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MeTO/Ia pEHTTCHOBCKOH Ar(paKIim, KOTOpoe orpee-
JISIFOT TI0 CIIEAyIOIeMy ypaBHeHuIo 1, cocrasmsaet 31%
wuiu 0oJee:

CootHowweHue (3R) = P3/(P3+P4)x100 -+ YpaBHeHue 1

rne P3 npencraBnser coboii MHTEHCHMBHOCTH IHKA
(101) mmockocTH POMOOIIPUIECKOTO CJIO0S rpadura
(3R), Ha OcHOBaHUM PE3YyNBTATOB METO/Ia PEHTTEHOB-
ckoii nudpakimu, U P4 mpeacrasiser co0oi MHTCH-
cuBHOCTh THKa (101) MiIoCKOCTH TeKCaroHajIbHOTO
cnost rpadura (2H), Ha OCHOBaHHH PE3yJIETATOB METO-
Jla PEHTTeHOBCKON TU(paKIINK.
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YMMEPOOHbIVN MATEPUAN HA OCHOBE FPA®UTA, NOAXOAALLMN B KAYECTBE
NPEAOLWUECTBEHHUKA NT'PA®EHA, A TAKXXE CNMOCOB EIlO MNMOJTYYEHUA

O6nacTb TEXHUKMN
{0001}

Hactosiwee n3obpeteHne OTHOCUTCHA K YrmepogHOMYy mMarepuany Ha OCHOBe
rpaduTa, noaxoaslemMy B KadecTBe MpefLlecTBeHHMKa rpadeHa, obecneuvmBaroLlero
BO3MOXHOCTb MOMyYeHust rpadeHa npocTbiM crnocobom, a Takke k cnocoby ero

nonyyveHnA.

YpoBeHb TEXHUKU
{0002}

B nocnegnuwe rogbl nsydaror gobaBneHne pasnuyHbIX HaHoMarepuanoB Ans
YMEHbLLUEHNS pasmepa M CHWKEHMS MacCbl B pasnuyHbix obnactsx. B vactHocTh, B
OTHOLLEHWN NPOBNEM OKpY>KaroLLEN Cpeabl UM PECYPCOB, B KAYECTBE HEMETaNNYECKNX
HaHOMaTepmanoB NPUBMEKaKT BHUMAHWE YIMEPOAHbIE MaTtepmarnbl, Takne Kak rpadeH,
CNT (yrnepogHble HaHOTPYBKM) 1 pynnepeH.

Hanpumep, HeECMOTps Ha NPUMEHEHWE TEXHUYECKOrO yrnepoga B KavecTsBe
npoBogsen pobasku AN NUTUEBO-UOHHbLIX Batapen M T.N., ANA AanbHEeWLWero
obecnevyeHns HageXHOW MPOBOAUMOCTM B MOCMEAHME TrOA4bl U3y4aroT YrnepogHoe
HaHoBonokHO VGCF (3apernctpupoBaHHas ToproBas Mapka), BbinyckaemMoe KOMMNaHnemn
Showa Denko K K., n T.4. (nareHtHasa nuteparypa 1).

Cpenn ykasaHHbIX mMarepuanoB rpadeH NpPeBOCXOAUT Apyrue yrnepofHble
Marepuarbl C TOYKM 3PEHUSA MacCOBOM NMPOAYKTUBHOCTU, yaobcTea ansa obpaboTtkm nT.4.,
a TaKkkKe XapakTepUCTUK, U Ha rpaddeH BO3MNOXEHb! HAAEX bl B Pa3nnyHbIX obnacTsx.

{0003}



Ana nony4yeHns BbICOKOKAYECTBEHHOro rpadeHa, KOTopbli, Hanpumep, UMeeT
MEHbLLEE KOMMYECTBO CMNOEB rpaduta, pacCMOTpeH crnocob, B KOTOPOM MPUPOAHbIV
rpacput B pacteoputene (NMP) obpabartbiBatoT cnabbiMuy ynsTpasByKOBbIMK BONTHAMU B
TeYyeHne npPOAOMKUTENBHOrO BpemeHn (7-10 vacoB), 3artemM yaanawT KpynHble
arnomeparbl, OTNOXMUBLUNECS Ha AHE, U 3aTeM LEHTPUYTMPYIOT Ha40Ca[04HbIM pacTBop
ANA €ro KOHUEHTPUPOBaHUA C MonyvyeHnem gucnepcumn rpadena, B kotopon 20% wnum
Bonee vellyek 13 ogHoro crnos, 40% mnmn Bonee yellyek 13 BOVHBLIX UM TPOMHBIX CIOEB,
n meHee 40% vewyek n3 10 nnu Bonee cnoes rpauTHOrO MaTepuana gucneprupoBaHsbl

B KOHUeHTpauun npumepHo 0,5 r/n (nateHTHas nuteparypa 2).

Cnucok nutepartypbl
NMaTteHTHaa nuTeparypa
{0004}

MaTteHTHas nutepatypa 1: JP-A-2013-77475 (ab3ay 0023)

MateHTHas nutepatypa 2: WO 2014/064432 (cTpokm 4-9 Ha cTpaHuue 19)
HenareHTHas nutepartypa
{0005}

HenateHTtHas nuteparypa 1: Structural Change of Graphite with Griding;
asTopbl: Michio INAGAKI, Hisae MUGISHIMA n Kenji HOSOKAWA: 1 despang, 1973
roga (NocTynuno B peaakumio)

HenateHTHas nutepatypa 2: Changes of Probabilities P1, PABA, PABC with
Heat Treatment of Carbons; aetopbl: Tokiti NODA, Masaaki IWATSUKI n Michio
INAGAKI; 16 ceHTabps 1966 roga (MocTynmno B peaakumio)

HenateHTHas nutepartypa 3: Spectroscopic and X-ray diffraction studies on fluid
deposited rhombohedral graphite from the Eastern Ghats Mobile Belt, Indig;

G.Parthasarathy, Current Science, Tom 90, Ne 7, 10 anpens 2006 roga



HenateHTHas nuteparypa 4: Classification of solid carbon materials and their

structural characteristics; Haromckuin TexHonornyeckun MHCTUTYT; Shinji KAWASAKI

CywHOCTb n3obpeTeHus
TexHunuyeckasn 3agaua
{0006}

OpHako gaxe npu cmewwmBaHum rpadutHoro martepuana (20% wnn 6onee
yewlyek n3 ogHoro cnos, 40% wnu Gonee yewlyek U3 ABOWHLIX UM TPOWHBIX CIOEB U
meHee 40% 4ewyek 13 10 unm Bonee cnoes), NONY4YEHHOro cnocoboM, ONMCaHHbLIM B
naTteHTHOW nuTeparype 2, B pacTBOpUTENE KONMMYECTBO rpadeHa, ANCneprmpoBaHHOro B
pacTtBopuTtene 6bino Mano, u morna ObiTb NONyYeHa Nuwb pasdaBneHHas gucnepcus
rpadpeHa. Kpome TOro, HeCMOTpA Ha TO, YTO yuTeH COOp M KOHLEHTpMpOBaHue
HagoCcaAoYHOro  pacteopa, obpaborka Ans  noBTopeHus crtagui  cbopa u
KOHLIEHTPMPOBaHNSA HagoCaAovYHOro pacTBopa 3aHMMaeT NPOAOITKUTENBHOE BPEMS, U
cywlecTtayeT npobnema HM3kon 3 EKTUBHOCTU NONyYeHns aucnepcum rpadeHa. Kak
ONMCaHO B MaTeHTHOW NnUTepaType 2, AaXe Npu yneTpasBykoBon obpaboTke npupogHoro
rpauta B TEYEHME NPOAOIPKUTENBHOMO BPEMEHM OTCMamMBaroTCA NUWb crnabdble
3MEMEHTbI NOBEPXHOCTU, a APYrne KPYrHbIE 3NEMEHTbI HE y4acTBYHOT B OTCNnanmBaHuu, u
npobnema 3akno4aeTcsa B Masniom KONMYECTBE OTCNOMBLLEroca rpadeHa.

{0007}

HacTtoswee msobpeTeHne caenaHo C akueHTOM Ha ykasaHHble npobnemMHbie
NYHKTbI, U YINEPOAHbIN MaTepman Ha OCHOBE rpaduTa, OT KOTOPOro ferko oTCrnanBaeTcs
rpacdpeH nocpencTBOM onpefeneHHon obpaboTku npupogHoro rpaduta, U KOTOpbIn
obecneymBaeT BO3MOXHOCTb ANUCNEPTMPOBaHUA rpadeHa B BbICOKOW KOHLEHTpaLMM Unm
[0 BbICOKOW CTEMEHW, Ha3bIBatOT NpeaLleCTBEHHNKOM rpadeHa. Takum obpasom, 3agaqa

HaCTOSLLEro M300peTeHnsa 3aknodaeTcs B obecrneyeHnn yrnepoaHoro marepuana Ha



OCHOBe rpaduTa, MNOAXOASLIErOo B KayeCcTBe NpeaLlecTBeHHWKa rpadpeHa, a Takke

cnocoba ero nony4eHus.

PeweHune npobnembi
{0008}

Ana peweHna BbiWeONMCaHHbIX NPobnem yrnepofHbIM mMartepuan Ha OCHOBe
rpadouTa, NoAXOAALWMA B Ka4ecTBe NpeaLlleCTBeHHUKa rpadeHa, CorfnacHo HacTosALweMy
N300pETEHNIO XapakTepuayeTcs Hanuunem pombosgpudeckoro cnos rpadgura (3R) um
rekcaroHanbHoro cnos rpadgwura (2H), rge cootHowenme (3R) pombosgpuyeckoro cnos
rpacputa (3R) n rekcaroHanbHoro cnoa rpadgpurta (2H), Ha OCHOBaHWM pPe3yneTaToB
MeToAa PEHTIEHOBCKOM AMdpaKLmm, KOTOPOE ONpeaenstoT Mo CneayroLemy YypaBHEHNHO
1, coctasnset 31% wnu Gonee:

CootHoweHwre (3R) = P3/(P3+P4)x100 ---- YpaBHeHue 1
roe

P3 npeacraenser cobon  uMHTEHcuBHOCTb nmka  (101)  nnockocTn
pomboagpuyeckoro cnosa rpaduta (3R), Ha OCHOBaHMM pe3ynbTatoB MeEToha
PEHTIEHOBCKOW Anpakumm,

P4 npencraenset cobor MHTEHCKMBHOCTL Nnka (101) NNOCKOCTM rekcaroHansHoro
cnos rpaduTa (2H), Ha OCHOBaHWK pPe3ynLTaToOB METOAA PEHTIEHOBCKOW AN pakumu.

B coorBeTcTBUM C yKasaHHbIMW MNPU3HAKaMW, BCNEACTBME HanNUuMs B HEM
Bonbworo konuyectea pomboagpuudeckoro cnosa rpadura (3R), oT koTOporo nerko
OTCramBaeTCs Cron, MOXET ObITb MOMYYEH YrNePOAHbIN Marepmarn Ha OCHOBE rpaduTa,
NOAXOAALLMIM B KA4eCTBE NpeaLlecTBEHHMKA rpadeHa, OT KOTOPOro Nerko oTcrnanBaeTcs
rpadeH Npu NCNonNb30BaHUM YKa3aHHOrO YrNepoaHOro Marepuarna Ha OCHoBe rpaduTa B
KayecTBe npeawecTBEHHMKa, 1 KOTOPbIM obecneymBaeT BOIMOXHOCTb AUCNEPTMPOBAHMS
rpadeHa B BbICOKOM KOHLEHTPaLMN UK A0 BbICOKOW CTEMNEHW.

{0009}



YrnepogHbi  mMarepuan Ha OCHoBe rpadwuta, NOAXOASAWMM B KayecTse
NPeALUeCcTBEHHMKA rpadoeHa, COrmacHO HacTodaeMYy W30DPETEHUIO XapakTepuayeTca
cooTHowweHmeMm (3R) 40% wnun Gonee.

B cooTBeTCTBUM C yKa3aHHbIM MPU3HAKOM, Mpu yCnoBuKn, YTo CooTHoLweHne (3R)
coctaensetr 40% wnn 6onee, MoXeT ObITb NErko NMOMyYeH yrnepoaHbin Marepuan Ha
OCHOBe rpaduTa, NoAXOAALLMM B Ka4yecTBe MNpefLlUeCcTBEHHUKA rpadeHa, OT KOTOpOoro
nerye otcnaveaeTca rpadpeH, No CpaBHEHUKO CO CryyasiMu, ecrim cooTHoweHre (3R)
coctaensget 31% wnu 6onee n meHee 40%.

{0010}

YrnepogHbin mMarepuan Ha OCHOBe rpaduta, MNOAXOAAWMW B KayecTse
npepwecTBeHHMKa rpadpeHa, COormacHoO HacTosawemy M30OpETEHUIO XapaKTepuayeTcs
cooTtHowweHmeM (3R) 50% wnun Bonee.

B cooTBeTCTBUKM C yKa3aHHbIM MPU3HAKOM, MPU YCroBUK, YTO CooTHoLeHme (3R)
coctaensetr 50% wnn 6onee, MoXeT ObITb NErko NMOny4YeH yrnepoaHbIn Martepuan Ha
OCHOBe rpaduTa, NoAXOAALLMM B Ka4yecTBe MNpefLUeCTBEHHUKA rpadeHa, OT KOTOpOoro
nerye otcnaveaeTca rpadeH, No CpaBHEHUK CO CrydasiMu, ecrnm CooTHoweHre (3R)
coctasnset 40% wnu 6onee n meHee 50%.

{0011}

YrnepogHbi  mMarepuan Ha OCHOBe rpaduta, NOAXOASAWMM B KadyecTse
NpeALecTBEHHMKA rpadoeHa, COrmacHO HacTodaweMy W30BPETEHUIO XxapakTepuayeTca
COOTHOLLUEHMEM WHTEeHcmBHOCTENM P1/P2 rekcaroHanbHoro cnos rpagpurta (2H), Ha
OCHOBaHMM Pe3ynbTaTtoB METOA4A PEHTIEHOBCKOM andpakumn, coctasnsowmm 0,01 nnu
Oonee, roe

P1 npeacraenset cobor nHTeHcrBHOCTL Nnka (100) NnoCKOCTM rekcaroHansHoro
cnos rpaduta (2H), Ha OCHOBaHWKM pPe3ynLTaTtoB METOAA PEHTIEHOBCKOW AMdpakumm, v

P2 npeacraenset cobour nHTeHcrBHOCTL nNnka (002) nnoCKOCTM rekcaroHansHoro

cnos rpaduta (2H), Ha OCHOBaHWK Pe3ynLTaToB METOAA PEHTIEHOBCKOW AN pakLmu.



B cootBeTCcTBUM C yKa3aHHbIM NMPU3HAKOM, €CIN COOTHOLLEHNE MHTEHCUBHOCTEN
P1/P2 rekcaroHaneHoro cnos rpadgputa (2H) cocraenser 0,01 unun 6onee, TO HapyLueHmne
OPUEHTALMMN KPUCTanmMYEeCKOM CTPYKTYpbl YrnepogHoro martepuana Oyaer Bbille,
rpadeH nerko oTcnamBaeTcs, U MOXET ObITb NONYYEH YINEPOAHbIA Marepman Ha OCHOBE
rpadputa, KoTopbin Bonee apPEKTUBHO AENCTBYET B KQYECTBE NPeaLEeCTBEHHMKA.
{0012}

OnuncaHHbIN Bbile yrnepoaHbIM Matepuan Ha OCHOBe rpaduta, NoAXOA4ALMA B
KayeCTBe MpeaLlecTBEHHMKa rpadeHa, XapakTepusyeTCa TeM, 4TO YrneponHbIV
Marepuan Ha OCHOBe rpadgurta nony4vart o06paboTkon pagnoBOMHOBBIMW CUNaMMU Y
06paboTkon PUNYECKUMM CUNammn B BaKyyMe Unn B BO3LYXeE.

B cootBetcTBUM C yKasaHHbIM MPU3HAKOM, MOCPEACTBOM KOMOMHMPOBaHUA
06paboTkm Ha OCHOBE pPagMOBOMIHOBOM CUIbl MUKPOBOSH, MUIINIMMETPOBLIX BOJIH,
nnasmbl, SMEKTPOMArHUTHOrO MHAYKUMOHHOrO Harpesa (IH), MarHUTHbIX nonen unun T.n. u
06paboTkM Ha OCHOBE PU3MYECKOMN CUNMbl C MOMOLLBI LIAPOBON MENbHULLI, CTPYNHON
MenbHULBI, LEHTPOOEXHOM CUMbl, CBEPXKPUTUYHOCTU UMK T.M. NPUPOLHOr0o rpaddUTHOro
matepuana B BakyyMe WNN B BO34YXE MONyYaroT YrnepoAaHbIA Marepuan Ha OCHOBe
rpacduta, cogepxawmmn donble pomboagpuyeckmx cnoee rpagpurta (3R). Kpome To0r0,
nockonbKy o6paboTKy NPOBOAAT B BaKyyMe UK B BO3ayxe, TO nocneaytouas obpaboTtka
ABNSAETCA NPOCTOW.

{0013}

Cnocof nony4yeHns yrnepogHoOro marepmana Ha OCHOBe rpadumra, noaxoasLLero
B KayeCcTBe nNPEALUEeCTBEHHMKA rpadeHa, COrnmacHo HacTosWweMy U300PETEHUIO
XapaKTepuayeTcss HanmuMuMeM CTagum ocyLlecTBrneHns obpaboTkm pafnoBOSHOBLIMM
cunamm n obpaboTkn PU3NYECKMMM CUNaMn MPUPOLHOrO rpaduTHOrO mMartepuana B
BaKyyMe WUnv B BO34yXe.

B cooTBeTcTBUM C yKasaHHbIM MPU3HAKOM, MOCPEACTBOM KOMOMHMPOBaHWUS

0bpaboTkm Ha OCHOBE pPaAMOBOMIHOBOW CUSbl MWUKPOBOSH, MUWIMMETPOBbLIX BOJSH,



nnasmbl, 3MEKTPOMAarHUTHOrO MHAYKUMOHHOrO Harpesa (IH), MarHWTHbIX nonen nnn T.n. n
06paboTkm Ha OCHOBE PU3NYECKOMN CUNMbI C MOMOLLBI LAPOBON MENbHULbI, CTPYNHOW
MEInbHULbI, LEHTPOBEXHOM CUIMbI, CBEPXKPUTUYHOCTU UM T.N. 38 KOPOTKOE BPEMS MOXET
ObITb NONy4YeH yrnepoAHeIM Marepwan Ha OCHoBe rpaduta, NOAXOAAMN B KadvecTBe
NpeALecTBeHHMKA rpadeHa, KOTOPbIA Nerdye pasaenserca Ha rpadpeH, no CpaBHEHUIO C
npUMeHeHneM noboro 04HOro U3 ykasaHHbIx crocoboB obpaboTku.
{0014}

Cnocob nony4eHns yrnepogHoro Marepuarna Ha OCHoBe rpaduta, noaxogsLero
B KayecTBe npejwecTBeHHMKa rpadeHa, COormacHoO HacTosAweMy Wn3odpeTeHuto
XapakTepuayeTca TEM, YTO BbILLEONUCAHHBIV NPUPOLAHBIA rPaUTHBIN Marepuan UMeeT
MO MeHbLUen Mepe rekcaroHanbHbli crnon rpaduta (2H), n CoOOTHOWweEHWe
nHTeHcmBHocTen P1/P2  rekcaroHanbHoro cnosi rpagwurta (2H), Ha ocHoBaHuM
pe3ynsraTtoB METoAa PEHTFEHOBCKOW andpakumm, coctaenset meHee 0,01, rae

P1 npeacraensaer cobon MHTEHCMBHOCTL nika (100) NNoCcKoCTM rekcaroHanbHOro
cnos rpaduTa (2H), Ha OCHOBaHWK pPe3ynLTaToB METOAA PEHTIEHOBCKOW Andpakumm, v

P2 npeacraenset cobor nHTeHcrBHOCTL nnka (002) nnoCKOCTM rekcaroHansHoro
cnos rpacduTa (2H), Ha OCHOBaHWK Pe3ynLTaToOB METOAA PEHTIEHOBCKOW Andpakumu.

B coorBeTcTBUM C yKasaHHbIMW MNpU3HaKamu, YrnepoAHbIM Marepuan MOXET
ObITb MOMy4YeH W3 NErkogoCTyMHOrO MNPUPOAHOro rpadura, B KOTOPOM HapyLleHue
OPWEHTaLMM KPUCTaNmM4YeCcKon CTPYKTYpbl YrNepoaHoro marepuwana asnserca donee
HU3KUM 1 OBLLMM.
{0015}

YrnepogHbin  mMarepuan Ha OCHOBe rpaduTa COrnacHO  HacToswemy
N300pETEHNIO XapakTepuayeTcs Hanuumnem pombosgpuueckoro cnos rpacgura (3R) um
rekcaroHansHoro cnos rpagwura (2H), roe cootHowenme (3R) pombosgpuyeckoro cnos

rpaduta (3R) U rekcaroHanbHoro cnos rpagputa (2H), Ha OCHOBaHWMM pPe3ynbTaToB



MEeTOAa PEHTIEHOBCKOM AndpakLmm, KOTOpOe ONpeaensatoT Mno CneayroLlemMy ypaBHEHUIO
1, coctaBnset 31% wnnn Gonee:

CootHoweHrwre (3R) = P3/(P3+P4)x100 - YpaBHeHue 1
roe

P3 npeacranser cobonm  mHTEeHcuBHOCT  nmka  (101)  nnockoctn
pombosgpuyeckoro cnosa rpadputa (3R), Ha OCHOBaHMM pes3ynsTatoB  MeToga
PEHTIEHOBCKOW Andpakumm,

P4 npencraenset cobon MHTEHCKMBHOCTL Nnka (101) NnOCKOCTM rekcaroHansHoro
cnos rpadputa (2H), Ha OCHOBaHWKM pPe3ynLTaToB METOAA PEHTIEHOBCKOW AU pakLmu.

B cooTBeTCTBUM C yKaszaHHbIMW NpuU3HakamMm, MOXET ObITb NMonyyYyeHo BonbLuoe
KOnM4ecTBo pomboagpuyeckoro cnos rpagputa (3R), KOTOpbIM NErko pacLuennaeTca Ha
cnow.

Kpome TOro, Huxe npeacrasneHbl 4pyrne acnekThbl.

Aucnepcus rpadeHa xapakTepusyeTcsa TeM, YTO AUCNEPCUIO rpadoeHa nony4varoT
06paboTkOM  BLILLEONUCAHHOIO  YrMepoaHOro Marepuana Ha ocHoBe rpaduTa,
NOAXOAALLEro B Ka4yecTBe npealecTBeHHMKa rpadpeHa, paguoBOSIHOBbIMU CUMaMn 1
PU3NYECKMMIN CUNAMM B KULKOCTW.

B COOTBETCTBMM C yKa3aHHBIM NPU3HAKOM, B XXMLKOCTWU, TAKOW Kak pacTBOPUTENb,
TENNO AENCTBYET Ha YrNepoAHbIM matepuan Ha OCHOBe rpaduta MnocpencTBOM
PannoBOMHOM CUMbl MUKPOBOSH, MUNIMMETPOBbLIX BOSH, Ma3Mbl, SMEKTPOMarHUTHOrO
NHAYKUMOHHOrO Harpesa (IH), MarHUTHbIX NONEen unm T.M., U Ha HEro AOMNOMNHUTENBHO
AENCTBYHOT (OU3MYECKUE CUMbI C MOMOLLIBHO LLAPOBOW MESNbHULBI, CTPYUHON MENbHULbI,
LEHTPOOEXKHON CUMbl, CBEPXKPUTUYHOCTM uUNM T.N. Takum obpasom, nocpencrTesoMm
KOMOMHMpPOBaHMsa 0BpaboTku pagrnoBONTHOBOW CUITON U 06paboTkn man4eCcKomn CUIou 3a
KOPOTKOE BpeMSA Nerko otcnamsaeTcs Bonbluoe KONMYeCcTBO rpadpeHa, a Konnm4ecTtBo
yrnepoaHoro marepuana Ha OCHoBe rpadura, OT KOTOPOro He OTCnamMBaeTCa rpadeH u

KOTOPbIA OCTaETCA B XKNAKOCTU, TAKOW KaK PacTBOPUTENb, MEHbLLE, U rpadeH B BbICOKON



CTeneHun aucneprmpoBaH B Hen. CrnepoBartenbHO, B XKUAKOCTU, TakOW Kak pacTBOPUTENb,
MoxeT ObITb AucCneprnpoBaHo Oonbluoe KONMMYecTBO rpadeHa, W nonydvaroT
KOHLIEHTPUPOBaHHYO ANCNEPCUIO rpadeHa.

Auncnepcus rpadenHa xapaktepumsyetca cogepxkaHmem 0,01 nnm Gonee yacrem no
mMacce rpadeHa.

B cooTBeETCTBUM C yKa3aHHbIM NMPU3HAKOM, NPW Hanu4um no mexbLien mepe 0,01
nnm Bonee yactem No macce rpadeHa, rpadeH obnagaet BbICOKON AUCMIEPTMPYEMOCTBIO
W, cneposaTenbHO, YHKUUKW, ODyCrnoBreHHble AucnepcuamMn rpadeHa, Moryt ObiTb
CYLLIECTBEHHO YCUMEHbI.

padeHOBLIN KOMMO3UT XapakKTEPU3YETCA TeEM, YTO rpadpeHOBLIM KOMMO3UT
nony4arT CMeLUMBaHWEM BbILEONWCaHHOMO YrNepoaHoro martepuana Ha OCHOBe
rpaduta, NOAXOASALLEro B Ka4ecTBe NpefLllecTBEHHUKa rpadeHa, Unu BbILLEONMCaHHOM
aucnepcun rpadpeHa C MarepuanomM OCHOBbl KOMMO3UTa C MOCneayrowyM  Ux
nepemeLLuMBaHnemM NocpeacTBOM CABUIOBOWN CUTbI.

B cooTBeTCTBMM C YyKasaHHbIM MPU3HAKOM, BbILLEONUCAHHbLIWM YrNepOAHbIN
mMaTtepman Ha OCHOBE rpaduTa Unm BbILLEOMNUCAHHYIO AUCNEPCUIO rpadpeHa 1 marepuan
OCHOBbI KOMMO3UTa NepeEMELLMBAOT NOCPEACTBOM CABUIOBOW CUMbI W, CrEAOBaTENbHO,
rpadeH nerko oTcrnavMBaeTcsl OT HWUX, M OTCMOMBLUMACA rpadpeH B BbICOKOW CTeneHu
AncneprmposaH B HuUx. Takmm oBpasom, nony4varoT rpaddeHOBbLIM KOMMO3UT, KOTOPbIN
MOXET AucneprmpoBarb OOnbLIOE KONWMYECTBO rpadeHa B martepuane OCHOBbI
KOMMNO3MTa, TakOM KakK MOHOMEpPLI, MOMMMEpPLI, Apyrne YrnepogHble martepuansl,
Kepammnyeckme marepuansl, ApeBechHa, LEMEHT U MeTanNmbI.

padeHoBLIN KOMMO3UT XapakTepU3yeTcs TeM, 4YTO MNpu nepemeLlnBaHum
NpeALlecTBEHHMKA rpadeHa wnu agucnepcum rpadeHa €  marepuanom  OCHOBbI
KOMMNO3MTa MCNOMb3yHT KoMNatnbunmsarop.

B cootBeTrCcTBMM C  yKasaHHbIM  MNPU3HAKOM, BCNEACTBUE  LEUCTBUS

komnatnbunmuaaropa, rpadeH oTcrnamBaeTcs nerye.



{0016}

Hucnepcuns rpadeHa xapakTepusyeTcs TeMm, YTO npu cmewmsaHmm 0,1 Yactu no
Macce BbILLEONNCaHHOrO YrnepogHOro Marepmana Ha OCHOBe rpaduta, NoaxoasaLero B
KauyecTBe npegliectBeHHuKa rpadeHa, ¢ N-metunnupponugoHom (NMP) n obpabotke
NONyYEHHOW CMECU B TEYEHME 3 YaCOB YIbTPasBYKOBLIMM BONTHaMM MOLLHOCTEH 100 BT n
yacTtoTton 20 k'Y ansa gucneprupoBaHua rpadeHa, nony4yarot 50% vnm bonee rpadera,
nmetolero 10 cnoeB MnNnu MeHee, OTHOCUTENBHO OBLLEro KonmyecTa BCero rpaderHa um
npeaLecTBEHHMKOB rpadeHa.

B cooTBeTCTBMM C yKasaHHbIM MPU3HAKOM, TOMbKO Wb MNOCPEACTBOM
BblLeonucaHHon obpabotkm 0,1 4actu nNo macce yrnepogHoro marepuana Ha OCHoBe
rpadputa, NOAXOASALLEro B Ka4ecTBe NpeaLLecTBEHHNKA rpadeHa, MOXET BbITb NonyveHa
ancnepcus rpadeHa, B KOTOpoW rpadpeH AUCneprmpoBaH B BbICOKON KOHLUEHTpaLMM Unm
[0 BbICOKOW CTEMEHM, TaK YTO KONMMYECTBO rpadeHa, nmetowero 10 cnoes unn meHee,
coctaenser 50% wnn Bonee oTHocuUTENbHO OOLLEro KonM4yecTea BCEro rpageHa u
npeaLeCcTBEHHMKOB rpadeHa.

{0017}

YrnepogHbin  mMarepuan Ha OCHOBe rpaduta, NOAXOAAWMM B KadyecTse
NPeALUEeCTBEHHMKA rpadeHa, XapaKTepusyeTcs TEM, YTO YrNepoaHblid marepuan Ha
OCHOBe rpaduTa UCnonb3yT NPY NepemMeLlMBaHnM C Matepmuanom OCHOBbI KOMMO3uTa.

B cooTBeTCTBMM C yKasaHHbIM MPU3HAKOM, CABWUIOBYHO CUMY MPUKNaAbiBatoT B
OTHOLLUEHWN YIMEepOAHOro matepumana Ha OCHOBe rpadura, nepemelumsas ero, W,
cnepoBaTenbHO, rpadeH nerko OTCrnavMBaeTcs OT HEero, M OTCNOMBLUMWCS rpadeH B
BbICOKOWM CTEMNEeHW AUCneprvpoBaH B HEM. Takum obpasom, nonyqaroT rpadeHOBbIN
KOMMO3WT, KOTOPbIM MOXET Aucneprumposate OOMNbLIOE KOMMYECTBO rpadeHa B
mMaTtepuane OCHOBbI KOMMO3UTA, TAKOM Kak MOHOMEPbI, NONMMEPSI, APYrue yrnepoaHbie
mMatepuarnbl, KepaMmmyeckme matepumarnsl, LPEBECUHA, LEMEHT NN METANIbI.

{0018}
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lpadeH B MaTepuane OCHOBbLI KOMMO3MTa XapaKkTeEPU3yeTCa TEM, UTO Marepuarn
OCHOBbI KOMMNO3UTa NpeacTaBnsetr cobon cmony.

B cooTBeTCTBUM C yKa3aHHbLIM MPU3HAKOM MOXET BbITb MONy4YEHO NUTOE n3genme
M3 CMOIbI, cogepallee B BbICOKOW CTEMEHW AUCTNEPrMPOBaHHbIV rpadeH. Hanpumep,
MOXET ObITb MOMyYeHO NUTOEe MU3LENUEe M3 CMOIbl, MMEKLLEE NMPEBOCXOAHBIA MOAYIb

ynpyrocTu.

KpaTkoe onucaHue yeprtexen

{0019}

{®wur. 1} Ha dur. 1 npeacraBneHo nsobpaxeHne, AEMOHCTPUPYIOLLEE KPUCTaNIMYeCKyro
CTPYKTYpY rpadura, rae (a) OTHOCUTCA K KPUCTannMYeCKOM CTPYKTYype rekcaroHanbHbIX
kpmuctannos, M (b) OTHOCUTCA K KPUCTaNiMYECKOM CTPYKType pombBosgpuyecKmx
KpUCTannos.

{dur. 2} Ha dwur. 2 npeacraeneHa pauarpamma, AEMOHCTpUpyrowasa npodunb
PEHTrEHOBCKOWN AndpakuLmmn 0BbI4HOrO NPUPOAHOrO rpaduTa.

{®ur. 3} Ha dur. 3 npeacraeneHa cxema, Kotopasa MNMHOCTPUPYET NPOU3BOACTBEHHOE
YyCTPOMCTBO A C MPUMEHEHMEM CTPYMHOW MENbHULbI U Nnasmbl B COOTBETCTBUM C
npumepom 1.

{dur. 4} Ha dwur 4 npeacraBneHO uU30OpaxKeHUe, KOTOPOE AEMOHCTPUPYET
NPOM3BOACTBEHHOE YCTPOUCTBO B C NMpMMeHeHnem LwapoBon MenbHULbI U MarHETPOHA B
cootBeTcTBMM C npumepom 1, rae (@) npeacraenser cobonm cxemy, KoTopas
WNIIOCTPUPYET COCTOsIHME nynbBepusauun, n (b) npeacrasnaet cobon cxemy, KoTopas
WNNOCTPUPYET COCTOSIHME, B KOTOPOM COBUparoT yrnepoaHble matepuarnbel Ha OCHOBE
rpadouta (NpeaLwecTBEHHUKN).

{®dur. 5} Ha dwur. 5 npeacraBneHa cxema, KOTOpas AEMOHCTPUPYET Mpodunb

PEHTFEHOBCKON AudbpakumMm yrnepogHoro marepuana Ha ocHoee rpadura obpasua 5,
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NOMy4YEeHHOr0 C MOMOLLBIO MPOW3BOACTBEHHOrO ycTpouctBa B B cooTBeTCTBUMM C
npumepom 1.

{®dur. 6} Ha dwur. 6 npeacraeBneHa cxema, KOTOpas AEMOHCTPUPYET Mpodunb
PEHTFEHOBCKOW Audopakumm yrnepogHoro marepuana Ha ocHoe rpaduta obpasua 6,
NOMy4YEeHHOro C MOMOLLbIO MPOU3BOACTBEHHOIO YCTpoucTBa A B COOTBETCTBUM C
npumepom 1.

{®dur. 7} Ha dwur. 7 npeacraeBneHa cxema, KOTOpas AEMOHCTPUPYET npodusrb
PEHTrEHOBCKOW AudopakumMm yrnepogHoro marepuana Ha ocHoe rpadura obpasuya 1,
npeacraenstowero cobon cpaBHUTENBHLIW MPUMEP.

{®our. 8} Ha dwur 8 npeacraBneHa cxema, AEMOHCTPUPYHOLLAs YCTPOUCTBO ANS
nony4YeHnsa Aucnepcumn, B KOTOPOM MNOMy4aroT AUCNEPCUIO C MPUMEHEHNEM YrNepOLHOro
mMaTtepuana Ha OCHoBe rpaduTa B Ka4ecTse npeaLlecTBeHHMKA.

{our. 9} Ha dwur 9 npencrasneHa doTorpadpus, AEMOHCTPUPYIOLAA COCTOSHUS
ANCNEepPrmpoBaHnsa ANCNEPCUA, NOMYYEHHbIX C MPUMEHEHMEM YINEPOAHbIX MaTepnanos
Ha ocHoBe rpaduta obpasuya 1, npeacraensaoWero cobon CpaBHUTENBHBLIM NPUMEP, Y
obpasua 5, Nony4eHHOro ¢ NOMOLLbH MPOM3BOLACTBEHHOIO yCTponcTBa B B COOTBETCTBUMM
c npumepom 1.

{®ur. 10} Ha dwur. 10 npeacrasneHa TEM doTtorpaduma yrnepogHoro martepuana Ha
ocHoBe rpadurta (rpageHa), AUCNeprupoBaHHOIo B AUCMEPCUN.

{®dur. 11} Ha dwur. 11 npencraeBneHa puarpamma, LEMOHCTPUPYHOLLAa COCTOAHWUS
pacnpefeneHs yrnepogHoro marepuana Ha ocHoBe rpadwura, AUCNeprmpoBaHHOrO B
AnCnepcum, KOTopbIn Bbln NONyYeH C NPUMEHEHWEM YINEPOLHOro Matepmana Ha OCHOBe
rpacdputa (nNpeawecteeHHnka) obpasua 5, roe (a) npeacraensaer cobon auarpammy,
AEMOHCTPUPYHIOLLYIO pacnpeaeneHme no cpeagHemy pasmepy, a (b) npeacraesnser cobon
Anarpammy, LEMOHCTPUPYIOLLYIO pacnpeaeneHme Konm4yecTaa Crioes.

{®dur. 12} Ha dwur. 12 npepcrtaBneHa awvarpamma, LEMOHCTPUPYHOLLAa COCTOAHWE

yrnepogHoOro marepuana Ha OCHOBe rpaduTa, AMCNEeprMpoBaHHOrO B AMUCMEpPCUN,
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KOTOPbIA MOMy4eH C NPUMEHEHWMEM YINEePOAHOro mMarepwana Ha OCHoBe rpaduta
obpasua 1, npeacrasnsarowero cobom cpaBHUTENBHBIM NPUMEP, rae (a) npeacraBnseT
cobon gmarpammy, EMOHCTPUPYIOLLYIO pacrnpegeneHme no cpegHemy pasmepy, a (b)
npeacTaBngeT cobon guarpammy, AEMOHCTPUPYIOLLYIO pacrnpegeneHne Konuyecrtsa
Cnoes.

{®ur. 13} Ha dour. 13 npeacrasneHa cxema, KoTopas AEMOHCTPUPYET pacnpeseneHns no
KOMNMYEeCTBY CIOEB YrnepoaHbIX MaTepmnanoB Ha OCHOBE rpaduTa, AUCneprmpoBaHHbIX B
ancnepcunsax, Kotopble Obinn NofnyyYeHbl C npumeHeHnem obpasuoB 1-7 B KavecTse
NpeALLEeCTBEHHMNKOB.

{®ur. 14} Ha dwur. 14 npencraesneHa guarpamma, SEMOHCTPUPYHOLLAA COOTHOLLUEHWUS
rpageHa, umetowero 10 CrnoeB WM MEHEE, K COAEPXaHUO pPoMBOSaPUHECKNX
KpmCTannos, AUCrneprpoBaHHbIX B AUCMEPCUN.

{®our. 15} Ha cour. 15 npepcraBneHa guarpamma, KOTopas AEMOHCTPUPYET COCTOSHME
pacnpegenenms rpaduta npy  U3MEHEHUM YCNOBUW  MOMYyYEeHUs gUcnepcum C
NPUMEHEHMEM YIMEPOAHOro Marepuana Ha OcHoBe rpaduta (nNpepLuecTBEHHUKA)
obpasua 5 B COOTBETCTBUM C NpuMepoM 2, rae (a) npeacraenaetr cobor guarpammy,
LEMOHCTPUPYIOLLY0 pacnpefeneHme B Crnydae KOMOWMHMPOBaHWS  yrbTpasByKOBOW
obpabotkn n mukposonHoBon oBpaboTkm, n (b) npeacraenser cobon puarpammy,
LEMOHCTPUPYHOLLYIO pacnpeiernieHne no KONMYecTBy CIOEB B Crydae OCyLUECTBMNEHUSA
TOMBKO YNbTpasBykoBon 06paboTku.

{®ur. 16} Ha dour. 16 npeacraeneHa guarpamma, KOtTopas LEMOHCTPUPYET 3Ha4YeHue
COMPOTUBMNEHUS NPW AUCNEPTMPOBAHNM YINEPOLHOrO Marepuarna Ha ocHoBe rpadura 13
npymepa 3 B NPOBOAALLMX YEPHUNAX.

{®ur. 17} Ha dowur. 17 npencraeneHa guarpamma, KOtTopas LEMOHCTPUPYET 3Ha4YeHue
MPOYHOCTM Ha pa3pbiB MNpU MNEepeMeLlMBaHnn YrnepoaHOro marepuana Ha OCHOBE

rpacputa n3 npumepa 4 co CMONON.

13



{®ur. 18} Ha dour. 18 npeacraeneHa guarpamma, KOTopas LEMOHCTPUPYET 3Ha4YeHUe
MPOYHOCTM Ha paspbiB MNpU MNepemMeLlmBaHnn YrinepoaHOro marepuana Ha OCHOBE
rpacputa n3 npumepa 5 co CMONown.

{®ur. 19} Ha dur. 19 npeacraeneHa guarpamma, KOTopas AEMOHCTPUPYET COCTOAHUS
ANCNEeprmpoBaHns yrinepoaHbIX MaTepuanoB Ha OCHOBE rpadura B AUCNEpCcUsx Ans
ONNCaHNA COCTOSIHUA  AUCMEPTrMPOBaHnS AOMOMHUTENBHOrO npumepa 5, rae (a)
npeacraenser cobon cocTosHue gucneprmpoaHus obpasuya 12, u (b) npeacrasnser

cobon cocTosHWe gucneprposaHns obpasua 2.

OnucaHue BapmnaHTOB peanu3auum nsobpeteHus
{0020}

HacTtoswee un3obpeTeHne CHPOKYCUPOBAHO Ha KPUCTaNnMUYECKOW CTPYKType
rpaduta 1, B NEpByr0 OYepenb, CrnefyeT pacCcMOTPETb BOMPOCHI, Kacarowmecs
KPUCTanNnM4Yeckon CTpyKTypbl. N3BECTHO, YTO NpUPOAHbLIN rpaduT Knaccnuumpyot Ha
TPU TUNa KPUCTanNiMYeCKMx CTPYKTYpP, @ WMEHHO reKkcaroHarnbHble KpucTannbl,
poMBO3apUYECKME KPUCTaNNbl U pasynopsagoYeHHble KpUcTansbl, B 3aBUCMMOCTU OT
dhopmbl nepekpbiBaHns cnoeB. Kak nokasaHo Ha dour. 1, rekcaroHanbHble KpuUcTannbl
UMEIOT KPUCTaNNNYECKYH CTPYKTYPY, B KOTOPOW Crnov pacnonoxeHsl B nopsake ABABAB,
Torga kak pomboagpuyeckme KpUCTansbl UMEKT KPUCTamNNUYECKYH CTPYKTYPY, B KOTOPOW
cnowu pacnonoxeHsl B nopsake ABCABCABC.

{0021}

B npupogHom rpadute Ha ctagmm aobblum NPUPOAHOro rpadputa npakTnyYecku
OTCYTCTBYHOT pomboagpuyeckme Kpuctannbl. OpaHako B 0OblYHBIX  MPUPOAHBIX
YyrNepoaHbIX Marepuanax Ha OcHoBe rpaduta npucyTcTByeT npumepHo 14%
pomMB0O3PUYECKMX KPUCTaNNOB BCNEACTBUE NyNbBEPM3aALMM U NogobHom obpaboTkm
Ha cTagum o4ncTkn. Kpome TOoro, M3BecTHO, YTO A0NS poMBO34pUYECKMX KPUCTanmoB

npubnmkaetcsa kK npeaeny npumepHo 30% gaxe Npu OCyLLECTBNEHNM NyNbBEPU3ALIMM BO
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BPEMSA OYUCTKM B TEYEHME NPOAOITKUTENBHOIO BPEMEHN (HenarteHTHaa nuteparypa 1 v
2).

Kpome Toro, n3secteH cnocod, B KOTOPOM rpadouT BCMyYMBaKOT HarpeBaHWeM, a
He Pm3nYeCKUMM Cunamm, TakMMM Kak nyrnbBepusagms, YTo NPUBOAUT K YeLLlynpOBaHUIO
rpacouta. OgHako gaxke npm obpabotke rpaduta HarpesaHnem npu 1600 K (npumepHo
1300 °C) pona pombosgpuUyecKnx KpucTanmnoB CcoOCTaBnger npumepHo 25%
(HenaTteHTHaga nutepartypa 3). Kpome TOro, ero gonsa yesennymnsaetcsa 4o npumepHo 30%
Aaxe Npu HarpeBaHun Npu YpesBblHanHO Bbicokon Temnepartype 3000 °C (HenaTteHTHas
nnteparypa 2).

Takum  obpa3oMm, HECMOTPS Ha  BO3MOXHOCTb  YBENUYEHWA  40MU
pomBoagpuyeckux Kpuctannos 00paboTkon npupogHOro rpaduta  uUsanyeckumm
cvnammn Unu HarpesaHneMm, BEPXHUIM npegen coctaensaet npumepHo 30%.

{0022}

lekcaroHanbHble Kpuctannbl (2H), koTopble B OONbLUOM CTEMEHN BXOAAT B
COCTaB NPUPOAHOro rpaduTa, O4eHb YCTONUMBLI, U MEXCNONHasa cuna BaH-gep-Baansca
Mexay rpadeHoOBbIMU CNOSMU NPeaCcTaBneHa ypaBHeHMeM 3 (NateHTHas nutepartypa 2).
[Mpy NPUNOXEHUN SHEPTUW, NMPEBLILIAIOLLEN YKA3aHHYO CUIY, NPOUCXOAUT OTCnamBaHne
rpadeHa. JHeprus, Heobxogumasn Ana oTcnamBaHusa, obparHO nNponopumoHanbHa Kyby
TonwmHel. CnegoBaTtenbHO, B COCTOSAHMM OOMbLUON TOMNWMHBI, NMPU NEpPEKpbIBaHNN
MHOIOYUCIEHHBIX CNOEB, rpadeH OTCnamBaeTCca Nnog LENCTBMEM crabon hmusanyeckom
CUMbl, TAKOW Kak yNbTPasByKOBbIE BOMHbI OYEHb HU3KOW MHTEHCMBHOCTU. OgHako npu
oTcnamBaHum rpadeHa ot Oonee TOHKOro rpadpura Heobxoamma oOdeHb Oonbluas
3Heprma.  [dpyrmmun  cnosamu, paxe npu obpabotke rpaduta B TeyeHue
NPOAOIKUTENBHOIO nNepuoja BPEMEHUM OTCNaMBarTCa NuWb cnabdble  3MeMEHTbI
NMOBEPXHOCTU, & KPYMHbIE 3NIEMEHTbI OCTaOTCA HE OTCNOMBLUMMUCS.

{0023}

Fvdw = H-A/(B1T-13) - YpaBHeHue 3
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Fvdw: cuna BaH-gep-Baansca

H: koHcTaHTa Namakepa

A: Tlnowaab NoBEpXHOCTU rpaduTta unu rpadeHa

t: TonwwmHa rpadgouta nnm rpadpeHa
{0024}

ABTOpbl  HacTodWero  M300peTeHna  AOCTUMMW  yBENWYEHWa  OONu
pomboagpuyeckmnx kpuctannoB (3R), koTopasa Obina yBenuyeHa nub A0 NPUMEPHO
30% nocpencteoM 06paboTkn nynbBEpU3aLMEN WU HarpeBaHMEM [0 Ype3BblYaWHO
BbICOKOW Temnepatypsbl, A0 30% wnu Gonee nocpencTtBOM onpeaeneHHom obpaboTkm
NpUPOAHOro rpadura, Kak onucaHo Hwxe. Cnepywowme faHHble Obinyv nonyyeHbl B
pesynsrarte SKCMEPUMEHTOB U MUCCrepgoBaHuW. To ecTb, ecnn  coaepxaHue
pomboagpuyeckmx kpuctannos (3R) B yrmepogHOM marepwane Ha OCHoBe rpaduta
Bbille, B YaCTHOCTWU, eCnn ux copgepxaHue coctaesnsetr 31% wunn Gonee, cywlecTByeT
TeHaeHums, 4to rpadeH Oyaer nerko oTcrnavBarbCs MNpyU NPUMEHEHUM TaKoro
yrnepogHoro marepuana Ha OCHOBe rpaduta B KadeCTBe MNPEALUECTBEHHUKA,
obecneuymBas NpPoOCTOe MNONyYEHME BbICOKOKOHLIEHTPUPOBAHHON N AUCNEPrMPOBaHHON
ancnepcum rpadeHa unum T.n. Noatomy nonaratoT, 4TO NPU NPUMEHEHNN CABUTOBOW CUMbI
UnNn T.N. B OTHOWEHUM pombosgpuyeckmx kpuctannos (3R) mexay CrnosiMm BO3HUKaET
aedopmauyun, T.e. gedopmauma BCEN CTPYKTYpbl rpaduta yBeENUUYMBAETCH, U rpadeH
nerko OTCrnavBaeTCa He3aBMUCMMO OT cunbl Ban-pgep-Baanbca. CoOTBETCTBEHHO, B
HaCTOALWEM M30DOpPETEHMM YIMEepPOAHbIM Marepuan Ha OCHOBE rpadura, OT KOTOPOro
nerko otcrnameaeTcs rpadeH NOCPEenCTBOM onpeaeneHHon obpaboTkm npupogHoro
rpacuta, M KOTOpbIM oObecnedmBaeT BO3MOXHOCTb AMCMEPrMpoBaHUa rpadeHa B
BbICOKOM KOHLEHTpauumM UnM A0 BbICOKOW CTEMEHW, HasbiBarOT NPeaLleCTBEHHWKOM
rpadeHa. 3pecb w  pganee cnoco® nNoOnMyyYeHWs NpefLIecTBEHHWKA rpadeHa,
AEMOHCTPUPYIOLLMA  ONpeaeneHHyro  obpaboTKy, KPUCTanMIUYECKYKD  CTPYKTYpPY

npeaLlecTBeHHWKa rpadeHa, 1 cnocod nonyyYeHus gucnepcum rpadpeHa ¢ npUMMeHeHem

16



NpeALUecTBeHHMKA rpadeHa onncaHsl B TOM NOpaAaKe, B KOTOPOM OHU NPeACTaBneHb! B
cneayroLwmx npmumepax.
{0025}

B TekcTe HacToswero onucaHua rpadpeH OTHOCUTCH K Yellynyatomy Wnu
nnactmHyaTtoMy rpadeHy, KOTOpbIM npeacraBnsaeTr cobor Kpuctann cO  cpegHuMm
pasamepom 100 HM mnun Bonee, HO KOTOPLIM HE NPeacTaBnAeT cobon MENKUN KpucTann
pasmMepoM OT HECKOSTbKMX HAHOMETPOB 40 AECATKOB HAHOMETPOB, N KOTOPbLIN COAEPXKUT
10 croeB vnun MeHee.

Kpome Toro, nockonbKy rpadeH npeacraBnser cobou KpucTann CO CpeaHUM
pasmepom 100 HM mnn Gonee, To aaxe npu obpaboTke WCKYCCTBEHHOro rpadura u
TEXHWNYECKOro yrnepoaa, KOTOpble npeacTaBnsaoT cobowu aMmopdHble
(MUKpOKpUCTanmMyeckue) yrnepoaHble Mmatepuanbl, OTNINYHbIE OT NPUPOAHOro rpaduTa,
rpageH He MOXET BbITb NonyYeH (HenaTeHTHas nuteparypa 4).

Kpome TOro, B faHHOM onucaHum rpadpeHoBbIA KOMMO3UT O3HA4YaeT KOMMO3MWT,
MNOMyYEeHHbIN C MPUMEHEHMEM YIMEepPOAHOr0 Martepuana Ha OcHOBe rpaduTa,
NOAXOAALLEro B Ka4eCTBe MPEALLECTBEHHUKA rpadpeHa, B COOTBETCTBUM C HACTOSALLMM
n3obpeTeHnem, T.e. YIrmepogHoOro martepuana Ha OCHOBe rpaduta, MMERLero
cootHoweHme (3R) 31% wunu Gonee (Hanpumep, obpasubl 2-7 npumepa 1, obpasubl
21, +++ npumepa 5, OnNncaHHbIe HUXKE).

{0026}

34ecb 1 ganee onucaHbl NPUMEPLI peanu3auum yrnepogHoro marepuana Ha

OCHOBe rpaduTa, nOAXOAALWEro B KayecTBe MpejllecTBeHHMKa rpadeHa, B

COOTBETCTBUWN C HACTOSALLMM M30DpETEHNEM, a TakKe Ccrnocod ero nony4YeHus.

{Mpumep 1}
{0027}
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<[lony4eHne yrnepogHOro marepuana Ha OCHOBe rpaduTa, NOAXOAALEro B KadecTBe
npegLuecTBeHHMKa rpagpeHa>

Hanee npeacraBneHo oObsAcHeHWe crnocoba nonyvYeHns  yrnepoaHoro
mMaTtepmana Ha OCHOBe rpaduta, NOAXOASALEro B Ka4eCTBe NpefLlleCcTBEHHNKA rpadeHa,
C MOMOLLIbIO NMPOU3BOACTBEHHOIO YCTPOUCTBA A C NPUMEHEHNEM CTPYWMHOW MENbHULLI U
nnasmbl, npeacraesneHHoro Ha dur. 3. Hanpumep, nNpomM3BOACTBEHHOE YCTPOUCTBO A
OTHOCUTCSA K KOPMyCy, B KOTOPOM MCMNONb3YHOT nnasmy Ans obpaboTkm pagnoBOSHOBOW
CUNOW M B KOTOPOM WCMOMb3YKT CTPYMHYK MEnbHULY Ans obpaboTkm prnsnyeckon
CUOoWn.

{0028}

Ha dur. 3 cumBon 1 OTHOCUTCA K YacTuLe NpUpogHOro rpadmUTHOrO Marepuana
(wewynyatbin rpacdomt ACB-50 nponssogctea komnaHum Nippon Graphite Industries, Itd.)
pasMepoM 5 MM UM MeHee; CMMBON 2 OTHOCUTCA K OyHKepy, KOTOPbIA yaepXuBaeT
npupoaHbIn rpadutHeIn Matepman 1; cumeBon 3 OTHOCUTCSA K conny BeHTypu, yepes
KOTOPOE MPOUCXOAUT BbIrpy3ka NpUpoaHoro rpadputHoro martepuana 1 mns GyHkepa 2;
CUMBON 4 OTHOCUTCS K CTPYMHOW MEnbHULE, KOTopas BblOpackiBaeT CTPYHO BO3AyXa,
HarHeTaemoro 13 KoMnpeccopa 5, pasgensasa ero Ha BOCEMb YacTen, 4To obecnevmBaet
BO3MOXHOCTb CTalrkkMBaHUs MPUPOAHOrO rpadPuTHOrO Marepuana C BHYTPEHHEW
NMOBEPXHOCTLIO Kamepbl Nog AEVUCTBMEM PEaKTUBHOM CTPYU; M CUMBOM 7 OTHOCUTCS K
reHeparopy nnasmbl, KOTOPbLIM pasdpbI3rmBaeT ras 9, Takon Kak KMCnopon, aproH, asoT
UNn BOZOPOL, Yepes conno 8 m3 pesepByapa 6 M KOTOPLIA NOJAET HaNPsPKEHWE Ha
obmoTky 11, HaBUTYO BOKpPYr BHeLWHeW nepudepumn conna 8, m3 mucrtodHmka 10
3MNEKTPONUTAHMUA BbICOKOTO HanpsKEeHWs, co3fasasn nnasMy BHYTPU Kamepbl CTPYMHOMU
MenbHULbBI 4, U reHepaTop nnasmbl 0becnedeH B KaXAOM W3 YETbIPEX MECT BHYTPU
kamepbl. Cumeon 13 oTHocuTeca K Tpybe, KoTopas COeaANHAET APYr C APYrOM CTPYWHYHO
MenbHULY 4 1 nbineynaenueatens 14; cumBon 14 OTHOCUTCA K MblneynaBnuBaTento;

cuMmBon 15 OTHOCUTCS K KOMMEKTOPHOMY KOHTEWHEPY; CuMBON 16 OTHOCUTCA K
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yrnepogHOMy Matepuany Ha OCHOBe rpaduTa (npegLlueCTBeHHUKY rpadpeHa); 1 CUMBOI
17 OTHOCUTCA K BO34yXO4YBKE.
{0029}

Hanee npepcraBneHo 0ObACHEHWE ykasaHHoro crocoba nonydeHus. Hwxke
NpeAcTaBneHbl yCrnoBus Ang CTPYWUHOW MeNbHULBI U NNa3mbl.

Hwke npeacraBneHbl yCroBusa AnNs CTPYMHOU MENbHAULGI.

Haenenune: 0,5 Mla

O6bem Bozayxa: 2,8 M3/MUH.

BHyTpeHHM anametp conna: 12 mm

CkopocTtb notoka: npumepHo 410 m/c

Hwke npeacrasneHbl yCrioBusa Ans nnasmbl.

MowHocTe: 15 BT

Hanps»kenne: 8 kB

Bug rasa: Ar (unctora 99,999 06. %)

CkopocTb noToka rasa: 5 n/muH.
{0030}

[MpegnonaratoT, 4TO NPUPOAHLIE rpadPUTHbIE Matepuanbl 1, KOTOpPbIE 3arpyeHbl
B Kamepy CTPyMHOW MenbHUUbl 4 13 conna BeHTypu 3, yckopsoTca 4O 3BYKOBOW
CKOPOCTM UMW BblILLE BHYTPU Kamepbl U pacnblAoTCA NOCPEACTBOM COyAAPEHNA MEXAY
HaTypanbHbIMU rpauUTHBIMM MatepuanaMmm 1 Unm Ux COyLapeHUn CO CTEHKOW, U YTO
nnasma 12 ogHOBPEMEHHO BbIAENAET AMNEKTPUHECKUA TOK NN BO3BYKAaeT NPUPOLHBbIE
rpacputHble mMaTtepuansl 1, AEWUCTBYET HEMOCPEACTBEHHO Ha aroMbl (3MEKTPOHbI) Y
yBenuumMBaeT aedopmanmio KpUCTansoB, yckopaa nynesepusayunto. Korga npmpogHbie
rpadoutHble mMatepuansl 1 npeBpallaroTcs B MENKMe 4YacTuupl C OnNpeneneHHbIM
anameTtpom yactumy (ot okorno 1 4o 10 MKM), X Macca yMeHbLUAETCs, LeHTpobexHas
cuna ocnabeBaeTr W, cnefoBaTtenbHO, MPUPOAHblE rpaduTHble MaTtepuansl 1

BblkauMBaroT U3 TPyObl 13, KOTOpas coeanHeHa C LIEHTPOM KaMepsbl.
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{0031}

a3, cogepxawme yrnepogHble Matepuansl Ha  OCHoOBe  rpadpuTa
(NpepLecTBeHHNKM rpadeHa), nepemeLleHHbin M3 Tpybbl 13 B LMNUMHAPUYECKUN
KOHTENHEP Kamepbl MNbineynaenueatena 14, obpasyeT cnupanbHbIA MOTOK U CTEKaAET
KannsamMm yrnepofHblx MmarepmanoB 16 Ha rpapUTHON OCHOBE, KOTOPbIE CTankmMBaroTCs C
BHYTPEHHEWN CTEHKOW KOHTEMHEpPA, B KOMNMEKTOPHbLIM KOHTEWHEP 15, pacnonoXeHHbIN
HWXe, a B LeHTpe Kamepbl 0bpasyeTcsa BOCXOA AWM MOTOK BO3AyXa BCNEACTBUE CYXKEHUS
KOHTEWHEPHOW 4acTM BHU3Y KaMepbl, W ras BbINyCKalOT M3 BO3gyxoayBkm 17 (Tak
HasbIBaeMbIN 3PIEKT LMKIOHA). B COOTBETCTBMM C MPOU3BOACTBEHHBIM YCTPONCTBOM A,
B AaHHOM npumepe ncnonb3osanu npumepHo 800 r npegluecTBeHHUKa rpadpeHa 3 1 kr
CbIPbEBLIX MaTepuarnoB, T.€. NpPUPOAHbIX rpaduTHbIX Marepuanos 1. [lonydanu
yrnepogHbin  Marepuan 16 Ha ocHoBe rpaduta (NPenLuecTBEHHUKM rpadeHa)
(ko3P PULMEHT nanedeHns: npumepHo 80%).

{0032}

Hanee onncaH cnocob nonyyeHns yrnepogHoro Marepuana Ha OCHOBe rpadouTa,
NOAXOAALEro B  KavecTBe  npeplecTBeHHVMKa  rpadgeHa, Ha  OCHOBaHuM
NPOM3BOACTBEHHOIO YCTpOUCTBa B, C npMmeHeHnem LLapoBOn MENbHULbI 1 MUKPOBOJH,
Kak nokasaHo Ha ¢ur. 4. YCTpoUCcTBO B oTHOCUTCA, Hanpumep, K KOpnycy, B KOTOPOM
NCMOMb3YHT MUKPOBOMHLI B KadecTBe 0B6paboTkm pagnoBONTHOBOW CUIOM U B KOTOPOM
NCMOMb3YHT LLIAPOBY MENbHULY Ans oOpaboTkn pranyeckon CUnon.

{0033}

Ha dwur. 4 (a) n (b) cumBon 20 OTHOCUTCS K LLAPOBON MEMbHULE, cnumBon 21
OTHOCUTCA K MMUKPOBOSIHOBOMY reHepaTopy (MarHeETPOHY), CUMBON 22 OTHOCUTCSH K
BONMHOBOAY, CWMMBON 23 OTHOCUTCA K BXOAHOMY OTBEPCTUHO MUKPOBOSH, CMMBOS 24
OTHOCUTCA K cpefe;, CUMBON 25 OTHOCUTCA K 4YacTuuam nNpupOLHOro rpaduTHOro
matepmana (Yewyndatein rpadut ACB-50 npoussogctea komnanum Nippon Graphite

Industries, Itd.) paamepom 5 MM N MeHee, cMMBON 26 OTHOCUTCS K KOMIEKTOPHOMY
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KOHTENHEPY; CUMBON 27 OTHOCUTCA K (PUNbLTPY; M CUMBOI 28 OTHOCUTCS K YrNepoaHOMY
Marepuany Ha OCHoBe rpaduTa (NpeaLecTBEHHUKN rpadeHa).
{0034}

Hanee npepcraBneHo 0ObACHEHWE ykasaHHoro crocoba nonydeHus. Hwxke
npeAcTaBneHbl yCnoBus AN4 LWapoBOW MenbHULbI 1 MUKPOBOSH.

Hwke npeacrasneHbl yCrnoBusa AN LWapOBOW MEMNbHAULI.

CkopocTb BpalleHus: 30 06./MUH.

Paamep cpeabl pasmona: ¢5 mm

Bua cpenbl pasamona: wapukm 13 guokcuaa LMpKOHUA

Bpemsa nynbBepusayuu: 3 4aca

Hwxe npeacraBneHbl yCnoBma 4N MUKPOBOSIHOBOIO reHeparopa (MarHeTpoHa).

MowHocTe: 300 Bt

YacTota: 2,45 'ry

Cnocob nanyyenHns: NnepmogmnyecKmin
{0035}

1 Kr CbipbeBOro matepumana 25, npeacraesnswowero cobon npupoaHbIA
rpacdputHbIn yrnepod, n 800 r cpeabl 24 3arpyxanu B Kamepy LapoBon MenbHuLbl 20,
Kamepy 3akpbiBann u obpabaTbiBann cmecb npu ckopocTtn BpaweHns 30 06./MuH. B
TeyeHne 3 vacoB. Bo Bpems o06paboTkm kamepy nepuogudeckm obnyyanu
MUKpoBonHamn (B TedeHne 20 cekyHp kaxpable 10 MuHyT). [llpegnonararoT, 4TO
MWUKPOBOSTHOBOE W3MNy4YeHMe [EeWCTBYET HENOCPELCTBEHHO Ha aroMbl (3MEKTPOHbI)
CbIPbEBLIX MaTtepuanos, yBenuumaa pedopmaumio kpuctannos. [locne obpaboTkm
cpeny 24 ypansanm ¢ nomoLbio punstpa 27 1, Takum obpasom, NMopoLLOK YriepOaHbIX
mMarepunanos 28 Ha ocHOBe rpaduTa (NpeaLuecTBEHHUKM) pa3MepomM npumepHo 10 MKM
MOXET ObITb COBpaH B KONMNEKTOPHOM KOHTENHEPE 26.

{0036}
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<[pohnnb PEHTreHOBCKOW ANdpaKkuMM YrNeEPOAHbIX MarepuanoB Ha OCHoBe rpadura
(MpenwecTBEeHHUKOB rpadeHa>

Ccbinaace Ha dur. 5-7, onucaHbl NPOMUNN PEHTrEHOBCKOW Audpakumn u
KPUCTanNM4Yeckon CTPYKTYpbl NPUPOAHBIX MatepuanoB Ha ocHoBe rpaduta (obpasubl 6
n 5), Nony4YyeHHbIX C MOMOLLLIO MPOU3BOACTBEHHbBIX YCTPOMCTB A M B, 1M nopoluka
pasmepom npmumepHo 10 MKM NpupoaHbIX MatepuanoB Ha OCHoBe rpadpuTa (obpaseu 1:
CpaBHUTENbHbBIA MPUMEP), MONYHEHHOro C NMPUMEHEHWEM TOMBbKO LIAPOBOWN MENbHULbI
NpPOM3BOACTBEHHOro ycTponcTsa B.
Hwke npeactaBneHbl YyCnoBUA WU3MEPEHUS Ha PEHTIFEHOBCKOM AUdPaKLNOHHOM
npunbope.

NcTounurk: nyum Cu Ka

CkopocTb ckaHnpoBaHus: 20 °/MUH.

Hanpsokenne Tpy6kun: 40 kB

Tok Tpy6kn: 30 MA

B cooTtBeTCTBMM C METOAOM PEHTFEHOBCKOW Andpakumm (MHOrouenesomn
PEHTIEHOBCKMA ANPPAKTOMETP MOAENN C rOpU3OHTasnbHbIM 3akpenneHnem obpasua
Ultima IV npomussogctBa komnaHum Rigaku Corporation), kaxabin obpasey,
AeMOHCTpupoBan nHTeHcuesHoOCTU nukoB P1, P2, P3 n P4 B nnockoctsax (100), (002) u
(101) rekcaroHanbHbix kpuctannos 2H wn B nnockoctn (101) pomBosgpUHeCKnx
kpuctannoe 3R. [lanee npeacraBneHo NOSICHEHNE MHTEHCUBHOCTEW YKa3aHHbIX MNKOB.

B nocnegHue rogbl npy U3MEpPEHUM Npoduns PEHTFEHOBCKON Andpakumm
NCNONb30BanuM Tak HasblBaeMble CTaHA4APTU3MPOBaHHbIE 3HAaYEHNS B CBOEW CTpaHeE 1 3a
pybexxom. MHOrouenesom peHTrEHOBCKUA AUPAKTOMETP MOLENN C FOPU3OHTAsbHbLIM
3akpenneHnem obpasua Ultima IV npoussoactea komnaHum Rigaku Corporation
npeacraenser cobon npubop, KOTOPbIN MOXET U3MEPSTb NPOdPUNb PEHTTEHOBCKON
Andpakumm B cooteeTctBuM ¢ JIS R 7651:2007 "Measurement of lattice parameters and

crystallite sizes of carbon materials". Kpome Toro, cootHoweHne (3R) npeacraBnsaet
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cOBON OTHOLUEHME WHTEHCUMBHOCTM  AMdpakumn, TMOMYYEHHOM MO  YPaBHEHWUIO:
cooTHoweHne (3R) = P3 / (P3 + P4)x 100, n gaxe ecnu 3HadeHWe WHTEHCUBHOCTW
Andpakumm M3MeHUnoch, 3HadeHne cootHowweHusa (3R) He mengaetca. Nogpasymenas,
YTO COOTHOLUEHWE MHTEHCMBHOCTU AUpakumn ABNSETCA CTaHA4apTU3MPOBaHHBIM, €ro
0BbIYHO MCMONB3YHT BO UM3bexaHwe onpeneneHns abConTHOrO 3HaYeHUsd, U ero
3Ha4YeHWe He 3aBUCUT OT U3MEPUTESbHBIX NPUOOPOB.

{0037}

Kak nokasaHo Ha dur. 5 n B Tabnuue 1, obpasey 5, NONy4YeHHbIN C NOMOLLLHO
NPOW3BOACTBEHHOIO yCTpoucTBa B, B KOTOpOM mcnonb3oBann obpaboTky B LLApOBOU
MernbHULE 1 MUKPOBOSHOBYH 006paboTKy, MMeN BbICOKME COOTHOLLEHUS MHTEHCUBHOCTEN
nmkoB P3 wn P1, n cootHoweHne (3R), onpeneneHHoe no ypaBHEHWO 1,
AeMOHCTpupoBano otHoweHune P3 k cymme P3 1 P4 46%. Kpome TOro, cooTHoLLeHMe
MHTeHcmBHocTen P1/P2 coctasuno 0,012.

CootHoweHrme (3R) = P3/(P3+P4)x100 - YpaBHeHue 1
roe

P1 npeacraenset cobor MHTeHCHMBHOCTL Nnka (100) NnOCKOCTM rekcaroHansHoro
cnos rpaduTa (2H), Ha OCHOBaHUK Pe3ynLTaToB METOAA PEHTIEHOBCKOW Andpakumu,

P2 npeacraenset cobon nHTeHcrmBHOCTL nNuka (002) NnoCKOCTM rekcaroHansHoro
cnos rpaduTa (2H), Ha OCHOBaHWK PE3ynLTaToOB METOAA PEHTIEHOBCKOW Andpakumu,

P3 npeacraenser cobonm  umHTEeHcuBHOCTb nmka  (101)  nmnockoctn
pombosgpuueckoro cnosa rpadputa (3R), Ha OCHOBaHMM pe3ynsTatoB  MeToaa
PEHTIEHOBCKOW Anpakumm,

P4 npeacraenset cobor MHTEHCKMBHOCTL Nuka (101) NNOCKOCTM rekcaroHansHoro

cnos rpadputa (2H), Ha OCHOBaHUM PE3ynLTaToB METOAA PEHTIEHOBCKOW Audpakuymn.

{0038}

{Tabnuua 1}
NHTEHCMBHOCTM NWMKOB [MMMNYNbChI-Tpag]
(26[°])

lekcaroHaneHble kpuctannel 2H (100) | 162

[P1] (42,33)
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lekcaroHanbHbIe kpuctannel 2H (002) | 13157
[P2] (26,50)
Pomboagpuyeckmne kpuctannsl 3R

(101) 396
(P3] (43,34)
lekcaroHanbHble kpuctannel 2H (101) | 466
[P4] (44,57)
{0039}

Takmm xe obpasom, Kak nokasaHo Ha ¢ur. 6 n B Tabnmuye 2, obpasey 6,
NOMNyYEeHHbIN C MOMOLLbIO MPOU3BOACTBEHHOMO YCTPOMUCTBA A, B KOTOPOM UCMOMb30Banu
06paboTky B CTPYMHOW MenbHULE N 06paboTKy nNnasmon, MMen BbICOKME COOTHOLLEHUS
MHTeHcmBHOCTEN nukoB P3 n P1, n cootHoweHne (3R) coctaBmno 51%. Kpome TOrO,

COOTHOLUeHWe nHteHcmsHocTen P1/P2 coctasuno 0,014.

{0040}
{Tabnunuya 2}
WNHTEHCUMBHOCTUM NMUKOB [MMMynbChI-rpag]
(26[°])
lekcaroHanbHble kpuctannsl 2H (100) | 66
[P1] (42,43)
lekcaroHanbHble kpuctannel 2H (002) | 4,675
[P2] (26,49)
Pomboagpuyeckmne kpuctannsl 3R
(101) 4357
[P3] (43,37)
l'ekcaroHanbHble kpuctannsel 2H (101) | 162
[P4] (44,63)
{0041}

Hanee, kak nokasaHo Ha dur. 7 1 B Tabnmue 3, obpasey 1, npeacTaBnsaoLLMA
cobon cpaBHUTENbHLIA NPUMEP, MOSNYYEHHBIW N C MOMOLLLHO LLAPOBOW MENbHULbI,
NMEN HM3KOE COOTHOLLEHNE MHTEHCUMBHOCTM Nuka P3, no cpaBHeHuto ¢ obpasuamm 5 n 6,
n cootHoweHne (3R) coctaBuno 23%. Kpome TOro, COOTHOLLUEHME WHTEHCUBHOCTEWN
P1/P2 coctasuno 0,008.

{0042}
{Tabnuua 3}

NHTEHCMBHOCTM NWMKOB [MMNYNbChI-Tpag]

(26[°])
lekcaroHanbHble kKpuctannel 2H (100) | 120
[P1] (42,4)

l'ekcaroHanbHble Kpuctannel 2H (002) | 15,000
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[P2] (26,5)
Pomboagpuyeckmne kpuctannsl 3R 50
(101)

P3] (43,3)
lekcaroHanbHbIe kpuctannel 2H (101) | 160
[P4] (44,5)
{0043}

Takmm obpasom, obpasey 5, NOony4YeHHbIM C MOMOLLLH MPOU3BOLCTBEHHOMO
ycTponctea B npumepa 1, n obpasey 6, nony4yeHHbIM C NOMOLLBLK NMPOM3BOACTBEHHOIO
yctponctea A npumepa 1, nmenun cootHoweHnsa (3R) 46% n 51%, COOTBETCTBEHHO, U
ObIN0 NnokasaHo, YTo nx cooTHoweHns (3R) coctaenanu 40% vnm Gonee, unn 50% wnn
fonee, No CpaBHEHWIO C NPUPOAHBIM rpadPuTOM, NokasaHHbIM Ha dur. 2 1 B obpasue 1,
npeacTasnsowmm cobon CpaBHUTENBHBIW MPUMEP.

3arem nonyvanu gucnepcuun rpadeHa C NPUMEHEHWEM MOMyYeHHbIX paHee
NpeALLeCTBEHHNKOB rpadeHa, 1 oLeHMBany NerkocTb oTcnansaHus rpadena.

{0044}
<ncnepcun rpadeHa>

Cnocob nonyyeHnsa gucnepcum rpadpeHa NosCHEH CO CCbInkor Ha dour. 8. Ha dour.
8 nokasaH, B Ka4eCTBe NpMmepa, cryvam KOMOUHNPOBaHUSA yNbTPa3ByKOBOM 06paboTkm n
MUKPOBOTHOBOW 00paboTkM B XKNMAKOCTMU NPU NONyYEHUM gUcnepcun rpadeHa.

(1) 0,2 r yrnepogHoro marepuana Ha OCHOBe rpaduTta, NMOAXOAALLEro B KayecTBe
npegLiecteeHHMKa rpadena, n 200 mn N-metunnupponungoHa (NMP), ncnone3oBaHHOMO
B KQ4eCTBE ANCNEPCUOHHOW cpeabl, 3arpyanu B nabopatopHbin ctakaH 40.

(2) NabopaTtopHeI cTakaH 40 nomeLLanu B kamepy 42 MUKPOBOITHOBOIO reHepartopa 43 1
BCTABNANN YNbTPasBykOBOM npepbiBatens 44A ynerpasBykoBoro pacrtpyba 44 B
ANCNEePCUOHHYIO cpeay 41 B HanpaBreHUn CBEpPXY.

(3) VYnerpassykoBou pacTtpy® 44 aktuBupoBanu, u obecneuvBann HenpepbiBHOE
N3ny4YyeHne ynetpasBykoBblx BoNH Yactoton 20 kl'y (100 BT) B Te4eHmne 3 4acos.

(4) lNocne npuBepeHns B AEUCTBUE YNbTPasBYKOBOro pactpyba 44 aktuBumpoBanu

MWKPOBONHOBOW reHepatop 43 ans obecneyeHusi MNepuogUYecKoro  W3ryyYeHus
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MUKpOBOSH vactotom 2,45 Iy (300 BT) (06nydeHne B TeueHmne 10 cekyHa kaxable 5
MUHYT).
{0045}

dur. 9 OTHOCUTCS K BHELLHEMY BUAY AUCNEPCUM rpadpeHa, NONyYeHHbIX Tak, Kak
ONMcaHo BbiLLE, MO UCTEeYEeHUM 24-4acoBOro nepuoaa.

HecmoTps Ha otnoxenne 4vactm gucnepcum 30 rpadpeHa, nonyyYyeHHou C
npyMeHeHnem obpasya 5, Nony4YeHHOro C NOMOLLBIO MPOU3BOLCTBEHHOIO yCTpoucTBa B,
Habnoganu NpoAyKT, B LEenoM, YyepHoro ueeta. [ostomy cumTanu, 4to Bonblias 4Yactb
yrnepogHbIX MarepuanoB Ha OCHOBe rpaduta, WCMNOMb30BaHHbIX B KayecTse
NpeALecTBEHHUKOB rpadoeHa, Obina gucneprmpoBaHa A0 COCTOAHUA, B KOTOPOM OT HUX
oTcnameancs rpadeH.

B aucnepcun 31, nonydeHHOM C npumeHeHnem obpasua 1, npeacraBnsaroLero
cobon cpaBHUTENbHBIA NMPUMEP, NPOU3OLLIO OTNOXEHWE BonbLUE YacTu YrnepoAHbIX
MaTtepmanoB Ha OCHOBE rpaduta, 1 ObiNo NOATBEPKAEHO, YTO MX YaCTb BCMMbiNa B BUAE
HapoCafouHOro pacrteopa. M3 ykasaHHbiX QakToB caenaH BbIBOA, 4YTO rpadeH
oTcrnavBancs or HeBONbLUOW MX YacTWu, U YTO OHW BCMMbIBanM B BUAE HaA0Ca[04HOro
pacTsopa.

{0046}

Kpome ToOro, gucnepcuto rpadeHa, nonyyYeHHyro Tak, Kak OMnMuCaHo BblLLeE,
pasbaBnann 4O npurogHoM Ana HabnogeHnsa KOHUEHTpauun, HaHOCUM B BUAE
NOKPbITUS Ha NPeaMETHbIN CTONKMK (pewetka TEM) m BbiCyluMBanm peLLETKY. Takum
obpasom, Habnoganu pasMmep M KONMYECTBO CIOEB rpadeHa B 3axBa4YeHHOM Kagpe
NPOCBEYMBAKOLLIErO 3NEKTPOHHOro Mukpockona (TEM), kak nokasaHo Ha dur. 10. Kpome
TOro, PELLETKY, NOKPbITYO pasdaBneHHbIM HafoCcagoYHbIM PacTBOPOM, MCMONb30BanNm
ana obpasua 1. Hanpumep, B cnyyae dur. 10 pasmep COOTBETCTBYET MakCUMarbHOM
annHe L vewywnkn 33, coctaemBLuen 600 HM, Ha ocHoBaHum dur. 10 (a). Uto kacaetca

konuyecTtea cnoes, Ha dur. 10 (b) Habnogann TopueBYHO MOBEPXHOCTL YeLlyirkm 33, n
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NOACYMTBIBaNN NepekpbiBaroLLMeca Cnoun rpadeHa, N KonmyecTsBo CroeB COCTaBuIo 6
(4acTtb, o603Ha4YeHHas cumBonom 34). Takum oBpasom, N3MEPSNN pasMmep U KONMYECTBO
CnoeB Ana kaxaon dewyukm («N» 03Ha4yaeT KOMMYEeCTBO Yellyek), U nonydyanu
KONMMYECTBO CNOEB rpadpeHa, a Takke Mx pasmMepsbl, NpeacraBneHHble Ha dur. 11 1 12,
{0047}

Ccbinasace Ha dour. 11 (a), pacnpeneneHye YyacTtuy no pasmepy (pacnpegeneHve
pasMepoB) TOHKMX YellyeK, COoaepXawmxca B gucnepcum rpadeHa obpasya 5
(cooTHowweHKe (R3) 46%), NONy4eHHOro ¢ NOMOLLLH NPOU3BOACTBEHHOMO yCTponucTea B
npumepa 1, npeacraenano cobon pacnpegenerHune ¢ nukom npu 0,5 mkm. Kpome Toro, Ha
dwur. 11 (b), B OTHOLLEHNM KONMYECTBA COEB, Habnoganu pacnpegeneHme ¢ nMkom B 3
cnos, nNpu 3ToM copepxaHune rpadeHa, nmetrowjero 10 nnu meHee Crnoes, COCTaBnAnNo
68%.

Ccbinasce Ha ur. 12, pacnpegeneHne yactuy no pasmepy (pacnpegeneHve
pasmMepoB) TOHKMX YELLYEK, CoaepKallmxcs B ancnepcum obpasua 1 (cootHoweHmne (R3)
23%) cpaBHUTENBHOrO NPUMeEpa, NpeacTaenano cobon pacnpeaenerHne ¢ nukom npu 0,9
MKM. Kpome TOro, B OTHOLLEHMM KONMMYECTBa CNOEB, Habnwoganu pacnpepeneHve, B
koTopom rpadpeH n3 30 nnmn 6onee cnoee coctaensan OonbLUy YacTb, a rpadeH na 10
nnu meHee cnoes coctasnan 10%.

Ncxoga w3 MNonydeHHbIX pesynsrartoB, Obino  yCTaAHOBMEHO, 4YTO  Mpw
MCNONb30BaHMM B KadvecTBe nNpefLecTBEHHMKa rpadeHa npogykta obpasuya 5,
NOMYy4YEHHOrO C MOMOLLBIO MPOM3BOACTBEHHOrO yctpomuctea B, moxeT ObiTb nonydeHa
BbICOKOKOHLIEHTPUPOBaHHaA Aucnepcusa rpadeHa, KoTopas copaepxuT  Oonbluoe
KonnyecTeo rpadeHa m3s 10 nnn meHee cnoee M kotopas obnagaer nNpPeBOCXOLHOW
ANCNeprupyemMocTblo rpadeHa.

{0048}
[anee co ccbinkon Ha dur. 13 onMcaHa B3aMMOCBSA3b MEXAY COOTHOLUEHMEM

(3R) npeplwecTtBeHHMKa rpadeHa M KOMWMYECTBOM CIIOEB B Aucnepcun rpadeHa.
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Obpasupl 1, 5 n 6 Ha dur. 13 Bbinn TakMmK, Kak onmucaHo Bbiwe. Obpasuybl 2, 3 n 4
nonyyans C MOMOLLBIO MPOM3BOACTBEHHOrO ycTtponctea B, B koTopom o0Bpabotky
NPOBOAUNM C TMOMOLLBI LWAPOBON MENbHMLBI U MUKPOBOMNMHOBOM 00paboTkm, u
npeacraenanM cobon  aucnepcun  rpadeHa, MOfyvYeHHble C  NPUMEHEHWEM
NPeALUECTBEHHUKOB rpadpeHa, nonyvYeHHbIX MOCPEACTBOM COKpalleHUa BpeMeHuU
obrny4yeHnss MUKPOBONHaMM Mo cpaBHeHWO ¢ obpasuom 5. Kpome Toro, obpasen 7
nonyyans C MOMOLLBIO MPOM3BOACTBEHHOIO YCTPOUCTBaA A, B KOTOpOM 0OpaboTky
NPOBOAUIM C MOMOLLBIO CTPYWMHOW MEnNbHULBI U 00paboTkm nnasmomn, 1 npeacraBnsan
coboun gucnepcuio rpadeHa, NonyyYeHHyr ¢ NPUMEHeEHEM npeaLecTBeHHMKa rpadena,
NONYYEHHOro C NpUMeEHeHeM Bonee MoLHOW nnasmbl No CpaBHEHUIO C 0BpasLom 6.
{0049}

Ha c¢ur. 13, B oTHOWEHMM 00pasyoB 2 1 3, AEMOHCTPUPYHOLLMX COOTHOLLUEHMS
(BR) 31% wn 38%, COOTBETCTBEHHO, pacnpeneneHnsa no KonM4ecTBy CroeB UMenu NMnKn
npy KONMMYECTBE CrOeB MpuMepHo 13; TO eCcTb opMbl pacnpeseneHun onmsku K
HOPManbHOMY pacnpeaeneHmo (ANCNepcun ¢ npumeHeHnem obpasuyoe 2 1 3). Yto
kacaeTtcsa obpasuyoe 4-7, AeMoHcTpupyrowmx cooTHoweHus (3R) 40% wnu Gonee, TO
pacnpegeneHms no KOMMYECTBY CNOEB WMENU MUKM MPU  HECKOMbKUX 3HaYEHUAX
KONnn4ecTea CrnoeB (TOHKMA rpadeH); TO eCcTb PopMbl pacnpeaeneHns npeacrTaBnsanm
cobon Tak HasbiBaeMoe norapupmuyeckn HopmaneHoe pacnpegenerHne. C apyrou
CTOPOHbI, YTO Kacaetca obpasya 1 ¢ cooTHowenmem (3R) 23%, To ero pacnpeneneHue
nMeno nuk npu konudectee cnoee 30 unu 6onee (gucnepcusa ¢ NnpumeHeHem obpasua
1). To eCcTb crnegyetr NOHMMaTbL Crnefyrollee: CyLecTByeT TEHAEHUMS, YTO B Cnydasax
AOCTKeHnsa cooTHowwerms (3R) 31% vnn Bonee gopmbl pacnpeaeneHn No KoNM4YecTBy
CNoeB OTnn4aroTca OT opM nNpu cooTHowweHun (3R) meHee 31%; U, Kpome TOro, ecnm
cootHoweHne (3R) pocturaetr 40% wnu Gonee, TO OPMbI pacnpeseneHnin no
KONMMYECTBY CroeB ABHO OTnu4yarotTcs oT dopm npu cooTHoweHun (3R) meHee 40%.

Kpome TOro, cnegyer noHMMaThb, B OTHOLLEHUN fonu rpadeHa n3 10 nnm meHee cnoes,
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cootHoweHne (3R) aucnepcum ¢ npumeHeHuem obpasuya 3 cocrtasnano 38%, a
cooTHoweHme (3R) gucnepcmmn ¢ npumeHeHnem obpasua 4 coctaensano 62%, 1 4to npu
noctmkeHnn cootHoweHus (3R) 40% mnnu 6onee gonsa rpadpena na 10 nnm meHee cnoes
ObICTPO yBENNYMBAETCS.

{0050}

N3 ykasaHHbIX 0akTOB MOXHO caenaTtb BbIBOA, YTO rpadeH n3a 10 unu meHee
CNnoeB Nnerko otcnameaetcs, ecnun cootHoweHre (3R) coctaenset 31% vnm 6onee, n yto
npwn yeennyeHun cootHoweHna (3R) po 40%, 50% n 60% rpadeH n3 10 nnm meHee
cnoeB otcnamBaetrca nerdye. OgHako MOXHO chenartb AOMOMHUTENbHbLIM BbIBOL, YTO,
HanpoTumB, rpadeH 13 10 N MeHee CNoeB C TPyA4OM OTCNanBaeTCH, eCny COOTHOLLEHME
(3R) coctaBnser meHee 40%. Kpome TOro, obpaiwjas BHMMaHME Ha COOTHOLLUEHME
nHTeHcmBHocTten P1/P2, obpasubl 2-7 AEMOHCTpMpOBanuM 3HadYeHus B npepenax
cpaBHUTENBLHO Y3koro amanasoHa ot 0,012 po 0,016, u nobon 13 HUX SBMSETCS
NPeANOYTUTENBHBIM, MOCKOMbLKY NpeBbIaeT 3HadeHne 0,01, Npm KOTOPOM nonararoT, YTO
rpadoeH nerko oTcrnamBaeTcs BCneacTeme gedopmManmm KpUCTanm4yeckmnx CTPyKTyp.
{0051}

Kpome Toro, pesynsrarTbl, NonyyYeHHble cpaBHEHMEM CooTHOLWEHMM (3R) 1 gonen
rpadgeHa n3 10 unm meHee cnoes, npeacraeneHbl Ha dur. 14. Ccbinasce Ha dur. 14,
ObINO yCTAHOBMEHO, 4YTO Npu AOCTWKEHMM cooTHoweHus (3R) 25% wnu 6Gonee,
npumMmepHo 31%, konmn4yecTBo rpadeHa 13 10 nnm MeHee CNoeB Ha4YMHAET yBENMYMBATLCA
(AEMOHCTPUPYET NOCTOSIHHO BO3pacTaroLMi HaknoH). Kpome Toro, 6b1n0 yCTaHOBNEHO,
yto npwn npumepHo 40% konuuectBo rpadeHa M3 10 unm meHee cnoeB ObICTPO
yBennumBaeTcs (4To Kacaetca gonu rpageHa u3 10 cnoeB wunm MeHee, Torga Kak
cootHoweHmne (3R) aucnepcum € npuMeHeHmem obpasua 3 coctasuno 38%,
cootHoweHme (3R) gucnepcun ¢ npumeHeHnem obpasuya 4 coctaBuno 62%, n gons
rpacpeHa n3 10 nunn meHee cnoeB ObICTPO yBenuuunack Ha 24% npu yBENUYEHUN

cooTHoweHua (3R) Ha 4%), n 4To NpoUeHTHoe cogepxaHune rpageHa n3 10 unn meHee
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CnoeB OTHOCUTENbHO 0OLlero copepxaHua rpadeHa coctasnano 50% wnn Gonee.
Kpome TOro, TOYKW, OTMEYEHHble YepHbIMWU KBagpataMmm Ha dur. 14, COOTBETCTBYHOT
pasnuyHbiM obpasuam, 1 BKIFOYEHbI ONMCaHHbIE Bbile obpasubl 1-7 1 gpyrne obpasupl.
{0052}

YkasaHHble (aKkTbl CBUAETENbCTBYHOT, YTO MpPW  MCMnonb3oBaHuM obpasya,
AeMoHcTpupytowero cooTHoweHne (3R) 31% mnun Bonee B kadyecTBe nNpeaLLecTBEHHMKA
rpadpeHa 4na nonyvyeHns gucnepcuun rpadpeHa, gona pacnpegeneHHoro rpageHa ms 10
NN MEHEE CNOeB HauYMHaET yYBENNMYMBATLCS, KPOME TOro, Npy UCMNonb3oBaHuM obpasua,
AeMOHCTpupytoero cooTHowweHune (3R) 40% mnun Bonee B kayeCTBe NpeaLlecTBEHHWKA
rpadpeHa ana nonyyeHusa gucnepcun rpaderHa, obpasyetcsa 50% wnum 6onee rpadeHa 13
10 nnn meHee cnoes. [pyrumu cnosamm, MOXET ObITb NoOMyYeHa agucnepcus rpageHa ¢
BbICOKOM KOHLIEHTpaLMEN rpadpeHa 1 BbICOKOM CTENEHBIO ero gucnepripoBanms. Kpome
TOro, NOCKONbKY MPaKTUYECKN HX OAWH N3 YrNepoaHbIX MaTepuanos Ha OCHOBE rpaduTa
(NpeaWweCcTBEHHMKOB), BXOAALLMX B COCTaB AUCNEPCUM, HE MOABEPXKEH OTIIOXEHWNIO, KaK
OMNMCaHo Bbile, MOXET ObITb N1IErko Nony4YeHa KOHUEHTPUPOBaHHas aucnepcusa rpadeHa.
B cooTtBeTcTBUMM C yKasaHHbIM CNocoboM MOXET ObiTb MONyyYeHa Aaxe Aucnepcus
rpacdpeHa ¢ koHueHTpauuewn rpadgpeHa 6onee 10%, 6e3 ee KoHUeHTpupoBaHus. B
yacTHoCTK, cooTHoweHue (3R) npegnodytutensHo coctaensaetr 40% wnn Gonee ¢ Tom
TOYKM 3PEHMS, YTO Aonsa aucneprmposaHHoro rpadperHa n3 10 unmn meHee cnoes BbICTPO
yBenumymeaetcsa Ao 50% vnn 6onee.

{0053}

MpeacraBneHHoe Bbille ONMCaHWE BbISBMASET Crieayowee: ecrnm COOTHOLWEHWE
(3R) coctaenset 31% wunu 6onee, npegnoututensHo 40% mnnu 6onee 1 LONONHUTENBHO
npeanoytuTensHo 50% mnn 6onee, To pasgenerHne Ha rpadeH n3 10 nm MeHee Croes n
TOHKME YrNepoaHble MaTepuarnkl Ha OCHoBe rpaduTa ns npumepHo 10 cnoes BO MHOMMX
crny4yasix NponcxoauT ¢ 6onee BbICOKMM COOTHOLLEHMEM; U ECINN YKa3aHHbIE YrNepoaHble

mMartepuanbl Ha OCHOBe rpaduTa UCMosb3yT B Ka4ECTBE NpesLLeCTBEHHUKOB rpadeHa,
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TO MOXET ObITb NOMyYeHa BbICOKOKOHLEHTPUPOBAHHAA AMUCNepCcusa rpadpeHa, Kotopas
obnagaetr nNpeBOCXOOQHOM AUCMEPTMPYEMOCTBIO rpadeHa. Kpome Toro, npumep 5,
OMNUCaHHBIA HWXE, AEMOHCTPUPYET, UTO ecnn cooTHowweHne (3R) coctaensaer 31% wnm
fornee, TO yrnepoAHble Matepuanbl Ha OCHOBE rpaduTa MOAXOAAT B KadecTBe
npegLuecTBeHHMKa rpadoeHa.

{0054}

Kpome TOro, BepxHuMM npegen cooTtHowenmna (3R) npepgycmatpuBaet, 4To
BEPXHUM Npefen He UMEeET KOHKPETHoro onpeaeneHns. OgHako npeanovyTuTensHO, YTo
BEPXHUW nNpepen onpegeneH Tak, YTO COOTHOWEHME WHTEHcuBHocTen P1/P2
ogHOBpeMeHHO  ygoenetBopAeT  3HadeHuo 0,01 mwnn  Gonee, MOCKONbKY
NPeALUEeCTBEHHUKM rpadpeHa nerko oTcrnamBaroTCa npy NonyyYeHun Aucnepcum mnm T.n.
Kpome Toro, B crnyyae cnocofoB NOMyyYeHUss C MPUMEHEHMEM MNPON3BOACTBEHHbIX
ycTponctB A B BepxHu npegen coctaensaet npumepHo 70% € TOUKN 3pEHMSI NPOCTOTbI
nonyyeHus rpadeHa. Tawke, ©Gonee npegnodTuTEneH cnocodb KoMOMHMPOBaHUSA
06paboTkM C NOMOLLBIO CTPYMHON MENbHULBI B NMPOM3BOACTBEHHOM YCTPOMUCTBE A U
nnasmeHHon o6paboTkK, MOCKONbKY MOXET ObITb NErko MnonyyYeH npeaLecTBEHHUK
rpacdpeHa ¢ Gonee BbicokMm cooTHoweHnem (3R). Kpome Toro, cooTtHoweHne (3R)
pocturaer 31% wnun 6onee npu KoMBUHMPoBaHUK 0BPaboTkM OU3NYECKON CUINON U

06paboTkm pagnoBOTHOBOW CUMOW.

{Mpumep 2}
{0055}

B npumepe 1 onmucaH cnyyar, B KOTOPOM AN NOMyYeHUs gucnepcun rpadpeHa
KOMOMHMPOBanNu yneTpasBykoByto 0OpaboTKky M MUKPOBONHOBYO 0BpaboTky. B npumepe
2 npoBOAWMM TOSMbKO YMbTPasByKoBy0 0OpaboTKy, HE BbINOMHSAS MUKPOBOSHOBYHO

0bpaboTky, a ocTanbHbIE YCroBMs ObINn TaKMMKM Xe, Kak B npumepe 1.
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Ha cour. 15 (b) npeacraBneHo pacnpegeneHme KonnmyecTsa Croes B AUcnepcum
rpacpeHa, nOnyyYeHHOW C MNOMOLULH ynbTPasBykoBOWM 00paboTkm C NpPUMEHEHMEM
npegluectTBeHHMKa rpadgeHa npumepa 5 (cootHoweHue (3R) = 46%), nonyyYeHHOro B
Npon3BOACTBEHHOM ycTpouctee B. Kpome Toro, dour. 15 (a) aBnseTcsa Takom Xe, Kak
pacnpegeneHne, npeacraeneHHoe Ha dur. 11 (b) npumepa 5, nonyyYeHHOro B
NPOW3BOACTBEHHOM ycTpoucTee B npumepa 1.

B pesynerate, HecMOTpA Ha TO, 4YTO HanpasneHHOCTb pacnpeneneHus
KonuyecTea crnoeB Obina nodtm Takow e, gons rpadeHa na 10 mnn meHee cnoes
coctaBnsana 64% wn 6blna HEMHOMO CHWXKEHAa, MO cpaBHEHUIO C 68% ans npumepa 1.
YkasaHHbIN akT AEeMOHCTPUPYET, YTO ANA nonyyvyeHusa gucnepcun rpadeHa bonee
3P PEKTUBHBLIM ABMAETCS OLHOBPEMEHHOE NpOBEAEHME ABYX 00paboTok pmamyeckmumm

cunamun n pagnoBonHOBbIMKU CHUamMM.

{Mpnmep 3}
{0056}
B npumepe 3 onvcaH npumep, NCMosb30BaHHbIM A5 NPOBOASALLMX YEPHWIT.
Ob6pasey 1 (cooTHOoweHne (3R) = 23%), obpasey, 3 (cooTHoweHre (3R) = 38%),
obpaseu 5 (cooTHoweHme (3R) = 46%) n obpasew 6 (cooTHoweHme (3R) = 51%) npumepa
1 Mcnonb3oBanu B Ka4eCTBE NPeLLLECTBEHHNKOB rpadeHa B pacTBope yrnepoga HoMep
3 wnu MeHee, KOTOPbIA MCMOMb3OBanM B KayecTBe areHta pans obecneyenus
NPOBOAMMOCTM, B CMECU BOAbl W CNMpTa B KOHLUEHTpauusx, nogobpaHHbIX Ans
npoBogAawmx YepHun, ¢ nonydyeHnem vepHun INK1, INK3, INKS n INK6, n cpaBHuBanu
3Ha4YeHMsT UX COMPOTUBNEHMNA. Ha OCHOBaHMM MOMyYEHHbIX PE3yNnbTaTtoB, YEM Bbile

ObInn 3Ha4eHns cooTHoLWEHMSA (3R), TeM HXKe Bbinn 3HaYEHNS CONPOTUBIIEHNS.

{Mpumep 4}
{0057}
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B npumepe 4 onucaH npumep, B KOTOPOM MpeALecTBEeHHUK rpadeHa
nepemMeLumBanm Co CMOION.

Mpy nony4yeHUn nucta cmonbl, B KOTOPOM AMUCMIEPrMpOBaH rpadeH, NpPoYHOCTb
Ha paspbiB Obla WUCKAHYUTENBHO BLICOKOW, HECMOTPS Ha pobaBneHne K Hemy
CTEKNSAHHbIX BOSIOKOH. TakMm o0BpasoMm, ndyyanu (aktop, BAUSIOWMKA Ha yKasaHHYHo
XapakTepucTuky, W, crnegosartenbHO, MOXeT OblTb caenaHo HabniogeHve, u4To
komnatubunuaarop, pobaBneHHbIM OLHOBPEMEHHO CO CTEKMSHHbIMW BOMOKHaMMU,
cnocobeTByeT 0bpasoBaHuio rpadpeHa 13 npeflecTBeHHUKa. Taknum obpasom, nsydanm
NPOAYKTbI, nony4YeHHbIe CMeLLVBaHneMm ANCNeprupyroLLmx areHToB n
komnatnbununaartopa B CMOne.

1 macc. % obpasya 5 (cootHoweHme (3R) = 46%) npumepa 1 pobasnsnu B
Ka4ecTBe NpefllecTBeHHWKa HenocpeactBeHHo K LLDPE  (nonmmaTtuneHy) w
nepemMeLumBann CMecb NocpeacTBOM CaBUra (CABUIOBOW CUIbl) B MECUMbHOW MalumHe,
ABYXBanbHON MECUNBHOM MalUMHe (SKCTpyAepe) nnn T.n.

OOLWwens3BeCcTHO, YTO NMPW NPeBpPAaLLEHUN YIMEPOAHBIX MaTtepuanoB Ha OCHOBE
rpadguta B rpadeH, B BbICOKOW CTENEHU AMCMEPTMPOBaHHbLIM B CMOIIE, MPOYHOCTb Ha
paspbiB yBenuumBaeTcs. CrnepoBarenbHO, M3MEPSs MPOYHOCTb Ha paspbiB CMOSb,
MOXHO OTHOCWUTENBbHO OLEHUTb CTEMEHb paccrnavBaHua Ha rpadpeH n AUCNepCuto.
MpoYHOCTL Ha paspbiB U3MEPSN C MOMOLLBIO TOYHOW HAaCTONBbHOW WCMbITATENBbHOM
yctaHoBkn obuwjero HasHaveHuns (AUTOGRAPH AGS-J) npowssoactBa KOMMNaHWm
Shimadzu Corporation B ycnoBusix sKCnepmMeHTanbHOM ckopocT 500 MM/MUH.

{0058}

Kpome TOro, Ana cpaBHEHWA CTeneHu paccrnamBaHua Ha rpadeH wu
ANCNEPrMpyeMoCTM B 3aBUCUMOCTM OT Hanuymsa unu oTcyTcTBma AobaBoK, NpoBOAUN
cnegyrouime cpaBHeHUs Tpex TMnoB (a), (b) u (c).

(a) bes gobasok

(b) 0BbIMHBIM AMCNEPTUPYIOLLMIA areHT (CTeapar LuHKa)
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(c) komnaTnbunmsarop (nonMmep, MOANMPULMPOBaHHbIE NPUBNBAHNEM)
{0059}

Ccbinaace Ha ur. 17, 4EMOHCTPUPYIOLLYHO pe3ynbTaTbl UM3MEPEHWUN, panee
npeacraeneHbl 0bbsACHEHNA pe3ynsratoB. Kpome Toro, Ha dur. 17 Kpyr OTHOCATCA K
CMOMUCTBIM Marepuvanam, nofyvYeHHbIM C npumeHeHnem obpasua 1 cpaBHUTENbLHOrO
npumepa, a KBagparbl OTHOCATCA K CMOMUCTbIM Marepuanam, MofyYeHHbIM C
npumeHeHnem obpasua 5 npumepa 1.

B cnyuae (a), npu otcytcTtBuM gobaeneHmnsa nobaBoK, pasHOCTb MPOYHOCTM Ha
pa3spbiB Obina HeOOMNBLIOW.

B cnyuae (b), ¢ gobaBneHnem gucneprupyrowlero areHta, obino obHapyxeHo,
4yTO OOpasoBaHMe rpadeHa B MPEALIECTBEHHUKE rpadeHa npumepa 5 4O HEKOTOPOM
CTENneHn yCKOPEHO.

B cnyyae (c), ¢ pobasneHvem komnatmbunusaropa, 6bino obHapyKeHO, 4To
obpasoBaHue rpacdeHa B npealecTBeHHKe rpadeHa npumepa 5 6bino CyLECTBEHHO
yckopeHo. [MpegnonoxuTenbHO, 31O OOYCrOBMEHO TEM, YTO MOMMMO BIUSAHUSA Ha
ancneprmposaHne rpadeHa, Komnatmbunmuaatop CBS3bIBAeT CBA3AHHbIE  4acTu
rpadeHOoBOrO Crost M CMONY, U AENCTBYET HA HUX Tak, YTO CBA3AHHbLIE YacTu rpaddeHoBOro
CNnos OTCnamBaroTCA OT HEE NP NPUNOXKEHNN CABUIra B TAKOM COCTOSAHUM.

{0060}

Creapar yMHKa onucaH BbIWE Kak npumep aucneprmpyrowlero areHta. OgHako
MoryT 6bITb BbIOpaHbl areHTbl, NOAXOAALME ANA YKa3aHHbIX coeanHeHunn. B kadectse
NpMMEpPoB  AUCMEPTMPYOLEro  areHta MoryT  ObITb  HasBaHbl  @HWOHHbIE
NMOBEPXHOCTHO-aKTMBHbIE BELLECTBA, KaTMOHHbIE MOBEPXHOCTHO-aKTUBHbLIE BELLECTBA,
LBUTTEP-NOHHbIE NOBEPXHOCTHO-aKTUBHbIE BeLecTBa n HENOHOrEHHbIEe
NMOBEPXHOCTHO-aKTMBHbIE BellecTBa. B vactHocTu, Ana rpadeHa npeanodTUTENbHbI
aHWOHHbIE NOBEPXHOCTHO-aKTUBHbIE BeLecTsa n HEeWNOHOreHHble

NOBEPXHOCTHO-aKTUBHbIE BeLecTea. bonee npeanoyYTuUTENbHbI HEeNOHOreHHbIe
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NOBEPXHOCTHO-aKTUBHbIE BeLlecTBa. Mockonbky HEWNOHOreHHbIe
MOBEPXHOCTHO-aKTMBHbIE BELLEeCTBa MNPeACTaBnstoT CoOOM MOBEPXHOCTHO-aKTUBHLIE
BEL|eCTBa, KOTOpble He AOUCCOLUMMPYIOT Ha WOHbl W KOTOPble AEMOHCTPUPYIOT
rmapodunbHbIE CBOUCTBA BCMEACTBME BOAOPOAHBIX CBA3EW C BOAOW, Kak B Crydae
OKCU3TUMEHOBbIX FPYNMN, MMAPOKCUIbHBIX FPYNn, YyrNeBOAHbIX LEeNen, Taknx Kak rmoKo3ua,

M T.N., CyLecTBYeT NPEeMMYLLECTBO, MO3BOMSIOLEE WCMONb30BaTb WX B KayecTse

HEMNONAPHbLIX PacTBOPUTENEN, HECMOTPA Ha TO, YTO OHW He obnagaroT TakoW BbICOKOW
CUNON MTMAPOPUNBHOCTH, KaK MOHHbIE MOBEPXHOCTHO-aKTUBHbIE BellecTsa. Kpome Toro,
NX NPEeVMYLLIECTBO 3aKM4aeTCa B TOM, YTO MOCPEACTBOM W3MEHEHUSA ANWHbI Lenn nx
rmMAPOMUNBHBLIX FPYMN MOXHO NErko MEHATb MX CBOWCTBA, OT NMNOMUIIbHBIX CBOUCTB A0
rMapodunbHbBIX CBOMCTB. B kayeCTBe aHMOHHBIX MOBEPXHOCTHO-aKTMBHbIX BELLECTB
NPeANOYTUTENbHBLI CONKM X KUCNOT (X KMCNoTa npeacTaBnseT cobomn, Hanpumep, XOneByro
KACMNOTY W [E30KCMXONEeBYy Kucnoty), Hanpumep, SDC: pesokcmxonar Hatpus, U
docaTtHble cnoxHble  ddupbl. Kpome TOro, B  KayeCTBE  HEMOHOrEHHbIX
NMOBEPXHOCTHO-aKTMBHbIX BELLECTB MPeanoYTUTENbHbI CrOXHbIE 3PUPbI MMULEPUHa U

XKMPHbIX KMUCMOT, CrOXHble 3bupbl copbuUTa M XKUPHbBIX KUCMOT, 3TOKCUNAaThl XKMUPHbIX

CNUPTOB, anknndeHNNoBbIA 3UP NOSIMOKCUSTUNEHA, anKUATNUKO3UAbI U T.M.

{Mpnmep 5}
{0061}

[Ana nononHUTENBHOW NPOBEPKM TOrO dhakTa, YTo Marepuarnsbl, NoNyYeHHbIE Npu
cootHoweHnn (3R) 31% wunu ©Gonee, npepcraBnaloT cobor NpenMyLeCTBEHHLIE
npegLecTBEHHMKM rpadpeHa, Kak onmcaHo Bblle B npumepe 1, ganee B npumepe 5
onmMcaH npuMep, B KOTOPOM MPEeALUEeCTBEHHMK rpadpeHa nepemMmeluvsann Co CMOSOW.
Hanee npeacraBneHo 06bACHEHME MOAYNA 3NAaCTUYHOCTU NUTbIX U3LENUA U3 CMOIbI, B

KOTOPbIX B Ka4decTtBe npeaLeCrBeHHNKOB MCMNonb3oBarin yrnepogHble mMarepunarbl Ha
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ocHoBe rpacdwuTa, cogepxawyme obpasupl 1-7 npumepa 1, nmerowme cootHoweHuns (3R),
HaHeCeHHble Ha rpadouk Ha dour. 14.
{0062}

(1) Ucnonb3aysa onucaHHbIN Bhille YrnepogHbi Marepuan Ha oCcHoBe rpaduTa B
Ka4yecTBe npejllecTtBeHHuKa, cmewmsann 5 macc. % LLDPE (nonwmatuneHa: 20201J
npomssoactea komnaHum Prime Polymer Co., Ltd.)) u 1 macc. % pgucnepratopa
(HEMOHOreHHOro MOBEPXHOCTHO-aKTUBHOMO BeLLecTBa) B BOAE, MNPOMYLLUEHHOW 4Yepes
NOHOODOMEHHMK, 1 NMPUBOAWIN B AEVUCTBME ONMUCAHHOE BbILLIE YCTPOUCTBO, N30DpaKeHHOE
Ha dour. 8, NpK TakMX e yCnoBusax, C NoNy4YeHNEM anucnepcun rpadeHa, cogepxawmx 5
mMacc. % rpadpeHa v yrnepoaHbIX MaTtepuarnoB Ha OCHoBe rpaduTa.

(2) 06 «r paucnepcum rpadpeHa, nonydyeHHoMm Ha ctagum (1), cpasy
nepemeLlumsanu ¢ 5,4 Kr CMOrbl, UCNONb3Yys MECUNBbHYIO MaLUMHY (MecunbHaa MaluvHa
npeccytowero tmna WDS7-30 npousBogctBa komnanHumm Moriyama Co., Ltd.), c
nony4eHreMm rpaHyn. Huxe onmcarel ycnosus nepemMelunsaHms. Cnegyer oTMETUTD, UTO
COOTHOLLUEHME NEPEMELLMBAHNSA MEXAY CMOMOM U Aucnepcuen Bbibupannm Tak, 4Tobbl
KONMMYECTBO rpadpeHa 1 yrrnepoaHbIX MarepuanoB Ha OCHOBE rpaduTa, CMeLlaHHbIX C
Hen, B KOHeYHoM utore coctasnano 0,5 macc. %.

(3) MpaHynbl, nony4eHHblE Ha cTagum (2), dopmoBanu B ONbITHbIN OBpasel B
cootBetcTBUM ¢ JIS K7161 1A (anuHa: 165 mm, wupuHa: 20 MM, TonwmHa: 4 MMm) C
MOMOLLbHO TepMonnacTasTomara.

(4) Mogynb anactmyHocTh (MlMa) onbiTHOro obpasua, Nony4YeHHOro Ha cragum
(3), 3amepsnm B yCrioBUsIX 3KCNepPUMEHTanNbHON ckopoct 500 MM/MUH. B COOTBETCTBUN C
JIS K7161, Ha TOYHOM HACTONBbHOW YHMBEPCANbHOW WCMbITATENBHOW YCTaHOBKE
npomseoacTtea komnaHum Shimadzu Corporation (AUTOGRAPH AGS-J).

{0063}
Hwke npeacraBneHbl yCnoBUa NnepemeLLmBaHns.

Temnepatypa nepemewmanuns: 135 °C
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CkopocTb BpaLleHus potopa: 30 06./MUH.

Bpems nepemewumBanna: 15 MuHyT

CosgaHne na3bbitouHoro gaeneHuna B neun: npunoxerHre 0,3 Mlla Ha 10 MuHyT
nocne Hadana n cbpoc gaBneHnsa 4o aTMOCHEPHOro no ncredeHnmn 10 MUHyT.

{0064}

AncneprmpoBaHMe  BbILLEOMUCAHHOW  gucnepcum  rpadeHa B CMOne
NPeAnonOXUTENBHO MNpoTekaeT cregyrowmm  obpasom. [lockonbky Temneparypa
nnaeneHns cmonbl 06blyHO coctaensetr 100 °C wnm Gonee, TO Boga ucnapsaeTcs B
atmocdepy, HO B MECUIbHOW MalUMHE MPECCYIOLWEro Tuna BHYTPEHHASA YacTb neuyu
MOXET ObITb repMeTnanpoBaHa. Bo BHyTpeHHeN YacTn neym Temneparypa KUNeHnsa Bogbl
YBENMMUYMBAETCSH, TaK YTO AMCMEPCUS OCTAETCA B XWAKOW popMme, B pesynsrate 4ero
MOXeET BbITb NOfyYeHa 3MynbCUS yKasaHHOW AMCMEPCUMU U CMOnbI. [locne npunoxeHus
LaBNeHUs B TeYeHWe OnpefeneHHOro BPEeMEHW, AaBneHWe BO BHYTPEHHEW 4acTu
NOCTENEHHO cOpachIBatOT, YTO MPUBOAUT K CHIDKEHUIO TeMnepaTtypbl KUNEHUS BOAbl U
BO3MOXHOCTM UMCNapeHus BoAabl. Takum oOpa3om, B CMone ocTaeTcsa rpadeH,
3aKMOYEHHbIN B BOAE. OTO NPUBOAUT K TOMY, YTO rpadeH 1 yrnepogHble matepuarnbl Ha
OCHOBe rpaduTa B BbICOKOW KOHLEHTPALUN ANCMEPTUPYHOTCA B CMOIE.

Kpome Toro, nockonbKy rpadeH 1 yrnepoaHsie Marepmarnbsl Ha OCHOBE rpaduta
CKMOHHbl K BbINAAEHWIO B OCafOK M3 AUCNepcun rpadeHa C TEYEHUEM BpPEMEHM,
ancnepcuio rpadeHa nepemMeLwlnBaroT B CMOME MNPEAnoYTUTENBHO Cpasy nocne
nony4eHnsa gmcnepcum rpadena.

{0065}

Cnegyet OTMETUTbL, 4YTO OMUCaHHbIE HWKE YyCTpoucTBa MOryT ObITh
MCNONb30BaHbl B KAYECTBE YCTPOUCTB ANA NMOSNyHYEHNa SMYINbCUN YKa3aHHOM AUCNEPCUm
N CMOIMbI, OTMMYHbBIX OT MPECCYHOWEN MECUNbHON MalUMHbl: XUMUYECKUW ABuUrartens;
BMXPEBOW CMECUTENL, CMECUTENB-TOMOINEHN3aTop; rOMOreHN3aTop BbICOKOro AaBMneHus;

rMOPaBINYECKUA COABUIOBOM CMECUTENMb, MOTOYHLIA CTPYWHbIM CMECUTENb, CTPyWHas

37



MernbHMLA 4NS MOKPOro U3MensYeHNS; U yNsTPasByKOBOW reHeparop.

Kpome Toro, crnegyrowpme coeguHeHNa MOryT ObITb MCNONb30BaHbl B KayecTBe
pacTBopuTeEna ANa UCnepcumn, OTAMYHOrO OT BOAbI: 2-nponaHon (IPA); aueToH; Tonyon;
N-meTunnmpponunaoH (NMP); n N,N-gumetundopmamung (AMPA).

{0066}

B Tabnuue 4 npeacraBneHa B3aMMOCBA3b Mexay cooTHoweHusmn (3R)
npumepHo 30% WM MOAYNSMWM 3MacTUYHOCTM NUTbIX wn3genun mna cmonbel. Cnepyer
OTMETUTL, YTO 0Bpasey 00 B Tabnuue 4 npeacraBnaeT cobom KOHTPONbHLINM 0bpasel, B
KOTOPOM Npu NepemMeLLInBaHnm He MCNOoNb30Barnm HUKakmx NpeaLLecTBeHHUKOB, obpasLbl
11 1 12 nmMerT NPOMEXYTOUHbIE COOTHOWEHNA (3R) Mexay 3HadeHusmm obpasua 1 um
obpasya 2, u obpasey 21 MMEET NPOMEXYTOYHOE cooTHoweHne (3R) mexay

3HaveHuamMm obpasua 2 n obpasya 3.

{0067}

{Tabnuua 4}

Ne ob6pasua 00 1 11 12 2 21 3 4
P3/(P3+P4) - 23% | 25% | 28% | 31% | 35% | 38% | 42%

Mopgyne anacTMyYHOCTK
(MMMa) 175 197 196 199 | 231 249 | 263 | 272

(cpegHun 3a 5 pas)

OTnnume oT KOHTpONS 124 | 120 | 139 | 31,7 | 421 | 50,0 | 55,6

% % % % % % %

CopepxaHue rpageHa n3s

mMeHee 10 cnoes npu
- 10% | 12% | 25% | 25% | 30% | 38% | 62%
ancnepruposaHum 8 NMP

(aTanon)
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{0068}

Ha dur. 18 n B Tabnuue 4 npeacraeneHbl AaHHble, NOATBEPXKAAKOLWME, YTO PasHOCTb
MOAYNS  3NacTUYHOCTM  OTHocuTenbHO obpasya 00 (KoHTponb) (yBENMYEHME
COOTHOLLUEHUS MOAYNSA 3MNacCTUYHOCTM) MPUMEPHO MOCTOSIHHA M COCTaBNSAET MPUMEPHO
10% po poctmxkeHma cootHoweHus (3R) 31%; nocne goctmkeHus cooTHoweHua (3R)
pa3HOCTb Pe3ko Bo3pacTtaeT Ao 32%; npu yBennydeHun cootHoweHna (3R) ot 31% no
42% pa3HOCTb MOHOTOHHO yBenuymeaeTca 40 50%; 1 nocne fOCTMKEHNA COOTHOLLEHWS
(BR) 42% pasHOCTb HEe3HauYMTENBHO YBENUUMBAETCA W NpUbNMXKaeTca K npepeny
npumepHo 60%. Taknum obpasom, ecnn cooTHowweHme (3R) coctaenaet 31% mnn Gonee,
TO MOXET OblTb MOMy4YeHO NUTOE M3AEenMe M3 CMOSMbl C MPEBOCXOAHbIM MOAYMEM
3anacTn4HocTU. Kpome Toro, NoCKOnbKy KONMYECTBO rpadpeHa u yrnepoaHbIX Mmatepmanos
Ha OCHOBe rpadwura, cogepXxalmxca B NUTOM m3genum mna cmonbl, coctasnsetr 0,5
mMacc. %, 4to saBnAeTca HeBONbLUOM KOHUEHTpauuen, TO BRMSHME Ha CBOWUCTBA,
KOTOPbIMKM M3Ha4anbHO obnagana cMmona, aBnseTcsa HebonbLUMM.

{0069}

MonaratoT, 4TO yKasaHHas TEeHAEHUMS CBA3aHa C pPEe3KUM  YBENUYEHWEM
COAEpXXaHnss TOHKOro YrnepoaHoOro marepuana Ha OCHOBE rpadwuTa, copepKallero
rpadpeH 13 10 unu MeHee CnoeB, HaxXOAALLEroCA B KOHTAKTE CO CMOSOW, nocne
poctmkeHna cootHoweHna (3R) 31%. B npumepe 5 HEBO3MOXHO onpeaenutb
KOnn4ecTBo cnoeB rpadeHa nocpeacteom TEM HabniogeHuss BCNeacTBME BIUSIHUSA
Auncnepraropa, MCnonbL30BaHHOMO ANA AMcneprupoBanma B Boge. [loatomy, nuwb Ans
HarnNsgHOro UNMICTPUPOBaHUS, MPUYMHA PE3KOr0 YBEMUYEHUSA, OMMCAHHOrO BbILLE,
NPEeANONOXUTENBHO 3aKMNO4YaeTCa B pacnpefeneHnm KONMYecTBa CroeB YrnepogHoro
mMaTtepmana Ha OCHoOBe rpaduTa, NpeacTaBneHHoro B Tabnuue 4 npu 4McneprmpoBaHnn B
NMP. O6paseL 12 n obpaseL, 2 cpaBHMBanu 4pyr C 4pyroM, 1 Bbino 0BHapyXeHo, YTO B
obomx obpasyax copepxaHue rpadeHa (¢ konmdectBoM crnoeB 10 mnm meHee)

coctaBnano 25%. C apyron CTOPOHbI, Kak nokasaHo Ha ¢ur. 19, B oTHoWeHun obpasya 2,
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copgepaHve TOHKOro marepwana, cogepxawero meHee 15 cnoes, Obino Bbiwe, Mo
CpaBHeHWO ¢ obpasuom 12; apyrumu crnoBamu, YrnepoAHbIA maTtepuan Ha OCHOBE
rpadovta, ANCNEepPrupoBaHHbIA B KayecTBe MpealecTBeHHUKa, umen 6onee BbICOKYH
nnowaab NOBEPXHOCTM, YTO O3HAYAET, YTO €ro NOBEPXHOCTb, HAXOAALLAACH B KOHTAKTE
CO CMOJIOW, PE3KO YBENMYEHA.

Takum obpasom, npumep 5 HarnggHO AEMOHCTPUPYET, YTO eCrnv COOTHOLLEHWe
(3R) coctaenser 31% wnu Gonee, TO yrnepoAHbIM Marepuan Ha OCHOBe rpaduTa,
MUCNONb3yEMbIA B KadeCTBe MNPEALUEeCTBEeHHMKa rpadeHa, CKNOHEH K pasgeneHuo Ha
rpadpen, cogepxawmn 10 nnm meHee Cnoes, 1 TOHKUW YrNepOAHbIN MaTtepmuarn Ha OCHOBE
rpadgura.

{0070}

Kpome TOro, B onncaHHbIX Bbie npumepax 1-5 B kayecTtBe NpOmU3BOLCTBEHHbIX
YCTPONCTB ANS MOMyYeHUs NpeallecTBeHHMKa rpadeHa onnucaHo npou3BOLCTBEHHOE
YCTPOMCTBO A C NPUMEHEHNEM CTPYMHOM MENbHULbI U NMMasmbl U NPOU3BOACTBEHHOE
YyCTPOMCTBO B € npumeHeHnem LapoBOM MeNbHULbI M MUKPOBOSH. [pyn KOMBMHMPOBaHMM
06paboTkm pagMOBONHOBLIMKU CUNaMK, HaNpUMeEpP, MUKPOBONHAMK, MUINTMMETPOBLIMM
BOMTHaAMW, NNasmMoun, 3NEKTPOMarHUTHbBIM MHAYKUNMOHHBIM Harpeeom (HI) n marHutHbIMun
nonamu, 1 obpaboTkm PUIMYECKMMN CUNaMKM, HanpuMep, B LIAPOBOA MENbHULE,
CTPYWNHOW MENbHULE, C MOMOLLBI LEHTPOBEXKHON CUMbl U CBEPXKPUTUYHOCTU, MOXET
OblTb  MNOMyYeH MPEALECTBEHHUK, WMEKLWMA  BbICOKOE  COOTHOoweHne (R3).
CnepoBatenbHO, Takasa koMbuHauma obpaboTok aBnseTca npegnodtuTensHon. Kpome
TOro, Npn MUCMNoNb30BaHUM KOMBUHMPOBaHHOW 0B6paboTkM pagMOBONMHOBLIMM CUNaMU U
06paboTkm PUNYECKMM CUNAMUN HE CYLLIECTBYET OrPaHNYEHUS 40 ONpeaeneHHoro Buaa
06paboTkm pagmMoBONTHOBLIMM CUnamMm U 06paboTkmn husmyeckummn cunammn. B yactHocTu,
KaK mnokasaHO B MPOM3BOACTBEHHbIX yCTpoucTBax A M B, npeanoytutensHO, 4TO
3 deKTbl PagUOBOSHOBLIX CUIT N PU3NHECKMX CUIT AENCTBYHOT ogHoBpemMeHHo. OgHako

pPagMoBONHOBas cuna M gusmyeckass cuna MoryT OblTb NMPUIOKEHbI NMOOYEPEAHO C
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onpeaeneHHbIMM MHTepBanaMn. Kpome Toro, 4To KacaeTcs pagmoBONTHOBOW CUrbl, MOTYT
ObITb NOOYEPEAHO MPUMNOXEHBI PasNnNYHbIE PaANOBOMHOBLIE CUMbI, Takne kak obpaboTka
Ha OCHOBE MWKPOBOSH M MNNiasmbl, U NapannensHo ¢ Takumm obpaboTkamm MOXeT BbITb
ocyllecteneHa obpaboTtka ogHon unmn Bonee dusmyeckummn cunamm. N HaobopoT, uto
Kacaetca Quanyeckon cunbl, MOryT ObITb MNOOYEPEAHO MPUNOXKEHbI Pa3nnNYHbIE
dunamyeckme cunbl, Takme kak obpaboTka C MOMOLWBIO CTPYWMHOWM MENbHULBI W
CBEPXKPUTUYHOCTU, U NapannensHo ¢ Takummn obpaboTkaMmm MOXET ObITb OCyLLECTBNEHa
obpaboTka ogHOW nnm Bonee pagnoBONHOBLIMA CUNAMM.

{0071}

Kpome TOro, B OMMCaHHbIX BbIWE MNpPUMEpPax OnMcaHoO MPON3BOACTBEHHOE
YCTPOMCTBO C MNPUMEHEHWEM MWKPOBOIH W YrNbTPa3BYKOBbIX BOMH B KadyecTBe
NPOM3BOACTBEHHOMO YCTPOWCTBA ANS NONyYEHNA AUcnepcum rpadeHa ¢ npuMeEHeHNeM
npegwectBeHHmnka. OpgHako npu  KOMOMHMpOBaHUM 0BpaboTkM  pPagMOBOSNTHOBbLIMU
cvnamu,  Hanpumep,  MUKPOBOMHaMKW,  MUSIMMETPOBbLIMKM  BOMHaAMK,  Mnas3mMowu,
3ANEKTPOMArHUTHBLIM MHAYKLUMOHHBIM Harpeeom (HI) n marHuTHbIMM nonsamu, n o6paboTku
dusnyeckMMmn cunamm, Hanpumep, yneTpasByKOBbIMW BOMIHAMU, B LLAPOBOM MENbHULE,
CTPYWNHOW MEnbHULE, C NMOMOLLBI LEHTPOOEXHOM CUMbl N CBEPXKPUTUYHOCTU, MOXET
ObITb nonyyeHa gucnepcus rpadeHa, MMELWas BbICOKYHO KOHLEHTpauuo rpadena.
CnepoBatenebHO, Takas KoMBuHauma oOpaboTok SBNAETCS nNpeanodTuTensHon. B
YaCTHOCTW, Kak MoKasaHO B MPOW3BOACTBEHHOM YCTPOWCTBE, MPEeAnoYTUTENbHO, YTO
3 deKTbI PagUOBONHOBLIX CUIT N PUINHECKMX CUIT AENCTBYHOT ogHoBpemeHHo. OgHako
pagnoBonHOBaa cuna M usmyeckan cuna mMoryT ObiTb NPUNOXKEHBI NMOOYEPESHO C
onpeaeneHHbLIMU MHTepBanamu.

{0072}

Kpome TOro, B OMMCaHHbIX BbIWE MPUMEPAX B KayecTBe MPUMEHEHUN

NPeALUEeCTBEHHMKA OMUcaHbl AUCMepcUM rpadpeHa, NpoBOASALUME YepHUna W NUTble

msgenma mn3 cmon. OpHako nocpeacrBOM CMeWnBaHNA B KadeCTBe WCXOAHbIX
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MaTtepmanoB MNpPeaLUeCTBEHHWKOB C MarepuanaMmm OCHOBbl KOMMO3WTa, TakMMWU Kak
MOHOMEPbI, NONUMEPLI, APYyrine yrrnepoaHble marepuarnbl, Kepamuyeckne marepuarnsl,
APEBECUHA, LEMEHT U MeTanmbl, TakKe MOXET ObITb NONyyYeH rpadeHOoBbIN KOMMO3UT.
To ecTb B HacToswem onucaHun rpadpeHoBbIM KOMMO3UT O3HaYaeT npoAyKThl,
OXBaTbIBaKLLME ONUCaHHbIE BbILLE ANCMEPCUM rpadpeHa, NPOBOAALLME YEpHMMNA U NNTbIe
nsgenma u3 cmon. Kpome TOro, gmucnepcusa rpadeHa oxBaTtbiBaeT nactoobpasHble
NPOAYKTbI C BbICOKOW BA3KOCTLHO.

{0073}

B kayectBe nNpuvMEpoB XKMOKOCTEM WM  WUCXOAHbIX MarepuanoB AnNS
ANCNeprnpoBaHns NpeaLecTBEHHNKOB MOTyT ObITb YNOMSAHYThI Cnegyrolme marepuarnbi.
Cmonbl, Bkntovaa nonuatuneH (PE), nonunponunen (PP), nonuctupon (PS),
nonusuHunxnopug (PVC), cmonel ABS (ABS), akpunosble cmonbl (PMMA),
nonuammna/HennoH (PA), nonuaueTarnb (POM), nonukapboHar (PC),
nonuatunextTepedTanar (PET), LUMKInYeckme nonuoneuHbl (COP),
nonuderHuneHcynsdug (PPS), nonutetpadropatunen (PTFE), nonucynedoHbl (PSF),
nonnamma-nmug (PAI), Tepmonnactuynbin nonummng, (Pl), nonnacdumpacdumpketoH (PEEK)
n xxuakokpuctannmyeckne nonumepsl (LCP). Kpome ToOro, cpeam CUHTETUYECKUX CMON B
Ka4yecTBe TEPMOPEaKTUBHbLIX CMOM, TEPMOMNNACTUYHbBIX CMOM MOryT ObiTb YNOMSHYThI
anokemaHele cmonbel (EP), deHonbHble cmonbl (PF), menamuHoBbie cmonbl (MF),
nonuypetanbl (PUR) n HeHackiweHHble CnoxHble nonnadupHele cmonel (UP); moxeT
ObITb YNOMSAHYT BOMOKHUCTBIM HEWMOH M BOMOKHA M3 CINOXHOro nonmadupa, akpuna,
BMHWMNOHA, nonuoneduHa, nonvypeTaHa, BUCKO3bl UK T.N.; B KA4ECTBE 3racTOMeEpOB
MoryT ObITb yNnOMSHYTbl M3onpeHoBble kaydykn (IR), GytagmeHoBble kayudykm (BR),
ctupon/GytagmeHoBble kaydykn (SBR), xnoponpeHoBble kayydyku (CR), HUTpunbHble
Kay4yKkm (NBR), noNnMn3obyTuneHoBbIE KayudyKu/ByTunkay4ykm (lIR),
aTMneHnponuneHoBsble kaydykin (EPM/EPDM), xnopcCynbdOHMPOBaHHBIA MONU3TUNEH

(CSM), akpunosble kaydykm (ACM), snmxnoprugpuHosbele kaydykm (CO/ECO) m Tn.; B
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KayecTBe 31acTOMEPOB Ha OCHOBE TEPMOPEaKTMBHbBIX CMOS MOryT ObiTb YNOMSHYTbI
HeKoTopble ypeTaHoBble kaydyku (U), cunukoHoBble Kayyykm (Q), dpropcopepxaiyme
kayuyykn (FKM) n T.n.; n B KadyectBe TEPMOMIACTUYHLIX 3M1acTOMEPOB MOryT ObiTb
YNOMSIHYTbI 311laCTOMEpPbI Ha OCHOBE CTMpOna, oneduHOB, NONMBUHUXIOPUAA, YpeTaHa
nnu ammga.

{0074}

Kpome TOro, B kKayeCcTBe MUWHeparnbHbIX Macen, CMasodHbIX Macen W
KOHCUCTEHTHbIX CMas3s0K, a TakKe B Ka4yeCTBe KOMMNayHAMPOBaHHbIX Macen ANa Kay4yKoB
MOryT ObITb YNOMSAHYTbI MUHEparnbHble Macrna Ha OCHoBe napaduHa, HadTeHoBOE
MUHeparbHOe Macro, apoMarmuyeckmne MMHeparbHble Macna u T.n.

Kpome Toro, B ka4ecTBe HEMONAPHbIX MPOAYKTOB MOTYyT BbITb YNOMSHYTbI FreKCaH,
BeHson, Tonyon, XxnopodopMm, dTMNaueTar u T.N.; B Ka4yecTBe MONAPHbIX anpOTOHHbIX
NPOAYKTOB MOryT ObiTb ynoMsHyTbl aueTtoH, N,N-gumetundopmamug (AMOA),
N-meTunnmpponnaoH (NMP), aueToOHUTpUN 1 T.N.; 1 B KaQ4eCTBE MOMSPHbIX MPOTOHHbIX
NPOAYKTOB MOryT ObiTb YMOMSHYTbl YKCYCHasi KUCROTa, 3TaHOM, MEeTaHon, BOAa,
1-OyTaHon, 2-nponaHorn, MypaBbMHas KUCNoTa U T.N.

{0075}

Kpome TOro, B Kayectse npumepa npuUpOAHOro rpaduta Ans nonyyeHus
yrnepogHoro matepvana Ha OCHOBe rpaduta, noaxoaswero B KavecTse
NPeALecTBEHHMKA rpadpeHa, Bblle OnucaH NPUPOAHbBIA rpadUTHBIA  MaTtepuan cC
pasmepom 4actuy 5 MM unn MeHee (Yewyndarein rpadut ACB-50 npowsBoacTsa
komnaHum Nippon Graphite Industries, Itd.). OgHako, 4TO KacaeTcsa NpUpoaHoOro rpaduTa,
NpPeanoYTUTENbHbI MNPOAYKTbI, KOTOPblE NpeacTaBnsalT cobor yellynyatbin rpadpur,
NyNbBEPU3OBaHHbIA Ha YacTuubl pasmMepoM 5 MM UMW MEHee, U KOTOpblE UMEIOT
cooTHoweHme (3R) meHee 25% u cooTHowEeHWE nHTeHcmBHOCTEN P1/P2 menee 0,01, ¢

TOYKM 3PEHUS X LUMPOKON LOCTYMHOCTM.

43



MNpombInNeHHas NPUMEHUMOCTb
{0076}

Cnegyrowme NpoayKTbl MOTyT ObITb YIOMAHYTBI KaK NPOAYKTbl AN BO3MOXHOW
PyHKUMOHanNM3aumMm rpadeHomM nocpeacTtBoM fobaBneHus npefllecTBEeHHMKa K
paccMarprBaeMbIM MPOAYKTaM.

- [lo6aBkm ANs NONMMEPHbBIX MaTtepuarnoB, TakMx Kak CMOSbI, Kay4yyKu UIn MOKPbITUS

- [lobaBkn Ana Tennouanyyarwmx NMCTOB, NMPOBOASALLMX JIMCTOB, TEMNOMU3NyYaroLLmX
NEHT NN NPOBOAALLMX NEHT

- [poayKTbI MOPOLLKOBOW METaNNyprum, nonyveHHble 4obaBneHnemM npesLecTBEHHNKA K
MOPOLLKY MeTanna ¢ nocneayoLwmm crnekaHmem

- [loBaBkm oNs KepaMmMyYecKknx maTepmnanos, TakUX Kak OKCUA, NUTUS UM HAHOTHA

- [lo6aBku aNs HEMEeTannoB, Taknx Kak BETOH, NN HENONUMEPHBLIX MaTepuanos

{0077}

Cnegytowme npoaykTbl MOryT ObiTb YNOMSAHYTbI Kak NPOAYKTbI, Nofydaemble C
NpPUMEHEHNEM ANCnepcuii rpadeHa.

- ONEeKTPOAHbIE areHTbl, NpoBoAsALME A00aBKWM, areHTbl AN YhyudleHnsa paspsagHon
MOLLHOCTW, areHTbl AN ynyyleHnsa adpekTUBHOCTY 3apsga/paspsaa NMTUeBO-NOHHbIX
Batapen

- ANEeKTPOAb! NN PacTBOPbI SNEKTPONNTAa ANA KOHLEHCAaTOPOB

- MpoBoasLLme areHTbl 45t NPOBOAALLMX YEPHMI

[MepeyeHb ycnoBHbIX 0603Ha4YeHW

{0078}
1 NpPUPOAHLIV rpadUTHLIM MaTtepuan
4 CTPYyWHasa MenbHMLa
7 reHeparop nnasmol
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16 yrnepogHbIv Marepman Ha OCHOBE rpaduTta, NoAXOAAWMN B Ka4ecTBe

npegLuecTBeHHMKa rpadeHa

20 LapoBas MernbH1ua

21 reHeparop MMUKPOBOSTH

24 cpena pasmona

25 NPUPOAHLIV rPadUTHLIM MaTepuan

28 yrnepogHbIv Marepman Ha OCHOBE rpaduTta, NoAXOAAWMM B Ka4ecTBe

npegLuecTBeHHMKa rpadpeHa

30 ancnepcus rpadeHa, nonyvyeHHas ¢ npuMmeHeHnem obpasua 5
31 ancnepcus rpadeHa, nonyvyeHHas ¢ npuMmeHeHnem obpasua 1
33 yeluymka

40 nabopaTtopHbIn CTakaH

41 ancnepcuns rpadeHa

43 reHeparop MMUKPOBOSTH

44 reHeparop ynsrpasByKOBbIX BOSH
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®OPMYIA N3OBPETEHNA

1. [patheHOBbIA KOMMO3WUT, COAEPXALLUMA MO MEHbLUEW MEpPEe YIMepoaHbl marepuan Ha
OCHOBe rpaduta n/vnu rpadeHonogobHbIN rpaduT, OTCIOEHHbIN OT YIMEPOLHOro Marepmana Ha
OCHOBE rpaduTa, AUCNeprupoBaHHbIN B Marepuane OCHOBBbI,

rae  yrmepoaHbll  marepuan Ha  OCHoBe rpaduta npeacrasnser  cobou
NOMNMUKPUCTANNMYECKIA MaTepuan, MMeLLnI

pomboagpuyeckune crnom rpaduTa (3R), xapaktepumasyowmecs MHTEHCUBHOCTLIO nuka (101)
NNockocTn pombosgpudeckoro cnos rpacuta (3R) P3, Ha OCHOBaHWM pesynbsrartoB MeToaa
PEHTreHoBCKoW aundpakyum B cootsetcTeum ¢ JIS R 7651:2007, n

rekcaroHanbHble criom rpaduTa (2H), xapakrepusyromecsa MHTEHCUBHOCTLIO nuka (101)
NNOCKOCTU rekcaroHanbHoro crnosa rpadgputa (2H) P4, Ha OCHOBaHMM pesynbTatoB MeToAa
PEHTIFEHOBCKOW Andpakumm B cootseTcTBum ¢ JIS R 7651:2007,

rae cootHoweHune P3/(P3+P4)x100 mexay nHTeHcuBHOCTAMM nukoB P3 n P4 coctasnsier
31 unu 6onee,

rae rpadpeHonogobHbIN rpaduT BKNOYAET MOHOCINOW aTOMOB yrnepoaa B Buae rpadeHa u
MYINbLTMUCIION aTOMOB Yriepoaa, YMCro Croes KOTopbIx coctaensaeT ot 2 4o 10, n

Kaabl M3  YIMepogHblX MOHOCMOEB W KaXabld W3  YIMEPOAHbIX MyMbTUCMOEB
npeacrtaenaeT cobon kpuctann co cpegHum pasmepom 100 HM unu 6onee v NONyyYeHHbIA B

YyeLyn4aTon unu nnacTuH4aTon opme.

2. Jlntoe nsgenve us cmonebl, cogepalyee rpadpeHoBbIN KOMMNO3UT o n. 1.

3. Jlutoe unsgenue M3 cmonbl NO N. 2, AOMOMHUTENBHO CoAepXKallee KoMnaTnbnnuaatop,

AMCNEepPrupoBaHHbIA B Matepurarne OCHOBbI, [4e Marepuarn OCHOBbI NpeacTaBnseT cobow cMmony.

4 MpoBoasiLme YepHuna, cogepxalime rpaceHoBbIN KOMNO3UT No n. 1.



5. MpoBoasawme YepHuna no n. 4, oTnn4arLmneca Tem, YTo Mmarepuan OCHOBbI NpeaCTaBNAeT

cobon No MEHbLLEN MepPe OAUH U3 PacTBOPUTENS 1 areHTa anst obecneyeHns npoBoAUMOCTI.

6. Cnocob nony4yeHns rpadpeHOBOro KOMMNo3uTa no . 1, BKMYaLWmMn CTaanlo CMELLUMBaHUA

MO MEHbLLEN Mepe YrnepogHoro marepumana Ha OCHOBe rpacduta U Marepuana OCHOBBI.

7. Cnocob no n. 6, oTnNyaroLMNCa TeM, YTO:
mMarepuan OCHOBbI NpeacTaBnseT cobon cmony,
CTaAunsi CMELLMBAHNSA BKIOYAET NepeMeLLNBaHNE NOCPELCTBOM NPUNOXKEHNS C4BUTOBON
cunbl; 1

rpaceHOBbIN KOMMNO3UT NPeACTaBnseT Cobon NUTOE U3Lenne U3 CMOonbl.

8. Cnoco® no n. 7, otnvyalowuncs Tem, 4To A00aBnsaAlT  KOMnatnbunusatop wu

nepemMeLunBsaroT ¢ Marepmnanom OCHOBbI Ha CTagun CMeLLIMBaHUA.

9. Cnocob6 no n. 6, oTNMYaLWMNCs TEM, YTO rpadpeHOBbIN KOMMNO3UT NpeacTaBnseTr cobon

NPOoBOAALLME YepHUNA.

10. Cnoco6 no n. 9, oTAMYaKLWMACA TEM, YTO Marepuan OCHOBbl npegcTasnser cobon no

MEHbLLEN Mepe OAUH U3 PacTBOPUTENS U areHTa Ans obecneyeHns NpoBOAMMOCTY.
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