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OIIMCAHHUE U30BPETEHHUSA
2420-561038EA/018
KOMIO3UIMA, COAEPKAIIAA ®YPOYPIICHJIUKATHI H ®YPOYPUJIOBBINA
CIIUPT

Hacrosimee n3o0pereHrne OTHOCHTCSI K KOMIIO3UIMY, coaeprkaieii ¢ypdypuicunukars,
KaK ONpeNeseHo B MyHKTaxX (GopMyiibl n3odpereHus, U GpypdypHiIoBbIii CIUPT, B YACTHOCTH, IS
NPUMEHEHHs] B KaueCTBE KHCJIOTHO-OTBEPIKIAEMOro CBS3YIOIIEro Marepuana, U K Crocoly
NOJIy4eHUs] MONOOHOM KOMIO3HMLMHU. J{OMONHUTENbHBIE ACHEeKThl HACTOSILIEr0 H300peTeHHs
CJIEAYIOT M3 OMHCAHUS, MPHUMEPOB OCYIIECTBIIEHHS U TyHKTOB (DOPMYJIbI H300pEeTEeHUsI.

B koHTekcTe Hacrosmied 3asBkM TepMHUH «ypdypuiacHiauKaTey — 00O3HAauYaeT
bypbypunossie croxkHbie 3gupbl opTokpemuueBor kucaotTel Si(OH)s, mpudeM mo MeHbIei
Mepe OJHA M3 YEThIPeX KHUCJIOTHBIX (PYHKIHOHAIBHBIX TPYII OPTOKPEMHHUEBOH KHCIOTBHI
stepudunmposana ¢GypoypmwioseiM crmptoM. He »stepudunmposanseie  GyphypuioBbM
CIIMPTOM KHUCJIOTHbIE (PYHKLHUOHAJIbHBIE TPYMIBl OPTOKPEMHHEBOH KHCIOTBI TPU 3TOM
3TepUPUIMPOBAHBI CIIUPTAMHU U3 TPYIIIBI JUHEHHBIX H PAa3BETBICHHBIX AJKHJIOBBIX CITUPTOB (TO
€CTb, IMOJIyYaeTCs CMEIIAHHBIA CIOXKHBIA 3¢up), Win (He B COOTBETCTBUU C HM300pPETEHHEM)
3aMELIeHbl 3aMECTUTENSIMH U3 TPYIIbl JUHEHHBIX U PA3BETBICHHBIX AJKIJIBHBIX OCTATKOB U
apuiIbHBIX OCTAaTKOB. COOTBETCTBEHHO 3TOMY, «(yp(ypHIICHIMKATBDY TMPENCTABISIOT COOOH
bypdypunoBsie cinoxxHble 3PUPbI OPTOKPEMHUEBOH KUCIIOTHI, IPUYEM IO MEHbLIEH Mepe ONHa,
WIM MHOTHE, WIM BCE€ KHUCJIOTHBIE (PYHKIHMOHANbHbIE TPYIIBl OPTOKPEMHHUEBOW KHCIOTHI
sTepuduIrpoBanbl GypypUIOBEIM CIIUPTOM.

KucnorHo-oTBepkaaeMble CBA3YIOIIME MaTepHasbl MPEACTaBIAIOT COOOHM CBA3YIOLINE
MaTepHalibl, OTBEPKIEHUE KOTOPBIX KaTaJIU3UPyeTcs KUCIOoTaMu. TeXHUYeCKH U 3KOHOMUYECKH
3HAYMMYIO TPYIIY KHUCIOTHO-OTBEP)KAAEMBIX CBSI3YIOIIUX MAaTEPHAJIOB COCTABISIIOT (hypaHOBBIE
cMoutbl. DypaHOBbIE CMOJIBI MPEACTABIIIOT COOOH MONUMEpPBI, KOTOPBIE COEPXkKAT B OCHOBHON
uenn (QypaHoBble MHKIbL DypaHOBBIE CMOJBI O0Pa3yIOTCs KUCIOTHO-KATAIU3UPYEMOMH
NOJIMKOHAEHCae (yphypuiioBoro cnupra camoro ¢ coOoil MM ¢ OJHUM WJIM MHOTHMH
COMOHOMepamu, Hampumep, ¢ypdyposom, ¢GopMaabIeruaoM, MOYEBUHOH, KETOHAMU WJIH
¢eHonamu. OypaHOBBIE CMOJIBI, TOMUMO BCETO MPOUET0, MPUMEHSIOTCS B KAUECTBE CBSA3YIOIINX
MaTepHaJiOB ISl TOJIYYEHUs] JUTEHHBIX (POpM M CTepKHeH (B 4aCTHOCTH, B 0€300)KHTrOBOM
crioco0e U B crocobe ¢ MCIONIb30BAHUEM TOPSYUX CTEPIKHEBBIX SILITUKOB), IUIS M3TOTOBJICHUS
ApPMHUPOBAHHBIX CTEKJIOBOJIOKHOM KOHCTPYKLIMOHHBIX MAaTE€PHUAJIOB C BBICOKOH CTOMKOCTBIO K
KOPPO3HH, HArpeBaHWI0O W OTHECTOMKOCTBIO, TPYOONMpPOBOAOB W pEAKTOPOB, B KAdeCTBE
YCTOHUYUBBIX K XMMHUKATaM MACTHK, B KAUE€CTBE OTBEPIKIAEMbIX MPU HU3KOW TEMIIEPATYpe KIIEEB,
U B KQUECTBE CBS3YIOIINX MAaTEPUAJIOB B CIIOCOOE OBICTPOrO MAKETHPOBAHUSI.

KoMno3nuuu CBSA3YIOIIMX MaTepuaioB sl 00pa3oBaHUs (DypaHOBBIX CMOJ OOBIMHO
comepxat QypQypHsoBBIHi CIIUPT, MO OOCTOSTENHCTBAM OAMH HJIM MHOTHE BBIICYKa3aHHbIE
COMOHOMEpPBI, a TaKXKe HHU3KOMOJEKYJSIpHbIE MPOAYKThl KOHIAeHcauuu ((pOPKOHIAEHCATHI),
oOpa3oBaHHBIE = TOMOKOHAeHcanmued  (yphypuioBoro  cnupra WA KOHJEHCALUEH

bypdypunoBoro cnupTa ¢ OZHUM WIM MHOTUMU COMOHOMepaMu. [Ipu 3ToM kenaTenbHO, 9TOObI



COIepKaHNe SITOBUTHIX M OMACHBIX JJIs1 OKPY)KaroIedl cpenbl KOMIIOHEHTOB, TaKHUX Kak
bypbypwioBslii ciupt U (HOpMaIbAETHA, MONASPKUBAIOCH HA BO3MOXKHO HHM3KOM ypoBHe. C
APYTO# CTOPOHBI, CHIXKEHHE COAEPKaHU MOHOMEPHOTO GypdypHIIOBOrO CIUPTA OTHOCUTEIBHO
comepxkaHus (OPKOHIEHCATOB IMPHUBOAUT K TIOBBIIIEHUIO BA3KOCTH, TaK YTO OCJIOXKHSAETCS
oOpabaTbiBaeMOCTh CBsi3yrolIero marepuana. [loatomy cymectByer Oonbluas moTpeOHOCTH B
KOMITO3HMLIMSIX CBSI3YIOLIMX MATEPUaIOB JJIsi 0Opa3oBaHUs (ypaHOBBIX CMOJI, KOTOpBIE MHpPU
OTHOCHUTEJIBHO HHU3KOM COJEpKaHUM MOHOMepHOro (gypoypuioBoro crnupra Obuim Obl ermne
Xopouo o0pabaTbiBA€MbIMH, M 1O OOJbIIEH YaCTH HE COAEPIKAIH SAOBUTBHIE M OMACHBIC IS
OKpY’Karomiel cpeibl COMOHOMEPBI, TaKUe KakK (POpMasIbAETH.

Taxke ObUTH OMUCaHBI KOMIO3HMLMHU CBS3YIOIIMX MAaTEPUANIOB, KOTOPBIE COAEPKaT
bypbyprncunukatel (kak omnperneneHHble Bbime). [IpaBma, M3BECTHBIE CIOCOOBI MOTYyYEHHS
TpedyeMbIx QypPypHIICHINKATOB UMEIOT CYIIECTBEHHbIE HEJJOCTATKH.

[MatentHprii pokymeHT US 2,569,455 packpeiBaer, uro TterpadypdypuiIcHInKar
(TerpadypdypUnOBBIH CIOXKHBIA 3(UP KPEMHUEBOH KUCJIOTHI) MOJIYYAETCS B3aUMOIEHCTBHEM
bypbypunooro crnmpta ¢ aucynbumom kpemHusi. HemoctaTkom 3TOro crocoda siBIsieTcs
o0pa3oBaHHe CEPOBOOPOA B KAUECTBE MPONYKTA PEAKIIIH, & TAK)KE€ BO3MOKHOCTD 3arpsi3HEHHS
PEAKIMOHHOTO TMPOAYKTa CEPOCONEPIKAIIMMH COCAMHEHUSAMH (YacThiO HENPOpearupoBaBIIEro
HCXOJTHOTO BEIECTBA U MPOAYKTAMH NOOOYHBIX PEAKLIUN).

[Tarentneiii nokymeHnT US 2,300,812 onuchiBaeT NMOJyUE€HUE [IEMEHTHBIX KOMIO3UIUHI, B
YaCTHOCTH, JJsI  KHUCJIOTOCTOWKHMX  IIeMEHTOB. lleMeHTHble KOMITO3UIMU  COZAEpKaT
byppypropTOCHIMKAT B KAueCTBE KHCIOTHO-OTBEPIKIAEMOIO CBS3VIOIIErO MaTepuana.
CornmaciHo mnarentHomy pokymenty US 2,300,812, mnonydenue QypdypriopTocuinkara
NPOBOAUTCA B3auMojeiicTBueM (QypdypuioBoro crnupra ¢ aJKWICHINKATOM, AaJKUJIbHbIE
OCTAaTKU KOTOPOTrO BBIOMPAIOTCSI TaK, YTO COOTBETCTBYIOIIMH AJKWJIOBBIA CIUPT OKAa3bIBAETCS
Gonee nerkoneryunm, 4em GypdypriioBblii cnupT. B kauecTBe ankMICHIMKATa HCIIONB3YETCS,
HampuMep, TETPA3THIIOPTOCHIIMKAT, B YaCTHOCTH, B (popMe HeoOpaOOTaHHBIX MPOAYKTOB HIIH
OCTaTOYHBIX MPOMBIBHBIX CTOKOB (XBOCTOB) TIOCIE pPEaKIHH JTHJIOBOTO CHHUpPTA C
TeTpaxyiopcuiaHoM. Biaumopnetictere ¢yphypHIoOBOro CupTra ¢ aJKWICHIMKATOM COTJIACHO
nateHTHOMY nokymeHTy US 2,300,812 mpoBOAUTCS MPU TeMIIEpaType, KOTopas siBjsieTcst Oosee
HU3KOH, dYeM TeMmmeparypbl KureHus QypQypuioBoro cmupra U COOTBETCTBYIOLIETO
ANKWICWINKATA, HO SIBJISIETCS €Ile JAOCTATOYHOM, YTOObI yIaJsITh OOpasyOLIUICS aJIKHJIOBBIN
cnUpT OTroHKOH. IlonydeHHBIH NPOAYKT OIMUCHIBAETCS KaK TEMHO-KOPHYHEBAs MAaJIOBSI3Kast
KUIKOCTh (TIPU TPUMEHEHHH TETPASTWICUIINKATa B KauyeCTBE HCXOAHOTO BEIIECTBA), WIIH,
COOTBETCTBEHHO, KaK O4Y€Hb TEMHOOKPAIICHHAs] U BBICOKOBSI3KAasl JKUAKOCTh (TP MPUMEHEHUHU
HeoOpabOTaHHOTO TPONYKTA PEaKUIUH 3THIOBOTO CHHPTA C TETPAXJOPCHUIAHOM B Ka4decTBE
ucxonHoro BemecTBa). OcoOeHHas YMCTOTAa MPOAYKTA COTJIACHO MATEHTHOMY AOKyMeHTy US
2,300,812 =e Tpebyercs.

ITaTentHpni nokyment US 2,300,812 He mpuBOIUT HUKAKONH MH(OPMAIUH, ITPOBOJUTCS
u B3aumozeiicTeue GypdypuioBoro cnupra ¢ alKUICUINKATOM B MPUCYTCTBUU KaTaJIM3aTOPA.

OI[HaKO B COOCTBEHHBIX HNCCIICOOBAHUAX ObLIO YCTAHOBJICHO, YTO B OTCYTCTBHUE KAaTAJIN3aTOPOB



B3aumoyeiicteue GypdypuIoBoro CnupTa ¢ aJKWICHINKATOM MPOTEKAET JIULIb C OY€Hb HU3KOH
ckopocthio. [Io MeHbIIel Mepe py MPUMEHEHNH HeOOpaOOTaHHBIX MPOAYKTOB UM OCTATOYHBIX
IPOMBIBHBIX CTOKOB (XBOCTOB) IOCJ€ PEAKLUH STHIIOBOIO CIUPTA C TETPAXJIOPCHJIAHOM B
Ka4ecTBE HCXOIHOTO Marepuaja BCE K€ CIeNyeT HUCXOAUTh M3 TOro, YTO B PEAKIHOHHOMN
CHCTEMEe MMEETCsl KaTaJIUTUUECKH ACHWCTBYIOINAsi KOHIEHTPALUS COJITHOH KHUCIOTHI (TOO0YHOrO
NPOAYKTa PEAKLUH 3THIOBOIO CIHUPTAa € TETpaxyopcuiaHoM). Ho KHCIOTBI B TO K€ Bpems
KaTaJM3UPYIOT TOMOKOHIEHCAM0 (GypdypuiIoBoro cmupra, KoTopas IpoTekaeT ¢ Oosee
BBICOKOW CKOPOCTBIO M SIBIISIETCS TPYAHO KOHTPOJHPYEMOW B OTHOLIEHWH COCTaBa
oOpazyrommxcst mpoaykToB. O BBICOKOM CONEP>KAaHUH TOMOIOIUMEPOB GypdypHIIOBOrO CIIUpTA
B MpOAYKTe crmocoba corynacHo mnaTeHTHOMY paokymenty US 2,300,812 roBopur Takke
KOPUYHEBBIA HJIM TEMHBIH I[BET U OTHOCUTEJBHO BBICOKAs BSI3KOCTh MOJHMEPHBIX MPOIYKTOB.
ITpu romokouaeHcanuu GpypdypunoBoro cnmpra oOpasyercst Boaa, KOTOpask OISITh JKE BbI3bIBAET
TUAPOJN3 ANKUJICHINKATA C MOCIEAYIOIUM 00pa3OBaHMEM MOJMMEPHBIX CHJIMKATOB, KOTOPOE
TaKKe COACHCTBYIOT MOBBIICHUIO BA3KOCTH. COOCTBEHHBIMU HUCCIIEAOBAHUSIMU OBLIO BBISICHEHO,
YTO MOAOOHbIE MPOAYKTHI HEMPUTOIHBI JJIl IPUMEHEHHUS] B KaU€CTBE KHUCIOTHO-OTBEPIKAAEMBIX
CBSI3YIOIUX MATEPHAJIOB IS MOJMYUYEHHS JIUTEHHBIX (POPM U CTEPIKHEH.

ITatentHpni mnokymeHT DE 2848319 (C3 packpeiBaeT OJOKHPOBaHHBIN KOHIIEBBIMH

bypdypunokcurpynmnamMmu CUIoKcaH GopMyJibl
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B KOTOPOH X MMeeT 3HadeHue oT okoiyio 2 10 100, npeanouTUTeNbHO MeHee 25, a Takke
€ro NoJy4eHHe 1 IPUMEHEHHE B KaUeCTBE HJIEKTPOH30IILIMOHHBIX )KUAKOCTEH.

Tem cambIM 3amada HACTOSILETO M300pPETEHHsS COCTOUT B INPEOAOJIEHHH HENOCTATKOB
NpOTOTHIIAa W B cO3daHuM coaepxamein (yphypuwicunukarsl u  QypdypuIoBblid  CHHPT
KOMITO3HLIMH, KOTOpPasi HMEET BBICOKOE cozepskaHie QypdypHiCHIMKaTOB MPH HE3HAYUTETbHOM
ypOBHE copaepkaHusi CcBOOOAHOrO (GypQypusioBOro CHuUpTa, a TakkKe TOMOIOJIUMEPOB
bypdypunoBoro cnupra ¥ MOJMMEPHBIX CHIMKATOB. B 4aCTHOCTH, KOMIO3HULIMK, HECMOTPS Ha
HU3KOE CoJIepkaHue CBOOOMHOTO (GyppypuiioBOro coupra, IOJPKHBI HUMETh MPUEMIIEMYIO
BSI3KOCTD JIJIsl MCTIOJIb30BAHUS B KA4€CTBE KHCIOTHO-OTBEPIKIAEMbIX CBS3YIOILIMX MaTepHAJIOB, B
YaCTHOCTH, JIJIsI TOJTy4EHUs! JINTEHHBIX (OpM U cTepskHel. JlonmomHuTenbHas 3aa4a HaCTOSIIIETrO
u300peTeHns COCTOMT B CO3MaHUM crnocoda MOJy4eHHWs MONOOHOH,  comepskaliei
bypbypuncunukarel U QyppypuIOBBI CIHPT, KOMIIO3HWLIUK, a TakkKe MOIXOMISIIETO
KaTaju3aTopa JJIsl CEJIeKTHBHOrO B3auMmoneicTus (ypdypunosoro crupra ¢ obpa3zoBaHueM
bypdypuncunukaTos.

Ota 3a/1a4a pemaeTcsi COrJIaCHO N300PETEHHIO MTOCPENCTBOM KOMITO3ULIMH, BKITFOYAOLIEH

(A) ogHO mnu MHOTHE coenuHeHust GopmyJbl (1)

Si[OR'I[OR*],[R’], (1),



B KOTOPOHU

X TIPEACTABJISAET 1eJIOe YNCIIO, BhIOpanHoe u3 1, 2, 3 u 4,

y U Z TIPEACTAaBISAIOT LieNble Yucia, BelOpaHHble u3 0, 1, 2 u 3, mpudeM cCOryiacHo
uszobperenuro z=0,

npu4eM x+y+z=4,

Ka)K1asl U3 CTPYKTYPHBIX X-€JUHULL R' npexcrasisier pyphypu,

U KaxJaas U3 CTPYKTYPHBIX Y-€IUHHIL R?, HE3aBHCHMO OT BCEX APYTUX CTPYKTYPHBIX
enumnn R, BBIOMPAETCS U3 TPYIIIbI JUHEHHBIX U PA3BETBJICHHBIX AJIKUJIBHBIX OCTATKOB,

U KaXxnas U3 CTPYKTYPHBIX Z-€QUHULL R®, HesaBHCHMO OT BCex OPYIUX CTPYKTYPHBIX
enuann R2, BBIOMPAETCS M3 TPYMNbl JUHEHHBIX M PA3BETBJICHHBIX AJKUJIBHBIX OCTATKOB H
apWIbHBIX OCTATKOB,

(B) pypdypunossiii crmpr R'-OH,

(C) oouH WM MHOTHE AJKHJIOBBIE CITUPTHI R%-OH, IpUYEM R’ B Kakmom ciy4dae
BBIOMPAETCSI U3 TPYIIIBI TMHEHHBIX U PAa3BETBICHHBIX AJIKUIIBHBIX OCTATKOB,

(D) onHO MM MHOTHE COETUHEHMSI U3 TPYIIIBI, COCTOALIEH M3 aKOTOJISITOB 3JIEMEHTOB
u3 rpymmsl, coctosimneid u3 B, Al, Sn, Ti u Zr, 1 3J1eMeHTOOPTaHUYECKUX COSIMHEHUIN 3JIEMEHTOB
u3 rpymnmel, cocrosimei u3 B, Al, Sn, Ti u Zr.

JIONONTHAUTENbHBIE  aCleKThl  HM300peTeHHsT OTHOCATCA K Crocol0y — MOJydeHHus
COOTBETCTBYIOLIEH  M300pETeHHI0  KOMIO3HMLWH, K TNPUMEHEHHI0 COOTBETCTBYIOLIECH
N300pETEHNIO KOMITO3UIMU B KA4eCTBE KHCIOTHO-OTBEP)KIAEMOIO CBS3YIOIIEr0 MaTepuana, K
PEAKIMOHHON CMECH, BKJIIOYAIOINEH COOTBETCTBYIOIIYIO N300PETEHNIO KOMITO3ULIMIO, K HAbOpYy,
BKJIFOYAIOLIIEMY COOTBETCTBYIOLIYIO M300PETEHHIO KOMIIO3HIIMIO, & TAKXKE K CIIOCOOy MOy4YeHUs
U3enH, BBIOPAHHBIX M3 TPYMIbL, COCTOSILEH W3 JIMTEHHBIX CTEp)KHEW, JUTEHHbIX (GopMm u
IUTATENEH.

HeoxunanHo Oputo OOHapy)X€HO, YTO COEAMHEHMS U3 TPYIIbL, COCTOSALIeH U3
Ti u Zr, u

3JIEMEHTOOPTaHUYECKUX COEIMHEHHN 3JIEMEHTOB M3 rpymmbl, coctosueii u3z B, Al, Sn, Ti u Zr

aJIKOTOJIITOB  3JIEMEHTOB M3 TIpymmbl, coctosmedd u3 B, Al Sn,
(xommioneHTOB (D) cooTBeTCTBYIOMIEH H300PETEHHIO KOMIIO3HLIUY, KaK OMPEAENIEHO B MyHKTaX
(opMyIbl H300pETEHHsT), CENEKTUBHO KATAIU3UPYIOT B3aUMOAeHcTBHE (QypdypHIIOBOrO CIIHPTA
C COENMHEHHMSIMA W3 TPYIIIbL, COCTOSILIEH M3 aJKUJIOBBIX CIOXKHBIX 3(UPOB OPTOKPEMHUEBOM
KHCJIOTBI (aNKUIICHIINKATOB), AKHMJIAJIKOKCHCHIIAHOB (ne o M300pETEHHIO),
APUJIAIKOKCUCHIIAHOB (HE MO M300pPETEeHUI0), M, COOTBETCTBEHHO, APWJIAJIKIIIAJKOKCUCHIIAHOB
(He mo M300peTeHH0), U CHIOKCAHOB, ¢ oOpa3oBaHueM coennHeHuii ¢opmyisl (I), To ects,
HE)KeJaTeNlbHble MOOOYHBbIE PEaKIUH, TaKhe KaKk TOMOKOHZAeHcalus (QyppypHIIOBOrO CIHPTA,
MPOTEKAIOT TOJBKO B HE3HAUMUTEJIbHONW Mepe, W coenmHenus (opmyisl (I) momydaroTcst ¢
BBICOKHM BBIXO/IOM.

AJIKOTOJIATBI 3JIEMEHTOB W3 rpymmbl, cocrosimmeid w3 B, Al, Sn, Ti u Zr, B cMmbicie
HACTOSIIEr0 M300pETEeHHs MPEACTaBIIOT COOOH COeAMHEHHs, B KOTOPBIX IO MEHbIIEH Mepe
OJlHA AJKOKCUTPYIMIa 4Yepe3 €€ aToM KUCJIOPOAa CBS3aHA C aTOMOM JJIEMEHTa W3 TPYIIIbL,

cocrosieii uz B, Al, Sn, Ti u Zr.



DJIeMEHTOOPraHNYeCKHe COSITMHEHHS 3JIEMEHTOB U3 TPYIIbI, coctosiment u3 B, Al, Sn, Ti
U Zr, B CMBICIIE HACTOALIET0 M300pPETEHUs MPENCTABIAIOT COOONH COENMHEHMs, B KOTOPBIX IO
MEHbLIEH Mepe OAMH aTOM YIJIEpOia CBsI3aH C aTOMOM 3JIEMEHTA U3 IPYMIIbL, COCTosAel u3 B,
Al, Sn, Ti u Zr. B cny4ae snemMeHTOB U3 rpymimel, cocrosauei u3 Al, Sn, Ti u Zr, peus npu 3ToM
UJIET O METAJUIOOPTAaHMYECKUX COEAMHEHUSIX COOTBETCTBYIOIIMX 3JIEMEHTOB.

OnuH acmekT HACTOSINero M300peTeHHs COCTOMT B COOTBETCTBYIOIIEH H300PETEHHUIO
KOMITO3HMLIH, KaK OMHCAHHOH B MyHKTaX (HOpMyJIbl H300peTeHNUS.

CootBeTcTByIOIAs N300PETEHUIO KOMITO3ULUSI COAEPIKUT (KOMIIOHEHT (A)) OIMH WU
MHorHe (QypdypHICHIINKATEL, TO €CTh, OAHO HJIM MHOTHE coenuHenust popmyisl (1)

Si[OR'I,[OR*],[R’], (D),

B KOTOpOH

X TIPEICTABJISET 1eJIOe YUCIO, BhIOpanHoe u3 1, 2, 3 u 4,

y U Z TIPEACTABIIOT LeNble Yucia, BeiOpaHHble U3 0, 1, 2 u 3, mpudeM COrIacHO
u3obperenuro z=0,

npuyeMm x+y+z=4,

Kakz1ast U3 CTPYKTYPHBIX X-exuani R npencrasmusier gypdypun,

M KaXIas U3 CTPYKTYDHBIX y-€IMHHI R’ HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
ennmni R?, BHIGHPAETCS M3 IPYIIIIbI THHEHHBIX U PA3BETBICHHBIX ANKHIBHBIX OCTATKOB, IIPHYEM
NPEATIOYTUTENbHBI JIMHEHHbBIE aJIKUJIbHBIE OCTATKH,

M KaXJas U3 CTPYKTYDHBIX Z-€QHHHL R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
enuHn R, BBIOMpAeTCss M3 TPYIIBI JIMHEHHBIX H PA3BETBICHHBIX ANKHIBHBIX OCTATKOB MW
ApUJIbHBIX OCTATKOB,

Coenunenne Qopmyner (I) mpeacraBnser coboii CnoxkHBIA 3(QHUP OPTOKPEMHHEBOU
KHCJIOTBI, B KOTOPOM IO MEHbIIEH Mepe OfHa KHCJIOTHas (YHKIMOHANbHAs TpyImIa
OPTOKPEMHHEBOH KUCIOTHI 3Tepuduunposata GpyphypHiIoBbIM CIIHPTOM.

Korna B popmyie (I) kak y, Tak 1 z paBHbI HYJIIO (TO €CTh, X=4), coeAMHEeHHEe (OPMYJIbI
(I) npencraBnsier coboii TeTpadypPypHSIOBBIA CIOXKHBIH 3(PUP OPTOKPEMHHEBOH KHCIOTHI
(TerpadypdypUICHIUKAT), TO €CTh, BCE HYETHIPE KHUCJIOTHBIX (DYHKIUOHAIBHBIX TPYIIIbI
OPTOKPEMHHEBOH KHCJIOTHI 3TepuduinpoBans! PypdypHUIoBbIM CIUPTOM.

Kornma B ¢opmyne (I) z paBHO HYJIO, U X U Y B KOKIOM ClIy4ae MPEACTABISIOT LEJbIe
ynucna, BbiOpaHHble w3 1, 2 u 3, Ttorma coemunenue ¢opmynsl (I) mpencraBnsier coOoit
CMEILIAHHbIN CIIOXKHBIA 3(UP OPTOKPEMHHMEBOH KHCJIOTBI, MPUYEM IO MEHBbLIEH Mepe OfHa, U
camoe Oosbliee TPH, M3 YETHIPEX KUCIOTHBIX (PYHKIMOHAJIBHBIX TPYNI OPTOKPEMHUEBOM
KUCJIOTBl  3TepuduuupoBansl  GypPypHIOBBIM  CIIUPTOM, U OCTaJbHbIE  KHCIIOTHBIE
(YHKIMOHABHBIE TPYIIITBI OPTOKPEMHHUEBOH KHUCIIOTHI 3TePU(PULHUPOBAHBI AJIKUJIOBBIM CITUPTOM
R*-OH, IIpUYEM CTPYKTYpPHAst €AUHULA R* BBIOMPAETCS M3 TPYIIIBI JMHEHHBIX U PAa3BETBICHHBIX
AJNIKWJIBHBIX OCTATKOB, IPUYEM MPEATIOYTUTENbHBI TMHEHHbBIE aJIKUIbHbIE OCTATKH.

Kornma B ¢opmyne (I) y paBHO HyHO, M X M Z B K&KAOM ClIydyae NMPEACTABISIIOT LEJIble
yrcia, BbIOpaHHble M3 1, 2 U 3 (He B COOTBETCTBMM C H300pETEHHEM), TOTAA COEIUHEHUE

dopmyner  (I) mnpencraBmser coboit  GyphypusioBeI  CHOXKHBIA  3PUP  3aMEIIEHHOM



OPTOKPEMHHMEBOM KHCJIOTBI, IPUYEM IO MEHBILEH Mepe OIHA, U caMoe OOJIbIIee TPHU, U3 YEThIPEX
KUCJIOTHBIX ~ (DYHKLIMOHAJBHBIX TPYNI  OPTOKPEMHHUEBOH  KUCJIOTBI  3TepUPHUIIPOBAHBI
byppypunoBeIM  CIIUPTOM, H  OCTaJbHblE  KUCJIOTHbE  (PYHKLUMOHAJIBHBIE  [PYIIIBI
OPTOKPEMHUEBOU KHCJIOTBI 3aMELIEHbl CTPYKTYPHOH €IMHULIEH R’, BBIOPAHHOW W3 TPYIIIbI
JUHEMHBIX U PAa3BETBJICHHBIX AQJKWIBHBIX OCTaTKOB M AapPWJIbHBIX OCTaTKOB, IpUYEM
IPEANIOYTUTENbHBI JINHEIHBIE AJIKMIJIBHBIE OCTATKH.

Korna B ¢popmyne (I) kak X, Tak Uy U Z B KQXKIOM Cilydae IPEICTABISIIOT LIeJble YUCa,
BbIOpaHHble U3 | 1 2 (HE B COOTBETCTBHM C H300pereHHeM), Torna coenuHerue Gopmyiel (I)
NPEACTaBIsieT COOOW CMEINaHHBIH CIOXKHBIA 3(QHp 3aMeleHHOH OPTOKPEMHHEBOW KHCJIOTHI,
npudeM IO MeHbINeH Mepe OnHa, M caMmoe Oojbluee JBe, M3 YEThIPeX KHCIOTHBIX
(PYHKLIMOHABHBIX TPYHIl OPTOKPEMHHUEBOW KHCJIOTBHI 3TepuUPUIUpPOBaHbl  PypypHIIOBEIM
CIHPTOM, W IO MEHbIIEH Mepe OIHA M3 OCTAIbHBIX KUCJIOTHBIX (PYHKLHMOHAIBHBIX TPYIII
OPTOKPEMHHMEBOW KHCJIOTBHl 3TEepPUPUIMPOBAHA AJKUIOBBIM  CIHPTOM R*-OH, IIPUYEM
CTPYKTYpHAsi eqnHuua R BBIGHPAETCS M3 IPYIIbl JTHHEHHBIX M Pa3BETBICHHBIX AIKHIbHBIX
OCTaTKOB, M MO0 MEHbINEH Mepe OHA U3 OCTAIBHBIX (PYHKIIMOHAIBHBIX TPy OPTOKPEMHHUEBOM
KHCJIOTBl 3aMellleHa CTPYKTYpPHOW eAuHULEH R’ BBIOPAHHOW W3 TPYMNIbl JMHEHHBIX U
Pa3BETBIEHHBIX AJIKUIIBHBIX OCTATKOB U apUJIbHBIX OCTATKOB.

Korza coenunerne hpopmyist (I) conepskut Gombliee YUCIO CTPYKTYPHBIX eanHui R (To
€CTb, y TPEACTABISIET LEJIOe YHUCIIO, BBIOpaHHOE U3 2 U 3), TOrAa Kaknas U3 CTPYKTYPHBIX Y-
enuHn R%, HE3aBHCHMO OT BCEX NPYTHX CTPYKTYPHBIX eAMHHL R’ BHIGHpaeTcs W3 IpyIIibi
JINHEHMHBIX 1 Pa3BETBICHHBIX AIKIIBHBIX OCTATKOB, TO €CTh, CTPYKTYPHbIE y-eXHHHLLI R MOryT
GBITH HICHTHYHBIMH MM PA3IHYHBIMA. IIPEIOYTHTENBHO BCE CTPYKTYDHBIE Y-€IMHHIBI R*
NPENCTABISIIOT COOOI JIMHEIHbIE ATKUIIbHBIE OCTATKH.

Korna coenunenue ¢popmyiisl (I) conep:kut Oosbiee YUCIO CTPYKTYPHBIX €AMHHULL R? (To
€CTb, Z MPEACTABIISET LIEJIOE YUCIIO, BBIOpaHHOE 13 2 U 3, HE B COOTBETCTBHH C H300pETEHHEM),
TOrAa Kaskasi U3 CTPYKTYPHBIX Z-eAMHHL R’ HE3ABHCHMO OT BCEX APYTHX CTPYKTYPHBIX SIUHHIL
R?

3
OCTaTKOB, TO €CTb, CTPYKTYPHBIC Z-CAUHHLBI R MOTYT OBITh UACHTHUYHBIMH WUJIU Pa3JIAYHbIMUA.

, BbIOMpAETCsl U3 TPYIIIbI JIMHEHHBIX U PAa3BETBJICHHBIX AJTKUIBHBIX OCTATKOB M APHJIbHBIX
IIpennoututenbHO BCE CTPYKTYPHBIE Z-€AWHULIBI R’ MPEICTABISIFOT COOOHM  JIMHEHHbIE
AJIKUJIbHBIE OCTATKU.

KommoneHT (A) COOTBETCTBYIOIIEH H300PETEHUI0 KOMITO3UIUU TPEANOYTUTENBHO
COCTOUT M3 TaKuX coequHeHui Gpopmysl (I), B KOTOPBIX

KaXaasi U3 CTPYKTYPHBIX Y-€IHHULL R’ HE3aBHCHMO OT BCEX OPYTUX CTPYKTYPHBIX
105031401 RZ, BBIOMPAETCST W3 TPYMIbI, COCTOSINEH W3 METHJIbHOHN, STHJIBHOH, MPOMHIBHOM,
WU30MPONWIbHON, OyTWIBHOH u W300YTHJIBHOW TPYMI, NPUYEM NPEANOUYTHUTENIBHO BCE
CTPYKTYpPHBIE €IMHHULIbI R* MPENCTaBJISIFOT COOOM ATHIIBHYIO TPYIITY,

KaXaasi U3 CTPYKTYPHBIX Z-€IUHHI R®, HesaBucHMO OT Bcex OPYTUX CTPYKTYPHBIX
105031501 R3, BBIOMPAETCST U3 TPYMIbI, COCTOSINEH W3 METHJIbHOHN, STWJIBHOH, MPOIMHIBHOM,
W30MPONIIbHON, OyTWIBHOH U W300YyTHJIBHOW TPYII, MNPUYEM MPEANOUYTUTENIbHO BCE

CTPYKTYPHBIE €IUHULIBI R’ MPEACTABISIIOT COO0H ATHIIBHYIO TPYIIY,



ONIMH TIOKa3aTelb W3 y U Z MPENCTaBJsIeT MeJoe Yucio, BeiOupaemoe u3 1, 2 u 3, u
APYyTroi nmokasareib U3 y U z paseH 0, mpudeM coriacHo nzodpereHuro z=0.

Kax mnpaBuno, koMroHeHT (A) B COOTBETCTBYIOINEH H300PETEHUIO KOMITO3ULIUH
HaxonuTcs B (hopMe CMECH pa3MyHbIX coequHeHuit popmysl (I).

KommoneHnT (A) coOTBeTCTByIOWEH H300PETEHUI0 KOMITO3UIUU MPEANOUYTUTENBHO
BBIOMPAETCSI U3 TPYIIIBL, COCTOSIIEH U3

- coequHenus: popmyusl (I) ¢ x=4 u y=z=0,

- ¥ Takux coenuHenuit popmysl (1), B KOTOpBIX

y MPEACTABIISET EJIOe YUCIIO, BiOMpaemoe u3 1, 2 u 3, u z=0,

KaXIas U3 CTPYKTYPHBIX y-eQMHHI R’, HE3aBHCHMO OT BCEX APYIHMX CTPYKTYPHBIX
EJTUHHUIL RZ, BBIOMPAETCS M3 METHIJIBHOM, STUIbHOM, MPOMUIBHOMN, U30MPONIIIbHOMN, Oy THIILHOW U
M300yTHIIBHOMN IPYIII, IIPHYEM MPEANOYTHTEIbHO BCe CTPYKTYPHbIE eXHHHLbI R* pencTaBiIstoT
CO0O¥ STUIIBHYIO TPYIIITY.

KomnoneHT (A) B COOTBETCTBYIOLIEH H300pPETEHHIO KOMITO3UIMH  OCOOEHHO
MPEINOYTUTENBHO MPEACTABIISIET COOOM CMECh U3

- coequHenust popmysl (I) ¢ x=4 u y=z=0,

- ¥ OJJHOTO WJIM MHOTHUX coenuHeHni Gpopmysl (I), B KOTOpBIX

y MPEACTABIISIET eJIOe YUCIIO, BhiOMpaemoe u3 1, 2 u 3, u z=0,

M KaXgas U3 CTPYKTYPHBIX y-eAuHHIl R, He3aBHCHMO OT BCEX NPYTHX CTPYKTYDPHbIX
105031501 Rz, BBIOMPAETCST U3 METHIJIBHOM, STUIbHOMN, MPOIMMIBHOMN, U30MPONIIIbHOHN, Oy THIIEHOW U
M300y THIIBHOM TPYIII, TIPHYEM MPEATIOYTHTENBHO BCe CTPYKTYPHbIE eXHHHLbI R¥ pencTaBisioT
cO0O¥ STUIIBHYIO TPYIIITY.

HaubGonee mnpeanouTuTenbHO KOMMIOHEHT (A) B COOTBETCTBYIOLIEH HM300pETEHHIO
KOMITO3ULIMH MIPeACTaBIsieT co00it cmech u3 coenrHeHni Gpopmysl (I7)

Si[OR',[OR], (1),

B KOTOPOU

X TIPEICTABJISAET LEJIOe YUCII0, BhIOpanHoe u3 1, 2, 3 u 4,

y B KaXa0M coenuHeHnu ¢opmysbl (I7), HEe3aBUCUMO OT APYTHX COEAMHEHHH (HOPMYIIbI
(I’) B cMecu, nipeacTaBIisieT Lenoe Yncio, BeiopanHoe u3 0, 1,2 u 3,

npu4em x+y=4,

M Kaxgas U3 CTPYKTYPHBIX y-eauHUI R, He3aBUCHMO OT BCEX APYTHX CTPYKTYPHbIX
1105031401 RZ, BBIOMPAETCS M3 METHJIBHOM, STUIbHOM, MPOMMIBHOMN, U30MPONIIIbHOMN, OyTHIIEHOW U
M300yTHIIBHOMN IPYIII, IIPHYEM MPEANIOYTHTENBHO BCE CTPYKTYPHbIE eqiHULbI R¥ pencTaBisoT
cO0O¥ STUJIBHYIO TPYIIITY.

Coenunenne ¢opmynbl (I') mpencrasnser cobol CIOXKHBIN 3PUpP OPTOKPEMHHEBOU
KHCJIOTBI, B KOTOPOM OJIHA UJIM MHOTHE KHUCJIOTHBIC (DYHKLIMOHAIBHBIE TPYIIIBI OPTOKPEMHHUEBOM
KHCJIOTBI  3TepupuuupoBanbl  GypypUSIOBBIM  CIIHPTOM, H  OCTaJbHBIE  KHCIIOTHBIC
(YHKIIMOHAJIbHBIE TPyl OPTOKPEMHHEBOH KHUCJIOTHI OSTEpU(PHUIMPOBAHBI  AJKUJIOBBIMU
CIIupTaMu R>-OH u3 IPYIIbL, COCTOSILIEN W3 METAHOJA, STAHOJIA, MPOMAHOJA, W30MPOIAHOIA,

2
OyTanona u n300yTaHoa, mpudyeM R” mpeanouTHTenbHO MPEACTaBIseT STHIBHYIO TPYIILY, WIH



BCE KHCIOTHBIE (PYHKIMOHAJBHBIE TPYNIBl OPTOKPEMHUEBOH KHCJIOTHI 3TEPUPHULIPOBAHBI
bypdypHIOBEIM CIIUPTOM.

To ecth, B 5TOM OCOOEHHO MPEANOYTUTENBHOM CiIyuyae KOMIIOHEHT (A) NpencTaBisieT
coboit cmech u3 TerpadypPypuioBOro CIOKHOTO 3¢HuUpa OPTOKPEMHHEBOW KHCIOTHI H
PA3NUYHBIX CMEIIAHHBIX (YypypHII-aNKUIOBBIX CIOXKHBIX 3(QUPOB OPTOKPEMHHEBON KHCIIOTHI,
NPEANOYTUTENPHO CMEIIAHHbIX  (QypPYypHUI-3THIOBBIX CJIOXKHBIX 3(QUPOB OPTOKPEMHHEBOH
KHUCJIOTHI.

CrienpajbHO MPEINOYTUTENBHO KOMIIOHEHT (A) B COOTBETCTBYIOLIEH H300PETEHHIO
KOMITO3ULIUH MTPECTABISIET CO00M cMech U3 coenunenuit popmyst (I7)

Si[OR'],[OR?], ("),

B KOTOpOH

X TIPEICTABJISET 1eJIOe YUCIO, BhiOpanHoe u3 1, 2, 3 u 4,

y B KaX10M coenuHeHnH Gopmydsl (I'), He3aBUCUMO OT APYIHX COEAMHEHHH (HOpMYyJIbI
(I’) B cMecu, peacTaBIisieT Lenoe yncio, Beiopanaoe u3 0, 1,2 u 3,

npu4eMm x+y=4,

KaXkz1ast U3 CTPYKTYPHbIX X-exuann R' npencrasmusier coboit Gypdypun,

W KQXIasi M3 CTPYKTYPHBIX y-eXiHuL R peacrasisier coboil STHIbHYO IPYIIIY.

B 3TOM crniennanbHOM MPEANOYTUTEIPHOM Ciyd4ae KOMITIOHEHT (A) mpeacTaBiisieT coOoi
cMech u3 TeTpadypypHIIOBOrO CIOKHOrO 3(pUpa OPTOKPEMHHUEBOH KHCIOTBI M PA3IHMYHBIX
CMELIaHHBIX QPYypPypPHII-3TUIOBBIX CJIOKHBIX 3(PUPOB OPTOKPEMHUEBON KHUCIIOTHL

Komnonent (C) cooTBeTcTByIOLIEH H300pETEHUIO KOMIIO3MLUU MPEATIOYTUTEIBHO
BbIOMpAETCsl W3 TPYIBI, COCTOSINEH M3 METaHOJNA, 5TaHOJA, MPOIMAHOJNA, W30MPOINAHOJIA,
OytaHoia 1 n300yTaHona.

IIpennovrurenbHO

KOMITOHEHT (A) COOTBETCTBYIOLIEH N300PETEHNI0 KOMIO3UIMH BBIOMPAETCS U3 TPYIIIIEL,
COCTOsALLEH U3

- coequHenust popmysl (I) ¢ x=4 u y=z=0,

- ¥ TakuX coenuHenui ¢popmysl (1), B KOTOpbIX

y MPEACTABIISET 1EJIOe YUCIIO, BhiOpanHoe u3 1, 2 u 3, u z=0,

KQXKIas U3 CTPYKTYDHBIX Y-€IMHHL R’ HE3aBHCHMO OT BCEX NPYTHX CTPYKTYPHBIX
19105031501 RZ, BBIOMpPAETCST W3 TPYMIbI, COCTOSINEH W3 METHJIbHOHN, STHJIBHOH, MPOMHIBHOM,
U3OTPOIWIBHOW, OYTWJIBHOM © HM300YTHJIBHOW TpyNI, MPHYEM NPEATNIOYTUTENIbHO BCE
CTPYKTYpHBIE eQHHHLbI R MPencTaBIsioT coBOM STUIBHYIO IPYIIY,

"

koMroHeHT (C) coOTBEeTCTBYIOMEH H300PETEHHIO KOMITO3UIIMK BBIOMPAETCS U3 TPYIIIIEL,
COCTOSILIIEH W3 METAaHOJIa, 3TAHOJA, TNPOIAHOJA, H3O0MpornaHojia, OyTraHoma W u300yTaHOIA,
npudeM KoMIoHeHT (C) MpeanovYTUTENBPHO MPEACTABISIET COOOH 3TaHOII.

OcobeHHO MPeanOYTUTENBHO B COOTBETCTBYIOIIEH N300PETEHNIO KOMITO3ULIUU

KOMITOHEHT (A) mpeacTasisieT coOol cMech U3

- coequnenus popmysl (I) ¢ x=4 u y=z=0,



- ¥ OJJHOTO WJIM MHOTUX coenuHeHuit gpopmyiel (1), B KOTOpBIX

y MPEACTABIISIET 1IeJIOe YUCIIO, BhiOMpaemoe u3 1, 2 u 3, u z=0,

M KaXIas U3 CTPYKTYDHBIX y-eIMHHI R’ HE3aBHCHMO OT BCEX APYrHX CTPYKTYPHBIX
enuam R, BBIOMPAETCS U3 METUIIBHOM, STHJIbHOMN, PONUIIBHOMN, M30NPONUIBHOMN, OyTUIBHOHN U
M300YTHIIBHOM IPYIII, MPHYEM MPEIOUTHTEIBHO BCE CTPYKTYPHbIE eXMHULEI R IIPeaCcTaBIsioT
co00¥ STHIIBHYIO TPYIIY,

u komrnoHeHT (C) BbIOMpaeTcss W3 TPYIIbL, COCTOSINEH K3 METaHOJa, STaHOJA,
NMpomaHojia, HW30MpomnaHoja, OyraHojga W u3oOyraHona, mpudeM  komroHeHT (C)
NPEATIOYTUTENIBHO MPEACTABIISIET COOOH STaHO.

Haubonee npennoyTUTEIbHO B COOTBETCTBYIOIIEH N300PETEHHIO KOMITO3HLIUN

KOMITOHEHT (A) mpexacTasisieT coboi cMech u3 coennHeHui Gopmyis (I7)

Si[OR'],[OR?], ("),

B KOTOpOH

X TIPEICTABJISET 1eJIOe YMCIO, BhIOpanHoe u3 1, 2, 3 u 4,

y B Kaxa0M coenuHeHnH Gopmydsl (I'), He3aBUCUMO OT APYIHX COEAMHEHHH (HOpMyJIbI
(I’) B cMecu, mpencTaBIisieT Lenoe uncio, Beiopanaoe u3 0, 1,2 u 3,

npu4em x+y=4,

M KaXJas U3 CTPYKTYDHBIX y-€IMHHUI R’ HE3aBHCHMO OT BCEX APYTHMX CTPYKTYPHBIX
105031401 RZ, BBIOMPAETCS U3 METHIJIBHOM, STUIbHOM, MPOIMMIBHOMN, U30MPONIIIbHOMN, Oy THIIEHOW U
M300YTHIIBHOM IPYIII, MPHYEM MPEATOUTHTEIBHO BCE CTPYKTYPHbIE eXHHHLEI R” IIPeICTaBIsIOT
co0OM 3TUJIBHYIO TPYIILY,

u kxomnoHeHT (C) BbIOMpaeTcsi W3 TPYIIBL, COCTOSINEH M3 METaHOJNA, 3TaHOJA,
IPOMAaHOJIa, U30MpPOMNanoa, OyTaHoa U U300yTaHOa, MPEANIOYTUTEIBHO 3TAHOJA.

CrennaipHO NPEIIOYTUTEIBHO B COOTBETCTBYIOLIEH H300PETEHHIO KOMITO3HLIUH

KOMITOHEHT (A) npencrasisieT co0oli cMech U3 coennHeruit popmysl (1I7)

Si[OR'],[OR?], (I"),

B KOTOpOH

X TIPEICTABJISET EJIOe YUCIO, BhIOpanHoe u3 1, 2, 3 u 4,

y B Kaxa0M coenuHeHnH GopmyIbl (I'), He3aBUCUMO OT APYTHX COEAMHEHHH (HOPMYIIbI
(I’) B cMecu, peacTaBiisieT Lenoe uncio, BeiopanHoe u3 0, 1,2 u 3,

npu4em x+y=4,

Kakzast U3 CTPYKTYPHbIX X-exuani R npencrasmusier coboit Gypdypun,

W KQXJIasi U3 CTPYKTYPHBIX y-eXuHUL R* IPeACTaBIstoT COGO0i STHIBHYIO TPYIIIY;

u komnoHeHT (C) npencrasser codoi HTaHO.

Kommonent (D) cooTBeTCTByrOImEH H300PETEHUI0 KOMITO3UIUH, B YAaCTHOCTH, B
OTMEYEHHBIX 3/1€Ch KaK MPEANOYTUTENbHbIE BAapUAHTAX, MPEATIOYTUTENIbHO BBIOUPAETCS U3
IPYIIBL, COCTOSINEH W3 TPUM3OMpPONMJIATa ANMIOMMHUS, TpHU-H-OyTunbopara, TeTpa-H-
OyTHJIOPTOTUTAHATa,  TETPAU3ONPONWITUTAHATA,  TETPAKUC(2-3THIITEKCHJI)-TUTaHATA U
OuOyTHIIONOBOIMIIAY paTa. JubyTtunonosoamnaypar MIPEICTaBIISET coboit

QJIEMCHTOOPIraHU4CCKOEC COCAUHCHUE COIMIACHO BBIICIIPUBEACHHOMY OIIPCACIICHUIO, Oouee
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KOHKPETHO, METAJUIOOPTaHUYECKOE COeNMHEHUE OJoBa. Jlpyrue yka3aHHbIE 37€Chb COEIUHEHHS
NPEACTABISIIOT COOOM aJKOTOJISITHI COTJIACHO MPHUBEAEHHOMY BBILIE ONPEAETICHHUIO.

CootBercTByOIMAs H300PETEHHIO KOMIO3HLIUS IPEATIOUTUTEIBHO BKIIOUAET

(B) d¢ypbypwioBelii cnupt ¢ comepkaHueM B naumamnasoHe ot 1% gmo  40%,
peAnouTUTeNsHO oT 1% 10 24%,

(C) anxunoBble CIIUPTHI R*-OH ¢ COBOKYIIHBIM COJiepkaHueM B auanazoHe ot 0,5% mno
10%,

(D) anemenTsl u3 rpynmsl, cocrosimeii u3 B, Al, Sn, Ti u Zr, ¢ o0mumM conep:kaHueM B
nuanazone ot 0,01% mo 0,5%,

B KWXIOM ClIy4ae B pacyere Ha OOLIYI0 MacCy COOTBETCTBYIOLIEH H300peTeHUIo
KOMITO3ULIHH.

U3 coobparkeHuil 3a1uThl OKPYXKAIOIIEH Cpenbl U OXPaHbl 370POBbsI MPEANOYTHTEIbHBI
COOTBETCTBYIOLINE U300PETEHUIO KOMITO3ULIUH C HU3KHM COAEpPKaHNeM (IIPpeanoYTUTENbHO 24%
WIM MeHee, B pacyere Ha OOLIYI0 MacCy COOTBETCTBYIOLIEH HM300PETEHHIO KOMITO3HMLINH)
bypdbypunosoro cnmpta (B). Heoxxnnanuo Obuto HaliieHO, 4TO Jaske MPHU TaAKOM COAEP KAHHH
24% wnu meHee (B pacyeTe Ha OOIIYI0 MAacCy COOTBETCTBYIOMIEH M300PETEHUIO KOMITO3UILINM)
bypdypunosoro cnmpta (B) BI3KOCTh KOMITO3ULIUU SIBJISIETCSl JOCTATOYHO HHU3KOH, 4TOOBI OHA
Moruia ObITh 00paboTaHa OOBIYHBIM My TEM.

bnaronapss HU3KOMY COIEPKAHUIO AJKHJIOBBIX CIIUPTOB R*-OH (C) B cooTBeTcTBYIOIIEH
n300peTeHNI0 KOMIO3UIMHU 3P PekTUBHO nopasisiercs nepesrepuduxanys GyppypuiCuINKaToOB
dopmynsrl (I) ¢ oOpa3oBaHHeM aJKHJIOBBIX CJIOXKHBIX 3(UPOB OPTOKPEMHHUEBOW KHUCJIOTHI
(coequnennii gopmyner (II), kak ommcano B myHKTax (GOPMYJbI HU300pETEHUs), TO €CTh,
oOpaTHass  peakUusi OTHOCHTENBHO  COOTBETCTBYIOLIEro  M300peTeHHr0  0Opa3oBaHUS
bypdypuncunukaros popmyis (I).

Konuenrpauus xomnoHenTta (D) moxer ObITh ompeneneHa peHTreHO(IyOpeCleHTHBIM
AHAJTN30M U3BECTHBIM CIIELIHATUCTY METOIOM.

Kpome ompeneneHHbIx B myHKTax Gopmysibl nzobperenus komrnoHeHToB (A), (B), (C) u
(D), cootrBercTByOIIAs H300PETEHHIO KOMIIO3HMIUS MOXKET COAEpPkKaTh JOMOJHUTEIbHbIE
KOMITOHEHTBI, HAIIPUMEP, KOMIIOHEHTHI, BHIOPAHHBIE U3 TPYIIIbI, COCTOSIIEH U3

(E) mpomoropoB anresmm, mnpuueMm mnpomoTopsl anresmn (E) mpenmouturenbHO
BBIOMPAIOTCS M3 TPYIIIBI AMUHOCHJIAHOB,

u/vm

(F) coennnenuii, conepaiux OJUH UIH MHOTHE ()EHOJIbHBIE [IUKJIBL,

(G) coenuHeHMi W3 TPYMIBL, COCTOSIIEH M3 MOHO3THUJICHIVIMKOJNS, TU3TUJICHTIIUKOIIS,
MOJUATUIIEHIVIMKONA U 1,2-NPONUIIEHT JIUKOJIA,

(H) noBepXHOCTHO-aKTHBHBIX BEIIECTB.

ITpomorops! aaresun (E) mpeanodrutenbHO BEIOMPAOTCS U3 TPYIIBI aMHHOCHIIAHOB, B
0COOEHHOCTH IPEATIOUYTUTENBHO u3 CPYIIIEL, COCTOsIIIEN u3 3-
AMHUHOMPOIUIIMETHIIIUITOKCUCHIIAHA,  N-aMHUHOATHJI-3-aMUHONIPONIUITPUMETOKCUCHIaHa, N-

aMI/IHOSTI/IJ'I-?)-aMI/IHOl'[pOl'[I/IJ'IMeTI/IJ'II[I/IBTOKCI/ICI/IJ'IaHa u 3-aMI/IHOHpOHI/IJ'ITpI/ISTOKCI/ICI/IJ'IaHa.
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Kowmnonent (F) BeiOupaercss u3 rpynmbl COSAMHEHUH, COAEPKALINX OAMH I MHOTHE
(eHONBHbIE LUKJIBL, TO €CTh, apOMAaTUYEeCKHe LHUKJIbI U3 O aTOMOB YIJIEpOna, MPHYEM IIO
MEHBbIIEH Mepe OAMH M3 O5TUX YIVIEPOAHBIX aTOMOB CBs3aH C THUAPOKCHWIBHOW TIPYIIIOWN.
Kowmmnonent (F) npeanoyrurensHo BeIOMpaeTCss U3 TPYIIILL, cocTosmei u3 oucdenona A, macna
U3 CKOPJIYTIBI OPEXOB KEIbI0, KOMIIOHEHTOB Maclia U3 CKOPJIYIIbl OPEXOB KEILIbl0, B YaCTHOCTH,
KapJioyia, KapAaHosia, a TakKe MPOM3BOJHBIX U OJIMTOMEPOB 3THUX COENMHEHUH, KaK OMHMCAHO B
nateHTHOM jnokymeHTe DE 102006037288, TaHWHOB, JUTHUHOB, NMPHPOAHBIX MOJH(EHOJIOB U
(beHos-PpopMaTbIETHIHBIX CMOJL. ®deHo-popmanbaeruaHbie CMOJIBI MOJTY4arOTCST
NOJIMKOHACH CAIMel opManbaeruaa ¢ OMHUM WM MHOTUMH (peHoNamu, pudeM noa GeHonamu
NOJPa3yMEBAIOTCA TUAPOKCHIIBHBIE TPOU3BOAHBIE C APOMATHYECKHUM LIUKIOM H3 6 aTOMOB
yriepoja, MpUYeM IO MeHbIIEH Mepe OOWH M3 JTHX VYIJIEPOJHBIX AaTOMOB CBsI3aH C
THOPOKCWIIbHOW rpynmoil. [IpennoyTuTenbHbBIMUA - SBISIOTCS TPOAYKTHI MOJHMKOHIAEHCALIUH
¢eHona (runpokcudensona) ¢ popmanpaerunom. Coennaenns komnoneHTa (F) pearupyrort npu
KHUCJIOTHOM OTBEPKACHUU COOTBETCTBYIOIIEH HM300PETEHHIO KOMIIO3MIUU KaK COMOHOMEPHI C
bypdypunoBeIM CHUPTOM, M BCTpamBaroTCs B oOpasyrommecs (ypaHoBele cmonbl. Kak
0Ka3aJI0Ch, TEM CAMbIM ITOBBILIAETCS] POYHOCTh JIUTEHHBIX (POPM U CTEPIKHEH.

B ompeneneHHpIx ciydasix (CMOTPH HHXKE) COOTBETCTBYIOINAs H300PETEHHIO
KOMITO3ULIMS] BKJTFOUAET TAKXKE MPOAYKThI PEaKIUil COeNUHEHNH, CONEePIKAIINX OAUH WM MHOTHE
¢deHonpHBIE UKL, ¢ coenuHeHusMHU (opmynsl (II), kak onpeneneHo B myHKTax (opMyJbl
n300peTeHus.

B cooTBercTByrOImEH H300pEeTEHNIO KOMIIO3ULIUH MTPEATIOYTHTEIBHO COCTABIISET

(E) conepxanmne nmpomotopos aaresun ot 0,1% no 2,5%, npeanouturensho ot 0,2% no
0,5%,

w/unm

(F) conep:xanne COemMHEHUI, COAEPIKALIMX OIUH WJIM MHOTHE (DPEHOJbHBIE LIUKJIBL, OT
0,1% mo 10,0%, npeanouturensHo oT 2,0% 1o 5,0%,

u/vm

(G) conepxkaHue COENMHEHUNW W3 TPYIIIbL, COCTOSINEH W3 MOHO3THJIEHTJIUKOJIS,
OVSTUICHTJIUKONS, TOJNUATUIEHTNIUKONsE u 1, 2-mponunenrnukonsi, ot 0,1% mo 5,0%,
npennoutuTenbHO oT 0,5 no 1,0%,

u/vm

(H) conep:kaHue MoBepXHOCTHO-aKTHBHBIX BemecTs oT 0,1% 1o 2,0%, npennouTuTensHo
ot 0,5% nmo 1,5%,

B KaXIOM Cly4ae B pacyere Ha OOIIYI0 MacCy COOTBETCTBYIOLIEH H300peTEeHUIO
KOMITO3ULIHH.

[IpennoyTUTeNbHON SBJIAETCS COOTBETCTBYIOIIAS M300PETEHHIO KOMIIO3ULIUS, KOTOpPas
uMeer

- conepskanue Boabl MmeHee 0,2%,

- conepxkanne popmanbaeruna menee 0,05%,

- coziep:KaHue CBsI3aHHOTO a3ota Menee 0,2%,
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B KWXIOM ClIy4ae B pacyere Ha OOIIYI0 MacCy COOTBETCTBYIOLIEH H300pEeTEeHUIO
KOMITO3ULIHH.

IIpucyTcTBHE BOABI HEXKENATENbHO, TaK KaK B IMPHUCYTCTBUH BOABI CIOKHBIE 3(PHUPHI
KPEMHUEBOM KHCIOTBl THIPOJU3YIOTCS, M IPOAYKTHI T'HAPOJIM3a KOHIEHCUPYIOTCA C
o0Opa3oBaHHEM IOJIMMEPHBIX CHJIMKATOB. BcnencTtBue 3TOro BO3pacTarOT Kak COAEp KaHUEe
cBoOogHOrO (ypdypUIOBOrO CHHUPTAa, TaK M BSI3KOCTb KOMIIO3ULMHM, U OTO SIBJISETCS
HE’KeNaTeIbHBIM U3 YKa3aHHBIX COOOpaXKeHUIl.

CooTBeTcTByOIIME H300PETEHHIO KOMITO3MLMU  OTJIMYAIOTCS OT  TPATULHMOHHO
UCTIONB3YEMBIX JJIsi 00pa3oBaHust PypPaHOBBIX CMOJI KOMIO3HMLUHN CBA3YIOLINX MAaTEPUAJIOB TEM,
YTO OHH IO CYIIECTBY (TO €CTh, HE CUMTAsT HEM30EKHBIX 3arpsI3HSIONINX MPUMECEii) He CoaepKaT
OTACHBIE JJISI OKPY’KAOLIeH Cpeabl U 3I0POBbsi COMOHOMEPHI, Takhe Kak (HOpMaibIerua, U Io
CyLIeCTBY (TO €CTh, 32 MCKIIOYEHHEM HEM30EKHBIX 3arpsi3HSIOIINX NPUMeceH) He COomepKaT
COepIKALINe aTOMBbl a30Ta COMOHOMEPBI, HAalpUMep, TaKhe Kak MOYEBHHA. B WacTHOCTH, IS
CBSI3YIOIUX MATEPHAJOB Ui TMOJNYYEHUs JIUTEHHbIX (POPM WM CTEp)KHEH Ui YyryHHOrO H
CTaIbHOTO JIMThs, TPEKAE BCEro sl JIUTbS BBICOKOCOPTHOW CTajM, MKENaTeNbHO TII0
BO3MOXKHOCTH HHU3KO€ 00Ilee comepikaHue a30Ta, MOCKOJbKY, B YaCTHOCTH, O0IIee coepikaHue
a3oTa 4 Bec.% WK BBIIIE B CBSI3YIOIIEM MaTepuaa it 0€300:KUroBOro crocoda MOKeT BECTH K
nedpexram oriauBok. I[lomoOHBIE nedeKThl JUTBS MNPENCTaBIAIOT COOOW, HAmpUMep, Tak
Ha3bIBAEMbIE (TOYEYHBIE OTBEPCTUS» (CHUTOBHAHAS MOPUCTOCTh). OHM BO3HHUKAIOT, KOrZa B
nporecce JUThbS BOASIHOM map pearupyer ¢ MNPUMECSMH B JKele3e M a30TCOAepPKAIIUMHU
KOMIIOHEHTaMH C OOpa30BaHMEM OKCHAOB METAJUIOB U COEOUHEHUI a30Ta C BOAOPOMAOM,
KOTOpbIe TUPPYHAUPYIOT B )KUAKUN METAIT U IPUBOIAT K 00Pa30BaHUIO MUKPOIIOP Ha OTJIUBKE.
IIpaBnaa, fist onpeneNeHHbIX BAPHAHTOB IPUMEHEHHUS SIBJISIETCS PEANOYTUTENIbHBIM 100aBICHUE
HeOOJIBLINX KOJIUYECTB a30TCOAEPIKAIIUX MPOMOTOPOB aAT€3HH, TAKUX KAK AMUHOCHIIAHBL.

CootBeTcTByIOLINE H300PETEHHI0 KOMITIO3ULIUK UMEIOT L[BET OT CBETJIO-KOPUYHEBOTO 10
KOPUYHEBOTO, M SIBJSIFOTCSI TMONYNPO3PAYHBIMHM, B OTJIUYHME OT KOMIIO3ULIUH, CONEp KaIluX
o0pa3oBaHHbBIE COrIACHO MaTeHTHOMY aAokymeHTy US 2,300,812 ¢ypdypriciuinkaTsl, KOTOpbIE
UMEIOT IBET OT TEMHO-KOPUYHEBOTO 10 YEPHOIO M €1Ba Mpo3pauHbl. be3 HamepeHus: BIaBaThCs
B TEOPHIO, HBIHE MPENAIOJNIAraeTCs, YTO CBETJIOE MPO3PAYHOE OKPAINMBAHHE M HHU3Kasl BSI3KOCTh
COOTBETCTBYIOLINX  HM300PETEHHI0  KOMITO3UIUN  OOBSCHSIOTCS  OTHOCHUTENBHO  HU3KHM
COZepKaHWEM TMPOAYKTOB T'OMOKOHAEHcAuun (GyphypruiioBOro CHUpTa U MOJHMEPHBIX
CHJINKATOB, CPaBHHUTEIBHO C COAEPIKAIIMMH OOpa30BaHHBIE COTJIACHO MATEHTHOMY JOKYMEHTY
US 2,300,812 ¢pypdypricunukaTbl KOMIO3HLIASMH.

ITpu conepskanuu pypdypunosoro cnupra ot 24% no 40%, B pacdere Ha OOIIYIO MacCy
COOTBETCTBYIOLIEH n300pETEHHIO KOMIIO3HUIINH, BSI3KOCTb NPEANOYTUTENbHBIX
COOTBETCTBYIOIUX H300peTeHnt0 kommosummii cocraBisier 50 wmlla-cek wumm MeHee, 1O
usMepeHnro corjacHo craHmapty DIN 53019-1:2008-09 (to ects, coriacHo cranmapty DIN
53019-1 ot centsiOpst 2008 roxa), HOCPEACTBOM POTALIMOHHOTO BUCKO3UMETPA NPU TEMIIEpPAType
20°C.

ITpu conepsxanuu Gpypdypunosoro cnupta 24% unm MeHee, B pacueTe Ha OOLIYI0 Maccy
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COOTBETCTBYIOLIEH n300pETEHUIO KOMITO3ULUH, BSI3KOCTh NPEANOYTUTENBHBIX
COOTBETCTBYIOIUX H300peTeHnt0 kommo3uiuii coctaBisier 100 wmlla-cexk wumm MeHee, O
usMepeHnto corjacHo cranmapty DIN 53019-1:2008-09 (to ects, corimacHo cranmapty DIN
53019-1 ot cents10pst 2008 roxa), MOCPEACTBOM POTALMOHHOTO BUCKO3UMETpPA MPH TEMIEpaType
20°C.

BeoleykasaHHble  NPEANOYTUTENbHbIE AMANA30Hbl  BSI3KOCTH  JI€HCTBUTENBHBI, B
YACTHOCTH, IJI1 BAPHAHTOB NPUMEHEHUS B Ka4eCTBE CBS3YIOLIMX MATepPHAJIOB B 0€3005KUrOBOM
cnocobe. [lns nqpyrux obnacreil MpuUMEHEHHsI, HalPpUMep, B KAYeCTBE CBSA3YIOIIMX MAaTEPHAJIOB B
croco0e ¢ MCMOJBb30BAHUEM TOPSYMX CTEPIKHEBBIX SIIIMKOB, MPUEMIIEMbI Take OoJiee BBICOKHUE
BSI3KOCTH.

CootBercTByHOIKE N300PETEHUIO KOMITIO3ULIUHU TPEANOUTUTEIBHO UMEIOT COIEPIKaHUE B
OCHOBHOM CBsI3aHHOTO B (ypdypricninkarax gpopmyisl (I) tnokcuaa KpeMHHUS B AHANa30HE OT
5% no 30%, B pacyere Ha OOIIYI0 MAacCy COOTBETCTBYIOINEH H300PETEHUI0 KOMIIO3HULIHH.
Onpenenenne copep:kaHusT MAHOKCHAA KPEMHHUS BBIMOJHSAETCS HCCIENOBAHHEM OCTAaTKa,
00pa30BaHHOIO IMOCIE MPOKAJIMBAHUS 00pa3lia COOTBETCTBYIOLIEH N300PETEHNI0 KOMIIO3HLIUH B
YCIIOBHAX OKUCIUTENBbHOrO 305000pasoanuss mpu 900°C (o mompoOHOCTSAX ompeneieHus
OCTaTKa IMOoCie MPOKAIMBAHUS CIEAYET COCIaThCs Ha NpuMepbl ucronHeHus1). [Tockonpky Bce
Apyryue KOMIIOHEHTBI COOTBETCTBYIOLIEH H300pPETEHHI0 KOMIIO3MLIHU (KPOME CONEep KaIlerocs
IPU OTHOCHUTENIbPHO HHM3KOM KOHLEHTparuu kommnoHeHTa (D)) B 3Tux ycnoBumsax oOpasyroor
JeTyune WIH, COOTBETCTBEHHO, Tra3000pa3Hble TMPOAYKTbl CrOpaHUs, OCTaTOK IIOCHe
NPOKAJIMBAHUS 110 CYIIECTBY COCTOUT U3 JTUOKCHAA KPEMHUS.

IIpy KHCIOTHOM OTBEP)KAEHHWU COOTBETCTBYIOLIMX H300PETEHHIO  KOMITO3UIMH
CBSIBYIOLIUX MarepuaynioB (ypypuicuiankaTel CHavdana pacilervisitorcss Ha (Gypdypriossrii
CIHMPT U OPTOKPEMHHUEBYIO KUCJIOTY, U NPU KHUCIOTHO-KATAJIU3UPYEMOH MOJUKOHIEHCALUU
bypdypuoBoro cnupTa OPTOKPEMHHUEBAsI KMCIOTa CBSI3bIBAETCS] ¢ 0OPa3yIOLUIUMCS MPOAYKTOM
MOJIMKOHACHCAIMH. TeM CaMbIM, B OTJIMYHE OT TPAAULMOHHBIX ()YPAHOBBIX CMOJ, KOTOpBIE HE
COZepKaT MPOU3BOMIHBIC KPEMHHMs, MPH PaBHOH Macce CBSI3YIOIIEro MaTepualia COKPAIaeTcs
colepKaHue yriepoaa. BcTpanBaHHMEM OPTOKPEMHHEBOW KUCIOTHI B OOpPa30BaHHBIA MPOAYKT
NOJIMKOHACHCAIIMM JTOCTUTAETCS TOBBIIIEHUE TEPMOCTOHKOCTH CBSI3YIOIIUX MATEPUATIOB |
CHIDKEHHE 3ara30BaHHOCTH OPTaHUYECKUMH BPEIHBIMH BBIOPOCAMH NMPH CTOPAHUU CBSI3YIOIIUX
MarepuaioB. Ha3BaHHOE MOCIENHUM MPEUMYINECTBO SIBISIETCS OCOOEHHO CYIIECTBEHHBIM JIJIS
NPUMEHEHUSI COOTBETCTBYIOLIMX HM300PETEHHIO KOMIIO3MIUN B Ka4deCTBE CBSI3YIOIIUX
MaTepHaJioB IS TIOJTYYCHHUS JIUTEHHBIX (POPM U CTEPIKHEH.

Tem camMbIM COOTBETCTBYIOLIHE H300PETEHUIO KOMIIO3ULIUHU TIPH IPUMEHEHUH B KAUECTBE
CBSI3YIOIIUX MAaTEPUAIOB ISl TOJNYYEHHUS JINTEHHbIX (OPM H  CTEp)KHEH OTIMYAOTCS
HE3HAUNTENIbHBIMI BBIACICHUSAMH BPEAHBIX BEINECTB M 3alaxoOB, KaK INPH H3TOTOBJIECHUH
JTUTEHHBIX (POPM M CTEpIKHEH, TaK W NMPH MX NMPUMEHEHUH B IPOLIECCE JIUTHSI, MOCKOJIBKY, C
OJTHOW CTOPOHBI, COOTBETCTBYIOINAsS H300PETEHHIO KOMIIO3ULUS IO CYINECTBY HE CONEPIKUT
BpeOHbIE Ui OKpYXKamomed cpeapl M 370pPOBbS COMOHOMEDBI, M TaKXKe COZAEp’KaHHe

bypdypmioBoro crnupra MOXKET MOAAEPKUBATHCS HA OTHOCHUTENIBHO HU3KOM YpOBHE, U, C
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APYroi CTOpOHBL, Ojaronmapst comep Kameiicst 1oje KPeMHUSI PU TaKOH K€ Macce CBSI3YIOINEro
MaTepuaja CHI)KEHO COZlep KaHUe YINIepoAa, TaK YTO IMPU CTOPAaHUU CBSI3YIOIIEro MaTepuania BO
BpEMs1 IIPOLIECCa JIUThSI BBIIEISIETCS] HEOOJBbIIOE KOIUYECTBO OPraHUYECKHX BBIOPOCOB.

JIONOJTHUTENBHBIN aCIeKT HACTOALIEr0 M300pEeTEeHUs] OTHOCHUTCS K CIOCO0Y MOJy4eHHUs
COOTBETCTBYIOILIEH H300pETEHHI0 KOMMO3UIMU (KaK ONpenesieHO B IyHKTaX (GOpMYJIbI
u3o0perenusi). COOTBETCTBYIOIIUI M300PETEHUIO CMIOCO0 BKJIFOUAET CICAYIOIIYIO CTaIUIO!

B3aumozeiicteue ¢GypdypuiaoBoro cnupra

C OZIHUM WJIM MHOTUMH coenuHeHusiMU popmybl (11)

SilOR’L[R,[OR"]c (ID

B KOTOPOH

a M C TIPEJICTABJISIIOT LeJIble YUCia, BeIOpaHHble U3 0, 1, 2, 3 u 4, mpuyeM OTHO YHCIIO U3 a
u ¢ cocTasiisieT Oosee 0,

b mpencraBisier nenoe 4ucio, BbiOpaHHoe w3 0, 1, 2, m 3, mpuUYeM COIJIACHO
u3obperenuro b=0,

npuyeM a+b+c=4,

KX W3 CTPYKTYDHBIX a-€AMHHL R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
enuHmL R%, BBIGHPAETCS U3 IPYIIIbI THHEHHBIX i PA3BETBICHHBIX ATKHIbHBIX OCTATKOB,

KaXIas U3 CTPYKTYPHBIX b-emmmmim R’ He3aBHCHMO OT BCeX HPYIHX CTPYKTYPHBIX
enuun R, BIOMpAeTCst M3 TPYIIBI JIMHEHHBIX M PA3BETBICHHBIX ANKHIBHBIX OCTATKOB H
apUJIbHBIX OCTaTKOB,

KaXJas M3 CTPYKTYDHBIX C-€IMHHL R, HE3aBHCHMO OT BCeX APYrHX CTPYKTYPHBIX
enunn R*, BeiGupaercs u3 rpyrmbst cTpykTypHBIX exuauL Gopmys (I11)

-(Si[OR’]4[R’]¢-0),-Si[OR?{R]; (ITD)

B KOTOpOM

KQXIas U3 CTPYKTYPHbIX d+f-eqmmn R’, He3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
enuunL R%, BBIGHPAETCs M3 TPYIIIIbI JMHEHHBIX U PA3BETBICHHBIX AKUIbHBIX OCTATKOB,

KQXKIash U3 CTPYKTYPHBIX e+g-eIMHAI R’ HE3aBHCHMO OT BCEX APYIHMX CTPYKTYPHBIX
enuunn R, BHIGHpAeTCst M3 TPYINbI JIMHEHHBIX M PA3BETBICHHBIX AJNKHIBHBIX OCTATKOB H
apUJIbHBIX OCTATKOB,

d ¥ e mpeAcTaBISIIOT Lenble Ynucia, BeiOpaHHble n3 0, 1 u 2, mpuuem d+e=2, nmpudem
corjiacHo m3odperenuto d=2 u e=0,

f m g mpencraBsrOoT Lenble yncna, BeiOpaHHble w3 0, 1, 2 u 3, mpudyem f+g=3, mpuuem
corjacHo m3odperenuto =3 u g=0,

N MPEACTABJIAET LEJI0e YUCIO B Auana3one ot 1 no 10,

npu temmneparype B nuamnaszoHe ot 80°C npo 150°C, npeanoyTUTeNpbHO B AUana3oHe OT
100°C no 120°C,

B TMPUCYTCTBUU OJHOTO WJIM MHOTMX COEJUHEHUIH U3 TPYINIbL, COCTOSIIEH U3
aJKOTOJISITOB  3JIEMEHTOB W3 TIpynmbl, cocrosimedt w3 B, Al, Sn, Ti u Zr, wu
3JIEMEHTOOPTaHUYECKUX COEIMHEHNUH 3JIEMEHTOB U3 TPyl cocrosiei u3 B, Al, Sn, Ti u Zr.

Coenunenne ¢opmynbl (II) mpencraensier coboit cinoxHBIA 3QUp OPTOKPEMHHEBON
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KHCJIOTBI, B KOTOPOM TI0 MEHBIIEH Mepe OHA U3 YEThIPEX KHCIOTHBIX (PYHKIMOHAIBHBIX TPYIIIT
OPTOKPEMHHMEBOH KHCJOTBI 3TEePUPUIIMPOBAHA AJIKUIOBBIM  CIHPTOM R*-OH, IIpUYEM
CTPYKTYpHAsi eqnHuna R BBIGHPAETCS M3 IPYIIbI JTHHEHHBIX H PA3BETBICHHBIX AIKHIbHBIX
OCTaTKOB, IPUYEM NMPEATIOYTUTEIbHBI TMHEHHbIE aJIKUIIbHBbIE OCTATKH.

Korna B popmyne (II) kak b, Tak u ¢ pasHb! Hyst0, coenunenue (I1I) mpencrasisier coboit
TETPAAKIIIOBBIA CIOXKHBIH 3(QUP OPTOKPEMHHEBOH KHCJIOTBI, TO €CTh, BCE YEThIPE KHCIOTHbIE
(yHKIIMOHAJIBHBIE TPYIITBI OPTOKPEMHUEBOH KHUCIOTHI STEPU(PULINPOBAHBI AJKUIOBBIM CITUPTOM
R*-OH, IIpUYEM CTPYKTYpPHAsl €AUHULA R? BBIOMPAETCS M3 TPYIIIbI JUHEHHBIX U PAa3BETBICHHbIX
AJIKUJIbHBIX OCTATKOB, IPUYEM MPEATIOYTUTEIbHBI TUHEHHbIE ATKUIIbHBIE OCTATKH.

Korma B ¢opmyne (II) mokasatenb C paBeH HYJIO, U a U b B KaKIOM Ciydae
NPEACTABJSIIOT LeJIble YHCia, BeiOpaHHble U3 1, 2 u 3 (He B COOTBETCTBUHU C M300peTEHUEM),
torma coemuHenue (II) mnpencraBnsier coOOM aNKWIOBBIA CIOKHBIH 3(Up 3aMeleHHOH
OPTOKPEMHHMEBOM KHCJIOTBL, IPUYEM IO MEHBLIEH Mepe OIIHA, U camMoe OOJIbIIee TPH, U3 YEThIPEX
KUCJIOTHBIX ~ (DYHKLMOHAJbHBIX TPYII  OPTOKPEMHHUEBOH  KUCJIOTBHI  STEpUPHUIIPOBAHBI
ANKHIOBBIM cripToM R*-OH, mpuueM CTPyKTypHAs eamHuua R® BHIGHpaeTcs M3 IPYIIIbI
JMHEHHBIX U PAa3BETBIEHHBIX AJKWJIBHBIX OCTATKOB, H OCTAJIbHBIE KUCIOTHBIE ()YHKIIMOHAIbHBIE
TPYIIITB OPTOKPEMHHEBOH KHCIOTbI 3aMEIeHb! CTPYKTYPHBIMH eIMHALIAMI R>, BHIGDaHHBIME 13
IPyNINbl JUHEHHBIX W Pa3BETBJIEHHBIX AJKMIBHBIX OCTaTKOB U AapUJIbHBIX OCTAaTKOB. JTH
COEAMHEHUs] TaK)K€ MOTYT OBITh OXapaKkTepHU30BaHBI - B 3aBUCHMOCTH OT THIIA CTPYKTYPHBIX

3
CAUHUIL R - KaK  QJKUJIAJKOKCUCUJIAHBI, apPUJIAJIKOKCUCUIIAHBI U COOTBETCTBCHHO,

,
apUJIAKUIATKOKCHUCHIIAHBL.

Korpa B popmyne (II) ¢>0, npuuem npeanodrurenbHo ¢=1, Torna coenuHeHue GopMyJibl
(IT) npencraisier coOO¥ CHIIOKCAH.

Korna coenunenne ¢popmyast (II) conep:kut MHOTHE CTPYKTYpHBIE €IMHULIBI R? (10 ecTb,
NoKa3areib a MPENCTaBNIseT ILeJoe YHCIO, BbiOpaHHOe M3 2, 3 u 4), Torma Kaxkpaas u3
CTPYKTYPHBIX a-eauHuL R%, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX exuHul R%, BbiGHpaercs
U3 TPYNINbl JIMHEHHBIX U Pa3BETBJICHHBIX AJKWJIbHBIX OCTATKOB, TO €CTb, CTPYKTYpHbBIE a-
ennHALBI R? MOryT GbITh MACHTHYHBIMA WIH PasIndHbIME. [IpeNOUYTHTENBHO BCE CTPYKTYPHBIE
a-equHALBI R NPEACTABIISIIOT COOOM JIMHEHHBIE AJIKUIIbHBIE OCTATKH.

Korzna coenunenne hopmyisi (II) COnepKUT MHOTHE CTPYKTYpHbIe exiHuLbl R (To ectb,
NOKa3aTeinb b TPENCTaBJIACT ILEJOoe YWCIIO, BbIOpaHHOE M3 2 W 3, HE B COOTBETCTBUH C
M300pEeTeHNeM), TOTa KaXaas M3 CTPYKTYPHBIX b-exuHHIl R, HE3aBHCHMO OT BCEX APYrHX
CTPYKTYPHBIX eIMHHI R’, BBIGHpAeTCst M3 IPYIIbl JTHHEHHBIX M PasBETBICHHBIX AIKHIbHBIX
OCTaTKOB (IIPUYEM MPEATIOUTUTENbHBI JINHEHHBIE aJIKUIIbHBIE OCTATKH) U aPWJIbHBIX OCTATKOB, TO
€CTh, CTPYKTYpHbIe b-exuHumpl R’ MOryT ObITh HIGHTHYHBIME UM PA3THYHBIML
[IpenmoyTuTebHO BCE CTPYKTYPHBIE b-€IUHULIBI R’ MPEICTABISIIOT COOOM  JTMHEHHbIE
AJIKUJIbHBIE OCTATKH.

Korza coenunenue hopmyisi (II) conepsKuT MHOTHE CTPYKTYpHbIe exuausl R* (To ects,
NOKa3aTenb C MPEACTABISET LEeJNOe YHCIO, BbIOpaHHOE M3 2 M 3, HE B COOTBETCTBUH C

4
n300peTeHneM), Torna Kakaas M3 CTPYKTYPHBIX c-eduHHML R°, HE3aBHCHMO OT BCEX IPYrux
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cTpyKTypHbIX emuun R* BeiGHpaercs u3 rpymmsl cTpykTypHbIX emuuni popmyis (III), To
€CTh, CTPYKTYPHBIE C-eIMHUIBI R’ MOryT GBITH HICHTHUHBIME MM pasitudHbiMA. HO 0GBIMHO
coenunenne Gopmynsi (IT) comepkuT He Golree OmHOM CTPYKTYpHOIT exuHmIb R”,

Kaxcnas crpykrypaast exusmna R* dopmyist (1) conepskur n*d+f CTpyKTYpHBIX €IMHILL
R* u n*e+g CTPYKTYPHBIX €IMHHI] R’, MpUyYeM COOTBETCTBEHHO u3obperenmo d=2, e=0, =3 u
g=0.

Coenunenus popmyisl (II) npennodTuTesbHO BHIOUPAIOTCS U3 TPYIIIBL, COCTOSLICH 3

(1) Takux coenunenuii popmyasi (II), B koTOphIX

KQX1as M3 CTPYKTYPHBIX a-€AMHHML R’, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHbIX
EJIUHMUIL RZ, BbIOMPAETCS W3 TPYMIbI, COCTOSINEHd W3 METHJIbHOMN, STHJIbHOH, MPOMHUIBHOM,
U3OMPOIWIBHOW, OyTHWJIBHOM ¥ W300YTWJIBHOW TpyNN, MNpPUYEM MNPEANOYTHTENLHO BCE
CTPYKTYpHBIE eQiHHLbI R MpencTaBisioT coBoi STUIIBHYIO IPYIIY,

KQXKIas W3 CTPYKTYPHBIX b-emmumi R’ He3aBHCHMO OT BCeX NPYIHX CTPYKTYPHBIX
9105030411 R3, BBIOMpPAETCST W3 TPYMIbI, COCTOSINEH W3 METHJIbHOHN, 3THJIbHOH, MPOMUIIBHOM,
U3OTPOIWIBHOW, OYTWJIBHOM # HM300YTHWJIBHOW TpyMI, TMpPHYEM NPEATIOYTUTENIHO BCE
CTPYKTYpHBIE eqiHuLbl R® npencTaBnsior coBoi STUIIBHYIO IpyIIy,

MOKa3aTelb a MPECTABIISET LeI0e YNCiIo, BhiOupaemoe u3 1,2, 3 u 4,

MOKa3aTelb b MPEACTABIISET LeJIoe YUCIO, BeiOupaemoe u3 0, 1, 2 u 3,

c=0,

MpUYeM COTJIACHO n300pereHuto a=4 u b=0;

"

(11) Takux coegunenuit popmyel (II), B koTOpHIX

KaXJas M3 CTPYKTYDHBIX a-€AHHHL R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
equann R?, BBIOMpAETCS W3 TPYIIBI, COCTOSINEH W3 METWJIbHOW, 3THUJIbHOW, MPONMUIBHOM,
W3OMPONUIbHONW, OyTWIBHOW W W300YTHIBHOM TpYMI, MNPHYEM MPEATOYTUTEIbHO BCE
CTPYKTYpHBIE eQrHULbI R MpecTaBsioT coGoM STUIIBHYIO IPYIIY,

a=3, b=0, c=1,

R* BLIGHpaeTCst U3 IPYIIIbl, COCTOALEH U3 TAKUX CTPYKTYPHBIX equHuL hopmyssi (I11), B
KOTOPBIX

R’ BBIOMpAETCST M3 TPYIIbL, COCTOSINENd W3 METHJIbHOW, STWIBHOW, MPOMUIBHOM,
U3OTPOIWIBHOW, OYTWJIBHOM © HM300YTHWJIBHOW TpyHI, TMPHYEM NPEATIOYTUTENIbHO BCE
CTPYKTYpHBIE eQHHHLbI R MPencTaBsioT coBoi STUIIBHYIO IPYIIY,

d=2 u e=0,

=3 u g=0,

N MPEeACTABIIAET LEJIOe YUCIO B Auana3oHe ot 1 no 10.

B cnyuae (i) coequnenust popmynsl (II) ocoOOEHHO MPENMOYTUTENLHO BBIOUPAIOTCS U3
IPYIIIBL, COCTOSIINEH U3 TakuX coenuHeHnd Gpopmysl (II), B KoTOpBIX

a=4 u b=c=0,

KaXJas M3 CTPYKTYDHBIX a-€AHHHL R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX

2 o o o o
CANHHNI R , Bbl6l/lpaeTC$[ W3 Tpynibl, COCTOALICU N3 METUJIBHOMW, O3THUIIBHOHW, MPOIUJIIBHOU,
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W3ONPOINMWIBHOW, OYTWJIBHOM # HM300YTHJIBHOW TpyHI, MpPHYEM NPEATIOUYTUTENIHO BCE
CTPYKTYpHBIE eQHHHLbI R MPecTaBIsioT coB0i STHIIBHYIO IPYIIIY.

Haubonee npennouturensHbIME B ciay4ae (1) siBisitoTcs coenuHenus Gopmyusl (117)

Si[OR’}4 (IT),

B KOTOPO#l Kak[asi U3 4eThIPEX CTPYKTYPHBIX eXMHHI R, HE3aBUCHMO OT BCEX APYIHX
CTPYKTYPHBIX €IMHULL R?, BBIOMpAETCS M3 TPYMIbL, COCTOSIICH W3 METHJIbHOW, STUJIbHOM,
IPOMWIBHON, U30MPOIMIBHOMN, OYyTHIBHON U M300YTHIBHON TPy, MpUYEeM MPEANOYTUTEIBHO
BCE CTPYKTYPHbIE eAMHUIBI R? IPEACTABISIOT COBOI STHIBHYIO TPYIIY.

Coenunenne ¢opmynbl (II') mpencraBnsieTr coOOW TETPAANKHUJIOBBIN CJIOXKHBIH 3PUp
OPTOKPEMHHMEBOH KHUCJIOTBI, TO €CThb, CIOKHBIH 3()Up OPTOKPEMHUEBOM KUCIOTHI, B KOTOPOM BCE
YeTbIpe KUCJIOTHbIC (PYHKIIMOHAJIBHBIE TPYIIBl OPTOKPEMHHUEBOH KHUCJIOTHI 3TepU(HULHPOBAHBI
AJKUJIOBBIM CIUPTOM R%:-OH wus3 TPYIIBL COCTOSALIEH W3 METAaHOJa, 3TaHOJA, IPOMAHOJA,
W30MpOMaHONa, OyTaHona W M300yTaHona, mpudeM R NPEANOYTHTENHHO MPENCTABIAET
STUJIBHYIO IPYMIy.

CrenmaneHo mpennoytutenbHO B ciy4ae (1) B ¢dopmyne (II') xaxkmas w3 deTbIpex
CTPYKTYpHBIX eamHHI R® mpencraBisier coBoil STHIBHYIO TPYIIY, TO €CTh, COCAHHEHHE
dbopmysl (II) mpencrasisier codoit Terpastunoprocunukat (TEOS).

Ocobenno npeanoututenvHo B cinyvae (i1) coenuHenus (opmyiner (II) BeiOuparorcst u3
IPYIIIBL, COCTOSINEH U3 TakuX coenuHeHni ¢popmysl (II), B KOTOpBIX

a=3 ub=0 u c=1,

KaXJas M3 CTPYKTYDHBIX a-€AMHHL R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
enuany R, BBIOMpAeTCs M3 TPYNINbI, COCTOSINEH M3 METWJIBHOM, STHJIBHOM, HPOMUIIBHOM,
U3OMPONUIbHONW, OyTUIbHOW W W300YTHIBHOH TpPYMNI, NPHYEM MPEANOYTUTEIbHO BCE
CTPYKTYPHBIE €UHHLIBI R’ IPENCTABILIIOT COOOH STHIIBHYIO IPYIILY,

U B CTPYKTYPHOU €AMHULIE R’

n MPEACTABJISET LEJI0e YUCIIO B Auana3one ot 1 no 10,

d=2 u e=0,

=3 u g=0,

KQXKIas M3 CTPYKTYPHBIX 2n+3-equuun R, HE3aBHCHMO OT BCEX APYIHX CTPYKTYPHBIX
19105031501 RZ, BBIOMpPAETCST U3 TPYMIbI, COCTOSINEH W3 METHJIBHOMN, STUJIBHOH, MPOMHIBHOM,
U3OTPOIWIBHOW, OYTWJIBHOM © HM300YTHWJIBHOW TpyHI, TMPHYEM NPEATIOYTUTENIbHO BCE
CTPYKTYpHBIE eAMHHLbI R MPencTaBIsoT oGO STHIBHYO IPYIIIY.

Haubonee npennouturensHbIME B ciy4ae (11) sBisttoTcst coenraeHus popmyst (1I7)

Si[OR’;[OR"] (II""),

B KOTOPBIX

KQXIastk U3 TPEX CTPYKTYPHBIX eZMHHUI R’ HE3aBHCHMO OT BCEX APYIHX CTPYKTYPHBIX
105031401 Rz, BBIOMPAETCST W3 TPYMIbI, COCTOSINEH W3 METHJIbHOHN, STWJIBHOH, MPOMHIBHOM,
W3OMPOINMIBHOW, OYyTWJIBHOM # HM300yTHJIBHOW TpyNI, TIpHYEM NPEATNIOYTUTENHO BCE
CTPYKTYpHBIE eIHHHLbI R MpecTaBIsioT coboi STUITBHYIO IPYIIY,

u cTpykTypHas exuanna R* mpencrasmser coGoii crpyxTypHyto exumuy dopmysi (1)
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~(Si[OR*]»-0),-Si[OR*]5 (IIT"),

B KOTOpOU

n NPEeACTAaBIISAET LEJI0e YUCIO B Auana3zone ot 1 no 10,

KaXJIasi U3 CTPYKTYPHBIX 2n+3-exuHuil R, HE3aBHCHMO OT BCEX APYIHX CTPYKTYPHBIX
enuunn R’ BBIOMpAaeTcss M3 TPYIIBL, COCTOSINEH M3 METHIBHON, STHIBHOM, MPOMMIBHON,
U3OMPONUIbHON, OyTHIBHOW U HM300YTWJIBHOW TIpYIN, MNpPHYEM MPEANOYTUTEIbHO BCE
CTPYKTYpHBIE eAiHULbI R MPeCTaBIsIOT COBOM STHIBHYO IPYIIIY.

Coenunennst popmyast (II7) conepskar 2n+6 CTPYKTYpHBIX exuHul R%, mpudem kaknas
3 2n+6 CTPYKTYPHBIX €IUHULL R’ HesaBHCHMO OT BCex OPYTUX CTPYKTYPHBIX €IUHULL R?,
BBIOMPAETCS] M3 TPYIIbI, COCTOSIIEH W3 METHJIbHOW, STUJIBHOW, MPOMUIBHOMN, W30MPOMUIbHOM,
GYTHIIBHOM ¥ M300YTHIBHOM TPYIII, MPHYEM MPEANOUTHTEIBHO BCE CTPYKTYPHbIE eIUHHLBI R
MIPECTABISIFOT COOOW ATHIIbHYIO TPYIIITY.

CrenmaneHO mnpenmoututenbHo B ciaydae (i) B ¢opmyne (II'’) kaxkmas u3 2n+6
CTPYKTYpHBIX eamHHI R” mpencraBiser coBoil STHIBHYIO TPYIIY, TO €CTh, COCAHHEHHE
dopmynbr (II) mpencraBisier coOOH 3TOKCUCHIIOKCAH (STHIIMONUCHIMKAT). 31eCh OCOOEHHO
NPEANOYTUTENbHBIM SIBJSIETCS] STOKCUCHIIOKCAH (3TUJIMONMCHIINKAT) C PACUETHBIM COIEPIKaHUEM
Si0, 40% (B pacuere Ha maccy), mpuodOperaembili, Hampumep, kak Dynasil® 40 ot ¢upmsl
Evonik.

B cootercTByromem m3odperenuto criocode GyphypuIoBblii CIUPT MPEATIOUTUTEBHO
B3aUMOJIEHCTBYET C OJHUM WJIM MHOTUMH coeanHeHusiMu Gopmyisl (II) B mpucyrcTBUM OHOTO
WJIM MHOTHX COEAMHEHHH, BHIOPAHHBIX U3 TPYIIIBL, COCTOALIEH U3 TPUU3ONPOIHIIATA ATFOMUHUS,
TpU-H-OyTHIIOOpaTa, TeTpa-H-OyTUIOPTOTUTAHATA, TETPAU3OMPOINUITUTAHATA, TETPaKuc(2-
STHJITEKCHI)-TUTaHATa U TUOYTHUIIONOBOANIAYPATa.

B cooTBercTByOIIEM H300peTEHHIO CIOCOOE BeleCcTBa IPUMEHSIOTCS B KOJIMYECTBE OT |
MOJIs 10 5 Monelt pypdypusoBoro crnupra Ha 1 MOJb CBSI3aHHOTO B coenuHeHusx Gopmybl (1I)
KPEMHHUSI.

B cootBeTcTBYIOIIIEM H300PETEHHIO CIIOCO0E MPUMEHSIETCs 00IIee KOJMYECTBO BEIIECTBA
ot 0,001 mons no 0,05 Monst coemMHEHM U3 IPYIIIBI, COCTOALIEN U3 AJIKOTOJIATOB 3JIEMEHTOB U3
rpymnmnbl, coctosimeit u3 B, Al, Sn, Ti u Zr, 1 31eMeHTOOpraHMYECKUX COSTUHEHHH 3JIEMEHTOB U3
rpymmel, cocrosimeit u3 B, Al, Sn, Ti u Zr, Ha 1 Monb cBsizaHHOTO B coenuHeHusx ¢popmysl (1I)
KPEMHHUSI.

B cootBercTBYyIOIIEM H300pETEHUIO CITOCOOE OCOOEHHO MPEANMOYTHTEBHO

- ICTIOJIB3YETCs KOJIMYECTBO BEIECTBa OT | Mot 10 5 Mosel ¢ypdypHIIOBOro ClIUpPTa HA
1 monb cBsi3aHHOTO B coenuHeHUsAX popmyibl (II) kpemums,

u

- obmee kommuectBo BemecTBa oT 0,001 mons mo 0,05 Mons cCoenMHEHWH W3 TPYIIIIEL,
COCTOSIIIEH W3 AJKOTOJIATOB 3JIEMEHTOB W3 rpymnmbl, cocrosimed u3 B, Al Sn, Ti u Zr, u
3JIEMEHTOOPTaHUYECKUX COSNMHEHUH 3JIEMEHTOB U3 TpyIIbl, cocrosimei u3s B, Al, Sn, Ti u Zr,
Ha | Monp cBsizaHHOro B coenuHeHusX ¢Gopmynbl (II) kpemHMs, mMpUYeM NPEeNNOYTHTEIbHBI

COEAVHEHUs] U3 TPYMIbL, COCTOSIIEH M3 TPUU3ONMPONMIIATA ATIOMMHUSA, TpU-H-OyTmiOopara,
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TeTpa-H-OyTHIIOPTOTUTAHATA, TETPAU3ONPOMMITUTAHATA, TETPAKUC(2-3THIITEKCHII)-TUTaHATA U
IuOyTHIIONOBOIHIIAY pPaTa.

IIpyu UCTIOTHEHUH COOTBETCTBYIOLIETO U300PETEHNIO CrIoco0a MPEANOYTUTENBHO, YTOOBI
oOpasyromuecss mpu B3aumojeiictBuun (pypdypunoBoro cmupra € OAHHUM HWIM MHOTMMH
coequHeHusiMu popmyaiel (II) criupTsr R*-OH OTroHsuIHCh. JIMCTHUIUIALIMOHHON OTTOHKOM ISt
ynajgeHuss oOpa3yroUMXCs CIUPTOB R%-OH B 3HauYHTENbHOI Mepe IMOAABJISAETCS pPEaKLus,
o0paTHasi COOTBETCTBYOIEMY HM300peTeHnto odpazoBanuio Gpypdypricunukaros ¢popmysi (1),
TO €CTb, nepesTepudukaus odpazoBanubx Qypdypuncunrkaros popmyinsl (I) 1o coenuHeHui
dopmyasr (II).

CornacHo u3obperenuto, peakius (ypQypHIOBOr0 COUpTa ¢ OJHUM WA MHOTHMU
coenuaeHusIMH  Gopmyibl (II) (mpudyeM OHM TPEANIOUTUTENHPHO BBIOMPAIOTCS W3 YKA3aHHBIX
BbIIIE KAk OCOOEHHO mpeanouTuteNnbHbx coenuHenwit  ¢opmynbl  (II))  ocobenHo
NPEATIOYTUTENIHO MPOBOAUTCS B MPUCYTCTBHH OJHOTO WJIM MHOTUX COSTUHEHHH W3 TPYIIIbI,
COCTOSIIIEH W3 alIKOTOJISITOB 3JIEMEHTOB W3 rpymmbl, cocrosimeid us B, Al Sn, Ti u Zr, u
3JIEMEHTOOPTaHUYECKUX COSAMHEHHI 3JIEeMEHTOB U3 rpymmbl, coctosimeii u3 B, Al, Sn, Ti u Zr
(mpyueM OHM TPEONOYTHTENBHO BBIOMPAIOTCS M3 YKAa3aHHBIX BbIIIE KaK OCOOEHHO
MPEIMOYTUTENIbHBIX COSAMHEHUN 3TOH TPYMIbI), CHadana B mepBoi (ase mpu atmochepHOM
naBieHun npu Temmepatypax o 120°C, moka B 3THUX YCJIOBHUSIX HE MPEKPATUTCA OTTOHKA
OUCTWIUISATA, W 3aT€M B TOCIEAyIOIleld BTOpOoW (pa3e NaBJI€HHWE CHUXKAETCS O BEJIHMYHHBI B
nuana3one ot 10 kIla (100 mGap) mo 80 xIla (800 mbap), u OTTOHKA MPOIOIKAETCSI.

Crioco0® mosydeHusi COOTBETCTBYIOIIEH M300pPETEHHIO KOMIO3HMLMHU, KOTOpasi Hapsay ¢
OTpeNeNIeHHbIMU B IyHKTax (opmysel u3oOpereHus kommnoHeHtamu (A), (B), (C) u (D),
COAEPKUT JOIOJHUTEIbHbIE KOMIIOHEHTBI, BKJIOYAeT [0 WJIH TIOCIE B3aUMOJEHCTBUS
bypdypunoBoro cnmpra ¢ OZHMM WM MHOTUMH coequHeHusMu ¢opmyisl (II) cnenyromyro
CTaJUIO:

no0aBieHHEe OJHOTO WJIK MHOTHX JOIOJHHUTENIbHBIX KOMIIOHEHTOB, HAIpUMED,
BBIOPAHHBIX U3 TPYIIIbI, COCTOSLICH U3

(E) mpomoTtopoB aaresuu,

(F) coenunenuii, conepaiux OJUH UK MHOTHE ()EHOJIbHBIE [IUKJIBL,

(G) coenuHeHMi W3 TPYMIBI, COCTOSINEH M3 MOHOJTUJICHIJIMKOJS, TUSTHIICHTJIUKONIS,
MOJUATUIIEHIJINKONA U 1,2-MpONUIEHT JIUKOJIA,

(H) noBepXHOCTHO-aKTUBHBIX BEIIECTB.

B orTHOomeHun npeanmodTHUTENBHBIX NpoMoTopoB aaresuu (E) u, cooTBeTCTBEHHO,
coennHennil (F) neficTBUTENbHBI BbIIIEYKA3aHHbIC PA3bICHEHHS.

ITpomorops! anresun (E) u moBepxHOCTHO-akTHBHBbIE BemecTBa (H) mpennmoururensHO
NOOABJISIIOTCSL  TOCHEe B3auMoaencTBust (ypQypHyioBOro CHoupra C ONHHM HJIA MHOTHMH
coepnHeHUsIMH popmydsl (1I).

Coenunenus (F) noGaBmsroTcst 0 Mk mocnie B3auMoaencTBus GpypdypuioBoro cnupra
¢ omHUM wiu MHorumu coenuHeHusMu ¢opmynsl (II). Ecom nobasnenme coenunenus (F)

NMPOU3BOOUTCS N0 B3auMopewncTus (GyppypuiaoBoro cmupra ¢ OJHUM WIH MHOTHMH



20

coenuaenusiMu  popmynbl (II), To coenunenne (F) BBOamTCs mnpenmoyTtuTensHO B opme
pactBopa 3Toro coenuHeHusi B Qpypdypuiosom crnmpre. Ecnu noGasnenune coemuuenus (F),
COZIEpIKALIEer0 OAMH WM MHOTHE (DEHONbHBbIE IMKJbL, NPOU3BOAMTCS IO B3aHMMOAEHCTBHS
bypbypmwioBoro cnupra C OZHUM WM MHOrUMH coenuHeHusiMu (opmynsr (II), To B
COOTBETCTBYIOLIEM H300peTeHHIO crocode, HapsAay ¢ OOpasyIOIMUMUCS B pe3yjbTaTe Peakiuu
coenunenuii gopmynst (II) ¢ ¢pypdypunossim cnimprom coepunerusmu dopmyast (I), Taxke
oOpasyroTcst mponaykThl peakuuii coenmHeHuit Qgopmynsr  (II) ¢ coepunenusimu  (F),
COIEP KALTUMH OJIUH MJIH MHOTHE (DEHOJIbHBIE [IHKJIBI.

B ompeneneHHBIX ciaydasx Ccnoco0 TMONYyYEHUs COOTBETCTBYIOINEH H300pETEHHIO
KOMITO3ULIMKM TOC]ie B3auMoaencTBust (pypdypuioBoro cmupra ¢ OIHUM MM MHOTUMH
coenuHeHusiMu Gopmyisl (I1) BKITFOYAET CAENYIOIIYIO CTAAMIO!

nobasieHue aonosHUTENbHOrO (Gypdypunosoro cnupra (B) w/uimm HOMONTHUTETHHOTO
ankwioBoro ciupta (C), B 4aCTHOCTH, 3TAHOJA.

JIONIONTHUTENBHBIA  ACHEeKT HACTOSLIEr0 HW300pETeHUs] OTHOCUTCS K PUMEHEHHIO
COEIMHEHUI U3 IPYIIBI, COCTOSIIEN U3 aJKOrOJISITOB 3JIEMEHTOB U3 IPYIIBI, COCTOsIIEN u3 B,
Al, Sn, Ti u Zr, ¥ 3IeMEHTOOPTaHUYECKUX COSIUHEHHUH 3JIEMEHTOB U3 TPYIIIIBI, COCTOSIIEH n3 B,
Al, Sn, Ti u Zr, B xa4eCTBe KaTaJIU3aTOPOB MJI B3aUMOIEHCTBUS (ypdypUIOBOrO CIUpPTA C
coennHeHusiMu  popmynsl (II), kak ompeneneHo B mnyHKTax (Gopmysel u3o0pereHus. B
OTHOLIEHUH TIPEANOYTUTEIbHBIX COEAMHEHUH W3 TPYIIbI, COCTOSIIEH W3 aJKOTrOJIATOB
3JIEMEHTOB U3 rpynmbl, cocrosimeii u3 B, Al, Sn, Ti u Zr, 1 31eMEHTOOPraHUYECKUX COSTMHEHUN
3JIEMEHTOB U3 rpyribl, cocrositeit u3 B, Al, Sn, Ti u Zr, nelicTBUTEIbHBI IPUBEACHHBIE BBILIE
Pa3bICHEHUS.

JIONOTHUTENBHBIN aCIIEKT HACTOSAIIEro N300peTEeHNsI OTHOCUTCA K PEAKLIMOHHOM CMeCH, B
YaCTHOCTH, 11l 0OPa30BaHMsI KUCIOTHO-OTBEPKISHHOTO CBSI3YIOIEro MaTepuaa, BKII0Yaomen

(1) COOTBETCTBYIOLIYIO HM300PETEHUIO KOMIIO3WIMIO, KaK OINUCAHHYKD B MYHKTaX
(bopmy bl H300peTEeHUs, U

(i1) akTHUBaTOp, BKIFOYAOLITHIA

(a) omHY WM MHOTHE KHCJIOTBI M3 TPYMIbL, COCTOSLIEH W3 CyJlIb(OHOBBIX KHUCIOT U
(bocOopHOIT KHCITOTHI,

(b) HEOOs3aTENBHO ONTHY MJIM MHOTHE KHCJIOTBI U3 TPYIIBl KAPOOHOBBIX KHUCJIOT,

(c) BONY, M

(d) mHeoOs3aTenbHO OXHO WM MHOTHE COCOUHEHHS W3 TPYNIbL, COCTOSINEH H3
MOHOSTHJICHTJIUKOJIS, U3 TUIICHTJIUKOIIS, TTOJUATUIICHIJIUKONA U 1,2-TTPONHIEHT ITMKOJISL.

KomnoneHT (1) cOOTBETCTBYIOLIEH H300PETEHHIO PEAKLMOHHON CMECH MpPEINCTaBISIET
co0OW COOTBETCTBYIOIIYIO HM300PETEHHIO KOMIIO3ULIMIO, KOTOpas ACHCTBYET KaK KHCJIOTHO-
OTBep KIaeMblii CBs3yrOImui Mareprai. KommoHeHT (i1) COOTBETCTBYIOINEH H300pPETEHUIO
PEAKIIMOHHON CMECH, AaKTHBATOp, COMEPXKUT KHUCJIOTY, KOTOpas BbI3BIBAET KHCJIOTHOE
OTBEP)KAEHNE KHCIOTHO-OTBEPIKAAEMOr0 CBSI3YIOIEro Marepuana B (popMe COOTBETCTBYIOLIEH
N300pETEHNIO KOMITO3UIIMM, TaK, 4YTO O0pa3yercs KUCJIOTHO-OTBEPKACHHBIH CBA3YIOIUN

Marepual.
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KomnoHneHT (1) COOTBETCTBYIOLIEH N300PETEHNIO PEAKIIMOHHON CMECH MPEATIOUTUTEIBHO
BBIOMPAETCSI CPeU YKA3aHHBIX BBINIE KAK MPEANOYTHTEIBHBIX COOTBETCTBYIOIUX H300PETEHHIO
KOMITO3ULIUH.

B  xommoneHTe (1) COOTBETCTBYIOIIEH H300pETEHHIO  PEAaKIMOHHONH  CMecH
NPEATIOYTUTENBHO

a) Cynb(pOHOBBIE KHCJIOTHI BBIOMPAIOTCS M3 TPYHIbBL, COCTOSINEH W3 mapa-
TOJIYOJICYJIB()OHOBOM KHUCIIOTBI, KCHJIOJCYIb()OHOBOH KHCJIOTHI, OEH30JICYIb(OHOBOM KUCIIOTHI,
METaHCYJIb(OHOBON KUCIOTHI U (hEHOJICYIb(OHOBOM KHCIIOTHI,

u/vm

b) KapOOHOBBIE KUCIIOTHI BHIOMPAIOTCS U3 TPYIIIBIL, COCTOSIINENH U3 OEH30HHOM KHCIIOTHI,
MOJIOYHOW KHCJIOTBI, JIMMOHHOW KHUCJIOTBI, (PTaleBON KHCIOTHI, 2.4-IUTruAPOKCUOEH30MHOMN
KHCJIOTBI ¥ CAJTULIUJIOBOM KUCJIOTHI.

He uckirodaercs, 4To KOMIIOHEHT (i1), KpOME BBIIIEYKA3aHHBIX KOMIIOHEHTOB, TaKXKe
COIEPIKUT CEPHYIO KUCIIOTY.

KoHnenTpauust cBs3aHHONW B KOMIOHeHTE (ii) cepbl MPEANOYTUTENBHO cocTaBisieT 12%
WK MEHee, B pacdere Ha OOIIyr0 mMaccy KOMIOHeHTa (ii). YMEHbIIEHHOE COAEepKAHNE CEePhl B
aKTUBATOPE SIBISIETCA ONArONMPUATHBIM IO COOOpPAKEHUSM COKPAINEHUS BPEOHBIX IS
OKpY’KaroIiel cpebl v 3J0pPOBbsi BHIOPOCOB.

B omHOM OCOOEHHO mpPEnnOYTHUTENHHOM BAapUAHTE HCIOJIHEHUS COOTBETCTBYIOINAS
N300pETEHHIO PEAKIIOHHAS CMEChH JOMOJHUTEIBHO BKIIFOUAET

(111) ogMH WO MHOTHE OTrHECTOWKHE 3EepHUCTbIE MaTepuajbl, MPEATNOYTUTENIBHO B
komuectBe 80% wmnu Gonee, mpeanouturenbHo 95% unmu Oonee, B pacuere Ha OOLIYIO MaccCy
KOMITOHEHTOB (1), (11) u (111) peaKMOHHON CMECH.

Takas mpeamouTHTeNbHAs PEAKIIMOHHAS CMECh MPEACTaBIsET cOOOM, HANpHMep, CMECh
(OpMOBOYHOrO MaTepHuasia AJisl H3TOTOBJICHUS M3/1EINH, BBIOPAHHBIX U3 IPYIIIBL, COCTOSINEH U3
nuTaTeNel, IUTEHHBIX CTepkHel U nuTelHbIX (opm. KommoneHT (iil) mpu 3TOM MpeacTaBisieT
coboii 0a30BbIii (opmoBouHbI MaTepuan. [Toxxomsmue Ga3oBble (OPMOBOYHBIE MaTEPHUATBI
U3BECTHBI CHELHATHCTY. B kauectBe 0a3oBoro (popMOBOYHOrO Marepuala 4acTO MPUMEHSETCS
NPOMBITBIA TPOCESTHHBIN KBAapLEBBIA IMECOK, HO TakXe Apyrue (HOpMOBOYHBIE MaTEPUAIIbI,
HampuMep, TaKHe KaK [IMPKOHOBBIN MECOK, XPOMUTOBBIN MECOK, IAaMOThI, OJIMBHHOBBIN MECOK,
colepyKallfe TIOJIEBOM INMAaT TEeCKH U aHJAIY3UTOBble TNeckH. YacTo HCIONB3YIOTCA
pereHepupoBaHHbIe 0a30Bble (POPMOBOUYHBIE MaTepHaibl (TOpeNble 3eMIIH), KOTOpble ObLTH
BO3BpallleHbl B pe3yibraTe OOpaOOTKH YK€ HCIOJIb30BAHHBIX JIMTEHHBIX (GopM W,
COOTBETCTBEHHO, CTepkHEeH. COOTBETCTBYIOIINE CITOCOOBI M3BECTHBI CIIELIUANIUCTY.

HeoxxupmaHHO OKa3aloch, YTO I KHUCJIOTHOTO OTBEPXKOEHHS] COOTBETCTBYIOLIMX
n300peTeHni0 cMecell (POPMOBOYHBIX MATEPUANIOB, MO CPABHEHUIO CO CMECSIMH (POPMOBOUYHBIX
MaTepHaJIOB C TPAIAULMOHHBIMU KUCIOTHO-OTBEPKAAEMBIMU CBA3YIOIIMMHU MaTEPUATAMH, MOTYT
NPUMEHSTHCS MEHbLINE KOJIMYECTBA AaKTHUBATOPA, a TaK)Ke AaKTUBATOPBl C Oojee HU3KUM
COZIepKaHUEM KHCJIOT W, COOTBETCTBEHHO, C MEHee KOPPO3MOHHO-arPECCHBHBIMH KHCJIOTAMHU

(HarpumMep, mapa-TOSyOJNCYIb(POHOBONH KHCIOTOW BMECTO CEPHON KHCIOTHI), 0€3 yXyALIeHUs
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NPOYHOCTH CBS3aHHOTO KHCJIOTHO-OTBEPKACHHBIM CBS3YIOLINM MaTepHajoM (pOpMOBaHHOTO
m3nenusi. ITockoiabKy OOBIMHO NpPUMEHsEMblE B AaKTHBATOPAaX KHCJIOTHI (HampuMep, cepHas
KHCJIOTA, [apa-TONyoJICYJb(OHOBAasE KHCIOTa) COAep:kar cepy, Ojaromapsi MEHbIIEMY
COZIEPKAHUIO KUCJIOTHI B aKTUBATOPAX M, COOTBETCTBEHHO, MEHbIEMY KOJUYECTBY aKTHBATOPA,
COKpallaeTcss MOCTyIUIEHHE cepbl B (OPMOBOUHYIO cMechb. CHIDKEHHOE COIep)KaHHe Cepbl B
(OPMOBOYHOH CMeCH SBJIAETCS OJAroNpUATHBIM C MO3HLIUU BPEAHBIX JUI OKPYIKAIOIIEH Cpemsl
U 370pOBbsS BBIOPOCOB. JlOMONHHUTENBbHOE IMPEUMYINEeCTBO COCTOMT B TOM, YTO CHMKEHHEM
COZIepPKAHUS Cepbl B COOTBETCTBYIOIIEH M300peTeHUI0 (POPMOBOYHON CMECH MPENOTBPAINAETCS
oOoraieHune cepoii («HACBHIIEHHE CEpPOoi») MPU LIUKIMUECKOW pEereHepaluy UCIOJIb30BAHHOTO
0a30Boro (hOPMOBOUHOTO MaTepuaia (ropesioi 3eMiin) U3 MCIOIb30BAHHBIX JIUTEHHBIX (HOPM U,
COOTBETCTBEHHO, CTEp)KHEH. YBENMueHHOEe CoAepKaHue cepbl B 0a30BOM (HOPMOBOYHOM
Marepuajie H, COOTBETCTBEHHO, B (POPMOBOUHOH CMECH TIIOBBILIAET PUCK NE(PEKTOB JIUTHS,
HanpuMep, TAKUX KaK BhIPOJKAEHHE rpaduTOBbIe BKIIOUSHUH.

JIOTIOJTHUTENBHBIN aCIEeKT HACTOSIIEr0 N300PETeHUs] OTHOCUTCS. K HA0OpPY, B YaCTHOCTH,
111 00pa30BaHMsI KHCIOTHO-OTBEPKACHHOTO CBS3YIOIIETO MaTepHalia, BKIFYAOIEMY

(1) COOTBETCTBYIOINYIO HW300PETEHHIO KOMIIO3WIMIO, KAaK ONUCAHHYKD B IyHKTaX
(dbopMy bl H300peTEeHUS,

(1) akTUBaTOp, KaK ONMMCAHHBIN BBIIIE,

npudeM B Habope KoMIoHeHTHI (1) u (11) pa3MeIleHbl Tak, YTO HU OJHA COCTaBHAsl YacTh
KOMITOHEHTa (1) HE MOKET PearupoBaTh ¢ COCTABHOM YaCThIO KOMIOHEHTa (i1).

Komnonent (1) cooTBercTByromero uso0pereHur0 Habopa MpencraBiseT coOoi
COOTBETCTBYIOLIYIO M300pETEHHI0 KOMIIO3MIIMIO, KOTOpas JeHCTByeT Kak KHCJIOTHO-
OTBep’KAaeMblil CBsi3yromuii Martepuan. KommoHeHT (ii) COOTBETCTBYIOIIErO H300PETEHHIO
Ha0opa, aKTUBATOP, COAEPIKUT KUCIIOTY, KOTOPAst BBI3bIBAET KUCJIOTHOE OTBEPKACHUE KHCIOTHO-
OTBEPXKJAEMOr0  CBSI3YIOLIEro Mmarepuasa B (opMe COOTBETCTBYIOIIEH H300pEeTEeHHIO
KOMITO3UIUH, TaK, YTO 00pa3yeTcsi KUCIOTHO-OTBEPKIEHHBIN CBSI3YIOLINI MaTeprall.

KomnoneHnt (i) cooTBeTCTByIOIIEro H300peTeHut0 Habopa  MpPeArOYTHUTENBHO
BBIOMPAETCS] U3 YKA3aHHBIX BBIIE KAK MPEANOYTUTENbHBIX COOTBETCTBYIOIIUX H300PETEHHIO
komnosuiii. KommoHeHT (i1) COOTBETCTBYIOLIEr0 M300peTeHHI0 Habopa MPenrnOYTHTEIbHO
BBIOMPAETCSI M3 YKA3aHHBIX BBILIE KaK MPEANOYTHTEIbHBIX aKTHBATOPOB.

BHyTpHU COOTBETCTBYIOIIEro U300PETEHNIO HA0Opa UCKIIIOYAETCSl PEAKIIHOHHBIA KOHTAKT
COCTaBHBIX YacTeH KOMIOHEHTA (1) C COCTABHBIMH HaCTSIMA KOMITOHEHTA (M/WJIH, HApuUMep, AJIs
4ero KOMIIOHEHT (1), C OHOM CTOPOHBI, & TAK)KE KOMIOHEHT (11), C APYrol CTOPOHBI, B KAKAOM
cilydae pa3MeIaroTCsl B OTAENbHOM KOHTEHHepe, WM Ui 4ero KOMIIOHEHT (i), ¢ OIHOM
CTOPOHBI, & TaKke KOMITOHEHT (ii), ¢ IPYrod CTOPOHBI, B KAXKIOM CJy4ae pa3MelIaroTCs B
OTZEJIbHOM KaMepe OIHOr0 KOHTENHepa.

IIpu oObenuHeHnHn OOOMX KOMMIOHEHTOB (1) W (11) COOTBETCTBYIOIIETO H300PETCHHIO
Habopa oOpasyercsi COOTBETCTBYIOIIAsi WM300PETEHUIO PEaKIMOHHAsT CMECh, KaK OIMHCAHHAs
Bbimie. OObennHeHne 0OOMX KOMIOHEHTOB (1) M (i1) NPEATIOYTUTENBHO BBIMONHAETCS B

MIPUCYTCTBUU
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(111) OOHOTO MJM MHOTHX OTHECTOWKHX 3€PHHCTBIX MAaTEPUAJIOB, MPEAIOYTHUTENHBHO B
komuectBe 80% wmnu Gonee, mpeanouturenbHo 95% wunmu OGonee, B pacuere Ha OOLIYIO MaccCy
KOMITOHEHTOB (1), (i1) u (111) peaKIIMOHHOH CMeCH,

Tak, 4YTO 00pa3yercsi COOTBETCTBYIOIIAs H300peTeHHi0 (OPMOBOYHAS CMECh, Kak
OIHCAHO BBILIE.

KommnoneHT (1) cCoOTBeTCTBYIOIIEH H300PETEHHIO PEAKLIMOHHON CMECH MPEATIOYTHTENBHO
BBIOMPAETCS CPEN YKA3aHHBIX BBIIIE KaK MPEANOYTUTENBHBIX COOTBETCTBYIOIINX N300PETEHHUIO
komnosuiuii. KommoneHT (i) COOTBETCTBYIOINEH H300PETEHUIO PEaKIMOHHOW CMeCH
NPEATIOYTUTENIEHO BBIOUPAETCS U3 YKA3aHHBIX BBILIE KaK MPENOYTHTEIbHBIX AaKTHBATOPOB.

JIOTIOJTHUTENBbHBIN aCeKT HACTOSALIEr0 W300pPETEHUs] OTHOCHTCS K CIOCO0Y MOJYyYEHHs
U3CJIUI M3 TPYIIbL, COCTOSINEH W3 MHTaTeNel, JIMTeHHBIX CTep)KHEW M JIMTEHHBIX (opM,
BKJTFOUAIOLIIEMY

- IOJTy4eHne cMecH POPMOBOUHBIX MATEPHUAJIOB, BKIIFOYAIOIIEH

(1) COOTBETCTBYIOINYIO HW300PETEHHIO KOMIIO3WIMIO, KAaK ONUCAHHYK) B IyHKTaX
(dbopMy bl H300peTeHuUs,

(1) akTUBaTOp, KaK OMMCAHHBIH BBIIIE,

(111) OIMH UM MHOTHE OTHECTOHKHE 36PHUCTBIE MATEPUAIIBI,

- (hopmoBaHHE cMecH (POPMOBOYHBIX MATEPHAIIOB,

- OTBepkIaeHNe KoMIo3uLu (1) neficteueM akrusaropa (ii).

Cnocob ¢dopmoBanusi cMecu (OPMOBOUYHBIX MATEPHAJIOB IS TOJYYEHUsS] U3ISTHA U3
TPYIBL, COCTOSIIEH W3 MHUTaTeNeH, JUTEHHBIX CTEp)KHEH W JUTeHHbIX (OpM, H3BECTEH
CTIELIUAIUCTY.

OtBepxxaenne kommnosuuuu (1) neficTBueM aktupaTopa (i1) B cHOpMOBaHHOH cmecu
(OPMOBOYHBIX MaTEpUANIOB MPEANOYTUTEILHO MPOU3BOAUTCS COTJIACHO CIOCOOY W3 TPYIIIIBL
COCTOSALIEH U3

- 0€300:KUrOBOro CrIocoda,

- cocoda ¢ UCTIOIB30BAHUEM TOPSTYUX CTEPIKHEBBIX SILTUKOB «Warmboxy,

- cocoda ¢ UCTIOIB30BAHUEM TOPSTYUX CTEPIKHEBBIX SALIHUKOB «hot-box».

OtBepxxnenne (ypaHoBbIXx cMon (comepamux (GyphypHIOBBId CIUPT CBA3YIOIIHX
MaTepuajos) crnocobom «hot-box», cocodom «warmbox» M, COOTBETCTBEHHO, 0€300:KUTOBBIM
CIIOCOOOM H3BECTHO CTIIELUANIUCTY.

ITpu cnocobe «warmbox» OTBep:kIeHHE CBS3YIOIIErO MaTepHaja MPOU3BOAUTCS IPH
TeMriepatypax B auanazoHe oT 150°C mo 200°C mocpencTBoM cofepsKallux OpraHUYecKue
CyJIb(OHOBBIE KHUCIOTHI (HApUMEp, Mapa-TOIyoICyIb(QOHOBYIO KHCIOTY, (hEHONCYIb(HOHOBYIO
KHCJIOTY, U JIp.) aKTUBAaTOPOB. B crmocobe «warmbox» BBICOKHE MPOYHOCTH MOTYT JOCTUTATHCS
IIPY OTHOCUTENIPHO HU3KUX TEMIIEPaTypax U HEOOJMBbIINX KOJMYECTBAX CBA3YIOIIErO MaTepHala.

B 0Ge300skurosoM criocobe OTBEpKACHHE CBS3YIOIIErO MaTepuaia MpOU3BOOUTCS Oe3
NOJBEICHUS] TEIUla B pe3yJibTare A00ABIEHUS COAEPIKAILIEr0 OPraHUYeCKyH CYJIb(OHOBYIO
KHCJIOTY B CMECH C CEpHOM KHMCJIOTOH aKTMBATOPA, U MPOTEKAET OTHOCUTEIBHO MEJJIEHHO.

HOHOJ’IHI/ITGJ'[I)HI)II‘/'I ACIICKT HaCTOAECTO I/1306peTeHI/I$[ OTHOCUTCSA K MNPUMCHCHUIO
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COOTBETCTBYIOLIEH H300pETEHHIO KOMIIO3MIMH B  KadeCTBE  KHCIOTHO-OTBEPIKIAEMOIO
CBA3YIOLIEr0 MaTepuana

- anad (OpMOBOYHOM CMeCH MJisl TOJNYy4YeHHUs] W3JeNui, BBIOPAHHBIX W3 TPYIIIHL
COCTOsALIeH U3 MUTaTENeH, TUTEHHBIX CTEPXKHEN U IUTEHHBIX (popM,

- B ciocode 3D-neuatn (TpexMepHOi nevarn),

- 1 MACTUKU MM YIUIOTHUTENBbHONH MAacChl Jid NPUMEHEHUs B CTPOUTEIbHOU
IPOMBILIJIEHHOCTH, NPEANOYTUTENBHO B CTPOUTENBCTBE JJIs1 3aIUThI OT BO3AECUCTBUS KUCIIOT.

[Tonyuenune wu3nenuii, BHIOPAHHBIX W3 TPYMIbI, COCTOSIIEH M3 MHUTATENeH, JUTEHHBIX
CTEepIKHEH U JTUTEHHBIX (OPM, C UCIOIH30BAHHEM COOTBETCTBYIOIIEH N300PETEHUIO KOMITO3UIIUU
B Ka4yecTBe KHUCJIOTHO-OTBEPKIaEMOr0 CBSA3YIOLIETO MaTepuana BBITIOJIHSAETCS
COOTBETCTBYIOIIUM U300PETEHUIO CIIOCOOOM, KaK OMUCAHO BBIIIIE.

B cnocobe 3D-nevatu u3 cOOTBETCTBYOMEH M300peTeHnI0 (POPMOBOUHON cMecH (Kak
ONMHUCAHHOHN BbIlIe) (opMoBaHHOE H3fenue (HOPMUPYETCS MOCPEACTBOM TPEXMEPHOW TMEYaTH.
CooTtBeTcTBYOIINE TEXHOJIOTHH U3BECTHBI CIIETUAIUCTY.

Mactuku U, COOTBETCTBEHHO, YIJIOTHUTEJbHBIE MacChl JJii [PUMEHEHUs B
CTPOUTENBCTBE JJISl 3AIIUTHI OT BO3AEHCTBUS KHCIOT (TaKXKe HA3bIBAEMBIE KHUCIOTOCTOHKHUMHU
3aMa3KaMM) CIy>KaT Ui YKIAJKH W PACIIUBKH CHIIMKATHO-KEPAMHUYECKUX W YIJIEPOIHO-
KePaMUYECKUX KaMHEW, IUIMTOK W (PaCOHHBIX JeTajieil, KOTOpble B KauyecTBE 3alIUTHOM
OO0JMLIOBKM Ha TMOJIaXx, B BOJOCTOKAX, KaHalax, pe3epByapax M T.A. 3alHULIAIOT HUX OT
arpecCHUBHOIO BO3IEHCTBUS KUCIIOT (38 UCKIIIOYEHHEM IIJIABHKOBOUW KHCIOTHI). KucnorocTolikue
3aMa3KH COMEprKaT HAIOJHUTEND 3aMa3KH, a TAKXKE CBA3YIOIIMN MaTepuall U aKTUBATOP, YTOOBI
BbI3bIBATH OTBEPXKIAEHUE CBA3yOLIEro wmarepuana. IIpy mnpuMEHEHMH COOTBETCTBYIOLLEH
N300pETEHNI0 KOMITO3UIIMY B Ka4eCTBE CBA3YIOIIEro Marepuaja JUlsl KUCIOTOCTOMKOM 3amMa3ku
ee OTBEP>KIEHUE IPOU3BOAUTCS ACHCTBUEM COAEPKALIETO KUCIOTY aKTUBATOPA.

Jlanee n3obpereHne noapodHee pa3bAcCHseTCs nocpeacTsoM Ilpumepos.

IIpumepsr
1. TlonydyeHue COOTBETCTBYKOINUX HM300PETEHUK) KOMIIO3ULIMNA  B3aUMOIEHCTBUEM

dypdypunosoro crupra ¢ coenuaeuem hopmyisl (I11)

1.1 TerpastunoprTocuyiMkar B kauecTse coenudenus Gopmyasl (11)

IIponykr P1

B peakumoHHBIA COCYJ, OCHAIIEHHBIH OOpPATHBIM XOJOIMJIBHHUKOM, TEPMOMETPOM H
memankor, nomemaroT 150 r ¢ypdypunosoro cnupra (FA), 100 r TeTpasTHIOPTOCHINKATA
(TEOS) u 2 r rterpabytunrutanata. K Havany peakud COOTHOIIEHHE KOJUYECTB BELIECTB
n(FA):n(cs3anHoro B TEOS Si) cocraBmisier 3,2:1,0. CMech HarpeBaroT Npu NepeMEIInBaHIH B
teueHne 8 muHYT 10 109°C, moka He HA4YMHAETCS KUMEHHE. TemMmeparypy HEmpepbIBHO
NoBBIIAIOT B TedeHue 45 MuHyT 10 120°C, 1 B 11eIOM OTTOHSIOT 48 MII JIeTy4HuX KOMIIOHEHTOB.
3areM HarpeBaHue NMPEKPAINAOT, U JaBJIEHHE OCTOPOKHO cHIkaroT 1o 700 mOap (70 kIla). Ilpu
5TOM TeMIepaTypa KpaTKOBpEMEHHO cHuxkaerca nao0 okoino 97°C. Tenmepp nasneHue
TOTIONIHUTENBHO CHIDKAT 10 okojo 400 mbap (40 xIla), m OmHOBpPEMEHHO TeMIEepaTypy

HETIPEPhIBHO TOBBIIIAIOT B TeueHue 25 MuHyT a0 120°C, uToOBI AONOJIHUTENBHO OTOTHAThH



25

aeryune KOMIOHeHTHl (okosno 32 mur). IlomyueHHBIH MPOAYKT MMEET KOPUYHEBATHIH LBET U
SABIIIETCS MPO3PAayHBbIM M IMPOCBEUMBAIOIIMM. Brixox Henerydero mpoaykra (IOcje OTTOHKH
JETy4YnX KOMIIOHEHTOB) cOCTaBiyisieT okojo 70%, B pacuere Ha OOLIyI0 MacCy 3arpy>KeHHBIX
bypdypunoBoro cnupTa, TETPAITUIOPTOCUINKATA U TETPaOyTUITUTAHATA.

IIponyxt P2

B peakuMOHHBIH COCYJ, OCHAIIEHHBbIH OOPATHBIM XOJOIWJIBHHKOM, TEPMOMETPOM H
memankoi, nomemarot 150 r ¢ypdypunosoro crupra (FA), 100 r TeTpadsTHIOpPTOCHINKATA
(TEOS) u 3 r terpabytunrutanata. K Hauany peakiyu COOTHOIIEHHE KOJMYECTB BEIIECTB
n(FA):n(cesizanHoro B TEOS Si) cocrasmsno 3,2:1,0. Cmech HarpeBarOT MpU NMEPEeMEIINBAHUU B
tedeHue 2 MuHyT 10 37°C, u naBneHue cHmxkarotr 10 400 mbap (40 xlIla), 4yroObl OTOrHATH
JeTyune KOMITOHEHTBL Ternepb naBiieHHe IOMONHUTENBbHO CHIDKAIOT 10 okosio 350 mbap (35
k[la), 1 OMHOBPEMEHHO TeMITEpaTypy HENPEepPhIBHO MOBBIIAIOT B TeueHue 45 munyTt 1o 110°C,
9YTOOBI JOTIOJIHUTENBHO OTOTHATH JIETY4He KOMIOHEHTHI (0kosio 76 mur). ITony4deHHbII MPOayKT
UMeeT KOPUYHEBATbIN L[BET U SIBJISIETCS NMPO3PavHbIM U MpocBeunBaroluM. Breixon Henerydero
npoxnykTa (mociie OTTOHKM JIETYYWX KOMIIOHEHTOB) COCTaBisieT Okoino 76%, B pacuere Ha
o0y Maccy 3arpykeHHbXx — (QypypwsioBoro  compTra, TETPASTUIOPTOCHIIMKATA U
TeTpabyTHITHTAHATA.

IIponykt P3

B peakunoHHBIH COCYJ, OCHAIIEHHBIH OOpPAaTHBIM XOJOIMJIBHHUKOM, TEPMOMETPOM H
memankoi, nomematroT 800 r pypdypunosoro cnupra (FA), 800 r TeTpasTHIOPTOCHINKATA
(TEOS) u 4 r terpabytunruranata. K Hauany peaknuuu COOTHOIIEHHE KOJIMYECTB BEILECTB
n(FA):n(cszannoro B TEOS Si) cocrasnsano 2,1:1,0. Cmech HarpeBaroT NpU NepeMeIIiBaHuU B
teueHue 20 munyT 10 100°C, u B TeueHue nocnenyroumx 80 MUHYT HETIPEPBIBHO HArPEBAIOT 10
120°C. Ilpu 3TOM OTrOHSIOTCA 246 I JIeTy4nX KOMIIOHEHTOB. 3aTE€M HarpeBaHHe MPEeKpalaoT, U
JaBJIEHHE OCTOPOXKHO CHIKArOT 10 210 mOap (21 kIla). ITpu aTOM Temneparypa CHHIKAETCS 10
okojo 85°C. Tenepp naBieHue HempepbIBHO mnoanep:kuBaroT mpu 210 mbap (21 xIla), u
OJTHOBPEMEHHO TEeMIIEPATyPy HEMpPepbIBHO MOBBIIAIOT B TeueHue 60 munyT 10 120°C, 4ToObI
JOTIOJTHUTEIBHO OTOTHATH JIETyuhe KOMIOHEHTHI. [1onydeHHbI NPOoayKT UMeeT KOPUUHEBATHIH
LBET M SIBJIIETCS MPO3PAaYHbIM U TPOCBEUMBAIOIIMM. BBIXON HeleTy4dero mponykra (Imocie
OTTOHKH JIETYYMX KOMIIOHEHTOB) COCTaBJiieT Okojio 76%, B pacdere Ha OOMIIyIO Maccy
3arpy>keHHbIX GyphyprIOBOTO CIIUPTA, TETPAITHIOPTOCHIINKATA U TETPAOYTHITUTAHATA.

1.2 DTUINOMUCUIIMKAT B KadyecTse coenuuenus hopmyast (1)

IIponykr P4

B peakumoHHBIH COCYJ, OCHAIIEHHBIH OOpPATHBIM XOJOIMJIBHHUKOM, TEPMOMETPOM H
mermankoi, nomemarT 800 r ¢pypdypunosoro cnupta (FA), 800 r stunnonmucunukara (EPS) ¢
pacuetHbIM coneprxkanueM 510, 40% (mpuodpereHHbpM kKak Dynasil® 40 B ¢pupme Evonik), n4 r
terpabytunturanata. K = Havanmy — peakuuM  COOTHOIIEHHWE  KOJHMYECTB  BELIECTB
n(FA):n(cszannoro B EPS Si) cocrasmsier 1,53:1,0. Cmech HarpeBaroT IpH NepeMeIInBaHIH B
tedenne 15 munyr no 103°C, moka He HauuHaercs kuneHue. TemmepaTypy HeENpEpbIBHO

nospimaroT A0 120°C B Teyenue 50 MUHYT, U OTTOHSIIOT B LEJIOM 236 T JIETYYUX KOMIIOHEHTOB.
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3areM HarpeBaHue MPEKPAINaOT, U JaBJIEHUE OCTOPOKHO cHIkarT 10 210 mOap (21 kIla). Ilpu
3TOM TeMIeparypa cHuxkaercs A0 okoso 85°C. Tenepb naBieHHE HENPEPBIBHO MOAAEPKUBAIOT
npu 210 mOap (21 kIla), 1 OMHOBPEMEHHO TEMIIEPATYPy HETIPEPHIBHO MOBBIMAIOT B TeueHune S0
MuHyT a0 120°C, 4TOOBI AONMOJHUTENBHO OTOTHATH JIETY4YHE€ KOMITOHEHTHI. Ilonmy4eHHbIi
IPOAYKT MMeeT KOPUYHEBATBbIM LBET M SBJSETCS MPO3PadyHbIM M MPOCBEUMBAKOLIMM. Bbixon
HeJIeTy4ero MpoaykTa (Iocje OTTOHKM JIETYYMX KOMIIOHEHTOB) COCTaBijisieT Okoyno 77%, B
pacuere Ha OOLIyI0 Maccy 3arpykeHHbIX (Qyp(ypHIOBOrO CHUpTa, STHINOIMCHINKATA H
TeTpabyTHITHUTAHATA.

IIponykt P5

B peakuumoHHBIH COCYJ, OCHALICHHBIH OOpPAaTHBIM XOJOIMJIBHUKOM, TEPMOMETPOM H
memrankod, nomemarT 150 r 30%-Horo pacrBopa ¢eHoN-PhOpMaIbIETUIHOTO HOBOJIAKA
(xommonent (F), kak ommcanHbli Bbioue) B (ypdypunosom cmupre (FA), 150 r
stuwnonucuinkara (EPS) ¢ pacuerneim comepxanmem SiO, 40% (mpuoOpeTeHHBIM Kak
Dynasil® 40 B ¢upme Evonik), u 3 r nubyrunonosonaypara (DBTL). K nauwany peakuuu
cooTHomeHne konnyects BemmecTB n(FA):n(ceszanHoro B EPS Si) cocrasmsier 1,53:1,0. Cmech
HarpeBaroT MPH MepeMeIInBaHiu B TeueHne 15 munyT g0 127°C, B TeueHue nocienyroumux 45
MUHYT HenpepbiBHO 70 140°C, u 3aTeM TeMIiepaTtypy HenpepbiBHO noanep:kusaroT mnpu 140°C.
Ilpu »TtoM oTromsirorcss 60 My J€TyYMX KOMIOHEHTOB. llOMydeHHBI NPOAYKT HMeEET
KpaCHOBAaTO-KOPUYHEBBI I[BET M sBJsETCA MpPO3payHbiM U MPOCBEUMBAIOIIUM. Brixon
HEJIeTy4ero MpoaykKTa (Iociie OTIOHKU JIETYYHWX KOMIIOHEHTOB) COCTaBisieT okoio 83%, B
pacuere Ha OOIIYIO MaccCy 3arpyKeHHbIX (eHoI-PopManbaeruIHOro HoBonaka, GypdyprioBoro
CIHPTA, STUJITOIUCHIINKATA U AUOYTHUIIONOBOJIAY paTa.

1.3 TobaBiieHre NOIMOJHUTENLHBIX KOMIIOHEHTOB

IIponyxt P6

96,1 yacte mony4yeHHOro, kak onucaHo Beiue, IIpogykra Pl cmemanu ¢ 3,5 yactamu
staHona U 0,4 4YacCThIO TPUTOAHOTO B KadecTBe mpomoTopa aaresuu (kommoneHT (E), kax
OTpeNeNIeHO BhIle) aMHHOCHIaHa (mpuodperenHoro kak Dynasylan 1505 B pupme Evonik).

IIponykt P7

73,7 4acTh MOJY4EHHOro, Kak onucaHo Bbilie, IIpoaykra P1 cmewmanu ¢ 22,4 yactsaimu
pactBopa Oucdenona A (xommoneHT (F), xak ompeneneHo Bbime) B GypPypHIOBOM CIUPTE
(mpuyem pactBop comepxkut 4,48 vactu Oucdenona A), 3,5 vactsamu 3TaHona, a Takxke ¢ 0,4
YaCcThIO NMPUTOJHOTO B KauecTBe MpoMoTtopa aare3uu (kommnoHeHT (E), kak ompeneseHo BbIIe)
amuHOCHIaHa (mpuodpererHoro kak Dynasylan 1505 B ¢pupme Evonik).

IIponykt P8

96,1 yacTe nmosny4eHHOro, kak onucaHo sbie, IIpogykra P2 cmewmanu ¢ 3,5 gactamu
sraHona U 0,4 4YacThIO TMPUTOAHOTO B KadecTBe mpomortopa aaresmu (kommoHeHT (E), kak
OTIpPeIeNIeHO BhIIIe) aMHHOCHIIaHa (mpuodpereHHoro kak Dynasylan 1505 B pupme Evonik).

IIponykter ot P9 no P14

JlonoHHUTENbHBIE COOTBETCTBYIOLINE H300peTeHnto mponykTsl P9-P14 Obutn mosyueHs!

I[O6aBJ'IeHI/IeM IMPUBCACHHBIX B Ta6m/1ue 1 xommuecTB JOIMOJIHHUTECIIbHBIX KOMIIOHCHTOB K
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ykazaHHOoMy B TaOmmue 1 konndectBy IIpoaykra P1, monmyueHHOro, Kak OMUCAHO BBILIE.

Tabmuma 1

P9 P10 P11 P12 P13 P14
DypdypunoBslii cupT 8,80 9,30 9,30 9,30 9,30
ITponyxt P1 99,50 87,20 84,40 83,40 83,40 83,40
bucgenon A 2,30 2,30 2,30 2,30
JraHon 3,50 3,50 3,50 3,50 3,50
AMHUHOCHIIAH 0,50 0,50 0,50 0,50 0,50 0,50
IToBepXHOCTHO-aKTHBHOE 1,00
BELIECTBO 1
IToBepXHOCTHO-aKTHBHOE 1,00
BELIECTBO 2
IToBepXHOCTHO-aKTHBHOE 1,00
BELIECTBO 3

2. He cootBercTByrOIIME M300peTeHur0 CpaBHUTENLHBIE OPOIYKTHI

CpaBHuTenbHbIN NpoaykT V1

HccnenoBaHHBIE € LENbIO  CPaBHEHUS, HE COOTBETCTBYIOIIMH  HM300pPETEHHUIO
CpaBuuTenbHbIil IpoaykT V1 mMmeer, B pacueTe Ha ero OOIIYIO Maccy, CIEIYIOMIMA COCTaB
(Tabnuma 2):

Tabnuua 2
Cwmona xonogHoro orsepsxkaenus Kaltharz A 56,0 Bec.%

(coctaB CMOTpH HIKE)

MoHowMmepHBI# GypdypHUIIOBBIH CIUPT 41,3 Bec.%
Bona 2.5 Bec.%
AMUHOCHIAH 0,2 Bec.%

CpaBHuTenbHbIii mpoaykT V1 ObUT MONy4YeH Tak, 4YTO YKa3aHHbie B TaOmuie 2
KOMITOHEHTBI OBbLIIH TTOMEIIEHBI B PEAKTOP M NMEPEMEIINBAINCh B TEUEHHE |5 MUHYT.

JUnis monydeHusi CMOJIbI XOJonHOro oreepkaenus Kaltharz A B peakTop momermaroT
489,9 xr ¢pypdypunosoro cnimpra, 63,0 kr moueBuHsl, 158,8 kr 91%-Horo napadopmanbaeruaa,
35,6 xr Bomel 1 49,5 Kr 3TaHOJNA, M MHTEHCUBHO NEpeMEeITnBaroT. 3ateM no0apisitoT 4,8 kr 85%-
HOM MYypaBbUHOI KHMCIOTBI, U MOJy4eHHYI cMmech HarpeBaroT ao 90°C. Uepes npumepsHo 30-
MUHYTHbIE BPEMEHHbIE HHTEPBAJIbI TIOPUHUAMHU JOOABISAIOT AOMOJHUTENbHbIE 62,9 KI' MOYEBHUHBI
npu 90°C. 3areM 3Ty peakIUOHHYK) CMeECh Cjerka oxjaxpmaror, u npodaemstor 113,1 kr
bypbypmiosoro crnupra. I[locne nomomamTenpHOro oxjaxkaeHuss no S0°C mocie 3TOro
perymupytor BenmuuHy pH B nuamasone or 8,1 mo 8,8 moGasnenmem 25%-HOro pacteopa
aMMHaka B Bozie. Bo BpeMsi BCero UCIoNHEHHs crnocoba coep>KuMoe peakTopa NepeMeLInBaoT.

ITonyuennslii TakuM obOpa3oM nponykr 3aech HasbiBaercss Kaltharz A. Kaltharz A umeer
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clenyroimue XuMudeckue u ¢pusndeckue cporictea (Tabmuma 3):

Tabmuma 3
Conepsxanue Boabl (onpeneneHo TurposanueM no Kapny ®@uiepy) 13.5 Bec.%
Ob1mee conepskanue a3ora (ONMpeneaeHo 3JIEMEHTHBIM aHATH30M) 6.2 Bec.%

Conepsxanue ¢popmanbaeruaa (onpeneneHo Turpoanuem no KCN-cnocoOy) |0,1 Bec. %

Bsiskocte mpu  20°C  (ompeneneHO ¢ HCIONb30BaHMEM poTtanuoHHOro|95 mlla*cek

BHUCKO3MMETPA)

CpaBHUTENBHBIN POAYKT V2
UccnenoBaHHBIE € LENBIO  CPaBHEHHUS, HE COOTBETCTBYIOIIHMH  HM300pPETEHHUIO

CpaBHUTENBHBIN TIPOAYKT V2 HMeeT, B pacueTe Ha ero OOIIyI Maccy, CIeIyHOIIMA COCTaB

(Tabnuma 4):
Tabnuua 4

1 @yphypuIIOBEIH CIUPT 82,38 Bec.%
2 bucdenon A 13,0 Bec.%
3 Pesopuun 3,0 Bec.%

4 49%-ub1il pacTBOp (hOpMaNbIAETHAA B BOJE 1,0 Bec.%

5 IIoBEpXHOCTHO-aKTUBHOE BEILECTBO 0,12 Bec.%
6 AMUHOCHJIaH 0,5 Bec.%

CpaBHUTENBHBIN TPOAYKT V2 OBUT MOJIYYEH TaK, YTO KOMIIOHEHTHI 1-4 OB MOMEIEHbI
B PEAKTOp NpPH MEPEMELINBAHUN U NTepeMeIINBaINCh B TedeHue 30 MuHyT. B 3akmodyenue Obum
BBEJIEHbl KOMIIOHEHTBI 5 M 6, W TOJNy4YeHHas CMeCb IepeMelIBajach B TEUYEHHE
JOTOJHUTENbHBIX 15 MUHYT.

3. XuMHuecKasi XapakTePUCTUKA

JIaHHBIE O XMMHYECKOM COCTaBE COOTBETCTBYHOIUX M3oOperenuto [Iponykros P1-PS, a

takke CpaBHUTENBHBIX MPORYKTOB V1 1 V2 00600mens! B Tabmune 5.

Tabmuna 5
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P1 9.6 0.0 0.0 0.0 0.0 3.0 0.0 16,0 0,16 Ti
P2 229 (0,0 0.0 0.0 0.0 n.b 0.0 15.0 0,22 Ti
P3 7,1 0,0 0.0 0.0 0,0 1.4 0.0 26,5 0,18 Ti
P4 4,7 0,0 0.0 0,0 0,0 0.8 0.0 10,0 0,05 Ti
PS5 13,3 0,0 0,0 0,0 0,0 n.b. 0.0 n.b 0,22 Sn
V1 65,0 (0,10 0,0 0,0 10,0 3,0 3.5 <0,1 0,0

V2 79.3 0,10 |23 13,6 0,60  |n.n. n.n. <0,1 0,0

B Tabnuue 5 npaHHble O KOHUEHTPALUSAX Il COOTBETCTBYIOLIUX H300PETEHUIO
IIponykroB P1-PS otHocsiTcst k cBOoOOmHOMY ypdyprioBoMy crnupty (komrmoHeHT (B)) u
staHojy (kommoneHT (C)) B pacdere Ha OOIIYIO MACCy HEJETY4Yero MpoaAyKTa, MOJy4eHHOTO, KaK
onucano Beie B [Iynkre 1.1 u, cooTBeTCTBEHHO, 1.2, MOC/IE€ OTTOHKH JIETYYUX KOMIIOHEHTOB.

CopnepsxaHne TUTaHa U, COOTBETCTBEHHO, osioBa B IIponykrax P1-PS Ovuto paccunrtano

Ha OCHOBE BBEACHHOI'O KOJIMYECTBA TeTpa6YTI/IJ'ITI/ITaHaTa u COOTBETCTBCHHO,

>
nuOyTUJIONOBONIAypaTa, TMPH IO MEHbIIeH Mepe NPUOIU3HTENbHO COOTBETCTBYIOIIEM
JOMYILIEHUH, YTO MPH OTFOHKE JIETYYUX KOMIIOHEHTOB TeTPaOyTHITHTAHAT U, COOTBETCTBEHHO,
IOy THUIIONOBOAMIIAYPAT MPAKTHYECKH HE YAALUINCH U3 PEAKLIMOHHONW CHCTEMBI.

B CpasuurenpHbix mpoxnykrax V1 um V2 Bce nmaHHble 0 KOHLEHTpauusx B Tabmume S5
oTHOCcATCS K o0mell Macce CpaBHUTENBHBIX MPORYKTOB V1 M V2, MOJIy4EeHHBIX, KaK OMHCAHO
Bbiie B IIyHkTe 2, cMerneHneM nepeuucieHHbix B TaOnmie 2 u, cooTBeTcTBeHHO, Tabmuue 4
KOMIIOHEHTOB.

B Tabmune 5 «0,0» o3HauaeT, 4TO COOTBETCTBEHHBI KOMIIOHEHT HE IMPHUCYTCTBOBAJ,
«n.n» O3HaYaeT «HEOOHAPYKMBAEMbli», W «n.b» O3HAYaeT «HE ONpENeNeHO», TO €CTh, B
OTHOLIEHUHU AAHHOTO KOMIIOHEHTA aHAJIU3 HE MPOBOIMIICH.

Konnenrpauun ¢ypdypunosoro cnmpra, pe3opuuna, Ouchenona A u 3taHojsa ObUIH
ONpeneNeHbl TOCPEACTBOM Tra30BOH Xpomarorpaduu, COAep’KaHWe BOABI OMPEAETICHO
tutpoBanueM 1o Kapny @uuepy, comepxanue CBOOOAHOTO (popMasbieruia OMpeaeseHO
tutpoBanneM KCN-criocobom. CopeprkaHue a30Ta ObLIO OMPEIesIeHO 3JIEMEHTHBIM aHAJTU30M.

CootsercrByromue uszobperenuro kommno3uuuu (Ilponykter P1-P5) otnuuarorcst ot
OOBIYHBIX KHCIOTHO-OTBEPKAAEMbIX CBS3yOIUX MaTepuanoB (CpaBHUTEIBHBIX MPOAYKTOB V1
u V2) 3HauuTenpHO Oojiee HU3KUM copep:kaHueM cBoOomHOro GpypdypuiioBoro cnupra, ¥ OHH
HE COZlep KaT HU a30T, HU CBOOOMHBIN (popmabaerun.

Jlns cootBercTByromux m3ooperenuto [Iponykros P1-P4, a Takxke mis CpaBHUTETBHBIX
nponykToB V1 u V2, ObUI0 OmnpeneneHo KOJMUECTBO OCTaTKa Mocie MpoKanuBaHus. i 3Toro
oOpasen ObUT MPEBAPUTEIHHO MMOABEPTHYT O30JICHUIO OKUCIHUTENbHBIM COMCKEHHEM, U 3aTEM B
bapdopoBoM THUTIIE TPOKAJIEH A0 MOCTOSHHOW MAacChl, OTHAKO B TEUEHHUE MO MEHbIel mepe 1
gaca, ipu 900°C. IlockonbKy NpU MPOKAIUBAHUM JIETY4YHE KOMIIOHEHTHI 1O OONbLIeH YacTu
UMEIOT OpPraHUYeCKYK) MPHUPOAY, OCTATOK I[OCJIE€ NPOKAIMBAHUS MPEACTABISIET MeEpy
COIEpKaHUS TAaKUX KOMIIOHEHTOB, KOTOpblEé TIPU O30JE€HHU OOpa3yloT HeJeTydue

HEOPTraHUYCCKUEC COCAUHCHUA. B otHOmeHuun COOTBETCTBYHOIIUX I/1306peTeHI/I}O KOMITO3UIIH
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OCTaTOK TIOCJI€ TMPOKAJMBAHUA IO CYLIECTBY COAEPKUT OOpPA30BaHHBI TEPMHUECKUM
pasznoskeHueM coenuHeHui Gpopmynsl (I) nnokcun kpemHus.

Tem cambiM cooTBercTByrOIIME u300pereHuto IlpomykTer P1-P4 oOpasyror ocratok
[OCJ€ MNPOKAJIMBAHUS, KOTOPBIH B  KOJMYECTBEHHOM  OTHOIIEHHUM  IPHUOIHU3HUTENBHO
COOTBETCTBYET COAEPKAHUIO CBS3AHHOIO [AMOKCHIAA KPEMHHUs B COAEP)KALIUX KPEeMHHM
coenuHenusix popmysl (I). OGpazoBaHue OTHOCUTEIBHO OOJBIIOIO KOJINYECTBA OCTATKA MOCTE
NPOKAJMBAHUSL Ui COOTBETCTBYyrOIMUX wu300perenuto IlponykroB P1-P3  (monydeHHbIX ¢
TETPA3TUIIOPTOCHIIUKATOM B KadecTBe coenmHeHus gopmynsl (II), cMOTpu BbIlIe) sBISIETCS
MoKasaTesJeM TOro, YTO B 3THUX MPOAYKTaX HUMEIOTCS PEaKLHOHHBbIE MPOAYKTHI (COeNUHEHUs
dopmynsr  (I)), oOpasoBannble  B3aumopeicTBueM  GyppypmioBoro - cmupra  C
teTpadTuioprocwinkatoM (coenuHenueM ¢opmynbl (II)). To ectb, pedb uaer He O MPOCTO
cMmecsax  QypdypuioBoro cnupra W TETPAITHWIOPTOCHIMKATA, B  KAKOBOM  Clydae
TETPA3TUIIOPTOCHIIUKAT MPAKTUYECKH 0€3 OCTaTKa YJETY4rIics Obl B YCIIOBHSIX ONpPEAETICHUS
OCTaTKa [ocJie MPOKaJIuBaHUs.

CpaBuutenbHble mponykTel V1 u V2 00pa3oBbIBaiM OYeHb MAaJblii OCTAaTOK IOCIE
MPOKAJMBAHUS, TAK KaK OHHU I10 CYIECTBY COCTOAT U3 OPraHMYEeCKUX KOMIIOHEHTOB.

JUIs IOTIONHUTENBHOTO PAa3bsCHEHHS CTPYKTYPbl OOpPAa30BaHHBIX B3aHMMOACHCTBUEM
bypbypwioBoro  cnmpra € TETPAITWIOPTOCHIIMKATOM  PEAKIUOHHBIX  MPOIYKTOB
cootBercTBytoe n3odperennto Ilponykrer P1 u P3 Obumm nmpoaHamM3upoOBaHbI C IMOMOIIBIO
renb-nipoHukaromieii  xpomarorpadpun (GPC). IlapamnensHo stomy wmeronom GPC  Ovum
NPOAaHAJIM3HPOBAHbI HE COOTBETCTBYIOLIME N300peTeHnt0 CpaBHUTENbHBIE TPOAYKTH V1 1 V2.
XpomaTorpammbl BCE€X HCCIENOBAHHBIX MPOAYKTOB mpenacrasieHsl B Purype 1. B Hei
COOTBETCTBYIOT:

Kpusas 1: GPC CpasnaurensHoro npoaykra V1

Kpusas 2: GPC cootsercrByromero nzodperennto [Ipoaykra P1

Kpusast 3: GPC cootrBercTBytoinero uzobperenuro [Iponykra P3

Kpusas 4. GPC CpaBuurenbHOro npoaykra V2

B Tabnmune 6 mepedncieHbl HEKOTOPbIE CYLIECTBEHHBbIE NMHUKH HAa XPOMATOrpaMMax, a

TaKKE€ NX OTHECCHUE K OINMPEACTICHHBIM KOMIIOHCHTAM HCCICAOBAHHBIX ITPOAYKTOB.

Tabnuua 6
IMux | Conmepxxanue | Mp IIpunuceiBaemass  CTpyKTypa, Ipeamnosaraemas
Ne nuKa Ha | (MONeKyJIsIpHAsl | CTPYKTYpHasl eAMHHLIA OTMedeHa (*)
KpPHUBOH Macca B I/MOJb
Npu  BepLINHE
MTHKA)
1 1-4 99,3 bypdypunossiii cnupt (MonekyisipHas macca 98,1
r/MOJb)
2 4 145 pe3opuuH (MonekyssapHas Macca 1110,111 r/monb)
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155.3

214.8

oucpenon A (monekynsipHas wmacca 228,286

r/MOJb)

2,3 (nuneyo)

2680

MIPOAYKT nepesTepuduKanu no
TMIOJIOKEHHIO
monekysipHast popmyna=Ci1Hr0OsSi

MoJteKyJIsipHast Mmacca=260,359 *

OIHOMY

5.1

23

313,3-313.8

NPOAYKT MepedTepruPUKALINH MO IBYM MOJOKEHHUIM

moutekyJisipHast popmyna=Ci4HaoOeSi

MoJieKyJIsipHast macca=312,391 *

52

23

347,7-351,0

H
H H
H -
N a/
H
O H
H o /
~g "
{0
c

MPOAYKT MepedTepu(puKaLUU IO TPEM MOJIOKESHUSIM

moutekysipHas popmyna=Ci7H2007S1
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MOJIEKYJIsIpHas Macca=364,422 *

53 |23 384,4-388.,4
H
H
H
H
H
H
NPOAYKT  MepesTepuPuKai MO  YEThIPeM
TIOJIOXKEHHSIM
monekysipHast popmyna=CooHz00sS1
MoJieKyJisipHast Mmacca=416,454 *
6 2,3 588-598
7 2,3 776
8 3 945
9 3 1100
HET TerpasTunoprocunukar
Ha H
H H
H-"\H H
© O H
s~ H
H s
- H
H /| 2t
H H™ H

mounekysipHasi popmyna=CgHopO04S1

MoJieKyJisipHas macca=208,327

Bce GPC-xpuBble conmepkaT OAMH MpPUITMCBHIBAeMbI (PypdypuaoBoMy CHHPTY IHK,
NO3TOMY BCE HCCIIEIOBAaHHBIE MPOAYKTHI COAEPIKaT MOHOMEpPHbIH (Qyp(ypuUIIOBBIA CHHPT.
KpuBas 4 nmeer npunmmceiBaeMble pe30PLIHHY U, COOTBETCTBEHHO, buchenony A GPC-nuku, Tak
kak CpaBHUTEIBHBIM TMPOAYKT V2 CONEpPKUT 3TU KOMIOHEHThL. WM Tombko kpuBble 2 u 3
(cootBercTByromue n3odperenuto Ilponykrsl P1 u P3) mmerorT nuku, KOTOpBIE MOTYT OBITH
OTHECEHBI K CMEIIaHHBIM Qyp(ypHIT-3THIOBBIM CJIOKHBIM 3¢upam (¢ 1, 2 U, COOTBETCTBEHHO, 3

byppypunpHBIMH  OCTaTKaMH)  OPTOKPEMHHEBOM  KHCJIOTHI W, COOTBETCTBEHHO,
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bypdypunrerpacunnkaTy (coequHeHUSIM (dbopmy b D). OTtHocsmitcs K
TETPASTUIIOPTOCHIIHKATY (MoJiekysipHast Macca 208,327 r/Moib) MUK HA KPUBOU 2 HEPA3JIMUUM,
xots [Iponykr P1 Obu1 monydeH B3auMOAEHCTBHEM TETPA3THIOPTOCHIINKATA ¢ GypPYypHIIOBBIM
CIHMPTOM. DTO NPEACTABIsIET COOON IOMOJHUTENbHBII MOKa3aTeab TOro, 4to GyppypHioBbIit
COUPT TMPOpearupoBa C TeTpadTwiIopTociiukaroM (coenuHeHuem ¢opmynsl  (II)) ¢
obpazoBanueM coenuHenuit popmysi (I).

4. dusnueckasi XapakKTEPUCTUKA

Hexkotopele ¢pusnyeckne mapameTpbl COOTBETCTBYIOIUX n3o0perenuto IIpoxykros P1-

PS5, a Taxoke CpaBauTenbHBIX PoaykToB V1 u V2, 00o0mmenst B Tabmmue 7.

Tabnuua 7
[InotHoCTH ITokasarens Bsiskocte mpu 20°C | TloBepxHOCTHOE
npu 20°C | mpenomnenns n 5 | (POTALHOHHBIH HaTSDKEHUE o
[r/em’) SKCIIEPUMEHT) Bunbrensmu npu
[mMITa*cex] 20°C [MH/Mm]
P1 1,182 1,487 11 354
P3 1,231 1,479 42 n.b.
P4 1,133 1,465 9 n.b.
P5 n.b n.b 940 n.b.
\! 1,160 1,485 20 n.b.
V2 1,137 1,501 12 40,5

B Tabnune 7 «n.b.» o3Hauaer «He ONnpeneneHo», TO €CTh, U3MEPEHNE COOTBETCTBYIOILETO
napaMeTpa He IPOBOAUIIOCh.

Cootsercrpyromue n3zodperenuro IIponykrsl P1, P3 u P4, HecMoTpst Ha 3HaYMTENBHO
CHIDKEHHOE COZIEpKaHNe B HUX MOHOMEPHOTro (QypdypHUIOBOrO CIUPTA, UMEIOT BA3KOCTh TAKOTO
K€ TOpsAKa BeMUYMHBIL, Kak U y CpaBHUTENbHBIX NpoaykToB V1 u V2, 1 mo3TOMYy NpUTOHBI
IUTsl TIPUMEHEHHSI B KAYeCTBE CBSI3YIOIIUX MaTepuajioB B 0e300:xkuroBoM crocode. IIpomykt PS
NPUTOEH JUIsl HCIIONIb30BAHUS B KQUECTBE CBS3YIOIIEr0 MaTepraja B criocobax «warmboxy mim
«hot-box».

Uro kacaercs Ipyrux MapaMeTpoB, COOTBETCTBYIOLIHE H300peTeHno IIpomykThr
CYLIECTBEHHO HE OTINYAOTCs OT CpaBHUTENBHBIX MTPOAYKTOB.

5. IlpuMeHeHHE B KA4yeCTBE KHMCJIOTHO-OTBEP KIAEMOrO CBSI3VIOIIEr0 MaTepHaia B

0e300KUroBOM crrocode

U3 cmeceii HOpMOBOYHBIX MAaTepPHANIOB, BKIIFOYAOIINX KBapLeBblil mecok Quarzsand H32
(mpuoOperennbiii B ¢upme Quarzwerke GmbH, D-50207, ®pexeH) B kaudecTBe 0a30BOrO

2

¢dopmoBouHoro  marepuana, CpaBHHTETBPHOro Tpoaykra V1 W, COOTBETCTBEHHO,
cooTtBeTcTByrOmuX u3odperenuto IlponykroB P6-P8 B KkadecTBe KHCIOTHO-OTBEPIKIAEMOTO
CBSBYIOLIEro Marepuana, W aktueatopa S| u, COOTBETCTBEHHO, S2, OBUTM H3TOTOBJICHBI

UCTIbITaTeNIbHbIE 00pa3iel B (popme padortaromiero Ha u3rud crepkHs. Mcrnonb3oBaHHBIE IS
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OTBEPKACHUS aKTUBATOPHI S| M, COOTBETCTBEHHO, S2 MMenu npuBeneHHbI B Tabmumue 8 cocras
(B pacuere Ha kaxxable 100 BECOBBIX YacTel aKTUBATOPA).

Tabnuua 8
AxrtuBarop | mapa-Tonyoncynbpo- | CepHas kucnora | MOHO3THIIEHIIIMKONb Bona

HOBasl KUCJIOTA
S1 65.0 1.0 0 34,0
S2 48,2 0,8 23,0 28,0

CocraBbl OTAEIBHBIX CMECei (POPMOBOUHBIX MATEPHAIIOB MOXKHO BbISICHUTD U3 TaOnuIibI
9. OTBepKaACHUE BBITIOJIHUIOCH 0€300KUTOBBIM CIIOCOOOM. BbuTH onpeneneHpl XapaKTepUCTHKH
oOpabarbiBaeMOCTH cMecell (POPMOBOYHBIX MATEPHAJIOB, a TAK)XKE MPOYHOCTH MOJYYEHHOTO
UCTIBITATEILHOTO 00pasua nmpu U3rude K pasuuyHbIM MOMEHTAM BPEMEHH TOCJE OTBEPIKISHHS
(IpUKJIagHOE TEXHUYECKOE HCCIIEOBAaHUE). Pe3ympTaTbl MNPHUKIATHOTO  TEXHHUYECKOTO
uccnenoBanus 00o0mensl B Tabmuue 9. B Heit GT-maHHbIE COOTBETCTBYIOT BECOBBIM JIOJISIM
NecKa, CBA3YIOIIEro MaTeprala U akTHBAaTopa B JAHHOH cMecH (POPMOBOYHBIX MAaTEPHAJIOB.

Omnpenenenne MpOAOIDKUTENBHOCTH 00pabOTKU MPOBOAMIOCH cornacHo UHcTpykimu P
72 «Bindemittelprifung Priifung von kalthirtenden, kunstharzgebundenen feuchten Formstoffen
mit Hérterzusatz» («McrbITaHne CBS3YIOLIMX MAaTePHUAJOB CBSI3aHHBIX CHHTETUYECKUMHU
CMOJIaMH CBhIPBIX (POPMOBOYHBIX MAacC XOJIOAHOTO OTBEP)KAEHHUs C oTBepaurenem») or VDG
(Verein Deutscher Giellereifachleute, OOmecTBO HEMEUKUX JUTEHIIUKOB) C HCIOJIB30BAHHUEM
UCIIBITATENIBHOIO CTEPKHSI U3 KUCJIOTOCTOMKON CTAId C IMAMETPOM OKOJIO 6 MM M BecoMm 12 T,
KOTOpPBbII Ha OJHOM KOHIIE MMeJ KOHHYECKOE€ Cy)KeHHE, W BeplLIMHAa KOHyca umena ¢Gpopmy
nojycdepbl ¢ auamerpoM 2 MM. McnblTaHme Ha HCHBITaTENbHOM OOpaslie MOBTOPSJIOCH B
KaXJIOM cllydae ¢ uHTepBaiaMu B 30 CeKyHI JO0 TeX TOp, NOKa OCTOPOXKHOE HACAKMBAHUE Ha
UCTIBITATENIbHBIA 00pa3er] OCTpHUsl HCHbITaTeNbHOrO wmTH(Ta OONBIIE HE OCTABISUIO Oojee
ryOOKOro OTIEYaTKa Ha JIMTEHHOM CTep:kHe, yeM ero paauyc (okomo 1 mm). IIpomexyTok
BpeMeHU (B MHHYTaX) MEXAy OOOaBICHHEM CMOJbI M MOMEHTOM BpPEMEHH, B KOTOpPBIH
OCTOPOKHOE HACAXKMBAHWE HA WCIBITATENIbHBI 00pasell OCTPHsl HCIBITATENIbHOrO MmTudTa
Oosblne He OCTaBIUIO OoJyiee rITyOOKOro OTHevYaTKa Ha JIMTEHHOM CTEpIKHE, YeM €ro paanyc,
NPEACTABISIET MPOAOCDKUTEIBHOCTh 00paboTKu HcmbITyeMoil cmecu. OnpeneneHne BpeMEHHU
OTBEPKACHUS MTPOBOIUTCS aHAJIOTUYHO OMPENEICHUI0 MPOAOJKUTEIBHOCTh 00pabOTKH, pHYeM
WCIIBITATENIbHBIN CTEP:KEeHb yTsikesneH 10 100 r.

Tabnuua 9
IMPUKJIAJHOE TEXHUYECKOE UCCJIIEJJOBAHUE [KomuaTHas OTHOCHUTENBHAS

remrepatypa: 21°C  [BIaXHOCTb

Temneparypa mecka Bo3nyxa:45%

21°C
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Oneir (Ceszyroun |AktuBarop  |[[IpopomkuteBpems [Mpounoctn npu wusrude B H/em™ K
Ne 15051 GT HaTbHOCTb OTBEPIKAECH|PA3IUYHbBIM ~ MOMEHTaM  BpPEMEHH
Matepuali [kaxapie 100p0paboTkn Bus BIIOCJIE OTBEPKACHUS
GT HAGT mnecka Hmunytax MuHyTax |l wvac [2vaca (4 yaca |24 yaca
Kaxaple (32
100  GT
necka H
32
1 V1 S1 13 19 195 390 435 475
1,00 0,50
2 V1 S1 35 45 65 190 215 305
1,00 0.25
3 V1 52 42 58 0 30 180 365
1,00 0,50
4 V1 52 55 70 0 10 50 250
1,00 0.25
S P6 52 6 S 110 170 200 260
1,00 0,25
6 P7 52 7 11 160 210 255 315
1,00 0,25
7 P77 S1 1:1  gl2 18 05 175 215 260
1,00 STaHOJIE
0,25
(BKITFOUAsT
BTaHOJ)
8 P8 52 3 12 05 220 235 255
1,00 0.25

Cwmecn (pOpPMOBOYHBIX MaTEPHUAIOB C COOTBETCTBYIOIMUMH H300pereHmo [Ipomykramu

P6-P8 B xauecTBe CBA3YIOIUX MAaTEPHAIOB IIPU OJUHAKOBOM KOJIMYECTBE U COCTABE aKTUBATOPA

HMEIOT SIBCTBEHHO Oouee KOPOTKHUE TMPOAOJDKHUTCIIBHOCTU OTBCPXKACHUA, YEM IMOKA3ATECIIN

CpaBauTenbHOrO poaykTa V1 B KauecTBe CBS3YIOIIEro MaTepuana (CpaBHEHHE B OMbITax 4, 5,

6 u 8). Bricokass peakuMOHHAs CIOCOOHOCTh COOTBETCTBYIOLIMX H300PETEHHIO KOMITO3ULIUI

CBA3YHOLIUX MaTCpHUAJIOB o0ecrieuynBaeT BO3MOKHOCTD COKpall€HUsd KOJIN4Y€CTBa BBOAHUMOI'O B

COOTBETCTBYIOIHE U300PETEHUIO cMeCcH (POPMOBOYHBIX MaTEPUAJIOB AKTUBATOPA U MPUMEHECHHSI

AKTUBATOPOB C MCHBIINM COACPKAHUEM KUCJIOTbI U, COOTBETCTBEHHO, C MCHEC KOPPO3UOHHO-

arpecCUBHBIMU KHCJIOTaMH (HAIpUMep, Mapa-TONyoslCylb()OHOBOM KHCIOTHI BMECTE CEPHOMN
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KHCJIOTBI), U TEM HE MEHee MOJIyUeHHs HCIIBITATeIbHOrO 00pasua ¢ MpHeMIIeMOi MPOYHOCThI0. B
ciydae HEOOXOOUMOCTH IMPOAODKUTENBHOCTE 00paboTKu cMecH (POPMOBOYHBIX MaTEpHAIOB
MOJKET OBITh yBEJNNYEHA pa30aBiIeHUEM aKTUBATOPA (CMOTPH OIIBIT 7).

ITony4yennsie U3 cMmecell GOPMOBOUYHBIX MATEPUANIOB, BKJIFOYAIOIIUX KBAPLEBBIA MECOK
H32 (nmpuobperennsiii B pupme Quarzwerke GmbH, D-50207, @pexen) B kauecTBe 0a30BOro
¢dopmoBouHOro Matepuana, co CpaBHUTEIbHBIM MNPOAYKTOM V1 U COOTBETCTBYIOLIMM
n3obperenuto Ilponykrom P7 B kadecTBe cCBs3ylowiero marepuana, U akrusatopamu Sl m,
COOTBETCTBEHHO, S2, UCHbITaTeIbHbIE 00pa3ubl (M3rudaeMble CTEpPIKHU) IMOCHE MPUKJIATHOTO
TEXHUYECKOTO MCCIIEAOBAHUS ObLTH MOABEPrHyThl mupoin3y mnpu 900°C. IMuponusHble ras3bl
ObUIM MCCIEOBAaHBI B OTHOIIEHWHM KOHLEHTpauud (B MI/KT (OPMOBOYHOH CMECH)
ONpPENEeNeHHbIX HMMEIOIUX OTHOIIEHHE K BbIOPOCAM KIIFOYEBBIX KOMIIOHEHTOB. (COCTaBbl
COOTBETCTBYIOLIMX  CMecel  (JOPMOBOUHBIX  MATEPHAJIOB,  Pe3yJbTaThl  MPUKIATHOTO
TEXHUYECKOTO HCCIIEOBAHUSI HCIBITATENIbHBIX O0pa3LoB M KOHLEHTPALUH ONPEIeTICHHbIX
UMEOIUX OTHOLICHHE K BBIOPOCAM KIIFOYEBBIX KOMIIOHEHTOB B OOpPA30BaHHBIX MPHU MHPOJIH3E
UCTIBITATEIBHOTO 00pa3iia MUPOJTU3HOTO Tasa nepeunciensl B Tadmume 10.

B cmecsx (GpopMOBOUYHBIX MaTepHaloOB ¢ COOTBETCTBYIOIIMM H300pereHuto IIpomykTom
P7 B xauecTBe CBS3YIOLIEro MaTrepuaia Ojaronaps CoAepkKaleMycst B HEM KPEMHHUIO TPH TaKoH
K€ Macce CBS3YIOLIEro MaTepuana, Kak B cMecr (POpMOBOYHBIX MaTepraiioB co CpaBHUTEIbHBIM
npoayktoM V1 B KadecTBe CBS3YIOIIErOo MaTepuala, CHM)KEHO COJepKaHhe YIJeposa,
BBOAMMOIO CO CBS3YIOIIMM MaTepualoM, TaK YTO IpPHU CrOPaHUM CBS3YIOLIEro MaTepuana
BBIJIEJISIETCS] MEHbBIIIEe KOJMUECTBO OPTraHUUECKUX BHIOPOCOB.

BeiOpocel OeH3ona W TONyoja SIBHO COKpAINAKOTCS, KOrAa BMecTO aktusaropa Sl
UCTIONB3YETC UMEIOILINHM MEHbIIee COMIePKaHUe Mapa-TOMyOICyIb(OHOBONH KHCIOThI aKTHBATOP
S2. Ho ¢ axtuBatopoMm S2 mnpuemsiemMble NMPOYHOCTH IMOJYHAIOTCA TOJBKO C HCIBITATENbHBIM
obpasuoM u3 cMmecedl (OPMOBOYHBIX MAaTEPUAIOB C COOTBETCTBYIOIIUM H300pETEHHIO
CBSI3YIOIUM MarepuajoM. TeM cambIM NpU MPUMEHEHHHU COOTBETCTBYIOILErO H300PETEHHIO
CBSBYIOLIEr0 MaTepuaja Oyaromaps BO3MOKHOCTH, 0Oe3 yiuepOa MNPOYHOCTH TpU H3rude
(bOPMOBAaHHOTO H3AENHs], NMPUMEHEHUsS AaKTHBATOPOB C YMEHBIIEHHBIM COJEp’KaHHEeM Tapa-
TOJIYOJICYJIb()OHOBOM KUCJIOTBI, MOKHO JOCTUTATh COKPALIEHHsI BIOPOCOB OEH30J1a U TOIyOJIa.

Tabnuma 10
CocraB cMecu (hOPMOBOUHBIX MAaTEPHAJIOB

Casi3yrouuii MaTepua Vi Vi P7 P7
GT na 100 GT nmecka H 32 1 1 1 1

AkTHUBaTOp S1 S2 S1 S2
GT ua 100 GT necka H 32 0,5 0,5 0,5 0,5

HpI/IKJ'IaI[HOG TCXHUYCCKOEC UCCIICIOBAHUC

Komuarnas Temneparypa °C 22,5 22,6 22,7 22,7
Temneparypa necka °C 21,3 21,3 21,3 21,3
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OTtHocuTeNbHAs BIAXXHOCTb BO3Ayxa % 26 26 26 51
ITponomxuTensHOCTE 00paboTKH MUHYT 15 68 3 7
Bpewms orBepxxaenus 100 r MUHYT 23 115 4 13
IIpouynocts mpu u3rude yepes 1 vac  (H/em? 110 0 170 90
ITpounocts mpu m3rude yepes 2 yaca  [H/cm? 230 0 230 200
ITpounocts mpu u3rude yepes 4 vaca  [H/cm? 260 40 250 250
IIpouynocts mpu u3rude yepes 24 vaca (H/cm? 220 210 220 265
BrIOpock! mpu nuponuze

Benson MI/KT 204,5 76,5 177.5 85
Tonyon MI/KT 11 1,5 6 1,5
0-/M-/T-KCHJION MT/KT 1 2 1 1
MesuTunokcun MI/KT 2.9 1.9 0,3 0,6
Crtupon MI/KT 3,5 3,85 1,95 1,65
Hzodopon MI/KT 6,85 5 2,65 1,95
N-MeTHIaHuInH MI/KT 2,95 0,65 0,2 0,2
Hadramun MI/KT 20,35 19,75 11,45 8.95
n-Tonyuana MI/KT 0 0,8 0 0
o-Kpeson MI/KT 2,3 2,25 1,5 0.4
denon MI/KT 0,25 0,55 0,25 0,6
M-Kpeson MI/KT 0 0 0,3 0
3.5-AumerungeHon MI/KT 1,6 0,85 0 0
3-Mertun-1H-unnanon MI/KT 0 0 0 0

6. JIOTIOJIHUTENIbHBIE IPUKJIAAHBIE TEXHUYECKHE UCCIENOBAHUS

JIONONTHHUTEIbHbIE TPUKIAIHBIE TEXHUUECKHUE HCCIENOBAHMS CIYXKAT IUJIsl TOJTYYEHUS
OCHOBOIIOJIATAIOIINX 3HAHUH OTHOCUTENIbHO TPUTOIHOCTU CMecei (JOPMOBOUYHBIX MATEPHAJIOB C
COOTBETCTBYIOLINM H300PETEHUIO CBS3YIOIIMM MaTE€PHAJIOM JUIsi U3TOTOBJIEHHs (POPMOBAHHBIX
u3nemuii  mocpeactBoM 3D-mewatn  (kakas, HampuMmep, TNPHMEHSETCS TpH  ObICTPOM
MakeTHpoBaHuM). B ornmume ot onucaHHbIX B lIyHKTEe S5 MNPHUKIAAHBIX TEXHUYECKHX
UCCJIEZIOBAHMMA, 371eCh ObUT UCIOJIb30BaH 0a30BbIH (POPMOBOUHBIM MaTepuaj C CYIIECTBEHHO
Oonee ToHKOM 3epHHUCTOCTBIO (TIecok GS 14), kak 310 Tpedyercsa ansa 3D-nevatn. Kpome Toro,
HEKOTOpblE W3  HCCIENOBAHHBIX  CMecel  (OPMOBOYHBIX  MAaTepPHAJOB  COIEPIKAIU
COOTBETCTBYIOLIHE CBS3YIOIIHE MaTepUabl ¢ JOOABICHHEM MOBEPXHOCTHO-AKTUBHBIX BEIIECTB
(xomnonenTsl (H)). K ces3yromum marepuanam s obpabareiBaeMbix criocobom 3D-meuatu
cmecell  (POPMOBOYHBIX MaTepUANOB AO0OABISAIOTCS OOBIYHBIE IOBEPXHOCTHO-AKTUBHBIE
BEIIECTBA, YTOOBI OTPETYJINPOBATh HAJIEXKAIlee TOBEPXHOCTHOE HATSKEHHE.

U3 cmeceit (OpMOBOUHBIX MAaTEpPHANIOB, BKIIIOUAKOIUX B KaxaoMm ciydae 100 BeCOBBIX
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gacreil mecka GS 14 (mpuobperennoro B ¢upme Strobel Quarzsand GmbH, ®paiiynr) B
KadecTBe 0a30BOro (OpMOBOYHOTO Marepuaia, 1 BECOBYIO HacTh CBS3YIOINEro MaTepHuala,
BbIOpaHHOrO W3 Trpymnmbl, cocrosimedl u3 CpaBHUTENbHBIX NPoAykToB V1 m V2 n
cooTrBeTcTByrOIUX m3o0perenuto IIponykros P9-P14, u 0,3 BecoBoll 4yacTu akTHBaTOpa U3
rpynnbl  akTuBaTOpoB  S1-S4, ObUIM HM3rOTOBJEHBI HCIBITaTENbHBIE 00pasubl B (Gopme
UCTIBITYyeMOro Ha u3rud crepkHs. Mcmonb3oBaHHbBIE Uil OTBEp)KAEHUs! akTuBaTopbl S1-S4

uMmenu npuseneHHele B Tabmune 11 cocrtaBbl (B pacdere Ha kaxaele 100 BecoBBIX dacTed

aKTHUBATOPA).
Tabmuua 11
AxTuBarop napa-Tonyoncynedo- | Cepnas kuciaora | Monostuienriukons | Boga
HOBasi KUCJIOTA
S1 65.0 1.0 0 34,0
S2 48,2 0.8 23,0 28,0
S3 63.0 3.0 0 34,0
S4 57.9 0.9 7,0 34,2

CocraBbl OTAETBHBIX CMeCei (POPMOBOUHBIX MATEPHAIIOB MOKHO BbISICHUTD U3 Tabmuib
12. OTBepskAEHNE BBIMOIHIOCh O€300)KUTOBBIM CITOCOOOM. bbuTH OnpeneneHsl XapakTepUCTUKH
oOpabarbiBaeMoCTH cMecell (POPMOBOYHBIX MATEPHUAJIOB, & TAKXKE IMPOYHOCTH MOJYYEHHOTO
UCTIBITATEIbHOTO O0paslia nmpu U3rude K pasjuyHbIM MOMEHTAM BPEMEHH IOCJE OTBEPIKISHHS
(MpuKIagHOE TEXHUYECKOE HCCIIEOBAaHUE). Pe3ynpTaTbl NPUKIATHOIO  TEXHUYECKOTO
uccnenoBanus oo6o6mensl B Tabnune 12. B nelt GT-naHHBIE COOTBETCTBYIOT BECOBBIM JIOJISIM

necCKa, CBA3YHOUIEro MaT€pHralia U akTuBaTopa B JIAaHHOM cMecH (I)OpMOBOLIHbIX MaT€pHruajioB.

Tabnuma 12
IMTPUKJIAJTHOE TEXHUYECKOE|KomHuaTHas OTHOCHUTEIbHAS
HUCCIIEAOBAHUE temneparypa: 21°C  [BIaskHOCTb
Temneparypa mnecka:|[po3ayxa: 43%
21°C
Omnpir (Ceszyromn ([AxktuBaro ([Ipomomx (Bpems Ipounoctn mpu mrube B H/em™ K
Ne uit p UTEJbHOCT |[OTBEPIKAE |Pa3IMYHBIM MOMEHTAM BPEMEHH TOCie
MaTtepuan b HUS B|OTBEPIKIEHUS
obpaboTtku|munyTax |1 gac 24aca |4uaca |24 gaca
B MHUHYTax
1 P9 S2 7 11 70 160 170 180
2 P10 S2 8 12 60 155 180 180
3 P11 S2 8 12 90 185 205 195
4 P12 S2 8 13 75 140 205 190
5 P13 S2 9 13 90 150 180 185
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6 P14 S2 9 13 70 165 185 175
7 P9 S4 6 10 70 85 100 100
8 P10 S4 5 9 160 170 196 195
9 P11 S4 6 10 110 165 170 180
10 P12 S4 6 9 140 165 180 190
11 P13 S4 7 11 130 205 205 190
12 P14 S4 7 10 130 185 190 160
13 V1 S1 7 10 135 190 150 185
14 V2 S3 7 10 165 220 200 210

[TponomkuTensHOCTH 00pabOTKU M OTBEPKACHUS OOJBIIMHCTBA cMecel (POPMOBOYHBIX
MarepraiioB 1-12 ¢ COOTBETCTBYIOIIMMU H300PETEHHIO CBSA3YIOIIMMH MaTepHAIAMH SIBIISTFOTCSI
OTHOCHTEJIbHO KOPOTKHUMH OJlarofapsi BBICOKOH PEaKLMOHHOW CIOCOOHOCTH COOTBETCTBYIOIINX
M300pETeHNI0 CBSI3YIOIIMX MAaTepUalioB, XOTs COAEP’KaHWE KUCJIOT B HCIIOJIb30BAHHBIX
aKTUBATOPaX B CMeCsX (POPMOBOUYHBIX MaTepHayioB 1-12 sBJsieTCS MEHBLINM, Y€M COIEpIKaHUe
KHCJIOT B cMecsiX (POpMOBOYHBIX MaTepuasioB 13 u 14 ¢ He COOTBETCTBYIOIIMMHU H300PETEHHIO

CBA3YHOLIHUMHU MaTE€pUAJIaMH.
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D®OPMYJIA U3OBPETEHUS

1. Kommozunusi, BKIIOHaroIas

(A) ogHO mnu MHOTUE coenuHeHus Gopmydsl (1)

Si[OR',[OR’], (T)

B KOTOpPOH

X TPECTABJISET LIEJI0e YUCIO, BbIOpanHoe u3 1, 2, 3 u 4,

y NIPEACTABISET LesIoe Ynucio, BeiopanHoe u3 0, 1, 2 u 3,

npudeMm x+y+z=4,

KaXkZast U3 CTPYKTYpPHbIX X-exunnn R npencrasusier gpypdypun,

M KaX7aas U3 CTPYKTYDHBIX y-eIMHHI R’ HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHBIX
enuunL R%, BBIGHPAETCS U3 IPYIIIbI TMHEHHBIX H PA3BETBICHHBIX JIKHIbHBIX OCTATKOB,

(B) pypdypunossiii crmpr R'-OH,

(C) omun wm Gomee ankmioBbix cruptoB R*-OH, mpruem R* B kaxom ciydae
BBIOMPAETCSI U3 TPYIIIBI TMHEHHBIX U PAa3BETBICHHBIX AJIKUIIBHBIX OCTATKOB,

(D) onHo nnun 6osee CoOeqUHEHUH U3 TPYIIIBI, COCTOSIIEH U3 aIKOTOJISITOB 3JIEMEHTOB M3
rpymnmsbl, coctosimeit u3 B, Al, Sn, Ti u Zr, 1 31eMeHTOOpTraHMYECKUX COSTUHEHHH 3JIEMEHTOB U3
rpymmel, cocrosimed u3 B, Al, Sn, Ti u Zr.

2. Komnozumus mo 1. 1, BKIr0YarInas

(B) o¢ypbypwioBenii cnupt ¢ comepkaHueM B amama3one ot 1% mo  40%,
IpeanouTuTeNbHO OT 1% 1o 24%,

(C) anxunoBble CIIUPTHI R%-OH ¢ COBOKYITHBIM cofep:kaHueM B nuanazose ot 0,5% no
10%,

(D) anemenTs! u3 rpynmel, cocrosimeit u3 B, Al, Sn, Ti u Zr, ¢ o6mum conep:kanueM B
nuamnazone ot 0,01% mo 0,5%,

B KQ)X/IOM Cllydae B pacueTe Ha OOIIyI0 MacCy KOMITO3ULINH.

3. Komno3unus no n. 1 wnu 2, B KOTOPOI KOMIIOHEHT

(A) BIOHMpaeTcs U3 Takux coenuHeHui Gopmyiel (1), B KOTOpBIX

KQXaas U3 CTPYKTYDHBIX Y-€IMHHL R’ HE3aBUCHMO OT BCEX NPYIHX CTPYKTYPHBIX
EJTUHMUIL RZ, BbIOMpPAETCS W3 TPYMIbIL, COCTOSIIENH W3 METWJIbHOW, STUJIBHOW, MPOMHILHOM,
U3OMPOIWIBHOW, OYTWJIBHOM © HM300YTHWJIBHOW TpyMI, TMPHYEM NPEATNOYTUTENIbHO BCE
CTPYKTYpHBIE eQHHHLbI R MPencTaBIsioT coBoi STUIBHYIO IPYIIY,

y MPEACTABIISET 1IeJIOe YUCIIO, BhIOpaHHoe u3 1, 2 u 3,

u/vm

(C) BbiOupaercs U3 TPYMNIbL, COCTOSINEH W3 METaHOJA, 3TAHONA, MPOIMAHONA,
U30MponaHoja, OyraHosia u n300yTaHoNa,

u/vm

(D) BbIOMpaeTcst W3 TPYIIBL, COCTOSALIEH W3 TPUU3ONPOIWIATA ANOMUHUS, TPHU-H-
OyTubopara, TeTpa-H-OyTUJIOPTOTUTAHATA, TETPAN3OMPOINUITUTAHATA, TeTpakuc(2-
STUIITEKCUJIT)-TUTAHATa U AUOYTUIIONOBOAMIIAY PATA.

4. Cnioco® mosyueHus: KOMITO3ULMSA 10 OJHOMY U3 IL.I. 1-3, mpuueM croco0 BKIIIOYAET
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CJIENYIOIIYHO CTaJIUIO:

B3anMozeiicTere GypdyprioBoro cnupra

C OZIHUM WJIM MHOTUMH coenHeHusIMU opmysl (II)

Si[OR’J,[OR"]c (ID

B KOTOpOM

a ¥ C TIPEJICTABJISAIOT LeNble YUCa, BeiOpaHHbie 13 0, 1, 2, 3 u 4, mpuyeM OTHO YHUCIIO U3 a
U ¢ cocTasiisieT Oonee 0,

npuyeM a+c=4,

KQX1as M3 CTPYKTYDHBIX a-e€AMHHML R, HE3aBHCHMO OT BCEX APYTHX CTPYKTYPHbIX
enuHiL R%, BBIGHPAETCs U3 IPYIIIbI IMHEHHBIX M PA3BETBICHHBIX ATKHIbHBIX OCTATKOB,

KQXaas W3 CTPYKTYDHBIX C-eQMHHML R, He3aBHCHMO OT BCeX APYrHX CTPYKTYPHbIX
ennnnn RY, BeiGupaercs u3 rpymmsl CTpykTypHBbIX exuauL Gopmyasi (11T)

-(Si[OR?]4-0),-Si[OR]¢ (IIT)

B KOTOPOH

KaXaas W3 CTPYKTYpHBIX d+f-exmHun R, HE3aBHCHMO OT BCEX NPYTHX CTPYKTYPHBIX
ennHiL R%, BEIGHPAETCs U3 TPYIIIBI JHHEHHBIX U PA3BETBICHHBIX AKHIBHBIX OCTATKOB,

d=2,

=3,

n NPEACTABIIAET LEJI0e YUCIO B Auana3zone ot 1 no 10,

npu temmnepatype B nuanazoHe ot 80°C mo 150°C, npeanouyTUTENbHO B AUana3oHe OT
100°C no 120°C,

B MPUCYTCTBUM OJHOTO MJIM MHOTMX COEQUHEHUH U3 TPYINIbL, COCTOSINEH U3
AJKOTOJISITOB  3JIEMEHTOB W3 rIpynmbl, cocrosimmedt u3 B, Al, Sn, Ti u Zr, wu
3JIEMEHTOOPraHUYECKUX COEUHEHMH 3JIEMEHTOB U3 IPyMIbl, cocToswiel u3 B, Al, Sn, Ti u Zr.

5. Cnoco6 no n. 4, npuuem

coenunenune ¢opmyibl (1) BeIOUpaeTcs W3 TPYIIIbL, COCTOSIIENH M3 TAKMX COETMHEHUU
dopmyast (II), B KOTOPBIX

(i) R’ BBIOMpAETCS W3 TPYIMIbL, COCTOSIIEH W3 METHJIBHOH, 3TUJILHOW, MPOMUIBHOM,
U3OMPOIWIBHOW, OYTWJIBHOM © HM300yTHWJIBHOW TpPyMI, TMpPHYEM NPEATNIOYTUTENIBHO BCE
CTPYKTYpHBIE eQMHHLbI R MPecTaBIsioT oGO STUIIBHYIO IPYIIY,

c=0, a=4;

(i1) R’ BBIOMpAETCS W3 TPYMIbI, COCTOSIMIEH W3 METHJIbHOW, 3THJILHOW, MPOIMUIBHOM,
U3OMPOIWIBHOW, OYTWJIBHOM © HM300yTHJIBHOW TpPyMI, MPHYEM NPEATIOYTUTENIbHO BCE
CTPYKTYpHBIE eAMHHLbI R MPencTaBIsioT coBOi STUIBHYIO IPYIIY,

a=3, c=1,

R* BoIGHpaeTCst U3 IPYIIIbY, COCTOAIEH M3 TAKHX CTPYKTYPHBIX equHuL hopmyosi (I11), B
KOTOPBIX

R’ BBIOMPAETCS W3 TPYMIbL, COCTOSIIEH H3 METUIbHOH, STWJIBHOHW, NpPONMIBHOH,
U3OTPOINMWIbHON, OYyTHJIBHOM ¥ HM300YTWJIBHOW TPy, MpUYeM NPEANOYTUTESIbHO BCE

CTPYKTYPHBIE €IUHULIBI R’ MPEACTABISIIOT COO0H ATHIIBHYIO TPYIIY,
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d=2, {=3,

N IPEICTaBJIAET LEeI0e YUCIIO B quanasone ot 1 go 10.

6. Criocob o ogHOMY U3 ILIL 4 WK 5, B KOTOPOM

UCTIONB3YIOT KOJMYECTBO BelnecTBa (pypdypunoBoro crnupra or 1 Mois 1o S5 monei,
NpennoYTUTEeNbHO OT 1,53 Mons 1o 5 Moneid, 0ocoOeHHO MpeArnouTHTeNbHO OoT 2,1 Mons 1o S
MoJieH, Ha | MOJIb CBsI3aHHOTO B coepnHeHusx ¢popmyisl (II) kpemuus,

w/unm

UCTIONB3YIOT O0Iee KOJUYECTBO BEIIEeCTB- COENMHEHHMH W3 TPYIIIbI, COCTOSINEH W3
Ti u Zr, u

3JIEMEHTOOPTaHUYECKUX COeNMHEHUH 3JIEMEHTOB U3 TPyIIbl, cocrosiuei us B, Al, Sn, Ti u Zr,

aJKOTOJIITOB ~ 3JIEMEHTOB M3 TIpymmbl, coctosmedd u3 B, Al Sn,
ot 0,001 monst mo 0,05 monst, Ha 1 MOJb CBSI3AHHOTO B coenrHeHusIx popmyibl (II) kpemHus.

7. llpumeHeHue KOMMO3ULMU IO OAHOMY M3 ILI. 1-3 B KadecTBe KUCJIOTHO-
OTBEPKAAEMOTO CBS3YIOLIETrO MaTepraa

- ansg (OpMOBOYHOH CMeCH Uil TIONYyYeHHUs] W3JEeNUH, BBIOPAHHBIX W3 TPYIIIHL
COCTOSILIEH U3 JINTEHHBIX CTePIKHEH, MTMTEHHBIX (JOPM U MUTATENEH,

- B ciocobe 3D-meuaty,

- U1 MAaCTHKH WJIM VIUIOTHUTEIbHOM MacCel Il MPUMEHEHHs B CTPOUTEIbHOMN
NPOMBIIIJIEHHOCTH, TPEANIOYTHTEIBHO B CTPOUTENBCTBE AJIS 3AIIUTHI OT BO3ACHCTBHS KHCIIOT.

8. PeaknmoHHast cMecb, B YaCTHOCTH, IJIsI OOpa3OBaHMsS KHCIOTHO-OTBEPIKIEHHOTO
CBSI3YIOIIEr0 MaTepuaa, BKIFOYAOLIast

(1) KOMIO3UILUIO 110 OAHOMY M3 ILII. 1-3,

(11) akTUBaTOp, BKIFOYAOLIH

(a) omHy wmnm Oonee KHCIOT M3 TPYIIbL, COCTOSAIEH M3 CyJIb(OHOBBIX KHCIOT U
b ochopHOit KUCITOTHI,

(b) Heobs3aTenbHO OfnHY MK Ooiee KUCIIOT U3 TPYMIbI KAPOOHOBBIX KHCJIOT,

(c) Bony,

(d) m HeoOs3aTenbHO OnHO WM Oojee COGAMHEHUI W3 TPYNIbL, COCTOSMICH U3
MOHOSTHJICHTJTUKOJIS, TUTUJICHTJIUKOJIS, TTOJIMATUIICHIJIUKONA U 1,2-TPOMHIIEHT JTMKOJISL.

9. PeaknimoHHasi CMECH IO I1. 8, TOMOJIHUTEIBHO BKJIFOYAIOIIASI

(ii1) omuH wmm Oojee OTHECTOMKHMX 3EPHUCTBIX MATEPHAJIOB, NPEANOYTUTENHBHO B
komuectBe 80% wmnu Oonee, mpeanoututrenbHo 95% wunmu Oojee, B pacueTe Ha OOIIYIO Maccy
PEAKLIUOHHOW CMECH.

10. Crioco® mony4eHus: MU3AENHi, BBIOPAHHBIX W3 TPYMIBI, COCTOSIIEH W3 JIMTEHHBIX
CTep>KHEeH, TUTeHHBIX (POPM U MUTATENeH, BKIFOUAIO LI

- IONTy4eHne cMecH (POPMOBOYHBIX MAaTEPHAJIOB, BKIIOUAIOIEH

(1) KOMIO3UIUIO 110 OAHOMY |3 ILII. 1-3,

(11) akTHBaTOp, KaK OMPENeNeHo B 1I. 8,

(111) omuH UK OoJiee OrHECTOMKUX 3€PHUCTBIX MAaTEPUAIIOB,

- (hopmoBaHUE cMecH (POPMOBOUYHBIX MAaTEPUAIIOB,

- OTBepkIeHNe KOMIO3ULuH (1) nefictBueM akrusaropa (ii).
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