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[TOJIMMEPHA S KOMITO3UITUA C VJIVUIIIEHHOM AJITE3UEN

OBJIACTH TEXHUKH

Hacrosimee wu30o0pereHne OTHOCHUTCST K KOMIIO3MIMH TIOJMMEPHOTO  aJre3uBa,
cozepaKallel MOJUITUIIEH, IPUBUTBIA KUCIOTOH, U 3J1aCTOMEP, K U3AEIHI0, COAEpKAILEeMy CIION
U3 YKa3aHHOW KOMIIO3MIMH IMOJMMEPHOrO aJre3nBa, B YAaCTHOCTH, K MHOTOCJIOHHOH TpyoOe,
TaKOW Kak MeTajuinueckast TpyOa ¢ MOKPBITHEM, M NPHUMEHEHUIO KOMIIO3MLIUHU IOJIMMEPHOTO
aare3uBa JJsi MOJIyYEHHUsl aATr€3UBHOIO CJOs, B YaCTHOCTH AAT€3UBHOIO CJIOS MHOTOCJIONHOM
CTPYKTYpbI TPyObl, TAKOH KaK METaJJIUYECKast TPyOa ¢ OKPBITHEM.

PEIITAEMAA ITPOBJIEMA

H3BeCTHO MHOXKECTBO NPUMEHEHUN MHOTIOCIONHBIX CTPYKTYp, COAEpKALIMX N1BA, TPH,
4eTeipe, MATh WM OoJiee CIIOEeB, TAKUX KakK, HApUMep, 3alluTHOEe MOKpbITHE TPyO. B 3THX
MHOTOCJIOHBIX CTPYKTypax pasjMyHble CJIOM  Hauboyiee 4acTO COCTOAT W3 PAa3JIMYHBIX
MaTepHajoB, KOTOPBIE, COOTBETCTBEHHO, HMEIOT pa3ju4yHble (PU3NYECKUEe U XUMHYECKHE
cBOHCTBa. B pe3ynpraTte 4ero BO3HHUKAET MpoOJeMa, COCTOSINAs B TOM, YTO COCEIHUE CIIOM He
CIIMMAIOTCA APYT C APYIOM WM CIHMAKTCA APYT ¢ APYyroM HenoctatodHo. CrenoBaTenbHO,
00IIEeN3BECTHO CO3/1aHNE MHOTOCIIOWHOM CTPYKTYPBI C IPOMEKY TOUHBIMH aI€3UBHBIMH CIIOSIMHU
IUIsl YJY4YIIEHHWs AaAre3ud COCEIHUX  CJIOEB, COCTOSAILIUX W3 Pa3IMYHBIX MATepHUAIOB U,
CJIEZIOBATENIbHO, TIO3BOJIIIOLINX U30€KaTh PacCIOSHMS.

Hampumep, B TNOKpPBITUM MeTAJUIMYECKOH TpyObl, Kak MPaBUJIO, HCIOJB3YIOT
TPEXCJIONHYK IOJHUMEPHYK CTPYKTYpPYy, KOTOpasi COCTOUT M3 3IOKCHIHOIO CJOsl, KOTOPBIU
BBIMIOJIHEH JIJIs IPOYHOTO CLETUICHUs ¢ BHEIIHEW NOBEPXHOCTHIO METAIIIMYECKOH CTEHKH TPYOBI,
IPOMEXYTOYHOIO aJAre3MBHOTO CJIOS W BHEMIHEr0 3alUTHOrO MOJHOJe(GUHOBOTO CIos,
KOTOPBIH, KaKk OOIIEU3BECTHO, MPEACTABIsieT COOOH MOIMATHIIEH WU MOJHUIPONUIEH BBICOKOM
MJIOTHOCTU. TpexcioiiHas CTPYKTypa AEMOHCTPUPYET yJIyUILIEHHbIE CBOMCTBA IO CPABHEHUIO C
paHee W3BECTHBIMH OAHOCJIOWHBIMHM MOKpPBITUSIMH. C OJHOW CTOPOHBI SMOKCUIHBIA CJIOH
JIEMOHCTPHPYET YJIYUIIEHHOE COSNUHEHNE ¢ METAJUTMYECKONW CTEHKON, YTO MO3BOJISIET M30€eKaTh
KaTOAHOTO OTCIIAaMBAaHUs, W OOECIeYMBAaeT MEHbIEee NMPOHUKHOBEHHE KHCIOPOAa, C JIpyrou
CTOPOHBI BHEIIHHUI CJIOW Ha OCHOBE MoynojierHa 00eCneunBaeT XOPOUIYI0 METAJUTHYECKYIO
3alUTy W MEHbIIEeEe NPOHUKHOBeHHE Boabl. OpnHako, BO U30EKaHHE pPacCIanBaHUs
NOJHONE(UHOBOTO CJIOSI M 3MOKCUAHOTO CJOS, YTO MOXKET TPUBECTH B pe3yJbTare K
MOBPEKACHUIO MHOTOCJIOWHOTO TIOKPBITHS, MEXIy OSTHUMH JABYMS CJOSMH HEoOXOqum
aATE€3UBHBIN CJION.

Cornacuo ISO 21809-1:2011, tpebyercs1, uToOb! TeMmiepaTypa pasmsirdenust Vicat A 50
anresusa st MDPE(IIDCII-onustunen cpennet mnornoctn)/HDPE (ITOH/I-nonmstunen

BBICOKOW IUIOTHOCTH HM3KOT'O JIABJIEHMs) MOKPBITHs ObLta paBHOM miu Oonee 85 °C. B xapkom



KJimMare, TakoM kak bmkauii Boctok u Manus, TpeboBaHue phIHKA SIBISIETCS Aake elne Oojiee
BBICOKUM, Hanpumep, B Unanu 6oxee uem 100 °C.

Temmnepatypa pasmsrdeHust Vicat mpencraBiseT TeMIepaTypy, NPU KOTOPOH Hria c
IUIOCKUM KOHLIOM IPOHUKaeT B oOpaszern] Ha riyOuHy | MM mpH omnpeneseHHOW Harpyske.
TemnepaTtypa OTpakaeT TOUKY pa3sMArYeHUs, OKUAAEMYIO IIPHU UCIOJIb30BAHUU MaTepuasa Mpu
MOBBILIEHHON TEMIIEPATYyPe.

Anre3uBHbBIE CJIOM U MaTepUasbl JJIsl TOJYUYEHUS] TaAKUX CJIOEB MPUBEIEHBI, HAIPUMED, B
WO 99/37730 Al, B KOTOPOM OINUCHIBAETCS KOMITO3ULUS aAre€3MBa, COAEpIKallas KOMIIOHEHT
coroiuMepa 3TujieHa u ot 2 10 35 mMacc.% NPUBUTOTO METAJUIOLEHOBOTO MOJIUATHIICHA.

B JP 8208915 A onmchIBaeTCsI KOMIO3ULMS MOJUATUICHOBOIO aAre3rBa, Comep Karias
NPUBUTBIN COMOJIMMEDP STHIIEHa/anb(a-onedrHa B Ka4eCTBE MOKPBITHS, HAIPUMeEp, I Kabemen
U CTaJIbHBIX TPYO.

B EP 0896044 Al omnmchIBaeTcss KOMIIO3MIHS CMOJITHOIO aare3uBa, B YaCTHOCTU
ucriosnibdyemast il J1aMuHatoB. CMOJa COINEPKUT HEYNOPSOOYEHHBIH cormonuMmep anbga-
one(rHA/COENMHEHNST apOMATHYECKOr0 BUHMIJIA, KOTOPBIH YaCTUYHO WM  TOJHOCTBIO
MOIU(ULIPOBAH MTPUBUBKOH.

B EP 0791628 Bl onucelBaeTcs KOMIIO3ULMS aAre€3UBa, COAEpIKAINasl MPUBUTHIN
JUTMHHOLIETIOUEYHBIN COMOIIMMED STHIIEHA- 0. —0oyie(pUHA C ar€HTOM, NMPHUIAIOIINUM JIUIKOCTh, WIN
COIOJIIMEp OSTWJICHA/BUHHJIAIIETATa Ui NPUMEHEHUS B KauyeCTBE IUICHOYHBIX CJIOEB IIPH
aAre3uy, HarpuMmep, ¢ METAJIAMU.

B EP 1316598 Bl omnuchiBaeTcss KOMMIO3ULMS MOJUMEPHOrO aAre3uBa, COAeprKalas
NOJIMATHJIEH, TIPUBUTBIN KUCJIOTOM, KOTOPBINA OBLT MOJTy4eH MPHU UCMOJb30BAHUN KAaTAJIU3aTOpa C
€IMHBIM LIEHTPOM MOJUMEpPU3aLK Ha MeTajlle B KOJInuecTBe 1o MeHbinel mepe 40 macc.% ot
o01el KOMITO3ULIHH.

B WO 2009/103516 A2 onuchiBaeTCsi KOMIIO3HMLIMS TOJUMEPHOTO aIre3uBa,
colepsKamiasi TMOJHMATUJICH, TPHUBHUTBIA KHUCJIOTOW, KOTOpbIi umeeT Mw/Mn ot 6 pmo 30,
motHOCTH OT 0,93 10 0,955 r/em®, Mw ot 20 000 1o 500 000 r/momsb, ot 0,01 mo 20 CH3/1000
aToOMOB yryiepopa u mo MeHblied mepe 0,6 BuHMIOBBIX rpynn/1000 atomoB yriepoxa, B
Kon4yecTBe 1Mo MeHbIned Mepe S0 macc.% oT Bceit/o01eit KOMITO3ULINH.

HecMoTps Ha [AOCTHXKEHMsI TIPEIIIECTBYIOLIEr0 YPOBHSA TEXHHUKH, MPOJOJIKAET
CYyLIECTBOBAaTh MOTPEOHOCTh B KOMIIO3UIUH TOJUMEPHOTO aAre3uBa Uil NPUMEHEHUS UL
MOJIyYEeHHs] aATE€3UBHBIX CJIOEB AJII MHOTOCJIONHBIX CTPYKTYpP C YJYyYIIEHHBIMA CBOMCTBAMHU

pa3MATr4CHUA.

KPATKOE OIIMCAHUE



Hacrosmee I/1306peTeHI/Ie obecnieunBaeT KOMIIO3UIUKO  MOJIMMEPHOr0  aAre3uBa,

cozleprKaIyIo:
a) ot 80,0 1o 98,0 macc.% 3TUIEHOBOrO NONIMMEpA,
b) ot 2,0 no 20,0 macc.% comnonnMepa dTuIeHa-OyTHIakpuiaTa, u
c) or 0 mo 4,0 macc.% noGaBok oT oOmeld MacChl KOMIO3ULHH IOJUMEPHOTO
anre3uBa,

IIe  CONOJHMEp JTWIEeHA-OyTHIaKpuiaTa CONEPKUT eOUHHLBL, [OJNyYeHHbIE W3
Oytunakpuiara B konudectBe oT 3,0 mo 5,5 macc.% or oOmmeil Macchl KOMIO3HUIIMH
MOJIMMEPHOT0 aAre3uBa M 3TUJIEHOBOIO MOJUMEpa WIM 3TUJIEHOBOIO IMOJMMEpa U COMOJINMEpPa
STUJIeHA-Oy TUJTAKpUJIaTa, TPUBUTOTO MIPH UCIIOJIb30BAHUN KUCJIOTHOTO MPUBUBAIOIIETO areHTa.

Taxke Hacrosiee n300peTeHne O0eCTeunBaeT HM3MEJHe, B YaCTHOCTH MHOTOCIOHHYIO
TpyOy, COIEp’KaIlyr0 aAre3MBHBIA CJIOH, KOTOPBIH COIAEPKUT KOMIIO3UIUIO TOJUMEPHOTO
aare3uBa.

Taxxke HacTosilee M300peTeHUE OTHOCUTCS K TPUMEHEHUIO KOMITO3UIIUN TOJIMMEPHOTO

AATE3UBA, MOJYUYCHUIO aATC3UBHOIO CJIOA, NPEANMOUYTHTECIIBHO aAr€3MBHOIO CJIOsA pr6bl.

ITOAPOBHOE OITMCAHUE

KoMno3uuuss moJuMepHOro aare3uBa IO HACTOSIIEMY H300pPETEHHIO IEMOHCTPHPYET
yJy4dllE€HHblE CBOWCTBA pa3msrdeHus. KoMMosuuuss MNONMMEPHOrO AaAre3uBa COAEPKUT
STHJICHOBBIH MOJUMEP U COMOJIIUMED 3TUJICHA-Oy THIaKpUJIaTa.

OTUJIEHOBBIN MOJMMEP TNPENCTABJIAET HE 3JIaCTOMEPHBI TOMONOJIMMEp STHJIEHA WU
CONOJIMMEp 3TUJIEHA C OAHUM WK OoJiee HEHACBIIEHHBIM (- 0JIe(THOBBIM COMOHOMEPOM(aMn).
IIpennodrureapbHO 0-0JePUHOBBI cOMOHOMepP(bI) comepkuT(aT) oT 3 10 20 aTOMOB yrjepona,
OoJsiee mpeanoYTUTENBHO OT 2 10 12 aToMOB yriepoaa u HauboJjee MPeanoYTUTENIbHO OT 3 110 8
aTOMOB yIJIepoza.

[Tpumeps! 0-01e(pUHOBBIX COMOHOMEPOB BKJIIOHYAIOT NponwieH, 1-OyteH, 1-meHTeH, 1-
rekced, 4-mertun-l-nenreH, l-okteH, l-geuen, crtupon u ux cmecu. Ilo cymecTBy
NPEANOYTUTENIEHO COMOHOMEPHI MPEACTABISIIOT 1-0yTeH, 1-rekceH u 1-okTeH.

Kak npasuio, konmuecTBo COMOHOMeEpa B conojumepe coctasisiet oT 1 1o 30 macc.% ot
o0rmieit Maccel conommepa U 0oJiee MPEANnOYTUTENBHO cocTaBisieT oT 1 o S macc.% ot olreit
MacCChl CONOIUMEPA.

OTUICHOBBI TONUMEP MOKET OBITh TMOJNyYeH TMpH HCHOJb30BAHUU IPOLIECCa
NOJMMEPH3AlMY, BKJIOYAOWEro JIOO0H KaTalu3aTop, HM3BECTHBIM W3 MPEILIeCTBYIOIIEro
YPOBHS TEXHUKHU.

Kartanuszatop MOeT MNpencTaBiIsaTb KaTalu3aTop, KOTOPBIA IO3BOJSIET MOJYYUTH



3aJaHHBIM 3TUIEHOBBINM nonauMep. Ilogxomdmumu KaTaau3aTopamu CPeau MPOUYEro sBJISIOTCS
karanu3aropel llurnepa-Hatra Ha OCHOBE NEPEXOAHOIO MeTalljla, TaKOW KaK THUTAHOBBIN,
LIUPKOHMEBbIM W/WIM BaHAIWEBBbINH, MM METAJUIOLIEHOBBIM KaTaJNW3aTOpPbl WM KaTaJlU3aTOPbI
NePEXOHbIX METAJJIOB, CTOSINMX B KOHIE psga B nepuonudeckoi tabmune. Kak mpaswuio,
UCHOJB3YIOT KaTtanu3aTopsl Llurnepa-HaTra n MeTamioneHoBble KaTaln3aTopbl, NOCKOIbKY OHU
NO3BOJIAIOT MOJIYYUTh MOJUMEPBI ¢ IIMPOKUMU MpeAesaMu MOJEKYJSAPHOM MacChl U UMEIOT
BBICOKHH BBIXOJ.

IMonxopsuue karanusaropsbl Lurnepa-Hatra npeanouTuTeNbHO COAepkKaT COEAUHEHHUE
MarHusi, COeJIMHEHHE AJOMUHHS W COCAMHEHHE THTAaHA Ha TOJIOKKEe B (opMe HacTuil u
HeoOs3aTeNIbHO BHYTPEHHUH JIOHOP BJIGKTPOHOB, BBIOpAHHBIA W3 anu(aTHYeCKux WU
aApPOMATUYECKHUX TPOCTBIX WM CIOXKHBIX 3(PHUPOB, TAKUX KaK THUIUYHbIE OEH30aThl MU
TeTparuapodypaH.

ITonnoxka B (opMe HYaCTUL MOXKET NPEACTABIATh IMOMJIOXKKY W3 HEOPTaHUYECKOTO
OKCHJA, TAKOrO KaK AMOKCHUJ KPEMHUs, JUOKCUJ aJTFOMHHHUsS, JUOKCU TUTAHA, AIFOMOCHIIUKAT U
TUTAHOCUJIHUKAT. [ IpeAnOYTUTENBHO MOAJIOKKA MPEACTABIAET JUOKCH]T KPEMHHSL.

Cpennuii pa3Mep 4acTull MOAJIOKKH U3 AUOKCHIA KPEMHUS, KaK MPABUJIO, COCTABISET OT
10 mo 100 um. OgHAKO BBIICHUIIOCH, YTO OCOOBIE MPEUMYIIECTBA MOTYT OBITh MOJTYYEHBI, €CITH
MOJIOKKA UMEET CpeaHui pasmep dactul ot 15 no 30 um, npeanouturensHo OT 18 go 25 pm.
B kxayecTBe anbTEpHATHUBEL, MOMAJIOKKA MOXKET UMETh CpeIHUM pasmep vactul oT 30 no 80 um,
npeanoutuTensHo oT 30 go 50 um. IlpumepaMu NoAXOAAIIMX MaTepUaIOB MOAJIOKEK SIBISIFOTCS,
Hanpumep, ES747JR, npoussoaumbiii 1 nponaBaembiii  Ineos Silicas (panee Crossfield), u SP9-
491, npousBOIMMBIH U TipoaasaeMblii Grace.

CoenuHeHne MarHusl NPEACTaBIsSeT MPOAYKT peaklUy TUaNKWIa MarHusi U CIHPTa.
Crupt npeacraBiseT JIMHEHHBIH WM PA3BETBJCHHBbIA  anu(aTUUECKUH  MOHOCIHUPT.
IIpennoururensHO cnupT UMeeT OT 6 10 16 atomoB yriepoaa. 11o cyimecTBy npenno4TuTenbHbl
Pa3BETBJICHHBIE CIIUPTHI, OJHUM M3 MPEANOYTUTENbHBIX CIUPTOB SIBJSETCS 2-3THII-|-TeKCaHOoII.
JIManKul alFOMUHHS MOXKET MPENCTABJIATh JE0OOE COEAMHEHHUE MArHusi, CBSI3AHHOTO C JIByMs
AJNIKUIIBHBIMH TPYTIIIAMH, KOTOPBIE MOTYT OBITh aHAJIOTHYHBIMH HJTH OTJINYarouMucs. OIHIM 13
NPUMEPOB MPENNOYTHTEIBHBIX AUAIKHIIIOB MATHUS SIBJISIETCS] Oy TUIT-AJIKUJI MarHusl.

CoennHeHre aJIOMUHUS TIPENCTABIsIeT COOOM XJIopcoaepskammii ankmn agsromuaus. [1o
CYLIECTBY MPEANOYTUTENBHBIMA COCIUHEHHUSIMHU SIBJSIFOTCS AJKWIAUXJIOPUABI AMOMHUHUS U
ANKUJICECKBUXJIOPHU/IbI ATFOMUHUS.

CoenuHeHne THTaHA MPENCTaBIsAET COOOH rajoreHcoaepskallee COeAMHEHNEe TUTaHa, T10
CYLLECTBY IPEANOYTUTENBHBIM COEANHEHUEM TUTAHA SIBJIIETCS TETPAXJIOPUJ TUTAHA.

KaTaJmsaTop MOXKET OBITh MOJIYYCH MOCJICAOBATCIIBHBIM KOHTAKTUPOBAHUEM HOCHUTECIIA C



yYKa3aHHBIMU BbIIIE COSTUHEHUSIMU, Kak onucaHo B EP 688794, WO 99/51646 wiu EP 1481994,
B kauecTBe anmpTepHATHBBI, OH MOXKET OBITH IOJyY€H CHAadaja MOJy4eHHEM pacTBOpa H3
KOMIIOHEHTOB M 3aT€M KOHTAKTUPOBAHHMEM pacTBOpa C HocuTeneM, kak omucaHo B WO
01/55230. Ilpu ucnoap30BaHUN BHYTPEHHETO JOHOPA, OH MOXET ObITh noOaBieH nubo mepen,
100 Tmoce CTaAuu THTAHUPOBAHUS.

[TpeanmouTHTENbHO STHJICHOBBIH MOJIMMEp MOJYyHYArT IPH HCIOIB30BAHHM CHOCO0A,
BKJIFOUaroIero karanusarop Llurnepa-Harra.

Taxke BO3MOXKHO TMOJYyYEHHE STUJIEHOBOTO IMOJMMEpPA MPH HCIOJNB30BAHHM CIOCO0a,
BKJIIOHAKOIero cmech Kkaranusatopa Llurnepa-Harra u apyroro xaranusaropa aHaJOTHMYHOM
WJIM OTJIMYAKOLIENCst Tpupobl. B ciyyae ncnosb3oBaHus cMecu karanusaropa Llurnepa-Harra u
KaTajau3aropa APYrod MPHPONBI, MPEANOYTHTENIbHO, 4YTOOBI MO MeHbined wmepe 90 %
STHJIEHOBOTO MoJInMepa ObUTO MOJYYEHO NP HCTIONb30BaHUN Katanu3aTopa Lurnepa-Harra.

MoskeT ObITh HCIOJIB30BAaH JIFOOOW M3BECTHBIA CrMoco0, Hampumep, MOJHMMEpH3alHs B
cycneHs3uH, razoasHas moinuMepusalds WM TOJMMEPU3alUsl B PacTBOpE, WM KOMOHWHALIUS
yKa3aHHBIX BBIIIE CITIOCOOOB.

JIOTIONHUTENBHO,  MPENNOYTUTENbHO  OTUJICHOBBIM  MOJMMEpP  MONY4YaroT  IpHU
UCTIOJIb30BAaHNH ra30(ha3HOl MoNMMepHu3alny, Kak omucaHo, Hampumep, B EP 4966 B2, EP
71430 B1, EP 130607 B1 u US 4376191 A.

OTuneHoBbIi monuMep MNpucyTtcTeyer B koaudectBe oT 80,0 nmo 98,0 macc.%,
npennoututesibHo OT 80,5 no 97,0 macc.% wu eme Oonee mpennoutrutenbHo oT 82,0 mo 95,0
macc.% ot o01ei MacChl KOMITO3HLIUH ITOJMMEPHOTO a/ire3HBa.

OTUIEHOBBIN MONUMEp Nepes MPUBUBKON HMeeT CKopocTh TeueHus pacrasa MFR; ot 1
10 20 r/10 munyT, npeanouTuteabHo ot 2 10 10 r/10 MuHyT.

OTUNEHOBBI TONUMEp TMepea NpPUBHUBKONW uMeeT IIoTHOCTH oT 0,920 mo 0,950,
npeanouTuTensHo ot 0,925 10 0,945 r/em’® u Gonee npeanoututensHo ot 0,930 a0 0,940 r/cm’.

CononmmMep >THNIeHA-0Oy THIIAKPUIIATA TIPENCTABIISET 3JACTOMEPHBIN COMOIUMEpP 3TUJICHA-
oytunakpunara (EBA). Cononumep sTuneHa-OyTUNIAKpUIATA MONTYYAOT TPH HCTIOIB30BAHUH
crioco0a cBOOOTHO-PaTUKAIBHON MOJMMEPU3ALIIHL.

Cononumep  sTuieHa-OyTHIaKpwiaTa  COAEPKUT  €OUHHLBL,  TOJNyYEeHHBIE W3
Oytunakpuinara B kommdectBe or 3,0 mo 6,2 macc.% or oOmeidl MacChl KOMIO3UIIMH
MOJIMMEPHOTrO aAre3uBa. B mpennouTuTenbHOM BapHaHTe OCYIIECTBJICHUs COMOJIMMEpP 3THIIEHA-
OyTuiakpuiaTta COAEpKUT €AMHULIBI, MOJy4YeHHbIe U3 OyTHIIaKpuiIaTa, B KOJHYECTBE OT 3,2 10
5,5 macc.% ot obmieit Macchl KOMIIO3ULIUS TTOJMMEPHOTO aare3nsa. B Oonee mpeanoyTuTeIsHOM
BApUAHTE OCYLIECTBJIEHHUs HACTOSIIErO H300PETeHHs COIOJIUMEp STHIIeHA-OyTHIIakpuiaTa

COIEP KUT €IUHUIIBL, MMOyYeHHbIe U3 OyTUJIaKpuiiaTa, B Koaudectse ot 3,5 1o 5,0 macc.%, wim



naxke ot 3,5 1o 4,9 macc.% ot ob1meli Macchl KOMIO3UIIMH MTOJIMMEPHOTO aATe3HBa.

Komnosuuus nomumepHoro aare3usa uMmeer nokasarenab MFR; nocne npususku ot 0,1
1o 10 r/munyTy, npeanoututensHo ot 0,5 10 5 r/MuHYTY U HanboJiee MPEANOUTUTENBHO OT 1,3
10 4 r/10 MuHYyT.

Komnoszuius nonmuMepHoro aare3usa, Kak MpaBUiIoO, UMEET MOCie MPUBUBKU MJIOTHOCTD
or 0,920 no 0,970 r/cm®, Gonee mpeamouturenbHo ot 0,925 no 0,955 r/cm®  u HaubGonee
npeanoutuTeapbHo ot 0,934 no 0,945 r/em’.

Komnosuiuss noaMMepHOro anare3wBa, Kak MPaBWIO, HMEET IIOCJIE€ NPUBUBKHU
Temmeparypy pasmsirdenust Vicat ot 100,0 go 106,0 °C u 6onee npennoururenbio ot 100,5 o
104,0 °C.

Komnosuiuss nmonuMepHOro aare3nuBa COAEPKUT STUIICHOBBIA MOJMMEpP U COMOJUMEP
STHJIEHa-OyTHJIAKpHIIaTa, KaK YKa3aHO Beimie. J(OMOJHUTENbHO K STUM KOMIIOHEHTaM B
KOMITO3UIIMH TaK)K€ B MaJbIX KOJHYECTBAX MOTYT NPUCYTCTBOBATh TPAAMLIMOHHBIE TOOABKH,
NPEANOYTUTENBHO MakcuMyM BmoTh 10 4,0 macc.%. Hampumep, aHTHOKCHJAHT MOXET
NPUCYTCTBOBATh B KOMITO3UIUHU B KonndecTBe MakcumyM 10 000 yaM, Gojiee mpennoYTHTEIbHO
MakcuMyM 5 000 uHM 1 Haubosee MPEAroUTUTENBbHO MakCUMyM 3 000 9HM.

IIpennodTuTeNbHO  KOMIIO3ULMSL  MOJUMMEPHOrO aAre3uBa IMOMHMO TPaAULMOHHBIX
n00aBOK COCTOUT U3 3THJIEHOBOT'O IMOJIMMEPA U COIOJIMMEpa 3TUJIEHA-Oy THIIAKpUJIaTa, TO €CTb,
He 100aBlieH HUKAKOH IPpyroi MoJuMep IMepen WIH MOCie NPUBUBKU. TpaauroHHbIe TOOAaBKH
MOTyT OBbITh OOABIEHBI MEPe]] MK TIOCIIe IPUBUBKU.

B kauecTBe KMCIOTHOTO MPUBUBAIOINETO areHTa MOXKET OBITh HCIOJIb30BaH JIFOOOH Takon
areHT, O KOTOPOM CIELHUAIUCTy B OOJNACTH TEXHMKHM, K KOTOPOH OTHOCHTCSI HACTOsIIee
n300peTeHne, U3BECTHO, YTO OH MOAXOIUT IJIsL STOH LIEIH.

IIpennodTuTeNnbHO KHUCIOTHBIN MPUBMUBAIOLIMN AreHT MPEACTABISET HEHACHILICHHYIO
KapOOHOBYIO KHCJIOTY WJIM €€ MPOU3BOAHOE, TAKOe KaK aHTUAPHUJBI, CIOKHBIE 3(QUPBI U COIH
(oba BHAa, Kak METAJUIOB, TaK M HE MeTAUIOB). IIpeArnodTuTeNnbHO HEHACBILIEHHAs TPyIa
HAXOIUTCS B COMPSDKEHUH € KapOOHOBOHW rpymnmoi. IlpuMepsl Takux NPUBUBAIOININX AreHTOB
BKJIFOYAIOT aKPHJIOBYIO KHCJIOTY, METAKPWJIOBYIO KHCIOTY, ()yMapOBYIO KHCIIOTY, MaJIEHHOBYIO
KHCJIOTY, HAaJUKOBYIO KHUCJIOTY, LINTPAKOHOBYHK) KHCJIOTY, UTAKOHOBYHK) KHCIJIOTY, KPOTOHOBYIO
KUCJIOTY W WX aHTUAPHUJIBI, COJIM METAIJIOB, CJIOXKHbBIE 3()UPBl AMUIOB MJIH UMHIIOB.

IIpennodTuTeNnsHBIMU NPUBUBAOIIMMY Ar€HTAMU SIBJISIIOTCS MAJIEMHOBAasi KUCJIOTA U €€
MIPOU3BOAHBIC, TAKHE KaK MAJIEMHOBBIM aHTUAPUA, U NPEANIOUYTUTEIbHO MAJICUHOBBIN aHTUIPUA.

IIpuBuBKa MOXeET OBITP OCYIIECTBJIEHA IPH HCIOJB30BAHUU JIOOOro crocoda,
M3BECTHOT'O CIIELHAIUCTY B OOJIACTH TE€XHUKH, K KOTOPOI OTHOCHTCS HAcTosIIee M300peTeHue,

TAKOr'0 KakK IMpUBHBKA B PACILJIaBEC oe3 pacTBOPUTEIIA UK B PaCTBOPE, WM B AUCIIEPCUUN, UJIU B



MICEBJOOKIKEHHOM ciioe. IIpennouTuTespHO NPUBUBKY MPOBOIAT B HarpeTOM 3KCTPYAEpe WU
MUKcepe, Harpumep, kak ormucaHo B US 3236917 A, US 4639495 A, US 4950541 A wnu US
5194509 A. CopepxaHue 3THX JOKYMEHTOB BBENEHO 37eCh ccbulkoi. IIpeamouturenbHO
IPUBUBKY NMPOBOJAT B ABYXIIHEKOBOM 3KCTpyAepe, kak onucaHo B US 4950541 A.

ITpuBHBKa MOXET OBITH NMPOBEOEHA B MPHCYTCTBHHM WM NMPH OTCYTCTBUU MHHUIMATOPA
paauKaJIbHON MOJMMEPU3ALUH, HO MPEANOYTUTENBHO €€ MPOBOAST B MPUCYTCTBUM MHULIUATOPA
pPaaMKaJbHON MOJUMEPU3ALIUU, TAKOrO KaK OpraHUYecKas MepeKUCh, OPraHUYECKOTO CJIOXKHOTO
nepoKCHdUpa WM OPTaHUUYECKON THAPOIEPEKUCH.

KonnyecTBO KHCIOTHOTO MPHBHBAIOLIETO AareHTa, JO00aBICHHOTO B KOMITO3ULIUIO
MOJMMEPHOrO aAre3uBa nepen MPUBUBKOM MpeanoyTuTesbHo coctasisiet ot 0,01 go 3,0 yacrei
no Mmacce, Oonee mpemmoututenbHo ot 0,03 go 1,5 dacredi mo Macce OT OOIIed Macchl
KOMITO3HULIMY MOJUMEPHOTrO aAre3uBa.

IIpuBuBKE MOXET OBITH MOABEPTHYT, KaK OJTHJCHOBBIH MOJUMEP, TaK U CMeCh
STHJIEHOBOTO TOJHMMEPa M COMOJUMepa 3TuiieHa-OyTunakpuiara. [IpeanoyrurenbHO NpUBUBKE
MOJBEPTAIOT CMECH 3THJICHOBOTO MOJIMMEPA U COTIOJINMEpa STHUIIeHA-Oy TUIIaKpUIIaTa.

KoMno3nius noauMepHOro aare3rsa Mo HaCTOsIeMy N300pETeHHI0 HanOoJiee MOIXOAUT
B Ka4€CTBE KOOKCTPYAUPYEMOIO aAre3nuBa, HO TAKXKE HE UCKIIIOYAIOTCS APYTUE IPUMEHEHHS.

Taxoke HacTosiIee H300peTEeHNe OTHOCUTCS K M3/IEIHI0, KOTOPOE COAEPIKUT aare3UBHbIHI
CJIOH, COAEp KALIUN YKA3aHHYIO BbILUIE KOMIIO3ULMIO IMOJUMEPHOrO aare3usa. lakue u3aenus
BKJIFOUAIOT, HAIIpUMep, TPyObl, kKabenu, MIeHKH, U3AeIHs, MOy YeHHbIE SKCTPY3Ueil, TOKPBITUS U
U3ZieNns, UMEKINe TeXHUYeCKoe IpuMeHeHue. B mociegHeM ciaydae  KOMITO3HMLIMS
HOJMMEPHOTO aAre3nBa TAaKKe MOKET ObIThb HCIOJIb30BaHA Al 00ECIeYeHUs] COBMECTUMOCTH
MEXy Pa3UYHBIMH CJIOSIMH U YaCTSAMH.

B npennouturensHOM BapuaHTE OCYIUECTBJIEHUs aAr€3UBHBINA CJION B U3IEIHUU SBISIETCS
COCEIHUM C TOJIUOJIE(PHHOBBIM CJIOEM.

Hacrosimmee n3zoOpereHne, B 4aCTHOCTH, OTHOCHUTCS K MHOTOCIIOMHOH TpyOe, TO ecCTb,
TpyOe, comeprkaleii MHOTOCJIONHOE MOKPBITHE C ABYMS, TPeMs, YEThIPbMsi, MAThIO WK OoJiee
CJIOSIMU, KOTOPOE COAEPKUT  MONMHONe(QUHOBBIA CIIOH W aATe3WBHBIA CJIOW, COCENHUN c
NOJHONIE(UHOBBIM CJIOEM, KOTOPBIA COAEPIKHUT YKA3aHHYIO BBIIIE KOMIO3HLHUIO MOJMMEPHOTrO
aare3uBa 1o HACTOSALIEMY H300PETEHHUIO.

B mpenmouTHTeNhHOM BapHaHTE OCYLIECTBJICHUS HACTOSINEE HM300pETEHHE TaKxkKe
OTHOCHTCS K METAJUTMYECKOH TpyOa ¢ MOKPBITHEM, coneprKaleii noanoneMHOBBIN CIIOH U CIIOH
MOJSIPHOTO TNOJIUMEPAa, B YAaCTHOCTH, SMOKCUIHBIM CJIOW, IA€ MEXIAy YKa3aHHBIMU CJIOSAMH
MIPUCYTCTBYET aATrE€3UBHBIN CJIOH, KOTOPBIA CONEPKUT KOMITO3ULIMIO MOJMMEPHOrO aare3usa Io

ar000My U3 YKA3aHHBIX BBIIIE BAPUAHTOB OCYINECTBJICHHS HACTOsIIEero wu3ooOpereHus. B



YaCTHOCTH, HACTOsAIIEee N300pETEeHNE TaK)K€ OTHOCUTCS K METAJUINIECKOH TpyOe ¢ TPeXCIOHHBIM
3QLIUTHBIM TOKPBITUEM, COCTOSIIIMM U3 BHYTPEHHETO 3MOKCHIHOIO CJIOs, IPOMEKYTOYHOIO
aAT€3UBHOIO CJIOsl, COAEPIKALIEro KOMIO3ULMIO IOJIMMEPHOrO aAre3uBa IO HACTOSALIEMY
N300pETEHNI0, U BHEIIHEro NOJHONIE(QUHOBOIO CIIOS, TAaKOrO KaK MOJHSTUJICEHOBBIH WIIH
NOJIMIPONUJIEHOBBIN CJIOH.

JIOTOTHUTEIBHO, HACTOsIee H300pEeTeHNe OTHOCUTCSI K IPUMEHEHHIO YKa3aHHOH BbIIIE
KOMIO3ULMK TOJIMMEPHOrO aAre3uBa AJsl MOJMy4YeHHUs: aare3uBHoro cnos. IIpeamouyrurenbHo
HacTosIee H300pETeHHEe JOTOJHUTEIPHO OTHOCUTCS K MPUMEHEHHIO KOMIIO3HMLIMK aiIre3uBa JJIsI
NOJIy4EeHUS] aAre3MBHOTO CJIOS B W3JEJIMH, TaKOM Kak, Hampumep, TpyOa, Kabenb, TUICHKA,
W3IeNus, IOy YeHHbIE SKCTPY3Hel, MOKPBITUSA U U3AENUs, UMEIOLINEe TEXHUYECKOE PUMEHEHHUE.
B mocnenHem ciydyae KOMITO3ULHS TOJUMEPHOTO aare3uBa TAK)KE MOXKET OBITh HCIIONBb30BaHA
1151 00ECTIEYEeHNSI COBMECTHMOCTH MEKAY PA3UYHBIMU CIIOSIMH U YACTSIMHL.

B mpennmoytuTenbHOM BapuaHTE OCYIIECTBIEHHs — HACTOALIee H300pETEHHE TaKXkKe
OTHOCHUTCs K NPUMEHEHUI0 KOMIIO3HULUM MOJIUMEPHOrO aAre3nuBa AJsl MOJy4YeHUs] aJAre€3UBHOIO
cnost TpyOpl. B dacTHOCTH, Hacrosimiee HW300pETEHHE TakXKe OTHOCHUTCA K TPHMEHEHHIO
KOMIIO3ULIMM TMOJUMEPHOrO aare3uBa il IOJYYEHHsl aAre3UBHOTO CJIOSL  MOKPBITHUS
METaJUTNIECKOH TpyObl C YKa3aHHBIM BBILIE TPEXCIOHHBIM 3AIIUTHBIM ITOKPBITHEM.

IIpy moONyYeHUH METaNIMUeCKOW TpyObl C TIOKPBITHEM, HMEIOINEH TpexcIoHHOoe
3aLIUTHOE MOKPBITHE, NMPEANOYTUTENBHO 3MOKCUAHBIM CIOU MOJyYarT CHA4ajla PaclblICHUEM
SMOKCHUIHOMN CMOJIBI B IOPOIIKOOOPa3HOH MK XKUAKOH (popmMe, B OAHO MIJIN ABYX KOMITOHEHTHOMN
¢dopme, Ha HarpeTyr BHEINHIOK ITOBEPXHOCTb METAIMYEeCKOi creHkH. ClenoBaTesbHo,
STIOKCHIHAS CMOJIa 00pa3yeT TOHKHH CJIOH, KOTOPBIH MPOYHO CLEIUIIETCS] ¢ METaTHYeCKOM
MOBEPXHOCTHIO. Jlanee Ha DSIOKCUIHBIA CJIOH KOSKCTPYAUPYIOT AAre3MB U  BHELIHUH
NOJMONIE(UHOBBIM  CJIOH, KOTOPBIM MPENNOYTHTENbHO MPEACTABISET TMOMUATHICHOBBIH I
NOJIMTIPOTTMJIEHOBBIN  CJIOH. AJTe3MB TakKe MOXET OBbIThb HAHECeH pAacClbUICHHEM €ero B

nopomkooOpa3Hoi GpopMe Ha STTOKCHIHBIN CIIOMN.

METO/IbI

Hnpekc pacmiasa

Ckopoctp Tewenusi pacrmiaa (MFR) ompenemstor mpu  Harpy3ke 2,16 kr mpu
temneparype 190 °C, corimacuo ISO 1133-1 method B, u yka3siBatot ee B 1/10 MUHYT.

CpenHsisi MOJIEKyJISIpHAsI Macca U pacrpeneeHne MoJieKyJsipHol maccel (Mn, Mw, Mz,
MWD)

Cpennne monekyisipabie Maccel (M;, My, and M), pacnpeneneHue MOJEKYJISIPHON

maccel (MWD) u ux mmpoTty pacmpeneneHus, OMUCAHHYI0 Yepe3 UX MOJIEKYJIIPHO-MACCOBYIO



aucriepcHocTh, Dv= Myw/Mn (rne M npencTaBisieT CpenHeunCIOBYI0 MOJIEKYJIIPHYIO MacCy, U
My NpencTaBisieT CPeIHEMACCOBYIO MOJIEKYJIAPHYIO MAaccCy), ONMpPENeNId MPH UCIIOIb30BAHUN
renprponukatomeii xpomarorpadpun (GPC), cormacuo ISO 16014-1:2003, ISO 16014-2:2003,
ISO 16014-4:2003 u ASTM D 6474-12 npu UCNONBb30BaHUH CIIEAYIOMUX Hopmy:

T4

— E?I;LI:AI:A. M)
Mo =5 a @

E'E":L(A[ x M)

Mz = EN (apM) 3)

JJist IOCTOSTHHOTO MHTEpBaJIa 3JIoupyroiero oobema AVi, rne Ai, u Mi npeacTaBisioT
TUIOIIAb CEUYEHHUST XPOMATOrpaUIecKoro miuKa U MOJIEKYJIIPHYI0 Maccy nojmoniepuHa (MW),
COOTBETCTBEHHO, CBSI3aHHYIO C 3TIOUPYROIUM 00beMoM Vi, rae N paBHO KOJUYECTBY TOYEK
JAaHHBIX, TIOJIyY€HHBIX W3  XPOMATOTPaMMbl  MEXAy IMpeAeNaMd  HHTErPHPOBAHMS.
HnuTerpuposanue nuka Obu10 BeIONHEHO cornacHo ISO 16017-1:2003, 4ro 03HayYaeT, 4To MUKU
Macna u anTuokcuaanta Huke 1000 r/Moub 1 He BKITFOUeHbI B pacuer MWD.

Ucnonb3oBanu  ycTpoiicTBO st BeicOokoTemnepatypHoit GPC, cHaOxkeHHoe smOo
uHppakpacupiM (IR) nerexropom (IR4 mmu IRS) or PolymerChar (Valencia, Spain), mubo
mipdepenumansabM peppakromerpoM (RI) or Agilent Technologies, cHaOxxennoe 3 x Agilent-
PL gel Olexis u 1x Agilent-PL gel Olexis npenoxpaHuTenbHbIMH KOJOHKaMu. B kauecTse
pactBoputenss W moaBWKHONW  (asel  ucmonb3oBanmu  1,2,4-tpuxiopbenzon  (TXB),
crabmnusupoBanHbiii 250 wmr/n  2,6-gurperOytui-4-metmndeHonaoMm. Xpomarorpaduyeckast
cuctema padorana mpu temmeparype 160 °C u mOCTOSIHHON CKOPOCTH moToka 1 mMi/munyTy. st
aHanu3a BBenu 200 pi pactBopa obpasma. CoOpaHHbIe TaHHbIE 00paboTaIK MPU UCTIOTH30OBAHUH
nporpammHoro odecniedenust PolymerChar GPCone software.

Habop ko10HOK KamuOpoBaIM MpU UCTIONB30BAHIH YHUBEPCATBHON KaIUOPOBKH
(cormacuo ISO 16014-2:2003) mo mensbiueii mepe ¢ 19 nonmuctuponsHbiMu (I1C) cTannapramu ¢
y3kumM MMP B nuanaszone ot 0,5 kr/monb 10 11500 kr/mons. PS crannapTe! pacTBOpsiiu npu
KOMHATHOH TEMITEpaType B TeUEHHE HECKOJIbKUX 4acoB. [IpeobpazoBanne muka MOJIEKYJIIPHON
MacChl MOJIMCTUPOJIA B MOJIEKYJISIPHBIE MAcChl MOJIMOJIe(HA MTPOBENH NIPU HUCTIONb30BAHUH
ypaBHeHHst Mapka Xoyunka (Mark Houwink) u cnenyromumx nmoctosiHEbIX Mapka XOyHHKa:

Kps =19 x 107 mn/t, aps = 0,655

Kpe =39 x 107 mi/t, opg = 0,725

Kpp =19 x 107 mi/t, app = 0,725

HJ’IH CcoriiaCoBaHHuA Ka.]'II/I6pOBOLIHI:>IX AAaHHBIX UCIIOJBb30BaAJIN MMOJIMHOM TPETHETO MOPAAKA.
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Bce oOpasubl monyurmnin B uHTEpBasne KoHUeHTpauuu 0,5 -1 Mr/mu um pacTBOpsUIM TpU
temnepartype 160 °C B Teuenue 2,5 yacos 1151 PP mpu HenpepbIBHOM JIETKOM BCTPSIXHUBAHUU.

IInotHOCTH

ITnorHocTe nmonmumepa usmepsitot corstacio ISO 1183 -1 Method A npu ucnonb3oBannu
00pas31oB, MONYYEHHBIX JUTHEM B POpMeE C IPECCOBAHUEM.

Omnpenenenue copepxxanus 1-Oyrena B PE mnpum wucnonp3oBaHmmM uH(ppakpacHOi
cnekrpockonuu ¢ npeodpaszoBanneM Dypoe (FTIR)

FTIR ucnonp3yrOT s OnpeneieHus: conepskanus 1-OyTeHa B monusTuieHe. M3mepeHue
FTIR nposenu npu ucnonp3oBanuu Perkin Elmer Spectrum One. Ofmee nmorsiomenue MeTuna
npu 1377-1379 cm! ucnome3yror ans aHamusza u nuk nornomenus PE okomo 2635 cm’!
UCTIONIB3YIOT JUIsl HOpMau3auuu. TpH IIIEHKH KaXKA0ro o0pasia MpeccoBaN B THAPABINIECKOM
npecce. AHaJIU3 MPOBEJH MPHU UCTIOJIB30BAHIUHU 3TUX TOHKUX TUIeHOK TonuHo# 0,080-0,100 mm.
JUis  MeTaJuIM4ecKUX IUIACTHH BMECTO MaljaapoBoil  (monusTtHieHtepadTanaT) IUICHKH
UCTIONIb30BAIN TE(JIOHOBYIO IUICHKY C TECHEHHOH MOBEPXHOCTBIO BO H30E€kKaHHE UYPEe3MEPHO
OnecTAMX TIUIEHOK, YTO MEINAeT aHaiu3y. YCTPOWCTBO padoTajio ¢ HACTPOHKaMH IO
YMOJTYaHMIO (COIJIACHO CTaHAAapTHBIM MapaMeTpaM) 3a UCKIIoueHueM paspernenus (2 cm™) u
YHCJia CKAHOB (4).

YposeHb 1-0yTeH B oOpasLie pacCUUTaIN COTJIACHO:

Macc.% 1-0yten = 5,78 [(abs 1377 / abs 2635) - 0,175]

rae abs 1377 = noraomeHyue METUIOBBIX TPy Npu okono 1377-1379 em™ (BbicoTa) u

abs 2635 = PE noryonienye max npu okoso 2635 cm™! - min okono 2445 cm™.

Temneparypa pa3msrdenus Vicat

Temnepatypy pasmsirdenus: Vicat nojumepa usmepuin corjacio ISO 306 method A 50.
IMnactunbl oMM B (POpME C TIPECCOBaHUEM (TONIIHMHA 4 MM) M Hape3asid U3 IJIACTHH 00pa3iibl
(10x10x4 Mm).

KonnyecTBeHHOE ompeneneHne coaepxKaHus OyTHIaKpwiaTa TPH HUCHOJIb30BAHUH
CIIEKTPOCKOMUH sSIIEPHO-MAarHuTHOTO pe3oHanca (AMP).

Jns  onpenenenust coxpepkaHust Oyrtwnakpmiara (BA) B monmmepax mpoBOIST
KOJINYECTBEHHYIO CIIEKTPOCKOMHIO SIIEPHO-MArHUTHOTO pe3oHaHca (IMP).

Konmuuectennniii ananus C{'H} SIMP cnekTpa 3amuchiBalOT B COCTOSHHM pacrijiaBa
npu ucnons3osanuu SAMP cnekrpomerpa Bruker Advance III 500, paboraromero Ha 4acToTax B
npenenax ot 500,13 go 125,76 MI'u ans 'H u °C, coorsercTBenHO. Bech CeKTp 3amuChIBAIOT
TpH MCTONb30BaHuHU *C ONTUMU3MPOBAHHOTO 7MM NaTYMKA M3MEPEHUS JTMHENHBIX BEIUYMH MO]
marudeckuM yrioMm Bpamienuss (MAS) npu temneparype 180°C mpu mcronb30BaHHM BO BCei

HEeBMaTHKe razoodpasHoro azora. Oxosno 200 Mr maTepuana MomMeuiaroT B LUPKOHUEBBIH MAS
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pPOTOp € BHELIHUM AMaMeTpoM 7 MM U ckpyuuBaroT npu 4,5 kl'n. Takas cxema Obuta BeIOpaHa
IJaBHBIM 00pa3oM B BHUAY €€ BBICOKOW YyBCTBUTEIBHOCTH, HEOOXOAWMOW Ui OBICTPOTrO
onpeaeNieHus] U TOYHOro KonmuectBeHHOro onmcanus {klimke06, parkinson07, castignolles09}.
Cospmanu craHAapTHOE OHOMMITYJILCHOE BO30Y kIeHne 1 ceKyHIHOH 3a1epKKOI OBTOpa IUKJIA
{pollard04, klimke06}. Bcero mis cnekrpa norpedosanocs 6144 (6k) ummyibcos.

Komuuectsennnie PC{'H} SIMP crniekTpsl 06paboTany NpU UCTIONb30BAHUH HHTErPajiOB
C OIIpeAeIeHNeM Ha UX OCHOBE KOJIMYECTBEHHBIX CBOMCTB. Bce XuMuueckue CABUTM BHYTPEHHE
NPUBSI3aHbI K CUTHATY OOBEMHOIO 3THJICHA U MeTHIeHa npu 1,33 yHM.

BcrpanBanue Oyrunakpuanara (BA) {brandoliniOl}:

OBA
. *BA

4BA
3BA

2BA
1BA

BcerpauBanue Oytmnakprmiata (BA) KOMUYECTBEHHO OMNPEAENSIOT MPHU HCIOIb30BAHUH
uHTerpana cur"ana npu 4,06 4HM, oTtHocsmeroca k  4BA caiitaMm, ¢ yu4eTOM KOJIMYECTBa
COOTBETCTBYIOLIUX 3apOAbIIIEIl HA COMOHOMEP:!

BA=14BA /2

ConepskaHue STHJIEHA ONPEAEISIOT MPU UCIOIB30BAHUH MHTErpajia CUrHajla OObEMHBIX
anmudarmueckux coequHeHud (Ipuk) 0,00 — 3,00 yam. DtoT mHTerpan Bxmouaer 1BA (3), 2BA
(2), 3BA (2), *BA (1) u OBA (2) caiiTel  BCTpaMBaHUS W30JIMPOBAHHOTO OyTHIIAKpHUIIATA
HapsiAy C caiitaMu moclenoBaTelbHOCTEH moimdTiieHa. OOmiee copep:kaHue STHIIEHA
paccuMTany Ha OCHOBE OOBEMHOI0 HHTErpajia U KOPPEKTUPOBKU YKAa3aHHBIX BhIle BA caiiToB:

E = (1/4)*[ Ibulk - 10*BA ]

OO6ume mosnsipHble Gppakuun OyTunakpuiaTa (BA) B mommumepe paccuuTaiy, Kak:

ftBA=BA/(E+BA)

OOmee BcTpamBaHume coMoHOMepa OyTtmnakpuiara (BA) B MONSApHBIX MpPOLEHTAX
paccuMTaNy CTAHAAPTHO MO MOJISIPHBIM (PAKIIHSIM:

BA [mon.%] =100 * fBA

Obmee BcTpamBaHue coMoHOMepa OyTtuwiakpmiata (BA) B MaccoBbIX MpOIEHTAX
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paccuuTay CTaHAAPTHO IO MOJISIPHBIM (PPaKIHUSIM H MOJIIPHON Macce MOHOMEPOB:

BA [Macc.%] = 100 * ( fBA * 128.17) / ( (fBA * 128.17) + ((1- fBA) * 28,05) )

klimke06

Klimke, K., Parkinson, M., Piel, C., Kaminsky, W., Spiess, HW., Wilhelm, M,
Macromol. Chem. Phys. 2006;207:382.

parkinson07

Parkinson, M., Klimke, K., Spiess, HW., Wilhelm, M., Macromol. Chem. Phys.
2007;208:2128.

pollard04

Pollard, M., Klimke, K., Graf, R., Spiess, HW., Wilhelm, M., Sperber, O., Piel, C,,
Kaminsky, W., Macromolecules 2004;37:813.

castignolles09

Castignolles, P., Graf, R., Parkinson, M., Wilhelm, M., Gaborieau, M., Polymer 50
(2009) 2373

brandoliniO1

A.J. Brandolini, D.D. Hills, “NMR spectra of polymers and polymer additives”, Marcel
Deker Inc., 2000

IIpo4HOCTH HA OTCIAMBAHUE

IIpouHOCTh Ha OTCIAMBAHUE O3HAYAET OTHOCUTEJIbHYIO IMPOYHOCTb COEIMHEHUS MEXKAY
SMOKCUIHBIM CJIOEM U aJre3UBHBIM cjioeM. IIpouHOCTh Ha OTCIauBaHUE KOMITO3ULIMM MOKPBITUN
u3MepuiIn npu temneparype 23 rpaayca corjacHo ISO21809-1:2011 npu wucnosb3oBaHUU
ycTpoiictBa mis TectupoBanust Zwick/Roell co creayomuMu H3MEHEHHSIMH B METOJE!
IIpo4HOCTH HA OTCIIAMBAHKE PETUCTPUPOBAIN B TEUCHHE TPEX MUHYT IOCJIE Yer0 PacCUUThIBATIN
cpenHee 3HaueHue. CpeqHee 3HaAUGHHUE COOTBETCTBYET 3asBJEHHON NMPOYHOCTH Ha OTCIauBaHHUE

KOMITO3HUIIUH.

ITpumepsnr

[Tpumeps! o HacTosimeMy u3odperenuro [E1-1E4

ITonyuyunu mONUATHIIEH CpeaHel IUIOTHOCTH TMpU  MCIOJNb30BAHMM  KaTalu3aTtopa
Iurnepa-Harra.

ITonyueHue karanusaropa:

Oxcupn xpemnust kanbuuHupoBanu npu 600 °C B TeueHue 6 4acoB U HCMONb30OBAIU B

Ka4eCTBEC MAaTCpUaIa-HOCHUTECIIA. 5 r okcuma KPEMHUs HCIOJBb30BaAJIN AJisI CUHTE3A. Ha rpamMm
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okcuma kpemHus apodasumm 1,1 mMmonbp 25 % renTaHOBOro pacTBOpa STHII-ATFOMHUHHH-IH-
xnopuna (EADC). IIposenu peakiuuro EADC ¢ okcunom kpemuus npu temneparype ot 30 °C
no 40 °C B teuenue | yaca. 3areM Ha rpamm okcuia KpemHus nodaswmm 1,0 mmons Mg-
CIHMPTOBOro pactBopa. PactBop Mg monyumnu nobOaBieHHEM 2-3THII-TEKCAHOJA B PacTBOP
oktun-0ytuin-Mg (BOMAG) B momsipaoMm cootHomenun 1,83 k 1. Ilposenu peakumo Mg
pearenta ¢ EADC B teuenue 1%z vaca npu temmnepatype ot 30 °C mo 40 °C. Jlnst nony4deHus
cycrnieHsun noOaBumiy rentaH. Temmeparypy peakLuyd BO BPeMs MOJYYEHUS MOAAEPKUBAIH B
npenenax ot 30 °C no 40 °C. 3arem memienno nodasmiu 0,5 mmoinb TiCly Ha rpamMm okcuna
KpEeMHUsI B T€UeHUE BpeMeHH nodaBiieHust Y2 4aca, nocie yero podasmiu 0,52 mmons THF Ha
rpaMMm okcupa kpemHusi npu temmeparype ot 30 °C no 40°C B teuenue 20 munyt (THF/Mg
MoJIsIpHOE cooTHOIeHue 0,52).

[Monumepuszaums:

IMonumepuszanuio mpoBenu B rasodasHom peaktope. Temmeparypa coctaBmia 90 °C,
abcomotHoe nmaenenue 21 Oap C mapumambHoe nasnenue 5,5, Al/Ti coorHomeHue 25
MOIb/MOJIb, C4/C2 220 mosnb/kMoiib u Ha/Ca 250 MOJIB/KMOJIB.

DKCTPY3us:

[Tony4yeHHbIli B pe3ysbTaTe MOPOIIKOOOPA3HBIM MOJMATIIIEH UMeeT IIOTHOCTh 0,934
r/ev® u MFR; 3,7 /10 munyt. Iomustunen (99,925 macc.%) KOMNayHAMpOBAId U
rpaHyJIMpoBaIN BMecTe ¢ aHTuokcunanrom (Irganox B215, 0,075 macc.%). I'pa"ynupoBaHHBIH
NOJUATUIEH uMeeT ToTHocTh 0,934 r/ecm®, MFR; 3,7 /10 mMunyT, comepxkanue 1-OyTena 2,8
Macc.%, Mw 85 050 r/mounb, Mn 17 900 r/momab, Mz 315 500 r/mons u MWD 4,7.

KoMno3uuuu aare3suBHONW CMeCH NPUBWINM B JIBYXUIHEKOBOM JKcTpyaepe Werner &
Pfleiderer ZSK 30W co mHekaMu, BpalarOIIUMUCS B OJHOM HarmpaBiieHud. Bo Bcex mpumepsl
M0 HACTOSIIIEMY H300PETEeHHIO UCIOJIb30BAIUA OMH U TOT K€ TPAHYJIMPOBAHHBIN MOJHSTUIIEH.
Bo Bcex mpuMepax CKOpPOCTb MOAA4YM MOJUATHIIEHA cocTaBmiia okoyio 2000 kr/4. Kommosuiuu
anresuBHOM CMeCH M HUX CBOWcTBa mnpuBeneHbl B Tabmune 1. JloOaBuiam B pasmHuHBIX
KOJIMYECTBAX 3JACTOMEp 3THJIEHOYTUNAKpUIaTa ¢ MuoTHocThio 0,926 r/cm®, MFR, 4,5 /10
MUHYT ¥ cofep:kanueM Oytunakpunara 27 macc.%. B xauectBe crabunmsaropa nodaswmiu 1000
yHM aHTHOKcHpaHTa (Irganox 1010) m mnposenu npuBHBKY MA0OABICHHEM MAaJEUHOBOTO
anruppuna. llepexucubiii wmHunmarop (Perkadox 14S-fl, Akzo Nobel) pacrBopunm B
usonozaekaHe c noixydeHueMm 30% pacteopa. Temnepatypa B skcTpyaepe nosbimaercst ot 170 °C
npu nopave 10 210 °C Ha MaTpuIle, 1 CKOPOCTh BpaIleHHs ITHeKa cocTasisieT 350 00/MUHyTY.

Cpasnutenbuble npumeps CE1 u CE2

CpaBHUTENbHBIE TPUMEPHI OBTOPUJIM, KAaK MPUMEPHI MO HACTOSIIEMY H300PETEHMIO 3a

HCKIIFOYCHHUEM TOI'O, YTO B KOMITIO3HUIHUAX 0oJiee BBICOKHE KOJIMYECTBA 3TI/IJ'IeH6YTI/IJ'IaKpI/IJ'IaTa.
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Tabmuua 1.
Enunauner | IE1 1IE2 1IE3 1IE4 CEl CE2
IMonusTunen Mmacc.% 80,6 80,6 82,1 83,6 74,5 77,6
OtunenOyTui- Macc.% 19,0 19,0 17,5 16,0 25,0 22,0
aKpuiaT
ManenHoBbII macc.% 0,20 0,18 0,19 0,19 0,20 0,18
AHTHPUL
ITepexuc B | macc.% 0,15 0,15 0,15 0,14 0,20 0,15
pacTBOpUTENE
AHTHOKCHUJIAHT macc.% 0,1 0,1 0,1 0,1 0,1 0,1
Bbytunakpunar macc.% 4.7 49 43 4.8 6,3 6,3
MFR; r/10 1,3 1,4 1,4 1,4 1,2 1,2
MUHYT

[InoTHOCTB r/em’ 0,934 0,934 0,934 0,935 0,933 0,933
Temnepatypa °C 102,0 100,6 101,8 104,0 96,0 98,0
Pa3sMsSIHUCHUS
Vicat
IIpounocts  Ha | N/cMm 67 67 59 64 62 63
orciauanue 80
°C
IMpoynocts  Ha | N/cm 36 35 34 40 36 38
orcnauBanue 90
°C

U3 pe3ynbTaToB BHIOHO, 4YTO MpPHUMEPbI MO HACTOSIIEMY H300PETEHHIO, TO €CTb,
KOMITO3ULIMH a/ire3uBa ¢ 0oJjiee HU3KUMHU KOJHMYECTBAMHU Oy THUJIAKpUIIATA UMEIOT MPEBOCXOIHBIC
TEMIepaTypbl pasmsrdeHuss  Vicat mo cpaBHeHHIO cO CpaBHHUTENBHBIMU TMPUMEPAMH.
ITokazaTtenu mpovHOCTH Ha oTciauBanue [IpumepoB no HacTosmeMy nzooperenuro mpu 80 u 90

°C cpaBHUMBI UJIM HEMHOTO Bbllle, yeM y CpaBHUTENbHBIX PUMEPOB.
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OOPMVIJIA U3OBPETEHHA

1. Komrmo3unus noJmmMepHoro aare3usa, Coaep kaasi:

a) ot 80,0 no 98,0 macc.% 3THIIEHOBOTO MOJIMEPA,

b) ot 2,0 1o 20,0 macc.% conoauMepa dSTUiIeHa-OyTHIakpuiata 1

c) or 0 no 4,0 macc.% nmoGaBok OT 0OLIeH MacChl KOMITO3ULIMH TOJMMEPHOTO
anre3uBa,

IZie COMOJIUMEP STHJICHA-OyTHUJIAKpUIIaTa CONEPKUT €AMHULBI, MOJyYEHHbIE U3
Oytunakpunara, B kommuectBe OT 3,0 mo 5,5 macc% or oOmel Macchl KOMIO3UIUH
MOJIMMEPHOIO aAre3nBa U 3TUJIEHOBOIO MOJMMEpPa WM STUJIEHOBOIO MOJIMMEPA U COMOJUMEpa
STHJIEHA-Oy THJIAKPHIIIATA, IPUBUTOTO MIPU MCIIOJIb30BAHHH KUCIOTHOTO IIPUBUBAIOIIETO areHTa.

2. Komnosunuss nomuMepHOro aaresusa no M. 1, rae STUICHOBBIM MOJIUMED
NPEACTABIsIET COMOJMMEP 3THJEHa C ONHUM WM Ooyiee COMOHOMEpoM ¢ 3 - 8 aTromamu
yriepona.

3. Komno3uius noJuMepHOro aare3mnsa 1o JI00OMy U3 MPENLIeCTBYOIUX Ty HKTOB,
I7€ OSTUJICHOBBIH MOJUMEP TOJYYEeH IPH HCIIONB30BAaHUM Crocoba ¢ HCHOJIb30BAHUEM
karanusaropa Llurnepa-Hatra.

4. KoMnosuuuss nNOIMMEpPHOro aare3nBa MO JIIOOOMY M3  IPEIIIECTBYIOLINX
IYHKTOB, T7i€ 3TUJIEHOBBINA MOJIUMEpP NPUCYTCTBYeT B komuuectse oT 80,5 mo 97,0 macc.% ot
o01mell Macchl KOMITO3UIIMK TOJIMMEPHOTO aare3uBa, Oosee mpeanodyrutensHo ot 82,0 mo 95,0
macc.% ot o01ei MacChl KOMITO3HLIUH ITOJMMEPHOTO a/Ire3HBa.

5. Kommosuiiuss MOJMMEPHOrO aare3uBa Mo JoOOMy M3 MPEAIIECTBYHOIIUX
NYHKTOB, TJ€ 3THJICHOBBINA mosumep umeeT nokasareab MFR; or 1 no 20 r/10 munyT, Gonee
npeanouTuTesbHo ot 2 10 10 r/10 MunyT.

6. Komno3uius noJuMepHOro aare3mnsa 1o JII00oMy U3 MPEeNIeCTBYOIUX MyHKTOB,
r7ie STUIEHOBLIH MOMMMep UMeeT MIoTHOCThL oT 0,920 1o 0,950 r/cm®, Gonee MpeamoOYTUTENLHO
ot 0,925 110 0,945 r/cm’.

7. Komno3uius noJuMepHOro aare3msa 1o JI00OMy U3 MPENLIeCTBYOIMUX Ty HKTOB,
r7e KOMIO3UIHKS MMOJTUMEPHOro aare3nBa mMmeeT mokasatenb MFR> ot 0,1 to 10 /10 muHyT,
6onee mpeanourutensHO OT 0,5 mo 5 /10 MuHYT UM HamOonee mpeanouTUTENbHO OT 1,3 1o 4
/10 MUHYT.

8. Komno3uius noJuMepHOro ajares3usa 1o JI00oMy U3 MPENLIeCTBYOIUX Ty HKTOB,
rie KOMIIO3ULMS MOJMMEPHOrO aare3uBa UMeeT MmioTHOCTh oT 0,920 mo 0,970 r/cM’, Goee

npeanoututenbHo ot 0,925 mo 0,955 r/eM® u HamuGonee npeanoutuTenabHo oT 0,934 no 0,945



le

r/em’.

9. Komno3unus noJuMepHoro ajare3usa 1o Jo0oMy U3 MPeNIeCTBY IOIUX Ty HKTOB,
r7e KOMITO3ULMS TOJIMMEPHOrO afre3uBa MMeeT TeMIepatypy pasmsrdenus Vicat ot 100,0 no
106,0 °C, 6onee npeanourutensHo ot 100,5 no 104,0 °C.

10.  Komnosuuust moJMMepHOro aare3ruBa Mo JI000My U3 MPEIIIeCcTBYOIINX Iy HKTOB,
r7ie KUCJIOTHBIA MPUBUBAIOIIUI areHT MPENCTABIAeT HEHACHILIEHHYI0 KapOOHOBYIO KHCIIOTY HIIH
ee TMPOU3BOAHOE, MPENNOYTUTENIbHO MAJCHMHOBYIO KHCIOTY WM €€ NPOHM3BOAHOE, Oolee
MPEANOYTUTENBHO MAJIEUHOBBIN aHTUAPUL.

11. Komno3uius noJuMepHOro aare3nna 1o JI00oMy U3 MPEeNIeCTBYOIUX MTyHKTOB,
I7I€ €AUHULBL, I[OJy4YEHHble M3 KUCJIOTHOIO MPUBHUBAKOLIErO AareHra, IHIPUCYTCTBYIOT B
kosmuectse OT 0,01 no 3,0 yacreli no macce, npeanourutenbHo ot 0,03 no 1,5 gacrelt no macce
OT 001el MacChl KOMITO3ULIUH ITOJIMMEPHOTO aiIre3MBa.

12. Komno3unus noJuMepHOro aare3msa 1o JI0OOMy U3 MPENIIeCTBYIOIUX Ty HKTOB,
I7Ie CONOJINMEp STHIeHA-Oy TUIaKpUiIaTa COAEP KUT €AMHULIBL, IOJyYeHHbIe U3 Oy THIIaKpHIaTa B
kommyectBe oT 3,2 mo 5,0, mpeamoururenbHo OT 3,5 mo 4,9 macc.% ot ol0mel Macchl
KOMITO3HULIMY MOJUMEPHOTrO aAre3usa.

13. Komno3uius noJuMepHOro aare3usa 1o JIo0oMy U3 MPENLIeCTBYOIMUX Ty HKTOB,
rae n00aBKH COAeprKaT aHTHOKCUIAHT B KonudecTBe MakcumyM 10000 yHM oT oO1mei mMacchl
KOMITO3ULIMU TMOJUMEPHOrO aAre3uBa.

14.  Uznenue, B 4aCTHOCTM MHOTOCNIOWHAas TpyOa, comep:kaiasi aAre3uBHBINA CIIOH,
KOTOPBIH CONEPXKUT KOMITO3MLMIO MOJIUMEPHOro aire3uBa Mo JHOOOMY H3 NPENIIeCTBYIOIIUX
MYHKTOB.

15. [IpumMeHeHre  KOMITO3UIMK  MOJMMEPHOTO  aAre3wWBa 1Mo JoOoMy U3
NPEALIEeCTBYOINUX NYHKTOB | - 13 and mojgydeHus aare3uBHOrO CJIOs, MPEANIOYTUTENBHO

are3UBHOTO CJIOS TPYOBI.
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