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2420-535951EA/ 030
MIOPUCTEM YTJIEPOIMUCTHM MATEPMAJI, KOMIIOBUTHBEI MATEPUAIJ,
APMIPOBAHHEM YIJIEPOOUCTEM MATEPMAJIOM, MNPEINECTBEHHMK [OPUCTOTO
VIJIEPOOUCTOI'O MATEPMAJIA, CIOCOE IMOJIVUEHMS [PENWECTBEHHUKA
[IOPUCTOT'O YTJIEPOIUCTOT'O MATEPHUAJIA M CIIOCOE MOJIYUEHMSI NOPUCTOIO
YIJIEPOOUCTOI'O MATEPMAJIA
OBJiacThb TeXHUKM, K KOTOpOﬁ OTHOCHUTCH M306peTeHme

[0001]

HacTosmee wu300peTeHMe OTHOCUTCHA K IIOPUCTOMY YIJIEPOIUCTOMY
MaTepurally, KOTOPHM MOXeT MCIOJL30BaTLCSA B KaueCTBe CTPYKTYPHOTO
MaTepualja, I[IPeBOCXOIOHOTO IIo MexdasHoOM anres3uu, K KOMIIO3UTHOMY
MaTepuany, apMMPOBaHHOMY YTUIePOOMUC TEIM MaTepKraJioM, K
OpenmecTBeHHUKY IIOPUCTOTO YIUIEPOOMCTOTO MaTepualsa, K CIocoby
IOJIYyUeH A MNpedmecTBeHHMKAa IIOPUCTOTO YIJIEPOIMCTOT'O MaTepuanla, M K
crioco®y IMOJIYyUeHMS NOPUCTOTO YIJIEPOIUCTOT'O MaTepuasa.

YpOBEHE TEeXHUKU

[0002]

YTJepoOucCTHe MaTepHraJib IpenCcTaBJIST coboun OCHOBHEIE
MaTepMraJikl, MCIOJIb3yeMEe B pPa3JIMUHBX IIPpMMeHEeHMAX, C TOUKM 3pPeHud
BEICOKOM XUMHUUECKOM CTabuUIILHOCTHU u BEICOKOM TEePMOCTOMKOCTH,
BEICOKOM DJIEKTPONPOBOIHOCTHU u BLICOKOM IIPOYHOCTH, BEICOKOM
TeXHOJIOTMUHOCTY, BHCOKOM OMOJIOTMUYECKOM COBMECTUMMOCTM, U TOMY
nomobHoe. OOHUHHE YIJIEPOIOMCTHE MaTepMralsltl BRJIOUAT YIOJBLHYID Caxy
C BHICOKOM DJIEKTPOINPOBOOHOCTLIO, YIJVIEPOIHHE HaAHOTPYOKM, OyJIJIepeH U
rpaderH. OOHAKO, IIOCKOJLKY OHM UMelT GopMy YaCTHIl, M DSTU YaCTULEH
He COeIMHEHH  IOpYyT c oOpyIoM, HaopuMep, maxe Korma OHU
oBBeIMHAITCS B KOMIO3MIMI CO CMOJIOM B KauecTBe HalloJIHUTeJelH,
BO3IeCcTBUE YIIyUdleH S IIPOUYHOCTHU aBJIgeTCs OTpPaHVUEeHHEM. u
IIOCKOJIbKY MHOMILTPpaUMa CMOJIH B IIYCTOTH B HAlOJHUTEeJe 4gBJIdeTCA
OTpaHuUYeHHOH, Tak uTo B HalloJIHUTeJle ocTamnTCcsa Iy CTOTH,
BOBIeMCTBUe YJIYUINEeHUS IIPOYHOCTM ABJIAETCHA OTPaHMUeHHEIM B CcJlydae
bopMMpPOBaHMA KOMIIO3MTHOT'O MaTepuala.

[0003]

Takxe, B JacTHOCTH, yTJlepongHoe BOJIOKHO, KOoToOpoe
OpencraBJgeT CcoOOoM IMpMUMMep YIJIEPOOMCTHX MaTepMralJIoB MHHEX, UYeM Te,

KOTOPEIE OIIMCAHEL BEHIIE, MCIIOJIBE3YyeTCA B Pa3JIMUHEIX ITIPVMMEHEHMAX C



CoCpemoTOUeHMeM Ha CTPYKTYPHOM MaTepuaJe, C TOUKM B3peHus eTro
XapaKTepUCTUK, HaIpuMep, IIPOYHOCTM, MOOYJS YIPYTOCTH, XUMNUECKOM
M TepMUUecKOM CTabuMJIBHOCTM, BHECOKOW BSJIEKTPOIPOBOIOHOCTHM, MaJlon
IJIOTHOCTRIO IO CpaBHEHMI C MeTalJlJIoM, M ToMy omoBHoe. Kpome ToOTO,
B Cllydyae MCIOJIbL30BaHMA B KadeCTBe CTPYKTYPHOT'O MaTepuaja, OH
YacToO MCIHOJIB3YETCS IIOCPeICTBOM OOBeOMHEeHMS B KOMIIO3MLIMI C
TEePpMOYCaOOUHOM MM TEepPMOILJIACTHUUYHOM CMOJIOM. OOHAKO CPOICTBO MeXIy
[IOBEPXHOCTBLI0 YIJIEPOIOHOTO BOJIOKHA WM CMOJIOM SABJISeTCS HUBKMM, U
[IOCKOJIbKY YMeHbIlaeTCsa I[IPOUYHOCTE KOMIIOBUTHOTO MaTepuajla u3-3a
oTCJanuBaHMUAa, OCYMeCTBJIIAT pas3JIMuHbEe uccJiedoBaHUAa c
CoCpemoTOUeHMEeM Ha IIOBEPXHOCTHOM ofpaboTke YIJIEPOIOHOTO BOJIOKHA.
Hanpumep, B IlaTeHTHOM IOKyMeHTe 1 omomMcaH crnoco® IpuOaHusdg
IIOPUCTOCTHU IIOBEPXHOCTHU YTUIEPOOHOTO BOJIOKHAa IoCcpelCcTBOM
aKTHUBUpPpYIIEeN 00paboTKN.

[0004]

OODHaKO C MCIOJIL30BaHMEM TOJIBKO JIMIEL TIOBEPXHOCTHOM o00paboTkKu
YTUIEpOOHOTO BOJIOKHA, MMeKnMeIo OMaMeTp IIPUMMEPHO HEeCKOJIbBKO MKM, Ta
[IOBEPXHOCTHL, KOTOpas MOXeT BHOCHUTL BKJaIO B VYJyulleHVe aIl'e3MBHOM
CUJIEl, TIPUCYTCTBYET TOJIbLKO Ha IIOBEPXHOCTHM YIJIEPOOHOTO BOJIOKHa, Ha
KOTOpPY BO3OeMcTByeT 00paboTka, M YIOeJdbHas ILJomaldb I[IOBEPXHOCTHU
peaJIbHO ABJISeTCS MaJioM, M IO STOM IIpMUMHe, I'paHUlla pasleja OJs
KOHTAaKTa CMOJIE C YIJIEPOIHHM BOJIOKHOM SBJIAeTCS MaJloM U UMeeTCd
openes YJIYUNeHMS I[IPOYHOCTM IIPpM OTcJaMBaHMM. [0 SToW [IpUUMHE,
uccJlegyeTcs  YJyulleHMe IIPOYHOCTM IIPM  OTCJauMBaHUM IIOCPEeldCTBOM
OpuoaHMsa  3asKkopeBanlero BO3IOeNCcTBUS CMOJIEI B OOIOJIHEHMEe K
OPpUOAHUIO TIIOPUCTOCTM He TOJIbKO IIOBEPXHOCTM, HO TakKxe U BCeMy
YIUIepOOHOMY BOJIOKHY, IJIS YBeJMUYeHUS VISJLHOM I[IOBEepPXHOCTU, TeM
caMBIM = YBeJIMUMBAA I'paHMLy pas3nejla KoHTaKTa MexIdy CMOJIOM U
YTUIEPOOHEIM BOJIOKHOM.

[0005]

HanpuMmep, TIOpMMep BBeOeHMA HelNpepHBHOW IIOPUCTOM CTPYKTYPH B
caM VYIJIEPOIMCTHM MaTepualJ IIOCPeICTBOM CMellMBaHMSA TepMOyCaIouHOM
CMOJIEL C  TepMOILJIaCTUMUHOM  CMOJIOM, OTBEPXIEeHUSI  TepMOyCalOoUuHOM
CMOJIHL, a 3aTeM OCYyMecTBJeHudI KapdboHMU3alUMM  II0CJe  yIaJleHUHA
TepMOIIJIaCTUUYHOM CMOJIE IIOKa3aH B IlaTeHTHOM IOKyMeHTe 2. Takxe, B

[laTeHTHOM IOOKYMeHTe 3 OIIMCEIBaeTCA Criocof IoJiydyeHUud IIOPMCTOTI'O



YTJIEPOOHOTO BOJIOKHA IIOCPEeIOCTBOM IIPAIeHMSA COUeTaHUS HeCOBMECTUMBIX
[IOJIMMEPOB IOPYI' C OPYI'OM, C IIOCJEeIyKRIMM pacTsIXKeHMEM.

IJOKYMEHTH MNpelbOylelo YPOBHS TeXHUKU

[IaTeHTHEE IOOKYMEHTEH

[0006]

[laTeHTHHM OOKyMeHT 1: JP-A-61-282430

[IaTeHTHEM OOKyMeHT 2: JP-A-2004-259593

I[laTeHTHEM »OokyMeHT 3: JP-A-2-160924

CymHOCTE MB0OpeTeHMs

[lpoBJIEMEI, KOTOPEE IOJDKHO pemaThk M300peTeHMe

[0007]

OTHOCUTEJILHO AKTUMBUPOBAHHOTO YTJIEPOOHOTO BOJIOKHA,
ONIMCAaHHOTO B I[IAaTEeHTHOM OOKYMeHTe 1, TIIOCKOJBKY IIOPH QOPMUPYITCSH
OOHOHAIpPaBJIEHHO OT TIIOBEPXHOCTM YIJIEPOOMCTOTO MaTepuaJa B €e€Tro
BHYTPEHHKK YacCThk BO BpeMd IIpollecca akKTUMBallMM, Ha IIOBEPXHOCTHU
BOJIOKHa OQopMupyeTcsa OecKOHeuHOe KOJMUEeCTBO HepeIVyJIApHOCTeM, Tak
uTO IUJIomalb T'paHuLE pa3neja, I'Je CcMoJila BCTyIIaeT B KOHTakKT C
YTJIEPOOHEIM BOJIOKHOM, PEe3KO yBEJIMUMBAETCH. OmHako, IIOCKOJIBKY
HepeTyJIAPHOCTM HOEeMCTBYIT B KauecTBe »OedpeKTOB Ha IMIPOUYHOCTH Ha
pacTsaxeHre, CJOXHO IIOOOepXMBATh TaKykl IIPOUHOCTE BOJIOKHa, KOTOpasd
TpebyeTcH oT  YIJIEPOOHOTO BOJIOKHa B KauecTBe CTPYKTYPHOT'O
MaTepuasa.

[0008]

Takxe, [laTeHTHHM OOKYMEHT 1 OIIMICEIBAET TeXHOJIOTHIO,
OTHOCAMYyWCH K YyIJIEpOOMCTOMY MaTepualy, VMeKmeMy  COBMECTHO-—
HEMPEPHBHY CTRPYKTYPRY, [IOJIYUYEeHHYID [IoCpenCcTBOM oOBeOMHEeHNU
TepMOYyCaIOUYHOM CMOJIEL C TepMOILJIAaCTUUHOM CMOJIOM C QopMMPOBAaHMEM
COBMECTHO-HeIIpPepPHBHOM CTPYKTYPH, a 3aTeM OCyIMeCTBJIEHUA
KapOoHUBALUUNM, HO, IIOCKOJIBEKY TepMOoycCaIoduHad CMOJIa MMEeeT HU3KYD
MOJIEKYJIAPHYK  Maccy, NIpSIOMOCTE ABJIAETCHA IIJIOXOM, Tak yTo
bopMUpPOBaHME BOJIOKHA SABJIAETCH HEBO3MOXHHEM. KpoMe TOTO, OaxXe eClM
noJiydaeTcsd OJMHHBEM ¥ TOHKMM BOJOKHUCTHM YVIJIEPOIUCTHM MaTepual,
[IOCKOJIBKY pPacTsSKeHMe He OCYIEeCTBIIAeTCHS, COBMECTHO-HEIPEPHBHASA
CTPYKTypa HaxXOOMUTCS B HEOPUEHTUPOBAHHOM COCTOSHMM B KadecCcTBe

ynjiepoomMcToro mMarTepualjsla, TakK 4UTO Ta IIPOWHOCTE, KOTOpad TpeéyeTc;[



OT YIJIEPOOMCTOI'O MaTepualia B KadeCTBe CTPYKTYPHOI'O MaTepuala, He
MOXeT OHTBHL IIOJIYUEeHa.

[0009]

Kpome Toro, IlaTeHTHHIM OOKYMEHT 2 ONMCHEHBaeT TexXHOJIOTHUIO
[IOJIYYEHMA IIOPMCTOTO YIUIEPOOHOT'O BOJIOKHA I[IOCPENCTBOM OOBEIMHEHUHA
HEeCOBMECTHMMEIX [IOJIMMEPOB IpyI C OpyroM. OOHakO B COOTBETCTBUU C
oO0LeOMHEeHMEM HECOBMECTMMEX I[IOJIMMEPOR JIpyI' C IOPYI'OM, »Jaxe KoI'Ia
P AOMJIb HEIN pacTrop, oBpasyrmu OCTPOEBKOBYIO CTPYKTYPRY,
pacTarMepaeTCsa OJMHHEIM WM TOHKMM, TOJIBKO YIJIEPOIHEE BOJIOKHAa C
BOOOOTTAJIKMBAKIMUM 50PeKTOM IoJydawnTcsda B Cllydae, KoI'la CMoJa,
KOTOopad YyCcTpaHfdeTcsa IIpM kKapboHM3auuu, IIPUCYTCTBYeT B  MaJiOM
KOJIMYECTBEe, WM IoJiydaeTcsa OOJIblIoe KOJUUECTBO TOHKUX U KOPOTKUX
YIUIEPOOHEIX BOJIOKOH, B CJlydae, KoI'la CMOJla, KOoTopas yCTpaHsaeTCHd
opu KapboHMBaLUUM, [IPUCYTCTBYyeT B OOJBIIOM KOJMUeCTBe. Ilo0 B»ToH
IpUUYMHEe, HEeBO3MOXHO I[IOJIyUUTE CIJIOMHOEe YIJIepOOHOEe BOJIOKHO, Y
KOTOPOT'O IJIoWalb I[IOBEPXHOCTM, KOTOpas MOXeT BHOCUTH BKJAI B
YIyUdlleHM Mexdas3HOM anresuM, 3HaAUMTEJILHO YBeJMUMBaeTCH.

[0010]

Hacrosdmee m300peTeHMe HOpenjaraeT IOPUCTEM  yYIJIEPOOUCTHIM
MaTepurall, KOTOPHM HABJIAETCHA IIPEBOCXONHEM I10 IIPOYHOCTU U MexdaszHOoM
anresuu K CMOJIe MaTpMUH, IOCPEOICTEOM O(GOPMUPOBAHUSA HEIpPepHBHOM
IIOPUCTOM  CTPYKTYPH, II0 MeHblle¥  Mepe, B YacTM  IIOPUCTOTIO
YTJIEPOOUCTOTO MaTepualia, B KOTOPOM HellpepHBHAaSA nopucTasd
CTPYKTypa SABJAETCS OPUEHTHPOBAHHOM B OlIpeleJIeHHOM KOHKPETHOM
HallpaBJIEHUN .

CpellcTBa pelleHUA IPpOoOJIEMH

[0011]

IOiisa pemeHmusa PacCcMOTPEHHOM BHIIE IpoOJIEMEL, TIOPUCTHM
YTJIEPOOMCTHM MaTepHrall [0 HacCToAmeMy MW300peTeHMI IIpelcTaBJIgeT
cofoM  HOPUCTHM  YTJIEPOOMCTHM  MaTepual, VMEKMNWY  HEPEPHBHY
IOPUCTYKR CTPYKTYpPY, IO MeHbBIeM Mepe, B eT0 dYacTH, B KOTOpOu
HellpephBHAaSA ropucTasd CTpYKTYypa nMeerT CTelleHb OpMEeHTaluu,
M3MEPEHHYID C IIOMOIIEBIO MeTona MaJIoOyTJIOBOT'O paccedaHuda
PEHTTeHOBCKOTO WM3JIYUYeHMS WMJIM MeTOoHa KOMILITEPHOM PeHTIeHOBCKOM
ToMOTIpadmm, paBHyL 1,10 niam OoJblie.

[0012]



KOMIIO3UTHEY MaTepMrall, apMMPOBAHHEM YIJIEPOOUCTHM MaTepMaJioM
II0 HacTodlleMy M300peTeHUD, npeIcTaBJIAeT coBoM  KOMIIO3UTHEM
MaTepHrall, apMUPOBAHHEM YIJIEPOIMCTEM MaTepuallOM, KOTOPHM IIOJIydakT
IIOCPEenNCTBOM OOBEeOMHEHMS B KOMIO3MLIMIO IIOPUCTOTO YIJIEPOOUCTOTO
MaTepualja IO HacTodmeMy M308peTeHUI0 CO CMOJION.

[0013]

Crioco® MoJIydeHMs IpelmecTBEeHHMKa IOPUCTOTO YIUIEPOOUCTOTO
MaTepuaJa I[I0 HacTodmeMy MW300peTeHU IIpelcTaBJgeT codon crnocod
IOJIyUeHUs [OpedmecTBeHHMKAa IIOPUMCTOTO YIVIEPOOMCTOTO MaTepuala,
BRJIOU AN ;

cramnuio 1: CcTaguio, Ha KOTOopoM KapboHM3MpyeMas CMoJia |
yCTpaHsaeMasa CMoJla MOPpUMBOIOATCS B COCTOSHME COBMECTMMOM CMecu C
IOJIydeHVEeM CMeCUu CMOJI;

crTamuio 2: CTaIui, Ha KOTOpPOM CMecCh CMOJI, IIOJIydeHHasd Ha
cranuu 1, dopMyeTCs M MOOBepTaeTCsa BOBOEMCTBMIK pas3nejleHus das, C
IOJIyUYeHNEM opu 3TOM MaTepuaia IpelmeCTBEHHNKE, VMEenIeTo
COBMECTHO-HEIPEPHBHYKL CTPYKTYPY pasnejieHusa ¢as3; U

cramuio 3: CTaOMil, Ha KOTOpOM MaTepuall [IpellleCTBEHHUK,
IIOJIYUYEeHHEM Ha CTaOuMu 2, [NOoOBeplaeTcCs BO3IEMCTBUID PacCTIXKEHU.

[0014]

Crioco® IHOJIydeHMs IIOPMCTOTO YIJIEPOOMCTOI'O MaTepuaja IO
HacTodlleMy U300peTeHMIO NOpelcTakjgeT coboM crnocod I[OoJIy4deHUS
IIOPUCTOTO YIUIEPOOMCTOTO MaTepHuala, BKJIoUanIUM CcTaguio, Ha KOTOopou
IpelmecTBEHHVK IIOPUCTOTO YIJIEPOAMCTOTO MaTepuasa, IIOJYUeHHHM C
TIOMOIBIO criocoba IOJIyUYeHU A npelmecTBEeHHUKA TIOPUCTOTO
YTJIEPOAUCTOTO MaTepuaia 1o HacToAmeMy n300peTeHUn,
KapBOoHUBUPYETCs, U yCTpaHseMasd CMoJla yIOaJIgseTCsa M3 HeTo.

[0015]

BapuaHT OCyIeCTBJIEHUS criocoBa IOJIyUYeHU A TIOPUCTOTO
YIJIEPOOAMCTOTO MaTepHuaja II0 HacTodleMy HW300peTeHMK IIpelcTaBJIgeT
coborm  crmoco® « IHOOJIydeHMs  OPUCTOTO  YIUIEpOIMCTOTO  MaTepuala,
BRJIOU AN ;

cramnuio 1: CcTamMio, Ha KOTOopoM KapboHM3MpyeMas CMoJia WU
yCTpaHsaeMasa CcMoJla [OIPpUMBOIOATCHA B COCTOSHMEe COBMECTMMOM CMecu C

[1oJIy4YyeHreM CMeCl CMOJI,



cramuio 2: CTaIui, Ha KOTOPOM CMecCh CMOJI, IIOJIydeHHasd Ha
cramuu 1, ObopMyeTCsa M HNOOBepTaeTCs BO3OEMCTBMIK pas3nejleHusa das, C
IOJIyUYEeHNEM opu 3TOM MaTepuala IpellleCTBEHHUKE, MMenIeTro
COBMECTHO-HEIIPEPHBHYD CTPYKTYPY pa3nejieHus das;

cTamiuio 3: CTagMio, Ha KOTOpOo¥ MaTepual [IpellleCTBEeHHUK,
IIOJIyYeHHHY Ha CTaluu 2, HOoOBeplaeTCsa BO3IEMCTBUIO PaCTSIKEHUS; U

cramuio 57 : cramuio oBpaboTku  KapBoHMBALMM, Ha  KOTOPOM
nNpelmecTBEHHUK TIIOPUCTOTO YIJIEPOAMCTOTO MaTepuaja, I[IOJYUYeHHHM Ha
cramuu 3, KapOoHUBUPYEeTCsda, U yCTpaHsAeMas CcMoJa yIOaldeTcsa U3
HeToO.

B  IOONOJIHEHMEe K  53TOMY, BapMaHT OCYMEeCTRBJIeHUs  crnocoba
IOJIyUYeHMs  TOPUCTOTO  YIUIEPOIMUCTOTO  MaTepualjla I[I0  HacCToAleMy
n300peTeHU  OpPpedCTaBJIAET cobom  crnoco®  HOOJIy4YeHMS - TIOPUCTOTO
YTJIEPOOAUCTOTO MaTepuala, BKJIOUAKINN :

cramuio 1: cCcTaguio, Ha KOTOpoM KapboHM3MpyeMas CMoJia WU
yCTpaHsaeMasa CMoJla [OPpUMBOIOATCS B COCTOSHMEe COBMECTMMOM CMecu C
IIOJIydeHVEM CMeCHU CMOJI;

cramuio  2: CTaIui, Ha KOTOPOM CMeCh CMOJI, IIOJIydeHHasd Ha
cranuu 1, dopMyeTCcsa M NOOBepTaeTCsa BO3OEMCTBMIK paslejleHuda dasz, C
IOJIyUYeHNEM opu 5TOM MaTepuala IpellleCTBEHHUKA, MMene o
COBMECTHO—HEIIPEPEBHYID CTPYKTYPY pa3s3nejeHus das;

cTamiuio 3: CTagMio, Ha KOTOpOo¥ MaTepualJ [OIpellleCTBEeHHUK,
IIOJIYUEeHHEM Ha CcTaguu 2, IOoOBepraeTcsa BO3OEeMCTBUILD pPacTIXKeHUS C
IoJIydeHMeM OpelleCcTBeHHMKA IIOPMCTOTO YIVIEPOOMCTOTO MaTepuala;

cramuio 4: CcTaauio, Ha KOTOPOM yCTpaHsSeMas CMoOJla yIoajlaeTCcsd U3
OIpelmecTBEHHVKA IIOPUCTOTO YIJIEPOIMUCTOTO MaTepuala, I[I0JYyUYeHHOTO
Ha cTamum 3; u

CTanuo 5: CTannio obpaboTKU KapboHMsaluu, Ha KOTOpOM

IIpenmeCTBEHHNMK IIOpMCTOIO YyIJlepoorMcCcToI'O MaTepHralla ns KOTOpPOTIO

yIoajeHa yCcTpaHsaeMasa cMmoJia, IIOJIYYEHHOTO Ha cTannm 4,
KapOOHUBUPYETCA.

[0016]

[lpenmecTBeHHUK IIOPUCTOTO YTJIEPOOVCTOTO MaTepuala 1o
HaCTOAmeEMY n300peTEeHNIO npelncTaBJsgeT cobon penmecTBeHHUK

IIopmcToro ylrJjepoormMcTor'o MaTepHralla, VIMEIOmMM COBMECTHO—HEIIPEPEBHYIO

CTPYKTYPY pasmelieHus das, IO MeHbllelM Mepe, B eI'0 YacTM, IIPU DTOM



COBMECTHO-HEIIpPEepEBHAasA CTPyKTypa pasnelleHusa ©Ga3 MMeeT CTeleHb
OpMeHTallMM, M3MEepeHHYK C I[IOMOMBID MeTola MaJIoyIJIOBOTO pacCCesSHUId
PEHTTeHOBCKOTO WM3JIYUYeHMS WMIM MeTOoHa KOMILITEPHOM PeHTIeHOBCKOM
ToMOTIpadmm, paBHYL 1,10 niam OoJblie.

[IpeuMymecTBa n3006peTeHUS

[0017]

B COOTBETCTBUM C HaCTOAmMMM M300peTeHMeM, MOXeT OHThL I[I0JIyUeH
IIOPUCTHM YIJIEPOIOMUCTEM MaTepMual, KOTOPHM ABJIAETCHS IPEBOCXOIHBM IIO
OPOYHOCTM U MexdpasHOM aIresyM K CMOJIe MaTPUUB, I[IOCPEeICTBOM
bopMMPOBaHMS HENPEePHBHOM IIOPUCTOM CTPYKTYPH, II0 MeHbllel Mepe, B
YacTM IOPUCTOTO YIJIEPOAMCTOTO MaTepHualla, B KOTOPOM HelpepHBHAas
nopucTas CTPYKTypa  SABJISeTCH OPUEHTHMPOBAHHOM B OlIpelleJIeHHOM
KOHKPETHOM HalpaBJIeHUN.

KpaTkoe ommcaHmMe uepTexen

[0018]

[OmT. 1] dur.1 npencraejgeT cobom coeJlaHHYID C  IIOMOIUBLI
CKaHMPpYKIeTOo  BJeKTPOHHOTO  MMKPOCKOoNa odoTorpadmo HOpPOIOOJIBHOTO
CeUeHMSs [OPUCTOTO YIJIEPOOHOT'O RBOJIOKHAa IO HaCTOAmeMYy W300peTeHUD,
IIOJIydeHHOTO B IlpuMmepe 1.

Cnocof ocymecTBJIeHUST UB00peTeHUs

[0019]

<IIopUCTHM YyIJIEPOIMCTEM MaTepua>

ABJISeTCS BaXHBEIM TO, UYTO IIOPUCTHM YIJIEPOAMUCTHM MaTepuall
(Dajlee B HacToOAmMeM IOKyMeHTe MHOTIa TIIPOCTO YIOMMHaeTcsa Kak
“wMaTepuadl’”’) IO HacToAmeMy MW300peTeHMI MMeJl HEIPEepPHBHYKR IIOPUCTYIO
CTPYKTYPY, IIO MeHbIeM Mepe, B eI'0 dYacTu. HelOpepeBHas IOpUCTasd
CTPYKTypa, KaK YIOMMHaAeTCd B HacTodAmeM OOKYyMeHTe, oO3HadaeT, UTo
KOoTHa TIPONOJIbHOE CeueHMe WM TIIOIepedHoe  CcedeHMe  TIOPUCTOTO
YTJIEPOAUCTOTO MaTepuaia 1o HacTodlmeMy n300peTeHUn NI
IIOBEPXHOCTEL  M3MEJIEUEeHHOTO  IIOPUCTOTO  YIJIEPOAMCTOTO  MaTepHualla
HabJmomaeTcsd C IIOMOMBI CKAaHUPYKRIMETO B3JIeKTPOHHOTO MMKPOCKOIa Ha
BTOPUUHLEIX 3JIEKTPOHAaX (Jajlee B HaCTOAMEM OOKYMeHTe YIOMMHAeTCHd
kak SEM), HOOOTBepXOaeTCsa COCTOSHMEe, B KOTOPOM IIOPH SABJIAITCH
HelpepHBHEMU B Tpex  U3MEepeHUAX, n  4UTO KoTrma  HabJjmoneHUe
OCYIEeCTBJIAETCSA I[IOCPeICTBOM HakJIOHa ofpas3la, COCTOfAHMEe, B KOTOPOM

TIOPHI HaOmomanTCcAa CXOOHBM O@paSOM, TakXxe IOOTBepXnaeTcda. HakJioH



ofpaslla O3HauvaeT, UYTO BO BpeMA HabOJOIOEeHMA C IIOMOIBID SJEKTPOHHOTO
MMKPOCKOIIa, IBJIB, Takasd KaK MeJIKUMM IeCOK, WIM XapaKTepHas
KOHKpeTHad uYacTb of6pas3la olIpelesigdeTcd B KaueCcTBe MMUIIEHW, U
CTOJIMK HaKJIOHAEeTCAd TakKuM o0pa3oM, UTO MUIIEHL IIOMellaeTCHa B LIeHTP
n3o0paxeHMda. YTOJI HAKJIOHA ABJIATCHA HOOCTATOYHHM, eCJM COCTOAHUE,
B  KOTOPOM IIOPHL ABJIAITCA HEIPEPHBHHEMM, IOOTBEPXOaeTCHad, W OH
ABJIAETCH HOOCTATOUHHM, KOI'Da CTOJIMK MOXeT OHTH HAaKJIOHEH II0I yIJIOM
npubar3nuTeasHo 20°.

[0020]

[lockoJIBKY B MaTepualle QOpMUPYeETCS HelpPepHBHad IIOpUCTad
CTPYKTypa, KaK OIMCAHO BHIIe, MOXHO 3BHAUUTEJIEHO YBeJIMUUTH ILJIoWalb
[IOBEPXHOCTH, IIO CpaBHEeHUI C VYIJIEPOOUCTHM MaTepMralJioM, MWMeKIIVM
TakoM ke oOweMm. Hamopumep, B cJydae OQOpPMMPOBaHUA KOMIIOBUTHOTO
MaTepualja, I[IOCKOJIBKY IJlollalb, I'Le CMOJIa MaTpUUE BCTyIlaeT B
KOHTAKT C YIJIEPOIMCTEM MaTepMaJioM, Pe3KO Bo3pacTaeT, MOXHO Pe3KO

IIOBEICUTE IIPOYHOCTE KOMIIO3MTHOTI'O MaTepualla, Korma IIPOYHOCTE

Mexdas3HOM anresmuu ABJAETCH OIOMHAKOBOM. Takxe, B HelpepHBHOMU
IIOPUCTOM  CTPYKType IO  HacTosfmeMy  ¥300peTeHU, XOTS  IIOPH
bopmMupyoTCca B Tpex UBMepeHnax, IIOCKOJIbKY nebeKTH

(HepeI'yJIAPHOCTH) , KOTOPHE OEMCTBYIT B KadeCTBEe MCXOIOHHX TOUekK
paspylieHud, ABJIAITCHA OUeHb peIKmMMI Ha [IOBEPXHOCTHU yacTu
Pa3BEeTBJIEHHOV CTPYKTYPH, COCTAaBJAKMEN I[I0pY, MOXeT OHBTbH I[I0JIYyUYeH
MaTepual, VMEIMY  BHCOKYID IIPOYHOCTL . Kpome TOTO, IIOCKOJIbKY
Pa3BETBJIEHHEE UYacCTM, OQOPMUPYIIME HEIIPEPHBHYK IIOPUCTYID CTPYKTYPY,
COeIVHEHH JOpyI' C »OpyI'OM, MaTepualsl B LeJloM o00pal3yeT eIVHYID
CTPYKTYPY, ¥ KOoT'Ia HalpsSKeHMe IIPpMKJIAIHBaeTCsa TOJBKO K HEKOTOpOM
JacTu oT qacTu pa3BeTBJISHHOM CTPYKTYPEH, MOXHO OEICTPO
pacrnpenejinTs HaOpSKeHMe TII0 COCelOHMM Pa3BeTBJIEHHEM YacTaM U
IPMHATE HaAT'PY3KY HaOpSXeHMd MaTepralJioM B ILeJIOM, TakK UTOo MaTepuall
VMeeT OUeHb OOJIBbIYID CTOMKOCTL K pa3pylleH’o.

[0021]

VIMeThL HeNpPepHBHYID IMIOPUCTYID CTPYKTYPY, IO MeHbLIeM Mepe, B
ero JyacTu O3HadaerT, uTo Korma OCYIIECTRJIAT HabmoOneHne
[IOBEPXHOCTHM MWMJIM IIOIEepeuHOT'0 CeUeHMA MaTepualja ¢ I»IoMmoumsin SEM,

oBHapyXMBaeTCsa HelpephBHad IIopUCTasd CTPYKTypa B uYacTu obpasua,



MICIIOJIb 3y eMOT'O 0Jid HaOIIOOeHM s . [Ipu HaOJIIeHUN HelpEePLBHOM
IIOPUCTON CTPYKTYPH, yBeJIMueHue OQoTorpadmupoBaHmusa C IIoOMOmWbBKL SEM
IIPOM3BOJIEHEIM 00pa30M YyCTaHaBJMBaeTCHd IIpM BeJIMUMHEe, IIpPUM KOTOPOU
OOHa CTOPOHa INIMKCceJd uMeeT pasmMep orT 0,1 mo 100 HM, ¥ KOI'oa
HellpepLBHAA rnopmucTasa CTPpYKTYypa HaOJonaeTcsa nopm  JodoM U3
YBeJIMYeHUM dboTorpadupoBaHmAa, TpebyeTcH, UTOOH HabJmonajlach
HelnpephBHAaA IIOPUCTas CTPYKTypa. MMHMMAaJILHEM pas3Mep u300paxeHUd
opM  HabooeHUMM  3a OOMH  pas COCTaBJIgeT 640 nuKceJen 1o
TopMuzoHTaIu Cc 480 nmukceJiel IO BepTUKAJIMU.

[0022]

Taxxe [ABJISAeTCH BaXHHM IJI4 [IOPUCTOIO YIJIEPOOMCTOI'O MaTepuala
IO HacTodAlleMy MW300peTeHMI, UYTOOH CTelleHb OpMeHTAallMM HelpepHBHOU
IIOPUCTON CTPYKTYPH, M3MepeHHas C I[IOMOMBIRD MeToda MaJloyTJIOBOTO
paccesaHMsa  PeHTIeHOBCKOTO M3JYyYeHMsa MM MeToa  KOMILITEepHOU
PEeHTTeHOBCKOM ToOMOTI'paduu, cocraBJjdeT 1,10 W DoJiblle .
OTHOCHUTEJIBHO CTelleHM OpMeHTalMM, W3MePeHHOM C TI[IOMOWBK MeToIa
MaJIOyTWJIOBOT'O paccedaHuda PEHTIEHOBCKOTO N3JIy4eHUd, Korma
OCYIWEeCTBJIADT OBYXMEPHOEe M3MepeHMe C IIOMOWEBK MeToOoa MaJlIoyIJIOBOI'O
paccedHMd PEeHTIeHOBCKOI'O M3JIyUYeHMd, [IMK pacCedaHMAa IIoJIydaeTCcsa IIpU
yIJle, COOTBETCTBYKIEM CTPYKTYPHOMY IIE€PUOLY HEIPEPHBHOM IIOPUCTON
CTPYKTYPH, HO €eCJM MK pacCedHMA He IoJiydaeTcd, COCTOAHME, IIPpU
KOTOPOM [IOABJIAETCA VK paccedHud, 3amaeTcd [IOCPEenCTBOM
COOTBETCTREYKIETO PelyJUPOBaHMUSA IJMHHE KaMepe. B COOTBETCTBUM C
[IPUHLIUIIOM MeTona MaJIoOyTJIOBOT'O paccesdaHusa PEHTIT'€HOBCKOTO
UBJIyUYeHUSd, W3MepeHMe CTaHOBUTCH BO3MOXHEM I[IOCPENCTBOM YMEHBIIEHUHA
OJVMHEL KaMeph B cJydae, KoTJda CTPYKTYPHHM [IepMol HelpepHBHOM
IIOPUCTON CTPYKTYPH ABJISAETCA MaJlkM, WJIM T[IOCPeICTBOM YBeJIMUYEeHUS
OJIMHEL KaMepeH B CJiydYae, korI'ma OH dgBJjdeTcd OoJjbmyM. OIHaAKO B
cilydyae, KoT'Jda MOJIMHa KaMepH YCTaHaBIMBaeTCsa OOJBIMOM, [IOCKOJBKY
MHTEHCHUBHOCTE pPacCedaHHOI'O PEHTIEeHOBCKOI'O WM3JIYUYEeHMHA YMeHblaeTCs,
MOXHO M3MepPSATH HENPEPHBHYKD IIOPUCTYKR CTPYKTYPY, UWMelmyl OOJBIION
CTPYKTYPHHM I[Ieprol, C MCIOJb30BaHMEM CHUHXPOTPOHHOTO M3JIydyeHUS B
KadeCTBe MCTOUHMKA PEHTI'EHOBCKOI'O M3JIYyUeHMUId.

[0023]

Kpowme TOTO, CTeIlleHb OpPMEeHTalun HeIllPEPLBHOM IOPUCTOM

CTPYKTYPH, Kak YIOMMHAETCs B HacTodmeM u3obperTeHun, obo3HavaeT
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BeJIMUMHY, KOoTopafd I[IoJiydaeTCHd C I[IOMOUBI OCYWeCTBJIEHUS M3MEepeHUsa C
IIOMOIBI0 MeTOHa MaJIOYIJIOBOTO pacCCedHMA PEeHTIeHOBCKOTO M3JIydeHUd
WM MeToHa KOMIBITEPHOWM PEeHTIeHOBCKOM ToMoTIpadum, IHOIpU STOM
COOTBETCTBYKIMM OO0Opa3oM Bpamad ofpasel M M3MepAd ero Ipu yrje,
IpY KOTOPOM CTelleHb OpMeHTalMM, BHUMUCIJIeHHad I[IOCPeICTBOM clocoba,
ONMCAaHHOTO HMWXe, ABJSAETCS MaKCUMaJlbHOM. B dWacTHOCTM, B cCJjydae
M3MeJIbUEHHOT'O obpasua, 3TO [IOKas3HBaeT OaHHHE, [IOJIyUeHHEIe
[IOCPenCcTBOM V3MepeHUd c IIOMOIIBIO COOTBETCTBYKIEI'O
KOHCTPYUPOBaHMSA, C TeM, UYTOOH I[IOJIyUMUTE HOaHHBE pacCefdaHUI TOJIBKO
oT IIOPUCTOTO  YIJIEPOOMCTOI'O  MaTepuala, HalpuMep, n3MepeHue
OCYIIECTBJIAETCA I[IOCPENCTBOM HaKJIeMBaHMA obpaslua Ha I[JIEHKY WK
4ero—Jmbo IIOTNOOHOTO, IJ4 YeT'o 3apaHee IIOOTBEePXOaeTCHd OTCYTCTBUE
BIIMAHMA Ha KapTUHY paccedHud, WM  IIOCPeOCTBOM HaKJIeMBaHUSA
oBpa3lla Ha KOHUMK IepXxaTelsia obpazla B QopMe CTEPXHA.

[0024]

Takxe, OTHOCUTEJIBHO KapTMHE paccesHMsa C IIOMOWBK MeTona
KOMIIBIOTEPHOM PEHTIEeHOBCKOM TOMOTpaduM IO HacToAmeMy WU300peTeHM b,

B CJIy4dae, KOI'la IIPUCYTCTBYET QoJibuma g CTPYKTYpPpa, KOTOpad He MOXeT

HabmomaTeCAa C TITOMOIIBIO MeTOoIoa MaJIOYyTVJIOBOTI'O paccedHnA
PEeHTI'eHOBCKOTI'O N3JIy4dYeHn4d, TpexXMepHad CTPYKTYPa IIOPpUCTOTIO
YTIJIepoomMcToro MaTepurajla HabJonaeTcs HelIOCpeICTBEHHO, u

TIOJIYYEeHHOeE TpeXMepHOe MBO@aneHMe IrnooBpepraeTcda Hpeo6pa30BaHMD
@ypbe C TIIoJIydeHMreM IBYXMEePHEX OaHHEBIX MBMepeHMﬁ. OTHOCUTEJILHO
IBYXMEPHEX TaHHEIX MSMepeHMﬁ, IIOJIYYEeHHEX TaKIMM O@paBOM, C TIIOMOIIEBIO
MeTOoIoa MaJIOYyITJIOBOTI'O praccedHnA PEHTI'eHOBCKOTI'O N3JIYy4dYeHNA MJin
MeTOoIoa KOMHBDTepHOﬁ peHTPeHOBCKOﬁ TOMOPpa®MM, IIOCJI€ BHYMCIIEHUA
HaTypaJIbEHOT'O norapM@Ma nxX UVMHTEeHCHUMBHOCTN, OoIlipeneJideTCcd CpelHAAd
OCBEII€EHHOCTE Tave MSO@anGHMH B eJiIOM. SarTemM, OollpeneJideTCc4a
paminyCc—BeKTOP IIOCpPenICTBOM OoIipeneJIeHnA HeHTpaﬂbHOﬂ TOUKM
MCTOUHNMEKa cBeTa, KOTOpad nsMepAaeTCHd OTIOeJIBEHO, B KadecCTeBe

VICTOUHMKA, OIpenesiieTCad WMHTEHCUMBHOCTE PacCesHMSa B HalpaBJIeHUU
pammyc-BeKTOpa, OCYMeCTBJAAd I[PV STOM CKaHMpoBaHue oT ¢ = 0° 1mo
360° maramm o 1° B HampaBJIeHUM IO OKPYXHOCTM, U IOJS KaXOoTo yIJla

B HallpaBJIeHUM II0 OKPYXHOCTH, OolIpemesigeTcsa Habop Touek p (X, @),

I'oe OCBEIeHHOCTL Ha paIuyC-BeKTOope CcocCcTaBJAeT lave B IIOJIOXEHUN,
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Toe II0JIyYanT MHTEeHCHBHOCTD paccedHusd, Bes BJIMAHUS TeHU,
BHIBEHIBAEMOV IIOIJIOTHUTEJIeM IIydkKa. 3Iechb, X TIpencTaBJgeT cobon
paccTogHMe OT MCTOUHMKAa BIOOJIb paluMyc-BekTopa. durypa, OOJydeHHad
[IOCPelICTBOM IIOCTPOEeHMsS TIpaduka M3 BTUX TOUek, I[IOIBepraeTcd
SIINIITUUECKOM allpOoKCUMMaLUM C MCIOJb30BaHMEeM MeToda HaMMeHbIMX
KBagpaToB C IIOJYyUYeHMeM MaJloM ocuM U OOJIbIIOM OoCHM DJIJIMIICHUCA,
onpenesigd, TeM caMbM, OTHOmeHMre OoJklad och/Majlagd OCh B KauecTBe
CTelleHM OpUeHTalUN.

[0025]

Korma cTeneHb OpPMEHTaALUMM HeIpPepPHBHOM IIOPUCTOM CTPYKTYPH
cocTraByadgeT 1,10 wmiam ©OoJbIe, I[IOCKOJBKY QOPMUPYETCS COCTOSHUE, B
KOTOPOM HeIpepHBHasd IIopucTasa CTPYyKTypa  fABJLgeTcd OOCTAaTOUHO
OPUEHTUPOBAHHOM, MOXHO IIOBHCUTEL IIPOUYHOCTEL OTHOCUTEJILHO IIOPUCTOTO
YTUIepOOMCTOTO MaTepuala, Tak UTO MOXHO IOOCTMUL IIPOYHOCTH,
Heo®XoOmMmMom oJisa CTPYKTYPHOTO MaTepuala. ABJigeTcsd
IpennouTUTeJIbHEM I[IOBHIIEHME CTelleHHn opMeHTalum HellpepLBHOM
IIOPUCTOM CTPYKTYPH, IOCKOJLKY STO IIOKasEBaeT, UYTO I[IOJIydaeTCHd
CUJILHO OPMEeHTUMPOBAHHEM IIOPUCTHM YIJIEPOOUCTHNM MaTepualJl. CTeleHb
OpUeHTalUur IIPpellouTUTeJIbHO cocTrabjdgeTr 1,30 wuiam OBoJiblie, 0OoJiee
openrnouTmresibHo, 1,50 wmiam OoJiklle, a eme ©0oJiee IMIPenlouTUTeJIBHO,
2,00 mam GoJible.

[0026]

BaTeM, oBo3Hauas VYIOJ paccedHud, COOTBETCTBYIMM UYacCTU

SKBUBAaJIEHTHON BOJILION ocu SJIIUIICUCA, u YITOJI paccesgHud,

COOTBETCTBYIIMIA YacTH, 5SKBUBAJIEHTHOM MaJioll ocu, kKak 0Or m Os,
COOTBETCTBEHHO, IIOJyYUalnT CTPYKTYPHEM IIepuon L, COOTBeTCTBYOIUN
KaxIoMy M3 eI'0 HalpabBJIeHMM, C IIOMOmbBI (QOPMYJIE, IIOKa3aHHOM HUXe.
B »TOM cCclydae, HalpaBJieHMe MaJlIoM OCHM COOTBETCTBYET HallpaBJIEHUIO
OCH pacTsSKeHUSdI, ¥ OoHa COOTBEeTCTBYeT IJMHEe UYacTK pa3BeTBJIEHHOM
CTPYKTYPH " JacTu nop, OPUEHTUPOBAaHHHX napaJiiesibHO ocu
pacTsaKeHUS .

HamnparBjeHMre OOJILIOM OCU:

[0027]

[Dopmydta 1]
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I A

2sing,
[0028]
HamnpaBJjieHMe MaJIOM OCH:
[0029]
[PopMmyia 2]

A
L=—
2sin 6,

[0030]

CTPYKTYPHEM IIepuOond B HalpaBJIieHMM OOJILIMOM OCHM B HelpepHBHOM
IIOPUCTOM  CTPYKTYPE, cOopMMPOBAHHOM B  IIOPUCTOM  YTUIEPOOMCTOM
MaTepualie II0 HacCTOofAlleMy W300PeTEeHMKD, I[IPelllOUTUTEJIEHO COCTaBJISET
or 5 HM gmo 5 wMrM. Korma CTPYKTYPHBEM IOepMrol yMeHbIlaeTCH,
IIOCKOJIbKY YMeHbIlaeTCsd TOJIIMHA YacTM Pal3BeTBJIEHHOM CTPYKTYPH, Tak
UTO YyBeJIMUMBAETCS ILJIoMalb IIOBEPXHOCTM Ha eIMHUIY OOBeMa, MOXHO
YBEJIMUNTE I[IPOYHOCTE anlre3mu B CcJydae QOPMUMPOBAHMA KOMIIO3UTHOI'O
MaTepuala. Taxxe, KoI'ma CTPYKTYPHEM [IepUOn yBeJIMdnBaeTCcs,
I[IOCKOJIbKY IIOPH, COOPMMPOBAHHEE B HEIPEepPHBHOM IIOPUCTOM CTPYKTYPe,
YBeJIMUMBAKTCAI UM M3—-3a YMEHBIIeHUd Ilepellala OaBJieHUdA, obJeryaeTcsd
[IPOHMKHOBEHME CMOJIBEI M CTAHOBMTCHA BO3MOXHEM OBCTPOEe Iela3MpoBaHMeE
KoMriosuTa. C BTUX TOUeK BPeHMud, CTPYKTYPHHM IepMrol B HalpaBJIeHUU
BoJibMoM ocu 0OoJiee MNPEelloUuTUTEeJILHO cocTaBJjgeT oT 30 HM OO 2 MKM,
a eme 0OoJiee MNPEeONOUTUTEJIBHO, HaxXOOMTCAa B IuamnaszoHe oT 50 HM pmo 1
MKM.

[0031]

CTPYKTYPHEM IIepuond B HalpaBJIeHUMM MaJloM OCKM B HelIpepHBHOM
IIOPUCTOM  CTPYKTYpPE, cOopMMPOBAHHOM B  IIOPUCTOM  YTUIEPOOMCTOM
MaTepualie II0 HacCTOofAlleMy W300PeTEeHMD, I[IPelllOUTUTEJIEHO COCTaBJISET
or 10 BM gpmo 20 MKM. B UYacTHOCTHM, KoT'Ia CTPYKTYPHHEM [Iepuol B
HaOpaBJIeHUM MaJIOM OCKU YyBeJMuMBaeTCH, [IOCKOJIBKY 4YacTb IIOp,
dopMUpyIIMad HENPEPHBHYK IOPUCTYHR CTPYKTYPRY, WMMeeT IJIMHHYKD WU
TOHKYI GQOpMy, TaK Xe& KaK U pas3BeTBJIeHHas dYacThk, XWUIOKasd CMOoJia,

KOTOpaAd BepPOATHO IOOJIXHa 3allOJIHATE HEIIPEPEIBHYID IIOPUMCTYID CTPYKTYPY
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IIOCPeICTBOM KalWJIJIAPHEIX ABJEeHUM, [IPOUCXOOANMX B OCHOBHOM MEeXIy
PasBeTBJIEHHEIMM UYacCTAMM BO BPEMS UMMIIPETHUMPOBAHMA CMOJIB, TaK 4To
IOCJIe OTBEPXIEHMS MOXEeT MIPedloUuTUTEJIbHO I[I0JyYaThbCd KOMIIO3UTHHM
MaTepuals, ¥VMemuy B cebe MeHblle IIY3HPbkKOoB. C 2TMX TOUeK 3pPeHUH,
CTPYKTYPHHM nepmon B HalpaBJIeHUN MaJion ocu, BoJiee
OPennouTUTeJIbHO, cocTarjgdgeT oT 50 HM mo 20 MKM, a eme 0oJee
OpenlIouTUTeJIbHO, HaxomIMTcsa B OuanazoHe oT 100 HM mo 10 MKM.

[0032]

[IOPUCTHY YIJVIEPOIUCTHY MaTepuaJl I[I0 HacTosfmeMy MK300peTeH o
IPenlIouTUTEeJIbHO MMeeT IPOYHOCTE Ha pacTaxeHue 50 Mlla wmiam OGoJiblie.
ABJIdeTCcd MNPedloUTHUTEJIBHEIM VYBeJIMUeHMe IIPOYHOCTM Ha pPacTaXeHUue,
IIOCKOJIbKY MOXHO COOPMUPOBATE IMIPOUHHEM KOMIIOBUTHHEM MaTepualJl B
KaueCcTBe CTPYKTYPHOT'O MaTepuala. Takumm obpasoM, eI'0 IIPOYHOCTE Ha
pacTsaxeHue, DoJjlee HOpPelloUuTUTEJILHO, COCTaBJIgeT 100 Mlla wm
foJiplme, a eme OoJiee mnpennouTurTelibHo, 200 Mlla miam ©OoJbie.

[0033]

B ywacTHOCTM, B cCJydyae, KoT'Ia IHOPUCTHNM YIJIEPOIMUCTHM MaTepMatl
[I0O HacCTOoAlleMy M300pEeTeHUK MMeeT BOJOKHUCTYKD (GOpMYy, acIleKTHOeE
OTHOIIeHNE, BHUMCJIEHHOE Kak OJIMHa BOJIOKHAa/ OuaMeTp BOJIOKHA,
IpenrnouTUTeJIbHO cocTaBJIgeT 2 VI foJiblie. ABjigeTcsd
OPEennouYTUTEJIbHEM, UYTOOH AacClIeKTHOEe OTHOIEeHMEe COCTAaBJAJIO 2 WK
foJiblle, IIOCKOJIBKY TOoToa opucToe YyTJIepOoOHoOe BOJIOKHO 1o
HacToAmeMy  M300peTeHMI  IeMOHCTPUPpYeT OOCTAaTOUHYK  IIPOYHOCTE,
yiyudlmas BO3IEVCTBME B KaueCTBe HAlOJHUTEJI B clydae QOopMUMPOBAHUSA
KOMIIOBMTHOTO MaTepuajla. Takxe, B UYacCTHOCTHM, B CJydae, KoTI'Ia
[IopucToEe yTJIEpOOHOE BOJIOKHO 1o HaCTOAIEMY n300pEeTEeHU
VCIIOJIE3YEeTCHS B KaduecTBe TakK Ha3BHBaeMOI'0 KOPOTKOI'O BOJIOKHA,
ABJIAETCHA MPEenOIoOUYTUTEJIEHEM, UYTOOE acCleKTHOE OTHOIMEeHME COCTaBJIAJIO
1000 wmam MeHBIIe, TIOCKOJIBKY HEOTBEPXIEeHHasd CMOJla M IIOPUCTOE
YTJIEPOOHOE BOJIOKHO TIIO HAaCTOAMEMY MW300peTeHMK OUCIEPTUPYITCHS B
IOOCTATOUHOW CTeleHM OJ4 IIOJyUeHUSI BO3MOXHOCTHM IJIS OIPUTOTOBJIEHUSA
OOHOPOIHOTO KOMIIO3MTHOT'O MaTepuasa.

[0034]

[IOpUCTHM YIJIEPOIMCTHM MaTepuaJl I[I0 HacTofAmeMy MW300peTeH o
OPennouTUTEJIbHO MMeeT IIJIOTHEM CJIOV, B KOTOPOM IIOPH IO CYMEeCTBY

He O@HB.py?KMBaIOTCF[ Inpn HabJIOIEeHUNA 1o yBeJIMUeHNMEM C ITOMOIIBIO
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CKaHUPYRIETO DSJIEKTPOHHOTO MUKPOCKOIIa Ha BTOPUUHHX SJIEKTPOHAaX, II0
MeHBIIEV Mepe, Ha YacTM €TI0 IIOBEepPXHOCTH. TepMMH “HOPH IO CYMEeCTBY
He oOOHapyXxuBawTcsa”, KaK MUCIOJBE3YeTCsa B HaACTOMlleM IOOKYMEHTe,
OTHOCUTCA K COCTOAHMI, B KOTOPOM IIOPE He HabmomamonTcda B o00JacTH,
B KOTOPOM IJIMHA KaxXIOo¥ ee CTOPOHH COCTaBJAEeT YTPOEHHHM IMaMETP
Iopel  wiM  OoJiblle, 1 KOoTOopas ¢opMupyeTcd B 4YacTM, UMeoleu
HEeIIPEePHBHYK I[IOPUCTYKR CTPYKTYPY, IIpM HaOJIOIEeHVM II0I YBEJIMUEHMUEM,
IpM KOTOPOM pa3Mep IIMKCeJIS yCTaHaBJMBaeTCd TakKuM o0pasoM, UYTOOH
OH HaxomouJjica B nOuamna3ocHe 1 HM = 10%. HamnpuMmep, DTO IIOKa3HBaeT,
uTO KOI'Da IOMaMeTp  IIOPH, cbopMMpoBaHHOM B  YacTH, VMenmen
HelIpePHIBHYK I[IOPUCTYKR CTPYKTYPY, cocTaejisgseT 100 HM, OPpUCYTCTBYeT
YyacTb, B KOTOPOM IMOpPH He HabawOalnTCAd B OpAMOYTOJIBHOM o6JacTu,
MMenmey  OJIMHY  KaXxIou CTOPOHEL 300 HM  WJIMX foJible. N3-3a
IPUCYTCTBUSA TaxKoI'o ILJIOTHOTO cJo4, bopmMupyeTCcs MaTepuall
IPeBOCXOOHEM II0 DJEKTPOIPOBOOHOCTM UM TeIJIONPOBOOHOCTM, TakK UTO
MOXET OCYIWEeCTBJIATECA npenoTBpalleHre [IOABJIEHNUE CTaTUYEeCKOT'O
3apdana [DOCPEelCTBOM B3JIEKTPUUECKOM pa3paOKM BO BpeMsa MCIOJB30BaHUA
u MOXeT 20PeKTUBHO OOMeHVBATLCA TerLio oT HarpeBaTEeJIBHOTO
BJIeMeHTa WM  OoXJlakOawnleI'o BJIeMeHTa [IOCPEeICTBOM  YBEJIMUEHUI
TEelJIONPOBOOHOCTH .

[0035]

TakXxe, B UYaCTHOCTM, B CJiydae, KOI'Ia IIOPUCTHM yITJIEPOIUCTHIM
MaTepuralsl IO HacCTOoAlleMy M300peTeHMI0 MMeeT BOJOKHUCTYIR GOopMy, OH
NPealouTUTEeNIbHO MMeeT IIJIOTHHM CJIO¥, B KOTOPOM IIOPH IO CYIEeCcTBY
He OOHapyXmuBawRTCsa IIpM HaOJIOOeHMM [0 YyBeJIMYeHUMeM C IIOMOUBK
CKaHUPYKIETO BSJIEKTPOHHOTO MUKPOCKOIIAa Ha BTOPUUHHX 3BJIEKTPOHAaXxX, IO
MeHbIIen Mepe, Ha JacTu [IOBEPXHOCTHU BOJIOKHA . Biaronmaps4a
IPUCY TCTBUIO TaxKoI'o ILJIOTHOTO cJo4, bopmMupyeTCcsa MaTepuall
IPeBOCXOOHHEM I[IO DJEKTPOIPOBOOHOCTM U TEeIJIONPOBOOHOCTM, TakK UTO
MOXET OCYWEeCTBJIATECSA npenoTBpalleHre [IOABJIEHUSA CTaTUYECKOT'O
3apana BO BpeMs MCIIOJIE30BaHMA, [IoCcpelCcTBOM BIIEKTPUUIECKON
pa3p4anku, u MOXET 50PEeKTUBHO OOMeHVBaTLCHA TEerLIo oT
HarpeBaTeJIbHOT'O HBJIEMEeHTa WM OXJlaXIaKnlel'd »SJIeMeHTa I[IOCPeldCTBOM
YBEJIMUEHM S  TellJIONPOBOOHOCTH. C ©BTO TOUYKM 3pPeHud, ABJIAETCH
IPEenrIouYTUTEJIbHEM, UTOOE [IOBEPXHOCTE BOJIOKHA, N4 IIOPUCTOTO

YIUJIEPOOHOT'O BOJIOKHA OBUIa IIOKPHTA IIJIOTHEM CJIOEM.
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[0036]

OTHOCHUTEJILHO IIOPUCTOTO YIJIEPOAUCTOTO MaTepuala 1o
HacTodmeMy M300peTeHUn, eIo GopMa MOXeT BHOMPATLCS [IPOM3BOJILHBM
obpasoM. KOHKpeTHHE IPUMEPH €TI0 GOPMBl BKJIOUAT BOJIOKHO, ILJIEHKY,
OOBEMHE MaTepralJl M YaCTMILH.

[0037]

Takxe, B cJjydae, KOI'Da IIOPUCTEI VYIJVIEPOOUCTHIM MaTepuaJl IIo
HaCTOAmeMy n300peTeHNO VMeeT BOJIOKHUCTYIO bopmy, bopma
IIOIIEPEeYHOTO CeUeHMsS BOJIOKHA He [ABJSeTCS Kak-JIMOOo OTPaHUUYEeHHOM U
MOXeT BHOMPATLCS IPOM3BOJIL HEIM oBpazoM B 3aBUCHMOCTH oT
NprMeHeHMsS. QdopMa IIOINepPedYHOT'0 CeUYeHMS BOJIOKHA IIPpedloUuTUTEeJIBHO
npencTaBjsaeT coBou MHOTOJIIOJIEBOE IorepeyvHoe ceueHue,
MILTIOC TPUPY eMoe KPYTOBBIM [IOTIEPEYHEM ceueHMreM, TPEey T OJIbHEM

TIOIIE P EeYHEIM cedueHMreM HWJIM geM—JIMbo roOOOHBIM, IIOJIEIM  TIOIIEPEeYHEM

ceueHneM M yeM—-JIimbo [IOOOBOHEBIM. Cpenu HUX, BoJiee
IpPennouTUTeJIbHEN BapMaHT ocylueCcTRJIEHU S IpencTaBJIAeT cobon
BOJIOKHO, MMenIIe e KpyTJloe [IOIIEPEYHOE ceueHue, IIOCKOJIBKY

pacrnpenejieHre  MHTEHCUBHOCTHU B I[IOIIepeyYHOM  CeUeHUHr aBJIgeTcs
OOHOPOIHEIM M 5BTa CTPYKTYpa MABJSeTCHA I[IPOYHOM I[I0 OTHOUWEHMID K
pa3pyleHNo.

[0038]

Takxe HABJISAETCS OPEONOUTUTEJILHEIM BapuMaHT OCYmMEeCTBJIeHUSA, B
KOTOPOM XMMUUECKMIM aTreHT, TaKoM KaK MAaCJSHBY areHT U KJIeSMUM
areHT, IIPUIaAeTCsa IIOPUCTOMY YIJIEPOIOHOMY BOJIOKHY, OIMCAHHOMY BHIIE.
MacJIgHBEM aT'eHT ABJISeTCS IIPeOlouTUTeJIbHEM, I[IOCKOJIBKY OH YyMeHbIlaeT
UcTUpaHue, CBA3aHHOE C  TpeHueM, KoTrga IopucToe yIUlepoIHOoe
BOJIOKHO TIIO HacTodleMy M300peTeHMI NIPOXOOMUT uUepe3s TKalKyln MallMHy,
BA3aJIbHYI MallHy WIIN uyTOo-JIUBO nomobHoe, u 5TO Takxe
IpenoTBpamaeT IpUInIIaHue K 060pPYOOBAaHUIO " OTKJIOHEeHUe oT
HaOpaBJAKIKX M3—-3a 3apadkM C YBeJMUeHMEM CBOMCTBAa I[IPOXOXIEHUS B
opoliecce, TakK UYTO MOXHO IIPOMBBOOMTL KOHEUHBM IMNIPOOAYKT C HUIKUMU
3aTpaTaMA. Takxe, KJIeAmMM  areHT  ABJIAeTCHa OPpeOlouTUTeJIbHEM,
IIOCKOJIbKY OH IIOBHIAET Mexdpal3HYID all'esuio Ha eIOMHMIY IIJIomadX MexXxIy
[IOBEPXHOCTHLI0 IIOPMCTOTO YIJIEPOOHOTO BOJIOKHA U CMOJIOM MaTpPULE C
[IOJIyUYeHEeM MaTepualja, HUMelmero oCO0eHHO BHCOKYH IIPOUHOCTHL IIPU

oTCJIaMMBaHVNM .
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[0039]

Takxe, IopuUcToe yTJlepoIHoe BOJIOKHO 1o HacToAmeMy
n300peTeHun MOXEeT  HaxOoIUThLCS B aMOPOHOM  COCTOSHUM WJIM B
COCTOSHUM, B KOTOPOM IIPOUCXOOMUT TpaduTmzanmda. Ciaydar amMopoHOTO
COCTOSHUA opencTaBJiseT cobomn NPennouTHUTeNIbHEM BapMaHT
OCYWECTBJIEHUS, IIOCKOJIbKY ofmas IIJIOCKOCTL YIJlepoa OPUEeHTUPYETCH
IPOM3BOJILHEIM  00pasoM, TakK yTo IPOUYHOCTE Ha PaspPHB opu
MexXaHMUeCKOM medpopMalluM ABJIAETCS BHCOKOM. AMoOpdHOEe COCTOSHUE,
Kak YIOMMHAEeTCsS B HACTOANEeM IOKYMeHTe, O3HauaeT COCTOSHME, B

KOTOPOM He IIpUCyTCTBYEeT UyeTKUN MK, VIMeIomy IMPMHY Ha IIOJIOBMHHOM

BHicoTe 3° MM MeHblle, B IMalasoHe YyIUIOB mubpakumm ot 20 mo 30°,
KOT'Oa I[IOpUCTOEe VYIUIEPOIOHOE BOJOKHO II0 HaCTOAmeMYy M300peTeHUo
IoIoBepraeTcsa BO3OEMCTBMI M3MepeHuM  IudpakliMyM  PeHTT'eHOBCKOTO
n3JIydeHus. Takxe, COCTOSHME, B KOTOPOM IIPOMCXOOUT TIpaduTU3almsd,
IperncTaBJIAeT cobomn IPennoYTUTEeJIbHEM BapMaHT OCYIEeCTBJIEHN S,
[IOCKOJIBKY OHO  ABJISETCH [IPEBOCXONOHHM IIO  TEIJIONPOBOINHOCTU MU
BJIEKTPOIIPOBOIHOCTH, fiaronaps BHICOKOM noJie KPUCTaJLINUYeCKOM
JyacTy, TaK 4YTO OHO HOEMOHCTPMPYET IPelloUTUTEJIbHEE (QU3UUeCKUe
CBOMICTBa B YaCTHOCTM, KakK MaTepmuall dOaTapeu. COCTOSHME, B KOTOPOM
[IPOUCXOOUT TIpaduTMU3alMa KakK VYIIOMUHAeTCHd B HaCTOAlleM IOOKYMEHTe,
O3HauvaeT COCTOSAHMEe, B KOTOPOM CTelleHb I'paduTmszalumm, olpeleiiseMas
10 OMKYy Iubdpakumyu, cooTBeTcTRykmemy d(002), cocraBuadger 0,1 wim
foJibie, KoTma IIopuUcTOE yIoJleponoHoe BOJIOKHO 1o HacToAmeMy
n300peTeHnD nooBepraeTcsd BOBIOEeNCTBUIO V3MEepeHMs oMdpaKumUmM
PEHTTEHOBCKOTO MB3JIIYyUeHUS.

[0040]

Taxkxe, OTHOCUTEJIBHO [IOPUCTOTO YTJIEPOOHOTO BOJIOKHAa o
HacToAmeMy WM300peTeHMI, €TI0 OMaMeTp IMIPeOloUTUTEJIbHO HaxXOOUTCS B
nuanasoHe oT 100 mo 10 M. [Ouamerp 100 HM wniamu OOJIblle SABJISETCH
IPennouTUTEeJIbHEM, IIOCKOJBKY of0ecrneumBaeTCcd OOCTAaTOYHas YyIeJbHasd
[Jiomalnb TIOBEPXHOCTM M MaHUIOYJALUMM ABJISOTCH IIPOCTHMM. Takxe,
IPennouTUTEeJIbHEM SABJISeTCd OuaMeTp 10 MM WM MEHBIIE, [MOCKOJBKY
nmoJydaeTcsd »OOoCTaTouHasa CTOMKOCTL K UM3TUMOY M OpedoTBpalmaeTCHd
paspylieHne BOJIOKHA BO BpeMsa MaHUIYJISLUUM, TakK  UToO MOXeT

IIPOMIBOOMTECA CcTabuJIbLHEM IIPOOYKT . C TOUKNM 3peHn4g, M3JIOXEHHOM
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BHIIE, IMaMETP BOJIOKHa IMPenlOUTUTEJIbHO HaxXOOUTCHd B OMala30He OT
100 mo 1 MM, a ©OoJiee MNPenIouTUTEJIBHO, B IOuamnas3oHe oT 1 mo 500
MKM .

[0041]

Takxe, ropucToe yTJIepoOHoOe BOJIOKHO 1o HacTodleMy
N300pEeTEeHUID MOXEeT MMeTh pal3JIMuHbBle IIPOM3BOJIbHEIE OGOPMEI, HAIIpUMEpP,
TeKCTMJIA, BA3aHUS WM IIJIeTeHMs, B BUIe IJIMHHOI'O BOJIOKHa. B
cllyyae TeKCTWJIS, IIOCKOJIbKY HabJoaeTCsa OpMeHTalus MHTeHCUBHOCTH,
COOTBETCTByKIAsa HaOpaBJIEHUI IIJIETEHMS TeKCTUIIA, OIPedloUTUTEJIbLHBEM
BapMaHTOM OCyMEeCTRBJIEHU I ABJISIETCSA bopMUpoOBaHME KOMIIO3MTHOT'O
MaTepMaljla IIOCPelICTBOM JIAMMHUPOBAHMSA JIMCTOB TEeKCTUIIS C [IOMOUBLIO
crnocofa BHKJIAOKM BPYYHYERD WIM 4Yero-Jmbo nomoOHoTro. Bsa3aHue WM
[JIeTeHMEe  TaKXe IIpelCTaBJIgeT coboM NpenlouTUTEeJILHEM  BapMaHT
OCyMmeCTBJIEHK A, IIOCKOJILKY BfA3aHMe WM IIJIeTeHMe IIpeOcTaBjisgeT cobon
CTPYKTYRY, OGopMupyemMyrn ©06e3 pes3sKM IJIMHHEIX BOJIOKOH, Tak UTO
KOMIIO 3UTHEIM MaTepuraJl MOXeT OHITE [MOJIYYEH tes Bpenma s
MeXaHMUeCKOM IMIPOUYHOCTHM IIOPUCTOTO YIJIEPOIOHOTO BOJIOKHA, WMeKMeTro
HENPEPHBHYK NOPUCTYKR CTPYKTYPY I[IO HACTOAleMy M300peTeHU.

[0042]

KpomMe TOTO, B cClydae, KorIga IOPUCTHEM YIJIEPOOMUCTHM MaTepuall
[I0 HacCTodlleMy M300peTeHurw, B YacCTHOCTM, MMeeT IJIEHKOOOpasHy
bopMy, ero ToOJIIMHa OIPEeOlNOoUTMUMTENIEHO HaxXoIMTCAd B IManas3oHe oT 20
HM o 10 MM, IIOCKOJIBKY OfOecHeuMBalnTCs OIHOPOIHOCTL UM CTOMKOCTL K
n3rMby M nOpeloTBpallaeTCsda pas3pylleHMe, TaK 4UTO MMeeTCHaS TeHIOeHLIUA K
IOJIYUEH 0 CTabuJIbHOM CTPYKTYPH. ToJmMHa IIJIEHKM OIPpedlouTHUTeJIbLHO
HaxoouTcd B Ouarna3oHe oT 20 HM pmo 1 MM, a 0OoJlee HOPenarnodTUTEJIBHO,
B OmamnaszoHe oT 20 HM mo 500 MKM.

[0043]

KpomMe ToOTO, B cCiydae, KoIga IIOPUCTHM YIJVIEPOIMUCTHM MaTepuall
IO HacToAmeMy M300peTeHMK, B YaCTHOCTH, WMeeT QOpPMYy UYacCTHIL,
IVaMeTp €TI0 YacTMI HaxXOIUTCHA IIPedloUYTHUTEJIEHO B IManazoHe oT 20
HM no 10 Mm. Korma aomaMeTp 4YacTHUl, YMeHBbIaeTCsd, IIOCKOJIBKY ILJIoMalb
[IOBEPXHOCTM YBeJMUMBAETCS, YBeJMUMBAEeTCsa anares3mMda K CMOJIe, a
Takxe, B YAaCTHOCTM, B CJydae KOMIIO3UTAa C TEepMOIJIaCTUMUHOWM CMOJIOM,
MOXeT TIIPeNlOUTUTEJIBHO OCYIECTBJIATECA OOHOPOIOHOEe IIepeMellMBaHue C

IIOMOMBID BaMEeCOUHOM MamMHH WM uero-Jmbo nomobHoro. Takxe, KkKorma
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YBeJINUYMBaeTCH pasMep JyacTUll, IPennouTUTEeJIbHO yIIydmaeTCcs
BOBMOXHOCTbL MAaHUIIYJIALUUM C IIOPUCTHM YIJIEPOOMUCTHEHM MaTepuaJioM.

[0044]

KpomMe TOTO, B Clydae, KoIga IOPUCTHEM YIJIEPOIUCTHM MaTepuall
[I0 HacTodlleMy M300peTeHuIw, B YacCTHOCTH, UuMeeT ©Q(opMy OOBEMHOTO
MaTepuala, OH MOXET OpencTaBJIATh cobomn eIV HHM TIOPUC THIM
YIVIEPOOMUCTEIM MaTepuaJyl MM eI'0 CcoueTaHue C IIOPUCTHM YIJIEPOIOVCTHEM
MaTepMrajioM, MMeIVM OPpYyIyi (dopMy .

[0045]

<Crnoco® MOoJIydeHMA IIOPUCTOTO YIJIEPOOMCTOI'O MaTepuala>

I[IOPUCTHY YIJIEPOIMUCTHY MaTepHualJl I[I0 HacTofmeMy MW300peTeH o
MOXeT OHTbL I[IOoJIYYeH, Halpumep, ¢ IIOMOILID CTaauM, Ha KOoTopou
KapOboHUBUpPYeMasd CMOJIa M YyCTpaHdgeMasd CMoJla TIPUBOOATCS B COCTOSHUE
COBMECTMMOM CMeCU C IIoJIydeHMeM CMecHu cMoJI (cTammsga 1), cTagum, Ha
KOTOPOM CMeChb CMOJ B COCTOSHMM COBMECTHMMOM cCcMecu QopMyeTcsd U
IoIoBepraeTcsa BO3IEeMCTBMI pasleseHusa a3z (cTagusa 2), ¥ CTaluM
pacrsaxeHud (cTammsa 3), C TIIOJYYEeHMEeM IpenmecTBEeHHMKAa I[IOPUCTOTO
YIJIEPOOUCTOTO  MaTepuaJa, a 3aTeM IIOCPEeNCTBOM  KapOOHM3aluM
IpenlleCTBEHHMKA [IOPUCTOTO YIUVIEPOOUCTOT'O MaTepualja. B HacToOdleM
OnMCaHuu, “pemOmeCTBEHHMK IIOPUCTOTO  YIUIEPOOUCTOTO MaTepuaja’”
npencraBjseT cof®oM TepMMH, KOTOPHM, B UYacTHOCTHM, oB0o03HauaeT
MaTepuraJl IIpellleCTBEHHMK, KOTOPHM HaXOIMUTCSI HEeNOCPeICTBEeHHO Iepen
BO3IeMcTBMUEeM Kap®oHUB3aAUUM IOJIS KOHEUHOTO IIOJIYUeHUS IIOPUCTOTO
YyIJIEPOOMCTOTO MaTepuasa. A MMeHHO, IpedmecTBEHHMK IIOPUMCTOTO
YTJIEPOOUCTOTO MaTepMaja npelcTaBJIAeT cobom MaTepuraJl
nIpenmecTBEHHNK, KOTOPEIM  MOXeT IIpeofpa30BHBATLCA B IIOPUCTHM
YVIUIEPOOUCTEIM MaTepuaJl TOJbKO JIMIL IOCPeICTBOM OCYIEeCTBJIEHUSA
obpaboTku kapboHMBaALMM. B cCcJydae, KoI'la I[OJy4deHMe TIOPUCTOTO
YTIJIEPOOMCTOTO MaTepMalla BKJOYaeT OIOHY WJIM HECKOJBKO IOPYyIUX
CTamuy, BKJIOUAS TepMMUecCcKyln o00paboTky u o00padoTKy IOJA OIPpUIOaHUMA
TYTOILJIaBKOCTHM, KOTOPHEe OyIOyT OIMCaHHE Jajlee, B JIOOIOJIHEHME K
crazuu 1 - cTamguu 3, Iepen cTaduelr OUMpoJM3a, TepMMH O3Hauvaer
MaTepuralJl IpedlecTBeHHMK, KOTOPHM IIoOBepTaeTCd BO3IEVMCTBUID TaKMUX
IpyIux cCcraiui. Takxe, B HaCTOAMeM OIMCaHUM, TepMMH “MaTepuall
IpenmecTBeHHUK” TpencTaBJigeT coboM obmui TepMMH OJIS KaXIoTo U3

MaTepnajioB Ha COOTBETCTBYKIINX CTallMAX repen KaPGOHMBaLU/Ieﬁ B
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criocoBe IOJIYUEHU S IIOPUCTOTO YIJIEPOOMUCTOTO MaTepuraa B
COOTBETCTBMM C HACTOANMM M300peTeHMEM.

[0046]

[Cranug 1]

Crammusa 1 npencrTaBJsgeT cobon cTanmo, Ha KOTOPOM
kKapboHMUBMpPYyeMas CcMoJla UM yCTpaHsgeMas CcMoJla NPUMBOIOATCS B COCTOSHUE
COBMECTHMMOM CMeCH C IIOJIYUYeHMeM CMeCM CMOJI.

[0047]

KapboHusmupyemas cMmoJia, Kak YIIOMUMHAaETC I B HaCcToAgmeM
IOOKYMEHTe, IIpeIcTaBJigeT co0oM CMOJY, KoTopasd KapOOoHMU3MPYyeTCd IIpK
OMpOJIM3e U OCTaeTCa B BuUIe YIJIEPOOMCTOI'O MaTepmalsa, M MOXHO
MCIIOJIb30BATE KaK TepMOIJIACTUUHYID CMOJIY, TaK ¥ TepMOYCAaIOUHYIO
CMOJIy. B ciIyyae TepMOILIACTUYHOM CMOJIE, SBJISETCI NPEeOlIOoUTUTEJIbHBM
BHOPATL CMOJIYy, KOTOpas MOXeT IIOIOBepraTbCa BO3OeMCTBMID o00paboTKu
IJIS NOPUMOAaHUS TYyTOIUIABKOCTM C IIOMOUBI MIPOCTOTO crocofa, HaIpHMep,
Harpera WM OOJyYeHMS M3IJIYyYeHMEeM BHCOKOM DBHepIMM. B ciydae
TEepPMOYyCalOOUHOM CMOJIE, MMeeTCSd MHOXEeCTBO CJiydaeB, Korma obpaboTka
oJis IpUIOaHUS TYTOIIJIABKOCTHU He ABJIAETCSH HeoBxoOoMMOM’, n
TepMOyCalouHasa CMOJIa TakKXe BKJIOUAETCS B KaueCTBe MIPUIOOHOTO MOJIA
MCIIOJIb30BAHUSA MaTepualsia. I[IpUMepH TepMOIJIACTUUYHOM CMOJIE BRKJIIOUAT
noJnbeHnJIEHOKCHU, TIOJIMBUHMIIO BHM cnoupT, IOJIMaKPUIIOHUTPWII,
beHOJIBHYID CMOJIy U TIIOJIHOCTBI apOMAaTUUECKUNM  CJIOXHBIM  IIOJIUBOUP .
[IprMe P TepMOyCalouHOM CMOJIEL BRJIOU AT CMOJTY Ha OCHOBE
HEeHACHIMEeHHOTO CJIOXHOTO moJusdupa, aJKMOHYID CMOJY, MeJIaMUMHOBYIO
CMOJIY, MOUEBMHHYI CMOJY, [IOJUMMUIHYI CMOJY, IUMaJJIMIOTAaJIaTHYIO
CMOJIY, JUTHUHOBYID CMOJIy U  YPEeTaHOBYI  CMOJIY. CMOJIEL MOTYT
MCIIOJIB30BATECS I[I0 OTHOEJIbHOCTM MJIM B COCTOSHUM MX  CMeCHU.
CMelMBaHMe TEepPMOIUIACTUYHEX CMOJI OPYyD C »OPpyT'OM WM CMelMBaHUE
TEePMOYCaIOUHEX CMOJI OpYI C »OpyTOM Takxe I[IpelcTaBJgeT cobou
NPenIOUTHUTEJIBHEI BapMaHT OCYIEeCTBJIEHMS C TOUKM 3peHusa o0paboTku
bopMOBaHMA.

[0048]

MoJiekyJIgpHass Macca KapOOHM3UPYEeMOM CMOJIH OPeIlIOoUTHUTEJIBHO
coCcTaBJIgeT 10000 VI OoJible B TepMMHAX CpelHeR3BEIeHHON
MOJIEKYJIIPHOM MacchH. KapboHusupyeMas CMOJa, UMewlas MOJIEKYJISIPHYIO

Maccy 10000 wum ©oJiblle, MMeeT »OOCTaTOUHYK BA3KOCTbL B XOmIe
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bopMOBaHMA MIM pPacTSKeHMsa, Tak UYTO MOXHO CTabuJIbHO II0OJIydYaTh
MaTepMralJl OpelmeCTBEeHHUK. XOTS BEPXHUN IIpedelsl ee cCcpeldHeB3BeleHHOU
MOJIEKYJIAPHOM  MacCH  He apJsgeTca  Kak-Jubo OTpPaHVYeHHHM, OH
OPEenrIouTUuTeJIbHO cocTaBjygeT 1000000 wmiam MeHbBIle C TOUKM 3PEHUA
bopMyeMOCTM M IIPOCTOTH SKCTPY3UM CMOJIH.

[0049]

Cpenu nmpouero, IPenrnouYTUTeJIb HEIM BapMaHT OCyMeCTBJIEHUS
opencraBJjigeT coBo¥ MCIOJIL30BaHME TEepPMOIIJIACTUUHOM CMOJIEL C TOUKMU
3peHus BHIXOIIA KapBoHMBAalNN, bopMmyeMoCTH, PacTsKVMOCTHU u
SKOHOMUUECKOM BHTOIOHOCTM. Ilpexmge BCeIO, MOXHO MCIIOJbL30BAThH,
COOTBETCTBYIIMUM 00pa3oM, IIOJIUPEHUIIEHOKCUO, I[IOJIMBUHUIIOBHEIM CIUPT,
IIOJIMAKPUIIOHUTPMIJI ¥ TIIOJHOCTLID apoMaTUUEeCKMM CJIOXHBM HOJU20UpP, a
foJiee TMPEenOIOUTUTENILHEY BapMaHT OCYMEeCTBJIEHMA IIpedcTaBjisgeT cobon
MCIIOJIL30BaHMe IIOJIMAaKPUIIOHUTPMIIA, 0JIs KOTOPOTO MOXHO JIeTKO
IIOBHICUTEL  CTelleHb OpMeHTaluM  HelpepHBHOM  IIOPUCTOM  CTPYKTYPH
IIOCPpelCTBOM PacCTsIKeHUd.

[0050]

YcTpaHseMasa CMoJla, KaK YIOMMHAaeTCs B HacTodmeM OOKyMeHTe,
opencraBJgeT coBo¥M CMOJy, KoTopasd MOoXxeT OBTH yOaJleHa Ha Jiodon U3
cTamiuy IocJe cTaaumM 3, KoTopasd OyIeT oIMcCaHa II03OHee, IO
oBpaboTkU KapOoHU3aLUA. YoajieHue yCTpaHsaeMom CMOJIEL MOXeT
OCYMeCTBJIATLCSA OOHOBPEMEHHO c obpaboTron OJIs IpUOaHUA
TYTOIJIABKOCTHU WJIM TepMHUUYeCcKoM o00paboTkolM, koTopas OymeT oIMcaHa
mo3xe, WM C 00paboTkoM KapboHMBALWM, WIM, OTIEJILHO OT HUX,
MOXeT OHTb I[IpedycMOTpeHa CcTamud YyIaJleHMsa YCTpaHIeMOW - CMOJIH
(cramua 4). Cnoco® yInaJjleHMsa YCTpaHseMOM CMOJIH He SABJISeTCS KaK-—
JMBO OTpPaHMUEeHHEM, ¥ MOXHO MCIOJIL30BAaTh COOTBETCTBYIMIMM O00pa3oM
crioco®, B KOTOpPOM YCTpaHaeMas cMoJla yIoaldeTcsa  XVMMUUeCcKH,
HanopuMep, IIoCpeICTBOM oCymeCcTBJIEHUS OernojJuMepu3alnum c
MCIOJIL30BaHMEeM XMMUKaJIMa, crnoco®, B KOTOPOM YyCTpaHsgeMas CMoJla
pacTBopsgeTcd IJIA yIaJleHua IIocpelcTBoM noGaBJIeHMS PacTBOPUTENIA,
KOTOPHM MOXEeT pPacTBOPATEL YCTpaHfSeMyl CMOJY, CcIoocod, B KOTOPOM
cMechb CMOJI HarpeBaeTCHd 0JId TIOHVXEHU I MOJIEKYJIAPHOM  MAaCCH
YyCTpaHaeMOM  CMOJIEL IOCPEeIOCTBOM TepMMUeCKOoTO  pPasJIOXeHUHd, TeM
caMeM, YHOaJlad YyCTpaHaeMyln CMOJY, WM uYTo-Jubo nomobHoe. OTH

TEeXHOJIOT MM MOXHO MCIIOJIE3OBaATE IIO OTHOEJIBHOCTHM WJIM B MX COUEeTaHNMNM.
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B ciyJdae VICIIOJIL 30BAHUA coueTaHud, 5TU TeXHOJIOTUMU  MOTYT
OCYMECTBJIATLCA ONHOBPEMEHHO MJIM OCYMEeCTBJIATLCS 10 OTHEJLHOCTH.

[0051]

B kauecTBe criocofa, B KOTOPOM CMOJa yHallgeTCsa XUMUUEeCKH,
NPennouTUTEeNIbHEM ABJIAEeTCS CIocoB, B KOTOPOM CMOJIa I'MOPOJIM3YyeTCs
c MCIIOJIL30BaHMUEM KM CJIOTEH W meJoun, c TOUKM 3peHUd
SKOHOMUUECKOM  BHTOOHOCTM M  BOSMOXHOCTM MaHMUIIYIIAUMUNI. IIpUMEpPEH
CMOJI, KOTOPHE CKJIOHHE K THUIPOJIM3Y TIIOIL OeMCTBMEM KUCIJIOTH WJIU
meJIouM, BKJIOUAKT CJIOXHHN TONIU3OMP, IOJIUKAPOOHAT UM MIOJIUAMUI .

[0052]

COOTBETCTBYWOIMI OpuMep crocoba, B KOTOPOM yCTpaHsdeMas CMoJa
yoajsseTcsa IIOCPeICTBOM IOOAaBJIEHMS PAaCTBOPUTEJNS, KOTOPHM MOXEeT
PacTBOPATHL  YyCTpaHsSeMyl  CMOJIY, BKJIOUAEeT  CIOoCo0, B KOTOPOM
PacTBOPUTENL HEINPEPHBHO IIOJaeTcad B KapOOHUBUPYEMyln CMOJY, WU
yCcTpaHgeMas CMoJla IepeMelMBaeTCsS, TeM CcaMbM pacTBOpSd UM yIalldd
yCTpaHsaeMyl CMOJy, ¥ crnocod, B KOTOPOM PAaCTBOPUTENL U  CMOJIH

CMEIMBAKTCA 3al'Py304dYHO IJIA PaCTBOPEHMA WM YyIOaJlIeHUA yCTpaHHeMOﬁ

CMOJIHL.

[0053]

KOoHKpeTHEEe OpUMMEPH  YCTpaHsSeMoM CMOJIHL, IPUTONHOM 0Jia
VCIIOJIb 30BAHNUS B criocofe yaoaJjIeH s IOCpPpenCcTBOM noGaBJIeHU S
pacTBOpPUTEJIS, BKJIOU AT noJsmoJie mH, TaKoM Kak [IOJIMDTUIIEH,

IOJIUIIPONMIIEH M INOJIUCTUPOJI, aKPMUIOBYK CMOJY, MEeTaKpMIJIIOBYK CMOJIY,
MOJIMBUHUJIIIUPPOJIUIOOH, anubaTUueCKUM CJIOXHEI IOJINB OUP u
noJiMkapOoHaT. Cpenu HUX, amMmopdHa g CMOJia ABJIAeTCHA

HpennhoMTeanoﬁ C TOUYKWM 3peHMA pPpacTBOPMMOCTM B pacTBOpHUTeJIe, U

ee [IPUMEPEL BKJIOUAT IOJIUCTHUPOJ, METaKPUIIOBYII CMOJTY n
nosmMkapdboHarT.
[0054]

[TprMepH criocoba, B KOTOPOM IIOHMXaeTCHd MOJIERYJIAPHad Macca
YCTpaHHeMOﬁ CMOJIEI TIOCPEedCTBOM TepPMHUUYeCKOI'O pasJIOXEeHMA M OHa TeM
CaMeEM YyIOaJiIAeTCHd, BRJIOUY AT crioco®, B KOTOpOM KaPGOHMBMpyeMaH
CMOJIa n yCcTpaHAeMaAd CMOJIa, KOTOPHEE CMEeImMBaKnTCAd, Hal'pepalTCHAd
3al'Ppy304YHO IJIA TEepMMUYEeCKOTI'O PasJIOXKeHNMA yCTpaHHeMOﬁ CMOJIHL, u
crioco®, B KOTOPOM KaPGOHMBMpyeMaH CMOJIa WM YyCTpaHAeMad CMOJIa,

KOTOPHEE HEeIIPEPEBHO rnepeMemnmMpamnTCAa, HellIpePEIBHO IIomarnTCcAd B
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MCTOUYHMK HaTlpeBa M HaTpeBalTCHA IOJ4 TEepMHUUECKOTO pPas3JIoOXKeHUS
YyCTpaHsaeMOM CMOJIH.

[0055]

"3 DTUX CMOJI, yCcTpaHsaeMasda cMoJia IPeOlIOUTUTEJIBEHO
opencraBjsgeT coOoM CMOJIy, KOoTopas YCTpaHSeTCHa IIpU TepMUUIeCKOM
pasJIoXeHU!, KoTma Ipellle CTBEHHUK IIOPUCTOTO YIJIEPOOUCTOT'O
MaTepuaJa KapOOHUBUPYETCH. ABJIAETCHS  NPeanouTUTeJIbHEBM, YUTOOH
yCTpaHsgeMasa CcMoJla MOpeacTaBJjsalla coboM TepMOIJIaCTUUHYK  CMOJIY,
KOoTopas He TMonBepraeTcsa OOJbIIMM XMMMUECKMM W3MeHeHUMAM, KoTIa
KapboHMU3MpyeMas CMoJla I[IOABepTraeTcsd BO3IOeMCTBMI 00pa®oTku OJd
IpuIOaHusa TYTOIJIaBKOCTH, KoTopasd OyIeT oIMcaHa I03Xe, UM KOoTopasd
ofeclrieurBaeT BHXOLI KkapOOHM3aLUuUM MeHblle dWeM 103 I[IOoCJje OIMpOJIM3a.
KoHKpeTHHE T[IPUMMEpPH TakKoM YCTpaHAeMOM CMOJIH BKJIUAIT [IOJIMOJIedUH,
TaKOM KakK [OJUBTUIIeH, [OJUIPONWUJIEH UM TOJUCTHUPOJ, aKPUIIOBYK
CMOJIy, MeTaKpUJIOBYK CMOJY, I[oJdMalleTalb, [IOJUBUHUIINIUPPOJIUIOH,
ammMdaTUUECKUM CJOXHEM [OJIMDOUP, apoMaTUUeCKUM CJIOXHEM OOJU30UP,
anmmbaTrudeCKUM noJMaMnng u noauxkapboHaT. 31U CMOJIEL  MOXHO
MCIIOJIB30BATE IO OTIEJBHOCTM MJIM B COCTOSHUM KX CMeCH.

[0056]

Ha cramum 1, xapboHuBMpyeMas CMoJla U YyCTpaHdgeMasd CMoJia

IIPMBOOATCA B COCTOAHME COBMECTHUMOM CMecHu C IIOJIYy4YeHrMeM CMeCHr CMOJI

(moJiMMepHOTO cIara). TepmuH “IIPMBOIMTE B COCTOSHME COBMECTUMON
cmecu”, Kak yIoMMHaeTcd B  HacTodmleM  OOKyMeHTe, O3HauvaeT
cocToSHME, B KOTOPOM CTPYKTYpPa pasnejieHns bas MeXIy

KapOoHUBUPYEMOM CMOJIOM U YCTPpaHSIeMOM CMOJIOM He HafbjomaeTcsa B
OIITUUYECKOM MUKPOCKOIIE, OHO moJlyyaeTcs IOCpencTBOM
COOTBETCTBYHIEIO BHOOPa YCJOBMIM OTHOCUTEJILHO TeMIepaTypPs u/WUin
pPacTBOPUTEJIA.

[0057]

KapboHusupyeMas CMOJIa UM YCTpaHSeMas CMoJia MOTYT IPMBOIUTECS
B COCTOSHME COBMECTMMOM CMECHU IIOCPEeIOCTBOM CMENMBAHMSA TOJBKO JIMIIL
CMOJI OpyT C IOPYyTOM WIM TIOCPEICTBOM JIIOMNOJIHUTEJLHOTO mnoBaBJieHUS K
HVM PacTBOPUTEJIL.

[0058]

[[pyMepsl CUCTEMEl, B KOTOPOM MHOXECTBO CMOJI IPUBOISATCS B

COCTOAHNME COBMECTUMOMN cMecCH, BRJIIOWU AT crucremMy, KROTOpad
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IoKaseBaeT (pasz3’0oByl OMarpaMMy TUIIa C BEPXHUM OIpelelJiOM KPUTHUUEeCKOM
TeMIIepaTyps pacTBoOpa (UCST), B KOTOPOM CMOJIH HaxomATca B
COCTOSAHUM pas3nejieHusa ¢asz IOIpM HU3KOM TeMIlepaType, HO o0pas3ywoT
onHy Ga3y IIpM BHCOKOM TeMIlepaType, M CUCTeMy, KoTopas, HaobopoT,
Ioka3bBaeT (asoByl OMarpaMMy THIIa C HWKHUM IIpelesjioM KPUTUUeCKOM
TeMIIepaTyps pacTeBopa (LCST), B KOTOPOM CMOJEH HaxoOAaATCca B
COCTOAHUM pasnejyieHuda OGas IIpM BHCOKMX TeMllepaTypax, HO o00pas3yrT
onHy dasy IOIpM HUIKOM TeMIepaType. KpomMe ToOT0, B UYacTHOCTU, B
cJlyyae CMCTeMH, B KOTOpPOM, IO MeHbIel Mepe, OIHa CMoJla U3
KapBoHU3UPYEeMOM CMOJIEI M  yCTpaHsaeMoMn CMOJIEL  pPacTBOPAeTCH B
pacTBoOpUTeJle, IIPUTONHEM OJIS WMCIOJBL30BAHUS I[IPMMEPOM ABJISETCHId TO,
uTO pasznesieHre $az, KOTopoe OymeT ONMCAaHO I[I03Xe, BHEBHEBAeTCH
VMHOWIIL TpalMell He-pacTBOPUTENIA.

[0059]

PacTBOPUTEJIL, KOTOPHM IOJDKeH OoOaBJIATLCHA, He ABJIAeTCI KaK-—
JIMOO OTPaHMUEeHHEM, W IIPeOlOUTUTEJIEHEIM fABJIAETCHA pPacTBOPUTEJL, OJ4A
KOTOpOoTro abCcoJioTHasa  BeJIMUMHAa  Pa3HMUE MeXOy eI'o IIapaMeTpoM
PacTBOPMMOCTM (BeJiMuMHOM SP) ¥ CpelIHMM 3HadeHuMeM BeJuuMH SP
KapOOoHUBUPYEMOM CMOJIEL UM YCTPpaHIeMOW CMOJIE, KOTOPHE MCIOJbL3YIT B
KauecTBe IIokKas3aTelJidi pacTBOPUMMOCTHM, cocTaBygsgeT 5,0 WIM MeHbIe.
[IOCKOJIBKY M3BECTHO, UYTO, UYeM MeHblle abCOJIOTHOE 3HaUYeHMEe pPas3HMLE
CO CpeIHMM 3HaueHMeM BeJIMUMH SP, TeM BHIle pPacTBOPUMOCTL, TO
ABJIAETCSA IPEenlIouTUTEJIBHEM, UTOOH STa pasHMuIla OvJla paBHa HYJO.
Takxe, UeM BHIIe abCOJIOTHOE 3HAUEeHMe Pa3HULUBE CO CPEeOHMM 3HaueHMeM
BeJIMUMH SP, TeM HMXe pPacTBOPMMOCTEL, TaK UTO TpyoHee IIOJYUUTH
COCTOAHUE COBMECTUMOM cMecu o4 KapBoHUBUPYEeMOM CMOJIEL "
YyCTpaHsaeMoM CMOJiH. C ydeToM B5TOTO, abCoJioTHOe 3HaueHMEe pPa3HUILE
CO CpeIHMM 3HadeHMEeM BeJIMUMH SP OpelnodTuTe]JIbHO cocTabjgeT 3,0
WV MeHbIle, a HaumboJiee MNPeldlouTUTeNBHO, 2,0 WMIM MeHBIE.

[0060]

KoHkpeTHHEE IpUMEPH coueTaHuda KapOoHU3MpyeMad
cMoJia/yCcTpaHseMas CMoJia, KOTOpOoe MHOOJIKHO MIPUBOIMTHCA B COCTOSHUE
COBMECTHUMOM cMecH, B ciydae, Korma cucTeMa He COOEPXUT
pacTBOpPUTEIIA, BKJIOYUAT  IOJMbEeHMUIIEHOKCUD/ IIOJIMCTUPOI, COIIOJIMMED
NOJIMGEHMIIEHOKCHUI/ CTUPOJI—aKPUIJIOHUT P, [IOJIHOCTBLIO apoMaTrdeCKUMN

CJIOXHEIM IOJIM30UP/IOIUSTHUIIeHTepedTalaT, IMIOJHOCTLI apoMaThueCKUM
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CJIOKHBEIM — TOJM20UP/NoIMsTuiIeHHadTalIaT M IIOJIHOCTBI apoMaTUUeCKUM
CJIOXKHBEIM NoJimMsbup/nomkapboHaT. KOHKpPEeTHHE [IPMMEPH CcoueTaHus, B
ciyuyae, Korma cucTeMa COOEPXUT PacTBOPUTEID, BKJIIOUAT
MOJIVAaKPUIIOHU TPIT/ TIOJIMBYHMIIO BB crompT,
[IOJIMAaKPUIIOHUTPUIT/ TOJIMBUHMIIGEHOJ, MIOJIMAaKPUIIOHNUTPUIT/
IOJIMBUHWIIIINPPOJIMIOOH, [IOJIMAKPUIIOHUTPUIT/ TTOJIMMOJIOUHYI0 KUCJIOTY ,
COIIOJIMMED TIOJIMBUHMWIIO BHM CIIMPT/ BUHMJIIALle TaT - BUHUJIO B crnupT,
TIOJIMBUHWJIIO BHM CIIMPT/ IOJINS TUJIEHTJIMKOJIE , [IOJIMBUHWUJIIOBHIM
CIIMPT/IOJIUTIPONIMIIEHTJIMKOJIbL U NOJIMBUHUIIOBEM CHOMPT/KpaxMaJ.

[0061]

Crnoco® cCMemMBaHMA KapBOOHUBUPYEMOW CMOJIHL C  yCTpaHsSeMou
CMOJIOV He 4BJIAeTCHA Kak-JMOO OTpaHMUeHHBM, ¥ MOXHO MCIOJB30BaTHCH
Pa3JIMUHEIE WM3BECTHHE TEeXHOJOI'MM CMEMMBaHMA I[IOCTOJIBEKY, I[IOCKOJIBKY
ABJIAETCHA BO3MOXHEM OINHOPOIHOE CMellMBaHMKe. VX KOHKPETHEHE IIPUMEPEL
BRJIOYAT POTOPHHM CMeCUTE, VIMEeMN JIOIIacTH MellaJIKy, u
3aMelMBalIMl DKCTPYyOep CO MHeKaMM.

[0062]

TakxXe, TPeOlIOUYTUTEJILHEIN BapMaHT OCYMeCTRJIEHUS IIPedCcTaBJIsgeT
coboMm TO, UTO TeMIepaTypa (TeMIepaTypa CMeNMBAaHUA), I[IPU KOTOPOM
kKapboHU3MpPyeMasa CMoJla M yCTpaHgeMasa CMOJla CMellMBalTCA BMeCTe,
yCTaHaBJIMBaeTCd He HIIKe ueM TeMIlepaTtypa, Ipu KOTOpPON
pasMArdanTcd Kak KapOoHM3UpyeMad CMoJla, Tak M yCcTpaHdgeMad CcMoJia.
B kxauecTBe TeMIepaTyph, IIPM KOTOPOM pas3MaIualoTCsa CMOJE, MOXHO
COOTBETCTRYyIIMM 00pasoM BHOpaTb JMOO TeMIepaTypy  ILJIaBJIEHUMA
KapOOHMUBMPYEeMOM CMOJIEL WM YCTpaHsSeMOM CMOJIB, B CJjiydae, KoI'Ia
CMOJIa HOpeICTaBJigeT COOOM KPUCTAJUIMUeCKMY  IHoJuMep, JmMOO UX
TeMIlepaTypy CTeKJIOBaHMA, B CcJydae, KoI'la CMOJla IIpencTabiigeT
coBo¥  aMOpOHYH  CMOJIY . [locpelcTBOM  YCTAHOBJIEHUS  TeMIlepaTypH
CMemMBaHMA TIpM TeMIepaType He HMXe UYeM TeMIepaTypa, IIpUM KOTOpou
pasMArdanTCcAad KaK KapOOoHM3MpyeMad CMOoJla, TakK M ycTpaHAeMad CMoJia,
BASKOCTE O0eMx CMOJI MOXeT OHBTh IIOHWXEeHa, TaK UTO CTaHOBUTCH
BO3BMOXHEM 0OoJiee 5OQeKTUBHOEe IepeMellMBaHMe U CMellMBaHMe. Her

Karoro—-Jjubo BEpPXHEeT O rnpenejla IOJI4 TeMIIepPaTy PRI CMelIlMBaHMAg, n

TeMIepaTypa OPenOlouTUTeJILHO cocTabjiderT 400°C miaM HMXe, C TOUKH

SPEeHNnA IIpenoTBpalleHN A VXY IOIeHWA CMOJIEL n3—3a TEPMNMYIECKOTI'O
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pPasJIOXeHuU, opu 3TOM noJydyaeTcsd NpelmeCTBEHHUK IOPUCTOTO
YIJIEPOOMCTOTO MaTepHualja, KOTOPHM MMEeeT IPeBOCXONHOE KadeCTBO.

[0063]

Takxe, Ha cTamgum 1, ABJIAETCHA IIPeAdlOUYTUTEJIbHEM, dYToOE oT 10
no 90% Macc Kap®OOHMBMPYeMOM CMOJE cCcMemubBajiock ¢ 90 - 10% wMacc
YCTpaHsaeMo¥ CMOJIE. CJlydal, KorI'ma IIponoplusa KapOOHUBUPYEMOM CMOJIH
M YCTpaHAeMO¥ CMOJIE HaxoOATcd B 2 OualasoHe, OIMCAaHHOM BHIIE,
ABJIAeTCHA MNOPenrnouYTUTEJIbHEM, I[IOCKOJIBKY MOXHO IIPOM3BOJILHEIM o0B0pasoMm
KOHCTPYMPOBATH OITUMMAJILHEM pa3Mep 0P M OITMMAJIbHYK [IOPUCTOCTE.
Iponoplisa KapBOHUBUPYEMOM CMOJIH, paBHasa 10% wMacc wiam 0OoJblle,
ABJIAeTCH MNPeNlNoUTUTEeJIEHOM, T[OCKOJBKY MOXHO He TOJIBKO CO3IaBaTh
KapOOHU3VPOBAHHEM  MaTepHual, KOTOPEM COXpaHsEeT MexXaHNUeCKYI
IPOUHOCTL, HO TakXe M IOBHNAeTCHA BHEHXOO. TakXxe, MOIpolopUusa
KapOOHUBMPOBAHHOTO MaTepuala 90% w™Macc WIM MeHbIle  HABJSETCSH
ONPpeOlNOoUTHUTENIBHOM, TIIOCKOJIBEKY YCTpaHdeMasd CcMoJla MOXeT 320OeKTHMBHO
o0pas0oBEBATE IYCTOTH.

[0064]

OTHOmEeHME CMelVBaHU A MEXIY KapBOOoHUBUPYEMOM CMOJIOM n
YCTPaHsaeMOM CMOJIOM MOXeT BHOMPaTbCH I[IPOMBBOJIBHEM o00pasoM B
ovaria30He, OINMCAHHOM HMWXe, I[IpMHMMasg I[IpM 5STOM BO  BHUMaHUE
COBMECTUMOCTB KaxXOoTo MaTepuala. B YaCTHOCTH, IIOCKOJIBKY
COBMECTHMMOCTE MeXIy CMOJIaMM, Kak IIpaBWUJIO, CTaHOBUTCA XyXe, KoI'Ia
OTHOIEeHMe MexOy HMMM »JocTuraeT 1:1, B cClydYae, KoI'Iga CHUCTeMa,
VMeKnmasa He CJMIKOM BHCOKYH COBMECTMMOCTL, BHOMpaeTCcsd B KauecTBe
MCXOOHHX  MaTepHualioB, OPenlNoUTUTENBEHEM  BapuMaHT  OCYIeCTBJIeHUI
npencTaBJsgeT cobo¥ BapMaHT, B KOTOPOM COBMECTHMOCTHL YJydllaeTCsd
IIOCPEeNCTBOM MNPUTOTOBJIEHMA  CMecuM  OJM3KOM K  Tak  Ha3bHBaeMou
napuuajJbHOM KOMIO3UIUM TOCPeACTBOM YBeJMUeHUS WM yMeHbIeHUS
KOJIMUeCcTBa KapOOHUBUPYEMOW CMOJIH.

[0065]

TakXe MOPeNIOoUTUTEJIEHEM BapMaHTOM OCYMeCTRBJIEHUSA ABJISETCH,
yTOo noBaBjsgeTCcHd pPacTBOPUTEJEL, Kor'da KapboHU3MpyeMas CcMoJla U
yCTpaHsaeMasa CMoJla CMemMBalnTca. HobaBJieHMe PaCcCTBOPUTEJNIS He TOJBKO
IIOHWXaeT BA3KOCTb KapOOHM3UPYEMOM CMOJIH M YCTPaHSIeMOWM CMOJIH IJIS
obyleryeHus  QOpMOBaHUA, HO TaKxXe HOejaeT JIeETKMM IIpUBeIeHUe

KaPGOHMBMpyeMOﬁ CMOJIEI " yCTpaHHeMOﬁ CMOJIEL B COCTOAHNME
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COBMECTHMMOM CMeCHu. PacTBoOpuTeJlbL, Kak YIOMMHAeTCHa B HaCTOAmeM
IOKYMeHTe, TakKXe He HABJIgeTCHa KakK-Jubo OoTpaHMUEeHHBM, U MOXHO
MCIIOJIL30BATEL JIOOOM pPacTBOPUTENL, KOTOPHM ABJIAETCHS XUIOKMM [IPU
OOBUHOM TeMIepaType M B KOTOPOM, IIO MeHbIeM Mepe, OIHa CMoJa M3
KapOOHUBMPYEMOY CMOJIEL M YCTpaHgeMOM CMOJIE SBJSAeTCS PacTBOPUMOM
i  HabyxaeMomn. PacTBOpUTEIb, B KOTOPOM PacTBOPAKRTCA  Kak
KapfboHU3MpyeMas CMoJla, Tak U YyCcTpaHdgeMas cMoJla, sABJjsgeTca 0oJiee
OPenrnouTUTeJIbHEIM BapMaHTOM OCYMEeCTBJIEHMSS, IIOCKOJIbBKY MOXeT OHTh
yIIydleHa COBMECTUMMOCTEL MeXIy CMOJIaMM.

[0066]

SBJIgeTCsa MOPellouTHTeJIbHEM, UYTOOHB KOJMUECTBO PAaCTBOPUTEJIH,
KOTOPHM HOOJIKeH »oBaBJATLCSA, COCTaBJaJo 20% Macc wmiam 0OoJiblle II0
OTHOImEHMID kK of0mel Macce KapOOoHMBUPYEeMOM CMOJIH M YCTpaHIeMoM
CMOJIHL, C TOUKM 3peHmnsa YIIYy4dlneHM S COBMECTUMOCTH MeXxmoy
KapOoHUBUPYEeMOM CMOJIOM M YyCTpaHdeMoM CMOJIOM ¥ IIOHMXEeHMSI UX
BABKOCTM IJIA VYJYUINEeHMA TeKydecTM, YyJIydlas TeM caMeM (OopMyeMOCTh.
C OpyroM CTOPOHH, C TOUKM 3pPeHUS YMeHbLIeHUS CTOMMOCTHM M3BJIeUeHUSI
u IIOBTOPHOTO MCIIOJIbL30BAaHMUSA pacTBOPUTENIS u obecrieueHMs
IpAOOMOCTH, ero nodarBJygeMoe KOJIMYEeCTRO IpennouYTUTeJILHO
cocTaBjasgeT 90% Macc WMJIM MeHbIle IO OTHOMeHMI K ofmel Macce
KapOOoHUBUPYEMOY CMOJIE M YCTPaHSAeMOM CMOJIH .

[0067]

[Cragusg 2]

Cragus 2 IpencTaBJgeT coOoM cTamuio, Ha KOTOPOM CMechb CMOJI,

KOTOPEE TIIPMBOOATCA B COCTOAHUE COBMECTMMOM CMecCHM Ha CcTaluu 1,

bopmyeTCHa u nooBepraeTcsd BO3OENCTBUI pa3nejieHus bas, C
[IOJIyYEeHVEM npu 2TOM MaTepMaa npedmecTBEHHUKA, VMeRMeT O
COBMECTHO-HEIIPEPHEBHYI CTRPYKTYRPY pasieJleHnd bas. TepMmH
N COBMECTHO-HEINPEPHIBHA A CTPYKTYPAa pasnejsieHnusa dbaz”, Kak

YIIOMMHaeTCHd B HacToAdmleM IOTJOKYMEeHTe, IIOKa3EBaeT COCTOAHNME, B
KOTOpOM base, B KOTOPEX KaPGOHMSMpyeMaFI CMOJIa W YyCTpaHAeMaA
CMOJIa, cocTarJidnnmMe CMeCkb CMOJI, 3aHmMapT 50% Macc wiam OoJiblle,
COOTBETCTBEHHO, InooBepranTCc4ad pasdeJIeHMIO dpas mnocyemoraTeJIbHO II0
OTHOUIEHMIO IOpyI' K IOpyIry.

[0068]
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Crioco® bopMOBaHUA CMeCHu CMOJI, KOoTOpad IIPUBOOUTCA B
COCTOAHME COBMECTHMMOM CcMecH, He 4BJdeTca Kak-Jubo oT'paHWUYeHHEHM,
u crnocod ¢opMoOBaHMSA, KOTOPHM COIJIACYEeTCS CO CHoCOoOOM paslesiIeHUA
das, KOTOPHM oyoeT omnmcaH rio3xe, MOXeT BEHIOMpPATLCH
COOTBeTCTBYyIMM oOpasoM. B ciydae, KOI'Ia CMeChb CMOJI IIpelCTaBJIgeT
coboy coueTaHMe  TEepMOIJIaCTHMUHBX  CMOJI, MOXeT  OCYIeCTBJIATLCH
bopMOoBaHMEe B paclljlaBe IIOCJe HaTpeBa OO TeMIepaTyph He HIMXe ueM
TeMIIepaTypa pasMardeHusa CcMoJI. Takxe, B cJydae, KoI'da CMeChb CMOJI
COOEepPXUT PacCTBOPUTEIE, MOXeT OCYIECTBJIIATLCSA bopmMoBaHUE c
VCIIOJIL30BaHMEM pacTBoOpa. B uwacTHOCTH, B clay4dae MOJIYUYEeHU A
BOJIOKHMCTOTO MaTepualla [IpenmecTBEeHHMKa, MOXeET COOTBETCTBYKIUM
oBpa3oM BHOUpaTkBCS CyxXoe IIpsaleHMe, CyxXOe—BJIaXHOE IpAIeHUe,
BJIQXHOE IIpAOeHMe WM YTOo-JIMOO NOmODHOe.

[0069]

dopMOBaHMEe B paclljlaBe IIpenOcTaBjisgeT coboy crnocod®, B KOTOPOM
CMECH CMOJI, KOoTOpasd Har'peBaeTCcd M IJIaBUTCH (B CoOCTOSHUM
TEeKy4deCcTH) , DKCTPYINPYETCH nus3 GMIIb epPH C VICIIOJIE 30BAHUEM
3aMeCOUYHOT'O BKCTpyIOepa WIM 4Yero-Jmbo TIMNoOOoBOHOTO M oTbOMpaeTcsa BO
BpeMsa OXJlaXIeHMd C (QOpMOBaHMEM, M OTJMUAeTCHd TeM, UYTO CKOPOCTb
crnocoba BHIIE, UYeM (QOPMOBaHME C MCIOJB30BaHUEM pacTBOpa, U UTO
OHO ABJIAETCA IIPEBOCXOOHEM I[I0 IIPOM3BOOUTEJILHOCTM. KpoMme TOTO,
[IOCKOJIBKY He IIPOUCXOOUT YJIeTyuUMBAaHMA pPacTBOPUTENIA, CTOMMOCTE Mep
fe30rnacHOCTM B crocobe IIOHMXaeTcHd, TakK UTO IIPenlouTUTEeJIEHO
ABJIAETCSA BO3MOXHEM IPOM3BOIOCTRBO I[IPM HMB3KMX 3aTpaTax.

[0070]

V3 BMIOB QOPMOBaHMSA C MCIOJBE30BaHMEM pacTBOpa, B YaCTHOCTH,
opsageHre M3 pacTBOpa IOpencTaBjgeT cobor crnocod, B KOTOPOM
OpAOWJILHEIM  PacTBOpP, comepxamul  CMecChb CMOJI ¥ pPacTBOPUTEIL,
IPUTOTORBJIEHHHM 3apaHee, B3BeMMBAETCA U DKCTPYIMPYETCS U3 OUJILEPH
oJjga Tnpeobpa30BaHMA B BOJOKHa M MOXHO TOUYHO KOHTPOJMPOBATH
COCTOdHME paszlelieHVMd Ga3. B YacTHOCTM, CyXOe-BJIaXHOe IpAaleHNe
MM  BJaxHoe IpAOeHMe C UCHOJIbL30BaHMeM KoaryJIaLUMOHHOWM  BaHHEH
ABJISETCSH BoJiee NIPennouYTUTEeJIbHEM BapMaHTOM OCYIEeCTBJIEHN S,
[IOCKOJIBKY OHO MOXeT TOYHO KOHTPOJMPOBATE COCTOSHUE pas3lelJIeHUsd

das BOJIOKHa InpenmeCTBEeHHNKa C ITIOMOIIBIO COOTEBETCTBYKIETI'O
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OOBeIMHEeHNa TepMUUeCKM MHOYLMPYEeMOT'O pas3nejleHusa ¢as, paslelieHud
baz3, MHOyUMpYeMOT'O He-pacCTBOpUTeJIeM, M TOMYy IIOHOOHOe.

[0071]

Crioco® OCylleCTBJIEHMA pas3nejieHusa a3 cMecu KapOOHU3MPYeMOM
CMOJIEL ¥ YyCTpaHSeMOM CMOJIH Ha CcTaguu 2 He 4gBjgeTcsa Kak-Jubo
OT'paHMUeHHEM. I[lpMMepH crocoba pasnejieHuda ¢as BRJIKUAKT CIOCOO
TEepMMUUECKM MHIOYLMPYEMOT'O pasnelieHusa ¢asz, IIpM KOTOPOM pasnejieHMue
ba3z MHOYLUMPYETCHa M3MeHeHMeM TeMIepaTypr, M CcIoco® pa3nejieHud
baz3, MHOYyUMPYEMOT'O He-pPaCTBOPUTEJIeM, IIPM KOTOPOM pa3dejleHMe (as
VMHOYLIMPpYyEeTCA IIOCpeIlCTBOM nobaBJIeHUSA He—-pacTBOpUTEIIA.

[0072]

STM  CHOCOOH  pasIelieHud basz MOTYT MCHOOJIB30BATLCA  TIO
OTHeJIbHOCTM WJIM B nx codueTaHNMIM. KOHerTHHe CIIOCOBOE B cllydae
MCIIOJIB30BaHMA COUeTaHMA BRJIKUAKT, HallprMep, CHOCO@, B KOTOpPOM
CMECE IIPOXOIMT UYepe3s KOoal'yJIAUVMOHHYK BaHHY IJIA BOSHeﬁCTBMH Ha Hee
rasznesyieHus basz, VHIOYLNPYEMOTO He-paCTBOPUTEJIEM, a 3aTeM
HarpeepaeTCcH4d, YTOOEL BEI3BATDH TepMMYeCKM VMHIOYyLMpyeMoe prasneJieHre

bas, crioco®, B KOTOpPOM Ppa3mejieHue  das, VMHOYyLMPpYeMoe  He-

pacTBOpPUTEJIEM, u TepMUUeCKH UHOYLIVPYeMOoe pasnejeHre bas
BEIBLIBAIOTC A OIHOBPEMEHHO IOCPEenCTBOM KOHTPOJIA TeMIIepaTypPH
KOaT'yJIALUMOHHOM BaHHH, u crioco®, B KOTOPOM MaTepual,

BHICBODOXIOAEMBM M3 OUILEepPH, OoxXJaXmaeTcs, UTOOH BH3BATh TepMUUECKU
MHIOIYyLUPpYeMOe pa3nejieHue dasz, a 3aTeM IIPMBOOMTCS B KOHTAKT C He-
pacTBOPUTEJIEM.

[0073]

[Cragusa 3]

Cragus 3 mpencraBjgeT coboM cCcTaIuio, Ha KOTOpOM MaTepuall
IpenmecTBeHHUK, VIMeom COBMECTHO-HEIPEPHBHYIO CTPYKTYPY
pazneyieHusa Gas, KOTOPHM OPUIOTABJIMBAIT IIOCPEeICTBOM (OPMOBAHUSA
CMecHu CMOJI ¥ BOBIEeMCTBUA Ha Hero pasiejieHusa ¢as3 Ha cTaium 2,
pacTAaATrMBaeTCA. 3Ta crammsa oejlaerT BOBMOXHHM  OPMEHTUPOBaHUE
COBMECTHO-HellpepLBHOY CTPYKTYPH pa3nejgeHusa ¢as, cOopMMpPOBaHHOM
Ha cCcTaguM 2, ¥ TakuMmM obpa3oM, MOXeT OHTL [IOJYyUYeH MaTepuall
IpenmecTBeHHUK IIOPUCTOTO YIJIEPOIMCTOTO MaTepuala (IpedmecTBeHHUK

IIopmMcCTOoIO YIIIepoomucTOoI'o MaTepmaﬂa), B KOTOpOM COBMECTHO—
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HelpepHBHAa A CTPYKTYpPa pasmneseHusd bas ABJIAETCH CUJIBHO
OPUEHTUPOBAHHON .
[0074]

To ecTb, I[OpedleCcTBeHHUK IIOPUCTOTO YIJIEPOOMCTOIO MaTepuaa
10 HacTodmeMy Mu300peTeHMI0 MOpencTarjseT coboM MIpeamecTBeHHUK
IIOPUCTOTO YIJIEPOIMUCTOTO MaTepHualja, MUMeKNUM COBMECTHO-HelPepHBHYIO
CTPYKTYPY pas3nejleHus ¢as, I[IO0 MeHbllel Mepe, B eI'0 4YacTu, B
KOTOPOM COBMECTHO-HENpPepHBHAS CTPYKTYpa pa3nejeHus a3 uMmeer
CTelleHb OpPMeHTaluM, M3IMEPeHHYI ¢ IIOMOILID MeToIoa MaJIoyIJIOBOTO
paccedHMa PEeHTIeHOBCKOTO MBJYUEeHMSa WM MeTola  KOMIILITEePHOM
PEHTTEeHOBCKOM ToMoTpadum, paBHyb 1,10 mam OoJble.

[0075]

CTemneHb OpMeHTaluun COBMECTHO-HENIPEePHBHOM CTPYKTYPH
pazmeseHusa Gas3, Kak YIOMMHAaeTCsa B HacTodmeM W300peTeHUM, MOXEeT
onpeneyaTbCA TakuM  XKe criocoBoM Kak HelpepHBHASA mopucTasd
CTPYKTYPAa, Kak YIIOMMHAETCH B HacToAmeM  M300peTeHUN. s
IOJIYUYEeHMSA IOPUCTOTO YIUIEPOOMCTOTO MaTepuaja, MWMenmeTl'o CTelleHb
OpMEeHTallMM  HeNpepHBHOM IIOPUCTOM CTPYKTYPH paBHyo 1,10 wiam
DoJblle, HeoOxXOoOMMO, YTOOEL CTeIlleHb OpMeHTalun COBMECTHO—
HelpPepHBHOW CTPYKTYPH pa3s3nejeHusda 6daz3 OpedlleCTBeHHMKa IIOPUCTOTO
YIUIEPOOAMCTOTO MaTepuaja cocTaBjaaina 1,10 wim OoJsbklme. SABJISeTCH
OPEennouYTUTEJIbHEM, UYTOOH CTEeleHb OPMeHTaluuM CTPYKTYPEH COBMECTHO-—
HellpepHBHOM pa3nelieHmusa (a3 SBJSJIACh BHCOKOM, IIOCKOJIBKY MOXET
OBITEL  TIOJIYUEH IIOPUCTHM YIJIEPOIOMUCTHM MaTepualJl, MMeRIUy CUIILHO
Pa3BUTYID OpMeHTalMio. CTeleHb OpPMEeHTalMM COBMEeCTHO-HEeIlIPEepPHBHOMN
CTPYKTYPH pa3nejeHus ¢aszs ©OoJjiee MOPenlouTUTEeNIEHO cocTabjgeT 1,30
ninu ©oJble, eme ©OoJjiee OpennouyrurensHo, 1,50 wmiam OoJekme, U eme
foJjiee NpennouyTuTeNbHO, 2,00 miam OoJbIe.

[0076]

CTPpYKTYPHEMN nepmon L COBMECTHO-HellpepEHBHOM CTPYKTYPH
pazneyseHusa (a3, Kak YIOMMHAaeTCsa B HacTodmeM Hu300peTeHUM, MOXeT
ompenesIATLCSA KaK HalpaBJIieHMe MaJIo OCM U HalpaBJieHMe OOJIbIION
OCH, COOTBETCTBEHHO, TaKMM Xe CIocoOoM, KaK M CTPYKTYPHEM IIeproln
1. HEeIpepHBHOM IIOPUCTOM CTPYKTYPH, Kak YIOMMHAeTCsa B HaCTOAMeM
nzobpeTeHun. Takxe, I[TOOOOHO CTPYKTYPHOMY IMepuody L HelpepHBHOU

HOpMCTOﬁ CTPYKTYPEH, Kakr VYIIOMMHaeTCHAd B HacCToAIleM MBO@peTeHVH/{,
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CTPYKTYPHEM Iepuol B HalpaBJeHuM OOJIBIIOM OCM B COBMECTHO-
HellpepLBHOM CTPYKTYpe pa3neyeHmnsa dbas, chopMMpPOBaAHHOM B
IpenmecTBeHHMKE I[IOPUCTOTO YIUIEPOOMCTOTO MaTepualsa IO HacTodleMy
M300pPEeTEeHN, IPeNIoUTUTEJIBHO COCTAaBRJIAeT OT 5 HM OO 5 MkM, OoJjee
OpennouTuTesibHO, oT 30 HM OO 2 MKM, a ele 0oJjiee NPenOlouTUTEeNIbHO,
HaxoOuTcsad B OuanazsoHe oT 50 HM mo 1 MKM.

[0077]

CTPYKTYPHBEIM IIepuol B HalpaBJIeHMM MaJlo¥ oCU B CTPYKType
COBMECTHO-HEIPEePLBHOTO pa3nejieHmnsa bas, chopMMPOBAHHOM B
IpenmecTBeHHUKE IIOPUCTOTO YIUIEPOIMCTOTO MaTepMalJa I[I0 HacCToAMleMy
n300peTeHun, NPedNoUTUTeJIbHO cocTaBjasgeT pno 10 HM po 20 MKM,
foJjlee MPEenloUYTUTEJBHO, or 50 HmHM @mo 20 MKM, a eme BoJee
NIpenrnouTUTEeJIbHO, HaxXoOuTca B auamnaszsoHe oT 100 mo 10 MM, momoOHO
CTPYKTYPHOMY IIepMoIy B HalpaBJIeHUMM MaJIOM OCUM B HeIlPepPHBHOM
IIOPUCTOM  CTPYKTYPe, CcOopMMPOBAHHOM B  IIOPUCTOM  YTUIEPOOMCTOM
MaTepualjle IO HacToAmeMy M300peTeHM o.

[0078]

MOXHO OCYIECTRBJIATL PacTSKeHMSI IIOCPEeIOCTBOM COOTBETCTBYIIEIO
MCIIOJIL30BAaHMA I[IOBCEMECTHO M3BECTHHEX CPEeOCTB. TUIMYHBEM [IPUMED
pacTsaKeHMSa BKJOUYAET CHoCco0 pacTaXeHMS MexOy BaJikaMM, MWMeIyMA
pPa3JIMUYHEIE CKOPOCTH. IpuMeps 5TOoTro crnocoba  BKJIOUAKT  CIOCOD
pacTsaxeHMsa, B KOTOPOM CaMM BaJIKM Har'peBakoTcsa, M crnocob, B
KOTOPOM MaTepHuaJl IIpelmecTBeHHMK Hal'peBaeTcsa U pacTaIvMBaeTcs
mocpelcTBOM cosIaHmg HarpepaTeJis KOHTAaKTHOTO TUTIA WIIN
HEeKOHTAaKTHOTO TUIla, TeIJIOM BOIH WJIM BaHHH C PacTBOPUTEJIEM,
obopyIooBaHMA IJIS HaT'peBa C IIOMOMBI BOIAHOTO IIapa, ofopyooBaHMUI
OJIsS JlalsepHOTo HarpeBa WM uUYeTlo-Jubo I[IOHOoOHOTO MexOy BaJlkaMu.

Takxe, B KauecTBe IOpPyIMX CIOCOOOB pacTIXeHMsI, B UYaCTHOCTH, B

Clly4dae IIOJIy4YeHIMA HﬂeHKoo@paSHOI‘O IIOpPHUCTOTIO YIUJIepOoOrCTOTI'O
MaTepuralla, IIPMIT'OOHEIM IOJI4 MCIIOJIE3OBaHMA ABJIAETCA crioco®
IIpecCccoraHMAa CMeCHt CMOJI MeXoy BaJIKaMM, crioco® IBYXOCHOTIO

PacTsSXeHMS C MCIOJIbB30BaHMEM allllapaTa OJIA OPpUIaHMA W3BUTOCTU WU
yero—-Jmubo IomoOHOTO.

[0079]

TemIepaTypa HaTpeBa IpenlouTUTEeJIbEHO He MeHbIIe ueM

TeMIlepaTypa CTeKIJIOBaAHMA KaPGOHMBMpyeMOﬁ CMOJIEI T/I/T/IJ'H/[ yCTpaHHeMOﬁ
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CMOJIE, C TOUKM 3peHMusa obecleueHMd MOJEKYJIAPHOM MIOOBMXHOCTU U
[LJIABHOT'O OCYIECTBJIEHUA pacTsaXeHUdA. Takxe, 0OoJiee MNPEenIOoUTUTEJIbHEM
BapMaHTOM OCYIEeCTBJIEHUS ABJISAeTCHA Hal'peB IIpUM TeMIlepaType He
MeHblle uYyeM 0oJlee BEHCOKafg TeMllepaTypa H"3 TeMlepaTyp CTeKJIOBaHUA
KapOOoHUBUPYEMOV  CMOJIHL U  yCTpaHseMoM CMOJIHI, [IOCKOJIBKY  Kak
KapBboHU3UpPpYyeMad cMoJia, Tak u yCcTpaHsaeMas cMmoJia MOT'YT
pacTarMBaThLCA  IJIaBHO. BepxHUNM IOIpemell TeMlIepaTyper HarpeBa He
yCTaHaBJIMBaeTCad KOHKPEeTHO, M B CJydae, Korga KapbOoHU3UpyeMas
cMoJla MM YyCTpaHsgeMas CcMoJia IpencTaBjsgeT cobol KpUcTaJJIiMueCcKUM
[IOJIMMER, OHa TpPeOlNouTHUTEJIEHO He BHIIE UYeM eIr'o TeMIepaTrypa
[JIaBJIEHMA. B cilydae, KoT'Ia KapOOHM3MpyeMas CMOJla MIM YyCTpaHsaeMas
cMoJla IpencTaByageT cobor aMopdHHENM [IoJMMep, TeMlIlepaTypa HaTrpeBa
IpennouTuTeJIbHO cocTarjdgeT 300C wmMiIM MeHbBIle, C TOUKM 3BPeHUd
IpenoTBpalleHNsa peakKUuMy kKapOoHM3alluM.

[0080]

Taxkxe pacTaIXeHMEe MOXEeT OCYMeCTBJATBECA 3a OIMH pas I»o
COCTOSHMA BOMM3M MNIPeIeJIbHOTO OTHOIMEHMSA pPacTIKeHUsa, IIPpU KOTOPOM
[IPOUCXOOUT pPas3pPeB. [J4d IHOJydeHMS OOJIee BHEICOKOI'O OPMEHTUMPOBAHHOTO
MaTepMalyla, pacTSIKeHMEe I[IPelllOoUTUTEJIbHO OCYIECTBJIST B HECKOJIBKO
[IPpMEMOB C MHOXeCTBOM IIPOXOHOOB. IloJMMepHas Lellbk YacTO COCTOUT M3
CMeCM KOMIIOHEHTa, KOTOPHM peJlakcupyeT 3a KOpPOoTkKoe BpeMsd, U
KOMIIOHEHTa, KOTOPHM peJlakcupyeT 3a 0doJjiee NPONOJIXUTeJILHOEe BpeMs,
U ABJISeTCS TakKxe IPpellouTHUTeJILHBIM, UYTOOB KOMIIOHEHT, KOTOPHM
pejlakCupyeT 3a KOPOTKOe BpeMsa, pPacTAT'MBaJICA [IpeOBapuUTeJIbBHO C
BHICOKMM OTHOIIEeHMEM pacTSKeHMSA. BHCOKOEe OTHOMeHMEe PacTSXKeHUSa, Kak
YIIOMMHaeTCsI B HacCTosAleM IOOKYMeHTe, IIOoKa3HBBaeT, UYTOo IIoJydaeTcsa S-—
S KpuUBasg MaTepuaJa OO PacTaXeHMS WM  OTHOINEeHMe  pacTIXKeHUA
yCTaHaBJIMBaeTCsa B OMara330He He MeHbme dYeM 90% 0T OTHOmMEHMS
PacTsSXeHVHd, BHUMCIIEHHOTO W3 CTeleHM YIOJIMHEHMS TOUKM BTOPUYHOTO
paspHBa Iocje ofbJjlacTM YIJIMHEHMS C HU3KMM HalpsaXeHMeM. MaTepuali,
PACTAHYTHM IIPM OTHOMEeHUM pacTaKeHMsa He MeHblle uyeM 90% orT
OTHOMEHVA PaCTSKEHVSA, BHUMCIIEHHOTO W3 CTEIeHM YIJMHEHUS TOUKMU
BTOPMUHOTO Pa3pHBa, IOpelcTaBjsgeT coBolM OIHOPOIOHHM MaTepual 0es
pazbpoca IO TOJIIMHE ¥ HEOOHOPOIHEIX HepeTryJIApHOCTeM U ABJISeTCH
[IPEBOCXOOHEIM IO KadeCTBY. OTHOCUTEJILHO  pacTsaKeHUsd, KOoTOopoe

OCymeCTBIJIAETCA BIIOCJIeOCTBUIL, OTHOUIIEeHNME pPacCcTAXeHIMA
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IPeOlIOUTHUTENIEHO OIpelelideTCcad U3 COoOOpaXeHMM CTelleHM OpMeHTaluH,
IIPOYHOCTH, CTEeNeHM YIOJMHEHMsS KOHEUHOTO IIOPUCTOTO YIJIEPOOUCTOTO
MaTepualia, ¥ OTHOUIEHUE pacTsaXeHUS  MeHbIle yeM = 2-KpaTHoeE,
yCTaHaBJIMBaeTCad KaK OPMEHTUP, M pPacTsSKeHMe IIpM STOM OTHOIEHUU
pacTaXeHUS IIOBTOPAETCS MHOXeCTBO pas3 OJd IIOJIydeHMsa CTabuJIbHOT'O
IpenueCcTBeHHMKa I[IOPUCTOIO YIUIEPOOMCTOIO MaTepuaya, B KOTOPOM
COBMECTHO-HEIIPEePLIBHAA CTPYKTypa pas3nejeHusa ©da3 [ABJIAeTCS CUIIBHO
OPMEeHTUPOBAHHOM, B TO Xe BpeMd, NpeldoTBpalas pPa3pHB.

[0081]

To eCcThb, crioco6 [IOJIYyYEeHU I npelmecTBEeHHUKA TIOPUCTOTO
YIUIEPOOUCTOTO MaTepHualja I[I0 HacTodAleMy MW300peTeHU IpedCTaBJIsSeT
coboM croco® TmoJyueHUA MOpedleCTBeHHMKA [IOPUCTOTO YTJIEPOIUCTOTO
MaTepuala, BRIOUAINN :

cramnuio 1: cCcTaguio, Ha KOTOpoM KapboHM3MpyeMas CMoJia WU
yCTpaHsaeMasa CMoJla [OIPpUMBOIOATCS B COCTOSHME COBMECTMMOM CMecu C
[IOJIYYEeHNEM CMeCH CMOJI;

crTamuio 2: CTaOuik, Ha KOTOPOM CMeChb CMOJI, IIOJIydeHHasd Ha
cramuu 1, bopMyeTCsa M HNOOBepraeTCs BOBOEMCTBMK pas3nejleHusa das, C
IIOJIyUYEeHNEM opu 3TOM MaTepuala npenuecTBeHHVKA, VMeKRIeT o
COBMECTHO-HEIIPEPLBHYI CTPYKTYPY pasnejieHua ¢as; U

cTamiuio 3: CTagMio, Ha KOTOpOo¥ MaTepualJ [IpellleCTBEeHHUK,
IIOJIyYeHHHM Ha CTaluM 2, HOoOBeplaeTCsa BO3IEMCTBUIO PaCTSIKEHUS.

[0082]

[CTamusa TepMMUueckoM o00padoTKM]

MaTepmral IOpeOmecTBEeHHUK, KOTOPHM IIOIBepraeTCsa BO3IEMCTBUIO
pacTaxeHUSd Ha cTanuu 3, IpedloUuTHUTEeNLHO IOTIOJIHUTEJILHO
nomBepraeTcs BO3IOelCTBUI cTangumu TepMUUYeCKOM o0paboTKU.
TepMuueckad oOpaboTka I[IOLAaBJLAET YCalKy, BO3HUKAKIYID B pes3yJjibTaTe
pejlakcaluum TIOJIMMEPHOM Lenu, OPMEeHTUPOBAHHOM IOCPEnCTBOM
pacTaxeHUsd, TakK UYTO MaTepHall IIpellleCTBEHHMK MOXeT IOIBeplaTbCs
BO3OEMCTBMIL KapOoHM3alMM, INOOOEPXMBaA IIPM BTOM COCTOSHME CUJIBHOMU
OpMeHTalluN .

[0083]

OTHOCHUTEJIEHO KOHKPEeTHOTOo crnocoba TepMuueckom oO6paboTky,
MOXHO MCIIOJIE30BaTh I[IOBCEMECTHO M3BEeCTHHE CPencTBa M B cjydae

3al'Ppy304YHOTI'O OCymeCTBIJIEHMA TequeCKOﬁ o0paboTKH,
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NPenIouTUTEeJILHEM SBJISeTCS CIOoCcod, IpM KOTOPOM CMOTAHHHI MaTepuall
HarpeBaeTcsa C IIOMOIBI IIeur MuIM uYeTo-Judo nomodHoro. Takxke, B
ciayJdae HENPEPHEBHOTO OCymeCTBJIeHN A TepMUUeCKOM obpaboTku,
NPenIouTUTesSIbHO TakKXe MCIOJb3YIT CcIoco®, B KOTOPOM IIOBEPXHOCTDL
caMoTo BaJika HaTrpeBaeTcd, M Ccrnoco®, B KOTOPOM TepMUUECKYI
oBpaboTKy OCyleCTBJIAT IoCpencTBOM cosnaHmus HarpeBaTess
KOHTAKTHOT'O THUIIa MJIM HEKOHTAKTHOTO THIla, TellJloM BOIH MJIM BaHHE C
pacTBOpHUTEJIeM, OO0OPYHOBaHMA MOJIS HarlpeBa C IIOMOmbLI BOIIHOTO IIapa,

OBOpYyOOBAHMSA IJIA JIa3€PHOTO Harpeba WIM YeTOo—-JIMOO MOONODHOTO MeXIy

BaJIKaMU .
[0084]
TeMIepaTypa Harpeea npu TepMUUECKOM obpaboTke
IPenrIodTUTEeJIEHO He MeHblIe ueM TeMIlepaTypa CTEeKJIOBaHUA

KapOOHUBUPYEMOV CMOJIE W/MIM YCTPaHAEeMOW CMOJIE, C TOUKM BpPeHUd
oBecrieyeHrd MOJIEKYJIAPHOM MOIOBMXHOCTM ¥ OCYMECTBJIEeHMS ILJIaBHOU
pejlakcalyy IOJIMMEepHOM 1LlenM, M B YacTHOCTM, B CJydae, KoIJa
kapOoHU3UpPYeMas CMoJia U/MIY yCcTpaHsdeMas CMoJla IIpencTaBJisgeT coOoi
KpUCTaJIJInyeCKUM IoJIMMep, c TOUKU 3peHusd UHIYLIVPOBAHU A
KPpUCTaJIIN3alnn i 3HAUUTEJILHOTO YIIyudlneHn a CTabUIILHOCTHU
pasMepoB. Takxe, OoJjlee MNPedlOUTUTEJILHEM BapUaHT OCYIECTBIIEHUS
opencraBjsgeT cobo¥M HarpebB IIpU TeMlepaType He MeHblle uYeM 0OoJiee
BEHICOKAafd TeMIepaTypa Hu3 TeMIepaTyp CTeKJOBaHMA KapOOHUBKPYeMOM
CMOJIEL M YCTPaHAEeMOMW CMOJIE, IIOCKOJIBKY oOOeclleurBaeTCs MOJIEKYJIApHAS
MIOOBMXHOCTE KaXIo¥ KapOOHUBUPYEMOW CMOJIEI UM YCTPaHAEeMOM CMOJE U
MOXET OCYMEeCTBJATHCSA IJIaBHASA peJjlakcalusd IIOJMMEPHOMW Ielu.

[0085]

BepxHui npenes TeMIIepaTy L HarperBa mpu TepMUUeCKOM
oBbpaboTke He YyCTaHaBJIMBaeTcd KOHKpPeTHO, M B CJydYae, KoTrza
kapboHM3UpyeMas CMoJla WM YyCTpaHsgeMasd CMoJia IIpelacTaBJigeT coBou
KPUCTAJJIMUECKWY TIOJIMMEp, OHa MNPeAlouTHUTeJIbHO He OOoJblle uYeM eTo
TeMrnepaTypa IJIaBjleHusa. B ciyyae, KoTJa KapBoHM3UpyeMas CMOJa WK
yCcTpaHsaeMasd cMoJia npencTaBJfgeT coBon aMopbHEI TIoJIMMEp,
TeMIIepaTypa HaTpeBa OPellouTHUTesSIbHO cocTaBiysgseT 300°C miaM MeHbIe C

TOURKM 3PEeHMA IpeloTBpalleHMA peaKLINMM KaPGOHMSaLU/H/I.

[0086]
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[TOCKOJIBKY TepMUUYEeCKa s oBpaboTka nperHas3HadaeTCcd s
KpUCTaJIJIU3alun VI peJjiakcauum OPUEHTUPOBAHHOTO COCTOSHUA
MOJIEKYJIAPHOM  Llelu, npenoTBpamas TeM CaMbBM — MaKpPOCKOIINYECKYIO
ycalkry, ABJISETCSH IPEenlouTUTEJIbHEM, dYTOoOE MaTepuaJl BO BpeMd
TepMMUecKor 00padoTky ObJI OT'PaHMUeHHBM, TaKk UYTO eIr'o IOJMHa
MBMeHAaeTCcsa TOJIbKO B IOmanaszsoHe oT 0,8 mo 1,2 oT HavaJIbHOM MOJIMHH.
OTrpaHMUeHMe OJIMHHE OB3HauvaeT, UTO IIOoHOaBJISeTCsa M3MeHeHMe pa3MepoB
opu TepMMuecKkoM ofpaboTke. B dYacTHOCTM, TepMMuecKas oOpaboTka
OCYMeCTRBJISEeTCIS B COCTOSHMM, HaIpuMep, HaMOTKM Ha MeTaJlJInueCKUM
BaJIMK, dMKCHUPOBaHUA Ha MeTaJlJIMueCKOM pame VI KOHTPOJIA
pacrnpenejleHMs CKOPOCTeV BaJIKkoB. B MaTepuale, IoOBepTIranieMC
BOBIEVCTBUIO TepMUUueCKOM obpaboTku, MOXHO IpenoTBpamaTh
MaKpPOCKOIINUECKY ycanky [IoCpenCcTBOM YacTUUYHOM peJjiakcaumum
OpUEeHTalLuN u IoCpelnCcTBOM nIpenoCcTaBJIeHU BO3MOXHOCTHU oJis
OCYIECTRBJIEHNA KpUCTaJLIM3allMM B CJydae, KoI'JJa CMeChb CMOJI COIEepPXUT
KPpUCTAaJIINUYeCKUM [TOJIMMED . ApJyigeTcsda IpenrnouTUTEeJIbHEIM, UTOOH
OT'paHMUeHMre IOJMHHE cocTaBjasasoc 0,8 wiam ©OoJblie TII0 OTHOMEHMKD K
HadvaJIbHOM  IOJIMHE, [IOCKOJIbBKY OoJikllad pejlakcallMd COOTBETCTBYET
TOJIBKO MaKPOCKOIMUECKUM MOJIEKYJIAPHEM LIelldM B TO Xe BpeMs, CBOIL
K MMHMMYyMY peJlakKCcallMio CTPYKTYPH, B KOTOPOM COCTOSHME pa3aelleHus
ba3 ABJIAeTCHS OPUMEHTUPOBAHHEM. ABJAeTCA IIPeOloUTUTEJIbHEM, UTOOH
OoTpaHM4YeHue OJMHEL COCTaBJAJO 1,2 WJIM MEHbIle I[I0 OTHOIEeHuon K
HauvaJIbHOM IJIMHE, IIOCKOJIbBKY peJjlakcallMsg OCYIEeCTBJISeTCI B OCHOBHOM
B MUKPOCKOIIMUECKUX MOJIEKYJIAPHEIX Lemnsax, B TO e BpeM4,
nonmepxmuBasa B BHICIIEN CTelleHu OPUEHTUPOBaAHHOE COCTOSHME
pasielieHMsa da3, He BH3EBadg €TI0 peJjlakcaluM.

[0087]

[CTamua ymaJleHUS yCTpaHSeMOM CMOJIH (cTamusa 4) ]

B ciydae, KoT'oa yIaJleHre yCTpaHsgeMon CMOJIEL He
OCYIIECTRBJIAETCA Ha cTaium ofpadoTKy KapOoHM3allUU (craogmg  5),
KOoTOopad OyloeT oIMcaHa II03Xe, HeoOXOIMMO IIPeldyCMOTPETE CTaluio
yIoaJleHusa YyCTpaHgeMoM CMOJIE (cTamus 4) 1nocje cTaiuuM 3 U Iepen
cramuen o00pad®oTkM KapboHM3aALMU (craousa 5). Crioco® ynaleHud
YCTpaHaeMOM CMOJIE He [ABJIAeTCd Kak-Jubo OTpaHMUeHHHM, ¥ OH MOXET
IpeICTaBJIATE CcoOoM JioboM CHoCoO CIOCOOHEM XMMMUECKM pasz3jlaraTh

mjiim pacTBOPATE YCTpaHAEMYI CMOJIY . B uyacTHOCTH, IIPMITOOHEIM  IOJIA



35

VCIIOJIE30BaHUA  ABJISETCS  CIIoCco0D, B KOTOPOM yCTpaHsaeMas CMoJia
XYMUUYECKM pasjlaraeTcda M ee MOJIeKYJIApHasd Macca IIOHMXaeTcsd C
VCIIOJIbE30BaHMEM  KUCJIOTHI, meJjiour wmiamM  depMeHTa  OJA  yOaJleHUuHd,
crioco6, B KOTOPOM yCTpaHsaeMas cMoJia OENOJNIMMEPU3YEeTCA C
MCIIOJIb30BaHMEM M3JIyYyeHUd, TaKoTo Kak BJEeKTPOHHHM IIYUYOoK, I'aMMa-—
M3JIyUdeHUue, VYIbTpadMOJIeTOBOE MBIIyUeHMe U MHOpaKpacCHOe MU3JIYyUeHUe,
OJIS YIOaJIeHUsa, WM 4dTOo-JIMOO IIOOOOHOEe.

[0088]

Taxkxe, B YaCTHOCTHM, B CJydae, KOI'la yCTpaHdeMas CMOJIa MOXeT
yIaJlaTbCsa IIPpM TEepMUUECKOM Pa3JIOXeHMM, YCTpaHAeMasd CMoJla MOXET
yIOaJlaTbCsa I[OCPEeOCTBOM TEPMUUECKOTO pPasJIOKeHMa W Ta3uduKaluu
OOHOBPEMEeHHO CO CcTaiueld o6paboTku kapOoHM3aUUM MM  CTaluM
obpaboTkM mJ4d TIIpMIOaHMA TYTOILJIaBKOCTM, KoTopasa OylIeT oIMcaHa
I03XKe, WIXM CTaIuM TepMHuueckKon obpadoTku. KpoMe TOTo, OTIOEJILHO
MOXeT OBTBE IIpelyCMOTpeHa CTalud, Ha KOTOpOM IIpelBapuTeJIbHO
OCYyMeCTBJIAETCAI TepMMueckas o0padoTka IIpM TaKoM TeMlepaType, UYTO
yCTpaHgeTCcsa, I[IO MeHbmeM Mmepe, 80% Macc yCcTpaHSeMOM CMOJIH.

[0089]

C TOUKM B3peHud YMeHbIeHMS KOJIMUeCcTBa CTalIuM »OJIS I[IOBLIIEHUA
[IPOUBBOOUTEJIEHOCTY, MNIPUITOIHEIM IJIS MCIOJIBE30BaHUSA SABJIAEeTCH CIOCO0,
B KOTOPOM yCcTpaHsaeMas cMoJia TepMUUeCKA paszjiaraeTcsa u
rasubuumMpyeTca JS YyIOaJleHMda OIHOBPEeMeHHO C kapbOoHM3aluuenm WiIn
opumaHMeM TyTOILJIaBKOCTM Ha cTamiuu o0paboTku KapOoHM3aALUMM WK
cTanuu obpaboTkM  IOJA nIpUIaHM A TYTOILJIaBKOCTH . B  HacTodmeMm
nz3obpeTeHnn, B CcJydae, KOoI'Da OCYMeCTBJAeTCS yIajleHMe yCTpaHseMoMl
CMOJIEL Ha cCcTamuM Iepen o006paboTkoM KapboHMB3AalWM, B TO Xe caMoe
BpeMda, HalpuMep, Ha cTamuy obpaboTKM OJd NPpUMIaHMSA TYyTOILJIaBKOCTH,
Ha CTaIuy TepMUUeckoM o0padoTKM, WM Ha udYeM—Jubo mnomobHoMm, ©0es
IpedyCcMOTPeHMsa ClIellMaJIbHOM CcTaluM, STa CcTalIMd pPacCMaTpuBaeTCH
Kak cTaouia yIaJleHMa YyCTpaHsaeMOW CMOJIH.

[0090]

[CTanusa oOpaboTKM IJIA MNIPUIOaHMS TYTOIJIaBKOCTM]

ABJdeTCHd MNPeOloUTUTEJIbBHEM, UYTOOE MaTepuall [IpellleCTBEHHUK,
KOTOPHM pacTATMBaeTCcd Ha cTaauu 3 ¥ IIoIBepraeTcsa, II0 XeJlaHuo,
BOBIEVCTBUIIO cTamgum TepMUUeCKOM obpaboTKY, nomBepraljic4a OH

BOBIEVCTBUILD CTaOuu O@paGOTKI/I OJIA  TIPMOaHMA TYT'OIIJIaBROCTHM IIepel
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TeM, KakK OH nonBepraeTcsd BOBIOEeNCTBUIO cTanum oBbpaboTkM
KapOoHuzauum. Crnocod® o0paboTKM OJdA IpUOaHMAa TYTOILJIaBKOCTM He
ABJIIEeTCH KaK—-JMOO OI'paHMUEHHEM, M MOXHO MCIIOJBE30BaThk WM3BECTHHE
CriocoOrl. KOHKpeTHBE IIPMMEePH cCcliocofa BKJOUAKT CIIOC00, IIpM KOTOPOM
MaTepMalsyl IpellleCTBEHHUK Hal'peBaeTCda B NPUCYTCTBUUM KUCJIOpona,
UTOOH BH3BATb OKUCIMUTEJIBHYIO IIOINEPEeUHyl CIMBKY, CIOC00, B KOTOPOM
MaTepualJl OpellleCTBEeHHUK oOJIyuaeTcsa M3JIydeHMEeM BLHICOKOM DHepI'UH,
TakMM KakK DSJIeKTPOHHHBM IIYyUOK UM TaMMa-M3JIyueHMre, IJIS QOPMUPOBAHUSI
[IOIIEPEeUYHO CHMTOM  CTPYKTYPH, croco6, IpM KOTOPOM BEIMEeCTBO,
VMeKnlee XUMUMUYECKM aKTHMBHYI TPYINNy, BBOOMTCA WM IIOIMEIIMBAETCH
0J1sS QOPMMPOBAHMUA IIOINEPEeUYHO CHUTOM CTPYKTYPE, M CIOC0o0 IMIPpOCTOTO
HarpeBa. CpenoM HUX, OPEONOUYTUTEJIBHHEM HABJISEeTCS ClIocof, B KOTOPOM
MaTepMrall IPpelleCTBEHHMK HalpeBaeTCcd B [NIPUCYTCTBUUM KUCJIOpona,
UTOOH BH3BAThE OKUCIUTEJBHYK IIOIIEPEUHYK CIIMBKY, IIOCKOJIBKY CIOCOD
ABJIAETCH TIPOCTEIM UM MOXHO IIOHM3UTH CTOMMOCTB IIPOM3BOINCTRBA. 9THU
TEeXHOJIOTM MOTYT  MCIOJBE30BaATECHA IO OTHOEJBHOCTM WMJIM B UX
codyeTaHMM, WM BTU TEXHOJIOT'MM MOT'YT WMCIOJIBE30BATECSA OIHOBPEMEHHO
WV paslelIbHO.

[0091]

TeMIlepaTypa Hal'peBa B criocobe, IpM  KOTOPOM  MaTepuall
IpelmeCcTBEHHMK  Hal'peBaeTcsd B IPUCYTCTBUK KucJjopona, UTOOH
BHI3BaThb OKMUCIIUTEJIBEHYIO [IOIIEPEUHYID CIIMBKY, IPEenIouTUTEeJILHO
CcoCTaBJIgeT TeMIIeEPaATYPY 150°C WJIIN HoJble, c TOUKU 3peHnd
IpenoCTaBJIeHUSA BO3MOXHOCTHU oJis 20PeKTUBHOTO OCYIeCTBJIEHN A
pearkuum IOIIepPeyuHoOM CIIMBKU . Taxkxe, OHa IPenrIouTUTEeJILHO
nopencraBjgeT cobol TeMmaepaTypy 350°C MM MeHbIle, C TOUKM 3pPeHUMd
IpenoTBpalleHMs OerpalallMy BHXOIA, BHBHBAEMOM IIOTepsSMM MaCCH U3-—
3a TepMUMUeCcKOM merpalaluM KapOOoHM3UPYEeMOWM CMOJIH, ee TOpeHUS WK

yero-Jmbo IIomoOHOTO.

[0092]
BpeMH CTaignm O@paGOTKI/I OJIA IIpMOoaHMA TYT'OIIJIaBKOCTH
IIpeliouTrUTEeJIEHO CcoCcTaBJIdaeT Inepmnon BpeMeHN, 3a KOTOpBH\/II B

IOCTAaTOYHOM  CTeleHM  OCylmecTBJgeTcsa  ofpaboTka  OJd  [OIPpUIaHUL
TYTOIIaBKOCTM MaTepually [OpelmeCTBeHHUKY, wWiIu OoJblie. MaTepuall

InpengmeCTBEeHHNMK, B KOTOPOM B OOCTAaTOUHOM CTeleHU OCymeCTBIJIAETCA
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oBpaboTka oJg IIPUIOaHMS TYTOILJIaBKOCTHM, SABJISAETCH IIPEeONOoUYTUTEJIbHEM,
[IOCKOJIBKY OH SABJISETCSH I[IPEeBOCXOIOHEM KaK I[I0 BHXOIOY KapOOoHM3aluu,
TakK M II0 I[IPOYHOCTM. UYTOOH IJaThb BO3MOXHOCTE IJIS OCYIECTBJIEHUS B
OOCTaTOUHOM CcTeleHn peaxkuun nprIaHmsa TYT'OILJIaBKOCTH, BpeMs
00paboTKU IJIA I[IPpUIOaHMSA TYyTOIJIaBKOCTU IIPenOlIoUuTUTEeJIEHO COCTaBJIgeT
10 MmHYyT wmam OoJiplme, a ©0oJee OPellodTHuTeJIbHO, 30 MMHYT WK
BoJsibme. Takxe, BepXHMM Opelesl BpeMeHu o00paboTKM MOJd OIpUIaHUSA
TYTOILJIaBKOCTH He ABJIAETCSH Kak-Jmbo OTpPaHMUEeHHEM, u
IpenrIouTUTeJIbHO OH cocTabJjfgeT 300 MMHYT WJIM MeHbIle, C TOUKMU
3peHus MIOJIYUYEHU I [IOPUCTOTO YTJIEPOOMCTOTO MaTepuaa npu
YMEHBLIIEHHOM BPEMEHM IPOXOXIeHUSI CTaIuM M IPpU HUBKOM CTOMMOCTH.

[0093]

Taxkxe, KOHILEHTpallMsg KMCIIOopola BO BpeMsa cTamuy obpaboTKM IJiA
OpuoaHMsa TYTOILJIaBKOCTM He ABJISeTcd Kak-Jmubo OoTpaHMUeHHOW, U
OPennouTUTEJILHE BapMaHT OCYIIeCTBJIIeHMA IMpelOcTaBjsgeT cobolM nomauy
raza, WVMEKIMEeTo KOHIEHTpalMK Kucjaoponma 18% wmiam OoJbklle, I[IOCKOJBKY
MOXHO VYMEHBIMTE CTOMMOCTE IIPOM3BOACTBa. Crnoco® mnomauM TI'asa He
ABJIAETCH KaK-JMOO OT'paHMUEeHHEM, U MOXHO PacCMOTPeThb, HalpUMep,
crmocof, B KOTOPOM BO3IOyX IIOHaeTCcsa KakK eCTb B Hal'peBaTeJIbHOE
YCTPOMCTBO, ¥ crooco®, B KOTOPOM UMCTHM KUCJIOPOH IIOHaeTCd B
HaTpeBaTeJIbHOE YCTPOMCTBO C MCIOJb30BaHveM OOMOH WM uero-Jmbo
IonoOHOTO.

[0094]

[TprMe pEL crnocoba, B KOTOPOM MaTepuraJl IpenmecTBeHHUKA
obJIyyaeTcsa M3JIyUeHMeM BLICOKOM DHepIUM, TaKMM Kak DSJIeKTPOHHHM
Iy4YoK WM TI'aMMa-M3JIydeHUe, oJjss  QOopMMPOBAHMSA  IIOIIEPEeYHO  CIIKUTOM
CTPYKTYPH, BKJOUYaAKLT crnocod, B KOTOPOM KapOOHM3MpyeMas CMoJia
oBiy4daeTcs BJIEKTPOHHEM IYy4YKOM VI TraMMa-—M3JIydeHEeEM C
VCIIOJIE30BaHMEM KOMMEPUECKM HOOCTYIIHOT'O T'eHepaTopa BJeKTPOHHOTO
NIyyka WJIM TeHepaTopa I'aMMa-M3JIydeHMsa, 4YTOOB BH3BATH IIOINEPEUYHYIO
CHIMBKY . HWKHMM OpeneJl MHTEHCHMBHOCTM OOJyUeHMA IPeOloUTUTEeJILHO
cocraBjager 1 kIp wimm OoJiblle, C TOUKM 3peHUusa 50PeKTUBHOTO
BBEIOEHUSA  IIOIIEPEYHO CHIUTOV  CTPYKTYPH  IIOCPeICTBOM OOJIyudeHMUd.
Takxe, MHTEHCHMBHOCTBL OOJyUeHUHd MNPeldlouTUuTesJIbHO cocTajgeT 1000

KPp mJinm MeHEBIIe, C TOUKIM SPEeHNA InpenoTBpalleHMA YMEHBIIEHIMA
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IIPOUHOCTHM MaTepualjla M3-3a yMeHBIeHMSA MOJIEKYJIAPHOM MacCCH B CRBHA3U
C paszpe3aHueM IJIaBHOM LIeNu.

[0095]

[IpuMepsl crocoBa, B KOTOPOM BEIeCTBO, MMeKlee XUMUAUECKU
AKTMBHY TpPYNIly, BBOOMUTCA WM I[IOIMellMBaeTCd IJA QOpMUPOBaHMUA
[IOIIEPEYHO CHINTOM CTPYKTYPH, BKJIOUYAOT criocoo6, B KOTOPOM
HM3KOMOJIEKYJIAPHOE COEeOMHEeHMe, UMEeKlee XVMMUUECKM aKTUBHYI ITPYIILY,
BBOOUTCSA B CMECb CMOJI, C I[OCJIeIyKlM HaIrpeBOM WM OOJyUYeHNEM
U3JIydYeHNEM BEICOKOM SHepI'UN, UTOOH coeJyiaTb BO3MOXHEM
OCylecCTBJIeHME peaKlUuM IIONepPedyHor CHMBKMK, M CcrHocod, B KOTOPOM
HM3KOMOJIEKYJIAPHOE COeOMHEeHMe, UMeKlee XVMMUUEeCKM aKTUBHYKR IPYIILY,
IoIMellMBaeTCsda 3apaHee, C I[IOCJEeOYyKIMM HaI'peBOM WM OOJIydeHMeM
U3JIydeHUEeM BEHICOKOM BHepPI'UN, UTOOH chneliaThb BO3MOXHEM
OCyIeCTBJIeHUE peaKUUM [IONepedHOV CIUBKU.

[0096]

[CTanua obpaboTkM kKapOoHU3auuuM (cTamgmusa 5) ]

[IOpUCTE YTJIEPOAMCTHIM MaTepMralJl I[I0 HacCTOoSAMeMy MW300peTeHUD
MOXET OBITB IOJIy4YeH [IOoCpelCcTBOM KOHEUHOTO BO3OENCTBUSA Ha
npenuecTBeHHUK IIOPHUCTOTO YIJIEPOOUCTOTO MaTepuala, KOTOPHM
IIOJIydeH IIOCPeACTBOM BO3OeMcTBMA cTaium 1 - 3, u, O XeJlaHUDo,
CTaIuM TepMMUecKoM ob6paboTkyu, cTanuu o6paBoTKu 1OJd IpUOaHUA
TYTOILJIaBKOCTM, CTaIuM YyHaJIeHUSd YCTpaHseMoM CMOJH (cTanusa 4), u
TOMy IMomoBHOe, BO3OeMCTBUA cTaliuu o00paboTkM KapboHM3aLUM (CTaamusd
5).

[0097]

Crioco® oBpaboTkM KapboHM3alnn He ABJIAETCSA Kark-Jmnobo
OTPaHUWYEHHEM, ¥ MOXHO MCIOJBL30BAaThH JIOOOM M3BEeCTHHM CIOCOD.
OBHIUHO, 0BpaboTKy KapboHM3alN NpennouTUTEJILHO OCVYIIECTBJIIAIT
IIOCPEenNCTBOM NOUMpPOJM3a. g KapboHM3alUMM B JOCTATOUYHOM CTeIleHU
MaTepuala npenmuecTBeHHNKA ABJISAETCH IpPenloYTUTEJIEHEM, YTOOH
IINPOJIU3 OCYWEeCTBJIAJICH [IoCpelCcTBOM HarpeBa MaTepuala
npenamecTBEeHHMKa B aTMOoChepe MHepTHOTO Taza npu 600°C wmiam Oojbie.
VHepTHHM Tas3, KakK YyIOMMHAETCs B HaCTOAMNeM OOKyMeHTe, O3Hauaer
Ta3, KOTOPHM ABJIAETCS XUMMUECKM MHEPTHHEM BO BpeMda HalpeBa.

KoHKpeTHHE I[IpMMEepH MHEPTHOTO TI'ala BKJoUAT Tejui, HeOoH, asoT,
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apToH, KPUIITOH, KCeHOH u OMOKCHUI yTJiepona. Cpenu HUX,
MCIIOJIbL30BaHMe aszsoTa W aproHa opelncTaBJgeT cobomn
IPEennouTUTEJILHEM BapMaHT OCYIECTRBJIEHMS C TOUKM 3peHMS CTOMMOCTH.

[0098]

TakXxe, CKOPOCTL IIOTOKa MHEPTHOTO Ta3a MOXeT IIpelCTaBJIATh
cobom JnoByn  BeJIMUMHY, KoTopasd MOXeT B HOOCTAaTOUHOM CTelleHU
YMEHBIIMTL KOHIEHTPAlLMIO KUCJIOpOoIda B HaI'pPeBaTeJIbHOM YCTPOMCTBE, U
aBJgeTcsd IPennoYTUTeJIbHEM BHIOUPATH COOTBETCTBYIIMM obpasoM
OINITUMAJIbHOE B3HaueHVe B COOTBETCTBUM C Pas3MepoM HaIpeBaTeJIbLHOTO
YCTpOMCTBA, KOJIMYEeCTBOM IIOOAKIUX C S MCXOOHBX MaTepMraJioB,
TeMIIepaTypo¥ HaTpeBa, UM ToMy I[HoImobHoe. BepxHUNM IOIpemesl CKOPOCTU
[IOTOKa TakXe He 4BJIgeTCd Kak-Jubo OoTpaHMUeHHBM, ¥ SBJISEeTCH
OPennouTUTEeJIbHEIM COOTBETCTBYIMM 00pa3oM VYCTaHaBJIMBATL eI'o B
COOTBETCTBUM C PpacHopeneljieHMeM TeMIepaTyph WM  KOHCTPYKIMeN
HarpeBaTeJLHOTO YCTPOMCTBA, c TOUKM 3peHus SKOHOMUUECKOM
BHTOOHOCTM ¥ YMeHbIeHMS Pa3HOCTM TeMIlepaTyp B HaTrpeBaTeJlbHOM
YCTPOMCTBE.

[0099]

BerHMﬁ rnpenesl TeMIIepPaTy PRI Hal'pbeBa He ABJIAETCA

OTPAaHMUYEHHEM, ¥ OH IMNPEenlouTUTeJILHO cocTaBigeT 3000°C mam MeHblIle,
C TOUKMU 3peHnAa SKOHOMUUYECKON BHII'OOHOCTH, [IOCKOJIbKY
IpeloCTaBJIAeTCs BO3MOXHOCTE IJIS OCYMECTBJIeHMS B HOCTAaTOUHOM
cTemneHu KapbOoHM3aLUM ¥ He TpebyeTcd cCHelrallbHOM o00pad®oTky OJA
oBopyIoOBaHUSA .

[0100]

Taxxe, B crydae, KoTma yIoaJleHue yCTpaHsaeMon CMOJIEL
OCYWECTBJIAETCS OINHOBPEMeHHO CO cTanuel o00paboTkn KapOOHM3ALUU
(crammua 57), 4dBJjdeTCs IIPEOIOUTUTEJIBHEM I[IoOaBaTh IIpellleCTBeHHUK
IOPUCTOTO YIUIEPOOMCTOTO MaTepHualla B HarpeBaTeJIbHOe YCTPOMCTBO. B
3TOM cryuyae, NIPeniloYTUTEJILEHO Takxe npenycMaTpUBaTh
COOTBEeTCTBRYyKIMUM 00pa3oM CHUCTeMy  BHIIYCKa IJIA [IPeOOoTBpalleHUA
3arpsA3HEeHMs HaTl'peBaTeJILHOTO YCTPOMCTBa TI'a30M, TI'eHEepPUPYEMHM IIpU
pPasJIOXeHUM YCTpPaHsIeMOM CMOJIH. Takxe, TeMlIepaTypa HaTpeBa B 3TOM
cllydae IIpPellouTUTeJIbHO YCTaHaBJIMBAeTCAa I[OpU  TeMllepaType, I[IpK

KOTOpOﬁ pazgJyilaraeTCcd yCTpaHAeMad CMOJIa, WJIM BEHIIIEe, IIOCKOJIBEKY MOXHO
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IpeIOTBPaTUTEL HEINOJIHOe yIalleHue YCTpaHSeMOoM CMOJIEL M CHeJlaThb
BO3MOXHEIM OCYIIECTBJIeHMEe OO0pa30oBaHUA IIOP.

[0101]

Ha cranum 00paboTKM KapOoHMzaLUMN, Harpes MOXeT
OCYIECTBJIATECA IIOCPENCTBOM HENPEPHBHOI'O crocoba Ha cTaguyu, WK
OH MOXEeT OCYIeCTBJATECA C I[IOMOUIBK 3arpy304YHOrO crnocoba, IIpuU
KOTOPOM onpeneJieHHOe KOJINYECTBO IpellleCTBEHHVKA IIOPUCTOTO
YIJIEPOOMCTOTO MaTepualjla HaT'pebaeTCd KOJUIEKTUBHO. OTHOCUTEJIBHO
criocoBa HarpeBa B CJlydae HEIPEPHBHOI'O OCYIeCTBJIeHUA o00paboTKU
KapOoHU3alUUyM, HOPEeNIOoUYTUTEJIBEHEIM [ABJIgeTCd CIoco0, IHIpUu KOTOPOM
MaTepralyl  HelpPepHBHO rnonaeTrcsd B HarpeBaTeJIJbHOE  YCTPOMCTBO,
NoOmepXMBaeMoe IIpM TIOCTOSHHOM TeMIepaType, ¥ BHEHCBOOOXIaeTCHS U3
HeTO, c VCIIOJIb 30BaHNEM BaJIKOB, KOHEelepa NI g4ero-Jmbo
IOONOBHOTO, IIOCKOJIBEKY MOXHO YBEJIMUMTE I[IPOU3BOOUTEJIEHOCTE .

[0102]

C Ipyro CTOPOHH, B CJyuae, KoI'la B HaIl'peBaTeJIbHOM
YCTPOMCTBE OCYHMECTBJIAETCA 3alPy30UHEM CIOCO0, HWKHME IIpeleJitl

CKOPOCTHM IIOBHIIEHMA TeMIIEPATYPEI M CKROPOCTUM IIOHMXEeHIMA TeMIIepPaTyPEr

He ABJIALTCA Kak-JuOO OTpaHMUeHHBMM. CKopocTb 1°C/MmMH wuim OoJiblle
ABJISETCHA IMPeOlouTUTEJIbHOM, I[IOCKOJIBKY IIepuol BPEeMeHM, HeOOXOOVMEBIM
IJIS IIOBHIIEHMS TeMIepaTyph M I[IOHWXeHMS TeMIepaTyph, MOXeT OHTb
COKpalleH IJig I[IOBHIIEHMS IIPOM3BOAUTEJILHOCTM. TakXe, BepXHUN IOIpelel
CKOPOCTM TIIOBHIIEHWS TeMIepaTypH M CKOPOCTM IIOHMXEHMS TeMIIepaTypH
He ABJIATCHS Kak-JMOO OTPAaHUUYEHHBIMM, W I[IPEeOIOUTUTEJIBHOW SBJISeTCS
CKOPOCTL, KOTOpasd HWXe, UeM Ipenej CTOMKOCTM K TepMUUECKOMY MOKY
y MaTepuajla, COCTaBJIAKMEIO Hal'peBaTeJIbHOE YyCTPOMCTBO.

[0103]

To ecThb, OIOMH M3 BapMaHTOB OCYIMeCTBJIeHMSA cIocoba IIOJIyUeHUS
[IOPUCTOTO YIJIEPOAMCTOTO MaTepHuaja I[IO HacTodlleMy M300peTeHMD
npencTaBiageT coBo¥ CcHnoco® I[OJydeHMsa IIOPUCTOIO YyIUIEPOIMCTOTO
MaTepualsa, CIOCOO BKJIIOUAET:

cramnuio 1l: cTaIiuio, Ha KOTOpOM KapOoHM3MpyeMas CMoJla U
yCcTpaHsgeMas CMoJia IMPUBOOATCS B COCTOSHME COBMECTHMMOM CMecu C

IIoJIydyeHreM CMeCHr CMOJI,
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cramuio 2: CTaIuio, Ha KOTOpOM CMeCh CMOJI, IIOJIydeHHas Ha
cramuu 1, ObopMyeTCsa M HNOOBepTaeTCs BO3OEMCTBMIK pas3nejleHusa das, C
IOJIyUYEeHNEM opu 3TOM MaTepuala IpellleCTBEHHUKE, MMenIeTro
COBMECTHO—HEIIPEPHBHYID CTPYKTYPY pas3nejeHus das;

cTamimio 3: CTagMio, Ha KOTOpO¥ MaTepual [OIpellleCTBeHHUK,
IIOJIyYeHHHM Ha CTaIuu 2, IIoOBeplaeTcs BO3IEMCTBUIO pacTIXeHUS C
IoJIydeHreM MOpellleCTBEeHHMKA IOPMCTOTO YIVIEPOOMCTOTO MaTepuaja; U

cramuioo 5’ : cramnuio obpaboTkM  KapbOoHM3ALUM, B KOTOpOM
IpelmecTBEHHVK TIIOPUCTOTO YIJIEPOAMCTOTO MaTepuaJa, IIOJYyUYeHHEM Ha
cramuu 3, KapboHU3MPYeTCsd, U U3 HeTro YyIajsgeTcsa YCcTpaHaeMasd
cMoJia.

IpyTo¥ BapMaHT OCYMeCTRBRJIeHNA crocoba MOJIydYeHMSa IOPUCTOTO
YTJIEPOOAMCTOTO MaTepHuaja II0 HacTodlmeMy HM300peTeHMK IIpelcTaBJIgeT
coboM crmnoco® MOoJIydeHMS IOPUCTOTO YIUIEPOIMCTOTO MaTepualja, CIocoD
BKJIOUAET :

cramuio 1: cCcTamuo, Ha KOTOopoM KapBOoHM3MpyeMas CMoJia WU
yCTpaHsaeMasa CcMoJla [OIPpUMBOIOATCS B COCTOSHME COBMECTMMOM CMecu C
IIOJIydeHMEM CMeCHU CMOJI;

cramuio  2: CTaIui, Ha KOTOpPOM CMeChb CMOJI, IIOJIydeHHasd Ha
cramuu 1, dbopMyeTCsa M HNOOBeplaeTCs BO3IOEMCTBMIK pas3neljleHusa dazs, C
[IOJIyUYEeHNEM opu 5TOM MaTepuala IpellleCTBEHHUKA, MMene o
COBMECTHO—HEIIPEPEBHYID CTPYKTYPY pa3nejeHusa das;

cramuio 3: CTaaMio, Ha KOTOPOM MaTepuall IIpeamecTBeHHUK,
IIOJIYUYEeHHEM Ha CcTaguu 2, IOoOBepraeTcsa BO3OEeMCTBUILD pPacTIKeHUS C
IoJIydeHMeM OpellleCTBEeHHMKA IOPMCTOTO YIJIEPOAMCTOI'O MaTepuala;

cranuio 4: CcTamMio, Ha KOTOPOM ycCTpaHsSeMas CMOJla yIajlaeTCcsd U3
IpelmecTBEHHVKA IIOPUCTOTO YIJIEPOIMUCTOTO MaTepuala, [IOJYyUYeHHOTO
Ha cTamum 3; u

CTanuo 5: CTanuio obpadoTKU KapboHMsaluu, Ha KOTOpOMn
IpelMleCTBEHHVK [IOPUCTOTO YIJIEPOOMCTOTO MaTepuaja U3 KOTOpOoTo
yaoaJieHa yCTpaHsaeMasa cMoJia, IOJIYUYEeHHOTO Ha cTanuun 4,
KapOOoOHUBUPpYyeTCHd

[IpymMepEl

[0104]
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HpeHHOqTMTeﬂbHHe IIPVMMEPEL I1O HacCcToAlleMy MBO@peTeHME
OIIMCHEIBAQTCA HIIXe, HO IIPVMIMEPEI, OIIMCaHHEIe HIVIXe, He IO OJIKHEL
paccMaTprMBaTECAd B KadeCTBe OI'PaHMUEHMA HaCTOAIIEeI'O MBO@peTeHMH.

[0105]

<Croco® OLeHKu>

[MeTOon MaJIOYyIJIOBOT'O pacCedHUS PeHTIeHOBCKOI'O WM3JIYUYEeHUS WU
MeTOI KOMIIBIOTEPHOM PEeHTIEeHOBCKOM ToMoTpadny]

(CTeneHb OpMEeHTalMM HEIPEepHBHOM MIOPUCTOM CTPYKTYPH WU
COBMECTHO-HEIPEePHBHOW CTPYKTYPH pas3nelieHusa das)

HOpMCTHﬁ yPﬂepOHMCTHﬁ MaTepralsl WM IIpellleCTBEeHHVK IIOPMCTOI'O

yIJjiepoorcToIo MaTepHralla SaRJINUYanTCA MeXIY IJIaCTVMHKaMM IJIA

o@paSMa, n TIOJIOXEHNMA JIMHEeMHOT O MCTOUHNMEKa CuKa, o@paBHa u
IBYXMEPHOI'O IOeTeKTOopa Ppel'YyJIMPpYIRTCA TaKVM O@paBOM, dTO IIoJIydaeTCHAd
MH@OpMaHMH lole} YyIUlax praccedHnAd MEHEBIIE ueM 10 I'balyCoB s

VMCTOUHMKa PEHTI'€HOBCKOTI'O M3JIYy4YeHWA, IIOJIYHIEHHOTI'O ns3 JIMHEMHOTO

ncrouHrnka  CuKo. OTHOCUTEJIEHO  ITaHHHX  OBYXMEPHHX  M3MepeHUM,
[IOJIYYEeHHEBIX nus OIBYXMEPHOTO neTekTOpPa, rocJje BHUMCJIEHU A
HaTypaJlbHOTO JiorapudMa ero MHTEHCHMBHOCTHU, OINPemNesidonT CPpeOHKD
OCBEIEHHOCTE Ilave M300paXxeHUd B LeJIOM. 3aTeM, OINpemNelidioT pamuyc-
BEKTOpP I[IOCPEICTBOM OIpeleJieHMsA  LeHTPpaJIbHOM  TOUKM  MCTOUYHMKA
cBeTa, KOTOpasas wM3MepdeTcda OTIeJJbHO B KadecTBe  MCTOUYHUKE,
MHTEHCHBHOCTE pPacCCefAHMA B HalpaBJIeHMM pPaIuyC BEKTOp OINpemNeliaeTCHd
npr cKaHupoBaHMM oT ¢ = 0° mo 360° maramm no 1° B HaOpaBJIEHUM IO

OKPYXHOCTH . 3aTeM, OIJII KaXIoro yIiJla B HallpaBJIEHVM IIO OKPYXHOCTI,

nojiyyamoT Habop p (X, @) Touek, TIe OIPeNesIdnT MHTEHCUMBHOCTL Ha
paIuyCc-BEeKTOpe B IIOJIOXEHUM, I'Ie MHTEHCUBHOCTL PaCCeaHMS [IoJIy4JanT
Be3 BJIMSHMA TeHM, BH3BAHHOM OTI'pPaHUMUMTEJIeM IIY4UKa, IepeceKaeTcHd

OepBEM pa3 C Jlave. B3IecChb, X IMOpeAcCTaBJgeT cCoBOM pacCTOSHME OT

MCTOUHVKA BIOJIE paanyc BekTopa. urypy p (X, @), TOJIYyUYeHHYIO
IIOCPeOCTBOM IIOCTPOEHUS TIpadMKa M3 TOUeK, IIOIBepTralnT BO3IEMCTBUI
DIUINIITUYECKOM allpPOKCUMALMM C MCIOJBb30BaHMEM MeTooa HaMMEHBIIMX
KBaOpaToOB, C IIOJYYeHMeM MaJIo OoCM a M OOJIBIOoV OoCKHM b sJumicuca,
ompenmeyigad IIPY 9STOM OTHOmeHMe OoJiblad oCh a/Majlag ochk b Kkak
CTelleHb OPMEHTALMM HENPEePHBHOM IOPHMCTOM CTPYKTYPH MM COBMECTHO-

HellpepHBHOV CTPYKTYPH pasznejieHus das3. Takxe, B cJjydae, Korna
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HOpMCTBHZ yI‘J'IepO,]II/ICTBIIZ MaTepnrall MJIn IIpenqmeCTBEeHHNMK IIOPMCTOTO
yojiepoomMcToIro MaTepHrajla rMeeT BOJIOKHHMCTVYIO c]_)opMy n  IIPpOMCXOIONT
I1IOJIHOEe OTpaxeHle PEHTI'EHOBCKOTI'O M3JIydyeHnAd, SJIJINIITNYECKYIO

annpoKCUMalMio OCYHeCTBJIAKT I[IOCPedCTBOM MCKJOUeHMS p (X, @) B

nyarnasoHe +5° oOT I1IeHTpa I[IOJIOCH, BHEISEHIBAEMOM IIOJIHEIM OTpPaxXeHUeM,
TakyM o0pas30M, UYTOOH yIaJIUTh BJIMAHMUE IIOJHOTO OTpPaXeHU.

[0106]

KpomMe ToOTO, B CJydae, KOTIa HelpepHBHAS I[IOpUCTasd CTPYKTypa
MM COBMECTHO-HEIIPEePHBHAA CTPYyKTypa pasmneleHuda a3 gBJIgeTCs
HacTOJIbKO OOJIBIMOM, UYTO pachpenesjieHVMe MHTEHCHMBHOCTM pPacCesHMS He
MOXeT OBTHL I[IOJIYYeHO C TIOMOMBI MeToda MaJlIoyTJIOBOTO pacCesHUs
PEHTTEeHOBCKOTO W3JIyUeHUd, IaHHEEe TPpexXMepHHX W3MepeHUM I[TOPUCTOTO
YyTJIEPOAVCTOTO MaTepuala NI npenmecTBeHHWKA TIOPUCTOTO
YTUIEPOAMCTOTO MaTepuajia IoJIydalnT IIOCPeICTBOM MeToda KOMIILITEepHOM
PEHTTeHOBCKOM TOMOTPadmUM. OTHOCUTEJILHO MTOJIyYa eMBIX IaHHBIX
TPEeXMEPHEX W3MepeHUM, OQOopMUPYIOT K300pakeHMsd UUCIIEeHHHX CpPe30B C
TeM, UTOOH OHM MpPelCcTaBJAIM cCcoOoM HalpaBJieHVe OpTOoToHallbHOe K
OCU PpacTaxeHMda. MHOXeCTBO M300paXeHUN  IIOJIYUeHHHX  UMCJIEHHBX
Cpes30B MOABepralnT BO3OeMCTBMI IpeobpaszoBaHusa Odypbe C IIOJIydeHMUEM
OBYXMEPHHX MaHHHX paccesHMsa. OTU IOBRYXMEepHHe HOaHHHE paccesHUsd
CYMMMPYIOT C IOJIydeHMeM IaHHHX pacCesHMs, CXOIOHHX C HOaHHBMU
MeToIa  MaJIOyIJIOBOTO paccCesHMsS PEeHTI'eHOBCKOIO  UBJIyUYeHUS, u,
VCIIOJIB3Y S MHOaHHBE PacCCesaHMda B BUIEe IBYXMEPHHX NaHHHEX W3MEepeHUl,
OCYMECTBJIADT BJJIMITUUECKYD allpoKCUMalMrio. [IoJyJyalnT Majlyld OCb U
OOJIBIIYI0 OCH IMOJIYUEeHHOTO DJUIMIICMCA, M OTHOMeHMre OoJiblas oCh/Majiasd
OCh OIpenesyidoT KakK CTeleHb OpPMeHTallMM HEeIIPEepPHBHOM IIOPUCTOM
CTPYKTYPHE MM COBMECTHO-HENPEepPHBHOM CTPYKTYPH pas3nejeHus das.

[0107]

(CTPYKTYPHHM  I[IepMOl  HENPEePHBHOM IMOPUCTOM CTPYKTYPH  WIIU
COBMECTHO-HEINPEePHBHOY CTPYKTYPH pas3nejieHus das)

/3 TMOJIOBMHHOWM IJIMHE PacCTOAHMSA, COOTBETCTBYHMETro OOJbIoN
OCU WM MaJIOM OCH BJIJIUIICUCA, IIOJYUYeHHOTO TIOCPellCTBOM W3MepeHUs
CTelreHU OpMEeHTallMM HENPEPHBHOM IIOPUCTOM CTPYKTYPH WIU COBMECTHO-—
HelpepHBHOW CTPYKTYPH pas3lelieHud Gas, OINMCAHHOM BHIIe, BHUMUCIISOT

YyTOJI paccesHuUs B BuIe o00paTHOM OQOYHKUIMM OT TaHT'eHca, KOTOPHM
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BEIUMCJISIOT c MCIIOJIL 30BaHMUeM paccTosaHnsa oT oBpaszia o
U3MEPUTEJIbHOTO YyCTpoMcTBa kKak L. 06o3Hauvas YyTOJ pacCegHUus

HamopapBJleHrsS OOJIbION OCKM U YTOJ paccCesgHMd HalOpaBJIeHUMS MaJlo OCHU

kak ©Or u 0Os, COOTBeTCTBeHHO, IIOJy4YalT CTPYKTYPHEM Oepron L,
COOTBETCTBYWMUNM KaXIoOMy M3 MX HalpaBJEeHMM C I[IoOMOmb GOPMYJIH,
IIoKasaHHOM HIXE . B 2TOM cayuyae, HalpaBJleHHue MaJion ocu
COOTBETCTBYET HalpPaBJIEHMI0 OCH PaCTIKeHMI.

HampagJjieHue OOJIBIOW OCH:

[0108]
[PopMmyia 3]
L:—_’j“
2siné,
[0109]

HampaBJieHMe MaJIOM OCH:

[0110]
[Dopmydia 4]
L= _;L
2sin b,
[0111]
[[IPOUHOCTS ]

OTHOCHUTEJIEHO IIOJIYYeHHOT'O obpa3la, MaKCHUMaJlbHas I[IPOYHOCTE Ha
pa3peB IOJIydaeTCcd IIpM OJuHe obpa3ua S5 MM M IOpUM  CKOPOCTHU
pacTsxeHrsa 5 MM/MMH, UM NPOUHOCTL BHEUMCIIAETCSA [IOCPEICTBOM eJIeHUS
3Ha4deHusd, [IOJIYyUEeHHOTO TakuMmM oBpasoM, Ha HauvaJIbHyKL ILJIollalb
[IOIIEPEUYHOT'O CceueHUda obpa3la IIeplleHOUKYJISIPHYKR OCU MCCJIeOOBaHMA Ha
pacTsaxeHUe .

[0112]

[[Tpymep 1]

B pazbopHyk KoOJOy 3arpyxanT 70 T ODOJIMAKPUIOHUTPpMIIa (Mw:
150000), MPOU3BOOUTCHA Polysciences, Inc., 70 T
IIOJIUBUHUIIIIVMPPOJIUIOHA (Mw : 40000), npomseoauTca Sigma-Aldrich

Co., m 400 1 guMeTmICcyJib@okcuma (DMSO), mnpomssomuTcsa Wakenyaku

Co. Ltd., B xauecTBe pacTBOpuTensa. CMechb HarpeBawoT opu 150°C B

TeueHNre 3 JacoB Inpn InepeMelliMBaHNNM " Hal'peee Cc O6paTHbI_M
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XOJIOOMJILHUKOM c IIPUTOTORJIEHMEM OOHOPOIOHOTO u IpO3PavyHOT O
pacTBopa. KOHIEeHTpalMuM I[IOJUAKPUIIOHUTPWIIa U IIOJUBUHUINIMPPOJIMIOHA
B pacTBOpe COCTaBJIALT 13% Macc, COOTBETCTBEHHO.

[0113]

[ToJIyUYeHHEMN B pe3yJbTare KOHLEHTPUPOBaHHEM TP AOMIIb HEIN
pPacTBOp, ¥MeKnmUM KOHIEeHTpallMo IIoJuMepa 26%, oxJjaxmaeTcda mo 25°C,
3aTeM eI'o BLHCBOOOXIAT IIPM CKOPOCTM 3 MI/MUH M3 QMIILEPH C OOHMUM
OTBepCTUEM, UMelmel mouameTp oTBepcTtMs 0,6 MM, C BBeIeHMEM B
KOaTryJISUMOHHYID BaHHY C UMCTOM BOIOM, IIoOIepXkuBaeMyilo IIpu 25°C,
3aTeM OTOUpalnT IIPM CKOPOCTM 5 M/MMH M cofOMpanT B pesepByape C
IoJIydeHeM MCXOOHOT'O BOJIOKHa. IlpM yKal3aHHOM BHIIe oOllepallu,
BOBIOYIHHY 3a30p YyCTaHaBJIMBaeTCsaS OpM 5 MM, ¥ IJMHa IIOTPYXeHUS B
KOoar'yJISLMOHHOM  BaHHEe cocTaBJigeT 5 CM. I[ToJlydeHHOE  MCXOIHOe
BOJIOKHO  ABJISETCHA I[OJYIPO3pauHeEM UM I[IoIOBepraeTcad BO3IeNCTBU
pasnoejieHusa das.

[0114]

[TosryuyeHHOE MCXOIOHOE BOJIOKHO cylatT B TedeHNre 1 daca B

UVMPKYJIALMOHHOY CYNMJILHOM MamMHe, MHOoIIepXuBaeMow npu 25°C, misa
yOaJIeHVus BOXIH, I[PUCYTCTBYKIENM Ha eI'0 IIOBEepXHOCTM, a 3aTeM
NoIBepIramnT BO3IEMCTBUI BaKyyMHOM cymky opu 25°C B TeueHMe 5 UYacoB
C [OJIyUYEeHMEM BHCYIEHHOT'O MCXOOHOT'O BOJIOKHA.

[0115]

[IoJlydeHHOe BEHCYIMEHHOE BOJIOKHO BEOIAT IIPM CKOPOCTM BOJIOKHa b5
M/MUH, IpOoNyCcKanT  Uepes HEeKOHTAaKTHHM  meJIeBOM  HaTpeBaTellb,
nonmepxmpaeMer npu 90°C, ¥ HamMaTHBalT Opu ckopocTr 30 M/MMH C
[IOJIYYEeHMEM IIPOTAHYTOI'O BOJIOKHA, MMEKIeI'0 OTHOIeHMe pPacTsIKeHUH
6,0.

[0116]

3aTeMm IIPOTAHYTOE BOJIOKHO BBOOAT B SJIEKTPMUECKY I1edsb,

nonmepxmupaemMyio mpu 250°C, m HarpeBawoT 0e3 HATAXeHVA B aTMochepe
KMUCJopona B TedeHMe 1 dYaca [OJA OCYHMECTBJEHMA o0O0paboTKU MOJd
OpUOaHusa TYTOIUIABKOCTH. I[IpOTAHYTOe BOJIOKHO, KOTOpOe IIoIBepraeTcd
BO3OEMCTBML 00pab®oTkM mOJd OpMOaHUd TYyTOIJIaBKOCTHM, M3MEHSeT ILIBET

Ha qepHHﬁ, C IIOJIyUEeHMEM Inpn STOM InpenmeCTBEeHHNMKa IIOPMCTOTI'O
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yojiepoorcToIro MaTepuralla, B KOTOpOM OCymeCTRBJIIECHO IIprMoaHMe
TYT'OIIJIaBKOCTM .

[0117]

CTelleHb OopMeHTalnmn COBMeCTHO—HerepHBHOﬁ CTPYKTYPEI
PasnelJyieHnA @aB IIOJIYUYEHHOT'O IIpelmeCTBEeHHNKA IIOPpUCTOTIO

YTUIEPOOAUCTOTO MaTepuaJa cocTapejsgeT 4,05.

[0118]

HOﬂyquHHﬂ IIpelmeCTBeHHVK IIOPUMCTOI'O YIJIepOIMCTOI'O MaTeplralla
noaBepraeTcsad BO3OeMCTBUIL 00pad®oTkM KapOOoHM3aluM OPpU YCJIOBUAX

CKOpPOCTHU IIOTOKa asora 1000 MJI/MUH, CKOpPOCTHU [IOBHIIEHU A

TeMrIepaTyps 10°C/MMH, C »DOoCTWXeHMeM TeMmrepaTyps 1500°C m BpeMeHU
VIEpXMBaAHVA 1 MMHYT C IIOJIydeHUeM [IOPUCTOIO YIJIEPOIOHOI'O BOJIOKHA.

[0119]

CrelleHb OpPUEeHTaluN HeIllpepPHBHO IOPUCTOM CTPYKTYPH
[IOJIYYEHHOT'O  I[IOPUCTOI'O  YIJIEPOOHOI'O  BOJIOKHa  cocTabJjigeT 2,25,
TakXe, CTPYKTYPHHEM I[IepuOol B HallpaBJieHUMM OOJIBIOM OCKM COCTAaBJISET
49,8 HM, CTPYKTYPHHIM I[IepuOI B HalpaBJIeHMM MaJIOM OCK COCTAaBJIAET
112 HM M OOHOPOIHAaA HEIpPepHBHAaA IOpHCTasd CTPYKTypa QopMUpyeTCcd B
LeHTpaJIbHOM  YacTM  BOJIOKHA. Kpome TOTO, [IPOYHOCTB BOJIOKHAa
cocTaBjydgeT 250 Mlla. IlojslydyeHHBe pe3yJILTATH IIOoKa3aHe B Tabjiuue 1.
Kpome TOTO, choejlaHHasa C  IIOMOUBK CKaHMPYKRIEI'O  BJEeKTPOHHOTO
MUKPOCKOIIa ¢oTorpadmda MNPOOOJBHOTO CEUEHMA IIOPMCTOTO YIUVIEPOIHOTO
BOJIOKH&, IIOJIYUYEHHOTI'O C IIOMOIBI 2TOI'O IIpMMepa, IIoKa3aHa Ha omur.l.

[0120]

[[Tpumep 2]

[IlpenmeCcTBeHHUK [IOPUCTOTO YIJIEPOOUCTOI'O MaTepualla U IIOPUCTOEe
YIUIEPOOUCTOE BOJIOKHO IIOJIy4dalT TakuM Xe crocoboM, kak B IlpuMepe
1, 3a MCKIUYEHMEM TOIT'O, UYTO IIOJIYUYEHHOE BHCYIeHHOE BOJIOKHO BBOIAT

I1pm CKOpOCTM BOJIOKHa 5 M/MMH, IIPOITyCKanT dYepes HEeKOHTAaKTHHM

meJIeBOM HaTpeBaTeNb, HonmepxrBaeMelt npu 90°C, ¥ HaMaTHBAaLT I[IPU
ckopocTM 25 M/MMH C TIOJyYeHMEeM IIPOTAHYTOTO BOJIOKHA, VMEKIETO
OTHOIMEeHMEe pacTsaXeHUS 5,0. CTemneHb opueHTalnuun COBMECTHO-
HelpepHBHOV CTPYKTYPH pa3lelieHud (a3 IIOJyueHHOTO IIpenmecTBeHHUKA
[IOPUCTOTO YIJIEPOAMCTOI'O MaTepuala cocTaBJjseT 3,80.

[0121]
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CTereHb OpPMEHTAaLUN HellpepHBHOM IIOpPUCTOM CTPYKTYPEHL
[IOJIYYEHHOT'O  I[OPUCTOTO  YIJIEPOIHOT'O  BOJIOKHA  COCTaBJISAET 1,81.
Takxe, CTPYKTYPHBM I[IepMol B HalpaBJeHuM OOJIBIIOM OCKM COCTAaBJISET
48,9 HM, CTPYKTYPHBM [Iepuol B HalpaBJIeHMM MaJIOM OCK COCTAaBJIAET
88,5 HM M OIHOPOIHAsS HEIPEpPHBHAA IOopUCTasd CTPYKTYpa OQOpMHUPYEeTCH
B LeHTpaJlbHOM dYacTM BOJIOKHa. Kpome TOT0O, TIIPOYHOCTL BOJIOKHA
cocTaByageT 190 Mlla. IloJIydyeHHHE pPe3yJbTaTH I[IOoKaz3aHE B Tabiuue 1.

[0122]

[[Tpumep 3]

[lpemgmecTBEHHUK IIOPUCTOTO YIUIEPOOMCTOTO MaTepMalla M IIOPUCTOE
YTIJIEPOOHOE BOJIOKHO IIOJy4YalnT TaKMM Xe croocoboM, Kak B IllpuMmepe 1,
3a MCKJIKUYeHMEM TOT'O, UTO IIOJIydeHHOe BHCYIIEHHOE BOJIOKHO BBOIAT
IpM CKOPOCTKM BOJIOKHa 5 M/MMH, [OpPONYCKalnT uYepes HeKOHTaKTHHI
meJieBOM HaTpeBaTeslb, OoomepXxuBaeMeli opu 90°C, ¥ HaMaTHBaoOT IIPHU
ckopocTtu 20 M/MMH C TOJyUeHMeM MOPOTAHYTOTO BOJIOKHA, MMeKmeITo
OTHOIEHNE pacTaXeHUA 4,0. CTerieHb OpUEeHTaLUN COBMECTHO-
HelNpepHBHOW CTPYKTYPH pa3nejleHrsa ¢as IIOJYyUeHHOTO IIpellecTBeHHMKA
[IOPUCTOTO YIUIEPOOMCTOI'O MaTepualla cocTaBjseT 3,15.

[0123]

CTerleHb OpMEeHTalun HellpepHBHOM IIOPUCTOM CTPYKTYPEL
[IOJIYYEHHOT'O  I[OPUCTOTO  YIJIEPOOHOTO  BOJIOKHA  COCTaBJIgeT 1,409.
Takxe, CTPYKTYPHHM I[Iepuon B HalpabBJjeHUM OOJIbIIOM OCKM COCTaBJIgeT
49,8 HM, CTPYKTYPHHIM IIepMOO B HalpaBJIeHMM MaJIOM OCKU CcoCTaBJIgeT
74,2 HM ¥ OIOHOPOIOHASA HeNpephBHafA IIOPHUCTas CTPYKTypa (opMHUPYeTCH
B lLeHTpaJIbHOM dYacTy BOJIOKHa. KpoMe Toro, TIIPOUHOCTHL BOJIOKHA
cocTaBJydgeT 150 Mlla. IlojlydyeHHHE pPe3yJIbTAaTH I[IOKa3aHE B Tabiauue 1.

[0124]

[[IpuMmep 4]

[lpemgmecTBEHHUK IIOPUMCTOTO YIUIEPOOMCTOT'O MaTepMalla M IIOPUCTOE
YTJIEPOOHOE BOJIOKHO IIOJIydaKnT TaKMM Xe crnocoboM, kak B IlpuMmepe 1,
3a MCKJIUeHMEM TOT'O, UTO IIOJIyUeHHOe BHCYIIEHHOE BOJIOKHO BBOIAT
IpM CKOPOCTM BOJIOKHAa 5 M/MMH, [OpPONYCKalnT Yepes HeKOHTAaKTHHI
meJsieBOM HaTpeBaTeslk, OoOmepxuBaeMeli nopu 90°C, ¥ HaMaTHBaoOT IIPHU
ckopocTM 15 M/MMH C T[oOJdydeHMeM IMIPOTAHYTOTO BOJIOKHA, MMeEKmeITo

OTHOIeHNE pacTAaAXeHNA 3, 0. CTeleHb OpMeHTaln COBMECTHO—
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HelpepHBHOW CTPYKTYPH pa3nejleHrsa ¢as IIOJYUeHHOTO IIpellecTBeHHMKA
[IOPUCTOTO YIUIEPOOMCTOT'O MaTepualla cocTaBjseT 2,81.

[0125]

CTerlleHb OpMEeHTaluN HellpepHBHOM [IOPUCTOM CTPYKTYPEL
[IOJIYYEHHOT'O  I[OPUCTOTO  YIJIEPOIOHOTO  BOJIOKHA  COCTaBJISgEeT 1,25.
Takxe, CTPYKTYPHHM I[Iepuon B HalpabJjeHUM OOJIbIIOM OCKM COCTaBJIgeT
49,0 HM, CTPYKTYPHHIM IIepMOO B HalpaBJIeHMM MaJIO¥M OCK CcoCTaBJIgeT
61,2 HM M OIOHOPOIHAas HelpepHBHasa IIOpUCTas CTPYKTypa OQopMMpyeTcs
B lLeHTpaJIbHOM dYacTu BOJIOKHa. KpoMe TOTI'O, IIPOUHOCTL BOJIOKHA
cocTaBjadgeT 110 Mlla. IlojlydyeHHHE pPe3yJbTaTH I[IOKaz3aHE B Tabiuue 1.

[0126]

[[lpuMmep 5]

[lpengmecTBEHHUK IIOPUMCTOTO YIUIEPOOMCTOTO MaTepMalla M IIOPUCTOE
YTJIEPOOHOE BOJIOKHO IIOJy4daKnT TaKMM Xe CcrIocoboM, Kak B IllpuMmepe 1,
3a MCKJIKUeHMEM TOT'O, UTO IIOJIyUeHHOEe BHCYIIEHHOE BOJIOKHO BBOIAT
IpM CKOPOCTKM BOJIOKHa 5 M/MMH, [OPONYCKalnT Yepes HeKOHTAaKTHHI
meJsieBOM HaTpeBaTeJlk, OoOomepxuBaeMeli nopu 90°C, ¥ HaMaTHBaoOT IIPHU
ckopocTtu 10 M/MMH C TOJyUeHMeM IM[POTAHYTOTO BOJIOKHA, MMeKmeITo
OTHOIIEeHNE pacTaXeHUA 2,0. CTelleHb OpUeHTalun COBMECTHO-
HEePepHBHOV CTPYKTYPH pa3nejleHrsa ¢as IIOJIyUeHHOTO IpelleCTBeHHMKA
[IOPUCTOTO YIUIEPOOAMCTOI'O MaTepmuaJa cocTaBJjdeT 1,87.

[0127]

CTerneHb opMeHTalun HellpepHBHOM IIOpUCTOM CTPYKTYPEH
[IOJIYUYEHHOT'O IOPUCTOTO YIJIEPOIOHOTO  BOJIOKHA COCTaBJIAET 1,12.
Takxe, CTPYKTYPHHM I[IepMOI B HalpaBJeHUM OOJBIIOM OCK COCTAaBJISET
51,9 HM, CTPYKTYPHHM I[IepuON B HalpaBJIeHUM MaJIOM OCH COCTAaBJIAET
58,1 HM M OHDHOPOIOHAA HENPEpPHBHAaA IIOPHUCTAas CTPYKTypa Q(OopMHUPYeTCH
B lLeHTpaJIbHOM 4YacTu BOJIOKHa. KpoMe Toro, IM[OIPOUYHOCTL BOJIOKHA
cocTaBjydgeT 80 MIla. IlolydeHHEEe pPe3yJIbTATH IOKazaHH B Tabiuie 1.

[0128]

[CpaBHUTEJNbHEY OpuMep 1]

K 100 r 50% Macc MeTaHOJIBHOT'O pacTBopa QeHoJpe30Jia (copT:
PL2211), MPOU3BOOUTCHA Gunei Chemical Industry Co., Ltd.,
nobasjgapT 30 T noJguMMeTHIIMeTakpuiaTrTa (PMMA), npomseomuTca Wako

Pure Chemical Industries, Ltd., wm 100 1 alleToHa, M CMeChb
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repeMemmMBpanT nJjisa pacTBOpPEeHUA PMMA . [IpUTOTOBJIEHHEM pacTBOp
BEUIMBAT B YallKy, M3ITOTOBJIEHHYK M3 IOJUTETpadTOp>TUIIeHa, M CcylaT

IpY KOMHATHOM TeMIlepaType B TeueHMe 3 I»HeM. ET0O IOMNOJHUTEJILHO
cymaT B BaKyyMHOM TIeur Inpu 23°C B TeueHMe 2 QOHENW Jd YyIaJeHUd

pPacTBOPUTENII, a 3aTeM TeMIepaTypy Ieur ycTaHaBJamBaboT npu 40°C, c
mocJjenyoiel CYmKOM B TeueHMe 2 IOHeM 1OJg IIOJIHOTO YyIaJlIeHusd
pacTBopuTeNa. I[IOJIYUeHHHEM B pesyJbTaTe SHTapHHEM TBepIHl obpaszel]

bopMyT C MCHOOJB30BaHMeM (QOPMOBOUHOM MamMHEL C 37-T IIpeccoM IIpHu

naBJieHMM GopMoBaHMsa 10 K© cuiel/cM? M Opu  TeMmIepaTtype 180°C B

TeueHre 10 MUHYT C (QOPMMPOBAHMEM ILJIOCKOM IIJIACTMHE C pasMepaMu

IOJIMHa X mMpMHa X BeHcoTa = 50 v X 50 Mm x 5 mMm. OBpasell IIPpOMBEBAaKT
Ipu IepeMemMBaHMM B alleToOHe B TeueHMe 2 IOHeM IJIS IIOJIHOTO

yoaJjleHnAa KOMIIOHEHTa PMMA . SaTemM, oBpasel HarpeBalT B
CUJIMKOHUTHOM TIeuM I[IPpM IIOBBIIEHUM TeMmrepaTyps no 600°C mpu CKOpPOCTH

[IOBHNIEHMSA  TemIepaTyps 2°C/MmMH B  [OTOKe asora 1 J/MUMH U
BHIOEPXMBAKLT TIIPM DTOM  TeMIepaType B  TeUeHUe 1 wvaca nusda
OCyIeCTBJIEHUS OVpoJIM3a c IOJIyUYeHNEM obpaszua (mopucTOoTO
MaTepuasa) .

[0129]

XoTsd IOJIydeHHHM of6pasell IeMOHCTPUPpYeT HeIpPEepHBHY IOPUCTYIO
CTPYKTYPY, CTelleHb OpMeHTaluM HelpepHBHOY IIOPUCTOM CTPYKTYPH
cocrarasger 1,02, wu oOHOpOOHAas HeIpPepHEBHasA IIopUCTas CTpyKTypa
bopMmmpyeTcs B LeHTpaJlbHOM 4YacTu obpas3la. Takxe, TIIPOYHOCTHL
IIJIOCKOM  ILJIAaCTUHH cocTaBJjisgeT 40 Mla. TloJlydeHHHEe  pPe3yJbTaTH
nokasaHH B Tabmauue 1.

[0130]

[CpaBHUTEJLHEY OpuMep 2]

[IerTanTcsa IOJIYYUTE MCXONHOE BOJIOKHO IOCPENCTBOM
BHICBODOXIOEeHUS pacTBOpa, I[IPUTOTORJEHHOTO B CpPaBHUTEJILHOM IIpPUMEpPE
1, mpu ckopocT™u 3 MI/MMH M3 OWUIBEpPH C OIHVM OTBEPCTMUEM, MMEINHA
ovamMeTp oTBepcTMsa 0,6 MM OJIS BBeOeHMSA B KOaTyJISALUMOHHYK BaHHY C
YMCTOM BOIOM, MNOOIepXMBaeMyl pu 25°C, 3BaTeM ero oTOupanT IIpKU
ckopocTM 5 wM™M/MMH ¥ cob®upaiT B pes3epByape. OOHAKO MNIPAIOMOCTDb
ABJIAETCHA OUYEHb IIJIOXOM M HEeBO3MOXHO IIOJIYUMUTE CTabWMJILHOE BOJIOKHO.

[0131]
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[CpaBHUTEJLHEY OpuMep 3]

[lpeOmeCcTBEHHUK IIOPUCTOIO YIUIEPOOMCTOI'O MaTepualla M IIOPUCTOoe
YIJIEPOOHOE BOJIOKHO IIOJIydalT TaKMM Xe CclIocoboM, Kak B Ilpumepe 1,
3a VCKJIIOUEeHNEM TOTO, uTo [IOJIYUYEeHHOE BHICYIIEHHOE BOJIOKHO
IoaBepralnT BO3OeMCcTBMID 00padoTkM KapboHuMszaluum O0e3 OCymeCTBJIEHUS
pacTaxeHusa. CTeleHb OPUMEHTAlUM HelNPepHBHOM IIOPUCTOM CTPYKTYPH
[IOJIYUYEeHHOT'O IIOPMCTOTO YIJIEPOOHOTO BOJIOKHa cocTaBjadgeTr 1,01, wm
OOHOpPOIOHAasA HelpepHBHA g nopucTas CTPYKTYypPa bopmMupyeTCs B
LIeHTpaJIbHOY  YacTu BOJIOKHA . Kpowme TOTO, I[IPOYHOCTD BOJIOKHAa
cocTaBJyageT 60 MIla. IloJlydeHHEe pPe3yJIBTATH MNOoKazaHH B Tabiuie 1.

[0132]

[[lpuMmep ©]

B pazbopHyk KoOJOy 3arpyxanT 70 T ODOJIMAKPUIOHUTpMIIa (Mw:
150000), MPOU3BOOUTCHA Polysciences, Inc., 70 T
IIOJIUBUHUIIIIVMPPOJIUIOHA (Mw : 40000), npouseoaAuTCca Sigma-Aldrich

Co., m 400 1 gmMmMeTmicyJdasdokcuzma (DMSO), mnpomssomuTcsa Wakenyaku

Co. Ltd., B kauecTBe pacTBOpuTeNnsa. CMechb HaTrpepawoT npu 150°C B
TedyeHVe 3 YacCoOB IpM IIepeMellMBaHMM U HarpeBe C OOpaTHHM
XOJIOOMJIBHUKOM C IIOJIydeHMEeM ONHOPONHOTO M MIPpO3pPadHOI'o pacTBopa. B
pacTBOpe KOHLUEHTpalUuM [IOJMAKPUIIOHUTPUIIa ¥ IIOJUBUHWIINIMPPOJIUIOHA
cocTaBJalT 13% Macc, COOTBETCTBEHHO.

[0133]

[IoJIlydeHHEM B pe3yJjbTaTe pPacTBOP BHUIMBAKT Ha IIJIEHKY U3
noJauaTUIeHTepedTanaTa, C IIOCIeOyKmMUM IMIPOINyCKaHMeM uepes BOOAHYIO
BaHHY, 4YTOOH MHIOIYLUMPOBATL paslelleHMe basz, M CYIKOM Ha BO3Oyxe, C
IOoJIydeHVeM IIPpM STOM BHCYINEHHOM IJIeHKM. 3aTeM, TOJBKO BHCYIeHHasd
JleHKa  OoTcJauBaeTca C IIJIEHKM U3 [HOJMBTUIIeHTepedTanaTa, u
BEHICYIIEHHAas IIJIeHKa pacTATMBAeTCsa C IIOMOMBI MallMHE OJIS pPacTIXKeHUI
OJa IJIeHKM, CHa®OXeHHOWM anlapaToM IOJS OpMOaHuMsa WU3BUTOCTH, C
yBeJIMueHueM pasMepa B 3,0 paza B OOHOM HalpaBJIeHUM, T[IOOINepXMUBasd
Ipy STOM TeMIepaTypy BHCYIEHHOW IJIeHky npu 80°C. BrCymeHHas
IIJIeHKa rnocJe pacTaXeHUS BBOOUTCA B BIIEKTPUUECKY neysn,
nonmepxuBaeMyio npu 250°C, m HarpeBaeTcda 0e3 HaTSKeHUS B aTMochepe
KMcJjiopona B TedeHMe 1 dYaca [OJS OCYWEeCTRJIeHUsa o0O0pa®oTku OJd

IIprmoaHm4ad TYyI'OIlJIaBKOCTIH, C TIIoJIydYyeHMreM IIpM STOM IIpedlieCTBEHHNMKA
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IIOPUCTOTO YIJIEPOOUCTOTO MaTepualla, KOTOPEM M3MeHsSeT CBOM ILBeT Ha
UepHHI .

[0134]

[IOJIydeHHEM [NpeOlleCTBEHHUK IIOPUCTOTO YIJIEPOOAMCTOI'O MaTepuala
IonBepramnT BO3OeMCTBMIL 00pad®oTKM KapOOoHMB3aUUM [IPU  YCJIOBUAX
CKOPOCTH [IOTOKAa asoTa 1000 MJI/MUH, CKOPOCTHA [IOBHIIEHM A
TeMrIepaTypu 10°C/MMH, C IOOoCTMXeHMeM TeMiepaTypu 1500°C u BpeMeHU
yVOepXMBaHMA 1 MMHYTa, C IOJyUeHUMEeM INOPUCTOM yTJIEpPOIMCTOM ILJIEHKMU.

[0135]

CTeleHb OpPUEeHTalun HelpepHBHOM IIOPUCTOM CTPYKTYPH
IIOJIYUEeHHOM TIIOPUCTOM YTJIEPOIUCTOM IIJIEHKM cocTabjseT 2,04. Takxe,
CTPYKTYPHHV TepMOO B HalpaBJeHUM OOJIBMOM oCU cocTabjsgeT 51,4 HwM,

CTPYKTYPHEM IIepMOod B HalpaBJIeHUM MaJio ocu cocTabByasgeT 104,8 HM u

OOHOPOIHAA HelpephHBHAA nmopucTas CTPYKTYPa bopMupyeTCHa B
LeHTpaJlbHOYM dYacTu IJIeHKM. I[IoJIyueHHHEe pPesyJbTaTe I[IOKas3aHH B
Tabmuue 1.

[0236]

[MIpuMmep 7]

[IpenmecTBEeHHUK IIOPUCTOTO YIJIEPOIMCTOTO MaTepuajla UM IOPUCTYIO
YIJIEPOOHYID IJIEHKY II0JIyYalnT TaKuM Xe crnocobtoMm, kak B Ilpumepe 6,
3a UCKJIOUeHMeM TOTO, UTO OTHOMeHMe pacTaxeHusa cocTaBJsgeT 4,0.

[0137]

CTerneHb OpMeHTalNuN HelpepuBHOM IIOPUCTOM CTPYKTYPE
IIOJIYUEHHOM IIOPUCTOM YIJIEPOIMUCTOM IIJIEHKM cocTaBJjsgeT 2,43. Takxe,
CTPYKTYPHEM IIepPMOI B HalpabJleHuM OOJILIOM OCKH cocTaBJjsgeT 45,5 HwMm,

CTPYKTYPHEM IIepMOd B HalpaBJIeHUM MaJlo ocu cocTabBjygeT 110,6 HM U

OOHOPOIHAA HelpepLHBHASA mopucTas CTPYKTYPa bopMupyeTCcsa B
LIeHTpaJlbHOY dYacTu IJIeHkM. I[IoJIyudeHHHEe pPes’VJbTaTh I[IOKaB3aHHB B
Tabmuue 1.

[0138]

[[lpuMmep 8]

[lopucToe YIJVIEPOOMCTOE BOJIOKHO, IIOJYUeHHEHe B IlpuMepe 1,
paspesanT Ha OTPe3KM IOJIMHOM 5 MM MJIM MeHBIle, M3MEeJbUalT C
UCIIOJIb30BaHMEM MapOBOM MEJILHMLE M IPOCeMBaiT C IIOMOMBI CeTUaToTo

bnuneTpa u3 HOpoBoJioku 40 Mem, cobupasd BeleCTBO, IIPOIIelee Uepes
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dMILTP, C HOJYyYeHMeM IIPpYM 2TOM IIOPUCTOTO YIUIEPOOAMCTOTO MaTepuala,
uMepmero GopMy dYacTHll.

[0139]

CpeIHVM OMaMeTp YacTHUll OJIA I[IOJIYUYEeHHHX IIOPUCTHX YIJIEPOOMCTHX
yacTul, cocraBjggeTr 30 wMrM. Takxe, oTOMpamnT OOHY M3 [IOPUCTHX
YIJIEPOAUCTHIX UYaCTUI UM MBMEpPST CTeleHb OPMeHTallMM ee HellpepHBHOM
[IOPUCTOM CTPYKTYPH, M, kKak oOHapyXeHO, OHa cocTaBjigerT 2,24,
Kpome TOTO, CTPYKTYPHEI  IIepMOol B  HalpaBJieHUM  OOJILIOM  OCH
cocrarygeT 49,3 HM, CTPYKTYPHHM IIepMOI B HalpaBJeHUM MaJIOM OCU
cocrarJygeT 110,4 HM ¥ oOOHOPOOHAaS HeNpepHBHAas IIOPUCTAas CTPYKTypa
bopMMpyeTca B LeHTpalJlbHOM YacTM uYacTull. IIoJIyUeHHHEe pe3yJibTaTh
Ioka3aHe B Tabimue 1.

[0140]
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Tabmuua 1
CpasH. Cpash. Cpash.
ITyHKTBI En. TIpumep 1 | Ilpumep 2 | Ilpumep 3 | Ilpumep 4 | Ilpumep 5 IIpumep 6 | Ilpumep 7 | Ilpumep 8
npumep 1 npuMep 2 npumep 3
Kapbouusu- (penon- (peHoT-
-- PAN PAN PAN PAN PAN PAN PAN PAN PAN
pyemas cMoa peson pe3oa
VYcerpansemas
-- PVP PVP PVP PVP PVP PMMA PMMA PVP PVP PVP PVP
cMoJa
KapOouusu-
pyemas o
(%]
cMomna/ 50/50 50/50 50/50 50/50 50/50 63/37 63/37 50/50 50/50 50/50 50/50
macc
ycTpansieMas
cMoIa
Hamus u
(dopmo- [psinenne
Cnoco0
-- Ilpsanenune | Ilpsaacaue | Ilpancame | Ilpsamenume | IlpancHue BAHHE Ilpsanenue | IlpsaacHue Hanus Hanus H U3MEIb-
(popmMoBaHUA
MPecco- YCHHUC
BAHHCM
ITnockas
dopma -- BomoxHO BosoxHO Bonokno BosokHo BousoxHO Bonokso BosokHo Ilnenka Inenka Yactuust
IUTIACTHHA
Ot6op Heso3zmo-
-- Bosmoxker | BosmoskeH | BosmoxxeH | Bosmosken | Bosmoxen | Bo3moxkeH Bosmoxen | BosmoxkeH | BosmoskeH | Bo3moskeH
00pasuos JKCH
OrHomicHUE
-- 6,0 5,0 4,0 3,0 2,0 -- -- -- 3,0 4,0 6,0
pacTsHKCHUA
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Crencup
OpPHCHTAIHH
HETIPEPBIBHOM

MOPHCTOH

CTPYKTYPBI

2,25

1,81

1,49

1,25

1,02

1,01

2,04

2,43

2,24

CTpyKTypHBIH
MCPHOT B

HANPaBJICHUH
6omb1I0l OCcH
HETPEPBIBHOM

MOPHCTOH

CTPYKTYPBI

HM

49,8

48,9

49,8

49,0

51,9

103

58,2

51,4

45,5

49,3

CrpyKTypHBIH
MEPHO B
HAIPABJICHHH
MAJIOH OCH
HETIPEPBIBHOI

MOPHCTOH

CTPYKTYPBI

HM

112

88,5

74,2

61,2

58,1

105

58,8

104,8

110,6

110,4

IIpounocTh
TIOPUCTOTO
yIIepo-
JIUCTOTO

Marepuana

MIla

250

190

150

110

80

40

60
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$OPMYJIA MBOEPETEHNA

1. TIlopuCTelM YIJIEPOOMUCTHY MaTepyuall, MVMeKIUY HEIPEepPHBHYI
IIOPUCTYI CTPYKTYypPY, IO MeHbIeM Mepe, B eI'0O dYacTy, B KOTOpOu
HellpepHBHASL nopucrTas CTPYKTYPa VMEEeT CTelleHb OpMeHTalun,
MBMEpPeHHY c IIOMOIIBIO MeTOma MaJIOyTJIOBOTO paccesHud
PEHTTeHOBCKOTO MBJIYUeHUS WJIM MeToHma KOMIILIOTEPHOM PEeHTI'eHOBCKOM
ToMOTpadum, paBHyL 1.10 miam OoJblie.

2. TlopuCTHM YTJIEPOOMCTEM MaTepuaJ o O.l1, T'Ie CTPYKTYPHHM
Iepron B HalOpaBJeHUM ee OOJIBIIOM OCKM COCTaBJIgeT OT 5 HM OO 5 MKM,
Y CTPYKTYPHBM [epron B HalpaBJIeHUM ee MaJlo¥ oCu cocTarjsgeT no 10
HM no 20 MKM.

3. TOpUCTHM YTJIEPOOIUCTHM MaTepMal 0O O.l1 win 2, uWMelmlui
IIJIOTHHEI CJIOM, IO MeHBIel Mepe, Ha YacCTM eT'0 IIOBEPXHOCTHU.

4. KOMIIO3UTHHM MaTepual, apMUPOBaHHEM YTJIEPOONCTEM
MaTepuraJioM, KOTOPHMN noJydanT IOCPenCcTBOM OOBeIMHEeHU S B
KOMIIOZUILIMI [IOPUCTOTO YIJIEPOOMCTOTO MaTepualsa IO JodoMy M3 Hmo.l1-3
CO CMOJIOM!.

5. TlopUCTHM YIUIEPOOMCTEM MaTepMaJ IO JwboMy M¥3 Omn.l-3,
KOTOPEM HaxoOUTCH B GopMe BOJIOKHA.

6. IlopuUCTEHM VYIJIEPOOMCTHM MaTepual o JodboMy w©3 0Omn.l-3,
KOTOPHM HaxOoOUTCS B GopMe IIJIEHKHU.

7. TopUCTHM YTUIEPOOMCTHM MaTepuaJ I[Io JwboMy M3 mom.l-3,
KOTOPEM HaxXoOUTCHa B GopMe uacTUII.

8. TIOPUCTHEM YIJIEPOAMCTHY MaTepuas IIo TII.5, TIOe acleKTHoe
OTHOIEeHUE, BHUMCJIEHHOE KaxK  IOJuHa BOJIOKHAa/IMaMeTp  BOJIOKHA,
COCTaBJIAEeT 2 WIM OOJIbIIe.

9. Crnocofb mnojydyeHUA OpedmecTBEeHHMKAa NOPUCTOTO YIUIEPOAMCTOTO
MaTepualsa, BRIOUAINN

cramuio 1: CcTamuio, Ha KOTOpoM KapboHM3MpyeMas CMoJia WU
yCTpaHsgeMasa CMoJla MOIPpUMBOIOATCS B COCTOSHME COBMECTMMOM CMecu C
IOJIydeHVEeM CMeCU CMOJI;

crTamuio 2: CTaIui, Ha KOTOPOM CMecCh CMOJI, IIOJIydeHHasd Ha
cranuu 1, dopMyeTcCsa M HNOOBepTaeTCs BO3OEMCTBMK pas3melleHud das, C
IOJIyUYEeHNEM opu 3TOM MaTepuala IpellleCTBEHHUKE, VMEeKIeTo

COBMECTHO—HEIIPEPHEBHYID CTPYKTYPY pPasOeJIeHUA (1)8.3,' u
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cramuio 3: CTaOMil, Ha KOTOPOM MaTepuall IIpedleCTBEHHUK,
IIOJIYUEHHE Ha CTaIuM 2, IHOIBepraeTcsa BO3OEVMCTBUI PACTIXEHMUI.

10. Crioco6 [IOJIYYEeHU g npenecTBEHHMKA IIOPUCTOTO
YIJIEPOOUCTOTO MaTepuaJa o 1.9, 1ne, Ha crazuu 1, or 10 mo 903
Macc KapboHM3MPYeMoM cMOJIH M oT 90 mo 10% Macc yCcTpaHSeMOM CMOJIH
IPUBOOATCS B COCTOSHME COBMECTHMMOM CMeCH.

11. Crioco®6 IOJIYUYEeHU S IpenmecTBeHHUKA IIOPUCTOTO
YyIJIEPOOMCTOTO MaTepuajla 1o n.9 wim 10, Ioe, Ha cTagum 3,
pacTsSKeHMe OCYmMEeCTBJISeTCAd MHOXECTBO pas.

12. Crioco6 MOJIYYEeHU S npenmecTBEeHHMKA MIOPUCTOTO
YIJIEPOOMCTOTO MaTepuasa oo JwodoMy M3 0Or.9-11, OONOJHUTEJIBHO

BRJIOUAKIKM CTaIML YIOaJIeHUI YCTpaHHeMOﬁ CMOJIEI TIOCJIE CTamusa 3.

13. Cmooco® TMOJYy4YeHMS IOPUCTOTO YIUIEPOIMCTOTO MaTepuala,
BKJIIOUY AOMMNM ¢
cramuio 1: CcTamMio, Ha KOTOPOM KapOOHMBMPYyeMas CMoJla Wu

yCcTpaHsgeMas CMoJia IMPUMBOOATCS B COCTOSHME COBMECTHMMOMW CMecu C
IIOJIydeHVEM CMeCHU CMOJI;

cramuio  2: CTaIui, Ha KOTOpPOM CMeCh CMOJI, IIOJIydeHHasd Ha
cramuu 1, dbopMyeTCsa M HNOOBepraeTCs BO3OEMCTBMK pas3nejleHusa das, C
IoJIydyeHreM pu 3TOM MaTepuasa IpenmecTBeHHUKA, MMene o
COBMECTHO—HEIIPEPEBHYID CTPYKTYPY pa3s3nejeHus das;

cTamiuio 3: CTagMio, Ha KOTOpOo¥ MaTepualJ [OIpellleCTBEeHHUK,
IIOJIYUYEHHH Ha CTaIuM 2, IIOIOBEepTaeTCcs BO3IEMCTBMI PAaCTIKEHUS C
IIOJIYYeHVEM IIpellleCTBEeHHUKAa [IOPUCTOTO YIJIEPOOMCTOTO MaTepuaia; u

cramuo 5’ : cramnuio obpaboTkM  KapOoHM3ALUM, B KOTOpOM
IpelmecTBeHHVK TIOPUCTOTO YIJIEPOOMCTOTO MaTepuala, IIOJIyUeHHBM Ha

cramyy 3, KapOOHMU3MPYeTCHd M yCTpaHgeMasd CMOJia yoaJiseTcsa M3 HeTo.

14. Cmooco® TMOJYYeHMS IOPUCTOTO YIUIEPOIMCTOTO MaTepuala,
BKJIIOU AN ¢
craguio 1: cTamMio, Ha KOTOpOM KapbOoHMBMpPpYeMas CMoJia Wu

yCcTpaHgeMas CMoJla IPUBOOATCS B COCTOSHME COBMECTHMMOM CMeCUu C
IIOJIYYeHMEeM CMeCU CMOJI;

cTamMio 2: CTaOMio, Ha KOTOpPOM CMech CMOJI, IIoJIyueHHas Ha
crTamumu 1, dopMyeTcsa M IIOOBepraeTcsa BO3IEMCTBUIO pasmesjieHrus das, C
IoJIyUeHreM Ipu 5TOM MaTepuasa IpenmecTBeHHNKA, VIMenIeTro

COBMECTHO-HEPEPHBHYID CTPYKTYPY pasnejieHus das;
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cramuio 3: CTaOMil, Ha KOTOPOM MaTepuall IIpedleCTBEHHUK,
IIOJIYyYeHHEM Ha CcTamguu 2, [OoOBepraeTCHad BO3OEMCTBUIL PacCTIXKEeHUS C
IIOJIyUEeHMEM IpellleCTBEHHUKA IIOPUCTOTO YIJIEPOOUCTOTO MaTepuala;

cramnuio 4: CcTaguio, Ha KOTOPOM yCTpaHseMas CMoJla yhallseTcsa U3
IpeldlleCTBEHHVKA I[IOPUCTOTO YIJIEPOIMUCTOTO MaTepuala, [IOJYYeHHOTO
Ha cTamouu 3; u

cTanuio 5: CTanuo oBbpaboTKU KapboHM3alUuu, Ha KOTOpOM

IIpemeCTBEeHHNUK IIOPUCTOTO YIJlepoorMcTOoIoO MaTepHralla nus KOTOpPOTIO

yoaJjieHa yCTpaHaeMad cMoJia, TIOJIYUYEeHHEIM Ha CTamun 4,
KapBOHUBUPYETCI
15. [MpenmecTBEHHUK IIOPUCTOTO YIJIEPOOUCTOTO MaTepurala,

VMeMMY  COBMECTHO-HEeIIPEePHBHYID CTRPYKTYPY pasmejeHus das, 1o
MeHble¥ Mepe, B €TI0 dYacTu, B KOTOPOM COBMECTHO-HeIllpepHBHAaSL
CTPYKTypa paslelleHrMsa (a3 MMeeT CTelleHb OpPpMeHTallMM, W3MEPEHHYK C
[IOMOIBI MeTOoOa MaJIOyIUIOBOTO pPacCedHMS PeHTIeHOBCKOTO WM3JIyUeHUS
MM MeToIa KOMILITEpHOW PeHTIeHOBCKOM ToMmorpadum, paBHyL 1,10
MM ©OOoJIblle .

I[Io DOBEPEeHHOCTU
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