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N3ob6perenne OTHOCUTCS K (PH3UKO-MEXaHOXHMHUYECKHM TIporeccaM IepepaboTKu HM30MpaTeIhbHBIX
BHJIOB OTCEBOB I'PAHUTHOTO NPOM3BOJCTBA IYTEM TEXHOJIOTMH IOJyYSHHS MHUHEPAIHLHOTO BOJIOKHA Ha
OCHOBE LIMXTBHI TOPHBIX MOPOA C IPOU3BOACTBOM M3 HEE CHIIMKATHBIX PACIUIABOB C IMOCIEAYIOIIUM
pa3ayBOM pa3MEpHBIX MM OECKOHEUHBIX BOJOKOH MM HuUTell. TexHudeckuil pes3ynbTaT n300peTeHUs
XapaKTepU3yeTcsl MEXaHOAKTUBALMEeH CHIPHEBOM CMECH 0 ITOJHOW TOMOTE€HH3alUH KaK CMECH LIMXTHI,
TaKk ¥ paciuiaBa. Croco0 NMpOM3BOACTBA MHHEPAIBHBIX BOJOKOH BKJIIOYAET IIMXTOBKY KOMIIOHEHTOB,
00pa30BaHHBIX M3 OTXOAOB NMPOU3BOACTBA TOPHOPYIHOH NMPOXYKLIUH HAa OCHOBE MPAaHUTOMIHBIX MOPO,
IUTaBJIIEHUE C IOCIEAYIOIMM pPa3qyBOM H3 pacIulaBa BOJOKOHHOW HHTH, HPH 3TOM KOMITOHEHTEHI
HINXTHI BBOAAT B BHJAC OTCEBOB OCHOBHOI'O me6eHquoro IMPOU3BOACTBA B COCTABC I'PAaHUTOUJIHBIX
MOpoa M MeTanuaba30B, C COACP)KAHHEM IETPOTCHHBIX OKHCIIOB, COIMOCTaBUMBIX C 0Oa3zanbTaMu |
anne3n0a3aibTaMy CyOIEeIOUHOTO P, IIPH STOM MEXaHOAKTUBHPYIOT KOMIOHEHTHI IUXTHI (PpaKiueit
or 0,0001 mo 160 mxm c umcinom Fr-(®Ppyna) He menee 6-9 B Teuenue 30-90 ¢ U OCYIIECTBISIOT
TOMOTCHHU3AIMIO IIyTEM CMeCceoOpa30BaHMsI C COAEPKAHUEM KOMIIOHEHTOB, Mac.%: ITHOpuTHI - 64-79%,
rpaHuTH - 10-13%, rpaHoguopuTsI - 6,3-8,5%, MeTangnabdassl - 4,3-6,4%, ¥ HAYMHAIOT IUIABKY HE TIO3XKE
geM gepe3 60-3600 ¢ HenmocpencTBeHHO mocie MexaHoakTuparuu npu 1050-1150°C ¢ nocnexyromum
pa3ayBOM M3 pacIiaBa BOJIOKOHHON HUTH.
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MIIK C03B 1/00, 37/06, C03C 13/06
CITIOCOB ITPOM3BOICTBA MUHEPAJIBHBIX BOJIOKOH

OBJIACTb TEXHUKH, K KOTOPOY OTHOCUTCS U30BEPETEHUE
VI300peTeHne OTHOCHTCS K TEXHOJIOTMH IPOM3BOJACTBA MMHEDAIBHOTO BOJOKHA HA OCHOBE
IIMXTBl FOPHBIX MOPON MYTEM MOJIYYCHHS M3 HEE CHIMKATHBIX PACIUIaBOB C IIOCIENYHOLIHM
pasiayBOM pa3sMEPHBIX HIHM OCCKOHEYHBIX BOJOKOH WIIM HHUTEH, NPEHMYIIECTBEHHO IS
M3rOTOB/ICHHS TEMNOM30/AUMOHHBIX CTPOUTEIBHBIX MATEPUATIOB.
[IPEAITIOCBIUIKH CO3JAHUS U30BPETEHU S

M3BecTeH croco6 MpOM3BOACTBA MHHEPATLHOIO BOJIOKHA, HOJy4E€HHOr0 M3 paciljiaBa
LUUXTBI, KOMIIOHEHTBI KOTOPOH HMMEIOT MarMaTH4YecKoe IPOMCXOXKIEHHE, 00/amaeT BBICOKHMH
PKCITyaTaUMOHHBIMU XapakTepucTUKaMmy. [1] [lnxTa jis H3roTOBNEHUS MUHEPATEHOTO BOJIOKHA,
POMU3BE/ICHHASA HA OCHOBE TOPHBIX MIOPOJ UMEET ClIEAYIOUMH cocTaB, Mac. %: miarnokiaas 30-50,
nupokcen 15-25, ksapu 5-15, pyrun 3-5, MarneTuT 4-7, BYJKaHHYECKOE CTEKIIO 5-15, porosas
obmanka 8-13.

MuHepanibHOE  BOJOKHO, MOJNYYEHHOE M3 pacilaBa LIMXTHL, OONANACT BHICOKUMI
OKCILTyaTallHOHHBIMY XapaKTEPUCTHKAMU: MOk KHCIOTHOCTH 2,92-5,20, BomocToiikocts (pH)
1,9-2,9, temneparypuas ycroiuusocts 830-950°C, JHAMETP BOJIOKHA 4-6 MKM.

OCHOBHBIM HEOCTATKOM 3TOTO H30GPETEHHS ABNACTCS HEOGXOAUMOCTh TOGBIUH CBIPbs U3
FOPHBIX TOpPOA. MecTa n00BIYM W NPOM3BOACTBA OTHENBHBIX KOMIIOHEHTOB MOTYT OFKITh
JOCTATOHO yHACHEI ApYT OT Apyra U K MECTY NPOM3BOACTBA MUHEPATBHOTO BOJIOKHA, IOITOMY
fiponecc MpOU3BOACTBA MHHEPAJILHOTO BOJIOKHA CTAHOBUTCS HEOIIPABIAHHO JIOPOTHM.

B cnocobe mpousBoncTBa MHHEpATBbHOrO  BOJIOKHA IPOrPECCUBHBIM  SABJISETCS
UCIOMb30BaHME B KA4Y€CTBE  KOMIIOHEHTOB  IIMXTHl  OTXOJOB  TOpHO0OBIBaromei
NpOMbIULIEHHOCTH. ChIpbeBas CMeCh Ui MOJNyYeHHs MUHEPAILHOTO BOJOKHA (2], BKmOYaer
KOMIIOHCHTBl B CJICAYIOIIMX KOJMYECTBAaX, Mmacc. %: 3oma TOC, cocrosimiags B OCHOBE u3
CTekooOpasytomux okcuaoB (SiO2, AlI203, TiO2) 42-50; orxoms ropHOAOOBIBaIOLIEH
NPOMBILIIIEHHOCTH 28-32; KoppexTHpymowas D06aBKa -H3BECTHSK 2-10; cBsyromee (KHAKOE
crexso) 6-10; Bona - octabHOE.

Vicronb3oBanue  MeJIKOAMCHEPCHBIX — (paKiiuid IIPUMEHSEMBIX  OTXOJIOB  BBI3BIBAET
HEOOXOMUMOCTh OPUKETHPOBAHUS WMXTHL. M3 CHIpbEBOH cMecH IIOJTy4alOT OPHKETHI METOL0M
(OpPMOBaHHS H MOCJIENYIONIErO OIIABJICHHS HU3KOTEMIIEPATYPHOM IU1a3Moi. M3BeCTHBIN crioco®
[2] no3Bonser yTMAM3MPOBATH JeleBble 307IbI, YTO CIOCOOCTBYET CHUDKEHHIO 3arps3HEHUS

Opr)KéU-OU.l@ﬁ Cpelbl 3a CHET NHUKBUAAIIMH OTBAIIOB C OTXOaMHU.
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M3BecTeH CIIOCOG IMPOM3BONCTBA MHHEPATOBATHOIO BOJOKHA, BKIIOYAIOMIMH IIMXTOBKY
KOMIIOHEHTOB, 00pa30BaHHBIX H3 OTXOJOB IIPOM3BOJCTBA TOPHOPYAHOW NMPONYKIHMH Ha OCHOBE
OTXO0/la MHHEPAIOBATHOTO IPOM3BOACTBA, IUIABJICHHE C IOCICAYIOMUM Pa3sfyBOM H3 pacijasa
pojlokonHO# HUTH. [3] IllMXTa WS MPOH3BOACTBA MHHEPAIBHOTO BOJOKHA MMEET CICHYIONMH
cocTaB, Mac.%: 0TXO0/ibl MHHEPAJIOBAaTHOTO nponsBo,mTBa C pa3MepoM 4YacTUIl MeHee 7 MM 75-86;
yrompHas IbUTh ¢ pasMepoM dactur Menee 0,071 mu 10-19; xunxoe cTekno 4-6; JICT um I1BC
0,5-1,0 mMac.% OT Macchl OTXOJa MHHEpPAIOBATHOrO IpoM3BOACTBa. IIpomecc MpHrOTOBICHHS
3agBISEMOr0 COCTaBa INMXTHI BKJIIOUACT: MJO3MpPOBaHHE, MpeABapUTENbHas IOATr0TOBKA
KOMIIOHEHTOB INMXTHI, CMEIIeHHe M (OpMOBaHMEe MIHXTHI B Opukerhl. Kaxbii KOMIOHEHT
nepememmBaercs B TeueHue 0,5-1 MHH, 3aT€M NOATOTOBJICHHBIC KOMIIOHEHTHI JONOIHHTCILHO
NepeMeINMBAIOTCA B TedeHHEe 1-2 MHMH M YIUIOTHSIOTCS OJHHM M3 H3BECTHBIX croco6oB.
[onyuennsie Opuxersl cymar B TedenHe 10-15 MuH 00oyBOM “rOpsuMM”  BO3IYXOM.
TeXHHYECKHH pe3y/bTaT: yBEIHYEHHE CKOPOCTH TBEPACHHS OpHKETOB M IOBBINICHHE HX
MEXaHHYECKOM IPOYHOCTH IPH M3TOTOBJICHHH BOJIOKHA U CHIDKCHHE 3aTpar.

Hanpumep, Ha tepputopun CHI', B 1.4. Poccur HaKOonmMiuch TOHHBI OTXOXOB IPaHATHBIX
IOpox B (opMe OTCEBOB MEGEHOYHOTO MPOM3BOACTBA, KOTOPhIE, 10 W3BECTHOH TEXHOJOTHH Ha
H306peTeH e, MOTYT GBITh IPHMEHEHEBI JUIsSL H3TOTOBJEHHS MUHEPATBHOTO BOJIOKHA. [4]

BpuKeTHpOBaHHAd IMUXTa COXEPXKHT: 70-75% MENKOIMCIIEPCHBIX OTXOMOB IepepaboTKA
rpannta Qpaxmuma Menee 0,16 MM ¢ cozepXaHHeM OKCHIa Kpemuus Menee 60%; 20-25%
MEJIKOUCTICPCHEIX OTXOJOB ITepepaGoTKH IONOMHTA M LEMEHT B KadecTe Bsikymiero. Illuxra
uMeeT QHU3HKO-XHMHUYECKIE CBOMCTBA, TO3BOJLIIOIME M0JIyYaTh M3 Hee MUHEPATBHOE BOJIOKHO C
BBICOKMMM SKCIUTyaTallHOHHBIMHA CBOMCTBaMH.

W3 cMeCH HMCXOMHBIX KOMIIOHEHTOB, CBS3YIOIIETO0 M BOABI H3TOTABIMBAIOTCS OPHKETEL
KOTOpHIE OILIABJISIOTCS HH3KOTEMIIEPAaTYpHOH ILIa3MOH € IMOCIEAYIOIIMM pPa3ZyBOM paciuiaBa.
BoaocToHKOCTh OIy4eHHOTO pacmnasa (pH) - 3,4, TemMneparypHas ycToi4rBocTS - 860°C.

B [aHHOM COCTaBe IPAaHUT BBIIOJHSET POJIb OKHCIHTENS (KOPPEKTHPYIOmEH No6aBku),
TakuM o0pa3oM B KadecTBe NOOABKH HCIOJB3yeTcs AOOBIBAEMOE IIOJIC3HOE HCKOmaeMoe, a He
OTXOABI TNPOM3BOJCTBA TFpaHuWTa. MMHEpaNbHYI0 BaTy IPOM3BONAT IIyTeM pacIUlaBICHHS
MHHEPAJIBHOTO CHIPBS B IUIABHIILHOM arperare, HallpuMep, BarpaHKe HIIH JJIEKTPONCYH.

OnHUM U3 HEJIOCTATKOB BarpaHOK SBJISETCS OTPAaHMYEHHE IO KPYIHOCTH 3arpyKaeMoro
ceipbsi. Jlnsa obecrmeveHuss HEOOXONMMOH Ta3oNpPOHHLAEMOCTH CJIOA B II€Yb 3arpyXXaloT KyCKH
paszmMepom 50-100 mm.

BimkalfimuM TEXHHYECKMM pEIIEHHEM, MPHHATHIM 3a IIPOTOTHN H3BECTEH CHOCO0
IPOM3BOJCTBA MHHEPATOBATHOTO BOJOKHA, BKIIOYAIOIIHA [IEXTOBKY KOMIIOHEHTOB,

00pa3oBaHHBIX M3 OTXOAOB IPOM3BOJCTBA TOPHOPYJHOH NPOAYKIMHM Ha OCHOBE KOMIIOHCHTOB
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TPaHUTHEIX [OpOJ, OPHKETHPOBaHHE IIMXTH], IUIABJICHHE C IIOCIENyIOIIMM paslyBoM H3
paciiaBa BOJOKOHHOW HHTH. DBpHKeTHpOBaHHAs WIMXTa JUI1 H3TOTOBJICHHS MHHCPAIBHOIO
BOJIOKHA, COZEpKalas MeJKOIHUCIIEPCHbIE OTXOIBI NEPepaboTKA rPaHUTa APOOICHHEM ¢bpaxuun
menee 0,16 MM ¢ colepXaHMEM OKcuaa KpeMHHs MeHee 60%, MeIKOOUCIIEPCHBIE OTXOMBI
nepepaGoTKH HOIOMHKTA HO KpymHOCTH MeHee 0, 315 MM H BXKYIIEe, XapaKTEpU3yeTCs TeM, ITO B
Ka4decTBE BHKYIIEro MCIONB3YIOT OEHTOHHT NIPH CIEAYIOIEM COOTHOIICHHH KOMIIOHEHTOB, Mac.
%: oTxoasl mepepaborku rpanura 70-76; OTxom;I nepepabotku moiaomuta 20-25; GEHTOHHT
octansHoE. [5]

H3o6peTenne obecrnedrBaeT BO3MOXHOCT IPUMEHEHHS OTXOJOB NepepaboTKH IPaHuTa B
KauyecTBE CHIpbS Uil MPOM3BOACTBA MHHEPAIBHOTO BOJOKHA. JOCTHraeMblif TEXHHYECCKHH
pe3ynbTaT - MOBBIIIEHHE NPOYHOCTH OpHKETOB IIPH OJHOBPEMEHHOM IOBBINECHHH MOIYILI
KHCJIOTHOCTH pAacIUlaBa IUMXTH, YTO IOBBINIAET CTOHKOCTh MHHEPAJBHOH BaThl IIPH €€
IKCILTyaTallHH.

HenocraTkaMH HM3BECTHOTO YPOBHS TE€XHHKH SBIIAIOTCS:-JONOJHHUTEIBHOE H3MENIBUCHHE
MaTepHala Kak MUHEPATBHOTO CHIPBSI, TAK ¥ CBS3YIOIIEr0;-NPOAODKUTENbHAS CyIIKa OPUKETOB.

HenmocTaTky HM3BECTHOTO YPOBHS NPUBOAAT K JONOJIHHTENFHBIM MATEpHAIBHBIM H
SHeprosarparaM, T.K. B OJHHX TEXHOJOTMSX TPAaHAT B Ka4eCTBE NOOABKH MCIONB3YETCs KakK
00bIBaEMOE TI0JIE3HOE MCKOIAEMOE, a HE OTXOJ MPOM3BOJACTBA IPAaHHUTA, B APYTHX TE€XHOJOTHIX
MEJIKOAMCIIEPCHEIE OTXOIbl NepepaboTku rpaHuTa ApobneHmeM ¢pakmuu Menee 0,16 MM u
OTCEBAIOT HA CHTAaX, YTO HEOMpPaBAAHHO B OTHOINEHUH 3HEPro3aTpar.

B ocHOBY Hu300peTeHHs MOCTaBlIeHAa 3ajadya CHH)KCHMS SHEPreTHYECKHX 3aTpaT IpH
NONYYEHHM CHIHKATHBIX pACIUIaBOB IYTEM 3aMEHbl HCXOJHBIX CHIPBEBBIX KOMIIOHCHTOB Ha
OTXO/IBI IPOU3BOICTBA PAHUTOMAHBIX IIOPOJ.

KPATKOE M3JIOXEHHUE CYIIHOCTU HN3OBPETEHMA

TexHuueckad 3aja4a, Ha peEllieHHE KOTOpOW HANpaBJIEHO H300PETEHHE 3aKIIOYaeTCsd B
co3JaHMH OOBEKTa, XapaKTEPHCTHKM KOTOPOTO YIOBJETBODSIOT 3aNaHHBIM TpeOOBaHHAM K
TPOLIECCY MPOM3BOACTBA MUHEPAIHHOIO BOJIOKHA IyTEM HCIIOJIB30BaHUA OTCEBOB MPAHUTOMIHBIX
nopox. HoBast TeXHOIIOrHS ABISETCS SHEPreTHYECKH SKOHOMHUYHOM.

Texnuyeckas 3aJada pealn3yeTcsl TEXHHYECKHM pe3yNbTaToM, ONpeleNsAIONMM HOBOE
CBOMCTBO  yNydlnalollleeé  TEXHHYECKHE  XapaKTEpPUCTHKH  MHHEDaIbHOIO  BOJIOKHA,
IPOSBIISIOIIAECS IPH HCIIONB30BaHUU H300peTeHH B BAAC pa3paOOTKH M CO3JaHMS TEXHOJOTHH
Ha OCHOBE YJIy4YIIEeHHs TOMOT€HU3aIHH KaK IIHXTE], TaK M PacIiaBa.

CyInHOCTD M300pETEHNs BBIPAXKAETCS HOBOM COBOKYITHOCTBIO IIPH3HAKOB, HEOOXOMMMBIX
JOCTATOYHBIX JUIS OCYILECTBICHHS H300pETEHHs C IOCTHXKEHHEM YKa3aHHOIO TEXHHYECKOIro

pe3yibTaTa W pealu30BaHa TeM, YTO OObeNWHIA EOUHOH TEXHONOTHeH MEXaHOKTHUBALKIO H
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FOMOr€HH3AlMIO [IMXThl KOMIIOHEHTOB OTCEBOB OCHOBHOIO INEGEHOYHOIro IPOU3BOACTBA B
COCTaBe TPAaHHTOMIHBIX MOPOJX pealu3ylOT IOCTaBIEHHAs 3agady TeM, 4YTO B cHocobe
[IPOM3BOJCTBA MUHEPAIBHBIX BOJIOKOH, BKJIIOYAIOIIEM IIMXTOBKY KOMIIOHEHTOB, 00Pa30BaHHbIX
M3 OTXOZOB MPOU3BOJACTBA TOPHOPYAHOH MPOAYKUMHM Ha OCHOBE KOMIIOHEHTOB IDaHHTOMIHBIX
1opo, nnaBneHHé C MOCICAYIOUMM Dpa3sAyBOM H3 pacIljlaBa BOJOKOHHOM HHTH, COTJIACHO
M300peTEHHI0, KOMIIOHEHTBl IUMXTHI BBOJAAT B BHAE OTCEBOB OCHOBHOTO IIEGEHOYHOLO
IPOM3BOJACTBA B COCTABE 'PAHUTOMIHBIX TIOPOJ M MeTaanaba3oB, C COAEPKAHMEM NETPOTEHHBIX
OKHCJIOB CONOCTAaBUMBIX C OasanbTaMu W aHIe3uba3albTaMH CyOLIENOYHOTO psiia, IPHU 3TOM
MEXaHOAKTUBUPYIOT KOMIIOHEHTHI IIKXTHI Pppakuueii ot 0,0001 mo 160 MKM ¢ uncioM Fr-(®pyna)
He MeHee 6-9 B Teuenue 30-90 cex M OCYLIECTBIAIOT TOMOTEHH3AIHIO IyTEM cMeceo0pa3oBaHus ¢
COJIEp)KaHHEM KOMIOHEHTOB, Macc.%
Juoputhl- 64- 79%
[ panuTbI- 10-13%
['panoauoputel- 6,3-8,5%
Merapguabaser-  4,3-6,4%
M HaYMHAKOT MIaBKy 4depe3 60-3600cex HEMOCPEACTBEHHO IIOCIE MEXAaHOAKTHBAIMU npu 1050-
1269°C ¢ [TOCIEAYIOUIMM pa3/lyBOM M3 pacIljiaBa BOJIOKOHHOM HUTH.

B cnocobGe KOMIOHEHTBI MEXaHOAKTHRHPYIOT B COCTaBe IPAaHUTOUIHBIX [OPOJ

CJIEAYIOIIErO XUMHUYECKOI'0 COCTana B IIEPECUYCTEC HA OKCHU/JIBI:

HanmeHo- SIOZ A|203 Fe,O MgO Na20 K20 Ca0 MnO T|02 P205 SO3 FeO
BaHWe% 3

Avoputsi | 43,44 | 13,55- | 0,69- | 092- [2,69- | 0,84- [ 096~ | 0,02- | 0,49- | 0,13- | 0,11- | L.19-
64-79 - 18,80 |1355 | 699 495 (424 (880 [019 [2,50 |1,50 |1,21 |10,86
71,60

Mparutel | 61,10 |10,30- | 0,30- [0,03- [ 1,73- [1,50- [ 0,88~ |Cn- | 0,13 | 0,01- | 0,08- | L,19-
10-13 - 17,80 |38 134 |370 |758 (284 |006 |092 |025 |077 |254
79,22

lpanoau- 5541 | 13,63- | 1,71- | 0,82- |3,17- | 1,80- | 1,68- 0,03- | 0,57- | 0,57- | 0,13- | 1,15-

opuTBIB,3- | - 18,20 | 950 |252 |456 |3,05 |6,15 007 |28 [281 |026 |4,19
8,5 70,23

Metagua- | 49- 16,5- | 4,25 |2,25- | 2,41- |156-[535 |05 |0,67- | 0,28 | 0,05 | 451
Bazbl 53 17,85 | 624 |484 421 (3,10 [1201 |43 |[164 | 084 |04 |652
4,3-6,4

B crocoGe B cocTaB rpaHuTOMIHBIX TOpOS (0,0001-160)MKM BBOASAT HOJOMHTOBYIO MYKY
dpaxuueit (0,0001-160)MKM.

B criocoGe B kauecTBe cBs3yrOLIEro npu GpHKETHPOBAHUK HCIIOJIB3YIOT U3BECTb.

B crnocobe KOMIOHEHTHI WIMXTHI MIABAT He MO3)Ke OJHOTO Yaca Ocie MEXaHOaKTHBAI{HH,
MCXaHOAKTHBHPYIOT A0 HMCKIIOYEHHS MUKPOKOMKOBAHHS IYTEM MONYYEHHS MAaKCHMAJbHOM

YA€NbHOH OBEPXHOCTU KOHTAKTHPYIOIUX MEXAY COO0i 3IEMEHTOR KOMIIOHEHTOB LIHXTEL
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TexHuuecKul pe3ynbTaT M300pEeTEHHS XapaKTEpH3YETCAs MEXAHOAKTUBALHMEW ChIPHEBOU
cmecu ¢ unciiom Fr-(@pyna) He MeHee 6-9 718 MOMHON rOMOINEHU3AIUH KaK CMECH IUXTHI, TaK U
pacriiaBa, a TaK JXe CHH)KEHMEeM PHEPreTHYECKHX 3aTpaT IIpH I0JIyYeHUH CHIIMKATHBIX PACILIABOB,
CJIEZICTBUEM YE€ro HAOJIONAeTCs YBEJNMYEHHE BBIXOAA BOJIOKHA M YIIYYIICHHS €ro KayecTBa IIpH
MJIaBIEHHUU MUHEPAIBHOTO CHIPBSI.

YCTaHOBIEHO, YTO 3afBICHHOE TEXHHYECKOE pEUICHHE He CleNyeT SBHBIM 00pa3’oM u3
M3BECTHOIO YPOBHS TeXHUKH. CriefoBaTeNbHO, 3asABIEHHOE H300pPETEHHE COOTBETCTBYET
KpHTEPHIO "H300peTaTebCKUil ypOBEHB" .

[MPEATIOCBUIKY CO31AHMA U30BPETEHML

IMOJAPOBHOE OIIMCAHME TTPEAIIOYTUTEJIBHOI'O ITPUMEPA

OCYUIECTBJIEHMA MU3OLPETEHIS

JIJis Tyqiero NOHUMaHUs U300peTeHUE NTOACHIETCS YEPTEKOM TIE
¢wur.] mpencraBieHa AuarpaMma COCTOSIHHMS IIABJIEHMSA KOMIIOHEHTOB IIMXTHI B BHJE OTCEBOB
OCHOBHOI'O 11e6EHOYHOTO MMPOU3BOJCTBA B COCTABE IPAaHUTOHMIHBIX MOPOJ M METaaMabasoB, C
coziepKaHueM MeTPOTreHHBIX OKHUCIIOB COTOCTaBUMBIX ¢ Oa3anbTaMH.

N3o06petenne peanusytoT crnepyomum oOpazoM. Crnoco6® NpoU3BOACTBa MUHEPAIBHBIX
BOJIOKOH, BKJIFOYAaeT IIMXTOBKY KOMIIOHEHTOB, OOpa3OBaHHBIX M3 OTXOJOB IIPOM3BOJCTBA
FOPHOPYAHOH TMPOAYKIMM HA OCHOBE KOMIIOHEHTOB TI'PAHUTOMJHBIX  IOPOJ, IUIABJICHHE C
HOCJICNYIOUMM PA3AyBOM M3 PaciiaBa BONOKOHHOH HMTH KOMIIOHEHTEI INMXTBI BBOJAT B BHJE
OTCEBOB OCHOBHOTIO II€OEHOYHOrO TMPOU3BOJCTBA B COCTaBe TIPAaHUTOUIHBIX MOPOA U
MeTanuaba3oB, ¢ COJCPKAHHMEM IIETPOTEHHBIX OKHUCIOB CONOCTaBUMBIX C OasaipTaMH U
anne3nba3aibTaMi CyOIIEeNIOYHOro psfia, IpH 3TOM MEXAHOAKTUBHUPYIOT KOMIIOHEHTBI LIHXTBHI
¢pakumeit or 0,0001 mo 160 mxMm ¢ uyuciom Fr-(Ppyna) He menee 6-9 B Teuenue 30-90 cex u

OCYIUCCTBJIAKOT TOMOI'€HHU3AlMIO MOYTEM CMeC€O6pa30BaHPIﬂ C COJEepXaHUEM KOMIIOHCHTOB,

macc.%
Junoputsl- 64- 79%
['pauuThI- 10-13%

I'panoaunoputsi- 6,3-8,5%
Metamnadasel- 4,3-6,4%
¥ HaudHalOT MiaBKy yepe3 60-3600cex HEMOCPEICTBEHHO IMOCiIEe MexaHoakTuBauuu Ipu 1050-
1269°C ¢ mocnemyrommm pa3ayBOM M3 paclljiaBa BOJIOKOHHOW HUTH.

B cnocobe B coctaB rpaHutouanbix nopoxd (0,0001-160)MKkM BBOASAT JOJIOMHUTOBYIO MYKY
¢pakiyeit (0,0001-160)mxm.

B cnocobGe B xauecTBe CBA3YIOLIETO MCIOJIB3YIOT U3BECTD, IPEUMYILECTBEHHO, HAIIPUMED,

IIpHu 6pI/IKCTI/IpOBaHI/II/I IIAXTEI IICPE] €€ IIJIaBJICHUEM.
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IlpenBapuTENbHO W3 OTXOJOB IIepepalOTKH TPaHUTHOTO NPOW3BOACTBA BBIIEITIOT
qEcnepeHyio ¢pakmmo, kpynHoctsio oT 0,0001 o 160 MKkM B BHAE KOMIIOHCHTOB OTCEBOB
OCHOBHOTO IeOEHOYHOTO IIPOM3BOJACTBA B COCTaBe I'PDAHHTOMIHBIX IOPOX H Metanuabasos,
COZEP)KAHMEM TETPOTCHHBIX OKHCIOB COMOCTABMMBIX C OasanbramMu H anze3nba3anpTaMu
cyGIenodyHoro psja. | OMOTEHHM3HPYIOT CMeCeoOpasOBaHHEM KOMIOHCHTBI —IyTéM —HX
MeXaHOaKTHBauH ¢ gucioM Fr-(Opyzna) He MeHee 6-9 M HAYMHAIOT IUIABKY HE IO3XKE YEM [epes
60-3600cex HENmOCPEACTBEHHO IIOCIE MEXaHOAKTHBALMH IIPH 1050-1269°C ¢ mociexyromum
pa3gyBOM U3 pacIiaBa BOJIOKOHHOW HUTH.

B 3aBHCHMOCTH OT Kaphepa KOMIIOHEHTHI IIMXTHI B CHOCO0E KOMIOHCHTHI IIMXTHI IUIABST
He T03XKe OTHOrO Jaca IoCiIe MEeXaHOAKTHBAIUH, MPH 3TOM MEXaHOAKTHBALMIO IPOM3BOASAT 1O
MCKTIOUEHHS MHKDOKOMKOBAHHS IIyTeM IIONyYEeHHA MAaKCHMAIBHON YACHbHOH IOBEPXHOCTH
KOHTAKTHPYIOIHX MEXTY COOO0H 3JIEMEHTOB KOMIIOHCHTOB IMXTEL

Heo6X0auMOCTh COGIIONEHUs 3TOT0 mapaMeTpa obycinoBiena cuexyromum. Ilpu npobneHnu
IPAaHUTOMAHBIX IOPOJ MEHEEe NPOYHbIE MHHEDANBI, BXOJAIIME B COCTaB (6uotut, ampubon u
KaJMeBble IOJIeBBle INNATH) 0ojiee NOABEP)KEHBI Pa3spyUICHWIO M HM3MENbYAIOTCA 10 MEJIKHX
dpakuuii B Gonpluei CTENeHH, YeM MPOYHEIE (TPAHHUT, JMOPHTHI, FPAHOAUOPHTEL, MeTaguadassl).

JlanHoe sBIEHHE H30MpPATENBHOTO WIH CENEKTUBHOTO IpOOJIEHHS NpPHBOMMT K
TepepacnpeieieHHIO COIEPKaHH MUHEPAIOB 110 GPaKLisIM KPYITHOCTH, IIPHIEM MEHEE IPOHBIC
MHHEpagbl KOHIEHTPHPYIOTCS B NMBUICBHIHBIX (pakiusx. [Ipp 3TOM NPHMEHSIOT KOMIIOHEHTEI
OTCEBOB OCHOBHOTO INEOEHOYHOrO IIPOM3BOJACTBA B COCTaB€ TPAHUTOMAHBIX IIOPOA, €
CONEPXAHHEM METPOTEHHBIX OKHCIOB CONOCTABHMEIX ¢ GasansramMm M aHAe3sHbasalbTaMH
cybmenoudoro psaga. B cmocobe paciiiaB cMeceoOpa3oBaHHsi OCYINESCTBIIIOT IO BPEMEHH HE
HO3Ke uYaca IOCIEe MEXAHOAKTMBALMM J0 WCKIIOYCHUS KOMKOOOpa3OBaHHA CMECH IIyTeM
NOJNydYeHHs MAKCUMANbHOM yAENBHOM IMOBEPXHOCTH KOHTaKTHDYIOIAX MeXAy coboi
KOMIIOHCHTOB INMXTBHI.

[emeBuanble  (Gpakuud OTCEBOB  TEXHOTEHHOIO  IPOMCXOXIECHHSA  OCHOBHOIO
IMeGEHOYHOro MPOU3BOACTBAa UMEIOT pasMep dacTun B 100-1000 pas meHbIe arperaroB 3epeH
OCHOBHOTO IeGEeHOYHOro MPOM3BOACTBA (yENbHAas IOBEPXHOCTh MBUIEBHAHBIX (paxumi 20-30
M>/r). OHH 3aNOJNHAIOT CBOGOJHOE MPOCTPAHCTBO MEXAY OTACTBHEIME 3€pHAMH TPAaHHTOHIHBIX
IIOPOJl ¥ B 3HAUMTENHHOM Mepe MOBBIIIAIOT PEAKIMOHHYIO CIIOCOOHOCTh MUHEPAIIbHOM MAaTPHIIBL.

Xumudeckuii cocraB 1m0 (pakoudsaM KpPYIHOCTH HM3MEHSIOT B COOTBETCTBHH C
IEpepaclpelieiCHHEM 1[I0 HHM MHHEPAIOB. JTO IO3BOJET BBUIEIATH MENKOAHCIEPCHYIO
dpaxmuio, 0GOTalIeHHYI0O OCHOBHBIMH OKCHAMH, 4YTO O0€CIedYmMBaeT CHHIKEHHE KOJIMYECTBA
oxcuaa kpemHus (SiO2+A1203) menee 80% u nosectn conepxanue (Fe203+FeO) ne Menee

10% u BaO ue menee 0,4% B 310 Qpakuyy.
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KommoHeHTHI IIPUMCHAIOT B BUIC (bpaxunonnpoaannbm OTCEBOB B COCTaBE I'PaHUTOHOHBIX

I'IOpOI[ CJ'IC,T.IYIOH.ICI‘O XUMHYECKOro cocraBa B nepecqe're Ha OKCHIBI COTJIaCHO Ta6mme 1
Tabm. 1

HaumeHo- | SiO, | ALO3 Fe,0 | MgO | Na,0 | KO | Ca0 MnO [ TiO, | P,Os | SO; | FeO
BaHne%

3
OvopuTol | 43,44 | 13,55- | 0,69- | 0,92- | 2,69- | 0,84- | 0,96- [0,02- | 0,49- | 0,13- [0,11- | 1,19-
64-79 - 18,80 | 13,55 | 699 |495 [424 |880 [019 |250 |1,50 |1,21 |1086
71,60

MpauuTsl | 61,10 | 10,30- | 0,30- | 0,03- 1,73- | 1,50- | 0,88- Cn- 0,13- | 0,01- | 0,08- | 1,19-
10-13 - 17,80 | 3,83 1,34 | 3,70 7,58 | 2,84 0,06 |092 (025 |0,77 | 254
79,22

I'paHoAu- 5541 | 13,63- | 1,71- | 0,82- | 3,17- | 1,80- | 1,68- 0,03- | 0,57- | 0,57- | 0,13- | 1,15-

opuTbi6,3- | - 1820 [950 [252 |456 |305 |615 0,07 {281 |28 |026 |4,19
8,5 70,23

Metamna- | 49- | 16,5- | 425 | 2,25~ | 2,41- | 1,56- [ 535 |0,15- | 0,67- | 0,28- | 0,05 | 4,51-
6asbl 53 1785 |624 |48 |421 |310 |1201 |43 |164 |084 |04 |652
4,3-6,4

[MepemexxaeMocTh MeTanuaba3oB ¢ rPaHOAHOPUTAMHA M HEINOCTOSHCTBO HX MHHEPAIbHOIO
cocTapa, 06yCI0BIeHHOe MeTaMOPGH3MOM M TPaHUTH3AlKEH, YTO 3aTPYAHACT HCIONE30BAHUE UX
B KauecTBE MHHEPATHHOIO CHIpbA. ONHAKO, HECMOTPS Ha H3MEHYHBOCTB, Macc%o: IUOPUTHI-79%,
rpanuThi-13%, rpaHomHOpHTH-8,5%, Meramuabasel 6,4%, BCe pPasHOBHIHOCTH MeTaguaba3oB
AMEIOT ONM3KHMH XWMHYECKHMHl COCT4B, YIOBJIETBOPAIOIMH IOTPEOHOCTAM IPOM3BOACTBA
MHHEpaJbHEIX BOJOKOH. B 3aBHCHMOCTH OT MeTamopdu3Ma KOMIOHEHTOB WIMXTHI IEpen
[UIABJICHUEM €€ CMECh MEXAHOAKTHBUPYIOT H HCIIONB3YIOT HE MO3)KE YEM B TEYECHHUH OIHOTrO 4aca
IO HCKITIOUECHHS MHMKPOKOMKOBAHHS W COXPAaHEHHs IIOJTYyYeHHOH MaKCHMAIbHOH YIeIbHOM
HOBEPXHOCTH KOHTaKTHPYIOIMUX MEXTY CO00H KOMIIOHEHTOB INMXTHL

Xumuueckuif coctaB. Meramuabassl IpeACTaBISIOT co0Oif JNOBOJIBHO OJHOPOIHYIO HO
KPEMHEKHCIOTHOCTH IPYIITy MOPOJ OCHOBHOrO coctasa ¢ comepxanuem SiO2 ot 49 no 53%; B
"MHKpPOIHMOPHTaX" KONMYECTBO KpeMHe3éMa Bo3pacraeT 1o 54-55% (Tabim. 1). Kpemnesém, SiO2 -
JUOKCHJ KPEMHHMS — TJIaBHBI KOMIIOHEHT IIOYTH BCEX 3EMHBIX TOPHBEIX MOpox. Jluoxcumn
KPEMHHsI MMEET HECKONBKO MONMMOpHEX Momudukammii. Hampumep, MOXeT OHITH NOIyYeH
OPTOCHJIMKAT HATPHS: METAaCHJIMKAT KalblMs: MM CMEIIAHHBIA CHJIMKAT KalbUus W HaTpPHS:
Na2CaSi6014 (Na20-Ca0-6Si02).

JIns Bcex NOpOJ XapaKTepHA IOBBINICHHAs IIMHO3eMHCTOCTh (alm al'6onmpme 1,0),
BO3pacTaomias B "MHKpOAMOpHTax", W NOBOJIBHO BHICOKAs JKeNe3UcTocTh (F06=0,70-0,81)
BCJIECTBHE 00E€NHEHHOCTH MOpoA MarHueM. CyMMapHOe coiepKaHHe Lenodeli cocTapiseT 4,3-
6,4%. Tlpm sToM Hatpuil Bcerma mnpeoOlajaeT Haj KamueM. B 1memoM, o CoAepXaHHIO
NETPOTEHHBIX  OKHMCIIOB  KCCJICNOBAaHHbIE MOPOABI  COMOCTaBHMBI ¢  OasanbTaMH |
ange3nba3abTaMy CyOIIENOYHOr0 paaa.

PaccuuTaHHBIE KHCIOTHO-OCHOBHBIE XapaKTepUCTHKH (Tabim. 1) — MOAyIs KHCIOTHOCTH

(Mx), momynb BSI3KOCTH (M6) M NOCTOSHHAS MIABKOCTH (T) — CBHIAETEIBLCTBYIOT O TOM, YTO IIPH
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[UIaBJICHMM MeTaauaba3oB M MeTarabOpo-muaba3bl B COBOKYIMHOCTH C IDaHAUTOMIAMH, Macc%o:
JHUOPHTE-79%, TpanHuTH-13%, rpaHOMMOPHTE-8% MO3BONSIOT OCYMIECTBIATE HPOMBIIJICHHYIO
TemmepaTypy IwiasneHus 1050-1269°C, BMecTO TeMIEpaTyphl IUIABICHHA 1270-1470°C o6bras0
HCIIONB3YEMYIO IIPH NIPOH3BOJCTBE MHUHEPAIBHBIX BOJIOKOH, H MOTYT 00pa3oBBIBaTH B OCHOBHOM
umskoBsskue (Mx menee 6,0 1o Mk=1,25-5,2; Me meHee 2,2) u MeHee Tyromnaskue (=4,5-5,2)
paciuiassl. "MHKPOAHODUTEI" XapaKTepH3YIOTCA eIg 6osiee HM3KMMH 3HA4YCHHSMH Ha3BaHHBIX
mapameTpoB.

IlonydyeHHe TAKOro NpPOAYKTAa M3 OTXOJOB INEPepabOTKH [JHOpHTA IO3BOJSACT €ro
MCIIOJB30BaTh B KA4ECTBE OCHOBHOTO KOMIIOHEHTa (B mepecdere Ha okcunsl SiO; (43,44-71,60),
ALO; (13,55-18,80) npH HPHUTOTOBICHHH CHIPHEBOM CMECH IJIi H3TOTOBJICHHS MHHCPAaJIBHOTO
BOJIOKHA.

MexXaHOAKTHBHPOBAHHEIE KOMIIOHEHTHI OTCEBOB OCHOBHOTO LIEOSHOYHOTO POH3BO/ICTBA B
COCTaBE€ TPAHMTOHMAHBIX IOPOJ, C COJACPKAHWEM METPOrCHHBIX OKHCJIOB CONOCTaBHUMBIX C
GasabTaMH THIA JHOPHTH-79%, rpanuts-13%, rpaHomuopuTHi-8% Golee CYIIECTBEHHO
ITOBBIIAIOT TOMOTEHH3ALMIO ¥ CHIKAIOT BA3KOCTh, MOBHILAS TEKY4eCTh PacILiaBa, 4eM rabopo-
6a3aJIbTOBOE CHIPHE, TEM CAMBIM MOBHIIAIOT POH3BOAUTENBHOCTE.[6]

IIpeqBapHTENEHO TIPOH3BOMAT TECTHPOBAHHYIO IIABKY MO ¢ur.l 6e3 MONIHMXTOBKH IIO
TEXHOJNOTUM HCCiIenoBaHui obpasua muxtel Ha npubope NETZSCH STA 449C, nmarpamma
KOTOPOTO II0Ka3ajia CIeAYIOLIHe PE3yabTaThL:

- ipu t=471°C o6pasen; ZOCTATaeT MAKCHMAILHOTO PaCIINPEHNS K HAYMHAET PasMAriarhes, a IpH
npu t=891°C HaunHAET IIaBUTHCS,

- sHOTepMIYecKHii addext mpu Temmeparype Gonee 900°C cooTBeTCTBYeT NPOMBIILIEHHOMY
nJIaBJeHuIo pu TeMueparype 1050-1269°C;

- CTYTIEHBKA IEPEXOZIA K CTEKIOBAHUIO COOTBETCTBYET t=728°C;

- nmpu t=867°C HacTymaeT IMOJHAad IOTePs HeCyIEeH ClIOCOOHOCTH;

- u3MeHeHHe Macchl Ha 2,8% 06GYCIOBIEHO, BEPOSTHO, OKHCJICHHEM IpHUMECEH W HCIapeHHEM
BOJBI U3 OHOTHTA.

[Ipon3BOACTBEHHOE IUIABIEHHE MPOM3BOIAT He Ho3xe 4deM 4epe3 60-3600 cex mocie
MEXaHOAKTHBALMU IIPH 1050-1269°C ¢ mocneayromuM pasayBoM H3 paciliaBa BOJIOKOHHOM HHTH
HAa OCHOBaHHM 10 @ur.l NpEJBAPUTENLHOrO TECTHPOBAHHMSA MEXAHOAKTHBHUPOBAHHOH U
rOMOTEHH3MPOBAHHOM IHMXTHl KpymHOCTHIO oT 0,0001 g0 160 MKM mony4eHHOro cocCraBa IO
Tab1.1 IPEeNMOYTHTEBHO OCYIIECTBIATS B IMKIOHHOM neur. I[HKIOHHEIE TIeur — Lesecoo6pasHo
NpUMEHATh INPH HCIOJNb30BAaHHH MBUICBHAHOTO CHIPbS, B YaCTHOCTH OTCEBOB TI'DAHHTHOIO
IPOM3BOACTBA. BO3MOXXHOCTH XHMHYECKHX B3aHMOJICHCTBHH  ompeienseTcs 3aKOHaMM

XHUMHYECKOH TCPMOJIUHAMUAKH, & IIPH HAITWYHH Gnar: ONMPHUATHBIX TEPMOJUHAMHYIECCKUX yCIIOBI/Iﬁ -



10

15

20

25

30

35

9

IEHCTBHEM KHHETHUECKHX (PaKTOpoB, 00ECIEUMBAIONINX IIPOTEKAaHHE peaKuuil. OXHEM H3 TaKMX
(aKkTOpOB ABJIAETCA OBEPXHOCTH KOHTaKTa. YeM GoJbIe uIomans HEMOCPEACTBEHHOrO KOHTAaKTa
3epeH KOMIIOHEHTOB, TEM OBICTpee MPOTEKalOT peakuuu 3Toro tuma. Ilnomans moBepXHOCTH
KOHTAKTOB JUIS IIMXTHI OJHOIO M TOTO K& 00beMa pacTeT C YBEIMYECHHEM AUCIEPCHOCTH 3€PEH.
TaxuM o06pa3oM, H3MeJIbYEHHE KOMIIOHEHTOB INHXTHl CIIOCOOCTBYET YCKODEHHIO DeaKIHi
CHUTMKATOOOpa3oBaHUs W TOMOTEHH3alldM pacIulaBa, KOTopas HEOOXOAMMa JUls NONy4eHHS
CcTaOUITBHBIX CBOMCTB BOJIOKHA.

OCHOBHBIM IIOKa3aTelieM, OIPEEISIOIYUM IMPUrOAHOCTh CHIPBS U1 MPOU3BOZACTBA
MHHEpATBHOM BAaThl, SBISETCS MOAYIb KHCIOTHOCTH MK, KOTODBIH IPEACTaBIACT coboit
OTHOIIEHHE CyMMBI IIPOLIEHTHOTO COAEP)KAHHUS B CHIPhE KHMCIIBIX OKCHIOB - KpemHeseMa SiO2 u
ruHo3eMa A1203 - kK cyMMe OPOLEHTHOTO CONEPXKaHHs B HEM OCHOBHBIX OKCHIOB - Kaibius CaO
u maraus MgO.

IInaBneHHe IMHEXTHI MOXKHO OCYLIECTBJIATH TaKXXe M B BarpaHKe C IPEABApUTENHHBIM
GpHMKETHPOBAHHMEM, I'DaHyJMpPOBAHHEM, TaGNETHPOBaHHEM (IIpecc TaGIETHPOBaHMA) IIMXTHI IO
H300pETEHHUIO C MOCIEAYIOMHUM Pa3ayBOM H3 paciliiaBa BOJIOKOHHOM HWTH, IIPH 3TOM B KaueCTBE
CBS3YIOIIETO MCIOJIB3YIOT H3BECTh MIIM H3BECTHAK.

B nayroeoit meuyd mNBUICBUAHBIE HE IUIABAT B CBS3H C HM3KOH TEILIONPOBOJHOCTHIO
IBUIEBUAHON cMecH. Bo3MOXeH, BEPOATHO, 3TOT CIIOCO0 IUIaBIeHHUS Ha «60I0TOM.

W3 NOATOTOBIIEHHBEIX KOMITOHEHTOB COCTAaBIAIOT IMIMXTY IIyTEM BECOBOIO IO3HPOBaHMS
Ka&KIOTO KOMIIOHEHTA ¢ IIOMOINBI0 aBTOMATHYECKOT0 BECOBOTO J03aTOpa H ILIABAT, HAIPHMED, B
IUKIOHHOM meun. B cmocobe B cocTaB TIpaHUTOMIHBIX IIOPOJ (0,0001-160) MM
TIPEANOYTATENRHO BBOJUTH HOJIOMUTOBYIO MyKy ¢pakimei (0,0001-160) MxM.

Cnoco6 npousBoaCTBA MHHEPAIbHOIO BOJIOKHAa OCYHICCTBISIOT Ha IIpUMEpE
HCCIIENOBAHMsT TOPHON IOpPOABI B BHAE TPAaHHTOUNOB (IHOPHTOB, I'PDAHMTOB, IPaHOAMOPUTOB,
MTaaua0a30B), KOTOpbIE BCKDBIBAIOT KaphepoM Ha MmuKkammeBH4ecKOM MecTopoxacHuH. Ha
H3YYEeHHOH IUIOIAm KOTOPOrO OHHM CJIaraloT MHOTOYHCIIEHHBIE KCEHOJHMTHl M OCTaHLBI Cpeau
rpaHuTOMAOB. V3pelka Cped HMX BCTPEYAIOTCS CpelHE- W KPYIHO3EPHHCThIE MeTarabOoponmpl.
KOHTaKTHl HX C IpaHMTOMJAaMH OOBIYHO HEPOBHEIE, pe3kue, HO HAOMIONAIOTCS M IOCTEICHHBIE
IepeXOnsl K CPEeAHE3epHUCTHIM KBapLEBBIM IHOPHTAM dYepe3 30HY ONAacCTHYEeCKHX IOpOJ, Tak
Ha3bIBAEMBIX "MHKPOIHOPUTOB".

Menxo3epHUCTEIE MeTaauabazbl — 3TO TEMHO-CEphIE CO CIAOBIM 3€JICHOBATBIM OTTEHKOM
MacCHBHBIE MOpoAbl. OT TOHKO3EPHHCTBIX PAa3HOCTEH OHHM  OTIMYAIOTCA 3aMeTHO Oolee
KPYIHOKPUCTALUTHIECKAM CTpoeHHEM. COCTOST OHH U3 OKPYIIO-Tab/IMTIATEIX, CYyOH30METPHYHO-
OKPYTJIBIX, peke MpU3MaTHYECKUX 3épeH Iiarnokiasa (agae3us Ne 30-35), 30HanbHO yracarompmx,

HAHOrJa ¢ pCIHKTOBBIM JIBOMHUKOBBIM CTPOCHUEM, U KOPOTKOIIDU3MATHYCCKHUX H HCHpaBI/IJIBHOi;I
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dopMel 38peH 3enEHOM POroBol OOMaHKHM, JaCTHIHO 3aMeINEHHON AKTUHOJIHUTOM, OHOTHTOM H
smEmoToM. Bce pa3sHOBHIHOCTH MeTanuaba3oB HMEIOT — ONMH3KHi XUMHMYECKHH COCTaB,
YIOBJIETBOPSIOLIMHA TIOTPEGHOCTSM NPOH3BO/ICTBA HE TOJBKO MHHEPANBHBIX BOJIOKOH, HO U JIpyTHX
CTPOMTENHHBIX MATEPHATIOB.

PaccumTaHHBIE KHCJIOTHO-OCHOBHBIE XapaKTEPHCTHKH— MOJIYIh KHCIOTHOCTH (Mx),
MOJYJIb BA3KOCTH (Ms) U MOCTOSHHAs ILIaBKOCTH (t) — CBHOETENBCTBYIOT O TOM, YTO IIPH
IUIaBTeHHM MeTaanaba3oB M MeraraO6po-nuaba3oB IpH  TEMIEpATypax 1050-1269°C B
COBOKYNHOCTH C TpaHuToHmaMu (Tabm.l), OOBIMHO HCIONB3YIOIMMXCA NpPH  MPOM3BOACTBE
MHHEPAIBHBIX BOJIOKOH, 06pa3yioTcs B OCHOBHOM HH3KOBSI3KHE (Mk menee 6,0 no 3nauenus 1,25;
Mg MeHee 2,2) 1 nerkomaekue (= 4,5-5,2) pacruiaBbl.

HecMotps Ha To, 9To Ha TeppuTopuu CHI' 3anmachi MHHEPAIBHOTO ChIPhA MPAKTHIECKH
HEHCUEpPIAeMbl, YHMCIO MECTOPOXIECHHH TOPHBIX MOPOA, IOJIHOCTBIO ynosne'rﬁopmomnx
TpeGOBAaHHAM HOPMATHBHON JOKyMEHTALMH K CBIPHIO [T IPOM3BO/ICTBA MUHEPAJILHBIX BOJIOKOH
N0 XHAMHYecKoMy cocTaBy (TaGm.l) orpaBMdYeHo. B YacTHOCTHM aKTyalbHBIMH SBJLAIOTCA
FICCIICIOBAHHsL TIOpPOJ MHUKaIIeBHYECKOTO Kapbepa, B KOTOPBIX COJAEpXaHHC OIHOTO HIH
HECKOJBKHX KOMIIOHEHTOB HAXOMHUTCSA Ha TPaHHULE AOIMYCTHMOTO, /Ui BBIABICHUSA BO3MOXHOCTH
MONyYeHHs M3 HHUX BOJOKOH pa3TMYHOTO BHAA — JMCKPETHBIX WM HENPCPBIBHBEX H
COOTBETCTBEHHO MHUHBATHL

J11 NpOM3BOACTBA MUHEPAILHBIX BOJIOKOH MO H300PETEHHIO HCIOJB30BATM HCXONHOC
CHIpbE CIEAYIOLIEr0 XHMHKO-MHHEPAIOTHYECKOTO COCTaBa.

Ycpenuénnpiii xumudeckuit cocras: SiO2- 60,3-63,4%; Al203- 15,2-15,25%; CaO -
4,0-4,3%; MgO-2,75-3,0%; Na20 — 2,4-2,45%; K20 — 3,4-4,4%; (FeO+Fe203) - 5,8-8,6%;
MnO — ue 6omee 0,19%; TiO2- oxoino 0,9%.

WccnenoBaHubli XxuMudeckuit coctas ot 25.01.2019 r.: SiO2 —63,1%; A203 -14,3%;
K20-4,85%; Ca0—4,6%; Fe203 — 4,25%; Na20 — 4,2%; MgO — 2,4%; TiO2 -0,5%; P205 —
0,3%; BaO — 0,16%; SO3—0,15%; MnO — 0,08%; WO3-0,03%; ZnO-0,01%; Cr203-0,01%;
H- 0,97%.

OCHOBHBIE TIOPOJBI COCTABILSUIH: JUOPUTH — 79% , rpaHOAHOpPHTHL 8%, rpaHut-13%, or
o6imero 06béMa. MHHEpANOrHYECKHH COCTAB AMOpHTa: IUTarHokias 35-77%, porosas oOMaHKa
10-50%, 6moTHT 1-45%, KBap 2-4 % (10 20% B KBapLEBHIX ¥ OKBAPIOBAHHEIX PA3HOBH/HOCTAX),
KaIMeBBI noJieBoit mmat 2-20%; rpanoanopHuThl — 8% ot obmero 06séMa.

MuHepaToruyecKuit cocTas rpaHoquopura: miarnokias 10-80%, xanueBbld IOJEBOH mmar 10-
60%, amdpubon 1-35%, 6uotut 4-25%, kBapi 5-20%.
MHHepanorHyecK il COCTaB PaHMTa : KHCIBNA miarnoxias 20-60%, ksapi 20-60%, am¢pudon 0-

20%, 6uotuT 4-20%, Muxpoxinua 10-70%.
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MMocne ximaccHHKAMX OTCEBOB H TOMOICHH3alMH IIyTEM MEXAHOAKTHBAIHH § 301
Npou3BeNieH TOHKOM3MENBUEHHBIH MaTepuai-Chiphe U1 MHHEPAILHBIX  BOJOKOH. Beum
TIOJTyYEHBI.

O6pasen ¢ MapkupoBKo# «<20 Mxm» (p.H. 16869)
DneMeHTHBIA cocTaB (B mepecuére Ha okeuasl): Al203 — 7,7%, SiO2 — 62,1%, K20 - 2,8%, CaO
- 6,0%, TiO2 — 1,8%, MgO — 2,2%, MnO - 0,2%, Fe203 — 16,5%, BaO — 0,4%, cymmapHOe
cofiepKaHHe OCTAILHBIX npuMeceil He npesbpimaeT 0,5%, KUCIOpo/ K JETKKE — OCTATBHOS.
O6pasery ¢ MapkupoBKo# «<100 mxm» (p.H. 16870)
DIeMeHTHBIHA cocTas (B mepecuéte Ha okcuas): Al1203 - 7,1% ,Si02 — 61,9%, K20 - 2,4%, CaO
- 7.2%, TiO2 — 1,7%, MnO — 0,2%, Fe203 - 15,9%, BaO — 0,4%, cymmapHOe COnepKaHHeE
OCTalbHBIX NpuMeceil He npeBbimaeT 0,5%, KUCIOPO 1 JIETKHE — OCTATBHOE.
CBoifcTBa MPOAYKTA B BHJE MHHEPATLHOTO BOJIOKHA, MOMYYEHHOr0 M3 GPHKETHPOBAHHOH

IIHUXTHI, NPCACTABIICHBI B TabnuLe 2, rjae IpeaCTaBICHBI ITOKa3aTC/IM Kak INNXTHI, TaK H

MHHEpaIBHOM BaThl. J{/Is1 CpaBHEHHs B HEH IIPECTaBIICHbI IOKA3aTe U IO IPOTOTHILY.

Tabmuna 2
No Moxnyns Mogyns Bpems
KucnotHocTH KucimotHocTh | GopMHpOBaHUA
1. | CocTaB KOMIIO3MIIMH, MAacCC | KOMHOHEHTOB, MHHBOJIOKHA, paciuiaBa, 4ac
% MkK M MkB
1 2 3 4 5
2 [TporoTun 3,2 3,19 3,2
OTXOJI6I IEpepaboTKU rpaHyTa-
70-75
OTXOABI IepepabOTKU JOJIOMHTA-
20-25
IlemenT 5-6
CocraBbl 0 H300pETEHHUIO
3 | Juoputsi-64,3
I'panuTei-10
I'parOAHOPHUTHI-6,3 . _
Meramaatase 4,3 4,2-12 4,1-12 1,32
4 Huopute-70
['panuTeI-12
I'panoguoputsr-7 _ _
MertamaGass -5.6 4,0-16 4,0-15 1,34
5 | dAnoputsl-79
I'pannuTe-13
I'parouopuTHI-8,5 _
Meramabazs 6,4 4,0-18 3,9-14 1,35
CocTaBbl, BEIXOAAIINE 32 Mpeaeibl GOpMyJsI IO H300pETEHHIO
6 | Auopursi-60
I'panute-9,8
["panopuopuTsl-5,9
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Meraapabas -3,9 3,0-50 16-25 1,24
7 | Muoputs-80,2
I'panuThl- 14
IpasomiopuTsI-9 3,5-63 18-30 1,4
Mertanuabassi — 7,0 ’
8 - CocraBbl N0 1.1.3-4 GopMybl H306peTeHus

9 | duopursi-60
I'panuTH-9,8 _
I'paHOAKMOPHUTEHI-5,9 - -6.0 1,41
Meraauabassi -3,9 1,52-6,3 L.4-6, ’
JlonomuroBast MyKa-20

10 | Auoputsi-60
I'paauThi-9,8
I'panoxuopUTHI-5,9 ) ) L4l
Meranuabassi -3,9 1,22-4,0 1,2-3,9 )
H3BECTHAK-25

11 | Huoputsi-64,3
I'panuTsI-10
I'panoauoputsi-6,3 ) )

Meranua6ass -4,3 1,72-3,15 1,65-3,0 1,45
HomnomutoBas Myka 10
n3BecTHIK-10

Kak ciefyeT U3 SKCIIEPEMEHTATBHBIX JAHHBIX, NIPHBEJCHHBIX B Tabmuie 2, mpeAnoXXeHHas
KOMIIO3HIMS TIPEBOCXOHT AHAJIOT ¥ NPOTOTHII KaK IO BpeMeHH (GOPMHUPOBAHHS pacIiasa, TaK B
[0 BO3MOXXHOCTH ()OPMHpPOBAaHHS IIMXTOBBIX CME€CEH C MIMPOKHM JHAala3oHOM MOIyId
KHCJIOTHOCTH KoMmoHeHToB (MKK M) B MOyJist KUCIOTHOCTH MUHBONOKHA (MKB).

CMeceo6pa3oBaHHe YNOMSHYTHIX Bplmle kommoHentoB or 0,0001  go 160 MxwMm,
OCYIIECTBIISIOT IlyTeM COBMEIIECHHUS MEXaHOKTHBAIMK ¥ TOMOTCHH3AIMK IIMXTHI € OCTEAYIOLAM
pa3s;ayBOM W3 pacIiaBa IIpM TeMIeparype 1050-1269°C BOJIOKOHHON HHTH NO CPaBHEHHIO C
YPOBHEM TEXHUKH IIPH 1270-1470°C.

IIpOMBIILIEHHOE T[PHMEHEHHE H300pETEHHs MPOSBIAETCA B COBMEIICHMH B CIUHYIO
TEXHONOTMIO  TPOM3BOACTBEHHBIX  MIPOLECCOB  MEXAaHOAKTHBAIlMH,  TOMOTCHH3alWH M
(paKIMOHAPOBAHMS IMXTHI Ha OCHOBE OTCEBOB TI'DAHHTHOrO NPOM3BOACTBA U AarperarHoro
[UIaBHIIGHOrO peakTopa MepamiiaBa NBUIEBHAHOTO HIM Ta0JeTHPOBAHHOIO MOJYNPOAYKTa B
MHHEpWIbHOE BOJOKHO WM MHHBATy. [IpOMBIIUICHHOE HCIIONB30BAHME  TEXHOJNOTHH
IPOM3BOACTBA MHHBOJIOKHA IO HACTOANMEMY M300pPETCHHMIO INpPHUBOJMT K  CHIDKCHUIO
JHEProEMKOCTH, ceGECTOMMOCTH M YHHBEPCATU3allMA HOBOM TEXHOJOTHM HEPEBOJA €€ B Kiace
HMIIOPTO3aMEIaeMOH TEXHOJIOTHH.

[IpOMBIIINEHHOE  MCTIONB30BaHME  OOBEKTA  MPOMBIIUICHHOH  COOCTBEHHOCTH

3aIIaHKPOBaHO Ha Teppuropuu Benapycu u ctpas CHI'.
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OOPMVIJIA U30BPETEHU S

1.Crioco6  mpowmsBoacTBa  MHHEpaNbHBIX BOJIOKOH, BKJIIOYAIOUIHMH HIUXTOBKY
KOMIIOHEHTOB, 00pa30BaHHBIX M3 OTXOJOB IPOH3BOACTBA FOPHOPYAHOH IPOIYKIHH HA OCHOBE
TPAHUTONIABIX  MOPOL, MUIABJEHHE C MOCTENYIOUINM Pa3yBOM H3 PACILIABA BOJOKOHHOM HHTH,
OTAMYAIOMUHCS TEM, YTO KOMIIOHEHTBHI LIMXThI BBOJIT B BHJE OTCEBOB OCHOBHOIO me6eHOYHOTO
TIPOH3BOACTBA B COCTABE IPAHUTOMIHBIX NOPOJ M METaAHa0a3oB, ¢ COLEpPKAHUEM IIETPOTeHHBIX
OKHCJIOB COIOCTABUMBIX C OasanbTaMu H aHAE3UGA3aTBTaMM CyGLIENOYHOrO psana, Tpu 3TOM
MEXaHOAKTUBUPYIOT KOMIIOHEHTBI WIMXTHI pakuueit ot 0,0001 10 160 MKM ¢ umcIoMm Fr-(®pyna)
He Menee 6-9 B tedenue 30-90 cex. u OCYUIECTBISIOT TOMOT'CHH3ALHIO ITYyTEM CMECE0Opa3oBaHus ¢
COAePKAHHEM KOMITIOHEHTOB, Macc. %
Huopurei- 64- 79%
I'paHuTHI- 10-13%
I'panomnoputel- 6,3-8,5%
Metanuabasel-  4,3-6.4%
Y HaYMHAIOT maBKy vepe3 60-3600cex HEMOCPEACTBEHHO MOCie MeXaHoakTuBauuy npu 1050-
1269°C ¢ MIOCJICYIOIMM pa3TyBOM U3 pacIliaBa BOJIOKOHHOM HUTH.
2.Cnocob mo m.l, OTAMHAMMIACS TeM, YTO KOMIOHEHTEHI MEXaHOAKTHBUPYIOT B COCTaBe

FPaHUTOUIHBIX TTOPOL CICAYIOUWIETO XMMUYECKOI'0 COCTABa B NEPECYCTE HA OKCHUJIBI;

HaumeHo- | SiO, | Al,O; Fe;O | MgO | Na,0 | K,O0 | Ca0O MnO | TiO, | P,0s | SO; | FeO
BaHne% 3

Avoputei | 43,44 | 13,55- | 0,69- [0,92- |2,69- [0,84- | 096 | 0,02- | 0,49- | 0,13~ | 0,11 1,19-
64-79 - 18,80 | 1355 /699 495 424 |88 |019 [250 | 150 |121 |1086
71,60

MpanuTol | 61,10 | 10.30- | 0,30- 0,03- 11,73- [ 1,50-[0,88- [Cn- | 0,13~ |0,01- | 0,08 | 1,19-
10-13 - 17,80 | 383 134 370 |758 | 284 006 |092 |025 |077 |254
79,22

FpaHoan- 5541 | 13,63- | 1,71- | 0,82- | 3,17- 1,80- | 1,68- 0,03- | 0,57- | 0,57- | 0,13- | 1,15-

OpUTHIB,3- | - 18,20 {950 |252 |45 |3,05 |65 0,07 |281 |28 |026 |4,19
8,5 70,23

MeTagua- | 49- 16,5- | 4,25- 12,25 [ 241- [1,56- | 535 0,15 | 0,67- | 0,26 0,05- | 4,51-
Basbl 53 17,85 [624 4,84 [421 [310 |12,01 |43 1,64 {084 |04 |6,52
| 4,3-6,4

3.Cnoco6 mo m.m.l, 2, orauuaromuiics TEM, 4TO B COCTaB TPaHHTOMAHBIX mopox (0,0001-
160)MKM BBOZAT HOIOMUTOBYIO MyKy ¢pakuueit (0,0001-160)mxm.

4.Cnioco6 no 1.3, oTiimuaromuiicst TEM, 9TO B Ka4YECTBE CBA3YIOLIETO UCTIOIB3YIOT H3BECTS.
5.Cnocob no n.1, oramuaromuiics TEM, 9TO KOMIOHEHTB! WIKUXTHI IJIABSAT HE MO3XE OJHOrO yaca
HOCAC MEXAHOAKTHBALMH, IPH 3TOM MEXaHOAKTUBHUPYIOT N0 HCKITIOUCHHS MUKPOKOMKOBAHUS
IYTEM TIOJy4CHHS MaKCHMAalbHOH yHenbHOM MOBEpXHOCTH KOHTaKTHPYIOIMX MEXIy co00ii

3JIEMEHTOB KOMIIOHECHTOB IIHUXTHI.

- P

laTeHTHBII MOBEpeHHbIH .A.Xnebuesuu
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EBPA3HIICKOE IATEHTHOE BEIOMCTBO

Homep eBpasuiickoi 3asBKH:

OTYET O ITATEHTHOM

HOHUCKE 201900407
(cratea 15(3) EAIIK u npaBuiio 42
ITarenTHOM HHCTpYKIMH K EATIK)

Jlata nogaum: 16/04/2019 I,[IaTa HCTIPAIIMBAEMOTO IPHOPUTETA:

Hazsanue nzobperenns: CIIOCOB IMTPOU3BOJICTBA MUHEPAJIbHBIX BOJIOKOH

3assuTens: APTAMOHOB AHATOJIMA MUXARTIOBHUY
MAPTBICIOK AJIEKCAHJIP TTIETPOBHUY

(] HekoTopbie NyHKTbI GOpMYIibl HEe NOANEKAT MOUCKY (M. pasae I 10NOJIHHTENBHOrO JIHCTA).
L] Eauncreo u3obperenna e cobaroaeno (cm. pasaen II gonosHuTENBHOrO M CTA)

A. KTACCUOUKALIMA ITPEIMETA U30BPETEHHUA: C03C 13/06 (2006.01)
CO03B 1/00 (2006.01)

CO03B 37/06 (2006.01)

CornacHo MexayHapoaHo# naTeHTHo# kiaccudukauyu (MIIK)

b. OBJIACTB ITOUCKA:

MUHHMYM NPOCMOTPEHHON TOKYMEHTalMK (CHCTeMa KinaccudHkauuu ¥ nuaekcsl MITK)
CO3C 13/06, CO3B 37/00. 37/06, CO3B 1/00

[pyras npoBepeHHas AOKYMEHTAls B TOH MEpe, B KAKOM OHA BKIIIOYEHA B 06/1aCTh MOUCKA:
B. IOKYMEHTGI, CUNTAIOHIUECA PEJIEBAHTHBIMHU

[Kareropus* CchUTKH Ha IOKYMEHTHI C YKa3aHHeM, IZie 3TO BO3MOXHO, PENEBAaHTHBIX YacTeH OTHOCHTCS K MYHKTY Ne
A SU 1726411 Al (BCECOIO3HBIM HAYYHO-UCCJIEJIOBATEJIbCKHI U 1-5
ITPOEKTHbIY MHCTUTYT “TEIUIOIIPOEKT”, 15.04.1992
A RU 2137726 C1 (OBILIECTBO C OTPAHUUYEHHOM 1-5
OTBETCTBEHHOCTEBIO “POCTMA”) 20.09.1999
A BY 17770 C1 (HAYUYHO-UCCJIEAOBATEJILCKOE U 1-5

IMPOEKTHO-ITPOU3BOJICTBEHHOE PECITYBJIMKAHCKOE
YHHUTAPHOE IMPEAITPUATHUE “UHCTHUTYT HUUCM”) 30.12.2013

I:] NOCICAYIOIHNE NOKYMECHTH! YKa3aHbi B IPOROJDKCHUH l'pa(l)bl B D JAQHHBIC O NaTCHTAX-aHAJIOraX YKa3aHbl B MPHUIIOKCHHH

£3 .
) (?'006"“" KaTCropuH CChIIOURBIX JOKYMEHTOB: "T" Gonee NO3AHMH AOKYMEHT, OTYGIMKOBAHHBIA OCIIE IATHI IPHOPHTETA N
A" JOKYMEHT, ONpEAeNAIONIHA 06Mii YPOBEHD TEXHHKH

"E" Gosiee paHHUI IOKYMEHT, HO ONyONIMKOBAHHBIH Ha AaTy nojauu MPHBEACHHEIR A1 OHHMAHHA H306PCTCHNA

leBPA3HICKOH 3asBKH MITH NOCIE Hee X" noxymeHT, nMeroluii Haubotee 6AN3KOE OTHOLICHHE K NPEAMETY NOUCKa,
A0pOYaHiA HOBH3HY MM W300peTaTeNbCKUH YPOBEHD, B3ATHIA B OTAEABHOCTH

"Y" nokyMeHT, uMeloLIuMii Haubonee GaK3KOoe OTHOMIEHHE K NPEAMETY TOHCKa,
nopouaiui H306peTaTe/IbCKHit YPOBEHL B COUETAHHUM C APYTHMH JOKYMEHTAMU TOM
HE KATETOpUH

"&" NOKYMEHT, ABJIAIOLIMICA MaTCHTOM-aHAJIOrOM

"L" NOKYMEHT, IpHBEACHHBIH B IPYrUX LENIX

[lata neiiCTBUTEIHHOTO 3aBepIlieHKs maTeHTHoro noucka: 29/01/2020
VY noaHOMOueHHOE JTHIIO:

"O" IOKYMEHT, OTHOCAIIMHCA K YCTHOMY PAcKphITHIO, IKCIIOHH-
POBAHHIO H T.A.

"P" nOKyMEHT, ony6/IMKOBaHHBIH 10 ATl NOJA4H €BPA3HICKOM 3a1BKH,
HO MOCJIE AaThi HCIIPALLIMBAEMOTO NIPHOPHUTETA

'D" IOKYMEHT, NPUBEACHHEIN B €Bpa3sHiiCKOM 3asBKe

I'naBHBIii 3kcniepT
Ornena MexaHUKH, PUIHKY U FTEKTPOTEXHUKH

A A. baiigak

Tenedon: +7(495)4Y1,61-61*223
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