v — nuHeliHas CKOpPOCTh poTopa, M/c;
( — YroJl IOBOPOTA KAI03U KITaCCU(HKAIIMOHHON KaMepBbl, TPajl.

3aBUCHMOCTh IPOYHOCTH IIEMEHTHOTO KaMHsI (IIPY WCIIOJIb30BAaHUHM aKTUBHUPOBAHHOTO IIEMEHTA) IOCIe
7-CYyTOYHOTO TBEPJICHHUS OT JIMHCHHOU CKOPOCTH POTOPA U YIjIa MOBOPOTA YKAITIO3H KITaCCH(PUKAIIMOHHON KaMephI:

o= 12871,08 + 375,86v*>Inv + 2357,36-(Inv)* + wiﬁi— 10353,181”° - 0,005¢ — 0,0005¢° + 2,65¢°+ 9,31¢*. (2)
nv

3aBUCUMOCTD MNPOYHOCTH HEMEHTHOT'O KaMHs (HpI/I N CIOJIb30BAHUN aKTUBHUPOBAHHOTO HeMeHTa) Imo-

cie 28-cyTOUHOro TBEPJEHHs OT JIMHEHHOI CKOpOCTU POTOpa M yrila MOBOPOTA JKAIIO3M KiIacCU(UKAIMO H-
HOW KaMephl:

6 =24030,52 — 16?56’15 10|4291950’2 - 1251825’4 +6,030 + 4,38(;)3 +20677,08-¢"" + 1,47e.
nv nv”

Inv

©)
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3aBHCHMOCTb IPOYHOCTH LEMEHTHOTO KaMHS (IIPH HMCHOJIb30BaHWH aKTHBHPOBAaHHOTO II€CKa) MOCIe
3-CyTOYHOTO TBEPJCHHUS OT JIMHEHHOI CKOPOCTH POTOPA U YIila OBOPOTA JKAIFO3H KIaCCU(PUKAIIMOHHOM KaMephl:

6=-53,11-0,23vInv + 55,45-¢" — 0,0005¢° + 2,82¢°+ 1,2¢°. @)

3aBUCUMOCTD IIPOYHOCTU LEMEHTHOTIO KaMHSA (HpI/I HCIOJIb30BAHNN AKTUBHUPOBAHHOI'O HeCKa) IociIe
7'CyT0'-IHOF0 TBEPACHUA OT JINHEWHOU CKOPOCTH pOTOpa U yriia MoBOPOTa KaJIH031 KJ'IaCCPI(l)PIKaHPIOHHOﬁ KaMephl.

o =18147,79 — 17,44 v"° + 1765,32-¢" — 342,79(Inv)’ +74|3’ﬂ+ 6,710 +4,52¢° — 21124,28-¢" + 1,69-¢—°. (5)
nv

3aBI/ICI/IMOCTI> HpO‘IHOCTI/I IIEMCHTHOI'O KaMHs (l'lpI/I HUCIIOJIB30BAHUHN aKTI/IBI/IPOBaHHOFO necxa) TI10CJIC

28-CyTOYHOTO TBEPICHHUS OT JIMHEHHOI CKOPOCTH POTOPA U YIJIa MOBOPOTA JKAJI03U KIIACCU(PUKAIIMOHHOM KaMephl:

111645,36-Inv N 580142,56 1469692,9 13546661

G =14466,34 — > = +6,330+5,25¢° 13693, 716" +2,28¢°. (6)
' v

\% A% vV

3aBHCHMOCTh IIPOYHOCTHU THUIICOBOTO KaMHSA (HpI/I HCIIOJIb30BAHUU aKTUBHUPOBAHHOIO mnca) ImocJIec
3'CyTO‘-IHOFO TBEPACHUA OT JIMHEHHOMN CKOPOCTH POTOpA 1 yrijia moBOpOTa KaJIO3U KHaCCH(l)HKaHHOHHOfI KaMephbl:

3420,528
\Y%

85013,07

5 —
A%

G=-40,6+ ~0,0003¢ — 0,0003¢ +

0,06¢ N 6789131, 08 1,.85¢° +
v \Y%

0,006¢> 0,007
® 220 )
A% A%

3aBHCUMOCTh MIPOYHOCTHU THUIICOBOIO KaMHA (HpI/I HCIOJIb30BAHUN AKTHBHUPOBAHHOI'O FI/IHC&) II0CJIC
7-CyTOLIHOFO TBEPACHUS OT JIMHEHHOM CKOPOCTH pOTOpPa U yTIJia MOBOPOTA KaJIt03U KJ'IaCCPI(bPIKaHPIOHHOﬁ KaMephl:

o =-1906,2-147,55v +66,97vInv —7,72v* +1,35v*In v —1,69¢ — 2,92¢° +2318,87e” —1,11e . ()]

BUCHMOCTb IPOYHOCTH THIICOBOIO KaMHs (IIPH HCIOJB30BAaHWM aKTUBHPOBAHHOIO THIICA) IIOCH
3aBHCHMOC OYHOC COBOTO Ka CIIOJIb30Ba aK OBaHHOTO ca) mocnue
28- CyTOYHOTO TBEPICHUS OT JIMHEHHON CKOPOCTH POTOpA ¥ YIJIa OBOPOTA JKAITIO3H KJIACCH (PUKALOHHON KaMepbl

129141,98Inv . 670422,92 1696020,2 15601816

15 2
A%

G =16664,55— +7,29¢+5,99¢° +15768,51e° + 2,566 °. (9)

A% v vV

PacxokaieHre MPOYHOCTH LEMEHTHOTO (TMIICOBOTO) KaMHs MPH HCIOJIb30BAaHUH aKTUBHPOBAHHOIO Iie-
MeHTa (TUIICa) WK TIecKa, ompeessieMol npu momoinu 3aBucumocteit (1)—(9), oT pe3yabTaToB, MpeACTaBIeH-
HBIX Ha pucyHKax 2—10, coctaBiuser 5...7 %.

3axJio4yenne. 1o pe3ynpTaTaM KOMIUIEKCHBIX 9KCIIEPHMEHTAIbHBIX UCCIICNOBAaHUM Mpoliecca akKTHBALIMU
[EMEHTHOTO BSDKYILErO U MecKa B AMCMEMOpPaTopHOH MENBHHIE CO BCTPOCHHBIM KIACCH(UKATOPOM MOXKHO Cle-
JaTh CIEIYFOLINE BEIBOIBI:

- JUTS TIOJY4YEHHs] MAaKCUMAJIbHOW MPOYHOCTH OOpa3LoB IIEMEHTHOTO KaMHS NPH aKTUBALUK LIEMEHTa HJIN
TecKka ONTUMabHas CKOPOCTh BpallleHHsl poTopa aucMeMOpaTopa norkHa coctaBiats 31,5 m/c (4000 o6/mun),
YroJl IOBOPOTA MKAIO3U KIIACCH(DUKAIIMOHHOW Kamephl J0JDKeH ObiTh +30°, a ONTUMAaNbHOE BpeMsl TBEPICHUS
00pa3ioB — 28 wiu 7 CyTOK COOTBETCTBEHHO;

- TIpY ONITHMAJILHOI CKOPOCTH BpalleHus: potopa aucmeMmoparopa 31,5 m/c (4000 06/MuH), yrie moBopo-
Ta JKaJII03U KJIACCU(PUKAIUOHHON kamepbl +30° u nocie 28-CyTodHOro TBEpCHHUsS] MaKCUMAaTIbHOE YBEITHUCHUE
NPOYHOCTH 00pa3LOB IEMEHTHOIO KaMHs M3 aKTHBUPOBAHHOT'O LIEMEHTA 110 CPAaBHEHHIO ¢ 00pa3iaMy U3 UCXO -
HOTO (HEaKTHBHPOBAHHOTO) IleMeHTa cocTaBiseT 39,3 %;

- TIpH ONTHMAILHOW CKOPOCTH BpallleHus potopa aucMemobparopa 31,5 m/c (4000 06/mMuH), yrite TOBOpO-
Ta KaTI03U KIaCCH(PUKAIIMOHHOM Kamepsl +30° U mocne 7-CyTOYHOrO TBEPCHHS MaKCHMAlIbHOE yBEIHYCHHE
MPOYHOCTH 00PA3IOB [[EMEHTHOTO KaMHS M3 aKTHBUPOBAHHOT'O MECKa 110 CPABHEHHIO ¢ 00pa3liaMy U3 HCXOHO-
ro (HeaKTHBHPOBaHHOTO) necka cocranisieT 39,1 %;

- JUTS TIONYYeHHUS MaKCHUMAIbHOW MPOYHOCTH 0OPA3IOB THIICOBOrO KaMHS MPU aKTHBAI[MH THIICA OIl-
TUMaJbHas CKOPOCTh BpaIIeHHUS pOTOpa JucMeMOpaTopa JoimkHa cocTaBisiTh 31,5 m/c (4000 06/mMuH), yron
MOBOPOTA JKATIO3H KIAacCH(HUKAIMOHHON KaMepsl A0JDKeH ObITh +15°, onTHMansHOE BpeMsi TBEpIeHUs 00-
pa3noB — 7 CyTOK;
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- TIpH ONTHMAILHOW CKOPOCTH BpallleHus potopa aucMemoparopa 31,5 m/c (4000 06/mMuH), yriie TOBOpO-
Ta XKaT03U KIacCH(PUKAIMOHHON KaMephl +15° U mocie 7-CyTOYHOTO TBEPJCHUS MaKCUMAILHOE YBEIHUCHHE
MPOYHOCTH 00PA3IOB TMIICOBOTO KaMHS U3 aKTUBUPOBAHHOT'O TUIICA IO CPABHEHUIO C 00pa3IaMu U3 HCXOIHOTO
(HEaKTHBHPOBAHHOTO) TUIICa cocTaBisieT 44,9 %;

- TIONY9YEHBI aHAMTHYECKUE 3aBUCHMOCTH MPOYHOCTH IIEMEHTHOTO (IIPH HCIOIH30BAHNU aKTUBUPOBAH-
HOTO IIEMEHTa WJIM TIecKa) W THIICOBOTO KaMHS ITIOCIIE PAa3IMYHBIX CPOKOB TBEPICHHS OT JIMHEHHON CKOPOCTH
poTopa W yriia MOBOPOTA KAIMO3W KIACCH(PUKAIMOHHOW KaMephl ArCMeMOpaTopa, MOTPEIIHOCTh KOTOPHIX OT
MIPUBEJICHHBIX SKCIIEPIMEHTAFHBIX TaHHBIX He MpeBbImaet 5...7 %.
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Hocmynuna 18.01.2014

DEMONSTRATE HOW DISMEMBRATORNOY MILLS WITH INTEGRATED QUALIFIER
FOR RESEARCH OF ACTIVATION CEMENTITIOUS MATERIALS

A. GARABAZHIU

This article describes the design and operation of high performance dismembratornoy mill with
integrated classifier. Describes the methodology of experimental studies of the activation process of cement and
gypsum binders based on this mill. The results of experimental studies have provided a graph of changes in the
strength of the cement (gypsum) stone on the processing speed of cement (gypsum) or sand and angle of the
camera shutters classification under different terms of curing samples. A mathematical treatment of the results
of experimental studies.
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