3neKkTpoja Heo6xXo4MMO NPOBOAMTL B 3alMTHOM aTMocepe, YTO B LieJIOM 3HAYUTENIbHO YCOXHAET
TEXHO/IOMMH0.

Mpy  W3roTOBNEHUU 3MIEKTPOLOB, KakK nNpaBuio, WCMOMb3YKT CBA3YHOLWME Ha OCHOBe
BbICOKOMO/EKYNAPHbIX OpraHnyeckux CoegUHeHN (NONMBUHUIOBBIA CNMPT, KAPOOKCUMETULLENNIONO03Y,
NOIN3TUIIEH, (DTOPOMAACT U Ap.), UMEKOLLMe pAaL HeJOCTATKOB: KOMMO3ULMM HA UX OCHOBE OT/IMYAKOTCSA
HM3KOI MeXaHWYeCKOol NPOYHOCTbI0, KOPPO3MOHHOW CTOMKOCTBIO U TEPMOCTOMKOCTBIO.

bonee nepcnekTMBHbIM CMNOCOBOM W3rOTOBMIEHWE 3MEKTPOLOB MOXET OblTb CNocod ux
NoNyYeHns NyTEM NNACTUYHOIO (POPMUPOBAHUS C UCMONb30BAHUEM HEOPraHUYecKUX CBA3YHOLWMX
(dbochaTHbIX, CMAMKATHBLIX) B COYETAHUN C Pa3/IMYHBLIMU HANONHUTENAMM, ONpPeaenatoLne CBocTBa
KOMMO3NLINA.

YHUKa/NbHble CBOMCTBA TakKMX KOMMO3UUMIA 0O0YyCNOBMEHbl CMNOCOOGHOCTHLIO (hochaTHbIX
cBA3ylOWMX 06pa3oBbIBaTb MPOYHble CTPYKTYpbl B pe3y/nbTaTe MNPOTEKaHWA MpoLEeccoB
nonmmepusalun, cTeknoobpasoBaHns Npyu HU3KUX TemnepaTypax M COXpPaHATb CBOW CBOMCTBA Npu
HarpeBaHMM [0 BbICOKUX TemnepaTyp. TakuMe KOMMNO3ULWUWM MNO3BOMAKOT HALEXHO COeAUHATb
CTeKNONNacTUKKW, KepaMUKy, MeTaN/bl, TYronjaBkne coeguHeHuns. B page cnyyaes, UCMoNb30BaHMe
NOAO6GHbLIX  KOMMO3ULMIA  MNO3BONNT  YNPOCTUTb  TEXHOMOTUK  M3rOTOBMEHUSA,  PacLIUpUTb
KOHCTPYKTWBHbIE BO3MOXHOCTM MHOTFOC/IOMHbIX, 6U(YHKLNOHANbHbIX BOAOPOAHbIX 3/1EKTPOAOB A/15
C0O3[,aHNA KOMBUHUPOBAHHbIX CUCTEM XMMUYECKUX UCTOYHUKOB TOKA.

YK 676.014.42
[MpyMeHeHWe HOBbLIX HaMOHNTENEN B TEXHOMOMNW 6ymarun-0CHOBbI /19 Me/IoBaHWs

CrtygeHT rp.6 Kypta M.T1., acnupaHT Lepbakosa T.0O.

HayuHble pykosogutenu - XXonHeposuy H.B., YepHas H.B.
Benopycckuii rocyapCTBEHHbI TEXHONOTNYECKUIA YHUBEPCUTET
r. MnHCK

K 6ymare-0CHOBe N1 Me/IoBaHUA NPeAbABAETCA KOMMIeKC TpeboBaHuiA, 06yCNOB/EHHbIX C
OLHOW CTOPOHbI, TpeboBaHMAMMW, MNPeLbABAAEMbIMA K TOTOBOW NpPOAYKUWMW, C APYrouk -
TpeboBaHMAMM K MaTepuany, nofBepraemMomy pAanbHeinwein 06paboTke (HaHeCeHMe MOKPbITUIA).
MenoBaHHas 6Gymara OTHOCUTCA K nevyaTHbIM Bugam OGymaru, a 3Ha4yuT, OHa [0/KHa ob6nagatb
MEXaHMNYECKON MPOYHOCTbH, BbICOKOI GeNN3HOI, XOPOLLEA BOCAPUUMYNBOCTLIO NEYaTHbIX KPAaCOK,
rnajKoi N poBHON MOBEPXHOCTbIO, MOBEPXHOCTHOW CTOMKOCTBIO K BbILWMMbIBAHWIO. MexaHu4yeckas
MPOYHOCTb MENOBAHHOW OGymMarum U CTOMKOCTb MOBEPXHOCTM K BbIWMUMbIBAHUIO OnNpeaensercs
nokasaTtensiMnm nNPoYHOCTU 6ymMarnm-ocCHOBbl. BmecTe ¢ MOKPOBHbLIM CNOEM M3 ByMaru-ocHOBblI MOTYT
OTAeNATbCA OTAe/bHbIe BOJIOKHA M YacTWLbl MUHepPasbHOro HarnoHUTeNs, YTo CBUAETENbCTBYET O
HeLOCTaTOYHOW CBA3aHHOCTW CTPYKTYpbl 6YMarn-ocHOBbl. JTO OTpULATE/IbHOEe CBOMCTBO Gymaru
MOXET ObITb IMKBUAMPOBAHO MOBEPXHOCTHOWN NPOK/EnKoin 6ymarn-ocHoBbl. BmecTe ¢ Tem, 6ymara-
OCHOBa [0/KHa 06/1ajaTb OMNpejesieHHONW BMUTLIBAEMOCTbIO, 06ecneynBaloLleil BO3MOXHOCTb
NMPOHWKHOBEHWSA CBA3YIOLLUX B TONLY Gymarv u 3akpensieHue MefioBaHHOIO NOKpPbITUSA Ha Bymare-
OCHOBe. [4nf NoBblWeHNSA 6eNn3HbI, HENPO3PaYHOCTW, TNAAKOCTU, YNYULIEHNA NeYaTHbIX U 4pyrux
CBOWCTB B BOJIOKHUCTYIO MacCy BBOAAT HAMOJIHUTE/NN, TO €CTb XMUMUYECKN UHEPTHbIE MUHepasbHble
BELLEeCTBa, MeHee rMapodubHbIe, YeM LEN0/103Hble BONOKHA [1,2].

YacTuubl Hano/fHWTeNs, 3anofiHAA KPyMHble Mopbl Oymaru, pasbefuHSAT BOJIOKHO,
yBenuumBas o0LLy0 NMOpPUCTOCTb GyMaxKkHoro nucrta. O6pa3oBaHMe MHOTOUYMCIEHHbIX MEIKUX Mop,
o6najarolWmnx KanunisapHbiIMM CBOMCTBAMM, YBe/NMYMBAET CMOCOOHOCTb GymMarum K BOCMPUATUIO
Tunorpa)ckor Kpacku. HanonHuTenu, pacnpefenssac B MefKUX nopax MexXAy BOJIOKHaMK
obpasyloLeincs bymarv, yBenn4yuMBarOT MOPUCTOCTb U MOBbLIWAKT BO34YXONPOHULAEMOCTb. OHM
TaKXe CMocOBCTBYIOT CHWXEHWIO /NWHEeNHOW fJedopMauum npu yBNAXHEHUM W YMeHbLualT
CKPYy4YMBaemMoCTb 6ymaru npu 04HOCTOPOHHEM CMayuMBaHUW.
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CTeneHb BAUAHWA TOrO UIN MHOMO HANOMHUTENA Ha CBOMCTBA GyMaru 3aBMCUT OT ero Buja u
KonnyectBa B Oymare. HanonHutenu A[OMKHbI 6bITb OAHOPOAHLIMW U MENKOAMCNEPCHBIMUA,
obecneymBatb MakCUMasllbHYH HEMPO3payHOCTb, XOPOLIO YAEPXMBATLCA Ha BOJIOKHe. YacTuubl
HanoOMHMTENA [O/MKHbI MMeTb BbICOKMI KO3(MPULMEHT NpesomMaeHns MOoTOKa CBeTa, pPaBHbIN
NPUMEPHO MONOBUHE A/INHBI BUAUMOTO CNEKTpa.

B kayectBe HanonHuTend 6ymarm O06bIYHO NPUMEHAT KaonuH. K 4yucny HOBbIX
HanosIHUTeNel MOXHO OTHECTU cy/ibaT 6apusa U KapboHaT KasibLus, NonyvyeHne KOTOpbIX OCHOBAHO
Ha nocnegoBaTe/IbHOM L03MPOBAHUN XMMUKATOB B OYMaXKHYHO Maccy npu ee noarotoske. CpegHuii
pasMep 4yacTWul, KaonnHa OKono 2 MKM, 6enmsHa 70 - 90 %, KoahuumeHT npenomneHns 1,56.
CreneHb gucnepcHoctu cynbdata 6apusa 0,4 - 0,6 mkm, 6ennsHa 96 %, KO3 OULMEHT NpesioMeHns
1,64, xopowo yaepxusaetca B bymare. CpefHUin pasmep YacTuy, ocaxgeHHoro mena 0,6 - 0,8 MKMm,
6enunsHa 80 - 95 %, kKoappuumneHT npenomneHns 1,48 - 1,68.

Ona  kaxporo Bupa Oymaru cyLwecTByeT oOfpefefieHHOe OMNTUManbHOE KOJNM4YecTBO
HanonHuTens. Kaxablii HanofHUTeb UMeeT cneunpuyeckme 0CoO6eHHOCTU B OTHOLIEHUN BAUAHUSA
MX Ha CBOMCTBa Gymarum u CTeneHu ypaepXaHus B CTPYKType OYMaXHOro nucta B MPUCYTCTBUM
pacTUTE/NbHbIX BOJIOKOH. MexaHu3M yaepXaHus 4acTuy, HanojHWTeNns 3aBUCUT OT (OpMbl ”
pasmMepoB 4acTuL, a TakKXe HaiMuymeM B KOMNO3ULUM 6YMaXKHOM Macchl ApYTrnx XMMUKATOB.

B 3aBucMmoOCTM OT AMCMEPCHOCTW HaMOAHMTENA MOBbIWAeTCA MIOTHOCTL Oymaru,
COOTBETCTBEHHO CHMXXaeTCa To/WMHa MaTeprana. Of4HaKo CTOMMOCTb MUHEPA/IbHbIX HaMoNHUTeNen
HaMHOTO HMXe CTOMMOCTW BOJIOKHUCTbIX MonydabpukaToB, 4TO npefcTaBnseT 60/bLION
39KOHOMUYECKMNIA NHTepec Npu NPOn3BOACTBE Bymaru.

Lienbto paboThl ABAANOCH OLEHKa BANAHUA TAKMX MUHEPabHbIX HAMOMHUTENEN, KaK Kao/iuH,
KapboHaTt Kanbuma u cynbgat 6apus, Ha cCBONCTBa 6ymMarn, B KOMMO3ULUN KOTOPOW COAEPXa/UCh
pasnnyHble BOMIOKHUCTbIE Monydabpukatsl. CpaBHUTENLHOW OLEHKe MoABeprainch TpaguLMOHHO
MCMOoJb3yeMbI/i HANOJIHUTENb KAO/IUH U HOBblE HaMoMHUTENN: cyNbdar 6apusa n KapboHaT Kanbuus,
nosly4YeHHble NyTeM MOCNeA0BaTe/IbHOr0 A03MPOBAHUSA B KOMMO3ULMIO MPOKIEeHHOW 6ymaXHO
MacCbl XUMUYECKUX peareHToB: Xaopupg 6apus, cynbdaT HaTpus, XI0pUL Kanbuus u kapboHat
HaTpus. Ons LOCTUXKEHWS MNOCTaB/IEHHOM Lenn B NabopaTopHbIX YCNOBUAX OblIM U3rOTOB/IEHDI
obpasubl Oymarn maccoi 45 r/m2 u3 uennnosbl 6eneHol cynbgatHol xBoiHoN (100 %),
TepMOMeXaHU4Yecko papesecHoit Maccbl (100 %) u ux codeTaHMs B COOTHoweHum 20 : 80
COOTBETCTBEHHO. CTeneHb nomona Uenwno3bl coctaBnsna 35 °LUP, TepmMoMexaHU4YeCKoi
ApeBecHoin maccbl - 70 °LUP. Mpu cocTaBneHMM KOMMO3WULMKM GyMaKHOW Mmacchl cobntoganv
Cnefyowyto nocnefoBaTenbHOCTb [03MPOBAHUS XUMUKATOB B OYMaXKHYK MaccCy: KaTWOHHbIN
KYKYpY3HbIl  Kpaxman (MOAM(ULMPOBaHHbIN), YynpouyHAwwas pobaBka «Luredur VH»,
yaepxuBatowas pobaska «Polymin VZ», npokneusawliee BelwecTBO Ha OCHOBE AWMepOB
ankunketeHoB (AKJ) «YnbTpacai3 200» 1 Ha 3aBepLuaroLLeli cTagun Ba XMMUYECKUX KOMMOHEHTa
ANA NonydeHUs HanonHuTensa. [o3MpoBKa XWMUKATOB [/ HaMOJIHEHUA OcCyLlecTBfsnach npu
KOHLUEHTpaLUUN CyXMUX BELECTB B UCXOAHbIX pacTBopax 10 %. [Mony4yeHHble ob6pasubl Gymaru
OT/IMYANINCL COLEPXXaHUEeM B KOMMO3MLUW YKa3aHHbIX Hamno/fHWUTeNel, KOTOpOe W3MEHSA/0Ch B
AvanasoHe oT 10 go 50 Kr/T.

CpaBHuUTeNbHAA OLeHKa MOJIyYEHHbIX Pe3ynbTaTOB OCYLLECTBASANACH MO U3MEHEHUID TakKux
nokasatenein KkayectBa 06pasyoB Oymaru, Kak paspbiBHas fgnvHa (M), BNUTbIBAEMOCTb MW
OLLHOCTOPOHHEM cmaumsaHuu (r/m2), 6envsHa (%) v cteneHb yaepxaHusa HanonHutens (%).

YCTaHOB/IEHO, YTO MPU YBEMYEHUN COLEPXaHUS B KOMMNO3MLMKU BYyMaXKHOM macchl, Kak
TPaAULMOHHOIO HaNOMHUTENSA, TaK U HOBbIX UCCeAYeMbIX HanoNHUTeNEeN, HAOMNOAAETCA CHDKEHME
paspbiBHOM [AUHbI 00pas3uoB 6Gymarn u3 Lennno3bl U TePMOMEXaHWYecKol Maccbl. 310
006YyC/NOBNEHO YMEHbLUEHNEM KOTMYECTBAa MEXBOIOKOHHbIX CBA3E BCELCTBUE HAXOXAEHNSA YacTul,
MWHEPasbHOro Haro/HUTeNA B MecTaX BO3MOXHbIX KOHTaKTOB BOJIOKOH MexAy c060ii. Mpu atom
6onee 3HauyuTeNbHOE MNajeHUe pPaspbiBHOM  ANMHbI  HabMOAAETCA NpU UCNOMb30BaHUK
TPaAULUMOHHOIO HamMo/IHUTENSA Kao/MHa, YTO BEepPOATHO CBA3AHO C 6O/bLIMM pPasMEpPOM YacTwuly
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HanonHuTensa. 9TOT (akT Heob6X04MMO Y4uTbiBaTb MPU NPOM3BOACTBE OyMmaruM-0CHOBbI AN
MefioBaHUs ¢ TpebyembIMU (PU3NKO-MeXaHUYECKMMIU CBOVCTBaMMU.

CTeneHb yep>XaHus HarnoHUTEeR 0T/IMYanach B 3aBUCUMOCTH OT UX COLEePXKaHUA B KOMMO3ULMK
bymarun. Tak, Hanbonee BbICOKas CTeMeHb yhepxaHus Habnwoganacb Npu MUCMosib30BaHUN B KayecTse
HanonHuTens cynbdara 6apus n coctasnsna 95 - 96 %. Mpy 3TOM BXXHO OTMETUTDL, YTO MPU YBEIMYEHNN
ero pacxoja 3HaueHue BNUTLIBAEMOCTM 06pa3LLoB Bymarm HaxoauTca B guanasoHe 12-18 r/M2 4to MoxeT
Bbl3BaTb 3aTPYAHEHMS MPU HaHECEHUW MeNioBa/IbHOM nacTbl Ha 6Oymary-oCHOBY BC/eACTBUE ee
ype3mepHoi rnapotobHoe™. C Apyroi CTOPOHbI 3TO AaeT BO3MOXHOCTb A/19 YMeHbLUeHUs pacxoja
MPOK/IENBAIOLLETO BELLECTBA B KOMMO3MLUW AAHHOTO BMAa Bymaru.

MeHbLlen 3 (eKTUBHOCTLIO XapakTepusyetcsa KapboHAT KanbUua, Mpu UCNONb30BaHUM
KOTOPOro XxapakTepHO 60/iee HU3Kasa CTereHb YAepXXaHWs MOCMefHero no CpaBHEHMUIO, KaK C
cynbartom 6apud, Tak U C TPAAULMUOHHBIM Kao/IMHOM. OTO BEPOATHO CBA3AHO C pasmMepaMy 4acTuy,
Moy4yaeMoro HamoJIHATENA M ero Crnoco6HOCTb afcopbupoBaTbCA Ha MOBEPXHOCTU BOJIOKOH
LLeNIN0N03bl U TEPMOMEXAHNYECKOW APEBECHO Macchl.

Takum 00pa3om, yCTaHOB/IeHa BO3MOXHOCTb MWCMO/Ib30BaHUA HOBbIX HaNoOMHWUTENen B
KomMno3uuum 6ymarn-ocHoBbl A5 MefnoBaHuA. Mpu 3aToM 60siee 3hPeKTUBHBIM HAMNONHUTENEM
ABNSAETCA CynbaT 6apus, NOMyYeHHbI NyTeM nocnefoBaTe/lbHO LO3MPOBAHUSA B KOMMO3ULMIO
O6YMaXKHOI Maccbl Xxnopuaa 6apus n cynbdaTta HaTpus.

JlnTtepatypa
1dngre, 4. M. TexHonorus 6ymarn / [I. M. ®nsre. - M.: JlecHas npoMbIwieHHOCTb, 1988. - 440 c.
2 ViBaHoB, C. H. TexHonorua 6ymarun/ C. H. ViBaHOB. - M.: JlecHas NpoMbILLNeHHOCTb, 1970.-696 c.

YK 666.266.72
Pa3paboTKa (hoTOXPOMHbIX CTEKO/1, aKTUBMPOBAHHbIX rafioreHnaammn meam

CtypeHT rp.8 JlykawaHey, T.B.

HayuHblin pykoBoguTens - Manko J1.®.

Benopycckuii rocyaapCTBEHHbIN TEXHOMOTMYECKNIA YHUBEPCUTET
r. MuHck

AKTyanbHOCTb pa3paboTKM POTOXPOMHbIX CTEKO/ OMNPefensieTcs YHUKanbHbIM coYeTaHueM
CBOWCTB M MHOroobpasumem ux npuMeHeHus. POTOXPOMHbIe CTekna MPUMEHAOTCA [AnAa
M3roTOB/IEHNA COMTHLE3ALLNTHBIX OYKOBbIX CTEKOJI, OCTEK/IEHNS aBTOMALLWH, 34aHNI. MuHepanbHble
(DOTOXPOMHbIE CTeKna MO CPaBHEHUKO C M1aCTMACCOBbIMU  ABNAKOTCA 60nee  NPOYHLIMY,
YyCTONYMBBLIMM K 06pa3oBaHMI0 LapanuH, XapakKTepusyrTCa XUMWUYECKOW CTOMKOCTbIO W
HEMPOHULLAEMOCTbIO AN XKMAKUX  cped. ITO npejoTsBpaliaetT  paspylleHue  aKTUBHbIX
(hOTOKOMNOHEHTOB, pacnpefeneHHbIX B MaTpuue cTekna, 4To obecrneymBaeT 605ee BbICOKYHO
CTabUNbHOCTb (DOTOXPOMHBIX CBOMCTB BO BPEMEHM.

®OTOXPOMHbIE CTEK/la OTHOCATCHA K K/acCy HeopraHuyeckux MatepuasioB C nepemMeHHbIM
CBETOMpPOnyckaHWeM 1 061a4arT CNOCO6HOCTbIO TEMHETb NPW 06/y4YeHNUN YbTPaproneToBbIM UK
KOPOTKOBO/IHOBbIM BUAMUMbIM CBETOM W MPOCBETNATLCA MNOCNE MNpeKpalieHns obnydeHus. Mopg
[encTBMemM akTMBHOTO M3/yYeHUS B CBETOYYBCTBUTE/IbHON (ha3e (DOTOXPOMHOIO CTeKNa MPOUCXOAAT
KOHKYpUpyloLime npoLeccbl: C OLHOW CTOPOHbI, 06pa3oBaHMe LEHTPOB OKpacku, a C Apyromu
TEepPMMYECKOe N OMTUYECKOE paspyLlueHne TakuX LLeHTPOB, pPe3y/ibTUPYIOLLas KOTOpPbIX onpegenset
CKOpOCTb M CTeneHb MNOTEMHEHUA cTekna. Mocne npekpawieHus AencTBusA U3NyYeHUs CoOXpaHAeTcs
TONbKO MpOLLECC TEPMUYECKOr0 pas3pyLlleHWUs LEeHTPOB OKPacKW, Bbi3blBalOLWMA 06ecLBeynBaHue
cTekna (penakcaumio).

®OTOXPOMHbIE CTeK/la MNpeacTaBnAT Cco60M ABYX(a3HYl CUCTEMY, COCTOAWYHO U3
MaTPUYHOro CTekna C pacTBOPEHHbIMW B HEM CBETOYYBCTBUTE/NbHLIMU MUKPOKpUCTANAMMU.
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