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I'YO «l'omenvcruii unoicenepruiil uncmumymy MYC Pecnyonuxu bBerapyco

B pabGore mpoBomuTcs KpaTkuii 0030p wuHGOpManmuM B 00JACTH  CHHDKCHHS
MOYXKAPOOTIACHOCTH TOJUMEPHBIX MaTepuanoB. PaccMmarpuBaloTcsi OCOOCHHOCTH WX TOPEHUS,
pa3NMYHbIE MEXaHU3MbBl CHIDKCHHUS TOPIOYECTH, a TakkKe acCOPTHMEHT COBPEMEHHBIX
aHTUITUpPEHOB. [IpencTaBieHbl pe3ynbTaThl COOCTBEHHBIX Pa3pabOTOK 3KOJOTHYECKH YHUCTHIX
AHTHUITUPEHOB.

KiroueBble c10Ba: 1oJMMepHbIE MaTepHalibl, aHTUIIMPEHBI, TOPIOYECTh, BOCIUIAMEHAEMOCTbD,
nuddepeHInaTbHO-TEPMUYECKUN aHaIu3, KaJIOpUMETpHs,
yIABTPaANUCIIEPCHOCTD, TEMJIOBBIIEIIEHUE, TEPMOCTONKOCTD.

BBenenne

OnHUM Y3 TPUOPUTETHBIX HANPABICHUN HAayKU M MPOMBIIUICHHOCTH SIBJISETCS BCE
OoJiee MIMPOKOE BHEJPEHHE BO BCE Chepbl HAPOTHOI'O X035 CTBA MOJIMMEPHBIX MaTepUaIIOB,
o0aaromyX KOMILJIEKCOM LIEHHBIX CBOMCTB: JIETKOCTh M BBICOKAasi MPOYHOCTb, TEIUIO-,
3BYKO-, 2JIEKTPOM3OJALMOHHBIE U Jpyrue cBolcTBa. Ha MX OCHOBE cO31ar0TCs HOBBIE
KOHCTPYKLIMOHHbIE MaTepHualibl, KOTOpPbIE 3aMEHSIOT METaJlJIbl, CIUIaBbl M IMPUPOJTHBIE
marepuasiel. CoBpeMeHHbIE MOJUMEPHI 00J1aJal0T YHUKAIbHBIM KOMIUIEKCOM CBOMCTB, HE
MMEIOIIMX aHAJIOT0B CPEAN TPAJUIIMOHHBIX KOHCTPYKIIMOHHBIX MaTepHalioB. B cBs3u ¢ 3Tum
HEYKJIOHHO pPAacTyT TEMIbl IMPOU3BOACTBA IOJIMMEPHBIX MAaTEpUAIOB M PACLIMPSIOTCS
00J1aCTH UX IPUMEHEHUSI.

IIporpecc B cO34aHMM W NPOMBIIUIEHHOM IIPOM3BOJCTBE IIOJIMMEPOB HMEET
HETraTUBHYIO CTOPOHY, 00YCIIOBJIEHHYIO BBICOKOM rOpIOYECTHIO0 OOJIBIIMHCTBA BBITYCKAEMBbIX
HOJMMEPOB, B pe3y/bTaTe Yero MpU MX BHEAPEHUU IMOBBIIIACTCS 00IIasi MOXKapoOonacHOCTb
[1].

bynyun opraHmdeckuMM 1O < CBO€H  INPUPOJE, IOJUMEPHBIE MaTepHasbl
MPEJCTaBISIOT BBICOKUI MOTEHIMAN sl BO3HUKHOBEHHUS M PAaCHpOCTpPaHEHHUs Mokapa, a
TaKke NPOSIBICHUS ONACHBIX (DAaKTOPOB MOXkapa, NPUBOIAIIMX K THOEnIH Jronedl u
MatepuaipHOMy  ymepOy. [opeHne  MONMMEpHBIX  MarepuaioB,  SBJSIOIIEECS
JOMHUHHPYIOIIUM TIPOLIECCOM  TOJABJISIONIEr0 OOJBIIMHCTBA COBPEMEHHBIX MOXApOB,
IPE/CTABIsAET COOOM CIIOXKHOE SBIEHUE, BKIIOYAKOIlee B CE0sl 2JIEMEHThl TEIIo- U
MaccooOMeHa, Ta30BOi TUHAMUKHU, XUMUYECKOW KHHETUKU PeakIMii B KOHJCHCUPOBAHHOMN U
ra3oBoil (aszax, a TakKe Ha TpaHUIE UX pas3jena, MaciiTaOHble U Jpyrue (aKkTophl.
[ToxapHass oOmacHOCTb MaTepHaloB M M3ACIMM W3 HHUX OINpPENENIeTCs B TEXHHUKE
CIIEAYIOUIMMH XapaKTepUCTUKAMMU:

— FOpPIOYECThIO, T. €. CIIOCOOHOCTBIO MaTepHuallia 3aropaThCs, MOJAECPKHUBATH U
pacnpocTpaHATh NPOIECC TOPEHMUS;

— IIBIMOBBIJIEJIEHUEM TIPU TOPEHUH U BO3JECHCTBUH IIJIAMEHH;
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— TOKCUYHOCTBIO MPOAYKTOB T'OPCHUSA W NMHUPOJIM3a — Pa3IOKCHHUA BCIICCTBA TTOI
BO3/ICHICTBHEM BBICOKHX TEMIIEPATYD;

— JKapONPOYHOCTh W  TEIIOCTOMKOCTh KOHCTPYKLIMOHHBIX MaTEpUAJIOB, T. €.
CIIOCOOHOCTBIO  COXpaHATh  (pU3MKO-MexaHW4Yeckue (MPOYHOCTh, IKECTKOCTb) H
(GyHKUIMOHATIBHBIE CBOMCTBA U3/IENUS PH BO3JICHCTBUN TNIAMECHH.

Bonpimoe paznooOpasue MOIMMEPHBIX MaTEpPHAIOB [0 XUMUYECKOMY CTPOCHUIO U
COCTaBy, HUX MHOI'OKOMIIOHCHTHOCTb, COYCTAaHHUC C APYrMMHU MaTrcpuajlamMu IIpu
KOHCTPYMPOBAaHUM H3JICJIMH WM KOHKPETHOM KOHEYHOM IIEJIEBOM HCIIOJIBb30BaHMH,
MHOroo0Opasue ¢Qusnueckux (HopM NpuU OAHOM M TOM K€ COCTaBE MPEIONPEACISIIOT
cneuurKy BO3HUKHOBEHUS, pa3BUTHS M TIOCIEACTBUA I0OXXKApOB C Yyd4acTHEM
MMOJIMMCPHBIX MAaTCPUAJIOB.

B mnHacrosimee Bpemsi CIOXHINCh OCHOBHBIC IPEACTABICHUS O MeXaHHU3ME
TOPEHHUS IOJIUMEPOB U 0 (PAKTOPax ero ompeAesIoInX.
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PucyHok 1 — Cxema npouecca ropeHua noammepos

AHanu3 npouecca ropeHus (pUCyHOK 1) Mo3BOJISIET MOHATH U BO3MOXKHBIE MYTH
CHIKEHHUs TOpIOYECTH IOoJuMepHoro wmarepuana. Cienyer OTMETHTb, YTO B
OOJBIIMHCTBE CIy4aeB HEBO3MOXKHO JOOUTHCA TOTO, YTOOBI OPraHUYECKUN MOJUMEpP
cTasl abCOMIOTHO HErOPIOYMM MaTepuajoM U He Cropaj B MHTEHCHUBHOM OTHE (IoXKape).
OnHako OOJIBIIMHCTBO MOKAPOB BO3HUKAET OT MAJOKAJIOPUHHBIX UCTOUYHUKOB TeIja U
OTHS — CHUrapeT, CIUYEK, CBEYeil, KOPOTKOro 3aMmblkaHuA. [l03TOMy OuYeHb Ba)XHO
NOHU3UTh TOPIOYECTh IOJHMMEpa, 4YTOObI OH MEJJIEHHEEe 3aropalcs, MeJIeHHee
pacnpoCTpaHsAIOCh IIaMs, a JUIs 3aropaHus TpeOoBaIUCh Obl Oosiee KECTKHUE YCIOBHS
(Oonee BBICOKME 3HAUYEHHUS TeMIepaTyp, NMOTOKa ’HEpruu U T. 1.). Ha ocHOBe 3THX
NpeCTaBIeHU pa3paboTaHbl CIOCOOBI CHIDKEHUS TOPIOYECTH MOJUMEPOB Pa3IUYHBIX
kjaccoB. HeoOXxoauMo OTMETHTH, YTO MOUCKH MYTEW, OrpaHMYMBAIOLIUX TOPHOYECTh
MOJIUMEPOB, MPOJOJDKAIOTCA BO BCEM MHpE, M Ha OTO TPaTATCS 3HAYUTEIbHBIC
(MHAHCOBBIC M MHTEIICKTyalbHbIC cpecTBa [1].

OcHoBHAasI YacTh

Bce METOAbI CHUKCHUA FOpIO‘—IeCTI/I OCHOBAHBI Ha cnegly}onmx HpI/IHHI/IHaXZ
1) u3MeHeHue TEeIUIoBOro OajaHca IUIAMEHH 3a CYET YBEJIMYCHHS Pa3jIMYHOTO poja
TEIIONIOTEPh; 2) CHIKEHUE IMOTOKA TEIUIa OT IJIaMEHH Ha TMOJIMMEP 3a CUET CO3JaHus
3alIUTHBIX CJIOEB, HANpPHUMEpP, U3 o0pa3yromerocss Kokca; 3) yMEHbBIICHHE CKOPOCTH
razupukanuu nonumepa; 4) HU3MEHEHHE COOTHOIICHUS TOPIOYMX W HETOPIOYUX
MPOJIYKTOB pa3liOKEHUsT Marepuaia B TIOJB3y HETOPIOYUX. MHOrue CcrnocoObl
MOJIABJICHUS TIPOIIECCOB TOPEHUS TOJMMEpPOB OCHOBAaHbI Ha BBEJACHHU B MaTepHall
no6aBok (anTunupeHoB). Ha pucyHke 2 mpeacTaBlieH MUPOBON PHIHOK aHTHITUPEHOB.
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Pucynok 2 — MupoBo#i ppIHOK aHTUITHPEHOB

BBenenne  100aBOK, CHIDKAIOMIMX  TOXKApHYK  OMACHOCTh  MOJMMEPHBIX
MaTepuaioB, OOBIYHO HMEET M HETaTUBHYIO CTOPOHY: MPHUBOAUT K HEKOTOPOMY
YXYAMEHUIO (QU3HKO-MEXAaHUUECKUX, TUAIEKTPUICCKUX U JIPYTUX IKCIUTyaTaIllHOHHBIX U
TEXHOJIOTHYECKUX CBOMCTB, MOBBIIICHHIO CTOMMOCTH MaTepuaia, YXYAIICHUIO SKOJOTHH.
[TosTOMY CHMKEHHME MOKAPHOW OIMACHOCTH MOJMMEPHBIX MATEPUANIOB SBJISETCS 3aJayei
M0 ONTHUMH3AIUU KOMILIEKCA XapaKTePUCTHK CO3/1aBa€MOT0 MaTepHaia.

Haunbonee mmpokoe pacmnpocTpaHEHHE MOJNYYHJIA TPU THIA AaHTHIHUPEHOB: 1)
TaJIOTEHIIPOU3BOJIHBIE, B TOM 4uciae U Opomcoiepxkaiiue; 2) OpraHUYECcKue,
HEOpPraHWYeCKre HanoJHUuTeNH; 3) Gochopcoaepxaiire opraHIIeCKie 1 HEOPraHUICCKHE
MIPOU3BO/IHBIE.

HenocratkoM aHTUNUPEHOB TMEPBOTO THUIIA SIBISETCS BBICOKAS TOKCHYHOCTb.
B HacTosiee BpemMsi ocTpoTa SKOJIOTHYECKUX MpobIeM TpedyeT MOJHOT0 O0TKa3a OT ATUX
XOpOIIO U3BECTHBIX W Hambonee d>(PQPEKTHBHBIX e€me B HEJAIECKOM IPOILIOM
raJIOTeHCOIePXKALUX aHTHIIMPEHOB, MCIOJIb30BaHUE KOTOPBIX, KaK IOKa3zala IMPaKTUKa,
NPUBOAUT K  CYIIECTBEHHOMY 3arpsi3HCHHUIO  OKPYXKAIOIIEH  Cpeibl:  JUOKCHIBI,
OeH3oypaHbl W Apyrue MPOAYKTHI CrOpaHHUsS TaJIOTeHCOAEpKAlluX aHTUIUPEHOB Oe3
COMHEHUSI TPEACTABIISIIOT OMACHOCTh ISl JKU3HEACSTEIILHOCTA dYellioBeka. /(s BTOporo
TUMA AHTUIIUPEHOB XapaKTEpHbl BBICOKME CTEMEHHU HAIIOJHEHHUS [OJIUMEPOB, YTO
HETaTUBHO OTpPa)KaeTcsi Ha (PU3MKO-MEXaHWYECKUX CBOMCTBAX IMOJMMEpa U Tpedyer
MEepeHaNa Kl TEXHOJOTHYeckoro mpouecca. YTo Kacaercs TpeTbero TUMHa, TO
docdopcoaepkaie aHTUMTUPEHBI SBJSIOTCS aTbTEPHATUBHBIMU JIBYM TIEPBBIM THUIIaM, HO
OTJIMYAIOTCSI OTHOCUTEIBHO HHU3KOM TeMIepaTypoil Hadaia pas3iokeHUs M CpelHeu
3¢ (PEKTUBHOCTHIO, YTO OTrPAaHUYMBAECT WX 00JacTh NpuMeHeHus. HMHorma xopornue
PE3YNbTATHI M0 CHUKEHHIO MOYKAapOONAaCHOCTH, OCHOBAHbI Ha MPOSBICHUN CUHEPTU3Ma, UX
MOXXHO TIOJY4YUTh, MCIONB3Ysl pa3luyHble KoMOWHanuu BemecTB. Kitaccuueckum
MPUMEPOM CHUHEPTUYECKUX CBOWCTB SBIISIFOTCS CMECU TaJOT€HCOJEPKAIIUX COCTUHEHUHN C
okcHsIoM cypbMbl. Cam 10 ce0e OKCHUJ CypbMbl HE TIPOSIBISIET AKTUBHBIX CBOMCTB
3aMeJUIUTENsl TOPEHUSI M CUMTAETCS TOJIBKO CUHEPTUCTOM. JTO HECKOJBKO CHMXKAET OCTPOTY
AKOJIOTUYECKOW MPOOJIEMBI B CBSI3U C BO3MOXKHOCTHIO CHIDKEHHSI KOHIIEHTpAIUU J00aBOK
AHTUITUPEHOB. B HacTosIee BpeMs JO0CTaTOYHO IIUPOK aCCOPTHUMEHT (ochopcoaepKaiiimx
AQHTUIHUPEHOB, W3BECTHHI KOMOMHAIIMM WX C COEAMHEHUSMH CYPbMBI, XJOpa, OJHAKO B
pa3IMUHBIX MOJMMEpPax B 3aBUCHUMOCTH OT COOTHOLIEHHSI U TMPUPOAbI KOMIIOHEHTOB OHHU
MOTYT TPUBOJHUTH K aTATUBHOMY, CHHEPTHUYECKOMY WJIM aHTarOHUCTHUYECKOMY 3 dexTam.
Ha mpumepe dochop- u xyopcomepkamux 3aMeIUTENIe TOpPEeHus Moka3zaHo [2], dro
B3aMMHO€ YCHUJICHHME WX JIEHCTBUS TPOSBISIETCS B Y3KUX MHTEpBalaxX KOHIICHTPAIUN |
COOTHOIIIEHUH KOHKPETHBIX aHTHUMHUPEHOB. B Jpyrux ciiydasix BBICOKas JETY4eCTh TaKUX
AHTUMMUPEHOB OTPAHMYHMBAET HMX TMPUMEHEHHE OCOOEHHO BO BCIEHEHHBIX IOJUMEpax.
Opnnako Habmromaetrcs poct npumeHeHus: gochopcoaepxkanux coequnenuit (7 % B ron),
YTO CBSI3aH C TAKUMHU UX MPEUMYIIECTBAMHU, KaK HU3KOE JTBIMOOOPA30BAHHUE U OTCYTCTBHE
KOppO3UHU 000pYyIOBAHUS TPU MepepadboTKe.
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BBenenne B monuMMep — MHEPTHBIX  HAMOJHHUTENEH,  HEOPTaHUYECKUX
AQHTUIIUPEHOB — €Illleé OJUH U3 CIOCOOOB CHIKEHHSI TOPIOYECTH MOJUMEPHOTO
maTepuana. OHU HE OKa3bIBalOT CYIIECTBEHHOI'O BIIMSIHUS Ha COCTaB U KOJIMYECTBO
MPOJIYKTOB MHUPOJIN3a MOJUMEPOB B Ta30Boil (ha3e UM BEIUYMHY KOKCOBOTO OCTaTKa B
YCIOBHUSIX TOPEHUS U  BBIACIAIOT TOpa3lo MEHbIE JbIMa, YeM TaJIoreH-,
docdhopconepxkamue aHTUnupeHsl. Mx MoxHO pa3genuTs Ha JABe Tpynmel: 1)
MHUHEpaJIbHbIE HAIMOJHUTENIH, YycToluuBbie a0 Temmeparypsl 1000 °C — oxcuabl
METayuioB, (TOpPUABI KalbLUs W JIUTHS, CHUJIMKAThl, TEXHUYECKUH YrIepo/,
HEOPTraHWYeCKOe CTEKJO0, IOpPOIIKOOOpa3Hble MeTaibl W T. II.; 2) BEllecTBa,
pasnararontuecs mpu tremneparypax Hwke 400-500 °C ¢ moromenreM Termia 1 00bIYHO
C BBIJCJICHHEM YIJIEKUCIOr0 Ta3a W/WIM TapoB BOJAbI, aMMHaka — THAPOKCHIBI,
KapOOHAaTHI, THAPOKAPOOHATH METANIOB, aMMOHUKOCHATHI U T. 1.

I'uapokcuap! amOMUHUS M MarHusi 3aHUMAlOT IIEPBOE MECTO CPEH AaHTUITUPEHOB 10
o0bemy mpumenenus: (6omnee 40 % Bcero oObemMa aHTUIMUPEHOB). DTO OOYCIOBIECHO HX
HU3KOH CTOMMOCTBIO 10 CPaBHEHHIO C CHCTEMaMH Ha OCHOBE TajioreHoB wuiH (ocdopa.
['uapokcuapl MeTaioB TOJ BO3ACHCTBHEM BBICOKHX TEMIIEpaTyp pasjaraloTcs C
BBIJICIICHUEM BOJIbl. Peakuus pa3iokeHus: SBISETCS SHIOTEPMUYECKON (COMPOBOXKAAETCS
MOTJIOIIEHUEM TEIJIa), YTO MPUBOJUT K OXJIAXKACHUIO TIOJMMEpa 10 TEMIIEPATYpP HUXKE TOUKU
BocmiameHeHusi. OOpa3oBaHue BOJBI CHOCOOCTBYeT pa30aBICHHUI0 TOPIOYHMX Ta30B,
BBIJICNIAIONIMXCA TIPH PA3II0KEHUH, OCTIA0sSeT AeUCTBIE KUCIOPO/ia U YMEHBILIAET CKOPOCTh
ropeaus. DG EeKTUBHOCTh THIPOKCUAOB MPSIMO MPOMOPLUOHATIBHA HX COJACPKAHUIO B
MoJIuMepe.

I'uapoxcun marams (MH) — mpencraBisier coboii Oemblii TOPOIIOK ¢ pa3MepoM
yactun ot 0,5 10 5 Mxm. [l JOCTHKEHHSI COOTBETCTBYIOIIETO OTHE3aIUTHOTO 3 dexTa
BBoAUTCS B kKonudectBe 50—70 % ot maccel monumepa. ['UapoKCUa MarHust AOpOXKe, YeM
TUAPOKCHUJI aTIOMUHUS, TIOATOMY 00bEM MPUMEHEHUs Ha MOPsA0K MeHble. Ho y Hero ecth
OJIHO HEOCHOPUMOE MPEHUMYILECTBO — OH 00janaer Ooyiee BBICOKOH TEMIOCTOMKOCTHIO
(10 3000 °C), mosToMy MOXKET MPHUMEHAThCS TNpU MNepepadoTKe KOHCTPYKLMOHHBIX
TepMoIiacToB. B ocHOBHOM wucnosib3yercss B nonunponuieHe, AbBC mnnactukax u
nonudennanieHokeuae. He pekoMmeHayeTcs HCIONB30BaThb 3TOT AHTUIHMPEH B
tepmoracTuyHbIXx noamdpupax (19T, I1BT), Tak kak OH yCKOpsSieT AECTPYKLHUIO TaKuX
HOJIMMEPOB.

I'uppokcun amomunus (ATH) — nmpumeHnsiercst B 3nactoMmepax, peakToIulacTax U
TepMmorutactax. Pasmaraercst mpu temmepatypax 190-230 °C B 3aBUCHMOCTH OT pa3mepa
gactur (0,25-3 wmxM). OnmHa U3 OCHOBHBIX OOJacTel TPUMEHEHUS — TIOBBIIICHUE
OTHECTOMKOCTH OyTaHeH-CTHPOJIBHOTO JIaTeKCa, WCIIOJIB3YEMOro TIIPH TPOU3BOJICTBE
KOBPOBBIX TOKpPHITHH. Takke OH MIMPOKO HCIIONB3YeTCS ISl M3TOTOBJICHHUS HETOPIOYNX
AIIACTOMEPOB ISl  KaOeNbHOW W3OJSIMH, JICHTOYHBIX TPAHCIIOPTEPOB, KPOBEIBHBIX
MaTepUaioB M IUIAHTOB. BO3MOXXKHO HCHOJNB30BaHHWE Ui TOBBIIICHUS OTHECTOHMKOCTH
HEHACBHIIIEHHBIX MOIMI(PHUPOB. DTOT aHTHUITUPEH IIHMPOKO MPHMEHSETCS B MOTHONIe(UHAX,
IIBX, Tepmonnacromiacrax.

Tak kak 100aBKM TakWX aHTUOUPEHOB MOTryT pocturatb 70 %, TO OCHOBHBIM
HEIOCTaTKOM TPHUMEHEHHUS HEOPTaHWYECKHX THUIAPOKCHIIOB SIBIISICTCS  YXYALICHHE
MEXaHUYECKUX MapaMeTPOB MOJMMEPHBIX MATEPHAIOB U TEXHOJIOTHUECKHE TpyAHOCTH [3].

Pe3yabTaThl Hcc/ie10BaHU

ATNbTEpHAaTUBHBIM DPEIICHHEM B OTOM CIIyda€ MOXET OBbITh TPUMEHEHUE
MOAUGUIIMPOBAHHBIX (DYHKIIMOHATIBHO ATIOMOCHJIMKATOB — OEHTOHUTOBBIX INHH. K
OCHTOHHUTAM OTHOCSITCSI TOHKOJIMCIIEPCHBIE BHICOKOIIJIACTUYHBIC TJIUHBI, OCHOBHYIO POJIb B
COCTaB€ KOTOPBIX WTPAET MOPOJA000pa3yIOIMHNi MUHEpPAJI — MOHTMOPHJUIOHUT. Bwicokme
MIPUPOIHBIC TUCTIEPCHOCTH U TTOBEPXHOCTHASI SHEPTHUS BEIIECTBA TTO3BOJISIIOT UCIIOIH30BATh
€ro Kak TBEPAOTEIbHYIO MATPHUILY ISl MPUBUBKUA (PYHKIIMOHATBHBIX TPYII, MPUAAFOIITHX
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emy HeobOxommmbie cBoiictBa [4]. Tak o0paborka ruAPOGOOHBIMH OpraHHYCCKHUMHM
peareHTaMu TO3BOJIIET IOBBICUTH CpPOJICTBO BEIIECTBA AHTHIMPEHA K ITOJMMEPHBIM
MaTepHaliam, 4To SBJSICTCS HEOOXOIMMBIM TpeOOBaHUEM COBMECTUMOCTH. HaMu BriepBbIe
JUIE  OTUX IIeJiel TPUMEHEHBI COAlCTOKM JKUPHBIX KHCIOT. llemecooOpa3HOCTh
UCTIOJIB30BaHUs MOCIEIHUX OOYCIIOBJICHA WX JIMIUAHON TPHUPOJOH, OOecTieYrBarOIIei
ruipo(hoOHOCTD, a TAKXKE HATMYHNEM TTOBEPXHOCTHO-AKTHBHBIX CBOMCTB, CIIOCOOCTBYIOIINX
JMCIIEPrUpOBaHuIo [5].

Cocras coancToKa
MWPUCTHHOBAA
NAaNbMHUTHHOBAR
17%
NpoAYKTLI

NONUMEPU3aLMKA
W HOHDEHEaLYAH |

44%

CTeapuHOBan

\

2%
NWMHONEBaR

Pucynok 4 — KommnsroreprzupoBanHblii akctpysuorpad «Rheocord 90» ¢pupmer <cHAAKE» (DPT)

B noaumepHyro  mMarpuily Ha  CTaauMM  3arpy3kd  TOJIMMeEpa B
KOMIIBIOTEPU3UPOBAHHBIN 3KCTpy3uorpad BBOAMUIUCH pa3nuyHble HaBecku (oT 0,5 no 4,0
Mmac. %) aHTUIIHMpEeHa pa3pabOTaHHOTO cocTaBa. bbula MoOdydyeHa NOJIMMEpHas JIeHTa,
MeXaHUYECKHE ITapaMeTpbl KOTOPOU OTPENEeNSITICH M0 COOTBETCTBYIOIIUM METOTUKAM.
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Pucynok 5 — OmbITHBIE 00pa3IIb TOTMMEPHOH JIEHTHI ¢ cofepkanreM anTrrmpena 0, 2 1 5 % oT Macchl

[enecooOpa3HOCTh MPOBEACHUSI TAKUX HCHBITAaHWNA OOYCIIOBJIEHA MPOSBICHUEM
YXYJIIEHUS] MEXaHUYECKUX XapaKTEepPUCTHK MpHU BBEAEHUM HanosHuTenei. Kak nokazanu
pe3yJbTaThl UCIBITAHUN, aHTUIIMPEH NpU cojepkaHuu 1,5 % oka3plBaeT yCHJIMBaroLlee
JieicTBUE U yTy4IllaeT MEXaHUYECKHE TapaMeTpbl KOMIIO3UTA.

Tadoauna 1 — CpaBHUTeIbHBIE CBOHCTBA MOJMMEPHBIX MATEPHATOB

MexaHHYeCKHE XapaKTePHCTHKH
HaunmenoBanue Mpenen OTHOCHTEILHOE® Kaaccnpuxanus
Monyanb NPOYHOCTH NPHU MaTepuaJa
nouMepa YAJIMHEHUe NPHU
ynpyrocru, MIla| pacrsaxeHun, o 10 roproecru
nepopmanun, %
Mlla
KonTponbHbrii 26,74 18,2 274,48 Toprounii
oOpaserg CpPEOHEBOCINIAMEHAEM
BIN
C aHTUIUpEHOM 148,28 31,85 103,3 T'oprounit
15% TPYJAHOBOCTILIAMEHSIEM
BIN

HCCJ’IGI{OB&HH?I, HaIpaBJICHHBIC Ha HU3YYCHHUEC TOPIOYCCTH TaKHUX IMOJIMMEPHBIX
MaTepUasoB, BBISIBUIM IMOBBIIICHUE MX TEPMOCTOMKOCTH. DTO CBSI3aHO C TEM, YTO CaMoO
HEOPTaHMYECKOE BEIICCTBO SIBJIICTCS TEPMOCTOMKHM, a TaKKe C TeM, YTO OPraHWYCCKUIt
ocTaToKk MoaudukaTopa o0nanaeT CcOOCTBEHHOH CKJIOHHOCThIO K KapOOHM3AIUH
(oOpazoBanuio Kokca mpu mnuposiuze). [locienaHee sBisieTcs aqAUTUBHBIM CBOWCTBOM
OpraHUYecKOd MoyeKynbl. KOIWYecTBEHHO OHO MOXKET OBbITh OLEHEHO IO BKJIaJaM
COCTABJIIIOIIMX  MOJIEKYJy OTHEeNbHBIX TIpymni. Kaxngas rpymnma  BHOCHT — CBOM
XapaKTepUCTUUECKU BKJIAJl B O00pa3oBaHHE KOKCOBOT'O OCTaTkKa. Bkiaj opraHuyeckoro
MoaudUKaTOpa PACCUUTHIBAICS TO HU3BECTHOM MeToauke. OpraHuyecKuii OCTaTOK
Moau(dUKaTOpa TOBBIIIAET TEPMOCTONKOCTh MOJUMEPHOTO KOMIIO3UTa B IIEJIOM, YTO
MOITBEPIKIAETCS JTaHHBIMU G depUHINATIBHO-TEPMUUECKOT O aHaJu3a.
DKCHepUMEHTAIbHBIE JaHHBIE HE AT TOYHOTO OTBETa O MEXaHW3ME MOBBIIICHUS
OTrHECTOUKOCTH MOJIMMEPHBIX KOMITIO3UTOB C HCIIOJB30BAHMEM AHTUIIMPCHOB HAa OCHOBC
OCHTOHUTOBBIX TNIMH. OJHUM W3 TMPEANOIaraeMblX MEXaHHU3MOB JIEWCTBUS aHTHIHPEHA
ABISIETCST  oOpa3oBaHue Oaphepa W3 CJIOEB OPTraHOIVIMHBI, BBINOJIHSIOMIUX  POJIb
TEPMOU3OJIATOPOB U JIEMEHTOB, MPEMATCTBYIONIUX BBIICTICHUIO MPOIYKTOB TOPEHHUS, T. €.
dbopmupyeTcsi KapOOHU3UPOBAHHBIN CIIOH, BIHMSIONIMNA HA MACCO- U TEIUIOTIEPEHOC MEXIY
30HOH rOpeHus ¥ MOJIUMEPHBIM MaTEPUATIOM.

[ToskapoonacHOCTh MOJIMMEPHBIX MATEPHAIOB OMPEISISUIA 10 COOTBETCTBYIONTUM
CTaHJapTHBIM METOJUKAM B aKKpPEIUTOBAaHHOW JabopaTopuu, TO3BOJSIONIUM Ha
MePBOHAYAILHOM 3Talle OIEHUTh CTEIICHb OTHECTOWKOCTH MaTepraa.

Ha ocHoBaHMe pe3ynbTaToOB HCIBITAHUN TMOJTYYEHO 3aKIIOYCHHE: MaTepUalbl C
}106aBKaMI/I AHTUIIUPEHOB OTHOCATCA K T'PYHIIC TOPHOYHUX TPYAHOBOCIINIAMCHACMBIX, B TO
BpeMsl Kak T[OJMMEpHBIE MaTepuanbl 0e3 aHTUIUpPEeHa — K Tpydrne TOprUYnX
CPEOAHCBOCIIIIAMCHACMBIX. KpOMe TOro, MEXaHHU3M HGﬁCTBI/IS[ AHTHIIUPCHOB I1O3BOJIACT
YMEHBIIIUTH KOJMYECTBO M COCTAB Ta3000pa3HbIX MPOTYKTOB TOPEHUS MOIUMEPOB, CHUKAS
UX DKOJIOTHYECKYIO OTIACHOCTb.

3akjao4YeHue
[TonydeHsl mosiMMepHbIE MaTepHalIbl, CoJIepKalliue pa3paboTaHHbIA AaHTUIIUPEH Ha
OCHOBE MOJU(MUIIMPOBAHHBIX OCHTOHUTOBBIX ITMH. J[00aBKM aHTHIHMpEHA HE TOJIBKO HE
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YXYALIAIOT CBOWCTB TMOJHMMEpa, HO U 3HAYUTENIBHO YIYy4LIAlOT €ro MeXaHWYecKUe
cBoiictBa. ONTUMH3UpPOBaH cocTaB Kommo3uTa. OnTumanbHble J100aBKU (11O
MEXaHUYECKUM CBOICTBaM) aHTUIUpPEHa cocTaBifloT 1,5 mac. %. Mexanusm aencTBus
AQHTUIIMPEHA  MPEINOJOXKHUTENbHO  3aKimo4aercss B 3pdexkre  TepMOU3OIALMH,
00yCIIOBJIGHHOM KOKCOOOpa30BaHHMEM OPTraHWYeCKOM COCTABISAIONICH aHTUIIMPEHOB,
MOBBILICHUEM TEMIEPaTypbl TEPMOPA3IOKEHHUS 3a CUET MUHEPAIbHOW COCTaBJISAIOLICH
KoMmro3uTa. J{00aBKM aHTUIHPEHOB B MOJUMEPHYIO MATpPUIly IO3BOJIAIOT MEPEBECTH
KOMIIO3UI[MOHHBIM ~ MaTepuas B TIpPyHIy TPYAHOBOCILUIAMEHSEMBIX  MaTEpUAJIOB.
Hcnonp30BaHrWEe OPraHOIIMH B KauyeCTBE AHTUIIMPEHOB Ui TMOJUMEPOB HE TpedyeT
nepeHaaJ ki TEXHOJIOTHIECKOTo mpoiiecca [6].
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S. N. Bobrysheva, D. L. Podobed, L. O. Kashlach
DECREASE OF COMBUSTIBILITY OF POLIMER MATIRIALS

The work gives the short review of information about reducing fire hazard of
polymer materials. Burning characteristics and various mechanisms of combustibility
decreasing as well as assortment of modern fire retardants are considered. The results of
own developments of ecologically clean fire retardant are presented.



