BeeneHue lNMpun nccrenoBaHnm XxapakKTepPUCTUK TOPEHNS SHEProHacChIWEeHHbIX
MaTepuasioB NCNONb3YIOTCHA CTEeHAbI, NpeacTaBnsowme cobornm MaHOMeTpU4ecKme
cocynbl C cnctemMamu peructpaunn gasneHusa. CyTb uccnenoBaHuUn 3aksao4aeTcs B
onpeneneHnmn 3aBUCMMOCTN AABNEHUA B cocye CTeHOa OT BpeMeHU ropeHuns
obpasua. B KazaHCKOM HauMOHaIbHOM NCCNef0BaTe/IbCKOM TEXHOJI0MMYeCKoM
yHuUBepcuTeTe nofgobHbie CTeHAbl UCNONb3YOTCA Npu pa3paboTke U nccnegoBaHuUn
YCTPOWCTB U COCTAaBOB Ha OCHOBE 3HEProHacChILEHHbIX MaTepunanoB, NMPUMEHSEMbIX
ana 0bpaboTkn HePTAHLIX CKBaXkUH [1,2,3,4]. 9Tn ycTponcTBa 06/1a4atoT HU3KON
CKOPOCTbIO FOPEHNS U yAeNbHOro razoobpasoBaHns, 4TO B YC/I0BUAX NCMbITAaTENbHOIO
cTeHAa cnocobcTByeT MeAsIeHHOMY MOBbILLIEHWIO AaBAeHUsA. JAnTeNnbHOCTb npouecca
MOBbILUEHNA OaBJ/IeHNA 00 MaKCMMaJsibHOro 3Ha4Ye€HNA COCTaB/IAET OT HECKOJIbKUX
CeKYH[I 00 HEeCKOJIbKMX MUHYT. [1pn 3TOM NCNOJIb3yeTCcsa peructpupyrowias
annapaTypa C HU3KNMUN YaCTOTHbIMU XapakKTepuctukamu. lNpu nccrenosaHum
COCTaBOB C BbICOKOM CKOPOCTbIO FOPeHUs yaebHOro razoobpa3oBaHnsa ncnosib3yeTcs
annapaTypa C BbICOKON YaCTOTOM perncrpaunmn gaHHbiX, a 4IMTeNIbHOCTb npoLuecca
CoCTaBAseT A0JM CeKyHAbl. B nocnegHue rogbl Bce bosbllee pacnpocTpaHeHue
Mosy4atoT KOMMJIEKCHbIE MeTOAbl BO3OENCTBUSA, COHEeTaloLWMe pa3inyHbie BUabl
BO34ENCTBUA B OOHOW CKBa>XMHHOM onepaunn, HanpuMmep KOMMJjieKCHoe yCTPONCTBO,
onucaHHoe B paboTe, No3BosisoLLEEe OL4HOBPEMEHHO NMPOM3BOANTbL NepdopaLmio n
KUCNOTHY0 06paboTKy npmnsabonHon 30HbI [5]. JanbHenwee coBepLUEHCTBOBaHNE
OAHHOro yCTPONCTBa BKJIOYaeT pa3paboTKy KOMOMHMPOBAHHbLIX 3apagoB.,
coyeTarwWmMx measnieHHoropsawme n beicTporopsiLive sHeproHachlLLeHHbIe MaTepuarnsbl,
C nepepaYvyen ropeHns ot MegJieHHoropsauwero K dbicTporopswemy. Pernctpauns
DaBNEeHNsS BO BPEMEHN KOMBMHNPOBAHHLIX 3apsA0B 3aTPYAHEHA, MOCKOJIbKY
NMPUMEeHeHne HN3KO4YaCTOTHOW annapaTypbl HE NO3BOJIAET OCYLLEeCTBUTb perncTpaumio
CKayka passieHns oT bbicTporopsawero 3apsaga. Npn ncnonb3oBaHum
BbICOKOYACTOTHOW annapaTypbl 419 NPOTEeKaHNA MeLJIeHHO NpoTeKaLwmx npoLeccos
HeobX0AMMbl BbIYHNCINTENbHbIE CUCTEMbI C OFPOMHbIMU 0O beMaMmM onepaTUBHOMN
namMaTn. IKcnepnMmeHTasbHaga YacTb C Lenbio NoIHOLEHHOW perucTpaunn npogpuien
haBJieHNss KOMOUMHMPOBaAHHbLIX 3apsAA0B COTPYAHUKaMn Kadenpbl TTXB npyMeHeHa
CTaHumsa peructpaunn gasneHnsa Hemesa 10000 € Nnbe303N1eKTPUYECKUMN AaTYHUKAMN
Tnna PCB, nmerowmmMmm BCTPOEHHbLIN YCUINTENb CUFHANa U peryanpyemMyto 4actoTy
obpaboTkun cnrHana. Cxema nabopaTopHOro cteHaa npencrasneHa Ha puc. 1.1 -
aNeKTpuyeckas nnuHuS; 2, 8 - Kpblwka; 3, 7 - npobka; 4 - npefoxpaHuTesibHbIN
KnanaH; 5 obpasel; 6 - KopnycC yCTaHOBKW; 9 - Nbe303/1eKTpU4ecknim gatyumk; 10 -
nnHMa cbpoca gasneHuns; 11 - peructpupyrollas annapaTtypa; 12 - nyckoBoe
ycTponcTeo Puc. 1 - Cxema nabopaTtopHoOro cteHaa bbisin nposefeHbl 3KCNEPUMEHTDI
Mo perncTpaunm Npouasa AaBieHns B npoLecce ropeHns KoMOMHUPOBaHHbIX
3apanoB Npu YacTtoTax pernctpaumm curHanos 50, 100 n 150 klMy,. YcTaHOBNEHO, 4TO
npu 4actoTax 100 n 50 kly pannbl C pesyabTaTaMm NMEIOT HEBLICOKYIO EMKOCTb, 4TO
MO3BOIIET BbINOJIHATL UX onepaTMBHY 06paboTky. OgHako npu 50 Ky Nnpodunnb



nasneHns boicTporopsLero 3apaga UMeeT 3Ha4YuTeNbHOE PacXoXKAeHMe B
MaKCUMabHbIX 3HAa4YeHNSX B BbIBOPKM 13 AecAaTu akcnepmmMmeHToB. Mpn 150 Ky
hannbl NMelT 3HaYUTeNbHbIN 06beM, 4TO 3aTpyaHaeT 06paboTKy pe3ynbLTaTos,
MO3TOMY AOJ18 BbINOJIHEHMS TECTOBbIX UCMbITaHUN nabopaTopHOro cteHaa 6110
peweHo BbibpaTb paboyyto YacToTy 100 KIMy. Ha HavYasbHOM 3Tane TeCTOoBbIX
NCNbITaHUW BbIMOJIHEHO UCCef0BaHNE OBYXC/IOMHbIX KOMOMHUPOBAHHbLIX 3apsAa0B,
COCTOAWMX N3 MeJJIeHHOropsAWwero coctasa 1 BbiICTporopsAwero coctasa C
Pa3/INYHbIMN XapaKTeEPUCTUKaMN ropeHns. B kKavyecTBe MmegneHHoropsuwero obin
NCMOJIb30BaH 3HEProHachILWEeHHbLIN MaTepuas TEPMONCTOYHMKA, COCTOALWMN U3 72%
HUTpaTa aMMoHus, 25% anokcmaHoro komnayHaa n 3% buxpomaTa Kanums.
BbICTpOropsALWmMnM aHEProHacCbILLEHHbIN MaTepuas COCTOSA U3 OKUCIUTENS U roptoYero
B cooTHoweHunax 50/50 n 75/25. Ha puc. 2 npeacTtaBiieHbl pe3yfibTaTbl perncrpaymm
nponasa AaBAeHNA NpU CropaHUM KOMOBMHMPOBAHHOIO 3apsaa 13
MeLIeHHOropsLero sHeproHachIWeHHOro Matepumana n belcTporopsawero ¢
COOTHOLEeHMeM okucnuTens un roptodero 50/50. beicTporopsawmin 3apsag 6bin
chopMUpoOBaH ABYMS LUALLKaMWU BbICOTOM 18 MM Ka)Kaasa n gnameTtpom 54 mm. lMpwu
CropaHnn MenJsIeHHOropsLwWmim CoCTaB B Te4eHnn 44 ¢ co3gan npegBaputenbHoe
nasneHuve B cteHae 1 MlMa. anee ropeHne nepenanocb Ha bbiCTporopawmn 3apaa,
KOTOpPbIA Cropen B Ted4eHun 14,6 c. 3apernctpmpoBaH MOMEHT rnepexoa rnpowecca
rOPeHMsa OT OQHOW LWALLKK K ApYyron npuMmepHo B obnactm 60 MlMa. BepoATHO, Npw
N3roToBJIEHUN OMbITHbIX 06pa3uoB 06pa3oBasics BO3AYLIHbLIA 3a30p MeXXAy Wallkamu,
4YTO W NPUBESIO K 3aflep>XKKe nepefavn ropeHns oT OOHOWN WaLLKN K ApPYron.
CoyeTaHMe 3HeproHachbILWEeHHOro MmaTepunana: MegaeHHoropAawmnim / ObICTporopAaLwmnin ¢
COOTHOLeHneM okucnutens u roptoydero 50/50 Puc. 2 - NMpodunb fasneHuns rnpu
cropaHum KoMmbmHupoBaHHOro 3apsana ObpaboTka pe3ysibTaTOB 3KCNEPUMEHTA
rMo3BOJIAET OMNMpenesMTb CKOPOCTN FOPEHNSA COCTAaBOB B C/lefYOWMX gnanasoHax
DaBsieHNA: MeJIeHHOropsALMM COCTaB MMeeT CKOPOCTb ropeHusa 0,68 mm/c B
Anana3soHe gasneHun ot 0 go 1 MMa, a beicTporopawmn 2,47 mMm/C B AnanasoHe oT
1,0 no 9,6 MlMa. 2T 3Ha4YeHNA COOTBETCTBYIOT 3HAYEHUAM MOJIYYEHHbIM pPaHHee Npu
nccnenoBaHMM SHEProHachbIWEHHbIX MaTepnasioB B BUAe MHAMBMAyanbHbIX 3apsaoB. B
cnepytouleM sTane nccaenosanmcb KOMOUHMPOBaHHbIE 3apsaabl U3
MeasIeHHOropsLLEro SHEProHaChIWEHHOro MaTepuana n beicTporopsawero
COOTHOLLUEHMEM OKUCAUTENA U roptodero 75/25. PesynbTaThl, NpeacTaB/ieHHbIE Ha
puC. 3 NOKa3bIBAlOT, 4TO MeOJIEHHOropsALWMin COCTaB co3fas npengBapuTenbHoe
nasneHune 4,2 MlMa n cropen 3a 14,5 ¢, 4TO COOTBETCTBYET CKOPOCTU FropeHns (npwu
BbicoTe 3apsaa 30 mm) 2, 07 MmM/C. bbiCcTporopswmm coctas Npu BbicoTe 33,85 MM
cropen 3a 0,5 c B gnanasoHe gassieHun ot 4,2 no 8,8 Mla, 4To cooTBEeTCTBYeT
CKOpoCTu ropeHus 67,7 mm/c. CoyeTaHMe 3HeproHacbILLeHHOro MaTepuana:
MeasIeHHOropALWmMn / 6bICTPOropsAaLLMN C COOTHOLLUEHVNEM OKUCTTUTENS U FOproYero
75/25 Puc. 3 - Mpodunnb fasneHns rnpu cropaHnm KOMOMHMpPoBaHHOro 3apsaaa Ha
cnepyrouem starne onpenesnsanm xapakTepucTUKN ropeHns TpexCcrionHbIX



KOMBMHMPOBAHHbIX 3apSA40B B C/leAyOLWEeM COYETAaHNMN SHEPIrOHAChILLEHHbIX
MaTepuasnoB: MeasieHHoropawmn / beicTporopawmn (75/25) / MmeaneHHOr opsLwmn.
CoyeTaHMe 3HeproHacbILWEHHOro MaTepnana: MegaeHHoropAawmnin / ObiICTporopAawmnin ¢
COOTHOLLUEHMEM okucnuTensa un roptoyero 75/25 / megneHHoropawmn Puc. 4 - Mpodunb
OaBNeHNsa Npu cropaHm KoMbMHMpoBaHHOro 3apsaaa N3 puc. 4 BUOHO, 4TO NMepBbIn
Me[JIeHHOropsAL MM cocTas cropen 3a 31 ¢ co3nas nasneHuve 2,2 MlMa. Taknum obpasom
CKOPOCTb ropeHuns B guanasoHe gasseHun ot 0 go 2,2 Mla coctasuna 0,97 mm/c.
BbicTporopsawmm coctas cropen 3a 0,7 c npu BbicoTe 3apana 36 MM, 4TO
COOTBETCTBYET CKOpOCTU ropeHus 51,4 mm/c. lanee ropeHne nepenanocb Ha BTOPOW
MeLJIEHHOropsALni 3apan, KOTOpbIN B MHTepBasie gasaeHun ot 5,9 oo 7,7 MlMa 3a 6 ¢,
YTO COOTBETCTBYET CKOPOCTM ropeHnsa okosio 5 mM/c. BbiMoNIHEHHbIE pacyeThbl
MOKa3blBalOT, 4TO NPV NPOBEAEHNN IKCNEPUMEHTA MOXKHO NMPOCaeanTb 3aBUCUMOCTb
CKOPOCTU ropeHus oT AManas3oHOB faBJsieHNs B CTeHAe. 3aktyeHune MNosydYeHHble
pe3ysbTaTbl UCCNEeLOBAaHUN CBUAETENbCTBYIOT O BO3MOXXHOCTU perncrpaumnm
npoguien gasneHnsa B 1abopaToOpHOM CTeHAE NPU FOPEHUN KOMOUHMPOBAHHbIX
3aps4o0B C coMeTaHMeM MefJIeHHOropAWwmnX U BbICTPOropsaLMX SHEPTrOHACKILWEHHbIX
MaTepunanos. [Mpn 3TOM NoNyYeHHbIE KpMBbIe MOryT BbITb N1Ierko obpaboTaHbl C LeNbIo
MOJIYy4eHUS 3HAYEHUN CKOPOCTU FOPEHNSA N ee 3aBUCUMOCTW OT AMana3oHOB AaBleHUS.
MpenMyuwecTBoOM CTeHAA ABAAETCA BO3MOXHOCTb N3y4YeHUS KOMOUHMPOBaHHbIX
3apsA00B B €e4UHOM 3KCMepuMeHTe C Noly4YeHneM NMHpopMaL M He TOJIbKO O KUHEeTUKe
rOpeHns Ka)K4oro sHeproHachllWeHHOro Matepumana, HO 1 0 ABJIeHUN BOCMNJIaMeHeHus
N nepexone PPoHTa ropeHnsa Mexxay oTaes/ibHbIMU 3apagamMu



