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RUMNR-nLd gnpénn PN3-h 057 «RhJhwywl wefiun nghwubp»
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Tema auccepTauuy yTeepXaeHa B HaUMOHANbHOM MONTUTEXHUYECKOM
yHMBepcuteTe ApMeHum

Hay4HbIn pykoBoguTens: A.X.H., npod. A.O. ToHosiH
OduumanbHble ONMOHEHTbI 0.X.H. B.A. NeTpocsH

A.X.H., npod. A.l'. XayaTpsiH
Beaywias opraHmsaums WMHCTUTYT TOHKOW OpraHn4eckon XumMmMun um.

A. MHAXOsiHa Hay4YHO-TeXHONOrM4ecKoro LeHTpa
opraHuyeckon v cpapmMaLeBTUHECKOW XMMUHN

3awmra guccepraumm coctoutcsi 20-oro cents6psi 2016r. B 14°° Ha 3acenaHum
cneunanuaunposaHHoro coseta 057 “Xumundeckme texHonormn” BAK, npu HITYA no
agpecy: 0009, EpeBaH, yn. TepsiHa 105.

C anccepTtaumein MoXHO 03HaKoMUTbCst B 6ubnmoTeke HITYA.
AsTopedpepat pasocnaH 19 uonsa 2016r.

Y4YeHbilt cekpeTapb creumanvampoBaHHoro V///7 =
/2

coBeTa K.X.H., AOLIEeHT C.B. AHTOHSH
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OBLUAA XAPAKTEPUCTUKA PABOTDI
AkmyanbHOCMb meMbl

Bo3MOXHOCTb MCMonb3oBaHWA co3gaHHoW B 70-X rogax MpoLusioro cronetus
HecTaHAapTHOW, MHoroobeLlalollen TeXHONorMn - OpOHTanNbHOW NoNMMepusaumm,
aKTMBHO pa3BUBAIOLLENCS B NPUNOXEHUM K NepefoBbiM U BOCTpeboBaHHLIM MeToAam
CMHTE3a MONMUMEPOB W MOMIMMEPHbIX KOMMO3WTOB, HA CErOAHSLHUA [AeHb,
npeacTaBnAeTcad OOHVMM U3 BaXKHEWLIMX HanpaBneHWA pasBUTUS HayKOEMKMX
TEXHOSOMNN.

®poHTanbHasa nonuMepmnsauns N3BecTHa LWMPOKON Hay4HOW OBLLECTBEHHOCTU U
TEeXHOMoram, Kak YHUKamnbHbli MeTOA, NPULIEALUMA Ha CMEHY MHOFOTOHHAaXHbIM
3aBoaM CO CIOXHbIMWU TEXHOMOTMYECKUMW LiuKnamu, obecneunBaronii He TONbKO
nerkocTb, MNPOCTOTY W AOCTYMHOCTb, HO W BbICOKYIO MNPOU3BOAUTENLHOCT,
aHeprocbeperaTenbHOCTb, 0€30TXOAHOCTb UM 3Konormyeckyro  6es3onacHocTb
npoussoacTea. Kasanocb, TONMbKO 3TUX MEPEYUCIIEHHbIX AOCTOMHCTB JOCTaTOYHO,
4yTOO 3a KOPOTKUA MPOMEXYTOK BPEMEHW OT €ro OTKPbITUS [0 CErofHSALIHEro AHs
cTaTb OAHMM M3 CaMblX MOMNYNSPHbIX MPEeAMETOB, BKMOYEHHbIX B CNMUCOK
UCCrneaoBaHU  Hay4HbIX LIEHTPOB pasHbIX CTpaH Mupa, HO C  pasBUTMEM
COBpPEMEHHbIX BbICOKMX TEXHOMOMIA BbISICHUMOCh, YTO (DPOHTanbHas nonMMmepunsaums
HEHaBSA34YMBO BOLUMA U B HULLY COBPEMEHHbIX BbICOKMX TEXHOMOrUi, B TOM 4ucne
HaHOTeXHomnormn, obecneumBas pelleHne cepbesHbiXx npobnem no CcBOWCTBaM
NONMMMEPHBLIX  HaHOKOMMO3WTOB. ®poHTanbHaa nonumepusauns  obnapaet
YHUKanbHbIMW CBOWCTBaMW [ANs  CUHTe3a pasHbiX CLUMTBIX MONUMEPHbIX
cynepabcopbeHTOB C Ge3ynpeqyHon 4YMCTOTOM (OTCYTCTBUSI MCXOAHOrO SA0BUTOrO
MOHOMepa B MOMYYEHHOM rMaporerne), Npuyem Bce 3TO MMEET OYeHb CyLLEeCTBEHHOE
OOCTOMHCTBO -  BO3MOXHOCTb MOMYyYeHUs NPOAYKTOB MO 3apaHee 3aJaHHOM
nporpaMmMe C 3apaHee 3aJaHHbIMU CBOWCTBaMW. BbisicHWnoch, 4To dpoHTanbHas
nonvmepusaumsa Takke BOCTpeboBaHa B CUHTE3€ MONIMMEPHBLIX CBEPXMPOBOASALLNX
KOMMO3UTOB, KaK U MHOrO(YHKLMOHAamNbHbIX FPagUEeHTHbIX MaTepuarnoB, CroCOGHbIX
CNYXWUTb YMMaMU B MUKPOSNEKTPOHUKE (MUKPOYUNbI C rpagueHTHbIMU CBONCTBaMU) U
Ovonormn (gns TOYyHOro aHanusa 6uonorudeckux npob6). B cBeTe ckasaHHOro He
BbI3bIBAET COMHEHWS aKTyarbHOCTb T€Mbl OUCCEPTaLMOHHON paboTbl MO CUHTE3Y ”
UCCreaoBaHU0 HOBbIX CBOWCTB MPOAYKTOB, MOMNyYEHHbIX MeToAoM (hpoHTarbHON
nonumepusaumn. B pabote npeacTaBneHbl MccnegoBaHWS MO MOMYYEHWUIo
HaHOKOMMO3NTOB Ha OCHOBE akpunamuga, MeTurnMeTakpunata, ux CornonmMepoB U
NnonMMEepoB  MeTanncoaepXallero  akpunamumaa, HamoriHEHHbIX  He  TONbKO
NnonManCcnepCcHLIMU NOPOLLKAMU HEOPraHUYECKOTO Cbipbsi MECTHbIX MCKOMaeMbIX, HO U
HEOpraHMYeCKMMM HaHoYacTULaMu, MNpPeacTaBnSAlWMMN MHTEPEC He TONbKO C
NPakTU4EeCKOW, HO U Hay4YHOM TOYUKU 3PEHUS, MOCKOSbKY COAEeNCTBOBanu pas’BUTUIO
MOHATMA O HOBOW (pakuMm nonumepa B MNOMMMEPHbIX HAHOKOMMO3WUTaXx,
HanosHeHHbIX HaHo4YacTMLamy pasHoro npovcxoxaeHust. Ocobo akTyarnbHbl pacyeThbl
no  MOOENVPOBAHUIO  OMTUMAanbHbIX YCMOBMMA CcuHTe3a C  obecneyeHnem
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CTAaUMOHAPHOCTM M NIMHEMHOCTM  PacrnpoCTpaHeHWst  BOMHbl  poHTa C
3KCNepuMeHTanbHON NPOBEPKOW NOMYYEHHbIX PacHeToB.

B  aucceptaumoHHo#  paboTe  MpeacTaBneHbl  WUCCRedoBaHus Mo
nepeymcneHHbIM npobnemMam A5 HEKOTOPbIX KIacCoB MOHOMEPOB, HaHOA06aBOK 1
MEeTOAaM CWHTEe3a HaroSfHEHHbIX MOMUMEPHbIX KOMMO3MTOB. [laHHble BONPOCHI
NpeacTaBnsAlT HacToNbKo OOMbLIOW WMHTEpec ANA  MexOyHapoOHOW HayyHoW
obLecTBEHHOCTN, 4TO MOcne CTeHAOBOrO  Aoknaga Ha  MexayHapoaHOW
KOHbepeHUUn NOCTynatoT NpUrnalleHns Ha yd4acTre Ha MHOMMX KOH(EepeHUMsax n B
creumanbHbIX BblMyckax.

Lenb pabomel. Llenbio gaHHoW guccepTaumoHHon paboTbl aBnseTcs:

1. CWHTE3 MNonNMMEpHbLIX HaHOKOMMO3UTOB Ha OCHOBE MeTuUrMeTakpunaTta
pobaBkamn HaHopasmepHbix SiO2 , TiO2, n HaHOoTpyboOK B YCMoOBUSIX
dpoHTanbLHom nonmMmMmepusawmm. WccnepoBaHue 3aKOHOMepHoCTEN
YCTAHOBMNEHNS  CTaUMOHAPHOIO  pacrnpoOCTpaHeHuMs  TEenroBow BOJHbI
nonumepmsauum B 3aBUCMMOCTI OT KonnyecTea fo6aBnsieMbIX HaHOYaCTUL

2. vccnepoBaHne pakTa obOpasoBaHus TBepaoW amopdHolr dpakumm B
npouecce nonvMepusaumm

3. vccnegoBaHve BRVSHWUS KONMMYECTB OOHOCTEHHbIX YrNepoaHbliX HaHOTPybok
Ha ocobeHHocTn dpoHTanbHOW cononumvepmsaumm  (MMA + AAM) - Ha
YCTOMYMBOCTb  (DPOHTanbHbIX PEXMMOB U Ha CBOWCTBA  MOMYYEHHbIX
NONMUMEpPHbIX HAHOKOMMO3WTOB. WccnepgoBaHue paBHOMEPHOCTMH
pacnpegeneHns HaHOTPyOOK B CONOMNMMEPHON MaTpuLe.

4. unsyyeHue HU3MKO-MEXAHNYECKUX, AUHAMUYECKUX-MEXaHWYECKUX CBOWCTB
NOMyYeHHbIX NONMMEPHbIX HAHOKOMMO3UTOB.

5. wuccnepoBaHne BNUSIHUSA HECTAUMOHAPHOCTWU BOJSIHbI MONMMMEpPU3aumMm Ha
(PU3NKO-MEXaHUYECKME CBOWCTBA MOSMyYEHHbIX KOMMO3uToB. WccnepoBaHue
BMVSHUSA peXuma OXNaXAeHus MNosfyyYeHHblXx 06pasuoB &-kanponakrtama Ha
MOHOMUTHOCTb M Ge3nedekTHOCTb MNomnyyYeHHbIX 06pasuoB. WccnepoBaHue
BNUSIHUA [06aBOK pPasnUyYHbIX MENKOAMCMNEPCHbIX MOPOLUKOB Ha MEXaHu3Mm U
3aKOHOMEPHOCTWN (ppOHTanNbHOM nonuMepusaunym akpunamuga (GeHTOHUT,
AVaTOMUT) U CBOWCTBA NOMYYEHHbIX KOMMNO3UTOB.

HayyHasi Hogu3Ha.

B paHHOW OuccepTauMoHHOW paboTe BrnepBble Ha NpuMepe NonMMepusauum
akpunamuga, CononMMepoB akpunamMmaa ¢ METUIIMETaKPUIATOM M g-KanpornakTama
uccnenoBaHbi:

1. BO3MOXHOCTb M YCMOBUS CUMHTE3a MONMMEPHbIX HAHOKOMMO3UTOB Ha 6Gase

akpunamuga, MeTunveTakpunata U UX  COMONMMEPOB ¢ pobGaskamu

HaHopa3amepHbix SiOz , TiO», yrmepoaHbIXx HAHOTPYOOK M MONUAUCMEPCHbIX
MOPOLLIKOB MECTHbIX UCKONaeMmblX (6EHTOHUT, AUaTOMUT)
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2. ycrnoBusi ONTMMAnbHOrO CUHTE3a MEPEYUCIIEHHBIX HAHOKOMMO3UTOB C
paBHOMEpHbIM pacnpegeneHveMm [[obaBnsieMbIX HaHoyacTuy, B MaTtpuue
nonvmepa

3. pexumbl BbIxO4a W3 CTAUUOHAPHOrO COCTOSIHUSA W BRAMSIHNE [AHHOMN
HENMWHENHOCTM Ha CBOMCTBA MOJTy4YEHHbIX KOMMO3UTOB

4. BnvsiHWe TemnepaTypHO-KOHBEPCUOHHbIX nonen Ha CBOWICTBa
HaHOKOMMO3UTOB

5. BMusiHME pexuMa MnpoLecca OXMaXAeHUs MoryyYeHHbIX obpasuoB Ha WX
MOHONUTHOCTb 1 Be3aedeKkTHOCTb

6. BO3MOXHOCTb CMHTE3a MHOrOQYHKLMOHANbHbLIX FPaAMEeHTHbIX MaTepuanos
MeToa0M (hpOHTanbHOW NonMmMmepusaLmm.

lpakmuyeckasi yeHHocmb. C  y4yeToM BOCTpebOBaHHOCTM  MeToAa
dpoHTanbHOM nonvMepu3aunm B pasHbiXx OOMacTAX Hayku W MPOMbILLAEHHOCTH,
uccrnepoBaHna B cdepe U3yyYeHUs HI0aHCOB M CO3[aHUs YCROBWIA MO peanvsauuv
TEXHOMOMMYECKOro CMHTE3a MONMMEPOB U MOMUMEPHBLIX KOMMO3UTOB C U3y4YeHNeM
CBOWICTB MONYYEHHbIX MPOAYKTOB HABNATCA OAHWM W3 MNEPBOCTEMEHHbIX U
NPUOPUTETHBIX 3aA4a4 MO OMTUMAanbHOM peanu3auMn MOMyYeHHbIX OaHHbIX Ha
npaktuke.  [MpakTuyeckas LEHHOCTb NpeacTaBrieHHoW paboTbl 3akn4vaeTcs B
uccnegoBaHMM M peanusauMm  cuHTe3a  PasfuyHblX MOMMMEPHbIX  KOMMO3UTOB
MeToAOoM (PPOHTaNbHOW NONMUMEpPU3aLun C YCTaHOBMEHMEM HIOAHCOB MpOTeKaHWs
dpoHanbHOro npouecca, rpaHuL, BbIXo4a CUCTEMbI M3 CTALMOHAPHOTO COCTOSHUS U
obecneyeHnss HeobOXOOMMbIX KUHETUYECKUX W MaKPOKMHETUYECKUX YCMOBUIA AN
CMHTE3a KOMMO3WNTOB C 3aJaHHbLIMW CBOMCTBaMMU.

Anpob6auusi pabomsl. Pe3ynbTaTthl paboTbl AoknabiBanuck U o6cyxaganuce
Ha Hay4HbIX KoHepeHumsax: B TUYA (2011, 2012, 2013), Ha "MepBom BcekaBkasckom
Cvmnosmyme no lNonmmepam", (Téunucm 2011, 2013), CoBpemeHHble npoGnemsl
XMMm4eckon uanku (noceseHHas 50-netnio NHCTUTYTa XuMmnyeckon usmkm nm.
A.B. HanbaganHa HAH Pecnybnukun Apmenus, 2012), i-PolyMat 2010 (May 16-19,
2010 Kerkade,NL).

My6nukayuu. OCHOBHbIE NMONOXEHWS AMCCEPTALMOHHON paboTbl OCBELLEHbI B
OOVMHHaAUaTV Hay4HbIX CTaTbsiX, ONyBnNUKOBaHHbIX B XXypHanax ApMeHuun.

O6bem u cmpykmypa pabombl. [vnccepTaumoHHass paboTa cocTouT U3
BBEJEHUs,, MATM [NaB, BbIBOAOB W crucka nutepatypbl u3 129 HaumeHOBaHWNA.
OuccepTaumnsa nanoxeHa Ha 113 cTpaHuuax komnbloTepHoro Habopa, coaepxut 47
PUCYHKOB.
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OCHOBHOE COOEPXAHUE PABOTbI

Bo eeedeHuu npoBefeHo OGOCHOBAHWE akTyarnbHOCTM  TEMbl, Hay4HON
HOBW3HbI, NPAKTUYECKOW LIEHHOCTU U BOCTPeOboBaHHOCTY NogobHOro nccnenoBaHns B
MUPOBOWN Hayke.

B nepeoli 2nase (numepamypHbIli 0630p) 0o6CyXaeHbl  OCHOBHbIE
OOCTWXKEHUS U YNylWeHnss B cdepe cuHTe3a pasHbiX MOMMMEPOB WM MOJNIMMEPHbIX
KOMMO3UTOB MEeTOAOM (DPOHTamNbHOW MonMMepu3aumMn 3a MocrnegHNe HECKOMbKO
pecatuneTun. MNMpeacTtaBneHbl pasHble MeToAbl CUHTE3a NOMMMEPHbLIX KOMMO3UTOB U
NOMMMEPHLIX  HAHOKOMMO3WUTOB, MPUMEHEHWE  MOMIMMEPHBIX  KOMMO3ULMOHHbIX
MaTepuarnoB B pa3HbIX cdyepax Hayku U TEXHWKU, HAPOLHOro XO3AWCTBa U Ap.

AHanus nutepaTtypHbIX JaHHbIX MOKa3arn, Y4To, HecMoTps Ha obunve cTatew u
NaTeHToB, MOCBALEHHbIX CUHTE3y MOMMMEPHbIX KOMMO3MTOB W MONMMEPHBIX
HaHOKOMMO3NTOB METOAOM (PpOHTanbHOM nonuMepusaumm, Tak W cdep ux
UCMOMNb30BaHWS, OCTanuMCb Cepbe3Hble nNpobnembl U HegopaboTkW, CBA3aHHblE C
TEXHOMOMMYECKUMN  HI0AHCaMK, OTPaXalwWMMWUCA Ha CBOMCTBaX MofyyYaeMbIX
06pa3uyoB. OCHOBHble - 3TO YCTaAHOBMIEHME CTaLMOHAPHOIO pacnpoCTpaHEHUs!
TENmnoBOW BOJHbI MOMMMEPU3aLMK, BIUSHUE pas3nnyHbiX 000ABOK Ha MeExaHu3m u
3aKOHOMEPHOCTN  (PPOHTaNbHOW  MOnMMepU3aLmun M CBOKWCTBa MOMyYaembix
KOMMO3UTOB, BIIUSHUE PEXUMA OXIMaXZEHUs HA MOHONUTHOCTbL U Ge3fnedeKkTHoCTb
nony4yaembix obpasuoB. Takum 006pa3oM, Ha CErogHsAWHUA OeHb CTOUT BaXHas
3agaya - CUHTE3MpoBaTb MOMUMEPHbIE KOMMO3MUThI C 3apaHee 3afaHHbIMU
CBOWCTBaMM  MeToAOM  (DpPOHTanbHOM  monuMepusauuu, co3gatb  yCroBust
ONTMMAanbHOrO CUHTE3a HAaHOKOMMNO3MTOB C pPaBHOMEPHBLIM  pacnpeaerneHvem
pobaBnseMblx HaHoyacTWl B MaTpuue nonumepa, WuccrefoBatb — BrMSHUE
HEeNWHENHOCTM NpoLiecca Ha CBOMCTBA NOSTyYEHHbIX KOMMO3UTOB.

O6cyxaeH mMeToa (QpOHTanbHOW NonMMepu3aumMnm U ero 3akOHOMEpPHOCTU Ans
NonyyYyeHuss MNOSIMMEPHbIX KOMMO3WTOB U  MONMMEPHBLIX HaHOKOMMO3WTOB AN
HEKOTOPbIX KNaccoB MOHOMEPOB 1 HAHOA400aBOK.

B nocnepyiowmx rnaBax npeacTaBneH Mmarepuan Mo CUMHTE3y pasHbIX
KOMMNO3MTOB MeTOAOM (PpOHTanbHOW nonumepu3daumun. [lockonbKy meTogmka
9KCNepuMeHTa ANs CMHTe3a OTNWMYHBIX APYr OT Apyra KOMMO3MTOB OTNMYaeTcs W
Hepeako MCMOMb3ylTCA  TEXHOMOTrMYeckMe npuembl, NpefHasHayeHHble Ans
KOHKPETHOrO CWHTe3a, K KaXOoW rnaBe [JaeTcsd 3KCNepuMeHTanbHasi 4acTb,
npegHasHayeHHas Ans 4aHHOro npolecca, NPOBOAMMOIO B pexume (OpOHTarnbHON
nonvmMepm3aumu.

Bo BTOpoW rmaBe onNvMcaHO BNWSIHAE HaHOYACTUL, Ha OAUHAMUKY (DPOHTarbHbIX
PEX1MOB.

CBoWCcTBa MOMYYEHHbIX KOMMO3UTOB, KPOME MapameTpoB  UCMOMb3yeMbliX
UCXOOHbIX BELLECTB, 3aBWUCST OT CTaLMOHAPHOCTW MPOTEKaHWsi TEMNroBOW BOSHbI
nonvmMepm13aumm, Kotopas SBrseTcs NPOM3BOAHON MaKpOKMHETUYECKMX NapamMeTpoB,
Takux, Kak TemnepaTtypa OKpyalollen cpeabl, MacConepeHoc, MIOTHOCTb CMEeCcH 1
np. CraumoHapHOCTb npouecca (MMHEeNHOCTb npoTekaHus ppoHTa peakuun)
uccriegyetca no TemnepaTypHbiM  Npodunsam (POHTaNbHOIO pacnpoCTpaHeHus
nonvmMepm1saumu.
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TemnepatypHble Npodunu, nonyyeHHble poHTanbHon nonumepusauven MMA
noa AevcTBUMEM CMECU MHMLMaTOPOB Auuuknorekcunnepokcuavnkapborata (QUIMK) c
nepokcuaom TpeTtoytuna (MTB) B npucyTCTBUM pasHbIX KonuyecTB HaHodacTtuy, SiOp,
npeactasneHel Ha puc.1. AHanu3 KkpuBbix 1-4 nokasbiBaeT, 4TOo [JobasneHve
HaHouacTuy, SiO2 BRMSAET Kak Ha CTPYKTYpY TEMMoBbIX NONMMEPU3aLMOHHBIX BOSH,
Tak U Ha npefenbHyl0 TemnepaTtypy pasorpesa. Kak BugHo m3 puc.1 gobaeneHune
HaHo4acTuy, B konunyecTse Bbille 35% NpuBOAUT K PE3KOMY CHWDKEHWUIO npefenbHon
Temnepatypbl (Trp) TEMMOBbLIX NMOMMMEPU3ALMOHHBIX BOMNH (Kp. 4). WHTepecHo, 4To
AO0CTaTO4HO LLUMPOKOE BapbMpoBaHue Konu4yecTea pobasnsembix B
nonvmepmusaumoHHyto cpeay HaHovactuy SiO: (0...45%) npakTuyecku He BNUsieT Ha
Bbixod nonumeTtunmetakpunata (MMMA), KoTopbIi, COOTBETCTBEHHO, MEHSIETCA B
uHtepsane 92...95% 0T MCXOAHOW KOHLUEHTpaLuum MoHoOMepa.

T

190
150
i 1 2 3
10
i 4
70 t
30

Puc.1. TemnepamypHbie npoghunu ghpoHmansHol nonumepusayuu MMA nod
delicmeuem cmecu uHuyuamopos AUIMK u NTBE; To=30°C, QUMK+ NTE =
0,0015+0,0015 (monw/n), TMMA 10mac.% om ucxodHoz2o Kosiudecmea
MoHomepa; SiOz(mac. %): 1- 10,2- 20, 3 - 30, 4- 45.

Bpewmst

Heobxogumo OTMeTWUTb, YTO 3HayeHuss BenWYWHbl Tnp YMeHbLUAlTCS
HenponopLMoHansHoO konnyectBy HaHoHanonHutens SiOs. [lo cTeneHn HanonHeHus
30...35% BenuumHa Tnp YMeHbLUAeTCs MeANeHHO, Mpu BomMbLUMX Xe KonuyecTBax
HaHopo6aBok (Bbiwe 30...35%) nmeeT MecTo mMx arnomepusauus, npyvBoasLlas K
YMEHBLUEHUIO WMHTEHCUBHOCTU B3aMMOAEWCTBUS MaKpPOMOJSIEKYSl CBSA3YKLEro ¢
NMOBEPXHOCTBIO  arfmoMepupoBaHHbIX 4Yactuy  SiOo. BBeneHne B UCXOOHYHO
peakLMOHHY0 cpedy pasHbix konmyecTB SiO» co cpegHum pasmepom yacTtuy 0,6
MKM NMPUBOAUT K Boree pes3koMy YMEHbLUEHMIO 3HAYEHWI NpeaenbHON TeMnepaTypbl
TEennoBblX BOMH. B pgaHHOM cnyyae Hanuuue B MOPOLUKE KPYNMHOpPa3MepPHbIX
dpakuun  SiOp, 04eBMOHO, CHWXaeT  3PPEKTMBHOCTb  B3aNMMOLEMNCTBUS
MaKpOMONEKys CBSA3YHOLLEro C MNOBEPXHOCTbl 3epeH SiOz, 4TOo U sBRAsieTcs
npuyYnHoN Gornee peskoro yMeHbLUEHNS BENWUYMHBI Trp OT KONMyecTBa 406aBNeHHOro
SiO.. [ins cuctewm, raoe cpegHuid pasmep vactuy HanonHutensi coctasnsieT 30 MKm,
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BennunHa Tnp yMeHblUaeTCcsi MponopumMoHanbHO BBedeHHOMY komnuyecTtBy SiOaz.
NHTepecHO, YTO B OaHHOM criyyae B xofe (bpoHTanbHOW nonvmepusaumun, He
6bIno ob6HapyXeHo 3aMeTHOro B3anmoaencTeuns mexgy makpomonekynamum NVIMA un
noBepxHOCTbI0 3epeH SiO, 0 Yem CcBUOETENbCTBOBANO OTCYTCTBUE CYLLECTBEHHOIro
u3MeHeHnss TenmnoTbl npouecca. OTcioga Hamm Bbin caenaH BbIBOA, YTO B AAaHHOM
cryyae KONMYECTBO W pasmepbl TBEpAoOW amopdHOM dpakumn nonuMepa Ha
MOBEPXHOCTU HaHOYaCTUL, He OTpaXarTcs Ha (U3NKO-MEXaHNYECKUX CBOMCTBaXxX B
cuny HebonbLLOro X KoNMyecTsa n pa3Mepos.

TemnepatypHble npodunun poHTansHoro oteepxaexHus 3P nog aencrsnem
OA®PC, nonyyeHHble B YCMNOBWUSX MOMHON TENfou3onaunM peakuMOHHbIX ammnyr
(kp.1) 1 Npu HanuuumM TENNOOTBOAA B OKPY>XKaloLLyto cpeay (Kp.2) npeacTtaBneHbl Ha
puc. 2. Kak BUAHO U3 puC. 2, A0 AOCTMXKEHUS npeernbHbIX 3HAYEHUA TennoBbIX
BOSIH, TemnepaTtypHble npodunu npakTuyeckn cosnagatot. [pnm 3Tom CKOpOCTb
dpoHTa, onpedeneHHas Mo MNOKa3aHWAM [ABYX TepMomnap, PacnofoXeHHbIX Ha
pa3HOM pacCTOSHMM OT Hayana peakTtopa, paBHa 2cM/M.

T.'C
200

100

50

t, Bpems

Puc.2. TemnepamypHbie npogunu ¢hpoHmanbHo20 omeepxxoeHuss [JOP nod
deticmeuem JA®C npu omcymcmeuu (kp1) u
Hanu4uu (kp.2) mensionomeps.

Hanuuve TenmonoTepb ckasbiBaeTCA Ha TemnepaTypHbIX MPOMUIAX NuLlb
nocre saBepLleHUst MpoLiecca OTBEPXKAEHWUS!, YTO OGbSACHSAETCH PacronoXeHUem
Tepmonap B LeHTparbHOM YacTu OTBepxaaeMbix 06pasuoB. [1encTBUTENBLHO,
onpeneneHve paguanbHOro pacnpegeneHuss Temnepatypbl (puc. 3), nokasano ux
WOEHTUYHOCTb B LIEHTPasnbHOM YacTu M OOCTaTovyHoe pasnunuve B nepudepuiHbiX
yacTax o6pasuoB.
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Puc. 3. PacnpedeneHue npedenbHbiIx meMnepamyp pa3ozpesa om paduyca
obpa3sya e omcymcmeaue (kp. 1) u npu Hanu4yuu (Kp. 2) mensonomeps.

[MonyyeHHble pe3ynbTaTbl MO3BOMAAIOT 3aKMIOYUTL, YTO ANA  NPOLLECcCOB
(hOPMOBaHMA Pa3NUYHbIX MOMMMEPHBIX MW3OEeNnMn B YCMOBUAX (PPOHTaNbHOM
nonvmMepmsaumm Ba>XXHbIM dakTopom AaBnseTcs nonvmepusaums B
TEeNnon3onMpoBaHHbIX peakTopax NepuoanM4eckoro AencTens. A npu nNonyyvyeHuun
W3Aenuin U3 NOMMKPUCTamNIMYECKUX TEPMONIAcTOB BaXHbIM 3TaNOM ABMAETCH Takke
ynpasneHne NpoLecCoM OXNaXaeHNs.

TemnepatypHble nNpodUIM  aHUOHHOW (OPOHTanNbHOW NonMMepusaummn -
Kanponaktama, npefcTaBneHbl Ha puc. 4.

T.°C
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100

T
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0

]
BN
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Puc. 4. TemnepamypHbie npoghusiu hpoHMasnbHOU aHUOHHOU
nonumepu3sayuu g-kanposnakmama. Konyenmpayuu kamanuszamopa u
akmueamopa no 0,05monb/n. PaccmosiHue mexxdy mepmonapamu 1cm.

PacnonoxeHne Tepmonap B peakTope MO3BOMSET ONpenenuTb Takke U

pacnpegeneHve npegenbHON TemnepaTypbl pasorpesa B 30HE peakuuu no
paguycy obpasua, puc. 5.
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Puc. 5. PacnpedeneHue npedenbHol memnepamypbl pa3ozpesa
no paduycy obpa3sya.

Ons  un3yyeHVWs BAWMSHWMA  TENNOBbIX PEXUMMOB  OXNaXAeHus Ha
MOHOMWUTHOCTb ~ 0OpasuoB, MOMyYeHHbIX B YCMOBUSIX  (PPOHTAmNbHOM
nonumepusaumu, ObINM  CMHTE3MPOBAaHbLI HECKONbKO 00pasuoB M3 MNOMu-g-
Kanponaktama, [ANns KOTOpbIX TemnepaTypHble npodunM W pagvanbHoe
pacnpefeneHue npegenbHbIX TeMnepatyp pasorpeBa MOSMIHOCTbIO UAEHTUYHbI
puc. 4 n 5.

OxnaxpeHne  pacnnaefeHHblx  obpasuoB  Monu-g-kanponakrama,
CMHTE3NPOBAaHHbIX B YCNOBUAX OPOHTaNbHOW NOnMmepu3aumnmn, NpoBoOAUNOCH B
pasnuyHbIX TEMMoBbIX pPeXumax, Kak npyv  MPOMU3BOSNIBHOM  OXNaXAeHWu,
ocyLlecTBnsieMoM 4yepe3 GOKOBYIO MOBEPXHOCTb peakTopa, Tak U B TEMroBOM
pexume, 6nM3KOM K paccyMTaHHOMY MO OMTUMAarbHOMY ynpaeneHuo (puc. 6).
Heobxogumo oTMeTuTb, YTO Bce obpasupbl Mocre OXnaXaeHWs UMenu BHeLLHe
oOuvHaKoBbIn BUA (puc. 6 a).

Kak BugHO 13 puc. 6 6, obpasey nonu-g-kanponakrama, MoslyYyeHHbI B
YCMOBUSIX MPOMW3BOMBHOTO OXNaxaeHusl, uvmeeT fAedekT B BuAe NycToThl,
COCPeAoTOYEHHbIV B LieHTpe obpasua v pacrnofioXeHHbIV NpakTUYeckn BOOMb
ocn cummeTpun. A obpaseL, NOMyYeHHbIN B ONTMMAribHOM TEMIOBOM PEeXUme
oXnaxaeHusi, MOHONUTEH (puc. 6 B) M He UMeeT MaKpo- WM MUKPOMYCTOT.
Takum obpasom poHTanbHas nonumepusauunst g-kanponaktama w
AanbHenwee oxnaxaeHue NonyyYyeHHOro NpoaykTa B ONTMMAanbHOM TEMIOBOM
pexmme obecrneunBaloT nonyvyeHne KpynHorabaputHbix 6e3pedekTHbIX U
MOHOMMWTHbIX 06PasLOB NoMM-g-kanponakrTama.

WccnepoBaHo BnvsiHAE  YCMOBUI  OXNMaXOEeHUS Ha MOHOMUTHOCTb
Nnony4eHHbIX 06pa3uoB. NMokaszaHo, YTO MPOU3BOSILHOE OXNaXaeHue ¢ GOKOBOW
NMOBEPXHOCTU NPUBOAMT K 06pa3oBaHmWio MyCTOT B OCEBOW YacTu obpasLos, 4To
CBSI3@aHO C yCagKoW B X04e 3K30TEPMUYECKON KPUCTannun3aumm, HaumHatoLwencs
C NOBEPXHOCTU U AarnbHEeNLLUM pacnpocTpaHeHMEM K LiEHTPY peakTopa.
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Puc. 6. O6pa3uybl nonu -s- Kanposnakmama, nosy4yeHHble 8 pa3auYyHbIX
pexumax oxnaxdeHusi. O6wuli eud (a) u cpe3nbl obpasuyos (6, 8):
npou3seosibHoe oxJiaxdeHue - (6),
oxsiaxk0eHue 8 onNMuUMaJsIbHOM pacyYemHOM pexume - (8).

Ha puc. 7 npegcrtaeneHbl AaHHble no BnusiHUiO konmdectB OCYHT Ha
TemnepaTtypHble npodunu (puc. 7 a) u CKOpoCcTb pacnpoctpaHeHus (puc. 7 6)
cononumepuaaunoHHoro opoHta AAM ¢ MMA.

T:.% u, cM MuH'
240+ a 4,0 6
202 | 1
2004 | 1] 1l
180 3.04 | |
160 2 | |
131 l I
1204 2,04 |
w
80 I ol
1,04 [
40 Lo
'
T T T T T T T T T 1 T
5 10 15 20 25 30 5 10 15 20 25
Bpewms (cek) HaHoTtpy6ku (macc%)

Puc. 7. BnusiHue konudyecme OCYHT Ha xapakmep u3MeHeHuUsl
memnepamypHbix npogunel (a) u Ha ckopocmb ¢ppoHma (6). CoomHoweHue
comoHomepos AAM : MMA= 80 : 20, konudsecmeo OCYHT ( % om macchbi
comoHomepos): 1-0,2-5.3-10,4-15u 5- 20.

CpaBHeHVe gaHHbIX puc. 7 a, 6 ¢ aHanorMyHbIMK pesynbTaTtamu B nutepaType
NnokasbiBaeT MX AOCTATOYHO CWUMbHOe oTnunume. B pgaHHOM cnyyae npepenbHasi
Temnepatypa (puc. 7 a) TEnnoBbiX BONIH W CKOPOCTb COMONIMMEPU3ALNOHHOIO
dpoHTa (puc. 7 6) yMeHbLIAlTCA MpPaKTUY4ECKM CUHXPOHHO C gobaBkamu
HaHoTpybok. pu 3TOM, Kak BWAHO M3 puc. 7 a, CTPyKTypa TemnepaTypHbIX
npodunen Takke MeHAeTCA.

B 3aBucumocTu oT konudectB gobasok OCYHT HabntogaroTtcs Tpyu obnactu
pa3HOXapaKTEPHOr0 M3MEHEHWUs] CKOPOCTU  COMOSNIMMEPU3ALMOHHOIO  (OPOHTA.
Ob6nactb | (konuyectBo HaHogo6aBok A0 20%) COOTBETCTBYET CTaLMOHAPHbLIM
YCTOMYUBLIM COCTOSIHMSIM TEMIOBbIX COMONMMMEPU3ALMNOHHBIX BONH. B obnactu i
(konmmuectBO HaHOTpybok oT 20 go 25%), ¢ yBenuyeHuem konmvectB OCYHT,
CKOpoCTb (DpOHTa [OCTATOMHO Pe3ko nafaeT, MPOMCXOAUT MoTepsl YCTOMYMBOCTM
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dpoHTanbHbLIX pexxuMoB. A B obnactu lll, npn konnyectBax HaHOTPYOOK Bbiwe ~25-
26% pexunmbl hpoHTanbHOM cononnuMepusanum, He CyLLeCTBYIOT.

Paccmotpum Gonee noapobHo HeycTonumBble (OPOHTamNbHbIE PEXUMbl B
o6nactu Il. 3 gaHHbIX puc. 7 6 npu gobaskax HaHOTPY6ok B KonmvectBe 20% wn
Bbllle, HabnwopgaeTcs noTeps YCTOMYMBOCTM COMOSIMMEPU3ALIMOHHBIX TEMMoBbIX
BONH. lNoTeps yCTOMYMBOCTM COMPOBOXAAETCA POPMUPOBAHMEM MEPUOANYECKMX,
OAHO, ABYX, TPeX 3axO4HbIX CMUHOBLIX U XaoTWYECKMX pexunmoB. PopmmpoBaHue
YKa3aHHbIX HENVHENHbIX ABMEHU nposiBnseTcs B Buae Genbix OKpacok Ha dhoHe
rmagknx MOBEpXHOCTEN MoMyyeHHbIX obpasuos. [lepuognyeckne  pexumbl
bpoHTanbLHON cononMmepusaumnn xapakrepmaytotca konebaHnem ckopoctu ppoHTa
OKOJO CBOEr0 CTaLMOHapHOro 3HaveHus (puc. 8).

u,cMm MuH™’'

1,0 2,0 3,0
t, MUH

Puc. 8. Kone6amenbHbIil pexum ¢hpoHmasibHol cononumepusayuu.

MpeacrtaBnaeTr  uMHTepec  uMccnegoBaHWe  MexaHuama  (hopMupoBaHust
NneprvoanYeckux PEeXUMOB WM reomeTpuydeckon copmbl poHTa. C 9TOM Uenbto
nonMMepur3aumio OCTaHaBNMBanM 3aMopaXMBaHUEM PEaKLUMOHHBLIX aMmnyn >XUAKUM
a30TOM 4epe3 Hanepen 3afaHHble WHTepBanbl BPEMEHW,  COOTBETCTBYHOLLME
nonoBvHe nepuogy konebaHus ckopocTu cppoHTa. B aTom cnyvae cdopma cdpoHTa
AABMNAETCA NIOCKOW, 3aTEM NPOUCXOAUT €ro UCKPUBIIEHUE C NOSBMEHNEM «sA3blkay. B
JanbHenwemM  OOpa3oBaHHbIN «A3bIK» yANUHSAETCA M dopma (poHTa CHoBa
CTaHoBUTCA nrockon. [lpeactaBneHHas AMHAMUKA W3MEHEHWUsI TeOMeTPUYECKOWn
dopmbl PPOHTA CBA3aHa C TEMMONOTEPSIMU U3 30HbI peakLuy B OKPYKatoLLyto cpeany
n ¢ pencremem Ao06aBok MHepTHbix OCYHT Ha pasorpeB peakuMOHHOW CMECH.
3pecb, nNo BcewW BEPOSITHOCTW, B MOMEHT MaKCMMarnbHOTO  WUCKPUBIEHUS
reomeTpuyeckor popmbl PPOHTa, (YTO COOTBETCTBYET MUHMMAIbHOW TeMnepaType
B 30HE peakLun) BO3HMKAET oyar, KOTOpbI 3aMblkaeTcsl Ha cebs, unm xe, Tennosas
BOITHA pacnpocTpaHsieTcs He TONMbKO B OCEBOM, HO U B paguanbHOM HanpasreHusx
peakuMoHHbIX amnyrn. O6a pacCMOTPEHHbIX MexaHu3ma MOryT MpuBECTU K
BbIpaBHMBaHMIO POPMbI PPOHTa U, COOTBETCTBEHHO, K MOBLILUEHWIO TEMNEpPaTypbl B
30He peakumu. [1o3TOMy, CKOPOCTU TEMJOBLIX COMOSIMMEPU3ALMOHHBIX BONTH UMEIOT
MaKcumarnbHble 3Ha4YeHUs Ans NAoCKMX U, HA0OOPOT, MMHMMArbHbIE AN Hanbornee
WCKPUBIEHHbIX hopM ppoHTa.

JanbHenwee yBenuMyeHWe KONMUYECTB HaHOTPYOOK BHayane npuBOAUT K
(hOpPMMPOBaHUIO OQHO3AXOAHbIX, 3aTEM [BYX3aXO4HbIX, MHOr03axo4HbIX, CMMHOBbIX
M B CAMOM KOHLIE XaOTUYECKNX PEXMMOB.

12
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B mpemabeli arnage onncaHo BNusiHie A00aBOK pPasnuyYHbIX MENKOOUCMEPCHbIX
MOPOLIKOB ~ HAa MeXaHW3M UM 3aKOHOMEPHOCTM (POHTaNbHOW MonMMepusaumu,
uccreoBaHue CBOWCTB NMOSyYeHHbIX KOMMNO3MTOB.

B ycnoBuax dpoHTanbHOW MonuMepusaummM KpucTaninyeckux MOHOMEPOB
(ocobeHHO Ansi HanoMHEHHbIX CUCTEM), POPMUPOBAHME CTaLMOHAPHBLIX PEXMMOB
TENMOoBbIX MOMMMEPU3ALNOHHBIX BOSTH JOCTATOYHO CUMbHO 3aBUCUT OT MMOTHOCTU
NCXOLHOW peakLMOHHOW cMecH.

Moatomy npeacTtaBnseT npakTUHECKU WHTepec onpedeneHne obnactu
CyLLECTBOBAHMUSA YCTONYMBLIX (DPOHTAmNbHbLIX PEXMMOB B 3aBMCMMOCTW OT CTENEeHu
HanosHeHNs 1 NIIOTHOCTM pearMpyoLLen peakLMoHHON CMECH.

BnunsiHne nnoTHOCTM ynakoBKW pearupylollent cpefbl Ha MacCoBYK CKOPOCTb
pacnpocTpaHeHus ppoHTa nonumepusauum B 3aBUCMMOCTM OT  KONM4ecTBa
HanonHuTens npeacraeneHo Ha puc. 9 a,b.

1

- . -1
u, rr-MHH 4 U, I'"'MHH

0.7

0.6

0.5

|
Hl
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i

0.4 > 03 : >
0.7 0.9 L1 p,rcm? 0.7 0.9 L1 p,r-en?

Puc. 9. 3asucumocmb mMaccoeoll ckopocmu ¢hpoHmMasnibHol nonuMepusayuu
cmeceli AAM-6eHMoHUM om NJI0MHOCMU UX yNaKo8KU NMpu pacrnpocmpaHeHuu

¢ghpoHma ceepxy eHU3 (§) u, Haobopom (é). CodepixaHue HanonHumensi — 20 (a) u
30 (6) macc. %. Muuyuamop nonumepusayuu — 16 (0,5% macc. om AAm).

HanbHenwne ncecneaoBaHns 3aKOHOMEpPHOCTEN hbpoHTanLHON
nonumepmsaumm AAM C pasnnyHbIMW HaMoMHUTENSIMU NPOBOAMIUCE B AManasoHe
nnotHocten p = 0,92 r-CM'S, obecneynBaOLLMX YCTOWYMBLIE TEMMOBLIE PEXUMBbI
pacnpocTpaHeHns TENMOBbLIX NONMMEPU3ALIMOHHbBIX BOJTH.

TemnepatypHble npodunu poHTanbHon nonuvepusauum AAM 1 ero cmecen
Cc OeHTOHWTOM (Npy  pasnU4HbIX COAEPXKaHWAX HamnofHUMTENss B  CMECsX)
npeactaeneHbl Ha puc. 10. U3 kpuBbix 1-4 pucyHka 10 BMAHO, YTO TemMnepaTypHble
npodunu OpoHTanbHOM NONMMEPU3ALUN MPU PasfMYHbIX CTEMEHAX HanoSIHEeHWS
OLHOTWMHbI. YBenuyeHne coaepkaHus OeHToHMTa B cMecsix ¢ AAM, Kak MU
cnegoBano  oxuaatb, NPUBOOUT K MOHWKEHUIO MaKCUMarbHOW TemnepaTypbl
pasorpeBa peakUMOHHOW 30Hbl. Bo3MOXHO, nofoGHOE $IBNEeHWe CBsI3aHO CO
crneundUyYeckumMmn npoLeccamMu, NPoOUCXoasilUMMK Ha rpaHuue pasgena gas AAM -
OeHTOHMT. [leno B TOM, 4TO OEHTOHWT WMMEEeT CIOWUCTYH CTPYKTYpy U B Xoae
nonvmMepu3aumMn  NPOUCXOAWUT  pacCcrioeHue, 4YTO  COOEWCTBYET  npoLeccy
9K30TEPMMYECKOro  B3anMOAENCTBUS MaKpoMOneKyn nonuakpunamuga c
NMOBEPXHOCTBIO OTAENbHbIX CNOEB GEHTOHUTA.
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Puc. 10.TemnepamypHbie npoghusiu hpoHManbHOU nonumepusayuu
HeHanosiHeHHo20 AAM (1) u HaHokomno3umoe AAM - 6eHmoHum. CodepixaHue
HanonHumernsi e cmecsix (e macc. %): 20 (2); 30 (3) u 40 (4). Unuyuamop
nonumepu3sayuu — AUBH (0,5% macc. om AAm.

B nonb3dy 3TOro npeanosioXkeHna cCBuaeTenbCTByeT HenponopunoHarbHoe
YMeHbLUeHne npenensLHon TeMnepaTtypbl TENMOBbIX NONIMMEPU3aLNOHHbIX BOJIH OT
CTeneHn HanonHeHNss 6eHTOHNUTOM puc. 11.

T 9C
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100 1 1 1 I
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Crenens Hanoanenus (macc. %)

Puc. 11. 3asucumocms npedesibHOU memnepamypbl pa3ozpesa
PeaKkuyuoHHOU 30HbI O cmeneHu HanosiHeHusi AAM 6eHmMoHUMOoM.

Xapakrtep M3MEHEHUS TemnepaTypHbIX npodcunen bpoHTanLHOM
nonumepmusaumn AAM B NpYCYTCTBUM pasHbIX KonmyecTB fobaBok anatomuTa (puc.
12) aHanornyeH gaHHbIM, NpeacTaBneHHbiM Ha puc. 10, NUWb C TOW pasHUUEen, YTo
30ecb npepenbHas TemnepaTtypa  TEMMOBbIX MONMMEPWU3AUMOHHBIX BOMH  C
yBENUYEHNEM KONMYECTBA HanoMHUTENS yMeHbluaeTcs B GonbLluer cTeneHun, Yem B
cnyyae nobaBok 6eHToHMTa (puc. 13).
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Puc. 12. TemnepamypHbie npoghusniu ¢ppoHmManbHoU nonumepusayuu
HeHarosiHeHHo20 AAM (1) u HaHokomno3zumoe AAM - duamomum.
CodepxaHue HarosiHUmMesnsi 8 cmecsx (8 macc. %): 0 (1); 20 (2); 30

(3);40(4)). Mnuyuamop nonumepusayuu — AUBH (0,5% macc. om AAm).

OpHako 1 B 3TOM criyyae puc. 13, HabnogaeTcs HeadAUTUBHOE YMEHbLUEHWE
npeaenbHON TeMnepaTypbl TEMMOBLIX BOSIH OT KonuyecTsa 4o6aBok gnatoMuTa.
T.%€

250

l”(] 1 1 1 1 1 >
) 10 20 30 40 50

Crenenn nanonuenns (mace. %)

Puc. 13. 3asucumocms npedesnibHoli memnepamypbi pazozpesa
peakyuoOHHOU 30HbI OM cmerneHu HarnoJsiIHeHuss GuamoMumom.

OTOT paKT MOXET SIBUTbCSI Pe3ynbTaTOM WHTEPKanMpoBaHUS MakpOMOIEKyI
NMUHENHOro nonuakpunamuaa B MUKPO M HaHO MOpbl HANoMHUTENs, NPUBOASLLEro K
9K30TEPMUYECKOMY B3aMMOLENCTBUIO C MX MOBEPXHOCTLIO.

TekcTypbl ~ 006pasuoB  HAHOKOMMO3UTOB,  MOJYYEHHbIX  (PPOHTANbHOM
nonuvepusauunern akpunamumga gobaskamu GeHToHUTa (20% Macc) n guatomuTta
(20% macc), npeactaeneHbl Ha puc. 14.
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Puc. 14. TEM mukpoghomozpaghuu HaHOKOMII03UmMoe
nonuakpunamud/6eHmoHum(a) u nonuakpusamud/duamomum(6).

HaHHble puc. 14 a nokasbiBaloT, YTO B xo4e (PPOHTaNbLHON Monumepu3auun
Habnogaetca  paccrnoeHne  yactuy ~— OeHTOHWTa,  KOTOopble  paBHOMEPHO
pacnpegerneHsl No o6bemy nonmmepHoro ceasytowero. MNpu aTom, cornacHo puc. 14
6, yactuubl goGaBneHHOro AuatoMuTa Takke PaBHOMEPHO pacnpeneneHs B
obbeme MoOMMeEpPHON MaTpuubl. [MokaszaHo, 4TO (PpPOHTamNbHLIA  PEXUM
crnocobcTByeT paBHOMEPHOMY pacnpedeneHvio  HaHogobaBOK B KOHEYHOM
nonumepHon matpuue. [JocTaTo4HO paBHOMEPHOE pacnpeneneHne, Kak oTaenbHbIX
crnoeB OeHTOHMTA, Tak M OobaBoK AMaToMuTa TakKke MOXeT OblTb 0OBACHEHO
pOHTanNbHLIM pEeXUMoM nonuMmepusaumn. B gaHHOM cnyyae TennoBasi BOIHa
NPUBOAUT K PpaBHOMEPHOMY pacnpefeneHuio 4YacTul, a 30Ha peakuum K ux
duKcaumm B yxe Mory4yeHHOM MonMMepPHOM KomnosuTe. Kak BuaHo u3 puc. 14 a,
OEeNCTBUTENbHO, B Xxode (poHTanbHoM nonuvepusaumm AAM  Habnogaetcs
paccrnoeHne 4acTtuy OEeHTOHMTa, 4YTO Kak Yyxe OblNo OTMeYeHo, CBSA3aHO C
WHTEpPKaNMpOBaHWEM JMHENHbIX MAaKPOMOMEKyN akpunammga B MEXCIoeBoe
NPOCTPaAHCTBO C MX AanbHEWWNM pacluenneHeM A0 oTAenbHbIX croes. Toraa kak
yacTvubl AMaToMuTa COXPAHSIOT CBOK MEepBOHAaYarnbHyd (QOPMYy B KOHEYHOM
NonMMepHON maTpuue.

Paccnoenne wvactny 6GeHTonuta (pmc. 15 a,6) B xome dbpoHTanbHOM
nonumepmsaumm AAM, a TakKke 3K30TEPMUYECKOE B3aUMOAENCTBUE FMHENHbIX
MaKpOMOMeKys nonvakpunaMmuaa ¢ NoBepXHOCTbI OTAENbHbIX cnoes (puc.15 B),
cXeMaTunyeckn MoxXeT ObITb NPEeACTaBMNEHO crieayoLwmnm o6pasom.

7 Wy Z8 BN
St \O——%%ig’ %\?

a 9] B

Puc. 15. Cxemamu4eckoe usobpaxeHue npouecca paccsioeHuss 6eHmoHuma
e xo0e ¢hpoHManbLHOU nonumMepusayuu.

Mpn oToM Heobxoaumo [o6aBMTb, 4YTO B npolecce (POHTaNbLHON
nonMmMepusaLMm  UMeeT  MeCTO  [OCTAaTO4YHO  CWUIIbHOE  B3auMOOencTBue
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MaKpOMOJeKyr JIMHENHOro MonMakpunaMmaa ¢ NOBEPXHOCTbIO OTAENbHbIX CrOEB
OeHToHUuTa.

B yemeepmoli 2s1age onncaH CUHTE3 rpaMEHTHbIX MaTepPUanos.

B nsamol a2nage npefcTaBneHO MPUIOXeHWe Mo MaTteMaTU4eckomy pacyeTy
ONTUMMU3ALMOHHOW CXEMbI AJ151 MONYYEHUSI MOHOMUTHbBIX, KPYNHOrabapuTHbIX U3aenuii
Ha OCHOBE € -KanpornakTama.

Bb1600bI

1. TlokasaHbl BO3MOXHOCTb M YCNOBUSA CUHTE3a MONIMMEPHbLIX HAHOKOMMO3UTOB
Ha 6ase akpunamupa, meTunmeTakpunara u ux cononvmepos ¢ gobaskamu
HaHopaamepHbix SiO2 , TiOz, yrmepogHbIX HaHOTPYOOK W MOMMAUCNEPCHBIX
MOPOLLKOB MECTHbIX UCKOMaeMblX (6EHTOHUT, AMaTOMMT).

2. WN3yyeHbl husmko-mexaHnyeckue, AMHaMUYecKne-MexaHnyeckne CBOWCTBA
MONyYeHHbIX NOMMMEPHBLIX HAHOKOMMNO3UTOB.

3. TlNokasaHo BMMSHWE HECTaLMOHAPHOCTW BOMHbI NMONMMepM3aunm Ha U3nKo-
MexaHW4ecKne CBONCTBA NOMyYEHHbIX KOMMO3NTOB.

4. Tony4eHsl 3aKOHOMEpPHOCTH yCTaHOBMNEHUSA CcTaLMoHapHOro
pacnpocTpaHeHWs TennoBOW BOMHbI MONUMEpU3auuM B 3aBUCUMOCTU  OT
KonuyectBa f[obGaBnAemMbIX HaHOYacTML, W CBOWCTBA CUHTE3UPOBAHHOIO
KOMMo3suTa B 3aBMCMMOCTU OT obpasoBaBLUelics TBepaon amopdHON dpakuum
nonumepa Ha NOBEPXHOCTW HaHOYacTuIL,.

5. TMokasaHo BNWAHWE pexuma OoxXnaXaeHus Ha MOHOMUTHOCTb U
6e3aedekTHOCTb NONyYeHHbIX 06pa3LoB e-kanponakTama.
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unr 2hUUSUL dULLU YUreLh

LUULSYUE RUsunr @Snruvuernd ML hUGrU3SkhL YNUM2hSLErk
Uhl@E2 $MNLSUL ML hUEMUSUUL B1ULUUNY

uuonoughr

LEpluw dwdwbwyutpne J $npnlUuvuy wn| hdGpwgnL up
huwunpuwuntd E wblwywhwupdws dJGpnnp wnphdGplubph,
wnp hdbpw hu Undwnghwltiph, wn| hdbpw hu
Lbwunyndwnghwlubph, hus wtu Luwl gGbphwnnpnhg
huwGplyuw wgyws wnp hdGpw hu Lwunyndwnghwubtph uhlUpbqgh
hwdwp: Ghunipjwlt U wnpnynirlbwpbpnepe) wu plbwgwjwnlUbGpnod
$npnluvw wn| hdGpwgdwl hGlug w n wwhwug wpyp hup yh wnub ny
wny hdtpuGph L wn hdGpw hu Yyndwnghwubph uphUptgh hwdwn
wuhpwdbGwn  ww Jwulbnh umbnénL Up L wndj w JGennh
Uppnip)ntUlbph nruntdUwuhpnep)netUlbpp wnwpLwy hu whbn
EU gpwdnLtd gnpdLwywuncd npwlup YhpwnbGpnt hwngniod:
Unwplwy hU hwngbphg JGyp Lwu wpdws hwwnynip)nLulbpny
wnL hdGpw hu  yndwnghww hu  UjynLrpebph uuvnwgdwl hwdwn
$pnluvwy wn hdGpwgduwlu unmwghnlUwp nGdhdutph hwuwnwndwl b
wn unwghnUwpnep)ntUhg nnLpu gwy nt uwhdwulUbph npn2 Jdwl
hwpgU E, hUgwtu Lwl wuhpwdb2w Yyhubwhy L JuwypnyhUubwhy
ww) Jububph wwwhnynio dp:

Ut U wfun uwl wu wp fuunwuph Lwwwnwyu £°

Snnlunwy wn| hdGpwgJwl ww Juwuubpno Jd
JGphy UGunwyph wwh hhdph dpw SiO2 , TiO2 Uwung whh
hwbG wujnLptpny u Lwunfunnnduwyubnph wnw) nLpE) wdp
wn hdGpw hu Lbwunyndwnghwubph uhupbqp: Yuwhw wé

LwundwulbhylUbph pwlwyhg wnphdGpwgdwlu goGpdw hU wp hph
unwghnlUwn  wwp ws Jwl oppbwg wihnL py ntUUbph  hwuwnwnd wl
ntuntdbwuhpnepeynelbubpp:

Mn hdGpwgJwl wpngbuh pUpwgpntL U wnén wdnp$
$pwyghw h wnwg wgdwl thwuwh ntuntJbwuhpnipe)nLlp:

Uh wwjwn wShuwslbw) hlu Lwunfunnnyuwyubph pwlwyh
wgnbgnt ey wl ntuntdlbwuhpnieynLlp $nnlunw
hwdJwwn| hdGpwgJuwl (UUU+UUU) wnwUdlUwhwwnynLpe)nLulbnh,
$nnlunuwy ntdhdutbph JwynelUnt R wl u u inwig y wé
ubwunyndwnghwutph hwwnyniepy ncuubph ypw: Swdwwn | hdGpwy hu
Juuphguwy nu d Lwunfunnnwjwyubnh h wy wu wn ws wh
pup fwjwsnLp) wu ntuntdbwuhpne ey nLl:

Uuwg 4 wé Lbwunyndwnghwlubph $haghyuwdbfuwlh ywywl,
nhbwdhwd b fuwl h Y wy wl hwwynLpyneulbph
ntunLdbwuhpnee) nil:
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MnL hdGpwgdwl w hph ng unwghnlUwnpnLe) wu wgnbgnL ) wu

ntuncdlbwuhpniepeynelp u tnwig Y wé Undwnghwlbph
$haghyuwibruwlhlyuwywl hwnynep) ntulbph ypw: e-fuwwnn| wywwdh
UdnL2ubtph uwnbgUul ntdhuh wanbgnL ey wu

ntuntUdbwuhpnep)nitUp unwgyws UdnL2ubGph UnUun hwnop) wu b
wupbphnrpeywlu Ypw: Swppbp wnphnhuwtpu hwlpwljnLpebph
wanbgnLp) wu ntuntdbwuhpniop) nelp Lgnbwynpywé
wyphrwdhnh (pGUwnUhw, npwwndhw) $pnluvw;  wn| hdGpwgdwl
ophUwg whne ey ntulbph L Jefwhquh, hUs wbu Uwl uuwwgyws
Undwnghwubph hwwnynLpyncuutbph ypw:

UnEUwhinuwywl wp fuunwtpne d ntuncdbwuhpybp GU $pnlunwg
wn hdtpwgJwu wpwUdUwhwwnynL ey ntulubpl nL
hbwpwynpniLp)netblutbpp Yndwnghuwvw hu UynLtpebtph uhlUpbgUuwl
hwJwp:

U2 fuwnwupne U uGplyuw wgyws Gl wn| hdGpw) hu
bwunyndwnghwubph uhuptgh ophlbws wipnL ey nelUlbpp u
UppnLp)nclulbpp, ntuntdbwuhpyby GU wpngbuh uwwghnlwp
Jhdwyh hwuwmwndwlu wywy Jwulbpp, hug wiu bwb nLuncdJbUwuhnpyb
Gl u g y wé wny hdGpw hu Undwnghwubph u
uwunyndwnghwutph hwnynLpynelblubpp: 8nLjg GU wnpyby
$nnlunwy wni hdGpwgdwl  wnwdb| nLpeyntlblUbpp  wwhuwlgynn
Undwnghwubph uhUpbqh hwdwp W ntuntdJbwuhpytp GUng Jhw U
hGug wnp hyGpwgdwl wpngbuh hpwywuwgJdwlu UppnLpy nLUulbpp,
w [ bwbh unwgdws UdnL2UbGph UnUnp hwnepe) wu UL wurbtnphne p) wu
wwwhnydwl wGhuung nghwywu JGpnnubpp:

Ywinwpyws hbunwgnuniLp)y nLulubnh hhdwu Jpw wndbp GU
hGwlh) w GgpwywgnLp)ynLulbpp®

8nLjg GU wnpybL wypphpwdhn, dbph dGunwyphy wn b npulg
huwdwuwn| hdepubph hhdph Jypw hwjb| wujnrpebpny® Lwlng whh
SiOg, TiOo, wsfuwslwy hlu LUwunfunnnyuwyutn V] b nwy wl
wnL hnhuwtnu hwupwhn hubn (pEUWNUh W, nh wwn Uh w),

wny hdGpw hu Lbwunyndwnghwubph uhUpbqUuu
hUwpwynpnipynrllbpp L ww Jwulbpp:

NLuntdlbwuhpyby Gl u nwg y wé wn hdGpw hu
Llwunyndwnghwlbnh $haghlyuwdb fuwlhy wy wu,

nhbwdhjuwdGfuwithywywlu hwnyne gy nculbpp:

S8nLjg bt uwpyb wn hdGpwgdwl w hph ng unwghnlUwnnt @) wlu
wqntignipe)niup  uwnwgws  uwnhdbpw hb  Yndwnghwlbiph
$haghyuwibuwlphlyuwywl hwinynL gy ntuubph ypw:

Unwgybti G&U wnphdbGpwgdwl 9oLtpdw hU whph Ywnil
nwn wé U wi h wu twund wi ophlUws whne ey nelUlbpp U whw] wé
wb wgynn LwundwulhlylutGph pwlwyhg, hugs whu Luwl
ntuntdbwuhpyby Gu uhUpbqyws Undwnghuwh
huwnynLpynLulbpp’ Juwmjwsé ULwundwulhyph Juwybpluncjpehl
wnwp wgws Junsp wdnpd Spuwyghw hg:
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8nLjg bt uwnpydb| uwnbgduwu ntdhdh wgnbgnLp) nLup uwwgyws
eJuwnnp wywwdh UdnL2ubph Jnunphwnip) wu L wupbphnt ) wl
dpw:

SUKIASYAN ZHANNA KAREN

SYNTHESIS OF POLYMER COMPOSITES WITH REQUIRED PROPERTIES
BY FRONTAL POLYMERIZATION

ABSTRACT

Nowadays frontal polymerization is the most popular method for the synthesis of
polymers, polymer composites and polymer nanocomposites, as well as intercalated
superconducting nanocomposites. Considering the demand of frontal polymerization
in the fields of science and industry, ensuring necessary conditions for synthesis of
polymers and polymer nanocomposites occupy the first place in issue of applying this
method in practice. One of the issues for receiving of polymer composites with
previously afforded properties is the maintaining of frontal polymerization stationary
modes and determining the bounderies of non-stationary modes, as well as the
secure of necessary kinetic and macrokinetic conditions.

The aim of this work is

The synthesis of polymer nanocomposites by frontal polymerization on the basis
of methylmethacrylate with nanosize SiO», TiO, additives and nanotubes. Studies to
approving stationary spreading regularities of polymerization heat wave depends on
the amount of nanopatrticles.

The investigation of solid amorphous fraction obtained during the polymerization
process.

The studies of influence of amount carbon nanotubes on features of frontal
polymerization (MMA+AAM) and stationary modes, as well as on properties of
obtained nanocomposites. The investigation of equal distribution of nanotubes in
polymer volume.

The studies of physical-mechanical, dynamical-mechanical properties of
obtained nanocomposites.

The investigation of influence of non-stationary wave of polymerization on
physical-mechanical properties of obtained composites. The study of influence of
cooling mode on solidity and perfection of obtained e-caprolactam samples. The
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investigation of various polydisperse minerals influence on filled acrylamide
(bentonite, diatomite) frontal polymerization regularities and mechanism, as well as on
properties of obtained composites. The investigation of influence of various
polydisperse minerals on frontal polymerization regularities and mechanism, as well
as on properties of obtained composites based on filled acrylamide (bentonite,
diatomite).

This work examines the features and capabilities of frontal polymerization for
synthesis of composite materials. The regularities and nuances of the synthesis of
polymer nanocomposites are presented in the work, the establishment of stationary
state of the process is investigated, as well as the properties of obtained polymer
composites and nanocomposites are studied. The advantages of frontal
polimerization for required composites synthesis are given in the work and there are
investigated not only the nuances of the polymerization process, but also the
technological methods to ensure the solidity and perfection of obtained samples.

Based on researches were made the following conclusions

The capabilities and conditions for the synthesis of nanocomposites on the basis
of acrylamide, methylmethacrylate and their copolymers with additives of nanosize
SiOy, TiOg, carbon nanotubes and local polydisperse fossil (bentonite, diatomite)
were shown.

The physical-mechanical, dynamical-mechanical properties of obtained polymer
nanocomposites were studied.

The influence of nonstationary modes of polymerization wave on the physical-
mechanical properties of obtained polymer composites was shown.

Depends on the amount of nanoparticles the establishment of regularity of
polymerization wave propagation in the stationary mode was obtained, as well as
depends on emerged solid amorphous fraction on the surface of nanoparticles were
studied the properties of the obtained samples.

The influence of cooling mode on the solidity and perfection of the obtained ¢-
caprolactam samples was shown.
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