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Tema paboThl:

HccnenoBanue CTPYKTYPbI M CBOMCTB KOMIIO3UIIMOHHOT0 MaTepuasa Ha ocHoBe CBMIID n

yacTul kapouaa 6opa, u3rorosiaensoro merogom CIIC

Yr1BepxkaeHa npukazoM aupekropa MIITHIIT [Tpuka3z Ne57-54/c ot 26.02.2021
CpoK cauu CTYJICHTOM BBIMIOJTHEHHON paOOTHI: 14.06.2021
TEXHUYECKOE 3AJIAHUE:
Hcxoanbie naHHbIE K padoTe HccnenoBanue  CTpyKTypsl UM CBOMCTB

KOMITO3UIITMOHHOTO MaTepuana Ha ocHoBe CBMIID u
4acTUIl KapOuma Oopa, HM3rOTOBIEHHOTO METOJIOM
HCKPOBOTO TJIa3MEHHOTO CIIEKAHUSI.

Ilenp pa®oOTBl — SKCIEpUMEHTANbHAS OIEHKa
BIUSHUS U ONTUMU3ALUA COJEpKaHus J100aBKU Ha
CTPYKTypHBIE  CBOHMCTBA M  TPUOOJIOTHYECKHE
XapaKTepUCTHKU Kommo3uTa Ha ocHoBe CBMIID n
yacTHI] Kapouaa 6opa.

B kauectBe oOBekTa wucCieIOBaHHUS OBLI
BBIOpaH KOMIIO3MIIMOHHBIA MAaTepWJI Ha OCHOBE
CBEPXBBICOKOMOJIEKYJISIPHOTO TIOJIUATUIICHA U YaCTHIL

KapOuaa 6opa.




IMepeyens momIe:kanmux uccaenoBanu, | 1.  JluteparypHsbIil 0030p C ETBIO PACCMOTPEHHS
NMPOEKTHPOBAHUIO " pa3pabdoTKe | UMCIOIIUXCS TOCTHKCHUH HAYKH TEXHHUKH B 00J1aCTH
BOIIPOCOB MOJMMEPHBIX  KOMITIO3UIIMOHHBIX MAaTepUAJIOB Ha
ocHoBe CBMIID u pa3nuyHbIX HANOJIHUTENEH;

2.  TlocraHoBKa 3a7a4 UCCIIEIOBAHUS;

3. TlomroroBka o00pa3moB s TPOBEACHUS
HCCIICIOBAHMS,

4. MHccnenoBaHue  CTPYKTYphl M CBOWCTB
KOMIIO3HUTA;

5. O06paboTka MoMy4YeHHBIX JAHHBIX;

6. OOcyxueHue, O0OBACHEHHE  pE3yJbTaTOB
BBINIOJIHEHHOHN paboThI;

7.  3akmoueHue 1o padore.

KoncynabTaHThI 10 pa3aenaM BbIIYCKHON KBATH(UKAIMOHHOH padoThI

Pasnen KoncyabTanr

DUHAHCOBBII MEHEHKMEHT
pecypcorhPpeeKTUBHOCTD u | U.B. Kamyk, nouear OCI'H IIBUIT
pecypcocOepekeHne

ConuansHas OTBETCTBEHHOCTD JILA. CkaukoBa, crapumuii npenojaatens OO/ IIIBUIIT

Pa3nen na nnocrpannoM si3sike | H.B. Jlembsinenko, crapmmii npenogasarens OV IIBUIIT

Ha3Banus pa3iesioB, KOTOpbIe J0JKHbI ObITH HANMCAHBI HA PYCCKOM U HHOCTPAHHOM
SI3BIKAX:

Paznenbl Ha pyccKOM sI3bIKE: MOJUMEPHBIE KOMITO3UIIMOHHBIE MaTepuansl Ha ocHoBe CBMIID u
HATMOJIHUTENIeH; MaTepuaabl W METOJUKU UCCIECJOBAHHM;, pe3ynbTaThl U HUX O0O0CYXIEHUE;
(UHAHCOBBIH MEHEDKMEHT, pecypcod((PeKTUBHOCT, U  pecypcocOepekeHne; CcolfalibHas
OTBETCTBEHHOCT.

Paznen na anrmiickom sizeike: Polymer composite materials based on UHMWPE and fillers
(Pazmen 1)
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PE®EPAT

Brimycknas kBanudukanmonHas padora 140 c., 27 puc., 29 Tabin., 108 ucrounuka, 1 npwui.

Kntouesvie cnosa: KOMIIO3UT, CBEPXBBICOKOMOJIEKYJISIPHBIA IOJNMATUIICH, KapOupa Oopa,
HCKPOBOE TUIa3MEHHOE CIIEKaHHUe, KPUCTAJUTMYECKasi CTPYKTypa, TPUOOJIOrHUECKUE CBOICTRA.

Obvexmom uccredosanus A61A0mMcs 00pasbl U3 KOMIIO3UIIHOHHOTO MaTepuiia Ha OCHOBE
CBMIID u vactui kapouaa 6opa, noaydennsie Mmerogom CIIC.

Llenv pabomur — 3KCIEPUMEHTAJIbHAS OLIEHKA BIMSHUA U ONTUMU3ALUS COAECPKAHUSA JOOaBKU
Ha CTPYKTYpPHBIE CBOMCTBA M TPUOOJIOTHYECKHE XapaKTEPUCTUKU Komro3uTa Ha ocHoBe CBMIID u
4yacTull Kapouaa oopa.

B npoyecce uccreoosanus npogoounucsy aHaINTUUECKUN 0030p JINTEpaTyPHBIX UCTOYHUKOB,
IIOCBSIIEHHBIX COBPEMEHHOMY COCTOSIHUIO KOMIIO3MLIMOHHOrO Martepuana Ha ocHoBe CBMIID
pa3IMYHbIX HAIOJHUTENICH; OLIEHKA BJIMAHUS TEMIIEpaTypbl CIEKaHMsA, COJEpXkAaHUA U pa3Mepa
YaCTHULl HAIIOJIHUTEIIS HA CTPYKTYPY U CBOMCTBA MCCIEAYEMOr0 KOMIIO3UTA.

B pezynvmame uccneoosanus ycmanogéneno, 4to 100aBIE€HUE YaCTHULL HATIOJHUTENS B MaTPULLY
n3 CBMIID nipuBOUT K CyIIECTBEHHOMY M3MEHEHUIO CTPYKTYPhI U CBOMCTB MaTepHUara.

OcHoBHble ~ KOHCMPYKMUBHblE,  MEeXHOoJI02udecKue U  MexHUKO-9KCNIyamayuoHHbvle
Xapakxmepucmuku. TOKa3aHO, YTO KOMIO3UIMOHHBIM MaTepuan Ha ocHoBe CBMIID u wactun
Kapoua 60pa 1EeMOHCTPUPYET MOBBIIICHHBIE MEXaHUYECKHUE U TPUOOJIOTHUYEeCKHEe CBONCTBRA.

Cmenens eneopenus: HUP.

Obnacmo npumeHeHus: MaTcpualibl TpI/I6OT€XHI/I‘-I€CKOI‘O Ha3HA4YCHUA, YAapOIIPOYHBIC
MaTCpuraJbl.

OKoHoMuueckas 3¢hekmusHocmsb/3HauumMocms pabomsl’. TOBBIIICHHBIE MEXaHUYECKHE U
TPUOOJIOTUYECKHIE CBONCTBA KOMIIO3UITMOHHOTO MaTepuana Ha ocHoBe CBMIID u wacTuil kapouna,
Mo cpaBHEHUIO ¢ oOpasmamu u3 uucroro CBMIID, mo3BoisIT yBETWMYUTH MPOIOTKHTEIHLHOCTH
AKCIUTyaTaluy U3JETUH.

B oyoywem nnanupyemcs: noOutbesi 0ojiee OTHOPOMAHOTO pPACTpEETICHUST HAIOJHUTENS B
o0beMe MaTpHIbl, TOBBICUTH AATE3WI0 B 30HE KOHTAKTa MATPHUIBI M HAMOJIHHUTENS, MPOBECTH
YIapOIIPOYHBIE UCIIBITAHUS.



COKPALIEHUA

IIKM - ITosrmepHbIi KOMITIO3UIIMOHHBIN MaTepual
CBMIID — CBepXBbICOKOMOJIEKYIISPHBIN MOJIUITUIIEH
IIIBII — [TonuaTHIIEH BBICOKOU MIIOTHOCTH

II9HII - [TonusTUIEH HU3KOM MIJIOTHOCTH

CIIC - HckpoBoe mia3MEeHHOE CIIEKaHUE

YHY — YriepoaHbie HAHOYACTHUIIBI

YHT — YrnepoaHbie HAHOTPYOKHU

YHB — Yrneponsasie HAHOBOJIOKHA

MYHT — MHorocTeHHbIe yTIIepOoaHbIC HAHOTPYOKH
I'AIl — 'mppoxkcuanaTut

P®A — Pentrenoda3oBblii aHau3

OKP — O61actb KOTepeHTHOT'O PACCEUBAHMUS

CIM - Cxanupyromas 3JIEKTPOHHAs MUKPOCKOIIHS
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BBEJAEHHUE

OOmactp pa3BUTUS MaTE€pPUATOBEICHUS, CBSI3aHHAs C [OJUMEPHBIMU
koMmro3unimonHbiMu Matepuanamu ([IKM), B Hacrosiiiee Bpemsi MpHUBIIEKaeT BCE
OoJibIlIee BHUMAHUE CO CTOPOHBI HAYYHOT'O COOOIIECTBa, KOTOpOE pabdoTaeT Haj
CO3JaHMEM HOBBIX (DYHKIMOHAIBHBIX MaTepuayioB. bnaromapss Habopy
cnenuUYecKuX CBOMCTB, TMOJUMEPHbIE KOMIIO3UTHI BCE 4Yalle BBITECHSIOT
TpaJMLIMOHHBIE MaTepuaibl, TaKME KaK METaJlIbl, KEPaMUKH, HE3aIllOJHEHHbIE
nonumepsl. OAHUM U3 MEPCIIEKTUBHBIX MATPUYHBIX MATEPUAJIOB ISl TOJIUMEPHBIX
KOMITO3UTOB SIBJIIETCSI CBEPXBBICOKOMOJIEKYJISIpHBIN nonusTuiieH (CBMIID).

CBMIID — »3TO TEXHHYECKMU MOJUMEpP, KOTOPBIM OTJIMYAETCA OT
noudTHIIeHa BeicOKOM TmoTHOCTH ([I9BII) Gosiee BEICOKOH MOJICKYJISIPHOM Macco
u quHod nenu. CornacHo MexIyHapoAHOW OpraHM3aldy MO CTaHJapTU3aLUU
(1SO), CBMIID umeeT MOJIEKYJISIpHY IO MAacCy HE MeHee | MIJUTHOHA TpaMM Ha MOJTh
U creneHb noaumepusanuu 36000 [1]. M3BectHo, uto cBoiictBa CBMIID B
OOJIBIIICH CTETIEHU 3aBUCAT OT MUKPOCTPYKTYPBI, @ HE OT MOJIEKYJIIPHOI Macchl [2].

CBMIID obnagaeT HAOOPOM YHHUKATBHBIX (PU3MKO—MEXAHUYECKUX CBOMCTB,
TaKuX KaK BBICOKAs MPOYHOCTH U yAapHas BI3KOCTb, HU3KUM KOA(PIUIIMEHT TpeHuUs,
BBICOKAsI U3HOCOCTOMKOCTh, XUMHUUECKasA CTAOMIBHOCTh, OMOCOBMECTUMOCTh. JTO
no3BoJigier wucnojibzoBatb CBMIID B kauecTBe warepwia [Jsi 3JIEMEHTOB
OAJTMCTUYECKON 3aluThl (LIEMbI, OpOHEXWJIEThl), CHOPTUBHOIO WHBEHTAPs
(JTbDKH, CHOYOOP/IBI), AeTaNIeH, TIOJIBEPKEHHBIX TTOBBIIIIEHHBIM YIapPHBIM Harpy3Kam
U HMCTUpPAHUIO (LIECTEpHU, HANPABISIONIME), B MEIUIMHE [JIs H3TOTOBIEHUS
MCKYCCTBEHHBIX UMITJIAHTATOB (IIAPHUPHBIN HAKOHEUHUK CYyCTaBOB).

B Hacrosimiee Bpems BeayTcs pabOThl B HAMpaBlICHUU JalTbHEHIIETO
YIIy4IIEHHUs] MEXaHUYECKUX U Tpubosornueckux xapakrepuctuk CBMIID. Ognum
u3 HamboJee MEePCIEKTUBHBIX METOAOB MOBBIMICHUS IKCIUTYyaTAIIMOHHBIX CBOMCTB
ABJISIETCS apMHUPOBAHUE MOJIMMEPHON MATPHUIbI PA3IUYHBIMU JUCIEPCHBIMU WIIU
BOJIOKHUCTBIMM ~ HamoJHUTENAMH. Mcmonbs3yss pasiauyHble HEOpraHUYecKue

HAI10JHUTCIIN, MOXHO CJICHAIIPAaBJIICHHO HU3MCHSATH ITPOYHOCTHBIC nu
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dbyHKIIMOHANIBHBIE CBOMCTBA. OIHUM W3 MEPCIEKTUBHBIX HanojgHutenen st [IMK
ABJISIETCS KapOua O0opa, KOTOphIi 00J1ajiaeT BICOKON TBepaocThio (10 50 ['Tla) u
HU3KOH yensHoM Maccoii (2,52 r/em®) [3].

Ilens paboOThl — HSKCHEpPUMEHTANbHAS OIICHKA BIUSHHUS W ONTHUMHU3AIIUS
colepkaHusi JA00aBKM HA CTPYKTYpHBIE CBOWCTBA M TpUOOJOTHYECKUE
XapaKTEpPUCTHKU KoMIto3uTa Ha ocHoBe CBMIID u wactui kapOuna 6opa.

3anmauu paboTHI:

1. UCCJIE/IOBaTh BJIUSHHUE TEMIIEPATyphl CIIEKAaHWS Ha IUIOTHOCTH U
TBEpAOCTh 00pa3noB u3 yuctoro CBMIID u komno3utoB Ha ocHoBe CBMIID ¢
Pa3IUYHBIM COZEp>KaHUEM YacTHIl kapouma 6opa 25, 50 u 75 06. %;

2. UCCIIEIOBAaTh BIUSIHUE pa3Mepa YacTHUIl HAMOJHUTENS Ha TIJIOTHOCTh U
TBEPJIOCTh KOMIIO3UIIMOHHOTO MaTepuaia Ha ocHoBe CBMIID c¢ conepxanuem
gacTull kapoua 6opa 75 %;

3. OIICHUTH BIIMSHUE TEeMIEpaTypbl CIeKaHUs Ha (A30BbIM COCTaB U
napaMeTpbl KPUCTAUTMYECKON CTPYKTyphl 00pasmoB u3 uucrtoro CBMIID u
KOMIIO3UTa ¢ cojiepkaHueM kapouaa 6opa 50 %;

4, UCCIIEIOBATH BIUSHUE COJICPKAHUSI HATTOJTHUTENSI HA TPUOOJIOTUUECKUE
XapaKTEPUCTUKN KOMIIO3UIIMOHHOrO Marepuaiia Ha ocHoBe CBMIID u wyactun
KapOuja 6opa;

S. MPEJOCTAaBUTh MPAKTUYECKUE PEKOMEHIAIMU MO0 HCIOJIb30BAHUIO

pe3yJIbTaTOB MaruCTEPCKOM JUCCEPTALIUH.
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1. TMOJUMEPHBIE KOMITIO3UIIMOHHBIE MATEPUAJIBI
HA OCHOBE CBMIID U HAITIOJIHUTEJIEHA

1.1 CrpykTypa, cBOiicTBA M 00,1ACTH PUMEHEHUS

CBEPXBBICOKOMOJICKYJSAPHOI'O ITOJTUITHIICHA

[TonmwaTHNeH SBASETCA OJHUM U3 CaMbIX IIPOCTBIX  YTJIEBOJOPOIHBIX
noJiMMepoB.  MoJieKylia  MOJUATHIIGHA  MPEJCTaBIseT  CcOOOW  JIMHEWHO
noBTopsitoruiics Mmonomep (-CH2-), e cBsA3uM MEexXIy aTOMaMH yriepoi-yriIepos
(C-C) u yraepon-sogopon (C-H) sBnstoTCS KOBAJIGHTHHIMH M OCHOBAHBI Ha Sp3-
THOpUIU3AIMK YTJIEPOJAHBIX BaJICHTHBIX JJIeKTpoHOB. Jlimua cBsizu C-C paBHa
1,55 A, nnuna ceasu C-H pasna 1,09 A, yron nsru6a cessu C-C-C cocrapiuser
112 °, yron wusrumba cessu H-C-H cocraBmser 108 © [5, 28]. Tunuunas
«3Ur3aroodpasHas» TpaHc-KoHpopMalys MOJIEKYJIbl TOKa3aHa Ha pucyHke 1. Takoe
MPOCTPAHCTBEHHOE PACIIOJIOKEHUE aTOMOB B MOJIEKYJI€ TMOJUATUIICHA SIBJISIETCS
HamOoJiee cTaOUIIBLHBIM, HO HH3KOE CTEPUUYECKOe 3HaueHWEe (PHEPrusl aKTUBAIIUH,
npuMepHo 12 k/[/M0Jb) MO3BOJSET YACTSIM MOJIEKYJIbI JETKO BpalaThCsi BOKPYT
ocu C-C. CBs3p MEXIy COCETHUMH MOJICKYJIAMH OCYIIECTBIIACTCS Tropasio Oosee
cnadbiMu Ban-nep-BaanbcoBeiMu cunamu (~1/30 OT cuiibl KOBaJIEHTHOM CBSI3H) B
pe3yibTaTe HHIYITUPOBAHHBIX JTUITOJIBHBIX MOMEHTOB MEKy COCCAHUMHU aTOMaMH.
Craboe MEeKMOJICKYJISIPHOE B3aUMOJICHCTBHE TIO3BOJISICT MOJICKYJIe U3rudathes [S].

B mnpomecce kpucrammzanuu U3 paciviaBa B TMOJUAITHICEHE 00pasyercs
MIPEUMYIIIECTBEHHO OPTOPOMONYIECKAs IPOCTPAHCTBEHHAS PEIIETKA C IMapaMeTpaMu
aneMeHTapHou stueiikn: a=0,742 um, b=0,495 am, c=0,255 am (pucynok 1). Taxxke
BO3MOXKHO 0Opa3oBaHUE HJIEMEHTAPHON SYEHKU KPUCTAIUTOB TOJHMATHIICHA C
MOHOKJIMHHOW CHHTOHHUEH, KOTOpas SBISICTCS METAacTaOWIbHOW, OHAa WMEET
napametpel: a=0,809 uMm, b=0,253 HM, ¢=0,479 uM, B=107,9 °. OOGpa3zoBanue
MOJIMATUJICHA C MOHOKJIMHHOW MojauduKanueld XapaKTepHO TIpU  HHU3KHX
TeMIlepaTypax mnojauMepu3anuu. [IpeacTaBieHHBICE 3HAYCHUS HE SBIISTFOTCS

KOHCTaHTaMH U MOT'YT M3MEHSTHCS B 3aBUCMMOCTH OT ycJioBui [8].
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Yrnepoa Boaopoa

Pucynok 1 — OpropoMOudeckasi KpuCTalTnIecKasi CTpyKTypa HoaudTuiieHa [5]

CreneHb U OpUEHTALINS KPUCTAIUITMYECKUX 00J1acTel B TOJIUATUIICHE 3aBUCHUT
OT MHOXecTBa (hakTOpoB. MOJEKyIsIpHBIE 1ENH KPUCTAUIMUYECKON 00JacTu
CBEPHYTHI B YIOPSJIOUYCHHBIC JJaMEJIh, KOTOpbIE UMEIOT TomKUHY OT 10 10 50 HM H
ey oT 10 g0 50 MKM, U OpPHEHTHpPOBaHbI CIydallHBIM 00pa3oM B Ipejenax
amop(HON (a3bl ¢ MOMONIBIO CBA3YIOIMIUX MOJIEKYJ, COSAUHSIONMNUX OTACIIbHBIE
Jamenu Japyr c¢ apyrom [27, 28]. Mopdosorudeckue NpU3HAKHA TOJTUITHICHA

CXEMAaTUYECKHU NTOKA3aHbl HA PUCYHKE 2.

AmopdHas

obnacTte Kpuctannuyeckue

Namenn

AmopdHas
obnactb

Hp MCTANNMHUHECKHE
namenu

Pucynok 2 — DnemenTsl Mopdooruu nojaudtuiicHa [28]

CyuiecTByeT HECKOJbKO THIIOB MOJIUATUIEHOB B 3aBUCUMOCTH OT UX
MOJIEKYJIIpHOM Macchl U ctenieHu pasBerBieHHoctu ([IDHII, TIDBII, CBMIID u
ap.). IHommdtunen wuskoi minotHoctd ([TDHIT) sBnsieTcss OOBIYHBIM THIIOM

INPOMBINIJICHHOTO  ITOJIMDTHJICHA, KOTOpBIﬁ XapaKTCPU3yCTCiAa 3HAYUTEIILHOU
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HEJIMHEMHOCTBIO MOJIEKYJISIDHOW 1enu. BBICOKass CTENneHb pPa3BETBIEHHOCTH
NPENATCTBYET MPOLIECCY KPUCTAIUIM3AIMU, YTO NPUBOAUT K HU3KOMY 3HAUYECHUIO
kpuctaumyHoctd. [IDHII wmcnonb3yercss B KayecTBE SICKTPOU3OJUPYIOIIETO
MaTepuasia mpu u3rotoBieHuu kabeneit. I[IOBIl wmmeer HuU3Kyr crTeneHb
pa3BETBIICHUH U IOSTOMY B OCHOBHOM SIBJISICTCS IMHEHHBIM. B padore [4] nmoka3aHo,
ctpykrypsl [IOBII  umeer

CBMIID

4yTO WU3-3a JIMHCHHOM 0oJbpIIee  KOJHMYECTBO

KPUCTAJUIMYECKNX  0OJacTei. TaKXK€  SBISIETCA  JIMHEWHBIM
(Hepa3BETBJIECHHBIM ) MOJYKPUCTALTHNYECKUM MOJIUMEPOM, HO oTiaudaeTrcs oT [IDBII
OoJiee BBICOKOM MOJIEKYJISIpHOW Maccoil, Omaromapst atomy, CBMIID obnanaer
pAIOM  0COOBIX (U3UKO-MEXaHUYECKHMX M XUMHUYECKUX cBoWcTB. CpaBHEHHE
HEKOTOPBIX XapaKTEPUCTUK PA3TUUYHBIX MOJUITUIICHOB MpPUBEJEHBI B Tabmuie 1

[5,7].

Tabnuna 1 — CpaBHEHHE XapaKTEPUCTHK Pa3IMYHBIX BUIOB MOJUATHIICHA [5-8]

XapakTepuCTHUKa [TOHII [1OBII CBMIID
MonexynsapHaas macca (10° r/monp) <0,05 0,05-0,2 2-6
ITnoTHOCTSE, (T/CM?) 0,91-0,94 0,94-0,97 0,93-0,94
Teepnocts o Hlopy /] 44-50 66-73 60-65
Monyns FOnra npu pactsikxenuu, ['Tla | 0,13-0,3 0,5-0,1 0,8-1,6
VY ymmHEeHHe npu pacTsbKeHuH, %0 100-700 10-120 350-525
[Ipenen texyuyectu, MIla 8-19 17-31 21-28
[Ipenen npounoctu, MIla 10-20 22-31 36-45
VY napnas Bsizkocth o Uzomy, [Ix/m, 475-850 91-214 >1070
tosuHa obpasma 3,175 mm
CreneHb KpUCTALUIMYHOCTH, % 42-62 62-88 39-75
Temneparypa miaBnenus, °C 105-123 130-137 125-138

PabGouas temnepatypa skcrtyatanuu uznenuid uz CBMIID, Takxke kak u
[I9BII, HaxomWTCs HWKE TEMIEpaTypbl IUIABICHUS IOJMMEpPAa M 3aBUCHUT OT
KOHKpETHBIX ycioBuil. CBMIID coxpaHsieT MEXaHUYECKHE CBOMCTBA B IIMPOKOM
uHTepBasne temmneparyp ot mwitoc 120 1o munyc 200 °C, 4To MO3BOJSAET TPUMEHSTh
3TOT MOJUMEDP B IKCTPEMAIbHBIX ycioBusix [7,10,13].

CBMIID wuHepreH K JEHCTBHIO MHOTMX XHMMHUYECKHX  BEIIECTB,
UCKJIFOYUTEIBHO CTOEK K JCHCTBUIO IIEIOYeH JII000M KOHIEHTpAILUU, KUCIBIX U

OCHOBHBIX conell. Takxke 00s1aiaeT CTOMKOCTBIO K HEKOTOPBIM KuciIoTaMm. Tak, Ha
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CBMIID He neucTBYXOT OpraHMYECKHE KHUCIOTBI, B TOM YHCJIE MypaBbHHad,
YKCYCHAsl U KOHIIEHTPUPOBAHHAs COJISIHAS U IUIABUKOBBIE KUCIIOThI. CepHas KHCII0Ta
10 80%-HOM KOHUEHTPALUH IIPU KOMHATHOM TEMIIEPATYPE HE OKA3BIBAET NEHCTBUS
Ha CBMIID, npu yBeIWYeHHH KOHILIEHTPAIIMM HAYMHAETCS MPOLECC AECTPYKIUU.
CBMIID paspymiaercss moj [A€UCTBUEM HEKOTOPBIX OKHUCIWTENEH, HampuMmep,
a30THas KHUCJIOTA JaX€ HU3KOW KOHIIEHTPAIMM AaKTHUBHO B3aUMOJCUCTBYET C
CBMIID [11-13].

K npeunmymectsam CBMIID M0KHO OTHECTH:

o MUHHMAJIbHOE BOJOIIOIIONMICHHE M HECMAUYUBAEMOCTh;

o BHOPOCTOHKOCTB M XOPOIIIee MOTIIOMICHUE IITyMa;

o xopormas 00padbaTeIBAEMOCTh MEXaHHUYECCKUMH METOJIaMHU;
o BBICOKHE JIMAJICKTPUYCCKHUE CBOWCTBA.

N3penus Ha ocHoBe CBMIID npuMEHSIOTCSA B CaMbIX PAa3JIMYHBIX OTPACIISX
IIPOMBIIIJIEHHOCTH:

o HAIpaBISAIOIIME U OOJMIIOBKA s OyHKEpOB, Ky30BOB KapbepHBIX
CaMOCIUUIaBOB, BAarOHOB W  Pa3jiW4YHbIX MEXaHU3MOB B  TOPHOPYIHOM
IIPOMBIIIJICHHOCTH, MCKJIIOYAIOUIME HAJIWIIAHUE W HAMEP3AaHME JIbJA, CBHIIYYUX U
TJIMHUCTBIX MaTepuainos [14,15];

o JNETalu W DJJEMEHTbl KOHCTPYKIMM, NOABEpraroluecs yJIapHOH
Harpy3ke M HCTHPAHUI0O B MAIIMHOCTPOCHHH, TEKCTWJIBHOW M LEJUIIOJI03HO-
OyMa)XHOM NPOMBILIUIEHHOCTH: KaTKu, 3yOuaTble Iepejaud, ONOpPHbBIE BTYJIKH,
OeccMa3zouHble MOMAIUMITHUKM, HampasBidmomue. MeTauinuyeckue Bajidbl MOTYT
cB0OOHO Bpamathes Bo BTyikax u3 CBMIID, HecMOTps Ha HECOOHOCHOCTh WITH
NPUCYTCTBHE TECKa, MbUIM U APYrux BUIOB 3arpszHeHuid. Tpyost uz CBMIID
YCTOMYMBBI K MEpenagaM TEMIIEPATypbl U NOJABUKHOCTH I'PyHTOB. 110 HUM MoOkeT
TPAHCIIOPTUPOBATHCS YTOJIb C BOJAHOM MYJIbIOW, pyAa, HEYTENPOAYKTHl U MpOUHE
maTepuaisl. I3HOC TpyO B TakO TpaHCIIOPTHOM MarucTpaiu O0yneT MUHUMAJbHbIM,

a HaJIMIaHue uckimovaercs [16,17];
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o MOPUCTBIE  TOJMMEPHBIE  CEemaparopbl B aBTOMOOMJIbHBIX
akkymysstopax. B pabGore [18] omuchiBaeTcs METON MOMY4YEHUS MPOYHOTO
cenapatopa u3 CBMIID tommmuuoit 200 HM, (u3HMKO-MEXaHUYECKHE CBOWMCTBA
KOTOPOrO  MO3BOJSIOT  YBEIMYHUTh  3(PPEKTUBHOCTH U JOJTOBEYHOCTH
aKKyMYJISITOPHBIX OaTapeif;

o CKOJIB3SIIIUE MOBEPXHOCTU M CHOPTHUHBEHTAapb. B HacTosmiee Bpems
UCIIONB3YIOT MaTepuan Ha ocHoBe CBMIID ¢ oOmenpunarsiM Ha3Banuem P-Tex
[18]. B marepuan CBMIID, npenHa3HaueHHBIN 1T MACCOBBIX JIBDK, TOOABISIOT 5-
15 % wHamonHuTeNs B BUAE YACTHUIl yriepoaa pasmepoM 20 MKM ISl CHATHS
IIEKTPOCTATUKH, a Takxke rpapura U (TOPYIJIEPOJUCTBIX COECIUHEHHHA s
YIIYUYLIEHUS CKOJIbKEHUS,

o B KayeCTBE W3HOCOCTOMKMX KOMIIO3UIIMOHHBIX MAaTEpUaioB s
PE3UHOTEXHUYECKUX U3JIeNIUNA, TPUMEHSIEMbIX B O3KCTPEMAJbHBIX YCIOBHUSX
skcrutyaraiuu (mpu Temmeparypax ao muHyc 200 °C). B padore [20] Obuio
yCTaHOBJIeHO, 4TO BBeaeHne CBMIID B 00bEM MOpPO30CTOMKUX pE3UH Ha OCHOBE
kayuykoB BHCK-18, uzonpenoBoro CKU-3 u 6yraguenoBoro CKJ[-2 mo3Bosser
CO3JaTh 3AlIUTHYIO IUIEHKY TOJILWHOW 0 2 MM, YTO MPHUBOAUT K IOBBIIICHUIO
MacloCToMKoCcTH 00pa31oB B 3, 23 u 26 pa3, COOTBETCTBEHHO;

o BbICOKOOUHMIIEHHBI CBMIID ¢ ycnexom nmpuMEHSIETCS B MEAULMHE
JUTSt M3TOTOBJICHUH HIAPHUPHOTO HAaKOHEYHHUKA CyCTaBOB npu
sHAONpoTEe3upoBaHu. OQHAKO CYIIECTBYET MpolOsieMa, KOTopas 3akKIoyaeTcs B
CHUKEHUM MEXaHUYECKUX CBOMCTB B PE3yJIbTaTE OKUCIUTEIBHON AeTpajaliuu, 4TO
IPUBOJUT K TMOBBIIIEHHOMY H3HOCY M, KaK CIIEJICTBUE, K OCTEOJU3Y. 3aMeIIUTh
IpOLIECC OKHUCIEHUA M MPOMIUTh CPOK CIYKObl H3AENHS TO3BOJIIET METOJ
paaranroOHHOrO CIIMBaHMS U qoOaBjacHue Butamuna E [21, 22];

. BBICOKOIIpOUHbI€ BoJIokHAa CBMIID ncnons3yroTcs npu Npou3BOICTBE
KOHCTPYKI[MOHHBIX MAaTepHaJIOB [UJIi aBHa-, BEPTOJIETO- W PAKETOCTPOEHUS,
CYyHEpHpPOYHbIX KAHATHO-BEPEBOUHBIX M3JEIUH, a Takxke s H3AeIui

WHIUBUIYAIbHOW W KOJUIGKTUBHOW OpOHE3alUThl (IUIEMbl, OPOHEXKHUIIETHI,
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6p0HeHJIaCTI/IHBI), 3alIATBl HA3C€CMHBIX W BO3AYIIHBIX TPAHCIIOPTHBIX CPCIACTB.
CyHleCTBy}O ABa BCAYIIUX BBICOKOMOIYJIbHBIX BHUI4d ITOJIMITHICHOBOI'O BOJIOKHA,
KOTOPbIE LIUPOKO UCIOJIBb3YIOTCS B 00J1aCTH 0aJUIMCTUYECKOM 3alIUThI, 3TO BOJIOKHA
Spectra or kommanuu Honeywell International (CILIA) u Bomokna Dyneema or

komnaauu DSM (Hunepnansr) [23-25].
1.2 Mertoabl KOHcoJUAAIMU MopomkoBoro CBMIID

[TopomkoBerit CBMIID nmonyvarot moaumepu3aiyeil STuaeHa B Ta30Boi ¢ase
C HCIIOJB30BAaHUEM CIEHHUAIBHBIX METAJUIOOPTaHUYECKUX KaTalau3atopoB. Jlis
MOCJIEAYIOIIETO U3TOTOBICHUS 00bEMHBIX U3/ HEOOXOIMMO KOHCOIUIUPOBATh
nopoikoByt maccy. [Ipouecc konconmunaunun CBMIID 3aBUCUT OT TeMIiepaTypbl
CIieKaHus, JaBJEHUSI TPECCOBAHUA, MPOJAOIKUTEILHOCTA TEMIIEPATYPHOTO
BO3/IEHCTBUS. [ TaBHBIM MEXaHM3MOM KOHCOJIMJAIMU SABISETCS camonuddysus,
npu kotopodt nenu CBMIID (wim cerMeHTHl Iiemiell) B COCETHUX 4YacCTHIIAX
MEpErIeTaloTCs Ha MOJIEKYJISIPHOM YPOBHE.

OcHoBHBIME MeTOgaMu iepepadbotku CBMIID ¢ monekynsipHON Maccoit 10
2,5%10 r/Monb ABIAIOTCS IMTHE MOJ JABICHUEM M DKCTPY3HS, a C MOJIEKYISPHOI
Maccoit 10 6x10° r/MoIIb M BEIIIE ropsuce MPECCOBAHKE.

Bricokasi BSI3KOCTh paciuiaBa Je€laeT HEBO3MOXXHBIM  MNPUMEHEHHE
TPAAUIIMOHHBIX METOJI0OB u3roToBieHus wusnenuid u3 CBMIID. K nHaubonee
pacnpocTpaHeHHbIM MeToiaM KoHconuaanuu CBMIID crnenyer oTHeCTH criekaHUe
3aroTOBKH B CBOOOJIHOM COCTOSIHUM, TOpsiYee MPECCOBaHUE U METO]| TUTYH)KEPHOU

AKCTPY3HH.
1.2.1 Cnexanue B CBOOOJHOM COCTOSHHU

[Ipouiecc monyyeHus: U3IEIUN METOJIOM CHEKaHUs B CBOOOJAHOM COCTOSIHUH
CKJaJbIBacTCsl M3 JABYX OIEpalyil: MpeccoBaHHE IMOpOIIKa B mpecc-hopme u
CIIEKaHHE NOJIYYEHHOM 3arOTOBKM B BO3AYIIHOM WUJIM HHEPTHOM Cpele.

[TopomkooOpa3usiii  CBMIID  ornunuaercs Xxopowed  crnocoOHOCTBIO
YIUIOTHATBCS B KOMIIAKTHBIE 3arOTOBKH, INIOTHOCTh KOTOPBIX 3aBUCUT OT JABJICHUS

npeccoBanusi. Ha pucynke 3 npuBeieH TUTTMYHBIN TpadUK 3aBUCUMOCTH IJIOTHOCTH
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UUJIUHIPUYECKUX 3arOTOBOK OT JIABJICHHS MPECCOBAHUS. Y CIIOBHO, MO OMHUCAHUIO
aBTOpoB padoTel [13], mporecc ymiotHennss CBMIID coctoutr u3 ciemyrommux
craauil. «Ha yuyactke 1 HaGmomaercst ObICTpOE YyBEIMUYEHUE MIIOTHOCTU C POCTOM
JaBiieHus. B 3TOM wuHTepBajie JaBIIEHWI MMEET MECTO YIUIOTHEHUE YacTHIl
MOPOIIIKA, PE3KOE CHIDKEHHE CBOOOJHOrO0 oO0beMma Mexay HuMmH. Pazmep mop
3arOTOBKM B OCHOBHOM OIPEAEIIAETCS pa3MEPOM YaCTUL. 3aTEM POCT MJIOTHOCTH C
yBEJIMYCHHUEM JIaBJIeHUs 3ameyisieTcs. Ha yuacTke 2 kpuBast umeeT 0oJiee mojaorui
XapakTep, 4YTO COOTBETCTBYET BO3HMKHOBEHHIO IUIACTHUECKUX Hedopmanuii B
MecTaxX KOHTakTa 4yacTull. [Ipu 3TOM BHYTpH 4acTUIl UMEET MECTO YKCTO ympyras
nedopmaiys. Y4acTok 3 KpPUBOM MPOTEKAaeT MPH JABICHUSX, IMPEBBIIIAOIINX
npeaen Tekydectu CBMIID. B stux ycnoBusix mnpeoOnagaeT IJlacTUYecKas
nedopmaruss yactuil. [log BBICOKMM [aBIEHHEM YacTHIIBI COJMKAIOTCS Ha
paccTosiHUSI, TNPU  KOTOPBIX  MOSBISIIOTCS  CHJIBI  MEXKMOJEKYJISIPHOTO

B3auMozeicTBus [13]».
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Pucynok 3 — I'paduk 3aBUCIMOCTH TUTIOTHOCTH OT YJIeIbHOTO AaBiieHus [13]

Cnekanne — Mpouecc Nepexojia, CIPECCOBAHHOTO JO Pa3HOW CTENeHU
nopomka CBMIID B MOHOIMTHOE WM TMOPUCTOE COCTOSIHUE TOJ JACHCTBUEM
TemriepaTypbl. B mporecce crnekanumss TpoucxoauT SPQPEKT MOBEPXHOCTHOTO
HATSKEHUS HarpeThiX yactull nopourkosoro CBMIID, oTaenbHbIe clipecCOBaHHbBIE
YaCTHUIIbl MOPOIIKA NP HATPEBAHUM CTPEMSITCS IOJI BIUSHHUEM IMOBEPXHOCTHOIO
HaTsDKEHUs puobpectu chepudeckyio popmy U 00pa3oBaTh CUCTEMY KAUILISIPOB

C pa3BUTON KPUBOJIMHEHHOMN MOBEPXHOCTHIO. Takum oOpa3om, B CUCTEME, HATPETOU
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o0  Temmeparypbl minaBienuss yactunr CBMIID, Bo3HuKaeT JaBiieHuHe,
o0ecreynBaroiee HeoOX0AMMOE CKATUE CUCTEMBI.

[IpeccoBanne ¢ MOCHEAYIONIMM CIIEKAHUEM SIBJISICTCSI OJHUM U3 CaMbIX
MPOCTBIX METOJIOB TOJy4eHHUs OOBEMHBIX 3aroTOBOK, HO TPU STOM Tpedyer

CCPBC3HOI'O IMOoAXO0Jda K OIITUMH3AIIUHU IIpOHCCCa I KaXKJAO0I'0 THUIIA ITOPOIIKa [29-

31].
1.2.2 Topsiuee npeccoBaHue

['opsiuee mpeccoBaHue sBIAETCS HauOoOJiee BAXKHBIM METOJIOM 00pabOTKH
CBMIID, noCKOABKY 3TOT METOJA HE UMEET OTPAaHMYCHUM, KOTOPHIE HAKIAAbIBAET
BBICOKas MOJIEKYJ/IsipHas Macca [32,33].

[Ipouecc ropstuero npeccoBaHus U3AEIUN CKIIAAbIBACTCS U3 ABYX OIlCpalvi:
HOJITPECCOBKA MOPOILKOBOM MacChl W JajbHeilllee npeccoBaHue B mpecc-hopme
Ipy HarpeBaHWM ToA JAaBieHueM. [loampeccoBka — 3TO MpoOIECC YIUIOTHEHUS
IIPECCOBAHMEM MOPOIIKOOOPA3HOr0 Marepuajga B MaTpule Ipd KOMHATHOMN
temiiepatype. [IpeccoBanre oCyneCTBISETCS IIYHCOHOM, KOTOPBIM MEPEMEIAeTCs
B KaHaJe MaTpulbl J0 CO3/IaHUs JaBJICHUS, OOECHEYHMBAIOLIEIO0 00pa3oBaHUE
ymioTHEHHON 3arotoBku. [lommpeccoka CBMIID 00bdHO TPOBOAUTCS TIpH
nasiennn oT 8 10 10 MIla B Teuenue 2-3 cexynya 6e3 HarpeBa. OO6bEM MOpoIIKa B
ATOM CITy4yae YMEHBbLIAETCS MPUMEPHO B 3 pa3a, CHIXKAETCS COJEPIKaHUE BO3/1yXa B
MaTepHaie M MOBBIIIACTCS €ro TETUIONPOBOIHOCT. DTO MPUBOIUT K COKPAIICHUIO
POJIOJKUTEIBHOCTH BBIACPKKH B TIPOLIECCE TOPSYETrO IMPECCOBAHUS, a TaKkKe
3HAYUTEIBHO YIYy4IIaeT KA4YeCTBO TOTOBOIO U3/1EIIH.

B pabore [34] uccnenoBaiu BIUsHUE TEMIIEPATYphl HOPMOBAHUS HA CTETICHD
KoHconuaanuu obpasnoB 3 CBMIID. Obpazen, ordopmoBannsiii pu 170 °C,
JIEMOHCTPHUPYET BBICOKO3EPHUCTYIO CTPYKTYPY, B KOTOPOH HCXOJHBIC YaCTHUIIBI
MOpOIIKa TOXO0XHU Ha 3epHa pazmepoM npumepHo 100 mMkMm, a 3epHa, B CBOIO
ouepesib, COCTOAT M3 YacTHI] pa3mepoM npumepHo 1 Mkm. B o0béme obOpaszua
MPUCYTCTBYIOT TPEIIUHBI, 3TO SBJSETCS MMPU3HAKOM HU3KOU CBSI3HOCTH MaTepHaIa.

O6pa3zer, nonydennslii mpu 180 °C, umeeT 6oJiee MIIOTHYIO CTPYKTYPY, HO TaKXKe B
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00bEMe MPUCYTCTBYIOT TpelrHbl. OOpa3ibl, KoHCoIUaupoBanubie pu 190 u 200
°C, CTPYKTYpPHO HE UMEJIM OTJIMYUA, TPAHUIIBI 3€PEH TOpa3 0 MEHEee 3aMETHBI, YEM
B 00pasmax, MoJIy4eHHBIX IpH 00JIee HU3KUX TeMIIepaTypax.

ABTOpHI HccienoBanuii [35, 36] U3yYHIN MUKPOCKOIIMUECKHE CTPYKTYpPHBIC
ocobeHHocTH ropsiuero npeccoanuss CBMIID npu u3mMeHeHUU TeMiiepaTypbl U
MPOJOJDKATEIPHOCTH  BBIZICP)KKM B pacIUIaBICHHOM  COCTOSIHMM. B mx
WCCJIEIOBAHUSIX OBLITU MACHTU(PUITMPOBAHBI ABa THMA JeheKToB crnusHus. JledekTs
1-ro TMNa npeAacTaBIsIM COOOW OCTATOYHBIE MyCTOTHI MEX]Yy YacTULAMHU (ITOPHI),
BO3HUKAIOIINE U3-32 HEYJIOBJICTBOPUTEIHHOTO YIUIOTHEHMS, W HaOII0JaNINCh
TOJIKO IMPH HU3KHX TeMmieparypax konconumaruu (145, 150, 155 u 165 °C B
tedyeHue 15 wmuHyT). JlepexkTtsl 2-ro TUma TpPeAcTaBisLId co0oil obiactu
MOBBIMICHHON Ne(OPMUPYEMOCTH Ha TpaHUIAX MEXKAYy 3€pHAMU B TOJHOCTHIO
YVIUIOTHEHHBIX 00pasmax, Takue JAedeKThl HaOMIoNanuch TpPH TeMIlepaType
cnekanuss 10 200 °C. [edextsl 2-ro THUMa BO3HUKATU H3-32 MEIJICHHOU
camoauddy3uu CBMIID B pacmiiaBe, 9To MPUBOINIIO K HEITOTHON rOMOT€HU3AIIUN
Jake TI0CTIe 3aBEPIICHUS YIIOTHEHHS. boyiee BICOKHE TeMIepaTypsl popMoBaHUs
CHIKAIIU TIOTHOCTH Je(eKTOB 1-To U 2-TO TUNA, 9TO MPUBOJMUIIO K TOBBIIICHUTO
MEXaHUYECKUX CBOUCTB.

Brnusane maBneHHWsT TPECCOBaHHWS HA KOTE3WOHHYIO TIPOYHOCTH M
noaBKHOCTE meneii CBMIID wuccinenoBamu aBTopel padotel [37]. B pabote
MOKa3aHO, YTO ONTHMMAaJbHOE 3HAYEHUE JaBJeHUs MpeccoBaHus cocTamiseT 30
MIlIa, B 3TOM citydae 3Hauenune moayss FOura Obuto makcumanbHbM (5,3 T'Tla).
ABTOpBI yTBEPKIAIOT, YTO TMEpBOHAaYalIbHO MOAyJdb HOHra mnoBbImaNica ¢
YBEJIMYCHUEM JIaBJICHHUS YIUIOTHCHHS HM3-3a YMCHBIICHUS KOJIMYECTBA ITyCTOT.
CaumkoM BBICOKOE JaBJICHWE YIUIOTHEHUS TPHUBOAWIO K CYIIECTBEHHOMY
YMEHBIIEHUI0 00BEMa, UTO 3aTpyIHsI0 AUGEGY3UI0 MOJEKYISPHBIX IIETeH, 3TO

IMPHUBOANIIO K CHUKCHUIO KOI'€3MOHHOM IMPOYHOCTHU YAaCTHL.
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1.2.3 IlayH:kepHasi IKCTPY3us

[InyHxepHas DSKCTpy3usi sBISETCI OJHUM U3 METOAO0B 00paboTKu
TEPMOIUIACTUYHBIX MOJUMEPOB C BBICOKOW BSA3KOCTBIO paciliaBa. DTUM METOJ0M
U3TOTaBIUBAIOT U3ENUS PA3IMUYHOT0 NPOpMIIs (JICHTHI, JTUCTHI, TPYObI, CTEP>KHU).

OCHOBHBIE COCTaBHBIE YACTH YCTAaHOBKH IUTYHXEPHOH SKCTpy3uH: OYHKep,
3arpy304Has KaMepa ¢ HarpeBaTelIbHbIM YCTPOWCTBOM, TOPU30HTAIIbHBIN MOPIIEHb
C BO3BPaTHO-IIOCTYIMATEIbHBIM JIBH)KEHHEM, HarpeBaemasi MaTpHIA, YCTPOICTBO
oxJaxnaeHus u ¢opmoBanus (pucyHok 4). Llukn mpoiiecca 3KCTpy3ud BBITIISIUT
TaKk: IoJadya — YIUIOTHEHUWE — IUIaBaHUWE M IUIACTU(UKAIMUS — JKCTPY3US —
oxnaxzaeHue u popmonanue. Yactuupl nopomka CBMIID HenpeprIBHO noaaroTCs
B TOPIIHEBOM OJKCTPYyJEep MW HarpeBaloTcs. BHyTpu 53KCTpylepa 4YacTHIIbI
VIUIOTHSIOTCSL M JIep>Karcsl MOJ JABJICHHEM C IOMOINBIO IUTYHXKEpa, a TaKKe
nportuBojasiaeHuss or pacmiasa CBMIID, koTopoe BBI3BaHO cuIaMu TPEHUS
pacruiaBa 00 OBEPXHOCTh CTEHKH MaTPHIIBL.

XOTA MITyHKEPHBIM 3KCTPYIep MOXKET Npou3BoauTh uzaenus uz3 CBMIID c
XOPOILIKUM Kaue€CTBOM MOBEPXHOCTH, MPEPHIBUCTHIN MPOIECC BHI3LIBAET OCTATOUHbIE
HaIpsDKEHUS] BHYTPU FOTOBOIO 00pasia.

HenocraTtkn Merona: HecTaOWJIBHOCTh KadecTBa MPOAYKLHHU, JUIUTEIbHBIN
UMK [UIacTU(UKAMK  paciijlaBa, HHU3Kash CKOPOCTb SKCTPY3UH, BBICOKOE

notpeonenue suepruu [13,39].
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Pucynok 4 — YcTaHOBKa IUTYHXEPHOU SKCTPY3UH FOPU30HTaIbHOTO ThTa [40]
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ABTopsl paboTel [41] cpaBHWIM MEXaHWYECKHE CBOHCTBA OOpasllOB IBYX
mapok CBMIID (GUR 1020 u GUR 1050), mojaydeHHBIX METOJOM TOPSYEIO
NIPECCOBAHUS U TUTYH)KEPHOU SKCTPY3HuH. BbUTo oka3aHo, 9TO mpenei TeKy4eCTH U
npeen MPOYHOCTH MPU PACTSHKEHUU OTJIMYAIOTCS HECYIIECTBEHHO, HO MPHU 3TOM
OTHOCHUTEIILHOC YIJTMHCHHE BBIIIE Y 00pa3IIOB, MOJYICHHBIX METOAOM ILTYHKEPHOU

IKCTpY3uH (PUCYHOK 4).
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Pucynok 5 — CpaBHeHHe MexaHnyeckux cBoicTB 0opasnos u3 GUR 1020 u GUR

1050, mory4eHHBIX pa3HbIMHA MeTo1amMu [41]
1.2.4 YabTpa3ByKoBOe MpeccoBaHue

B nocnennee BpeMs ylnbTpa3ByKOBOE IPECCOBAHUE CTAJI0 MHOTOO0EIIAIOIINM
METOJIOM JJIsi MPOHM3BOACTBA MUHHATIOPHBIX M MHUKPOMACIITaOHBIX JAeTanei. 3a
OTHOCUTENIHO KOPOTKHHA BPEMEHHON UMK YJIbTpa3BykoBoe (opmoBaHue
NO3BOJISIET 00pabaThiBaTh MIMPOKUH CIEKTP MOJMMEPHBIX MaTepuaioB 0e3
CYILLIECTBEHHOTO MU3MEHEHMsI CTPYKTYpPhl, 3HAUUTEIBHO COKpallasi JHEPreTUYeCcKue
3arparel [42]. lukin mpow3BOJICTBA M3ACTHI YJIBTPa3BYKOBBIM IPECCOBAHUEM
UCKJIIOYAET JIBE BAXKHBIC POOJIEMBI: TEPMUUECKYIO Jerpafanuio 1 HedhPeKTUBHOE
UCIIOJIb30BAaHUE ChIPbs. Tepmuueckasl Jerpajaius MOJIMMEPOB BO3MOXKHA H3-3a

JJIUTCIIbHBIX IICPHUOAOB HArp€Ba, HAIIPUMCED IIPH MMOJTYYCHUH I/I3IICJ'II/II\/'I METOOJaMH, B
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KOTOPBIX IIPUMEHSIETCS SKCTpyAep. KpoMe Toro, 60Jbi10e KOJIMYECTBO MOJUMEpPa,
BIIPBICKMBAEMOI0 B (DOPMY, OCTAETCS B CUCTEME 10/1a4u (JIMTHUKH, HAIIPABJISIOIINE
Y 3aCJIOHKH ), UTO sIBJIsIETCSl HEA((PEKTUBHBIM UCTIOJIB30BAHUEM ChIPhs. K OCHOBHBIM
HEJIOCTAaTKaM JaHHOTO METOJa MOYXXHO OTHECTH CII0KHOCTh IMOJYYEHHUS U3JIEeTUi
HEMPOCTOM  TeOMETpUYecKor  GopMbl M HEIOCTAaTOYHYIO  MOIIHOCTh
yJIBTPA3BYKOBOTO BO3ACHCTBUS JJisl TPOU3BOJCTBA MAaKpPOMACIITAOHBIX U3JIETUN C
OJTHOPOJTHOM CTPYKTYpOM. ABTOPHI paboThI [43] moKa3aiu, 4To €clii HeJ0CTaTOUHAs
MOIITHOCTh YJIbTPa3BYKOBOI'O BO3JICUCTBUS MIPUMEHSETCS K OOJIBIIIOMY KOJUYECTBY
MOJIMMEPHOTO Topolika (Oosbinas mMacca), TO TOJBKO Ha MOBEPXHOCTH pasielia
YACTHII TTOPOIIKA M €r0 OKPYKEHHUS MPOUCXOJIUT MPOIECC CIIEKaHUs, LIEHTpaIbHas
4acTh (CEepAIIEBUHA) OCTACTCSI HEPEKPUCTATITU30BAHHOM.

B 1mpoumecce ynbTpa3ByKOBOTO MPECCOBAHUSI MOJUMEPHbIE IOPOIIKU
HArpeBaroTcs U GOPMYIOTCSI BHYTPH MOJIOCTH (POPMBI 3a CUET CxKUMaromux cuil. Ha
pUCYHKE 6 TMpEICTaBICHO CXEMaTUYHOE H300pa)KEHHWE HTANOB MPECCOBAHUA.
[Tosmocth mpecc-PpopMBbI 3aMOTHACTCS TTOPOIIKOBBIM TIOJIMMEPOM (PUCYHOK 6a).
Tounast n03upoOBKa B JaHHOM cllydae He TpeOyercsi, IOCKOJIbKY OCTAaTKU
MOJIMMEPHOTO TIOPOIIKAa OYIyT BBITAIKHUBATHCA HAPYXKYy dYepe3 3a30phl Mpecc-
dbopmpbl. Jlanee mpuKiIaabIBa€TCI HEKOTOPOE JABICHUE I YIUIOTHEHUE YaCTHI] U
JOCTHXKCHMSI  IJIOTHOYNAKOBAaHHOM  CTPYKTYypbl  (pUCYHOK  66).  3arem
YCTaHaBJIMBAIOTCS napaMeTpbl npoiiecca MIPECCOBAHMUS (MOIIIHOCTB
yJIBTPA3BYKOBOTO BO3JICHCTBUS, MPOJOJDKUTEIBHOCTh) U HAYMHACTCS I10jada
yIBTPa3BYKOBBIX koyieOanuii. Tero, co3naBaeMoe TPEHUSIMH U JIeOopMaIusiMH,
NPUBOJUT K CHEKAHUIO MMOJIMMEPHOTO IMOPOIIKA, MHUKPOIOJIOCTH 3alOJHSAIOTCS
pacIIaBICHHBIM TIOJIMMEPOM TIOJ JIaBJICHUEM YJIbTPa3BYKOBOI'O BOJIHOBOJA
(conotpona). [Toka BOJIHOBOJI IBUKETCSI BHU3, JIMIIHUN PACILJIAB BHITAJIKUBAETCS U3
npecc-hopMbl depe3 3a3op (pucyHok 6g). Ilocie aToro obpaser oxjaxmaaeTcs U
u3BJIeKaeTcs (pUCYHOK 62).

ABTOpEI pa®oThI [44] cpaBHWIM HAAMOJICKYIAPHYIO CTPYKTYPY, (PU3HUYECKHUE,
MEXaHUYeCKue W TpUOOJIOTHYECKHEe CBoicTBa oOpasumoB wu3 CBMIID,

HN3TOTOBJICHHBIX MCTOAOM TOPAYCTO MW YIBTPA3BYKOBOI'O IIPECCOBAHMUA. beu1o
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MOKa3aHo, YTO yJIbTPa3ByKoBoe npeccoanue yactuil CBMIID pazmepom B ecsaTku
MUKPOH M03BOJIAETCS (POPMUPOBATH OJHOPOIHBIE KOMIAKThHI BBICOKOM MIIOTHOCTH C
MOBBIIIIEHHON TBEPAOCTHIO, YTO OOECIEYMBAECT UX HM3HOCOCTOMKOCTH MPU CYyXOM

TPCHUHU CKOJIbKCHMU.

Cumatoule Cxumatole

ycunue ycunme Bbiaepikka

Obpasel,

—

Pacnnas

—

BepxHsas
nauTa

OnopHana

BcTaBKa B nonocTb
Monoctb nAuTa

(a)  npecc-dopmbl  (6) (8) (2)

Pucynoxk 6 — Cxemarnuunoe u3o0paxeHue yabTpa3ByKOBOIO IIPECCOBAHUS; (@) —
PacIojIOKEeHUE YIbTPa3BYKOBOTO BOJTHOBO/IA U 3aMIOTHEHUE MTOJIOCTH; (0) —
YIUIOTHEHHE TTOJIMMEPHOTO TIOPOIIIKA; (8) — IPOIIECC KOHCOIHUIAIUN TTPU

yJIbTPa3ByKOBOM BO3JICHCTBUH; (2) — OXJIAXKICHHUE U U3BJIcueHne ooOpasia [42]

1.2.5 Hckposoe miaazmennoe cnekanue (CIIC)

Cpenu mporeccoB CIEKaHUsS KEPAMHUYECKUX M METATUYECKHX IMOPOIIKOB
COBCEM HEJIaBHO IIUPOKO CTall MCHOJIb30BATHCS METOJ MCKPOBOTO ILIa3MEHHOTO
CrieKaHusl. AHAIN3 IMTEPaTyPHBIX HICTOYHUKOB TIOKA3aJl, YTO Ha CETOTHSAIITHUMN JIEHb
onyOJIMKOBAHO HEOOJIBIIIOE KOJUYECTBO PadOT, e MPUMEHSIETCS TOT METOMA s
KOHCOJIM/TAINY TIOJTMMEPHBIX MaTepuaioB [45-47].

Tak B pabote [46] metomom CIIC crnekaiu JBa BBICOKOTEMIIEPATYPHBIX
TEPMOIUTACTUYHBIX TTouMepa. [1moTHbIe 00pa3ibl MOIMUMUAA U TOIUI(PUPKETOHA
obu1r osrydensl pu 320 °C u 200 °C, cooTBETCBEHHO. 3HAYEHUE OTHOCUTEIHLHOMN
IUIOTHOCTH JJi1 00OMX MarepuanoB Obulo Bbiie 99 %, HCMOIB3yeMbI METO.

CIEKAHMSl YIy4YLIUI MEXaHUYECKHE CBOKMCTBA 00Pa3LOB.
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O6mmm npeumymectBom CIIC B cpaBHEHMM JpYyrMMHU METOJAMH
KOHCOJIMJIALIMU SIBJIsIeTCA OoJiee ObICTpHIi mpoliece criekanus. K npumepy, B pabote
[48] xomnakTHpoBamu yiIbTpaauciepcHbIi mopoinok Hukens (100 HM), i TOro
9TOOBl JOCTUTHYTH IJIOTHOCTH 95 % MeToAOM TOpSYero MpeccOoBaHUS
notpeboBaiock 150 munyt mpu 700 °C, B 1O Bpems kak wmeromom CIIC
notpeboBaack 1 mMunyrta npu temmneparype 500 °C npu 0oAMHAKOBOM JIaBJICHUMU.
AHaOTHYHBIC PE3yJIbTAThI OBLIN MOJTYYCHBI U B Ipyrux padotax [49,50].

[Ipotiecc UCKPOBOIO MIA3MEHHOIO CIIEKaHUs BKIIIOYAET B c€0s YIJIOTHEHHE
MNOPOIIKOB MpPH OJHOBPEMEHHOM OJIHOOCHOM IIPECCOBAHUU WU TEMIIEPATypPHOM
BoznerictBur. OcHoBHOe pasznuuue Mexay CIIC u ropsuum mnpeccoBaHueM
3aKJII0YaeTcsl B METOJIe MOJBOJE Teruia K oOpasimy, HarpeB B ycraHoBke CIIC
OCYILIECTBIISIETCA IO IEUCTBUEM MOCTOSTHHOTO TOKa. Ha prcyHke 5 nmoka3ana cxema
ycranoBku CIIC.

OOHOBpEMEHHOE KOHTPOJIUPOBAHHE TEMIIEPATYyphl M YCAaAKH CIEKAeMOIO
oOpaslia Mmo3BOJISET MOMYIUTh HHPOPMAIIUIO O KHHETHKE CTICKaHUS.

Baxusimu mapamerpamu CIIC saBisitOTCS: TOK, JaBJICHUE MPECCOBAHUS U
CKOpPOCTh HarpeBa. TOK M TeMmIieparypa CIHEKaHUs SIBJISIOTCS 3aBUCHUMBIMU
napaMeTpaMH, IMOCKOJIbKY JKOYJIEB HArpeB SBISETCA MCTOYHUKOM MOBBIIIEHUS
TeMmneparypel, Oyap TO B rpaduToBoil Matpuile (korga oOpasel] He
ANEKTPONPOBOMASIIMKM) WM B MaTpulle UM oOpasue (korma  oOpasenn

aneKTponpoBosmii) [51].

aip=

BepxHui
nyaHcoH MmMnynbcHbIN

TOK
-[éi - Mopolok

HuxRHNi
NVaHCOH
E—

paduTOBaA
noecc-dooma

[padpuToBas
NoACTaBKa

Pucynok 7 — Cxema yCTaHOBKH MCKPOBOI'O TUIa3MEHHOTO criekaHust [51]
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1.3 Metoabl mory4eHHs MOJTUMEPHBIX KOMIIO3UTOB

B Hacrosmmii MOMEHT pa3BUTHE MOJMMEPHBIX KOMIO3UIIMOHHBIX
MaTEpPHAJIOB SIBJIICTCS OJHUM W3 BaXKHBIX HAYYHBIX HampaBicHud. Dusuko-
MEXaHMYECKHE CBOMCTBA KOMIIO3WTA 3aBHUCSAT OT OJHOPOJHOCTH paclpeneieHus
HATIOJTHUTEIIS, IOATOMY CIIOCOO BBEJCHUS HANOJIHHUTENS, U B OCOOCHHOCTH
HaHOPa3MEpPHOIo, MUMEeT OOJBIIOE 3HAUYCHHE, TaK KaK OMpEAeNsieT BO3MOXXHOCTD
JTUCTIEPTUPOBAHUS YACTHII W B TOJUMEPHOW MATPHUIE, a TaKKe BO3MOXKHOE
comepxkanne no06aBku. K Hamboree pacnpocTpaHEHHBIM METOJaM MOJy4YeHUs
MOJIAMEPHON KOMITO3MIIMOHHONW CMECH OTHOCST CMEIIMBAaHWE KOMITOHEHTOB B
pacruiaBe, CyXxoe CMEIIMBaHHWE, CMEIIMBAaHUE B PACTBOPUTEIIE H  METOJ

MOJIMMEPHU3AITMOHHOT'O HAITOTHCHHUS.
1.3.1 MeTtoa cMeniuBaHusl B pacijiaBe MojuMepa

JIns M3roToBIIEHUSI KAUECTBEHHOTO IPOAYKTa C HCIOJIb30BAaHUEM IIpoLiecca
SKCTPY3UM  KpallHe BaXHO, YTOOBI B  MaTpPUIly MOJABAJCS  XOPOIIO
TOMOTE€HH3UPOBaHHbIA paciuiaB. OJAHOPOAHOCTH paciliaBa SBISIETCS BaKHBIM
(bakTopoMm, ONpeAeNsIIoNIMM CTa0MIBLHOCTD MpoLecca, OAHOPOJAHOCTh TEKCTYPhI U
BBICOKHE MEXaHWYECKHX CBOMCTBA JIOOOTO SKCTPYAMPOBAHHOTO MPOAYKTA, TAKOTO
KaK TUICHKA, JIUCT, TpyOa, mpoduis u 1p. s SKCTpy3un cMemmuBaHue MOJIUMEPOB
MpeACTaBIsAeT COOOM MBYXCTaIUUHBIN MTPOIIECC: CYyX0E€ CMEITUBAHUE — CMEIIIUBAHUE
KOMIIOHEHTOB MaTPUYHOT0 MOJIMMEPA B BUJIE TPAaHyJl WM MOPOIIKA ¢ JOOABICHUEM
JIUCIIEPCHOTO HAMOJHUTENSA B BHUJE IOPOIIKA WIM BOJOKOH JI0 TOrO, KaK CMECh
BBOJUTCS B DKCTPYJAEP, U OKOHUYATEIIbHOE IEPEMEIIMBAHUE B PACILIABE, KOTOPOE
IIPOUCXOAUT BHYTPU IKCTPYyAEpa, KOraa NOJIMMEPHAs CMECh PaCIUIaBIISIETCS OT
TEMIIEPATYPHOIO BO3JCHMCTBUS BHEIIHETO HArpeBareiisi W TEIUIOThl TPEHUS
(BpamieHue 1mHeka). st rOMOTreHHOTO NEpeMEIlIMBaHUsl paciulaBa MoJauMepa
BHYTPH DKCTPYJI€pa UCHOIB3YIOTCS pa3IMYHbIEC BUBI CMECUTEIIBHBIX JJIEMEHTOB.

Ha ceropnsiminuii 1eHs METO/ CMEIIIMBaHUE B pacIulaBe SIBISETCS HanboJsiee
TEXHOJIOTUYHBIM ¥ TPOU3BOAUTEIEHBIM METOJOM, TO3TOMY OOJBIIMHCTBO

MMOJIMMCPHBIX KOMIIOBUIIMOHHBIX MATCPHUAJIOB IIOJYYAOT B IIPOMBIIIIICHHOCTHU
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METOJIOM 3KCTPY3UM WM JUTheM oA nasieHuem. Opnako, B ciyyae CBMIID u
KOMITO3UTOB HA €r0 OCHOBE METOJ| MPAKTUYECKU HE MCIOJIb3YETCs M3-3a BBICOKOU
Bsi3kocTH paciiaa CBMIID [52, 53].

W3 HemocTaTkoB MeTOJa CMEIIMBAaHHSA B paciUlaBe IOJUMEPa MOXKHO
BBIJICNIUTH C1a00€ DHEPreTHUEeCKOe BO3/ICUCTBHIE, KOTOPOrO HE BCETla JOCTATOYHO
JUIsL ZiearJioMepaliii TBEPIbIX HEOpPraHMYeCKUX HamojHuTedei. B pabore [54]
UCTIOJB30BAIM  JIBYXIIHEKOBBIM 3KCTpylnep M TOJYy4YeHHUS MOJIUMEPHOIO
KOMIIO3UTa Ha OCHOBE HM30TAKTHUECKOTO MOJHUIPOIUICHA ¢ M00aBIeHUE YaCTHUI]
OKCcHJla KpeMHHUS. ABTOpPBI HE CMOTJIM JOOWUTHCS OJHOPOAHOTO pacmpeiesieHUs

gactuil SiO2 B MOIMIPONHICHOBON MaTPHIIE.
1.3.2 MeToa MeXaHHYECKOI aKTHBaLlUU

MexaHu4eckasi akTUBAIlUsS TPEICTaBIAECT COOOM TEXHOJOTHIO 00pabOTKH
MOPOIIKA, HCHOJb3yEMYIO JUISl TMOJYy4YEHUs OJHOPOAHBIX MAaTEpUANIOB ITyTEM
CMEIIMBAHUS U JIETUPOBAaHUS Pa3HOPOJHBIX cMeceil. MeTo1 OCHOBaH Ha MPHUHIIUIIE
BBICOKO?HEPIe€TUYErOro BO3JIEUCTBUS Ha IOPOLIKOBYIO CMECh B CIIELHAIBHON
MEJIBHUIIE, KOTOPOE COMPOBOXKIACTCS U3MENIbUeHUEM U AedopMalieit marepuana.

B mnpouecce MexaHOaKTHBAIlMM MOJHMMEPHBIX MaTEPHATIOB IMPOUCXOIUT
pa3pbIB MOJICKYJIIPHBIX IIeTIeil, 00pa30BaHue IETeH ¢ MajIoil MOJIEKYJISIPHOM Maccoi
CIIOCOOCTBYET YBEJIMUYEHUIO CKOPOCTH B3aUMHOM AU((y31Un B pacijiaBe.

B pabote [55] Ob110 HccnenoBaHo BiausiHUe MexaHoakTuBaiuu CBMIID Ha
MexaHU4ecKue 1 Tpuboornyeckue cBoiictra. B Tabnuiie 2 npeacraBieHbl PU3UKO-
MEXaHU4eCKue M TpUOOJIOrMYecKue CBOMCTBAa ucxogHoro mnopomka CBMIID u
NOPOLIKA IIOCJIE MEXaHOAKTUBALIMHA. ABTOPaMHU yCTAHOBJIEHO, YTO!

o MEXAaHOAKTUBAIMA MPUBOJAUT K U3MEHEHHIO (OPMBI U YBEIMYEHUIO
3¢ (HEKTUBHON MOBEPXHOCTH 4YACTHUI[ CBA3YIOIIETO, pa3pblBy M MOCIEAYIOLIEH
CIIMBKE YriaeBoaopoaHbix nenei C-O rpynnamu;

o HaOJMIOaeTcsl  yMEHbBIIEHHE  Pa3MepoB KPUCTaJUIUTOB u,
COOTBETCTBEHHO, UI3MEHEHUE XapaKTepa YKIAJIKU Lernei B monumepe (0T YaCTUYHO

(GUOPWIIISIPHOTO K JIAMEIUIIPHOMY );
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o HaOIIoAaeTCsl U3MeNIbUYeHrEe U 00Jiee MII0THAS YIIAKOBKA CTPYKTYPHBIX
3JIEMEHTOB MOJMMEPA, YTO CHOCOOCTBYET MHOBBIIIEHUIO €r0 TPUOOJOTUUYECKUX U
1e(pOpMaIIMOHHO-TIPOYHOCTHBIX CBOMCTB (M3HOCOCTOMKOCTb, MOJYJb YIPYIOCTH,
npejen TeKy4eCcTH, TBEPAOCTh), B YACTHOCTH, POCTY U3HOCOCTOMKOCTH B 4 pasa;

o ONTHUMAaJIbHASI TPOJOJIKUTEIBHOCTh AKTHUBALMU HWCXOJIHBIX MOPOIIKOB
CBMIID cocraBnsier 20 MUHYT.

Tabnuma 2 - dusuko-MexaHHUECKHe M TPHUOOIOTHMYECKHE CBOWCTBA MCXOJAHOTO

CBMIID u mocite MeXaHUYECKOU akTHBaruu [55]

Bpems [TnotHOCTH | KOoaddurmen | Monaynb IIpenen | TBepmoct
aKTHUBALUU , T/em® T TPEHUS YIPYTrOCTU | TEKYUYECTH b I10
, MUH , Mma , MIla [lopy A
Ucxonuprit 0,92 0,143 669,6 14,1 97,6
10 0,92 0,143 689,5 15,0 98,1
20 0,93 0,133 699,3 14,2 98,6
30 0,91 0,137 626,1 12,8 98,2
40 0,92 0,137 624,2 12,9 97,7

B pabote [56] aBTOpPBI HCTIONIB30BAT METO/I MEXaHOAKTUBAIMH B TeueHHe 20
MUHYT i yiaydweHus cBodctB CBMIID. PesynbraTel mokazanu, 4TO
M3HOCOCTOMKOCTh YBEJIIMUMIIACh IIPUMEPHO B 2 pas3a, a mOpeaesl NPOYHOCTH

yBenuuuics Ha 50 %.
1.3.3 MeToa cMeINBAHUA B KHUAKOCTH

MeTon CBsi3aH ¢ IPUMEHEHUEM PACTBOPHUTENCH M SIBIIIETCSA HEOKOIOTUUHBIM,
HO, HECMOTPSI Ha CBOM HEJIOCTATKH, METO/I [TO3BOJISICT MOIy9YaTh KOMIIO3HUTHI ¢ OoJjIee
OJHOPOJHBIM pACIPENCICHHEM HAMOJHHUTEIS B IOJIAMEPHOH MATPHIE II0
CPaBHEHHI0O C CyXUM II€pEeMEIIMBAaHUEM, OCOOCHHO C HaHOpPa3MEPHBIMU
HAIOJIHUTEIIIMHU, YTO, B MTOIE, CKa3bIBAE€TCSA Ha (DU3MKO-MEXAaHHYECKUX M HHBIX
CBOMCTBAaX KOMITO3UI[MOHHBEIX MaTepranoB. KpoMme TEXHOJIOTHH  IIOJHOI'O
pacTBOPEHUs MOJUMEPA, TAKKE IPUMEHSIETCS METO CMEIIMBAHUS KOMIIOHEHTOB B
KHUIKHX Cpeliax, He MPUBOIAIINX K ICCTPYKIMHK moaumepa [58].

ABTopsl padoTsl [59] uccrienosanu kommno3ut Ha ocHoBe CBMIID u kapouma

KpEMHUA, KOMIIO3UIUOHHYIO CMCCh IICPEMCIINBAJIN B AlICTOHC 110/ BOSHGﬁCTBHGM
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yibTpa3Byka. JloOWTbCS paBHOMEPHOIO pacHpeiesieHuss HE YJIajioch, O YeM
CBUJICTEIIbCTBYIOT IPUBEACHHBIE JAaHHBIE PEHTICHOBCKOW MHUKPO30HIOBOM
CHEKTPOCKOMMUH, KOTOPbIE OTYETIMBO MOKA3bIBAIOT OOJIBIINE arjioMepaThl Kapouaa
KPEMHHUS B MaTpULIE KOMIIO3UTA.

B pabote [60] mokazaHo, 4TO MmepeMeIIMBaHNe B MIAPOBOW MEIbHHIIE CMECH
CBMIID/runpokcuanatutr (I'AIl) B cpene ortaHoma Oonee 3P(HEKTUBHO
CHOCOOCTBYET JearJioMepalid HAaHOPa3MEpPHBIX YacTHIl THUIpOKcHUamaTuTa 0e3
U3MEHEHHUS] XUMHUYECKON NPHUPOAbI, MOJYUYEHHBIE pPe3yJbTaThl MOJITBEPKAAIOTCS
PEHTITEHOBCKOM  (POTOSJEKTPOHHONW CHEKTPOCKOMUENH. ODTAHOJI BBICTYNAeT B
KAaueCcTBE JHMCIEPraTopa U MO3BOJISIET MPEIOTBPATUTH TOBTOPHYIO arperaimio, 4To

B KOHCYHOM CUYETE MTO3BOJIMIIO YIIYYIIUTh MEXaHUIECKUE CBOWCTBA.
1.3.4 Metoa moJiMMepHU3aANHOHHOT0 HAMIOJTHEHHSI

[lepcrieKTUBHBIM METOAOM MOJYYEHUST KOMIO3UIIMOHHBIX MaTepualioB Ha
ocHoBe CBMIID u HanmonHUTENEl MpPaKTUYECKH JTIOOOTO THMA SIBISETCS METOJ
TIOJIUMEPHU3AIIMOHHOTO HaImoJTHeHus [61].

[ToBepXHOCTh  HAMOJHUTENS B  JaHHOM  METOJIE¢  MPEIBAPUTEIIHHO
aKTUBUPYETCS MyTEM HAHECEHUS Ha HEe KOMIIOHEHTOB METAJIOPTaHHUYE€CKOTO
KaTanu3aTropa, 3aTeM B Ta30BOU (a3e Wi B Cpejie yTIeBOAOPOTHOTO PACTBOPUTES
MPOBOAUTCS TOJIMMEPHU3AIMS MOHOMEpa (WM cMecd MOHOMEpoB). B mporecce
MOJIMMEPHU3AIMK Ha TOBEPXHOCTH YACTHI] HATOJHUTENS 00pa3yercs CIUIONIHOE
MOJIMMEPHOE TOKPHITHUE, TEM CaMbIM JIOCTUTAETCS PAaBHOMEPHOE paclpe/eiicHue
YACTUIl HAMOJHUTENS B MOJTUMEPHON MaTpulle TOTOBOTO MaTepuaa, 4To Tpedyercs
JUISl  JIOCTIDKEHUS  BBICOKHX  (DU3MKO-MEXaHMYECKMX CBOMCTB.  ToumuHa
MOJIMMEPHOTO TIOKPBITHS M €70 COCTAB PETYJIHPYETCS YCIOBUSIMHU MOJTUMEpPU3aAIUU
(cBolicTBa MOHOMEpa, TeMIlepaTypa W BpeMs IMOJIMMEpU3anud W Jp.). JlaHHBIH
METOJ| TO3BOJIIET MOJYy4YaTh KOMIIO3UTBI, KOTOPBIE MPAKTHYECKH HEBO3MOKHO
MOJIy4YUTh JPYIUMU MeTojaMH. YacTto mojauMepu3alus HCHOJIb3yeTcs s

MIOJTyYEHUSI KOMIIO3UTOB C BBICOKHM COJIepKaHHeM HamojHuTels (10 95 mac. %.)
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Takue CBEpXHANOJIHEHHbIE KOMIIO3UTHI BAaXKHBI i TMPUJIAHUS CIEHHATBHBIX
(bYHKIIMOHATIBHBIX CBOWCTB, KOTOPBIMHU 00J1aIa€T caM HAIOJHUTEND [62].

[Monmumepuzanuss CBMIID 00BIYHO OCYILIECTBIAETCS MYTEM CBSI3bIBAHMS
ATUJIIEHOBBIX MOHOMEPOB B IiMHHbIE llenouku CBMIID. Kak npaBuio, 310 nenaercs
B PAacCTBOPUTENE C HUCIOIb30BAHUEM JTHJIEHOBOTO Ta3a M TETPaxJopuja TUTaHA
(TiCls) B kauectBe Katammsaropa [41, 63]. Ilpomecc mommmepusanuu in Situ
CBMIID ocymecTBisieTcss B HNPUCYTCTBUM  HamonHutened. Bo  Bpewms
MOJINMEPU3AIIMU BOKPYT HAIMOJIHUTEN 00pa3yeTcs TOHKUN CIOW MOJUATUICHOBOU
wieHku. Kpome TeTpaxiopuia THUTaHa B KayeCTBE KaTallW3aTopa MCIOJIB3YIOT U
npyrue coenunenus takue, kak TPTICl: (Et) [64], CpTiCls [65].

B wuccnegoBanmu  [65] kommosur CBMIID/ZrO; Obu1  mosydeH
noJiuMepu3aIyei aTiieHa in Situ ¢ ucrnonp3oBanueM karanusaropa [urinepa-Harra
Ha ocHoBe Ti (CpTiCls), HaHeceHHOr0 Ha MOBEPXHOCTh TUOKCHIA IMPKOHHS.
ABTOpBI COMOCTABWIM MEXaHUUECKUE U TPUOOJIOrMYECKUE CBOMCTBA MEXaHUUECKHU
CMEIIIaHHOTO U TIOJIMMEPHU30BaHHOTO IN SitU Komrmo3uTa. Pe3ynbTaThl IOKa3aJd, 9To
MOJINMEPU30BAHHBIA KOMITO3UT UMeI 00Jiee OHOPOIHYIO TUCTIEPCHOCTD TUOKCH 1A
HUPKOHMS, YE€M MEXaHMYECKH CMEIIaHHbIM KoMmo3uT. lIpum wucneiTaHuuM Ha
pacTsKEHUE TOJIMMEPU30BAHHBIN KOMIIO3UT TIOKa3al 3HAYUTEIbHBIA MPUPOCT
MOAYJS YOPYrOCTH M Tpelena TeKydecTH. Takke KOMIIO3UT JAEMOHCTPUPYET
YAOBJIETBOPUTENBHYIO M3HOCOCTOMKOCTh MPHU COJAEPNKAHUM JTUOKCUIA IUPKOHUS
43 mac. %.

Tabnuma 3 — I[IpeumyIiecTBa U HEIOCTAaTKU METOJIOB CMEIIMBAHUS MOJIUMEPHBIX

KOMITO3UTOB
Meton cMemuBaHusg [IpeumymiecTBa Henocratku
Cyxoe (MexaHudeckas
IIpocToTa, ckOpOCTh Hwuzskas nucnepcHOCTh
aKTUBAIUsA)

TOKCUYHOCTH, HU3KUI
CMelBaHuE B

Cpennsist AMCIEPCHOCTH BBIXOJI, HU3KHU YPOBEHb
JKUJIKOCTHU pea a p o yp
KOHTPOJIS
ITonumepuzanus Bricokas aucnepcHoCTs,
CnoxxHOCTBh TIpolecca
HaIlOJHUTENA YHHUBEPCAIBHOCTD
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1.4 Apmupymomue 100aBKH KOMIIO3MIMOHHOT0 MATEPHAJIa HA

ocuose CBMIID

[TonumepHble KOMIO3UTHBIE Matepuaibl Ha ocHoBe CBMIID obGnaparot

MEXaHMYECKHUMH CBOMCTBAMH HaMHOTO IMPCBOCXOAAIINMHA HCEHAIIOJIHCHHBIM

CBMIID.
1.4.1 ¥YriepoaHble HANIOJHUTEIN

VYrneponnsle Hanouactuisl (YHY), yriepomsbie HanotpyOoku (YHT),
yraepoHbie HaHoBosiokHA (YHB), rpaden, HaHoaaMasbl HCTIOIB3YIOTCS B KAUECTBE
apMUPYIOLIUX 100aBOK. Y HUKAJIbHBIE ONITUYECKHE, FIEKTPUUECKUE, MEXAaHUUECKHE
U TEPMHUUYECKHE CBOMCTBA 3THUX YTIJIEPOIHBIX MATEPHAIOB CO3JAIOT HMHTEPEC CO
CTOPOHBI HAYYHOT'O COOOIIECTBA /ISl UCIIOJIB30BAHMS MX B KAUECTBE HANIOJIHUTEEH
B noguMepHol  Marpuue. OIHOPOJHOCTb  pacHpenesieHus  YriIepOIHBIX
HAIOJIHUTENIEH B MaTPHUIIE U MX B3aUMOJICUCTBHE MEXKIY MaKpPOMOJEKYJISPHBIMU
LEMsMHU SBIISIOTCS KIIOYEBBIMU (PaKTOpaMH JUIsl MOIYYEHUS TPOYHOTO KOMIIO3UTA
[66, 67]. B pabote [66] mpoBOoaMIIOCH HICCIIEOBAHNUE CONPOTHUBIICHUS U3HOCY U
MOJI3YYECTH KOMIIO3MIIMOHHOTO Matepuana, cocrtosimero uz CBMIID u T19BII,
ApMHPOBAHHOTO MHOTOCTCHHBIMH yTJIepogHbiMu HaHOTpyOkamu (MYHT). Beuto
MOKA3aHO, YTO YBEJIIMYEHUE COACPIKAHUS YTIEPOAHBIX HAHOTPYOOK CITOCOOCTBYET
VIYYIIEHUI0  W3HOCOCTOMKOCTH  Kommo3uTa. OnTuManbHOE  COAEp:KaHUe
HaIlOJIHUTENSA, MPU KOTOPOM HAOIIOJAETCs NPUPOC TMpefesa NPOYHOCTH Ha
pacTsKEHUE U MOJTYJIsl YIIPYTOCTH cocTaBisier 1 mMac. %.

ABTopsl paboTs! [68] nobassmu B Mmarpuiry CBMIID yactuiel HaHOAIMA30B
¥ 3aTEM HCCIIEIOBAIM MEXaHUYECKHE U TPUOOJIOTHYECKUE CBOMCTBA MOTYUYEHHOTO
koMmmosuta. [lokazaHno, yto BkItoueHue 1 mac. % dacTuil HaHOAJIMa30B MO3BOJISET
CHU3UTH CKOPOCTH U3HOCA Ha 72 % u kodddunmerT Tperus Ha 24 % 1mo cpaBHEHHIO
¢ unctbiM CBMIID. [Ipu 3TOM yBENMYEHHUE COJIEPHKAHUS HAHOAIMA30B BILIOTh A0 2
Mac. % He IpHUBENO K CYHIECTBEHHBIM H3MEHEHHSIM MEXaHWYECKHUX CBOMCTB. B
IpyroMm wuccienoBanuu [69] mpu moOaBiIeHMM dYaCTHII HAaHOAIMAa30B OOLIMM

COACPIKAHUCM 0,3 Mmac. % dABTOPbI CMOI'JIA I[O6I/ITI>CH SHAYUTCIIBHOI'O YBCIINYCHUA
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npenena npoyHocTy npu u3rude (Ha 47 %) u Moaynst ynpyrocT mnpu u3rube (Ha
42 %) B cpaBHeHuUU ¢ HeHanoiHeHHbIM CBMIID.

B kauecTBe HAMONHHUTENS MOXET WCIOJB30BATHCS OOBIYHBIN TEXHHUECKHUN
yraepon (caxa). B padore [70] 6bu1 mosrydeH HaHOKOMITO3UT Ha ocHoBe CBMIID ¢
N00aBJICHUEM CakKl METOZOM IN Situ mosmmepu3anuu ¢ karanuzaropom L{urpepa-
Harra. PesynbraTel mokazamu, uyro Moxysb IOHra m mpenesn IMpPOYHOCTH MpHU
pPaCTSKEHUU YBEIUYMWIHCh Ha 66 % u 47 %, COOTBETCTBEHHO, a OTHOCUTEIHHOE
yaHeHnue Ha 39 % npu coaepkanuu caxu 1,6 mac. %. JlanpHeliee yBeauueHue
COJICp)KaHUSI MPUBOIUT K CHUKCHHIO MEXaHUYECKUX CBOWMCTB HM3-32 BO3MOXKHOM
arperaiy HaroJHUTENAS M CHWKEHHUS CTENeHU KpUCTAUIMYHOCTH. KpyrHbie
arperatbl MOTY SIBIIATBCSI IIGHTPaMU KOHIICHTPAIIMHM HANPSHKCHUH W TPUBOJIUTH K
CHIDKCHHUIO MEXaHUYECKUX CBOMCTB.

B pa6ore [72] YHT no0aBistoT B KadeCTBE apMUPYIOLIEH J00aBKH K MATPHULIE
CBMIIO ¢ wnenbro CO30aHHST KOMIIO3WTA, INMPUMEHSIEMOIO B OPTOIEIMYECKUX
umiiantanTax. [Ipu comepxkanuun YHY 0,1 mac. % Bs3KOCTh pa3pylieHUs
yBennuuBaeTcs Ha 54 %, a mpoyHOCTh Ha pa3pbhiB Ha 71 % 10 CpaBHEHHUIO C YUCTHIM
CBMIID. TloBeimienne conepxxkanuss YHY no 1 mac. % mnpuBOIUT K IPUPOCTY
MOJYJISl YOPYTOCTH W TIpeJeNia TEeKy4eCTH, HO BS3KOCTh Pa3pylICHUS U Tpeaes
MPOYHOCTH TIPU PACTSHKEHUHU CYIIESCTBEHHO CHIDKAIOTCSA. MeXaHWU3M yIpOYHEHUS
CUCTEMBbI B 3HAUUTEIHLHOM CTENEHU 3aBUCHUT OT COJCPKAHUS W OJHOPOJTHOCTH
pacopeaenenust Y HU. OqHopoAHOCTH pacipeIeIeHUs YaCTUIl B MATPUIIC BIUSET Ha
yOpyryio aegopManuio, a mI0THOCTh YIAKOBKHU MOJMMEpa U Ka4yeCTBO MexX(pa3HOU
aJre3uy MEXJy 4YacTUIIaMM U MaTpUIEH OmpeeseT MPOYHOCTh KOMIIO3UTa B
npoliecce MmiIacTu4eckoi neopmanuu.

CBomHBIE JaHHBIE TIO BIWSHUIO YIJIEPOIHBIX  HANOJHUTEIEH Ha

MEXaHUYEeCKHE U TPUOOJIOTHUECKIE CBOMCTBA MIPEICTaBICHbI B Tabmulie 4
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Tabnuna 4 — Biusitnue yriepoaHbIX HAMOJHUTENeH Ha MEXaHUYEeCKUEe U Tpruboornyeckue cBoiictea uncroro CBMIID

[Ipupocr [Ipupocr
Cuamxenue | Koad.
Marepuan Hanonuurens C, mac. % OO6paboTka MPOYHOCTHU NPHU MOMYJIS msHoca. % | ToerHms
pacTsokeHuH, % IOwura, % > 70 p
80%CBMITS/ MYHT JlaGopatopHbIit 0,12
20%I1IBIT | d=60-100 kM 0,2-2 N 20 36 50 0.12)
20 mxM; [66] I=5-15 mxMm PYACP ’
MVYHT
1 4(?]31;1[41_%7] d=60-100 0,2 1 aposar 227 5 26 (8’%)
’ I=5-15 MM H ’
CBMIID Hano-anmas 05-2 [InanerapHas i i 79 0,11
30 mkwMm; [68] 30-40 um ’ MEJIbHUIIA (0,14)
CBMIID Hano-anmas [ITaposas
500 mxwm; [69] 0,1-0.7 MEJIbHUIIA ) 42 ) )
CBMII?; [70]|  Cawa 056 In situ 43 66 : :
TIOJTUMEPH3AIIHSI
70%CBMIID/ VHB
0 . o
30 A’[r;f]BH’ d=100-200 rv 05-3 ladopatoprii 32 20 : (8"5“2‘)
1=30-100 Mxcm PyAcP !
CBMIID
20-30 i YHY 0.1-1 VY apTpa3BykoBas 29 124 73 0,25
172] 5 MKM obpaboTka (0,4)

B ckobkax yka3zansl 3HaueHUs K03 uuuenta tpenus uucroro CBMIID
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1.4.2 Jlpyrue apMupymomme 4acTuibl

ApmupoBaHue MATKHUMH YaCTUIIAMH YJydIlIaeT Bsi3koymnpyrue ceoiictea CBMIID, B
TO BpeMs KaK apMHUPOBAaHHE TBEPJABIMH YacTUIAMHU MOXET 3((HEKTHBHO TOBBICUTH
HECYUIYIO CIIOCOOHOCTD U YIYUIIUTh H3HOCOCTOMKOCTD MOJIUMEpA.

BaxxHbIMH ~ XapakTepUCTUKAMU HAMOJHUTENS  SBIAIOTCS: (opma, pasmep,
KOJIMYECTBEHHOE COJIEp>KaHUE, OTHOPOTHOCTh PACTIpEACNEHHs, a TAKXKEe aaAre3us MExXIy
HAIIOJIHUTETIEM ¢ MaTpulleld. BrnusHHe pa3audHBIX apMUPYIOMUX J00aBOK Ha
TpUOOJIOTUYECKUE ¥ MEXaHNYECKHE CBOMCTBA MPECTAaBICHBI B TAOIHUIIE 5.

B pabGore [73] uw3yuanm BiusHUE dacTul[ Ieoiura B Matpuime CBMIID Ha
TpUOOJIOTHYECKHE U MEXaHWYeCKUe cBoicTBa. OTHOCUTENBHOE YIIJTMHEHUE TIPHU Pa3phiBE U
npeaen MPOYHOCTH TMPHU PACTSIKCHHH CHU3WIINCH, HO MOAYJIh YOPYTOCTH W yAapHas
BS3KOCTH ObLIH yBenuueHbl Ha 34 % u 25 %, COOTBETCTBEHHO, 3a CUET TOOABICHUS YaCTHUIL
neonura. Takke CHU3UICS KOIPPUIUMEHT TPEHUs, YTO MO3BOJIUIO YMEHBIIUTh CKOPOCTh
u3Hoca Ha 25 %.

JloGaBieHre HAaHOPa3MEPHOTO THAPOKCHUATIATUTA COJepKaHUEM 7 Mac. % B MaTpHILy
CBMIID npuBOAUT K CHIKCHHIO KOA(PPUIIMCHTA TPEHHSI U CKOPOCTHU M3HOCca [74].

Hccnenoanue [75] mokaspiBaeT, 4To Jo0aBka aucyibduma monubaeHa (MoS2) B
CBMIID npu cyxoM TpeHUH MO3BOJISIET YMEHBIINTH CKOPOCTh U3HOCA BJIBOE 0 CPABHEHHIO
C YUCTBIM TIOJIUMEPOM, TPHU I3TOM MEXAaHMYECKHE CBOMCTBA M3MEHSIOTCS HECYIIECTBEHHO.
CkopocTth abpa3uBHOro u3Hoca cHrkaeTcs Ha 30-50 %.

Omnenky BIUsSHUS T0OABKM OKCHJAa IFOMHHHS B ToluMepHyo matpuity CBMIID
IPOBENIM aBTOPBI paboT [76, 77]. Pe3ynpTarhl mokasaiu, 4TO MPHU COACPIKAHUM OKCHIA
amomMuHug 3 mMac. % npezen NpoYHOCTH IPH PACTSHKEHUH yBEIUUUBaeTCs Ha 25 %, MOyITb
ynpyroctd Ha 58 %, OoTHOCUTENbHOE yAJIMHEHUE MpHU pacTsbkeHun Ha 33 %, a mpenen
tekydecty Ha 20 %. JloGaBieHre MUKPOUYACTHI] OKCUAA ATIOMUHUS IPUBOIUT K CHHYKEHUIO
kordduirerTa TpeHus B 2,5 pasa o cpaBHeHuto ¢ yncteiM CBMIID.

B paGore [68] mms co3maHus THOPHIHOTO KOMIIO3UTa OBUIM  BBIOPAHBI
HAHOIOIIOPOIIKM  THAPOKCHANAaTUTa W  JUOKCHAA [HUPKOHUSA. [ HMapokcuamaTtut
MOJIJICP>KUBAET COOTBETCTBYIOIINI YPOBEHb OMOCOBMECTHUMOCTH, TaK KaK ¢ XUMHUYECKOU

ctpyktypoit Cai1o(PO4)s(OH)2 on umeer 3HaueHune koaddunuenra Ca/P okono 1,67, uro
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AQHAJIOTMYHO €CTECTBEHHOW KocTH. Kepamuka W3 AMOKCHA LMPKOHHS MMEET XOPOILIHUE
MEXaHUYECKUE CBOWCTBA W SIBJISETCS OMOMHEPTHBIM MaTepUaiOM, MOITOMY C YCIIEXOM
npumensiercss B Meauuuue. Jlo6aBnenue 10 mac. % runpokcuanaruta u ao 10 mac. %
nuokcuaa uupkonuss B martpuily CBMIID compoBokiaercss yBEIHMYEHUEM MOMYJIsS
yOPYTroCTH, Tpeiesia TeKy4eCTH U Ipeiesia MPOYHOCTH MPU PACTSKEHUU, B TO BpEMsI Kak
OTHOCUTEJIBHOE YJIMHEHUE NPHU PACTSHKEHUM CHUKaeTcs. MoIylib ynpyrocTd W mpeael
TEeKy4decTH o0pasloB ¢ coaepkanuem 10 mac. % ruapokcHanatuta ObUIM YIYUIICHBI
npumepHo Ha 41 % u 14 %, COOTBETCTBEHHO, B CpPaBHEHUU C 00pa3laMu W3 YHCTOIO
CBMIID. [obaBnenue nuokcuja HUPKOHUS ¢ KoHUeHTpauuer 10 mac. % crnocoOcTByeT
YBEJIMYECHUIO MOJYJISI YOPYTrocTH W Tpenena Tekydectu npumepno Ha 70 % u 29 %
COOTBETCTBEHHO, B CpaBHEHMH ¢ oOpasnamu u3 uucroro CBMIID, Ho mpu sTOM
HAOJII0TaeTCsl CHIDKCHHE OTHOCUTENBHOTO YJUIMHEHHUs Tpu paspbiBe Ha 38 %. Taxke
Ha0JII01aeTCsl yBenuYeHrne MUKpoTBepaocTi Ha 84 %. CkopocTs u3HOca U KO3(PPUIIMEHT
TpeHUs CHUXkaroTcs npu nobasinenun 10 mac. % auoxcuna uupkoHus Ha 88 % u 61 %,
COOTBETCTBEHHO, B CpaBHEHUHU ¢ yncTbiM CBMIID.

B pa6ore [82] mpoBoauiack oleHKa BIMSHUS MUKPO- M HAHOYACTHUI] KapOuia Oopa B
matpuiie CBMIID Ha Tpubonoruueckue u Mexanmieckue ceoiictna. [Ipenen npounoctu Ha
pPa3pbIB BCEX KOMITO3UITMOHHBIX 00pa3IioB Haxoauics B nuama3zoHe ot 28 mgo 41 Mlla u
YMEHBIIAJICS C YBEJIMYEHHEM COJEpkKAaHUS MHMKpOYacTul HamoiHuTend. Illockonbky
YaCTUIBl CIyYallHBIM 00pa3oM pa3MemaloTCsl MEXIY MNOJIMMEPHBIMU MPOCIOUKAMH,
CHUKAETCS ~ KOTE€3MOHHAs  MPOYHOCTh  KOMIO3uUTa. HaHOKOMMIO3UTH  MOKa3alu
HECYIIECTBEHHOE MOBBIIIEHNE POYHOCTH HA Pa3phIB 0 CPaBHEHMIO ¢ ucxoaHbIM CBMIID.
HoGasnenue 10 mac. % xapbuma Gopa mpuBOIMIIO K mpupocty TBepaoctu Ha 70 %.
Cxopocth u3Hoca cHusmwiach Ha 30 % npu noGaBnenun uvactuiy B4C nmo 8 mac. %.
JlanbHelilee yBeIMUEHHUE COIEpKaHUs YacTULl KapOuaa 60opa MpUBOIUIO K OBBIIIEHHOMY

U3HOCY.

35



Tabnuna 5 — Bnusaue pa3nuyHbIX apMUPYIONIUX HATIOJHUTEICH HA MEXaHUYECKHE U TPUOOJIOTUYECKHUE CBOWCTBA YUCTOTO

CBMIID
[Tpupocr
[Ipupoct CHuxe
npouHoctu | IIpupoct ITpupocr IIpupocr
Hamnonau C, OTHOCHTEJIbHO HHE Koad.
Marepuan 0 O6paboTka npu MOTYJISI npejena TBEPAOCTH
TEJb mac. % T'0 YUIHHEHMS, U3HOCA, | TPEHHS
pactsbkenuu, | FOura, % 0 TeKky4ect, % , % 0
% % %
CBMIID
45 MkM Leonur | 10 120 [aposas -11 34 -11,2 - - 25 0.4
73] MEJTbHHIIA (0,5)
AT
CBMIID [IapoBast 0,092
[74] 100 aMm Ilu7 MeITbHHIA 41 18 - - - 80 (0,15)
CBMIID
5-15 wKu MoS:2 3-10 [TnanerapHas 29 i 14 ) i 47 0,1
[75] 1-7 MM MeJIbHHIIA (0,16)
CBMIID Al203 3 [TnanerapHast o5 58 33 20 ] ) )
[76] 50 HM MeEJIbHUIIA
CBMII Al20s [TepemermmBanue 0,12
100-500 My | 100-500 | 5-15 P . . : - 11 39 !
[77] e B CTYIIKE (0,28)
CBMIID ZrOz [TepememuBanue 0,09
[78] 20 aM 1-5 B CTYTIKE ) ) ) j 17 64 (0,15)
90%CBMIID | ZrO2
/10% n-TAIT | <100my | 2 | YabTpassykosoe 55 139 -36 45 84 g2 | 0S8
[79] nepeMelIMBaHue (0,16)
Tio JlabopatopHsblit
[15BII [80] 535 2 40 IKCTPYAEP MpH - 25 - 25 - - -
™ 210 °C
CBMIID TiO2 VY bpTpa3ByKOBOEC
[81] <25 um 0.25-1 MepeMeInInBaHme 30 13 ) 10 ) ) )
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IIpoodondicenue mabauyot 5

Hpupoct [Ipupoct CHmxe
Hanonuu | C, mac npouroct | Ipupocr OTHOI())I/II")FGJIBHO Hpupocr Hpupocr HUE Koad
Marepuan Tolh ’ % ' Oo6paboTtka npu MORYIA | e npezena TBEpAOCTH | o | p eHH;I
pactsbkenuu, | FOura, % ya 0 > | TekyuectH, % , % o P
% % %
B4C
CBMIID 2-5 MKM VY bTpa3ByKoBOE 0,64
[82] 70-90 uam 2-10 HepeMEIIBAHIE 2 i i i 70 30 (0,63)
CBMIID
150-200 xw | "BC | 5.p | YAbTPa3ByKOBOC 40 : 29 : 19 : :
[83] nepeMelIrBaHue
CBMIID Si0
80-100 mxm 5 MK; 0,1-5 - 12 - 4 - 17 45 -
[84]
CBMIID Zn0O [TapoBas 0,4
[85] <100 um 5-20 MeJIbHHIIA 35 15 5 ] 19 32 (0,5)

B ckoOkax yka3zaHsl 3HaueHus Kodduuuenta tpenus uucroro CBMIID
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1.5 BwbiBoa 1m0 pa3aeny U NOCTAHOBKA 3a1a4 UCCJIeIOBAHU I

PesynbraTthl  MpoOBEAEHHOTO  JIUTEpaTypHOTo o030pa  TOKaszajld, 4TO
UCCIICIOBaHMSI B 00JIACTH MOJTyYCHHUS TOTUMEPHOTO KOMITIO3UIIMOHHOTO MaTepuasa Ha
ocaoBe CBMIID ¢ mobaBieHueM apMHUPYIOMUX J00aBOK SBISIOTCS aKTyalbHBIMH,
MOCKOJIBKY ~YaCTHUI[bl HAMOJIHUTENS TO3BOJIIIOT 3HAYUTENBHO YJIYUYIIUTh Kak
MEXaHUYECKUE, TaK U TPUOOIOTUYECKHE CBOMCTBA KOHEYHOTO MPOAYKTa. BaxxHBIMU
dakTopamMu A TONMY4YEHUS KOMIIO3MIIMOHHOTO MaTephalia ¢ yJIy4IICHHBIMU
CBOMCTBAMH SIBJISIFOTCSI MOP(OJIOTHS YACTHUI] MATPHIIBI U HATIOJTHUTENS, OTHOPOTHOCTH
pacripeiesieHus: U MeK(Pa3HOe B3aUMOJICUCTBHE MEXKIy MAaTPULIEH U HATIOJIHUTEIIEM.

I'opsiuee mpeccoBaHue sBIAETCS HAuMOOJEE YaCTO HMCIOJIb3YEMbIM METOJIOM
KOHconupanuu kommo3utoB u3 CBMIID, HO oaHUM H3 NEPCHEKTUBHBIX
IPEJCTaBISIETCS METO/I HCKPOBOIO IIa3MEHHOTO CIIEKAHHUS, TOCKOJIbKY OH MO3BOJISIET
3HAUYUTEITFHO COKPATUTD MPOJIOJKUTEILHOCTD CIeKaHus. Pe3ynbTaThl TUTEpaTypHOTO
o030pa mnokazanu, yto Meron CIIC penko npumeHseTcs s MNOJUMEPHBIX
MaTepuasoB, IMOCKOJbKY HE BCE YCTaHOBKHM CIIOCOOHBI paboTaTh MNpPU HHU3KUX
temneparypax (100-250 °C).

[Ipu BbIOOpE HAMOTHUTENS [JiI KOMIIO3UIIMOHHOTO MaTepuajga HyXHO
PYKOBOJICTBOBATHCS 1EI€BOM 00aCThI0 MPUMEHEHUSI KOHEYHOTO MpoayKTa. MOoKHO
OTMETHUTh, YTO BCE PACCMOTPEHHBIC YTIEPOAHBIC HATIOTHUTEH MPU COJAEPKAaHUH /10 3
Mac. % TMO3BOJSIOT MOBBICUTh MEXaHHMYECKHE W TPUOOJOTHYECKHE CBOWCTBA MpPH
YCIOBUHM, YTO YAQJIOCh JOCTHTHYTh OJHOPOJHOTO PACHPEICIICHUS YaCTHII
HATIOJTHUTENSI U yAOBJICTBOPUTEIHLHON aAre3nu MeXaAy KOMIOHEHTaMH KOMIIO3UTA.
Haubomnee r¢hekTHBHBIMU KepaMUYECKUMHU HATIOTHUTEISIMHU SIBJSIOTCA KapOuy 6opa,
OKCH/JI JTFOMUHWUSI, TUOKCHUJI TUPKOHHUS, THAPOKCHATIATHT.

B xone nuteparypHoro o030pa BBISIBIEHO, UTO padOT, B KOTOPBIX UCCIAEAYIOTCS
BBICOKOHATOJHEHHBIE KOMIIO3UTHI, HE TaKk MHOTO. MccreoBanust B 00JaCTH CO3/1aHUS
BBICOKOHATIOJHEHHBIX KOMITIO3UTOB SIBJISIFOTCS TEPCHEKTUBHBIMU C TOYKH 3pPEHUS

MMOJIYHYCHUMA MaTCpHrajia ClICHUaIbHOI'O HA3HAYCHUS.

38



Ilenms pabGoOTBI — OSKCHEpPUMEHTAIBbHAS OIEHKA BIHMSHUS ¥ ONTHMHU3AIMS
collepkaHusi  J00aBKM Ha  CTPYKTypHbIE CBOHCTBA W  TpPUOOJOTHYECKHE
XapaKTEpPUCTUKU KoMIio3uTa Ha ocHoBe CBMIID u wactuil kapbuna 6opa.

3amaun pabOTHI:

1. UCCIENOBaTh BJIUSHHUE TEMIIEPATyphl CIEKaHUs Ha IUIOTHOCTh W
TBEpAOCTh 00pa3noB u3 uucroro CBMIID u xommnoszutoB Ha ocHoBe CBMIID c
Pa3IUYHBIM COJIEp>)KaHUEM YacTull kapouma 6opa 25, 50 u 75 06. %;

2. UCCJIEJIOBATh BIIMSHUE pa3Mepa YacTUI] HAIMOJHUTENS Ha TUIOTHOCTb U
TBEPAOCTh KOMIO3UIIMOHHOTO MaTepuana Ha ocHoBe CBMIID ¢ conepxanneM yacTuil
Kapouaa 6opa 75 %;

3. OIICHUTh BJIUSHHUE TEMIIEPATyphl CIIeKaHWs Ha (a30BbIA COCTaB H
napamMeTpbl KPUCTAJUTMYECKOW CTPYKTyphl oOpa3ioB u3 uuctoro CBMIID wu
KOMIIO3HUTa C cojiepkaHueM kapouaa 6opa 50 %;

4, HCCIIEIOBATh BIUSHUE COJEp KaHUs HAIMOJTHUTENS Ha TPUOOJIOrHYECKUE
XapaKTepUCTHKHA KOMIIO3MLIMOHHOTO MaTtepuana Ha ocHoBe CBMIID u wactun
KapOuja 6opa;

S. MPEJOCTaBUTh MPAKTUYECKHE PEKOMEHAAIMM 10 HCHOJb30BaAHUS

pPe3yJbTaTOB MaruCTEPCKOM JUCCEPTAIIUH.
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2. MATEPHAJIBI U METOJIUKA UCCJIIEJOBAHUSA

2.1 MarepuaJjsbl HccJIeI0BAHMS

B kadectBe o0OBeKkTa wuCcAeqOBaHUS B paboTe ObUT BBHIOpAaH YHUCTHIN
nopowkoBeli CBMIID M moJMMeEpHBIM KOMITO3UIIMOHHBIN MaTepual Ha OCHOBE
CBMIID ¢ nanonmHuteneM B BUIe 4dacTull kapbuaa 6opa. Mcnmonp3oBamun CBMIID
mapku GUR 2122 (Celanese, I'epmanust) ¢ MoJeKyIspHoit maccoii 4,2x108 r/mons,
KOTOPBIN MpeacTaBisieT co00il Oemnblii MOPOLIOK CO CPEAHUM pPa3MEPOM YACTHIL
15+£5 MM (pa3mepsl arimomepaToB 120+£20 mMkM), Temreparypa rmiaBieHuS (Tn:) —
140 °C, 3nmayeHue HachlmHON MIoTHOCTH — oT 0,2 1o 0,25 r/cM®, TeopeTnueckas
mioTHOCTh — He MeHee 0,93 r/cm®. Mapka CBMIID GUR 2122 wucnons3yercs s
U3TOTOBJICHUS] KOMIIO3UTA C BBICOKHM COJIEP’KAHUEM HATOJTHUTES.

B kadecTBe HAMOJHUTEINS UCTIOIB30BANIM OPOIIKK Kapouaa 6opa, yKka3aHHbIE B
Tabsmiie 6

Ta6muma 6 — Mcmons3yembie mopoIku kapouma 6opa

[IpouszBoguTenb Cpenuuii pa3Mep 4acTHI], MKM Teopernieckas
P i peA P P b JIOTHOCTb, I/CM°
Plasmachem GmbH 0.046
(l'epmanust)
OKB-BOP (Poccus) 3
Plasmotherm, 251
60
(Poccust)
Plasmotherm,
(Poccust) 160

Pesynbrathel rpanyiioMmeTpudeckoro cocraBa mukpomnopoiika «OKP-BOP» u

Ha”onopomka «Plasmachem GmbH» Obuin moNyd4eHBI METOJOM Jla3epHOU

nudpakiuu (pUCyHOK 8).
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SHIMADZU SALD-7101 (SALD-7101-WEA1:V1.02)

{File Wame) B4C2_01

{Sample ID) B4C (Sample #) 1
{ Date } 15/05/15 ( Time )} 18:30.57
B Index=2.65-0.001 Median D 2.851 Mean ¥V 2.647 10.0%D 0.556 85 Level . O
Modal D 3.564 Std Dev = 0.534 S50.0%D 2.851 D Func :None
S90.0%D 13.307 D Shift . O
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SHIMADZU SALD-T7101 (SALD-T101-WEA1:V1.02)

(File Hama) B4AC HO 01

(Samples ID) (Sample &)
{ Dats ) 13/03/1% { Time 1} 18:09:51
R Index=32.65-0.501 Hadian D 0.029 Haan V ] 0.030 10.08D 0.025 8 Leaval v O
Modal D 0.028 Std Dav 0.072 50.08%D » 0.029 D Func 1Hone
90.08D 0.038 D Shife . O
Qg (%) g (%)
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Pucynok 8 — ['panynoMeTpru4ecKuii COCTaB MO JaHHBIM JIa3epHOM U PAKITIH
mukponopomika «OKP-BOP» (a); u Hanomnopomika «Plasmachem GmbH» (6)

2.2  TexHon0rUs MOJYyYeHUS U31eTUI

HOﬂyquue KOMI’ZOS’ML}MOHHOI:[/ cmecu MemoooM MexaHU4ecko2o nepemewiusanusl 6

deOGOIZ MejlbHUuye

Mexannueckue cmecu CBMIID u HanomHUTENS NMOMydYald METOJOM CYXOro
nepemenmBanus B mapoBoi menbuuiie MIJI-1 mpu ckopoctu 30 000pOTOB B MUHYTY
B TeueHue 24 dacoB (pucyHok 9). B kauecTBe MEIONIUX TEJ UCIIOIB30BAN IIAPHI U3

TUOKCUJA UUpKOHUsA auamerpoM 3 MM. COOTHOIIEHHME MacChl CMECH K Macce
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Memronux Ten coctasisierT 1:4. B pabore umccnemoBamu [IKM ¢ oOweMHOlN morneit

HanojiHuTeNA 25, 50 u 75 %.

Pucynok 9 — IllapoBas maboparopnas menbauma MIIJI-1

[Tocne 00pa®OTKM TOPOIIKOB B  IIAPOBOM  MEJIBHUIIE MPOU3BOIUIN
JIOTIOJTHUTENIBPHOE TEepeTUpaHUEe CMECH B araroBOM CTYNKE B TEUYCHHE 15 MUHYT.
[IpenBapuTenbHbIE Pe3yiabTaThl SKCIEPUMEHTOB I10 JTOTOJHUTEILHOMY TEPETHPAIO
MIOPOIIIKOBOM CMECH B araToBOW CTYMKE IMOKa3aJid, YTO OTHOCHUTEIIbHAS TUIOTHOCTH

00pa3IoB yBeInuuBaeTCs B cpeaHeM ot 1,5 mo 2 %.
Konconuoayus obpaszyos memooom uckposozo niasmeHHo2o cnekanus

Cnekanue MNpPOBOAMIM HAa YCTAaHOBKE 3JIEKTPOUMITYJIBCHOTO IUIa3MEHHOIO
cnekanust SPS-1500A (SPS SYNTEX INC, Anonust). Criekanue 06pa3ioB U3 Y4UCTOTO
CBMIID 6e3 poGaBineHuss HAMOJHUTENEH MNPOBOAWIM B IIUPOKOM HHTEpBAJIE
temriepatyp ot 125 1o 210 °C c marom B 10 °C, ckopocTs Harpesa 20 °C/muH., BpeMs
BbiepKkH 10 MuH., naBnenue npeccoBanus 40 MIla. B paGote ucnons3oBanu npecc-

dbopmy u3 TBeporo crutaa BK6 nuamerpom 10 mm (pucynok 10).
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Pucynox 10 — YcranoBka uckpoBoro 1iazmenHoro crnekanust SPS-1500A u npecc-

dbopma u3 TBepaoro cruiara BK6

Ha ocHOBe moyueHHBIX JaHHBIX OBLITN BBIOpaHBI TEMIIEPATYPHBIE PEKUMBI TS
CHEKaHMsI TMOJUMEPHOTO KOMIIO3UIIMOHHOTO MaTepuaja C JI00aBJIeHHE YacTHIl
kapOuna 6opa. Kommnosuimonusie o0pasisl criekayiu npu Temmeparypax 145, 180 u

210 °C. dpyrue napameTpbl KOHCOTUIAIUU ObLITM HEM3MEHHBI.
2.3 MeToauka uccjaea0BaHusi
Ilnomnocmo

Pe3ynbTarhl u3MepeHni TIMHEWHBIX Pa3MEPOB MOTYYald, HCIOIb3Ys H(POBOI
tonmuaoMep Mitutoyo ID F-150 ¢ Tounoctero 0,001 MM, ananutrueckue Becbl Shinko
Denshi AJ-4200CE c tounocteto 0,001 r. dopmyna anst onpenesieHus] BEINIHHBI

IIJIOTHOCTH:

p=$ 1)

r7ie p — INIOTHOCTH 00pasia, I/cM°; M - Macca 06pasiLoB, T; V — 00béM, cMm;
TeopeTndeckyto TUIOTHOCTh KOMITO3UIIMOHHBIX TOJUMEPHBIX  0Opa3IoB
pacCUYUTHIBAIIN TIO POpMYyIIE:
P =PNu+ PN, (2)
TJE P U Py — TEOPETUYECKAS TUNIOTHOCTh MATPUIIbI U HanoJaHuTenst; V,, u V, — oobemHas

A0JIAA MaTPpULbl U HAITIOJTHUTCIIA
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Cmenenns KpucmajiiudHocmu

Bennunna teopernueckoil miotHoctu CBMIID 3aBUCHT OT COOTHOLLIEHHS €0
da3. AMopdHbIe U KPUCTAUIMUYECKUE YYACTKU B MOJUMEpAx HE SBISIOTCS Pa3HbIMU
dazamu, TOCKOJIBbKY (PHU3NIECKH HEBO3MOXKHO Pa3CICHNE ITUX YU4aCTKOB 0€3 pa3phiBa
XUMHUYECKUX CBSA3EH, a KPUCTAJUIMUECKHE YYaCTKH CIMIIKOM Malibl U OJJHA U Ta K€
MOJIEKYJIa TIPOXOJUT dYepe3 Pl aMOPPHBIX M KPUCTAJUTMUSCKHUX oOyacteit [86].
[ToaToMy pazneneHue nmoauMepa Ha KpUCTAITMIECKUE U aMOop(HBIC 00IaCTH SBIAECTCS
YCJIOBHBIM.

CooTHolIeHre MEXy KPYMHOKPUCTATUIMYECKUMH 001acTsIMU B 0011IeM 00beMe
CMECH M HAHOPa3MEepHOI KBa3UKPUCTANINYECKOH (ycIoBHO aMmopdHOil) a3oii B pse
pabot XapaKTepu3yeTcs «CTETNEHbIO KPUCTATTUYHOCTHY. «CrerneHb
KPUCTAJUIMYHOCTH» TOJIMMEpa HE SIBISETCS KOHCTAaHTOM, TMOCKOJIBKY 3aBHUCHUT OT
nenoro psga GakropoB (0T CTpOEHHUS W KOHPUTYPALMd MaKpPOMOJICKYJI, YCIOBHM
CUHTE3a U JIp.). AOCOJIIOTHYIO BEJIUYUHY «CTEMEHU KPUCTAITMYHOCTHY» OMPEACIIUTD
HEBO3MOKHO; JEIAETCs MPEANOI0KEHHE O KAKYIIEHCA «CTENEHU KPUCTAINTMYHOCTH
o0pa3IoB, KOTOpbIE TMPEJCTABISIIOT CcO00M ABYyX(a3HyH CHUCTEMY: HACATHHO
KpUCTaJUTMYECcKasi 001acTh M HEYMOPSIOYCHHAS YCIOBHO aMop(dHast 00J1acTh.

B pa6ore [86] «crenensb kpucTaLIMUHOCTHY 00pasioB u3 uucroro CBMIID
paccuMThIBAIIM 1O opMyIie:

2(06)=2-2=2) ©
p(p.—r,)
rie p — IIOTHOCTh 00pasua, r/cM°; px — IIOTHOCTh KpucTautndeckoil ¢assl, 0,999
r/cm3; p, — mnotHOCTH amopHoi dassl, 0,852 r/cm.

KonuvecTBeHHasi OlEHKA YCIOBHOM «CTEMEHUW KPUCTAJUIMYHOCTH» B HaIIeM
WCCIIEIOBAHUM JISTAETCS TOJIHKO JIJIS COMTOCTABIICHUS XapaKTEPUCTUK 00pa3IloB APYT C
JIPYTOM B TIPEANOJIOKEHUH O TOM, YTO IMOJTy4YEHHBIE 00pasibl MMEIOT IMOJHOCTHIO
OECTOPUCTYIO CTPYKTYPY, a U3MEHEHNE 3HAYCHUN TIOTHOCTU CBSI3aHO C U3MEHEHUEM

COOTHOIIIEHUS YCIOBHO aMOpP(HON M KpHUCTAUINUECKO (a3, MIOTHOCTh KOTOPHIX B
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MMponeCCe CIICKAHUsS HE N3MCHACTCA. Cnez[yeT YTOYHHUTD, UYTO AAHHOC IIPCAIIOJIOKCHUC

OTHOCHTCS TOJIBKO K 00pa3siam, moydeHHbIM 13 yrctoro CBMIID.
Tseepoocmw no Lllopy J]

N3smepennst tBepmoctu mo Iopy JI mpoBomunu Ha mpubope «BocTok-7»
(pucynok 11). M3mepenust TBEpAOCTH KaxA0ro odpaslia NpOBOAWIN HE MEHEE MATU
pa3. O6pa3siel u3 unctoro CBMIID, nonmyuennsie mpu temieparypax 125 u 135 °C, B
IpolLecce MOBTOPHBIX U3MEPEHHUM pa3pylIaiiCh, YTO YKa3bIBA€T HA HEIOCTATOUYHYIO
CBSI3BHOCTb CTPYKTYphlL. JIJisi mpenoTBpallieHusi paspylieHuid oba oOpasma ObuH

3a()MKCHPOBAHBI B )KECTKOM KOMITAYH/IE.

BOCTOK-7

Pucynok 11 — ITpubop mis uzmepenus teepaoctu o lopy /I u uccnemyembie

00pa3Isl

Peumeenogazoewiii ananuz (PPA)

P®A oOpasnoB npoBoauiu Ha peHTreHoBckoM audpaktomerpe XRD-7000S
(Shimadzu, SImonus) B caexyromux pexumax: nznyuenne CuK, (A=1,54056 A), yrmsr
ckanupoBanus ot 3 o 60 ° ¢ marom 0,04 °, sxcrio3unus B Kaxaon touke 1 c. Ilo
MOJIYYEHHBIM pe3yJibTaTaM METOAOM MOJHOMPOPUILHOIO aHAIN3a ONIPEACIISUIA TUIT U
napaMeTpbl KpUCTAJUIMYECKON CTPYKTYpbl. MeTtogom Xoiuta-BunbsiMcoHa oleHuBaiIn
cpenHue pasMmepbl obOnactedl korepeHTHoro paccesHusi (OKP) u  Benmuuny
OTHOCHUTENbHBIX MUKPOHANPSHKEHUH (MHUKpoAepopMaIuii) KpuctamiuToB. Pacuér

npooawn B mporpamme PowderCell 2.23 ¢ ucnons3oBanuem 0a3el 1aHHBIX PDF-4+.
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UtoOsl TpOBEpPUTH, HACKOJIBKO W3MEHSACTCS TEOpPETHYeCKash IIOTHOCTh
kpuctaumueckod ¢azet  CBMIID B  mpomecce cnekanusi, ObUl  MPOBEACH
peHTreHo(}a3oBbIll aHAJIM3 KMCXOJHOIO TOPOIIKAa W 00paslioB, MOJYYEHHBIX MpHU
temriepatypax 145 u 180 °C, a taxxe kommosuta ¢ conuepxkanuem BsC, paBHBIM
50 06. %. U3 mosy4eHHBIX JAHHBIX PACCUUTHIBAIM MapaMeTpbl KPUCTAJUIMYECKON
CTPYKTYpPbl KaXKJIOH KPUCTAJUIMYECKOM (hpa3bl, HA OCHOBAHUHU KOTOPHIX HAXOJIUIU

TCOPCTUUCCKYIO INIOTHOCTD 06pa3u0B N «CTCIICHb KPUCTAJTLNIMIHOCTH.

Pucynok 12 — Perrrenosckuit nudpakromerp Shimadzu XRD-7000S

Hsmepenue usnoca u koaghguyuenma mpenust

Ucnbrtanust TpuOOJIOTrMUECKUX XapAaKTEPUCTUK MPOBOJIUIM HAa YCTAHOBKE
Tribitechinic (®panuusa) no meroguke «Pin-on-Disk» (pucynox 13). B kauectBe
KOHTPTENIa HCIOJIb30BAIM CTAJbHOW IIAPUK JAMAMETPOM 3 MM, KOTOPBIA ObLI
3aKperuieH Ha KOHLle MHJAEeHTopa. Harpyska Ha MHIEHTOp B MPOLECCE HM3MEPEHHM
cocraBmsuia 5 H, ckopocth Bpamenus ooOpaszma 0,25 mwm/c, quameTp Tpeka 2 M,
MPOJIOJDKUTEIPHOCTh MCTIBITAHUNA KaXJI0Tr0 oOpas3iia cocTaBisuia 33 MHHYTHI.
Bennunny 00beMHOro n3Hoca 00pa3loB MOCIE HMCHBITAHUN OMPEAENIsIA METOJO0M

npo¢uarpoBaHus TpekoB uzHoca (mpodunomerp Tribitechinic, @panums).
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Pucynox 13 — O6opynoBanue jyist ucnbiTaHuii MeTogaoM «Pin-on-Disk»
Cranupyrowas snexkmponnas mukpockonusi (COM)

HccnenoBanue CTPYKTYypbl KOMIIO3WUITMOHHOTO Martepuaja MpPOBOAWIN Ha
CKaHupyoueM 3eKTpoHHOM mukpockone JSM-7500FA (JEOL, Slnonust — pucyHok
14a). Hccnemyemble 00paslbl IMOKPBHIBAJIUCH TOHKHM CIIOEM IUIATHHBI, YTOOBI

o0ecnieunThb 3P (HEKT OTpaKEHUs JIEKTPOHOB C MOBEPXHOCTH 00pa3La.

100pm TEUnanoC 4/15/2021
10.0kV SET M WD 8.0mm 6:58:58

Pucynox 14 — Ckanupytromuii 31eKTpoHHbINH Mukpockon JSM-7500FA (a);

COM-uzobpaxenue oraenbHbix yactuil B4C na nosepxunoctu CBMIID (6)
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IIpu uHTEpnpeTranuu U300pakKeHUH, MOJyUYEHHBIX B PEXKUME JE€TEKTUPOBAHUS
oTpaxeHHbIX 31eKTpoHOB (BSE), ga3oBblil KOHTpAacT B KOMIO3UIMOHHBIX 00pa3iax
HE HaONIOAANCs, YTO MOXET OBbIThb CBA3aHO C HU3KOM Pa3HOCTBIO 3JIEKTPOHHOU
IUIOTHOCTH MaTepHasioB (pUCyHOK 146).

Ha pucynke 15 mpencraBneHa Mop}oiorusi moBEpXHOCTH KOMITO3UITMOHHOTO
obpasna ¢ coaepkanueM kapouaa 6opa 75 %. I[ToBepxHOCTH 3TOr0 00pa3iia TPaBUIN
VMOHHBIM IIyYKOM B TEUEHHE TPEX JHEH C LENbI0 BBIABICHUS MOP(OIOTHYECKOrO
KOHTpACTa OTJEIbHBIX KOMIIOHEHTOB KOMIIO3UTA B MPUIIOBEPXHOCTHOM CJIO€: MOXHO

BUJIETh OTJIETIbHBIE YACTHUIIbI KapOuia 6opa B BeITpaBieHHoM Matpuiie CBMIID.

7 s

10pm TPUnanoC  4/26/2021
10.0kV SEI  IM WD 26.0mm 7:28:53

Pucynok 15 — Mopdoiorust KoMno3uinoHHOTro oopasia ¢ coaepxkanueM B4C 75%,

IMOCJIC MOHHOI'O TpaBJICHUA
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3AJIAHUE JIJISI PA3JIEJIA

«®UHAHCOBBI MEHEJ)KMEHT,

PECYPCO2DPP®EKTUBHOCTDb "

PECYPCOCBEPEXEHMUE»
CTynenry:
I'pynna OUO
4bM92 BacunweB [Imutpuii CepreeBuy
Ikona WIIHIIT Otaenenue lkona oM
22.04.01
YpoBenb o0pa3oBaHust Maructparypa Hanpasienne/cneuuajbHOCTh «MarepuanoseieHue u

TEXHOJIOTUH
MaTcpuaIoB»

Hcxonnblie 1anHble K pa3aeny «DMHAHCOBBIA MEHEIKMEHT, pecypcodGPeKTUBHOCTD U
pecypcocOepexeHne»:

1. Cmoumocms pecypcos HayuH020 UCCIe008AHUA
(HHU): mamepuanbHo-mexHu14ecKux,
OHep2eMmuYecKux, (PUHAHCOBbIX, UHPOPMAYUOHHBIX
U 4eno6eyecKux

Cmoumocms ~ MamepuaibHulX — pecypcos
cneyuanvio2o  060py0o8anus — onpeoeeHul
COOmBemcmeuu ¢ polHOYHbIMU Yenamu 2. Tomcka
Tapugpnvie cmasxku ucnoarHumenei onpeodeieHvl
wmamunvim pacnucanuem HU THIY

u
8

CMABKU HANI0208, OMYUCTEHUL, OUCKOHMUPOBAHUS
U KpeoumosaHus

2. Hopmul u Hopmamugsl pacxo008aHus pecypcos Hopma  amopmusayuonnvlx — omuucienutl  Ha
cneyuanbHoe 000pyo0osanue
3. HUcnorvsyemas cucmema Hano2000104ceHus, Omuucnenus 6o eHebI00HCemHble honovl 30 %

Hepeltenb eonpocoe, nodﬂeofcamux ucczzedoeauulo, RPOEKMUpPO6aAnUIo upaspaﬁomke:

1. Ananuz KOHKYpeHmMHbIX MEeXHUYECKUX peueHull

(HH)

Pacuem xonxypenmocnocoonocmu

SWOT-ananus

2. @opmuposanue niana u epagura paspabomrxu u | Cmpykmypa pabom. Onpedenenue mpyooemKoCcmu.
enedpenus (HHU) Paspabomka epaguxa nposedenus ucciedo8anus.
3. Cocmasenenue 6100xcema undxcenepro2o npoekma | Pacuem 6100acemnou cmoumocmu HU
(HH)
4. Oyenka pecypcHotl, puHancosol, 06i00icemuol Humeepanvhulil punancosulil noxazamero.
agpgpexmusnocmu (HU) Hnmeepanvhoiii noxazamens
pecypcoaphexmugnocmu.
Humezpanvhuiil noxazamenv d¢ghpexmugrnocmu.
Ilepeyens rpaguyeckoro marepuajia
1. Orenka KoHKypeHTOCOocoOHOCTH VP
2. Marpuna SWOT
3. Jlmarpamma I"anra
4. bromxer HU
5. OcHosuble nokazarenu 3¢ dexrunoctn HA
‘ JlaTta BbI1a4YM 3aJaHUs /151 pa3/ea 1o JUHeHHoOMY rpaduky ‘ 01.02.2021
3agaHne BbIIAJ KOHCYJIbTAHT:
YueHasi cTeneHb,
JloKHOCTH DPUO - Moanucey Jata
Houent OCTH Kt
Kamyx Mpuna Bagumosna 08.02.21
LIBMI HYEAP A JIOLEHT
3aiaHue NPUHSJ K MCIIOJTHEHHUIO CTYJAEHT:
I'pynna DPUO Hoanuce Jlara
4BM92 Bacunwes JImutpuii Cepreesud 08.02.21
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4, ®UHAHCOBBIM MEHEJKMEHT,
PECYPCO®®EKTUBHOCTDb U PECYPCOCBEPEKEHHUE

OcHOBHas 1LIeJIb TaHHOI'O pa3jiefla — OLUEHUTh MEPCIEKTUBHOCTh PA3BUTHUS U
IUTAaHUPOBATh (PUHAHCOBYI0O M KOMMEPUYECKYIO0 IIEHHOCTh KOHEYHOTO MPOAYKTa,
IPEICTABIIEHHOIO B paMKaX HCCIeI0BaTeNbCKOM paboThl. KoMMepueckas 11eHHOCTb
OIpeIETISETCS He TOJIBKO HAIMYHeM 00Jiee BRICOKMX TEXHUUYECKUX XapaKTepUCTUK HaJl
KOHKYPEHTHBIMH pa3paboTKamMu, HO U TeM, HACKOJIBKO OBICTPO pa3pabOTYUK CMOKET
OTBETUTh Ha CIEAYIOIIME BONPOCHI — OyJEeT JIM MPOAYKT BOCTpPeOOBAaH Ha PBHIHKE,
KaKoBa OyJIeT ero 1ieHa, KakoB OI0/IPKET HayYHOTr'0 UCCIIeI0BaHus, Kakoe BpeMst Oyaer
HEO0OXO0AMMO ISl MPOABUKEHUS pa3pab0OTaHHOTO MPOAYKTa Ha PHIHOK.

JlaHHBIN pa3zen, NpelyCMaTPUBAET PACCMOTPEHUE CIEYIOIINX 3a/1a4:

. OreHKa KOMMEPUYECKOT0 IMMOTEHITNaja pa3paboTKH.

. [TnanupoBaHe HAYYHO-HCCIIECIOBATEIIBCKOM paOOTHI;

. Pacuet 6rokeTa HayYHO-HUCCIEA0BATEILCKOM PAOOTHI;

. Onpenenenue pecypcHoi, (puHAHCOBOM, OrOKETHON 3(PHEKTUBHOCTH
WCCJICIOBAHMSI.

Lens paboThl — pa3paboTKa MOJIUMEPHOTO KOMITO3UIIMOHHOTO MaTepuaia Ha
OCHOBE CBEPXBBICOKOMOJIEKYJsipHOTO mnoiudTuieHa (CBMIID) u yactun kapOuna
oopa (B4C), momyuennoro merogom wuckpoBoro mmiazMmenHoro crekanus (CIIC).

[IpoBenena oreHka yaapornpoyHOCTH.

4.1 OneHka KOMMEpPYeCKOro MOTEHI[MAIA U MePCNEeKTUBHOCTH NMPOBeAeHUA

HCCJIe0BAHMI ¢ MOo3uLMHU pecypcoddeKTUBHOCTH U pecypcochepekeHus
4.1.1 AHanu3 KOHKYPEHTHBIX TEXHMYECKHUX pelIeHuil

B xoxe uccnenoBanust ObUTH pacCMOTPEHBI /B KOHKYPHPYIONIUX MaTepHara,
HCIIOIb3YEMBIX B KadecTBE OpPOHEKOMIIOHEHTOB B CPEACTBAX HWHIUBHUIYTBHOM
OpOHE3aITUTHI:

1) M3aenus u3 BEICOKOIIPOYHOTO apaMHJIHOTO BOJIOKHA,

2) CranbHble OponeruiacTiabl Mapku 45X2HM®BA (ctais 96);
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JleTasibHBIA  aHaMU3 HEOOXOOUM, T.K. KaXIbld Marepual HMEET CBOHU
JNOCTOMHCTBa M HepoctaTku. B Tabmune 10 mokasaHo cpaBHeHue pa3paboOTOK-
KOHKYpPEHTOB U pa3paboTku naHHoro HM ¢ Touku 3peHHs TEXHUYECKUX M
YKOHOMHYECKUX KPUTEPUEB OIEHKH 3(PPEKTUBHOCTH.

Tabnuna 10 — CpaBHeHHE KOHKYPEHTHBIX TEXHHUECKHUX pelleHuil (pa3paboTok)

Bec bambl KonkypeHnrocnocooHocTn
Kputepun oneHkun KpHTepHS
P Btb BKI BK2 K(i) KKI KK2
1 2 3 4 5 6 7 8
TexHnuyeckre KPUTEPUH OLICHKHU pecypcodpPeKTHBHOCTH
1. AKTyaJIbHOCTh MCCIICIOBAHUS 0,1 5 3 4 0,5 0,3 0,4
2. Y 1aponpo4HOCTb 0,2 4 2 5 0,8 0,4 1
3. YaenwHbIN Bec 0,18 4 5 1 0,72 0,9 0,18
4. TpemuHOCTONKOCTh 0,05 4 5 2 0,2 0,25 0,1
5. JlonroBe4HOCTh 0,1 4 2 5 0,4 0,2 0,5
6. [IpocToTa 3roTOBICHMS 0,07 3 4 2 0,21 0,28 0,14
7. DpdexTuBHOCTD 0,08 4 2 5 0,32 0,16 0,4
JKOHOMUYECKUE KPUTEPHHU OlleHKHU I(PPeKTHUBHOCTH
1. IleHa coIpbs 0,12 3 5 3 0,36 0,6 0,36
2. [Ipenmonaraembliii CPOK 0,03 4 2 5 0,12 0,06 0,15
IKCILTyaTaIluu
3. ®uHaHCUPOBAHUE HAYYHOU 0,07 5 3 2 0,35 0,21 0,14
pa3paboTKN KOHKYPEHTHBIX
TOBapOB U pa3pabdOTOK
Htoro 1 40 | 33 | 34 3,98 3,36 3,37

Pacuer KOHKYpPEHTOCITOCOOHOCTH, Ha TIPUMEpPE CTAOMIBHOCTH CpabaThIBaHU,
onpenensercs no Gopmyre:

K=Y B -5 =398

B.
rie K — KoHKypeHTOCIOCOOHOCTh MpoeKkTa; | — Bec mokasarens (B JONAX

b.
CAMHMIIBI); ' — Oa1 moka3aress.
[TpoBencHHBINM aHANMM3 KOHKYPEHTHBIX TEXHHUYECKUX PEIICHWHA IOKa3all, YTo
WCCJICIOBAHNE SBJSETCA HambOolee aKTyalbHBIM | TEPCHCKTUBHBIM, WMEET

KOHKYPEHTOCTIOCOOHOCTb.
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4.1.2 SWOT-anaau3

Jlns ucciaenoBaHus BHENTHEW W BHYTPEHHEH Cpelibl MPOEKTa, B 3TOW paboTe
npoBegeH SWOT-aHanu3 ¢ JeTalbHOM OLIGHKON CHWIBHBIX U CJIA0BIX CTOPOH
HCCIIEIOBATEIbCKOIO MPOEKTA, a TAKXKE €ro0 BO3MOKHOCTEHN 1 yIpo3.

[TepBerrii otam, cocraBnsgercs marpuiia SWOT, B KOTOpyIO ONUCaHbI clladble
CUJIbHBIE CTOPOHBI ITPOEKTA U BBISABICHHBIE BO3MOKHOCTH U YTPO3bl IJIs peau3aluu
MPOEKTa, KOTOPBIC MPOSBUINCH WJIM MOTYT IOSBUTBCS B €ro BHEIIHEW cpene,

npuBeieHbI B Ta0aume 11.

Tabmumna 11 — Matpuma SWOT -ananu3za

CujibHbIE CTOPOHBI

CJ1adble CTOPOHBI

C1. Huszkuit yaenbHbIi Bec

Cnl. OTHOCHUTENBHO BLICOKASI CTOUMOCTD
HCXOJIHBIX MaTepUaJIOB.

C2. Bricokas y1aponpo4HOCTh

Cn2. Jlonroe Bpemst oArOTOBKK 00pasiia,
HCII0JIB3YEMOTO TIPU MPOBEICHUN HAYYHOTO
HCCIIEIOBAHUSL.

C3. BreICOKag cTeneHp 3aUThl OT
3anperpajaHol TpaBMbI

Cn3. Beicokue TpeOOBaHU K
HKCIIEPUMEHTAIEHOMY 000PYAOBAHHUIO.

C4. IIpocToTa TEXHOJIOTUH MOITYUYEHHS
MaTepuia

Cn4. DxcrepuMeHTH UMEIOT OOJIbIINE
MOTPEIIHOCTH U HEONIPEACTICHHOCTH.

CS. Huskast BepoSTHOCTb MOTy4YeHHsI Opaka

Ci5. CnoXHOCTb U3TOTOBJIEHHS HU3ICITHH
OoJbLIIOTO pa3Mepa

Bo3MokHOCTH Yrposbl
B1. Ucnons3oBanue obopynosanust MHIIIIT | V1. CHmxeHHE CTOMMOCTH pa3pabdoToK
TITY u UOIIM CO PAH. KOHKYPEHTOB.

B2. [losiBneHne nmoTeHIIMAIBHOTO CIIpoca Ha
HOBBIE Pa3pabOTKH.

V2. TlosiBnenue 3apyOeKHBIX aHATIOTOB U
0oJiee paHHHI WX BBIXOJ HA PHIHOK.

B3. BHeapeHue TeXHOJIOTMU B BOCHHO-
ITPOMBIIIJICHHBIN KOMILIEKC.

B4. BHenpenue Ha MUPOBOM PBIHOK, SKCIIOPT
3a pyoex.

Ha BTrOopom stane Ha ocHoBannu Matpunbl SWOT cTpoATCS MHTEPAKTUBHBIE

MaTpPHIIBl BO3MOKHOCTEH M yTPO3, MO3BOJIAIONINE OIICHUTh 3()PEKTUBHOCTD MPOEKTA,

a TaK)KC HaJICKHOCThb €TI0 pCalin3alluu. CooTtHomleHus mapamMecTpoOB NPCACTABIICHLI B

tabmumax 12-15
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Tabnuma 12 — laTepakTuBHAas MaTpulia IpoekTa «Bo3mMokHOCTH TPOEKTa U

CUJIIBHBIC CTOPOHBI»

CuiibHBIE CTOPOHBI IPOEKTA
Cl1 C2 C3 C4 C5
Bl + + + + +
Bo3moxxHOCTH B2 " " " 0 "
NMpoeKTa B3 " " " " "
B4 + + + + +

Tabnmuna 13 — UHTepakTuBHas matpuiia mpoekta «Bo3mMokHOCTH mpoekTa u

cia0bIe CTOPOHBD»

Caalble CTOPOHBI POEKTA
Cnl Cn2 Cn3 Cn4 Cnb
BosmoxnocTn or 0 - * * -
npoeKTa B2 - 0 * - *
B3 - - - - -
B4 - - - - -

Tabnuua 14 — MaTepakTUBHAS MaTpUIIA POEKTA « YTPO3bI IPOEKTA U CUIIbHBIC

CTOPOHBD»
CujibHbIe CTOPOHBI IPOEKTA
v Cl C2 C3 C4 C5
rpo3sbl V1 n n _ _ -
MPOEKTA o " - - - -

Tabnuna 15 — MaTepakTuBHAS MaTpuIla MPOEKTa « YTPO3bl MPOEKTA U C1aldble

CTOPOHBI»
Cia0ble CTOPOHBI IPOEKTA
v Cnl Cn2 Cn3 Cn4 Cnb5
wpoocra | : : : 0 :
P V2 - 3 3 - -

PesynbraThl aHanmm3a npeacTaBICHbBI B UTOTOBYIO Ta0auIy 16

Tabmuma 16 — Mrorosas tadimnna SWOT-ananusa

CuiibHbIE CTOPOHBI HAYYHO-
HCCJIe0BATENbCKOT0 MPOEKTa
C1. Hu3kuii yaenbHbIN Bec.

C2. Bricokast y1aporpoyHOCTb.
C3. BrIcokag cTeneHs 3aluTh OT
3anperpagHon TpaBMBI.

C4. IIpocroTa TEXHOIOTUH
MOJIyYeHUs] MaTepHaa.

C5. Hu3zkast BEpOSATHOCTh
NoJy4yeHus Opaxa.

Cia0ble CTOPOHBI HAYYHO-
HCCJIeI0BATEILCKOI0 MPOeKTa
Cinl. OTcyTCcTBHE CCBUIOK U
MaTepHaoB JIs
COOTBETCTBYIOIINUX HAYYHBIX
UCCIIE0BaHUMN.

Cn2. lonroe BpeMsi IOATOTOBKHU
o0pa3ia, UCIoJIb3yeMOro pu
POBEJCHUH HAy4YHOTO
UCCJICTOBAHMSI.
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IIpooondicenue mabauy

bl 16

Cn3. Bricokue TpeOOBaHUS K
IKCIEPUMEHTATBHOMY
000pyIOBaHUIO.

Cn4. DKCieprUMEHTH UMEIOT
O0JIbIIME TOTPEITHOCTH U
HEOMPEICICHHOCTH.

Cn5. CnoXHOCTb U3TOTOBJICHUS
U3/IeNuil 0OJIBIIOTO pa3Mepa

Bo3mokHOCTH
B1. Ucnonb3zoBanue
obopymoBaHus
WHIIIIT TITY u
NOIIM CO PAH.
B2. IlosiBnenue
MOTEHI[MATBHOTO
CIpoca Ha HOBBIE
pa3paboTKu.

B3. Buenpenue
TEXHOJIOTHH B
BOEHHO-
IIPOMBIILIICHHBIN
KOMILIEKC.

B4. Buenpenue Ha
MHPOBOM PBIHOK,
HKCHOPT 32 PyOeK.

Hanpasjienusi pa3Burust
B1C1C2C3C4C5. ObopynoBanue
WIIHIIT TITY u U®IIM CO PAH
MO3BOJIAIOT U3TOTABIUBATh
KOMITO3UIIMOHHBIN MaTepual o
JAHHOU TEXHOJIOTHH.
B2C1C2C3C5. Huskuii yienbHbIi
BEC, BBICOKasl y1apONPOYHOCTh
NPOAYKIIUH, HU3KUH MPOLIEHT
Opaka SBIISIOTCS XOPOILIUM
OCHOBAHHEM JIJIsI TTOSIBIICHUS
CIpoca Ha HOBBIE Pa3pabOTKH.
B3C1C2C3C4C5. YnyunieHHble
9KCILTyaTallMOHHbBIE
XapaKTEPUCTHKH, TPOCTOTA
TEXHOJIOTHH MOITyYCHUS
KOMITO3UITMOHHOTO MaTeprasa
CO3JIaI0T BO3MOKHOCTH BHEAPEHHUSI
MaTepHuaia B BOSHHO-
MPOMBITIICHHBIH KOMILIEKC.
B4C1C2C3C4C5. Coznanue
KOMITO3UITHOHHOTO MaTepuaia ¢
JTYYIIMMH XapaKTePUCTHKAMU B
CPaBHEHHIO C 3apyOexHbIMU
aHaJoraMH MO3BOJIUT BHEAPUTH
MPOIYKITUIO HA MUPOBOW PBIHOK.

Caep:xuBaromue GpakTopbl
B1Cn3Cn4. Ucnonb3oBanue
HOBeMIIero o00opy0BaHuUs AJIs
yJIOBJICTBOPEHHS TPEOOBaHUI
UCCJICTOBAHUM, TAKIKE MOKET
YMEHBIIUTh
IKCIIEPUMEHTAIbHYIO OIINOKY U
NPEJOTBPATUTD MOSIBIICHUE
Opaka.

B2Cn3Cxn5. Co3nanue uzaenui
6ob1IOTO pa3mepa Tpedyer
COOTBETCTBYIOIIETO
o0opyoBaHus U Tpecc-GhopM.

¥Yrposbl

V1. CHmxeHne
CTOMMOCTH
pa3paboTok
KOHKYPEHTOB.

V2. IlosBrnenue
3apyOe)KHBIX
aHaJIOrOB W OoJiee
paHHUH WX BBIXOJl HA
PBIHOK.

Yrpo3sl pasBuTHS
VICIC2. HecmoTpst Ha CHUYKEHUE

CTOMMOCTH pa3paboTok
KOHKYPEHTOB, HAaIlM  TPOJYKTHI
UMEIOT JydIIme
AKCIUTyaTal[HOHHBIE
XapaKTEePUCTHKH.

Y2CIC2. Hamm MPOIYKTBI

00J1aal0T JTYyYITUMH CBOWCTBAMH,

SABJISIOTCS Ooiee
NPUBJICKATEIbHBIMHU MHPOBOM
PBIHKE.

YA3BUMOCTH:
Y1Cnbs. CII03KHOCTH
W3TOTOBJICHUA U3IEeINN

rabapuUTHBIX pa3MepOM SIBISIETCS
HEJOCTaTKOM, KOTOPBIM MOTY
UCIIOJIB30BaTh KOHKYPEHTHI.
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B pesynprare SWOT-anamn3a moka3aHo, 4YTO Ha IPEHMYIIECTBA
pa3pabaTbiBaeMOl TEXHOJIOTMM Ipeo0IajaloT Haj €€ HejocraTkaMu. JlaHHbIe
HEJ0CTAaTKH, KOTOPhIE HAa JaHHBI MOMEHT Ha MPAKTUKE HE YCTPAHEHbI, HO B TEOPUU
yKE€ €CTh BO3MOXHOCTH JUIsl HUX YCTpaHeHUs. Pe3ynbTaTel aHaiu3a YYTEHBI B

JadbHEHIIeH HayYHO-UCCIeI0BAaTEILCKOM pa3paboTKe.
4.2 TlnaHupoBaHHe HAYYHO-UCCJIEI0BATEIbCKHX PadoT
4.2.1 CTpykrypa padoT B paMKaxX HAY4YHOI'0 MCCJIe0BAHUS

[InanupoBanue KOMILJIEKCa HAy4YHO-UCCIIEI0BATEIbCKUX pabor

OCYUIIECTBIISIETCS B TOPSIJIKE:

o OTIpEJIIICHUE CTPYKTYPHI padOT B paMKaX HAYYHOTO HCCIICIOBAHUS;
o oTpeJieieHre KOJIMYECTBA UCTIOIHUTENEH I K101 U3 padoT;

o YCTaHOBJIEHUE MPOIOJKUTENLHOCTH padoT;

o MOCTpOCHUE TpaduKa MPOBEACHUS HAYYHBIX UCCIICIOBAHUH.

Jlns  onTuMu3anuu  paboT yAOOHO WCMOJb30BAaTh KIIACCHUECKHH METOJ
JMHEHHOTO TUIAHUPOBAHUS U yIPABIICHUS.

Pe3ynmbraTroM Takoro IJIaHUPOBAHHUS SBISCTCS COCTaBJICHHWE JIUMHEHHOTO
rpaduka BbIMoONHEHUS Bcex pabor. Ilopsamok »TamoB paboT u pacmpeneseHue
UCTIOJIHUTENICH IS JIaHHOHW Hay4YHO-UCCIICIOBATEIbCKONH pabOThl, TMPUBEICH B
tabmuue 17

Tabnuna 17 — Ilepeuens 3TanoB, paboT U pacnpeneIcHue UCTIOTHUTEEH

Ne JlomKHOCTD
OCHOBHBIE ITaMbI Coneprxanne padboT
pab WCTIOTHUTEIS
CocraBieHue 1 yTBepXKIECHHE .
YTBEPAA Hayunsii
PazpaboTka 1 TEXHUYECKOTO 3a/I1aHMsl,
PYKOBOJUTEID
TEXHUYECKOTO yTBEpKJeHHE IIaHa-rpaduka
3aJaHUs 2 CocraBiieHHE U YTBEPKIEHUE WNuxenep, Hay4HBII
IUIaHA MAarucTepCcKoi uccepTaluu PYKOBOJIUTEIb
Bri6op crocoba 3 O0630p HayyHOH JTUTEpATYPHI Wmxenep
peleHus
IOCTAB/ICHHOM 3aaun | ¥ Br160p MeTon0B nccieoBaHus WNuxenep

WNuxenep, Hay4HBII

) [InanupoBaHue SKCIIEPUMEHTA
Teoperuueckue u PYKOBOJUTEIb
AKCIIEPUMEHTAJIbHbIE ITonroToBka MOPOLIKOBBIX CMECeH ¢
UCCIIEI0OBaHUS 6 Pa3IMYHbIM 00bEMHBIX Nuxenep

COACPKaHNECM HAITOJTHUTECIIA
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Konconmupamnus o0pasios Ha

Teopernueckue u 7 | ycTaHOBKE MCKPOBOTO IJIA3MEHHOTO HNnxenep
AKCIIEPUMEHTAIIbHBIE CHEKAHMS
HCCIIEI0BaHUsA 8 UccnenoBanue CcTpyKTyphl U WNuxenep, Hayunsrit
CBOWCTB MOJYYHBIIMXCSI 00PA3IOB PYKOBOJMTEIb
9 O6paboTka MoTyYEeHHBIX JaHHBIX Nnxenep
Obobuuertite 1 ouetiica OrnieHka MpaBWIBHOCTH Mwienep,
pe3yJIbTaToB 10 P Hayunsrit
MOJIyYEHHBIX PE3YIbTAaTOB
PYKOBOJIUTEIb
Odopmienne oTdera CocrapieHue MmosiCHUTEIbHOM
11 Nuxenep
no HUP 3aMUCKHU

4.2.2 OnpenesieHue TPYA0EMKOCTH BbINOJHeHUs PpadoT u pa3padoTka

rpauka npoBeaeHus

HpI/I IMPOBCACHUN HAY4YHbIX I/ICCJIGILOBaHI/Iﬁ OCHOBHYIO 4YaCTb CTOMMOCTHU
p33pa6OTKI/I COCTAaBJIAAIOT TPYHOBLIC 3aTpaThbl, IIO3TOMY OIIPCACICHHUC TPYAOCMKOCTHU
IMPOBOAHUMBIX pa60T ABJISIETCA BAXKHBIM 3TAaIlIOM COCTABJICHUA 6IOI[>KCTa.

I[J'I?I OIIPCACIICHUA OXHUIAaCMOI'O (cpenHero) SHAYCHUA TPYAOCMKOCTH
HCIIO0Jb30BaHa CJIICAYIOoIIasa (bOpMYJIaZ

3tmini + 2tmaxi

t . =
0XK1 5 1 (4)

rae Conei OKHJIaeMasi TPYI0EMKOCTh BBITIOJTHEHUS 1-0M pabOThl, YEJIOBEKO-THHU;

tmi“i — MHHHUMAJIbHO BO3MOXHAA TPYAOCMKOCTDH BBIITOJIHCHUA SaﬂaHHOﬁ 1-oM

paboThI, YEJIIOBEKO-THH;

Caxi MaKCHUMaJIbHO BO3MOKHAsI TPYJIOEMKOCTh BBITIOJHEHUS 3aJaHHOU 1-0H
paboThI, YETOBEKO-THHU.

3Has  BENUYMHY  OXHJAEMOH  TPYIOEMKOCTH, MOXHO  OTPEICIHTh
MPOJIOJDKUTEIBHOCTh KaXKJIOM 1-0M paboTel B paboumx mHsAX Tpi, mpu 3TOM
YYHUTBIBACTCS TAPALICTBHOCTh BBITIOJIHCHHSI PA00T PA3HBIMH  HUCIIOTHUTEIISIMH.

JlaHHBI! pacy€T MO3BOJSET ONPEACIUTH BEIMUMHY 3apaO0THOM IIaThI.

" ()

T.
rae P — npoaoKUTENBLHOCTE OJHOM paboThl, paboune JHH;
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t . .
oKl — oKugaemMas TPYAOCMKOCTD BBINTOJHCHUS OAHOU pa6OTBI, YCJIIOBCKO-IHH,

| — YUCIEHHOCTHh MCTIOJHUTENICH, BBITTOIHSIONINX OJHOBPEMEHHO OJHY U TY
ke paboTy Ha JaHHOM JTarie, 4edl.
Jli1st mepeBoJia UTMTEIIBHOCTH KaXKIOTO dTara u3 pabodnx B KaJleHIapHbBIC THH,
HEO0XOIMMO BOCTIOIB30BaThLCs (hopMyIioii (6):

T = Tpi ’ kk'a.v (6)

Ki .UHOIC
)

Trac Tvi — IMPOAOJIZKUTCIIbHOCTD BBIINTOJITHCHU A 1-1 pa6OTBI B KAJICHAAPHBIX JTHAX;

Tpi — IPOIOJIKUTEIBHOCTD BBINIOJIHEHUS 1-i paboThl B pabouux JHSIX;
K.., — KaneHgapHbIi K03 QHUIHEHT.

Kanennapnsiii koadduiueHT onpezensercs no Gopmyre:

kkm UHDIC = TKM = 365 = 1’ 48 (7)
e T T _T = 365-104-14

Kan B8blX np

rae T,,, — oOuiee KOJIMYECTBO KalleHIapHbIX AHeH B roay; T, — oOmiee
KOJIMYECTBO BBIXOJHBIX IHEN B rofy; T, — 00uIee KOIUYECTBO MPa3IHUYHbIX THEN B
TOTy.

PacueTsl BpeMEHHBIX TIOKa3aTese MPOBEACHHUS HAYYHOTO HCCIEAOBAHUS
0000111eHEI B TaOmuIe 18

Tabnuma 18 — BpemenHble moka3aTen MpoBeIeHUS HAYYHOTO UCCIIEIOBAHMS

TpynoémkocTh padot
t .
T | tmax, gent- e s JNautenbnocrs | AVHMTEILHOCTL
e pador B
HUA AHH yell-IHU pabor B
Ha3zBanue padorsl A paGounx HsX KajleHJapHbIX
T IHAX
el B B B N RS B pl .
= = = = = = KI
Q O 3 3 3 o
=R R = =
1 2 13| 4 5 6 7 8 9
1. CocraBnenue u
YTBEPKICHUE
TEXHUYECKOIO
3a7aHus, 5 ) 3 ] 24 ] 24 .
YTBEP)KICHHE TIaHa-
rpaduka
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2. KanenmapHoe
TUTAHUPOBAHKE
Beinosinenuss BKP

2,4

6,2

6,2

3. O630p Hay4HOH
JTUTEPATYPHI

11

8,6

8,6

13

4. Beibop MeTO10B
HCCIEI0BAHUS

2,8

2,8

5. [InanupoBanue
JKCIIEPUMEHTA

2,4

4,8

4,8

6. ITogroroska
MTOPOIIKOBBIX cMecei
C pa3IUIHBIM
00BEMHEBIX
CoJIepKaHuEeM
HAIOJHHUTEIIS

4,6

4,6

7. Konconunpamnus
00pa3noB Ha
YCTaHOBKE HUCKPOBOTO
IUIa3MEHHOTO
CIIEKaHUSA

14

10,4

10,4

15

8. UccnenoBanue
CTPYKTYpPBI U CBOWCTB
MOJTyYHUBILIUXCS
o0pasIos

14

3,8

10,4

10,4

15

9. O6paboTtka

IMOJIYUYCHHBIX JaHHBIX

14

10,4

10,4

15

10. Ouenka
MIPaBIWIIBHOCTH
MOJTy4EeHHBIX
pe3yJIBTaTOB

3,8

7,8

7,8

12

11. CocrasiieHue
HOSICHUTEILHOU
3aIIUCKHA

15

8,8

8,8

13

Hroro:

12

60

19

102

14,8

76,8

77,2

114

Ilpumeuanue: Vcn. 1 — HayuHbI pykoBoauTenb, Mcn. 2 —MHXkeHep.

Ha ocHoBe Tabmuibl cOCTaBiIEH KaJleHJAPHBIA IUIAH-TPAQUK BBINOTHEHUS

IPOEKTa C MCIIOJIb30BaHWeM quarpamMmbl ['anTta (Tabnwmima 19).

Ta6muma 19 — Jlmarpamma ["anTa

Ki’

[TpogomKUTETHHOCTH PadoT

Ne Bup pabot Ucn ¢perp Mapt anp Mait
KaJL.
. 1 2 31123 |1|2]|3|1|2]3
Cocrasienue u
1 | yrBepkaeHue HUcnl 4 L
TEXHMYECKOTO 3aIaHHsl,
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. TTpOoHOIKUTEIBHOCT PaboT
KI' i
Ne Bun pabot Hcn <an desp Mapr anp Man
. 1 2 312|312 3|1]2]|3
YTBepKICHHE IIaHa-
rpaduka
Kanengapnoe
sap Hcml ]
2 | miaHupoBaHue Vem? 6 £
BbinosiHeHUs1 BKP .
00630p HaygHOI
3 | nurepatypsl Hen2 | 13 _
Bri6op metomoB
4 | uccnenoBaHus Hcn2 4 -
II
5 3KHC?'1}<13H€I(§;II{TP;6 Venl 5
P Hcn2 %
[ToaroroBka MOPOLIKOBBIX
cMeceil ¢ pa3InaHbIM
6 p Ucn2 7
00BEMHEBIX COTep)KaHuEM [ |
HAIOJ-HUTEJIS
Konconupanus o06pasuos
7 | Ha yCTaHOBKE HCKPOBOTO Hcn2 15 _
TUIA3MEH-HOTO CIIeKaHHsI
HccnenoBanue cTpyKTyphbl
8 | u cBoiicTB mo-nyunBmmxcsa | Men2 11 .
00pa3-110B
O0paboTKa MoTy4eHHbBIX
9 Hcn2
15 —
O11eHKa NPaBUIBHOCTH Hcrl
10 MIOJIYy4YEHHBIX PE3YyIbTAaTOB | Ucn2 9
CocraBneHue
11 . Ucn2 16 _
TOSICHUTEINILHOM 3aIiCKU

Héwweltauue:
— HWcn. 1 (Hayunsiit pykoBoAMTENb), . — Hcn. 2 (Muxenep)
4.3 Brogker HAYYHO-TEXHUYECKOT0 MCCJIeI0BAHMS
HpH IIJIAHUPOBAHUH 6IO,21)KCT3 HaYYHO-TCXHHUYCCKOI'O HCCICA0OBAHUA

YUYUTBIBAJIUCh BCC BUJbI PACXOJ0B, CBA3AHHLIX C €TI0 BBIITOJHCHUCM. B sToit pa60Te

VICII0JIB30BATh CICAYIONUIYIO IPYNIIUPOBKY 3aTPaT MO CIAEAYIOLINM CTAThSM:

o MaTepHualibHbIC 3aTpaThl HAYYHO-UCCIeA0BaTeNlbekoi padotsl (HUP);

o 3aTpaThl Ha CHCHHAIBHOE OOOpYAOBaHHE JUISI AKCIICPUMEHTAIbHBIX
pabor;

o OCHOBHasl 3apaboTHAas TJIaTa UCTIOTHUTEICH TEMBI;

o JIOTIOJTHUTEIIbHAS 3apaboTHAs TJIaTa UCTIOJTHUTENCH TEMBI;

o OTYHCIICHUS BO BHEOIOKETHBIE (DOHIIBI (CTPaXOBBIC OTYUCIICHN);
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° HakjaaHble pacxonst HUP.

4.3.1 Pacuer MaTepHabHbIX 3aTpar HAYYHO-TEXHUYECKOT0

HCCJIICJ0BaAHUA

MarepuanbHble 3aTpaThl — 3TO 3aTPAThl OpPraHU3aIuy Ha MPUOOPETEHUE ChIPhs
Y MaTepualioB JUIsl CO3/IaHUsI TOTOBOM MPOAYKIUU.

K nanHO# cTrathbe pacxoj0B OTHOCHUTCS CTOMMOCTh MaTepualioB, MOKYITHBIX
u3nenuii, mnosiyaObpukaToB W JAPYrUX MaTepUaNbHBIX LEHHOCTEH, pacXoayeMbIX
HEMOCPEJICTBEHHO B MPOIIECCE BBHIMOIHEHHUS PabOT HaJ 00bEKTOM MPOCKTUPOBAHMS.
Croma e OTHOCATCA CIEUUaJIbHO MPUOOPETEeHHOE 000pYyJOBaHUE, HHCTPYMEHTHI U
IpoYre 0OBEKTHI, OTHOCHUMBIC K OCHOBHBIM CpeACTBaM, cTOMMOCThIO 10 40 000 py6.
BKJIIOUUTENBHO. LleHa MaTepuanbHbIX peCypcoB OMpPeeseTcsl O COOTBETCTBYIOIUM
[IEHHUKAM WJIA JIOTOBOPAaM MoCTaBKU. Kpome TOro cTaThsi BKIIIOYAET TaK HA3bIBAEMBIC
TPaHCIIOPTHO-3aTrOTOBUTEIBHBIE PACXOJbl, CBA3aHHBIE C TPAHCHOPTUPOBKON OT
MOCTaBIIUKA K  TOTPEOUTENI0, XpPaHEHHWEM W  MPOYUMHU  MPOIECCaMH,
o0ecrneunBaOIINMU IBUAKEHUE (JJOCTABKY) MaTEPUATbHBIX PECYPCOB OT MOCTABIIUKOB
Kk notpeburtento. Crofia ke BKJIIOYAIOTCS PACXOJbl Ha COBEPIICHUE CACIKH KYyTUIH-
npoaaxu (T.H. TpaH3akiuu). [IpuOnmkeHHO OHM OIIEHUBAIOTCS B MPOIEHTaX K
OTIYCKHOM II€HE 3aKyIaeMbIX MaTepUAIIOB, KaK MPaBuiio, 3To 5 - 20 %. McnonHutens
PabOThI CAMOCTOSICTOSITEILHO BEIOMPAET X BEJIMUUHY B YKa3aHHBIX FPaHUIIAX.

Tabmuma 20 — 3aTpaThl Ha MOYYEHUE UCCIICTyEMBIX 00pa3IioB

HanmenoBanwue Emmnua | o Lena 3a en., Hroro satparsi,
cTareit U3MEpPEHHUS pyo. pyo.
Hopomggpl;apwna KT 0,2 20625 2063
Mensiue Tena u3 KT 0,2 5850 1170
JTMOKCHJIA TTUPKOHUS
[nacTukoBBIM
KOHTEHHEp IS T 10 15 150
repeMenInBas
TIOPOIIIKOB
ITepuatku map 50 26 1300
nabopaTopHbIe
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Kommnekr
KaHLESPCKUX LIIT. 2 500 1000
IIPUHAUIC)KHOCTEN
Hroro: 6683

4.3.2 Pacuer aMOpTH3alUM CIIENMATBLHOI0 000PY/10BAHUS

Pacuer CBOOAUTCA K OIPCACIICHHIO aMOPTU3allMOHHBIX OTqHCHCHHﬁ, TaK KakK

o0opynoBaHue ObUIO TPUOOPETEHO 10 Hayaja BBINOJHEHHUS JaHHOW paboThl U

IKCIUTyaTUPOBAIOCh paHHee, IMO3TOMY WpU pacyere 3arpar Ha o00OpyIOBaHHU

YUYUTBIBACM TOJIBKO pa60‘-II/IC JHH I1O0 ﬂaHHOﬁ TEMC.

Pacyet amopTu3anuy npoBOAUTCA CIEYIOIIMM 00pazoM:

Hopwma amopTuzanuu: paccauTsiBaeTcs mo Gopmyre:

H,=—, (8)
n
rae N— CpoK NOJIE3HOTO MCIIOJIBL30BAHUSA B KOJIMYECTBE JIET.
AMopTH3aIs 000pyI0BaHUs paCCUUTHIBACTCS 110 (hOpMYJIE:
H U
A="2—.m), 9
TR (9)
rae 4 —wutoroBasi cymma, ThiC. py0.; M — BpeMs HCIIOJIb30BaHUS, MEC.
Tabmuma 21 — 3atpaTel Ha 000pyIOBaHUE
O 8 = = = =
=
: = AR = : =
= = S & 5 @ o o 2 3 = 5 oS =
o1 L X i e R 5 QR = < X =
= = 2 s | E& M 5 T| Hz*= 2
= 8 < | E s S 2
= o & 8 2 8 <
2 3 4 5 6 7 8
YcraHoBKa HCKpPOBOTO 10 000
1 | mia3smenHoro crekanus SPS- 1 10 0,27 10 000 22500
1500A
5 g;ITli)paBanecmH npecc IP-500M 1 10 0.15 10 | 941000 1180
3 P®A- ycranoska Shimadzu XRD 1 10 0.2 10 | 7000000 | 10500
7000
CxaHMpyIOIMN IEKTPOHHBIN
3 wkpockor (CIM) JSM 7500F 1 7 0,1 14 | 18000000 | 21430
4 [TpuGop st n3MepeHus 1 3 01 10 15000 45
tBepaoctu 1o llopy D

72




IIpooondicenue mabauyol 21

5 Mamuna JJIA UCIIBITaAHUSA

n3"ococroiikoctu T RIBOtester 1 5 0.2 20 | 2000000 6700

HToro: 62350 pyo.

4.3.3 OcHoBHas 3apaldoTHAsA MJIaTAa MCIIOJTHUTEJIEH TeMbl

B nanHoM paznene paccudmThiBaeTca 3apabOTHasg IulaTa WHXKEHEpa U
PYKOBOJMTENS, TOMHUMO 3TOTO HEOOXOIMMO PACCUUTATh PACXOJbl MO 3apaboTHOM

IJ1aTe, OINpeneIsieMble TPYAOEMKOCTBIO IIPOEKTA U JEUCTBYIOIIEH CUCTEMON OKJIaza.

OcHoBHas 3apa60THa;1 Iiara 3""” OJdHOI'O pa6OTHI/IKa PaCCUYUTBIBACTCA 110

cienyrlieit hopmyie:

ocH on .Tp , (10)

T
rIe 3o _ CpeaHeHEBHAs 3apaboTHas Iiata, pyo.;  ”— MPOJOIKUTEILHOCTD

paboT, BBITOIHAEMBIX PAOOTHHKOM, pab.aH. (Tabnuima 18).
CpennenneBHas 3apabOTHas MIaTa pacCUUTHIBAETCS 1O hopMmyIie:

Jlns mecTugHEBHOM pabodeit Heaenu (padodast HeAesl pyKOBOIHUTEIIA):

_3,-M _38050-10,3
" F 246

3, =1593,2 pyo. (11)

F

3 . .
rae " — MECAYHbIM JOJDKHOCTHOW OKJIaa paboTHuka, pyo.; ¢ —
NEUCTBUTEIBHBI TOJOBOM (OHA pabodero BPEMEHH HAYYHO-TEXHHYECKOTO

niepconana, pab. naeit; M — xonuuectBo MecsieB pabOTHI 0€3 OTITYCKa B TEYEHHE TO/IA:

M =112

— IIpU OTIYCKe B 28 pad. qHs — Mecsiia, S-THeBHas pabouasi He/eus;

— mpu oTHycKe B 56 pa6. nueit —M =10.3

Mecsiia, 6-THeBHas padodast HeIeus.
Jlns naTuiHeBHOM pabouelt Henenu (paboyast HeJlelsl UHXKEHEPA):

3,.M  21611.11,2

3,, 3 =1136,4 py6.. (12)
HOH}KHOCTHOﬁ OKJIaz pa6OTHI/IKa 3a MCCHII.
— JUTSL PYKOBOIUTEIIS:
3,=3, -(L+k, +k, )k, =19513.(1+0,3+0,2)1,3=38050 pys, (13)

— JUISl UHXKEHEpa.:
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3,=3,.-(L+k, +k,)k,=11083-(1+0,3+0,2)-1,3=21611 pyo., (14)

3 . K,
rae "¢ — 3apaboTHasg IulaTa, corjJacHo Tapu¢HOl crtaBke, pyo.; 7 —
. .k,
npemMuanbHbld Ko duiuent, pasen 0,3; — ko3ddUIMEeHT noraT U Haa0aBoK,

k . .
paBeH 0,2; 7 — paiioHHbII K03 dunmeHt, paseH 1,3 (mns r. Tomcka).

Ta6mmma 22 — bananc pabodero BpeMeHH UCIIOJIHUTEIICH

ITokazaTenn pabouero BpeMeHH PykoBoguTens Hnxenep
Kanengapnoe uncio gHei 365 365
KonnuectBo Hepaboumnx aHEH 52/14 104/14

- BBIXOJHEIE JHU
- TIpa3JHUYHBIE JHU

[Totepu pabouero BpeMeH! 48/5 24/10
- OTHYCK

- HEBBIXOJIbl 110 O0JIE3HU

JelicTBuTEenbHBIN ro10BOM (OHI pabouero BpeMeHH 246 213

Tabmuua 23 — PacueT 0CHOBHO# 3apab0THOM MJIaThl HCIIOJTHUTENEH

Wcnonuurenn

HU
PykoBoaurens 19513 0,3 0,2 1,3 38050 | 1593,2 14,8 23583,8
WNnxenep 17000 0,3 0,2 1,3 33150 | 1743,1 76,8 134567,3
Hroro: 158151,1

3mc’py6 knp k() k 3.11’py6 3()H’py6 Tp’pa6'aH' 3cn’py6

V4 0

4.3.4 JlonoJiIHUTEbHAN 32apa00THAA NJIATA UCMOJHHUTEEH TeMbI
JlomonHuTeNnbHAs 3apaboTHAs T1aTa onpeaensercs no Gopmyre:

— JUIS1 PyKOBOJIUTES:

3

don

=k

.3 =0,15-23583,8 =3537,6 py6.. (15)

— JUISl UHXKEHEpa.:

3

don

=k

don

-3, =0,15-134567,3= 20185,1 py6. (16)

k . .
rae %" — Kod(PGUIMEHT AOMOJHUTEIBLHONU 3apabOTHOM MJaThl (Ha CTaAuu
MPOEKTUPOBAHMS IpUHUMaeM paBHbIM 0,15).

4.3.5 Otuncienus BO BHeOIOAKeTHbIe POHIBI (CTPAXOBbIe OTUYHMCIECHHA)

OTtunciiennst BO BHEOIOKETHBIE (POHJIBI OTIpeesieTcst 1o (hopmyJie:
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— JUIsI pyKOBOJIUTEIIA:

3 =k (3. +3,)=03-(235838+3537,6)=8136,4 py6.. (17)
— JUIsL UHXKEHEpa:
3 =k (3. +3,)=03-(235838+3537,6)=8136,4 py6.. (18)

k . .
rae ¢ — kod(hPUIMEHT OTYHCICHUI Ha YIIaTy BO BHEOIOKETHBIC (hOHJIBI
(nencuonnsbIit pona, poug OMC u conpanbHOe cTpaxoBanue). O01Ias cTaBka B3HOCOB

coctanisieT B 2021 romy — 30% (ct. 425, 426 HK P®).
4.3.6 HaknaaHble pacxoabl

HaxnanHbie pacxobl yUUTBHIBAIOT IPOUME 3aTPATHI OPraHU3ALNM, HE TOTIABIIINE
B NpPEAbAYIIHE CTAaTbM PAacXOJOB: I€YaTb M KCEPOKONMMPOBAHUE MATEPHUATIOB
WCCJIEIOBaHUsI, OIUIaTa YCIYT CBSI3H, AJIEKTPOIHEPTHH, MOYTOBBIE M TenerpadHbie
pacxopl, pa3MHOKEHHE MAaTEPUAJIOB U T.J.

BennunHa HakIIaIHBIX pacXo0B ONpeaeiseTcs mo Gopmylie

3,4 = (cymma crareiil +5) -k, (19)
k .
raie 7 — KO3(QUIMEHT, YYWTHIBAIOMINNA HAKJIAIHBIE pacxoapl. BemndumHa
kod(ppunrenTa npuHUMaeTcs pasuoit 0,16.
4.3.7 bwaxkerHas croumoct HUP
Tabnuna 24 — I'pynnupoBKa 3aTpar Mo CTaThsiM
Cratpu
1 2 3 4 5) 6 7 8
Ceippe, | Amoptus | OcHoBHa | Homnosnnu | Otuncie Hroro Haknagn | Croumoc
Marcpurain anus A TCJIbHAA HHUS Ha oe3 bIC Th
bl 3ap2160TH 3ap2160TH COMAJIbH | HAKJIaJIHBbI pacxoabl 6IOI[)KCT8.
aid Ijiarta aid IjiaTta bIC X pac
HYX/bL X040B
6683 62350 158151,1 | 23722,7 54562,1 | 305468,9 48875 354343,9

Ha ocHOBaHMM TONY4YEHHBIX JAHHBIX IO OTHEIBHBIM CTaThsIM 3aTpaT
cocrasiigercs Oroxer HU «MccnenoBanue CTpyKTyphl U CBOMCTB KOMITO3UIITMOHHOTO
maTepuaia Ha ocHoBe CBMIID u yactun kapbuna 6opa, U3roTOBIEHHOTO METOAOM

CIIC» no ¢opme, npuBeneHHoll B Tabmuiue 25. B Ttabnuue Takxke MNpeiacTaBiIeHO
o



orpejaeneHue O0pKeTa 3aTpaT ABYX KOHKYPHUPYIOUIMX HAyYHO-HCCIEI0BATEIbCKUX
IIPOEKTOB.

Tabnuia 25 — I'pynmnupoBKa 3aTpar Mo CTaThIM

Cymwma, pyo.
Ne HanmenoBanue cratbu Texymmii Vo2 Ve 3 IIpumeuanue
IIpoexT
1 | Marepuanbisie saTpath! 6683 9220 8954 | Tlymxr4.2.3.1
HUP
o | 3aTpaThl Ha CrienaNbHOC 62350 64725 78562 | Ilymkr 4.2.3.2

00opyToBaHUE

3arpathl M0 OCHOBHOMU
3 | 3apaboTHOM 1UTaTe 158151,1 148391 148391 [Tynxkr 4.2.3.3
UCTIOJTHUTEIICH TeMbI

3arpaTsl 110
JIOTTOJTHUTEIIbHOM
3apabOTHOI 1J1aTe
WCIIOJTHUTEIIEN TEMBI

23722,7 22258,7 22258,7 | Ilymxr4.2.3.3

5 | OTamcreHMs BO 54562,1 | 51194,9 | 51194,9 | Tlynxr4.2.3.4
BHEOIOKETHBIE (DOH/IBI

6 Haknanuele pacxoasl 48875 49776,6 49776,6 [lynkr 4.2.3.5

broker 3atpar HUP 354343,9 345566 359127 Cymmacr. 1- 6
I'ne: Ucen.2 — Ananoe 1; Hcen.3- Ananoz 2

4.4  OnpenesieHue pecypcHoii (pecypcocoeperamiieii), pMHAHCOBOM,

OI0’KeTHOM, CONMATBHON U IKOHOMUYECKOH 3P PeKTUBHOCTH HCC/IeIOBAHUA

s onpenenenust 3pPEKTUBHOCTH HCCIETOBAHUS PACCUMTAH WHTETPaTbHBIN
nokaszareib A(PGEKTUBHOCTH HAYYHOTO HCCICNOBAHUS IyTeM  OMpPEAeIeHUs
UHTETPATTbHBIX noKasareJien (brHaHCOBOM 3¢ peKTUBHOCTH U

pecypcodPpheKTUBHOCTH.
4.4.1 UuTerpanbHbiil MoKka3aTeb (pMHAHCOBOM 3P PekTUBHOCTH

WNuterpanpubiii  mokazatenb  (GUHAHCOBOM  3G(EKTUBHOCTH  HAYYHOTO
UCCIICJIOBAHUSI TIOJYYE€H B MPOLECCE OLICHKU OroJKeTa 3aTpaT TPEX BapUAHTOB
UCIIOJIHEHUSI HAY4YHOro wucclieqoBanus. Jljis 3TOro HamOOJBIIMK HHTErpalbHBINA

TOKa3aTeNnb pealu3allii TEXHWYeCKOW 3aJaud NpuHAT 3a 0azy pacuera (Kak
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3HAMEHATEIb), C KOTOPHIM COOTHOCUTCSI ()MHAHCOBBIC 3HAYCHUS TI0 BCEM BapHaHTaM
VICTIOJTHEHUS.

B kauectBe ananoros nananou HMUP paccmorpenst:

1) U3nenue u3 BBICOKOMPOYHOTO apaMUIHOTO BOJIOKHA;

2) Cranbnbie OpoHerutacTuabl Mapku 45X2HM®BA (crans 96).

WNHTerpanbHblil GMHAHCOBBIN MOKa3aTeab pa3pabOTKH PACCUUTHIBACTCS KaK:

I ucn.i __ pi

duap d

max

, (20)

ucn.i o o
Trac I(bHHp — UHTCIpaJIbHbIN q)HHaHCOBBII/I IIOKA3aTcCJIb pa3pa60TKH;

(Dpi — CTOMMOCTb I-TO BapHaHTa UCIIOJIHCHUA

Dmax — MaKCHUMaJIbHAasA CTOMMOCTD MCIIOJIHCHUS.

Drexym.npoexr = 354343,9, @Duen.1 = 331566 pY6, @Ducn2 = 359127 pY6

mek.np. mek.np. 3543431 9
" @ 359127

=0,98;

@, , 345566

ucn.2 ucn.2

o 359127

ucn.3 ucn.3

e 350127

max

® . 359127 L

B pesynbTare pacuera KOHCONMMAMPOBAHHBIX (DMHAHCOBBIX IMOKa3aTesel o
TpeM BapuaHTaM pa3pa0O0TKH BapuaHT | (TEKyIIMil MPOEKT) ¢ MEHbBIIEM TEPEBECOM

Mpu3HaH 0oJiee MPUEeMIIEMbIM ¢ TOYKH 3peHus pruHaHCOBON A(DPEKTUBHOCTH.
4.4.2 UuTerpanbHblii NoKka3aTesab pecypcodpdekTUHBHOCTH
NurerpanbHbiii mokazareiab pecypcoddPeKTUBHOCTH BAPUAHTOB BBIMOTHEHUS

I .
HUP ('7) onpeneneH myTeM CpPaBHUTEIBHOM OIEHKM UX XapaKTEPUCTHK,

pacmpeleNieHHbIX C Y4YeTOM BECOBOTO KO3 (UIIMEHTa KaXJIOoro Iapamerpa

(Tabauma 26).
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Tabnuma 26 — CpaBHUTENBHAS OLIEHKA XapaKTepUCTHK BapuanTtoB HIP

O0BeKT ucciaenoBaHus BecoBoii T .
koddpduument | T ERYIMHp Hcen.3
Kpurepun napamerpa MpOEKT
1. bezonacHOCTh U MTPOU3BOJICTBE 0,1 4 3 2
2. Y aenbHbIH BeC 0,3
3. DKCIUTyaTalMOHHbBIS 0,3 5 3 5
XapaKTePUCTHKU
4. MexaHU4YeCKHE CBOIICTBA 0,2 4
5. DKOJIOTHYHOCTD MPOU3BOJICTBA 0,1
HUTOI'O 1 44 3,7 3,6

Pacder unTEerpanbHOro mokasaresns A pa3padaTbiBa€MOTO MPOEKTA:
1,=014+0,3-4+0,3-5+0,2-4+0,1-5=4,4
l,,=01-3+0,3-5+0,3-3+0,2-3+0,1-4=3 7;

l,:=01-2+0,3-2+0,3-5+0,2-5+0,1-3=3,6

4.4.3 UnTerpanbHbIi NoKa3areJjb 3pPpexTUBHOCTH BApPHAHTOB

HCIOJIHEHHS Pa3padoTKu

Beraucnsiercss Ha  OCHOBaHMM — TIOKasarens  pecypcoddEKTUBHOCTH U
MHTErpajJbHOTr0 (PMHAHCOBOTO MOKA3aTeNs Mo popMyIie:

__ " p-ucn.l

RV (21)
Iucnlzﬂ:4’48 Iucn2:£:3v85; Iucn3:ﬁ:3’6
170,98 270,96 T

)
Jlanee uHTErpajgbHble Nokaszareau 3PQPeKTUBHOCTH Kaxkaoro Bapuanta HIP
CPaBHUBAJIUCH C UHTETPAJIbHBIMU MOKa3aTeIsIMU 3()()EKTUBHOCTU IPYTUX BapHAHTOB

C LIEJBIO OTIPEICIICHHS CPABHUTENIBHOM 3((EKTUBHOCTH MpoeKTa (Tadymua 27).

Tabnuna 27 — CpaBHutensHas 3G (PEKTUBHOCTH pa3pabOTKH

Ne Iloka3zaTenun Tewymuii HUcn.2 Hcn.3
n/n NMPOEKT
1 WuTterpanbHblil GrHAHCOBBIN 0,08 0.96 1
MoKa3aTeslb pa3paboTKu
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IIpooonscenue madbauyvt 27
9 WHTerpanbHbIi MOKa3aTelb 4.4 3,7 3.6
pecypcodhGeKTHBHOCTH pa3pabOTKH
3 WuTerpaibHbIi MOKa3aTeb 4,48 3.85 3.6
s dexTuBHOCTH
4 CpaBuurenbHas 3 PEeKTUBHOCTD 1 0,85 0.8
BapHaHTOB HUCIIOJTHCHUS

CpaBHeHUE CpEJIHETO UHTETPATILHOTO MOKAa3aTelsl COMOCTABISIEMbIX BAPUAHTOB
MO3BOJIMIIO CIENIATh BBIBOJI O TOM, YTO Hanbosiee GuHAHCOBO- U pecypcodPPeKTUBHBIM
sBysieTcs BapuaHT 1 (Tekymumii mpoekT). Hair npoekT siBisieTcst 6osee 3 PeKTUBHBIM

110 CPABHEHUIO C KOHKYPEHTaMHU.
4.5 BbIBoabI O pa3aeny

B pesynbrare BBINOJHEHUA LENEH paszdena MOXKHO CHENIATh CIEAYIOIINE
BBIBO/JIBI:

1. Pe3ynbpTaToM aHann3a KOHKYPEHTHBIX TEXHUUECKUX PEIICHUU SIBISETCS
BBIOOp OAHOro W3 BapuaHTOB peanu3zaunn HUP kak Hanbornee noaxomsmiero u
ONTUMAJIBHOTO MO CPABHEHUIO C APYTHUMH.

2. B xone nianupoBaHust Uil pyKOBOJUTENS M UHXKEHEpa ObLIT pazpaboTaH
rpaduK pealm3anuy 3Tana padoT, KOTOPBIM MO3BOJSET OICHHBATh M ILUIAHHPOBATH
pabouee Bpems ucnojHuTene. OnpeaeneHo cieayrpliee: odiee KOJIMIYeCTBO JHEN
JUISl BBITIOJTHEHUsL paboT coctamisieT 114 mueli; obiiee KOJTUYECTBO JHEU, B TCUCHHE
KOTOPBIX paboTaj HHXKEHep, cocTaisieT 104 mHs; oOIIee KOJIUMUECTBO JHEH, B TCUCHHE
KOTOPBIX paboTall pyKOBOJUTENb, COCTABIISACT 26 THEH;

3. JIs OLIGHKHW 3aTpaT Ha peajau3alldio MPOeKTa pa3paboTaH MPOCKTHBIN

OromKeT, KOTOpbIi coctaBiseT 354343,9 pyo;

4, Pesynbrar ouenku s¢dextuBHocTH WP mokaspiBaeT cieayromue
BBIBOJIBL:
o 3HaueHHEe UHTEerpaibHoro punancosoro nokasarens UP cocrasnser 0,98,

YTO SIBJISIETCS MOKa3zateynem Toro, uro WP sBasercs (uUHAHCOBO BBIFOAHOM TIO
CPAaBHEHUIO C aHAJIOTaMU;
o 3HAUEHHWE WHTETPATIbHOTO ToKazaTens pecypcodddexrtuBnoctu HP

cocTaBiisieT 4,4, no cpaBHeHuto ¢ 3,7 u 3,6;
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° 3HaYeHUE UHTErpajgbHOro mokasarens sddexruBHoctu NP cocrapisiet
4,48, o cpaBHeHUIo ¢ 3,95 u 3,6, u ABiIsICTCS HanbOOJIee BBICOKMM, YTO 03HAYAET, YTO
TEXHUYECKOe pelieHue, paccMmatpuBaemoe B WP, sBisiercss Haubonee 3¢ PeKTUBHBIM

BapWaHTOM HCIIOJTHCHMUA.
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3AJAHUE JUISI PA3JIEJIA
«COILIUAJIBHASI OTBETCTBEHHOCTD»

CryneHry:
I'pynna oHuo
4b6M92 Bacunwes JImutpuii CepreeBuy
Ixosa HUIIHIT Otnenenne (HOLY) oM
YpoBenb 006pa3oBaHus MaFI/ICTpaTypa HanpasJjieHue/cnenuaJibHOCTh 22.04.01
((MaTepI/IaJ'IOBCI[eHI/Ie
U TCXHOJIOI'nn
MaTCpraIoB»
Tema BKP:

HUccienoBanue CTPYKTYPbI M CBOMCTB KOMIIO3UIIMOHHOT0 MaTepuaJjia Ha ocHoe CBMIID
H yacTul kapomujaa 6opa, usrorojieHHoro meroaom CIIC

I/ICXOJIHI)IQ JAaHHbIC K pa3aejay «CO[II/Ia.]'II)Haﬂ OTBETCTBEHHOCTb)»:

1. Xapakrepuctruka 00beKTa UcclIe0BaHus (BEUIeCTBO,
MaTtepual, Ipudop, aTOPUTM, METOINKA, padodast 30Ha) U
o0yacTu ero mpuMeHeHus

B xauecmee obvexma uccredosanus 6
pabome Obl1 8bIOPAH KOMNOSUYUOHHBIL
mamepuan Ha ocHose
CBEPXBHICOKOMONEKYTIAPHOLO NOTUIMUTEHA
(CBMIID) ¢ oobasnenue uacmuy kapbouoa
oopa (BsC), noayuennviti memooom
uckposozo naasmennozo cnexkanus (CIIC).

Obnacmv  npumenenus: Oemaniu U

oeMeHmbl KOHCMPYKYUil 8
MAWUHOCMPOEHUU, yOaponpouHvie
91eMeHmbl UHOUBUOYANLHOU u

KOANEKMUBHOU 6p0H€3(1M4qubl.

HepequL BOIIPOCOB, MOMJICIKAIINX UCCICAOBAHNUIO, IIPOCKTUPOBAHUIO U pa3pa60TKe:

1. IlpaBoBbIe M OPraHU3aLHOHHbIE BOIPOCHI
o0ecrieyeHns 0€30MACHOCTH:

—  CHelualbHbIC (XapaKTepHbIE MPU
JKCIUTyaTaluy 00BEKTa UCCIIEIOBAHNUS,
MIPOCKTUPYEMOU paboueit 30HBI) IPABOBHIC
HOPMBI TPYAOBOT'O 3aKOHOIATEIbCTBA;

—  OpraHM3allMOHHBIE MEPOIPUATHS IIPU
KOMIIOHOBKE pa0boueii 30HBI.

—  Tlpusoosmces NONOACEHUSL
Tpyoosozo Kooekca Poccuiickotui
Deodepayuu” om 30.12.2001 N 197-D3
(ped. om  20.04.2021), Hopmwbl U
cmandapmul UCNOIb306AHHbIE 8 pabome
(I'OCTet, CHullot u Opyeue npagosvie
O0OKyMeHmbL),

—  Pabouee mecmo 6 coomeemcmeuu
¢ I'OCT 12.2.032-78 CCPT u T'OCT
12.2.033-78 CCHT;

—  [Tlpu nanuuuu 8peoHbIX U ONACHBIX
¢axmopos Ha pabouem Mmecme
HeoOxo0uMo  obecneuums  pabOMHUKO
0ONOIHUMENbHBIMU KOMNEHCAYUSIMU.

2. IlpousBoacTBeHHasi 0€30MACHOCTD:

2.1. AHanu3 BBISIBJICHHBIX BPEIIHBIX M OMACHBIX ()aKTOPOB
2.2. O6ocHOBaHNE MEPOTIPUATHI TI0 CHUKEHHUIO
BO3/ICMCTBUS

Bpeonvie u onacnvlie paxkmoper u
Memoobl UX NPeOOmMepaAUjeHUsL.

—  Hedocmamounas ocgeujeHHoCmb
paboueli 30Hbl;

—  Tlogviwennas unu NOHUICEHHAS
memnepamypa 8030yxa paboyetl 30Hvl
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—  Xumuuecku epeonvie seujecmsa 8
6030yxe paboueli 30Hbl

—  Tlogviwennoe 3HaueHue
HAnpsJICEHUs. 8  DNeKMpUYEecKol  yenu,
3AMBIKAHUE KOMOPOe MOMdICem NPoUsoumu
uepes meno 4enio6exd;

- Hsudnxcywuecs Mawunsl u
MEXAHUZ MBI,

—  Tlosvrwennas memnepamypa
nogepxrocmetl obopyoosanus,
Mamepuanos;

- Honusmunen A6AAEMC
IKOMOKCTNUYHBIM 0MX000M, OH

npuHaonexdcum Ko — 8MOpomy  KIAccy
onacnocmu. 3acpsaznHenue ammocepul u
euopocgepvi npu pabome ¢ NOPOUKOBGLLMU
mamepuanamu 6viasieHo e Oviio. OOHAKO
BAIHCHBIM eonpocom ocmaemcs
NpasunbHas — YMUnU3ayus — NOIUMEPHbIX
omxo008. B paszdene paccmompenul
BO3MOJICHbIE  MemMOObl  YMUIU3Ayuu U
nepepabomKu NOIUIMUIEHA.

3. OkoJornyeckas 60€30MacHOCTb:

—  Tunuunaa YC — 603HUKHOBeHUE
nooicapa 6 nomewenuu rabopamopuu. /s
ee npedomepayeHus HeoOX00UMO
cobmodams npasula IKCHAYAmayuu npu
4. be30nacHOCTb B Upe3BbIYaliHbIX CUTYyaIIUsAX: pabome c HazpesamenbHbiMU u
BOCHAAMEHSIOUUMUCSL YCMAaHosKamu,
O3HAKOMUMBCSL € NAAHOM  96aKYAYUU,
ycmauosums — Heobxolumvle — cpedcmea
ONOGEWEHUsL U NONCAPOTYULEHUSL COTLACHO
HOPMAMUBHBIM OOKYMEeHmAaM

| JlaTa BbIIa4u 3aJaHMSA AJ pa3jea no JUHelHHOMY rpaguky | 22.02.2021

3aganue BbIIAJT KOHCYJIbTAHT:

JI0/ZKHOCTh DdUO YueHnas crenenb, Hoanucey Jara
3BaHHe
Crapumnit Ckaukos Jlapuca -
MpernoaaBaTclib AJ'IGKC&H,Z[I)OBH&

3ana}me NPUHAJI K UMCIIOJITHCHUIO CTYACHT:

I'pynna ()7 (0] Hoamucey Jara

4bM92 Bacunwes Imutpuii Cepreesud
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5. COHUHUAJIBHASA OTBETCTBEHHOCTbD

Hayuno-uccnenoBarenpckas  pabora  Obuta  BeITONHEHA B HaydHo-
o0pa3oBaTeIbHOM HWHHOBAIMOHHOM IIeHTpe «HaHoMaTepuallbl M HaHOTEXHOJOTHI,
TITY. PabGodee mecTo, rae ObUTa BBIMOJHEHA OCHOBHAs padota, Haxomgutcs B 018
aynutropuu 10 kopmyca TITY no agpecy npocnekt Jlenuna, 2.

Lenp maHHOrO pasnena BBITYCKHOM KBAIM(PUKALMOHHON padOTHI - MPOBECTU
aHaJIM3 BPEIAHBIX M OIMACHBIX (DAKTOPOB IPH HCCICIOBAHMHM CTPYKTYPHl U CBOMCTB
KoMno3uToB Ha ocHoBe CBMIID ¢ moGaBinennem yactuil kapbuma Oopa. IIpomecc
W3TrOTOBJIEHUSI OOpa3IoB BKJIIOYAET B €e€0s MPOILECC CMEIIMBAHUS MOPOIIKOBBIX
KOMIIOHEHTOB, TMOCJEAYIOIIEEe CIEKaHWEe, MOJATOTOBKY M NAJIbHEWIIHME HCIBITAHUS
MOJIYYMBIIUXCS U3Je/IMi. B JaHHOM pasjesie paCCMOTPEHO BO3JACHCTBUE BPEAHBIX U
OmacHBIX (aKTOPOB Ha 4YEJIOBEKA M OKPYKAIOIIYI0 CpPeAy B IIporecce JAaHHOTO
uccaeaoBanus. PaccMoTpeHbl BOMPOCH!, CBSI3aHHBIE C OpTaHU3aIMell pabodero MecTa
B COOTBETCTBUM C HOpPMaMu  MPOU3ZBOACTBEHHOW  CAHUTAPUM, TEXHUKHU
IIPOM3BOJICTBEHHON OS30ITaCHOCTH M OXPaHbI OKPYIKAIOIICH CPE/Ibl.

Hcnons3yemoe B paboTre 00OpyJ0BaHHE W MaTepHUasbl, IPU HECOOJIOJICHUHU
TEXHUKH O€30MaCHOCTH, HECYT MOTCHIIMALHYIO OTIACHOCTH JJIs 37I0POBbs pabOTHHUKA,
KpoMe TOro, Ha paboueM MecTe BO3MOXHBI Pa3jW4YHbIC Ype3BBIYAlHBIE CHUTYaIIHH,
HalpuMep TMOXKap, MOITOMY OOHapyKEHUE BPEAHBIX M OMNACHBIX (AKTOpPOB U

MHUHHMH3AIUS X BO3JICHCTBUS Ha paOOTHUKA SBJISCTCS BaXKHOM 3a/1aUci.
5.1 TIlpaBoBble M OPraHU3aLMOHHbIEC BONPOCHI 00ecnedyeHns 0€30MACHOCTH

CneyuanbHvle npagsogvlie  HOpMbl  mMpy008o20  3aKkoHooamenvbcmed. B
cootBercTBUM ¢ [locranoBnennem Muntpyna P® u MwunoGpazoBanus PD ot 13
suBaps 2003 r. N 1/29 [91] Bce paOOTHHKM M PYKOBOAMTENH OOS3aHBI MPOXOAUTH
oOydeHHe N0 OXpaHe TPyJa U MPOBEPKY 3HAHHUS TPEOOBaHUI OXpaHbl TpyJa s
obecrieueHuss NPOPUIAKTUUECKMX MEp IO COKpPALIEHUI0 MPOU3BOACTBEHHOIO
TpaBMaTu3Ma 1 npodheccuoHaNbHbIX 3a00JIEBaAHUIA.

Korpa uccnenoBanue noapa3symMmeBaeT B3auMOICHCTBUE C XUMUYECKN ONTACHBIMU

BCICCTBaAaMM, TaKHC YCIOBHA Tpylda OTHOCUTLCA K BpPCIAHBIM  YCIOBUSM.

83



PerynupoBanue pabouyux MpOILECCOB, BBILIAT U MPEIOCTABICHUS JTOMOJIHUTEIbHBIX
JBTOT paOOTHUKAM, 3aHATHIM Ha BPEIHBIX MPOU3BOJICTBAX, OCYIIECTBIISIETCS CTAThIMHU
219, 92, 117, 147 TK P® [92]. B yacTHOCTH, B COOTBETCTBUU C TpeOOBAHUSIMH,
u3noxeHubiMu B ¢1.147 TK P®, B 2017 rogy corpyaHuku o0JiaJal0T MpaBOM Ha
MOJIyYeHHE JIOTUIAT 3a TPY/ BO BPEIHBIX YCIOBUSX.

[Ipu paGoTe ¢ omacHBIMU UM BPEAHBIMH BEIIECTBAMU TPEeOyEeTCsl MCIOJIb30BATh
CU3 niid 3a1MThl OPTaHOB 3pEHHUS, PYK, @ TAKKE JbIXaTeNbHbIX myTel. [lepen Hauanom
paboTel B nabopaTopuu pabOTHUKA HEOOXOauMO oOecneuuTh (GapTykoM H (UJIN)
XaJIaToOM W3 XJOMYaTOOYMa)KHOM TKaHHM, PE3MHOBBIMU U XJIOMYATOOYMaXKHBIMU
nepyaTkamMu, OYKaMH WM MacKaMH B 3aBUCUMOCTH OT BUJa padoT.

[IpaBoM paboToaarens sBIsIeTCS yBEIMUYEHHE OTOBOPEHHOT'O B 3aKOHE MPOIIEHTA
JIOTUIAThI C YYETOM TSIKECTU U BPEAHOCTH YCIOBUM, B KOTOPBIX COTPYIHUK BBITOIHSIET
cBOM TpyAoBble (pyHKIMHU. KoHKpeTn3aius pazMepoB Mo I00HBIX Ha10aBOK MOJICKUT
3aKPEIUICHUIO B CHEIUAIBHBIX TOKYMEHTaX, OJOOHBIX:

— WHJIUBUAYAJIbHBIM TPYAOBBIM JI0TOBOPAM;

— KOJUIEKTUBHBIM JIOTOBOpaM;

— JIOKaJIbHBIM HOPMATHUBHBIM aKTaM.

Kpome nenexHbIX BBIIIIAT, CIICIUATUCTHI, BRIMOIHSIONINE TPYAOBbIE (PYHKITUU
10J1 BO3/IEMCTBUEM BPEAHBIX (PAaKTOPOB, BIPaBe TPEOOBATH:

— COKpaleHus padodeit Heaenu 10 36 Jacos;

— PEIOCTaBICHUSI €KEr0OJTHOTO JOMOJHUTENBHOTO OTIYCKAa Ha CPOK OT 7
JTHEH;

— NEPUOANYECKUE MEIUIMHCKHE OCBUJIETEIbCTBOBAHUS JJISl BBISBICHUS
npod3aboneBaHuil Ha paHHEN CTaIUHU.

Opeanusayuonnvie Meponpusmus npu KOMHOHOGKe paboueti 30Hbl. Pabouee
MECTO COTPY/IHHKA JJOJKHO COOTBETCTBOBATH BCEM 3PTOHOMHYECKUM U TEXHHUYECKUM
HOpMAaTHUBaM, JOJDKHO OBbITh 0€30IacHO, MMETh BCE HEOOXOJUMBIE CPEICTBA s
peanM3anuu TpyJa paboTHUKA O€3 MPEensTCTBUM.

JUiss  HOpPMAaJIbHOTO  TPOEKTHUPOBAHUS TPYIOBOTO Ipollecca HHXKEHepa

HCCJICA0BATCIIA HCO6XOI[I/IMO BBIITOJIHCEHUE KOMIIIICKCA THTHCHHUYCCKUX Tpe6OBaHHﬁ
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(mocTaTouHass  OCBEUIEHHOCTh, OTCYTCTBHME IIIymMa Ha  paboueM  MecTe,
COOTBETCTBYIOIIas TEMIIEpaTypa M OTHOCHUTENIbHAs BJIXHOCTb BO3ayxa). Mecto
paboOTHHUKA JOJDKHO COOTBETCTBOBATh Tpeboanusm 'OCT 12.2.032-78 [93].

OCHOBHO# BUJ TPYIOBOH JEATEIHHOCTH MPU Pa3pabOTKE TEMBI U BBHITTOJIHCHUH
MPAKTUYECKUX PabOT MO BBHIMYCKHOW KBATU(PUKAIUOHHON pabOoTe BHITIOIHSJICS CTOS.
Cornacio I'OCT 12.2.033-78 [94] pabGodee MecTO IS BBITOJHEHHS pabOT CTOs
OpraHu3yeTCs B Cydae, KOorja BBIMONMHsIeMas ¢puznueckas padoTa sSBISETCS CpelHen
TSDKECTH WM TSDKEJIOH, a TaK)Ke B CITydae MPEBBIICHNUS BETMYUHBI Pa00vei 30HBI IS
cuasiaero pabodero mMecra. KOHCTpYKIHS W B3aUMHOE PACIIOIOKEHUE DJIEMEHTOB Ha
paboueM MecTe [IOJDKHBI COOTBETCTBOBATh XapaKTepy BBHIMOJIHAEMOW paboThI,
(U3UOIOTHYECKUM M TICUXOJIOTHYECKUM TpeOOBaHMSIM, a Takke o00ecreyruBaTh
yn00CcTBO mpu paboTe (COOTBETCTBOBATH AHTPOTIOMETPUHU PAOOTHUKA).

BTOCT 12.2.033-78 [95] ycTaHOBJICHBI ClIeAyIOIIHE TPeOOBaHHMS 115 paboUero
MecCTa CTOSI:

— pabouee MECTO JNOKHO 00€CIeurBaTh BBIMOJHEHUE BCEX OIMEpaluii B
npuIesiax 30HbI JOCSITaeMOCTH MOTOPHOTO TIOJIS;

— Mpyu  TMPOCKTUPOBAHUM  paboyero Mecta CIEAyeT  yYHUTHIBATh
aHTPOMIOMETPUUYECKHE TOKa3aTelid paOOTHUKOB B 3aBUCUMOCTH OT HMX TIOJIa WIIU
yCTaHaBJIMBATh CPEIHUE MOKa3aTeIu MPU padoTe HAa dTOM MECTE NMEpPCOHajIa 00euX
TI0JIOB;

— opraHu3anus padoyero Mecrta M KOHCTPYKIHS OO0OpYHAOBAHMS JIOJKHBI
o0OecrneunBaTh MPsIMOE U CBOOOHOE MOJIOKEHHE KOpITyca Teja, paboTaroIIEro Wik ero
HaKJIOH Briepea He Oosee yem Ha 15°;

— KOHCTPYKITUSL pabodyero mecrta JOKHO OO0OeCIeYyuBaTh OINTHUMAJILHOE
MOJIOKEHUE pab0vero OTHOCUTEIBHO paboueii TOBEPXHOCTH, 3a CUET PETryIUpyeMOn
BBICOTHI pab04eil MOBEPXHOCTU WJIIU TOJICTABOK JIJIsl HOT.

O6opynoBaHue, UCMIOJIB3yEMOE Ha pabodeM MecCTe, JOJIKHO ObITh MAKCUMAIbLHO
HPTOHOMHYHBIM.

Cornacio CH 181-70 [95] crenbl pabo4ero mOMEMICHUS IOJKHBI OBITH

IMOKpallCHbI B CBETJBIC TCIJIBIC LIBETA, d I10J NUMCTb TEMHBIN OTTECHOK. O60py,Z[OBaHI/Ie
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JOJDKHO OBITh TOKpalieHo He Oosiee 4eM Tpemsl pa3iudyHbIMU IIBETaMH. Takas

OBCTOBAA TIaMMad XOpOIOO BJIMACT HAa SMOIHMOHAJIBHO-TIICUXOJOTHMYCCKOEC COCTOAHHC

paboTHUKA.
5.2 IlpousBoacTBeHHasi 0€30MACHOCTH

PaGora B mnabopaTopuu CBsi3aHa C BO3JEUCTBUEM BPEAHBIX W OMACHBIX
MPOU3BOJICTBEHHBIX ()aKTOPOB Ha opraHu3M uenoBeka. B cBs3u ¢ atum u3z 'OCT
12.0.003-2015 [96] ObutH Oompe/eieHbl BO3MOXKHBIE BPEAHBIC M ONMAcHBbIC (haKTOPHI,
NepeueHb KOTOPBIX MPE/ICTABIEH B Tabnuie 28.

Tabnuua 28 — Bo3MOXHBIE ONTACHBIE U BPEIHbIE (PaKTOPBI

Dtansl
pabot
daxropi E % g HopmaTuBHbIe
(TCOCT 12.0.003-2015) S| E|§ AOKYMCHTBI
o ~ Q
=26
1. TToBblllIeHHAs WM TOHUKEHHAS P I CanlluH 2.2.4.548-
TEeMITepaTypa Bo3ryxa paboueil 30HBbI. 96. 2.2.4 [97]
2. OTCcyTCTBHE WIIM HEJOCTATOK P I CanlluH 1.2.3685-21
CCTECTBCHHOT'O CBETa [98]
3. X¥MHUYECKH BpEJIHbIE BEIIECTBA B I I I'OCT 12.1.007-76
BO3/yX€e paboyeil 30HbI. [94]
4. MexaHn4eckue OImacHOCTH -+ - FOCT IS0 12100-
' 2013 [103]
5. Tepmuueckre omacHOCTH - |+ | -
I'OCT P 12.1.019-
6. DneKTpoOEe30nmacHOCTh + |+ | - o C,%Olo 29 2[}00027]. 0-75
[93]

5.2.1 AHanu3 BpeIHbIX NPOU3BOACTBEHHBIX (paKTOPOB

Tosviwennas unu NOHUMNCEHHAsT memnepamypa 6030yxa paboueli 30Hbl.
Cornacuo CanlluH 2.2.4.548-96 [97] oCHOBHBIMH MTOKa3aTEIAMHU, XapaKTEPU3YIOIIHE
MUKPOKJIMMAT B TIPOU3BOJICTBEHHBIX MTOMEIIEHUSIX SBJISIIOTCS: TEMIIEpaTypa BO3AyXa,

OTHOCHUTCJIbHAA BJIAJKHOCTb BO34yXad, CKOPOCTb ABUKCHUA BO3yXa.
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Hekoropble NpOM3BOACTBEHHBIE MPOLIECCHl HE IO3BOJSIOT MOAJIEPKUBAThH
ONTHUMAJIbHBIE TIOKA3aTed MHUKPOKIMMAaTa, YTO MOXET CYLIECTBEHHO CHHU3UTH
POU3BOAMTENLHOCT,  paboyero  mepcoHana, MOBBICUTh  YTOMJISIEMOCTh U
3a00J1€Ba€MOCTb.

Cornacuo CanlluH 2.2.4.548-96 pabGora B maboparopuu OTHOCHUTCS K
Kateropud palbOT Mo ypoBHIO 3Heproszarpar Ila. OnTumanbHBIA TeMIepaTypHBIH
peXUM B XOJOJHBIA NEPHOJ TOJA JOHKEH HAXOAMTCS B AMANa30HE CIIETYHOLIUX
3Ha4YEeHUI: TemnepaTtypa Bo3ayxa 19-21°C, oTHocuTenbHas BIaXHOCTh Bo3ayxa 60-
40% wu ckopocTb ABWXKeHHsI Bo3ayxa 0,2 m/c. [lns Temsoro mepuoja mokazaTesu
COCTaBJISIIOT: TemIieparypa Bozayxa 20-22 °C, oTHOCHUTENbHAs BIAXXHOCTh Bo3ayxa 60-
40% wu ckopocTh nBWxeHUs Bozayxa 0,2 m/c. KoHTposb onTHUMaibHBIX 3HAYCHUI
MUKPOKJIIMATa B JIabopaTOpuH 00bIYHO 00ecreunBaeTcs 3a CYET CUCTEMbI OTOIUICHHUS,
CUCTEM KOHAUIIMOHUPOBAHUS U BEHTUJISIIUU.

['maBHBIM (haKTOPOB, MPUBOAIINM K OTKIIOHEHUS NTOKa3aTesield MUKPOKIMMATa,
ABJIAETCSI YCTAHOBKA HMCKPOBOIO IUIA3MEHHOIO CIIEKaHUs. TakKe MpEeBbIIICHHUE
JOMYCTUMBIX HOPM TEMIIEpaTypbl BO3/lyXa BO3MOXKHO B CBSI3M C HEUCIPABHOCTHIO
CUCTEM KOHAUIIMOHUPOBAHUS.

Heoocmamounasa oceewennocms. JIabopatopusi pacnoyiokeHa Ha I[OKOJIBHOM
JTaXke, MO3TOMY €CTECTBEHHOE OCBEILIEHHWE CHJIBHO orpaHudyeHo. HeobOxomumoe
OCBEILIEHHE 00ECTIEUNBAETCS 33 CYET UCKYCCTBEHHOI'O CBETA.

He npaBuibHO ycTpoeHHOE OCBEIIEHUE B MOMENICHUU MPUBOJAT K CHIXKEHHUIO
3pUTENBHOM PabOTOCIIOCOOHOCTH, OBICTPOM YTOMIISIEMOCTH, IEpPEHAIPSKEHUIO
HEPBHOM CHUCTEMBI B CBSI3U C MPWJIOKEHUEM YCUJIUHN IJISi pacrio3HaHus OOBEKTOB U
CUTHAJIOM.

3alUTHBIE [IUTKH, OYKH, HUIEMbl CIY’KaT JJIs 3allUThl OT OCJEIUIAIOIIEH
SPKOCTH BUAMMOTO M3TydeHus ((aken rmia3Mbl B Kamepe ¢ katanu3atopom). Ouku, B
CBOIO OY€pe/ib, HEOOXOAUMO BBIOMPATH JIETKUE, HE Pa3Jpa’kalollhe KOXKY, XOpOIIO
IPWIETAIOLIUE K JIUIY, TAK)KE OHU JOJDKHBI OTPAaHUYMBATH I10JI€ 3PEHHUSL.

C nomomnipio Metona kodhduieHTa CBETOBOr0 MOTOKA, KOTOPBIM YUYUTHIBACT

CBETOBOM TOTOK, OTPaXCHHBIM OT IMOTOJIKA M CTEH, BEJETCA pacu€r oOIIero
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PaBHOMEPHOI'0 UCKYCCTBEHHOTO OCBEILIEHUSI TOPU3OHTAIBHOUN paboyell MOBEpXHOCTH.
[[Iupuna nomewmenus B=7,3 m, nomuna A=9 M, Beicota = 4,5 M. CormnacuHo CII
52.13330.2011 Hy»)HO oOecreunuTh MOMEIICHHE OCBEIIEHHOCTRI0 He Hike 200 JK, B
COOTBETCTBHH C Pa3psIOM 3pUTEIBHON paboThl [99].

[Tnomans nomeneHus:

S=A-B

rae A — mHa, M; B — mipunHa, M, S = 66 M?

KoaddunmenT orpakeHus: cBeKEnoOEICHHBIX CTEH U OKOH 0e3 mrop pc=50%,
cBexxenobenenHoro mnorosnika pn = 70%. Koapdunuent 3anaca, y4uTHIBAIOMIUN
3arpsi3HCHHUE CBETWJIHHUKA, JUISI TIOMEIICHWI C MaJIbIM BBIJICIICHHEM TbUTH paBeH K3
=1,5. KoadpuimenT HepaBHOMEPHOCTH J1s1 TIOMUHECHEHTHBIX Jlamn Z = 1,1.

B kauecTBe cBeTHIILHUKA BBIOMpPAaEM MOTOJOUYHBIE TTa)OHBI 00IIIETO OCBEIICHUS
3aKphIThIX cyxux nomMeuenuii JI71b0O3, cBeToBoii moTok kotopoil paseH JIJ] = 2800
aM. Jlammbl paboTatoT ToJIbKO coBMecTHO ¢ OMIIPA.

WNHTerpanbHbIM KpUTEPUEM ONTHUMAIHHOCTH PACTOJOKECHHSI CBETHJILHUKOB
SBIIIETCS BEIMYMHA A, KOTOpas JJISl JIIOMUHECIEHTHBIX CBETUJILHUKOB C 3alIUTHOM
pemérkor Jexur B gmanazone 1,1-1,3. Ilpmammaem A = 1,1, paccrosHue
CBETHJILHUKOB OT mepekphITus (cBec) he = 0 M. Bricota cBeTmnbpbHUKA HaM paboueit
MOBEPXHOCTHIO ompeesiercs o popmyse [99]:

h =h, —hy,

rjae hy —BbICOTa CBETUIILHUKA HAJl TTOJIOM, BBICOTA MTOJIBECA;

hpn — BBICOTA pabodei MOBEPXHOCTH HAJ ITOJIOM.

Haumenbiias pormyctumasi BhICOTa IMOJBECA HAJl MOJOM ISl CBETUJIBHUKA C
nByMsi nammamu: hn, = 3,5 M. BbeicoTa cBeTunbHHUKA HajJ paboydeil MOBEPXHOCTHIO
onpenensercs no Gopmyre:

h=H-hp;—h.=35-1-0=25m

PaccrostHue Mexny coceTHUMH CBETHIIbHUKAMU WJIU PAIAMH OIIPEACIISIETCS 110
bopmyie:

L=A-h=11-2=22m
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Yucio pAa0OB CBECTUJIBHUKOB B ITIOMCIHICHU N

Nb= 273
L 22
Yuciio CBETUIIBHUKOB B PATY:
Na = é = i ~ 4
L 22

OO611ee Yncia0 CBETUIILHUKOB B PSIIY:
N=Na-Nb=3-4=12
Paccrosinue oT kpaiiHUX CBETHJILHUKOB WJIM PSIIOB IO CTEHBI ONIPENETISETCS 110
dbopmyiie:
2,2

1=2=22_ 7
—3- 3 M

MHaekc IoMeNIeH s OpeaeseTcs mo Gopmyie:
 AB 66
"Tha+B  2-(73+9)

2,0

Koaddunment ncnonb3oBaHus CBETOBOTO MOTOKAa ISl CBETUJILHUKOB THIA
JI71603 ¢ mromunectienTHBIMU Jammniamu nipu pn = 70 %, pc = 50% wu uHAekce
nomernienus 1 = 2 coctasisieT 1 = 0,36

Jlnst pacuera o0111er0 paBHOMEPHOTO OCBEIICHUS IPU TOPU30OHTATILHOM paboyeit
MOBEPXHOCTH OCHOBHBIM SIBIISIETCS METOJl CBETOBOrO0 TOTOKa (K03 uiineHTa
WCIIOJIb30BaHUs), YUUTHIBAIOIIUN CBETOBOM MOTOK, OTPAKEHHBIM OT MOTOJIKA M CTEH.
CaeroBoil moTok jammnbl Fi (M) mpu jnaMmax HakajlvWBaHUS WA CBETOBOM IMOTOK
TPYNIbl JaMI CBETHJIBHMKA TPU JIIOMUHECHEHTHBIX JIaMIaX PAaCCUYUTHIBAIOT TIO
dopmyie (mo CIT 52.13330.2011)

_E-A-B-K;-Z 150-73-9-1,1-15

= 2510
n N-1 18- 0,36 .

rae E - HopMupoBaHHAasE MUHUMAasbHAasi OCBEUIEHHOCTb, JIK; A-B - miomans
OCBELIAEMOr0 MOMeEMEHns, M% Z - KO3((PUIMEHT MMHHMAILHON OCBEIIEHHOCTH,
paBHbIN OTHOWIECHUIO Ecp/Emin , 3HaU€HHUSI KOTOPOTO OOBIYHO HAXOJSTCS B Ipeneax

1,1- 1,5 (B cpemuem 1,2); K3 - xoaddunmenT 3amnaca, yIUTHIBAIOIINI 3arps3HEHUE
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CBETWJIbHUKA, NJI1 MOMENICHUN C MallbIM BBIICJICHMEM MbUIM paBeH; N - YHUCIO
CBETUJILHUKOB B MOMEIICHHUH; 1] - KOA(DPUIIMEHT UCIOJIb30BAaHUSI CBETOBOI'O MOTOKA
JIaMII, 3aBUCAIIUA OT K. M. JI. ¥ KPUBOU pacHpeesiCHUs] CUJIbl CBETa CBETUJILHUKA,
KodhumreHTa oTpakeHus MOTONKA (Pn) U CTEH (Pc), BHICOTHI MOABECA CBETUIILHUKOB
U pa3MEepOB MOMEIIEHUSI.

Jlenaem mpoOBEPKY BBIIIOJIHEHHUS YCIOBUS:

D, — Dy
—10% < ———-100% < 20%j;
D,y

Pon = Pn 0095 = 2800 = 2510 1 00r — 1039
@, ° T 2800 PR

Takum o6pazom: —10% < 10,3% < 20%, HEOOXOAMMBII CBETOBON MOTOK

CBCTHUJIbHUKA HC BBIXOJHUT 3a IIPCACIIbI Tpe6yeM0r0 Juaria3oHa.

0,7

7,3

22

h

2,2

Pucynok 26 — Ilnan noMenieHust 1 pa3MeIieHns CBETUIILHIKOB (B METpax)
Xumuuecku epedHvle geujecmsa 6 6030yxe padoueti 30Hbl. XUMUYECKU ONTaCHBIM
IPOU3BOACTBEHHBIM (PAKTOPOM SIBJISIETCS MHUKpoaucnepcHblid nopomok CBMIID u

yactuiel B4C.
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[TopomikoBeiii (rpanynupoBannbiii) CBMIID oTHOCHTCS KO BTOpOMY Kiaccy
onacHOCTH. [Ipu KOMHATHOHN TeMIlepaType MOJIUMEP HE BBIIEISAET B OKPYKAIOLIYIO
Cpelly TOKCUYHBIX BEIIECTB M HE OKa3bIBACT BPEAHOIO ACHCTBUA HA OPraHU3M
YeJI0BEKa MPU HETIOCPeICTBeHHOM KoHTakTe. He pactBopuM B 6mocpenax. [1pu padote
¢ mopomkoBeiM CBMIID Heob6xoaumo rcnonb3oBath C13 opranos apixanus. Menkast
NbUTH TOJIMMEPA TIPU NIONAJaHUU B JIETKUE MOXET BbI3BATh BSJIOTEKyIIME (PUOPO3HBIE
WU3MEHEHHUS B HUX.

OnHako mpu HarpeBaHUM MOJMATHIICHA B Ipoliecce nepepadoTku Beime 140 °C
BO3MOJKHO BBIJIENIeHHE B Bo3ayX, corinacHo 'OCT 12.3.030 [100] neTyynx mpoayKTOB
TEPMOOKUCIUTEIbHON JNECTPYKIIHH, COJIepKaIIUX YKCYCHYIO KHCIIOTY,
dbopmanbaerua, aneraapiaerui, oOKcua —yriaeponaa. lIpemenbHO  AOMyCTUMBIC
KOHIICHTPAITUHU yKa3aHbl B Ta0muIe 29.

Tabmuua 29 — IlpemenbHO [ONMYCTUMbIE KOHIEHTPAIIMM BEIIECTB IIPH

TGpMOKHCHHTGHBHOﬁ ACCTPYKIMH ITOJTUITHUIICHA

IIpeneasbHo Kaacc

HaumeHoBaHue Npoaykra Aomycrimast OMACHOCTH

KOHLIEHTpauus, no 'OCT

mr/m® 12.1.007-76
dopmanbaeru 0,5 2
Aneranbaerua 5,0 3
Oxkwuce yriepoaa 20,0 4
Opranuueckue KUCIOTHI (B epecyeTe 50 3

Ha YKCYCHYIO KHCJIOTY) ’

Adp030J1b TOJIUATUIICHA 10,0 3

HarpeBanue monusTuieHa OCyIECTBIISUIOCH B 0€3BO3YIIHOM cpenie (BaKyyM),
YTO MO3BOJIUJIO 3HAYUTEILHO YMEHBIIIUTH KOHIIEHTPAIUIO MPOAYKTOB, 00pa3yOIINXCs
IPY TEPMOKHUCITUTETHHOU IECTPYKITUH.

Kap6uy 6opa otHocsiTcst k BemectBam 4-ro kiace ornacuoctu 'OCT 12.1.007-
76 [101]. IIpenenpHo momyctumas kouueHTpanus (ITIJIK) B Bozayxe paboueii 30HbBI

npou3BoAcTBeHHbIX nomentenuii (ITJJK) 6 mr/m3.
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5.2.2 AHaiu3 onacHbIX MPOU3BOACTBEHHBIX (PAKTOPOB

Mexanuueckue onacnocmu. OCHOBHBIMM HCTOYHMKAMU MEXaHHYECKOU
OMAacCHOCTH B paboueii 30He SBJISAIOTCSA YCTAaHOBKA AJIEKTPOUMITYILCHOTO IJIa3MEHHOTO
cnekanus SPS-1500A u runpaBnudeckuii npecc IP-500M aBto B mporecce srtama
MOJNPECCOBKH MOPOIIKOBOM CMECH M BBIMPECCOBKHU CIIEYEHHOTo o0paslia U3 mpecc-
¢dopmsbl. IIpecc, cnocoOHBI cO3/1aBaTh BBICOKYIO HArpy3Ky, SBIISIETCSI OIACHBIM
dakropom mpousBojicTBa. [logBMKHBIE YacTH Mpecca U OCKOJIKK CIOMABIICHCS 0.
JABJICHUEM IIPECCOBOM OCHACTKHU CIIOCOOHBI HAHECTH CEPhE3HBIM YpPOH 370pPOBbBIO
YyeJIoBeKa: IapanuHbl, YIIUObI, TEPEIOMbl KOCTEH.

[Ipecc, cmocoOHBIN cO3/1aBaTh BBICOKYIO HArpys3Ky, SIBJISETCS OIMACHBIM
dbakTopoM npousBoAcTBa. [[0BMXHBIE YaCTH Ipecca U OCKOJIKK CIOMAaBIICHUCS O]
JABJICHUEM TIPECCOBOM OCHACTKM CIIOCOOHBI HAHECTH CEPHhE3HBIN YPOH 370POBBHIO
YeJioBeKa: I[apanuHbl, YIIUObI, IEPEIOMbI KOCTEH.

CornacHo I'OCT ISO 12100-2013 [102] MamuiHbBl 1 MEXaHW3MbI HMECIOIINE
MOJIBM)KHBIC YaCTH, CIIOCOOHBIE HAHECTH BPEa 3J0POBBIO YEIOBEKA, JOJDKHBI OBITH
OCHAIIIEHBI 3alTUTHBIMH WIIH MPEOXPAaHUTEIBHBIME YCTPOMCTBAMU. B HaiieM ciydae
IIPEeCC OCHAIIEH TOJBIKHBIM 3alllUTHBIM KOXKYXOM, HO JaHHAas 3alluTHas Mepa
OTpaHUYMBAET BUAMMOCTD Tpoliecca mpeccoBaHus. B ciiydae, korja HaOmroeHUE 3a
MPOIIECCOM MPECCOBAHUS HEOOXOJMMO, JOKHBI UCMOJb30BATHCS WHIUBUIYATbHBIC
CpeACTBa 3alllUThl JIMLA U ra3, cooTBeTcTByromue tpedoBanusm ['OCT 12.4.253-
2013 [103].

Jlnst  mpenoTBpamieHuss  MPOW3BOACTBEHHBIX  TpaBM Npu  pabore ¢
UCIIOJIb30BAaHUEM TIPecca HEOOXOUMO COOJII0IaTh OCHOBHBIE MpaBmiia 6€30MacHOCTH:

— nepes  HMCIHOJIb30BAaHHUEM  IPECCOBOTO  O0OpYJIOBaHUS  IPOBOJUTH
BU3yaJIbHBII OCMOTp, YOEIUTHCS, UTO TUIOCKOCTH BEPXHEH M HIDKHEH IUIMT mpecca
napayyiebHbI PYT APYTY;

— IpU yCTAHOBKE ITyaHCOHA CJEAUTh 3a TeM, YTOObl BCE DJIEMEHTHI

IIPECCOBAHMS HAXOIUIIMCh CTPOTO MAPAIUIENBHO APYT IPYTY;

92



— HE NPUKIAIBIBATh JABJICHUE IMPECCOBAHUS BBIIIE IpEAesia IPOYHOCTH
UCIIOJIb3yEeMOM Tpecc-(OpPMBbI;

— HE HUCIOJIb30BaTh CIMIIKOM BBICOKYIO CKOPOCTb Harpy3Kd WM PE3KOe
CHW)KEHME J1aBJICHUS IIPECCOBAHUS;

— HE MOMeNaTh KOHEYHOCTH, BOJIOCHI, YaCTU OJICHK bl MEXKIY MOJIBUKHBIMU
AIieMeHTaMH mpecc-GopMbl WK Mpecc-(PopMON U MIUTOM Mpecca;

Tepmuuecxkue onacnocmu. OCHOBHBIM HUCTOYHHUKOM TEPMHUYECKON OMACHOCTHU
IpU BBINOJHEHUU pabOThl ObUIa YCTAaHOBKA AJIEKTPOMMITYJIBCHOTO IJIa3MEHHOIO
cnexkanusd SPS-1500A. /laHHas ycTaHOBKa criocoOHa HarpeBaTbCs A0 TEMIEPATYpPbI
2000 °C. Cnexkanue NOJMMEPHBIX KOMIIO3UIIMOHHBIX OOpa3loB MPUBOAUIN TPH
temneparype a0 210 °C.

JInsi mpenoTBpaIlleHUs] OXOTOB K YCTAHOBKE HE MPUTPATUBAIHCH C
MOMEHTA Hauaja CIeKaHus J0 OCThIBaHUs Mpecc-GhopMbl U 00pa3IOB 10 KOMHATHOM
TeMIiepaTypsl. B ciiydyae ecnu Bce ke oOpa3eln Hy’KHO JOCTaTh 10 €ro OCThIBAHUS 10
KOMHATHOM  TeMHepaTypbl, MOJb30BAINCH  CHEIUATBHBIMA  TEPMOCTOUKUMHU
pYKaBHIIAMH.

Onexmpobeszonacnocms. B xoie BBINOTHEHHS] pabOThl ObUIM HCMIOJIb30BAHbI
CJIETyIONIUE DJIEKTPONPUOOPHI: YCTAHOBKA JJIEKTPOUMITYJIHCHOTO TIJIa3MEHHOTO
CHEKaHUs, THUAPABINYECKUA TMPECC, CKAHUPYIOUIMI 3JIEKTPOHHBIM MHKPOCKOIL,
YCTaHOBKA I pEHTTeHO(a30BOr0 aHaAIHN3a, dJICKTPOHHBI MUKPOMETP, 3JICKTPOHHBIE
BEChl, MEpPCOHAIbHBIM KoMmmbloTep, Bce 3Tu mnpubopsl Mpu  HENpaBUIbHOU
AKCIUTyaTallM WM OOCIy>KMBAaHUU HECYT OINACHOCTh MOPAXKEHUS 3JIEKTPUUYECKUM
TOKOM.

Haubonee BeposTHOW NPUUYMHONW BO3JAEHCTBUSA HIIEKTPUUECKOTO TOKa Ha
OpraHu3M 4YEJIOBEKa SBJISETCS IPUKOCHOBEHHWE K TOKOBEAYIIMM  YacTsAM
AIEKTPOOOOPYIOBAHHUS U BOZHUKHOBEHUE CTATHYECKOTO JIEKTPUUYECTBRA.

B coorBerctBun ¢ I'OCT 12.1.038-82 mnpenenbHO OONMYyCTUMBIE YPOBHU
HAIPSHKCHUS IPUKOCHOBEHHS M TOKOB JUIsl IIOCTOSTHHOTO Toka — He Oonee 0,8 B u 1

MA, 1151 mepeMeHHoro Toka (dactora 50 I'r) - ve 6omee 2,0 B u 0,3 mA [103].
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JIJist 3amuThl OT TMOPAKEHHS AJIEKTPHUUYECKUM TOKOM TPH TMPUKOCHOBEHUH K
tTokoBeayiuM yactsaM coriacao 'OCT P 12.1.019-2009 [105105] siexTpornprOopsI
JOJKHBI OBITh 3a3¢MJICHBI WJIH 3aHYJICHBI.

Taxxke cormacio I'OCT P 12.1.019-2009 [105] Ha npou3BOACTBE IS

obOecreyeHus 3JI€KTpO6€3OHaCHOCTI/I JOJIDKHBI OBITH IMPUHATHI CJICAYIOINC 3allIUTHBIC

MEpBHI:

— 3alllUTHBIE 000J0YKH;

— 3alllUTHBIE Oapbephl;

— 0e30macHOe pacnoyIOKEeHUE TOKOBEAY X YaCTEH;

— U30JSIUI0  TOKOBEAYIIMX 4YacTed (pabouyro, JIOMOJHHUTEIBHYIO,
YCUJICHHYIO);

— M3O0JIAIIUI0 pab0Yero MecTa;
— Majioe HanpsKEHUE;

— 3alUTHOE OTKJIFOUYEHUE.
5.3 DkoJgornyeckasi 0e30macHoOCTh

B nmanHoil pabote wucnonp3oBain mnoauMepHbii Matepuan (CBMIID) u
Heopranudeckue TBepabie yactuipl (B4C). 3arps3nennii armochepsr u ruapocheps
pyu paboTe HEMOCPEACTBEHHO ¢ MaTepHaiaMi HE OOHAPYKEHO.

[TonusTHIEH - 3TO SKOTOKCTUYHBIN OTXO/I, MPUHAJJTICKAITUN KO BTOPOMY KJ1accy
OMMAacCHOCTH. TaKOBBIM OH SIBIISIETCS B TIPOIIECCE MOTYUYEHUS U IKCIUTyaTallid, a BOT BO
BpeMsi mepepabOTKH ¢ HUM BO3HUKAIOT MPOOJIEMbI, CTAHOBUTHLCS TOKCHYHBIM [ 106].

HenpaBunbHas yTuau3aiuu U OTCYTCTBUE METOJIOB MEpepabOTKU MPUBOJIUT K
3arpsi3HEHUIO JIUTOCHEPHI, T.K. CPOK PA3IOKEHUS TOJUITUIICHA TOCTATOYHO BEITUK, HO
Npu  TPaBUIBHOM YTWIM3alMM TOJUATHUJIECH HHU TOJBKO HE TMPUHECET Bpeaa
OKPYXAIOIEMy MHPY W YEJIIOBEKY, HO U CBHITPACT BAXKHYIO POJh B SKOHOMHUYECKOM
wiade. CyIliecTByeT HECKOJIBKO CIOCOOO0B mepepadoTku monuMepoB. K HUM MOXHO
OTHECTH:

— 3aXOpOHEHHUE;

— CIKHUI'aHHUC,
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— TUPOIU3;
— BTOPUYHOE MCMOJIb30BAHMUE;

3axOopoHEHHE — MPOIIECC, MIMPOKO HCMOJIB3YEMBI C camMoro u300peTeHUs
MOJIMMEPOB, OJAHAKO OJIMH W3 CaMbIX BPEJHBIX U OMAacHBIX. Tak Kak MOJIUMEpHI
WHEPTHBI, OHU JTMOO COBCEM HE Pa3IararoTcs, MO0 ATOT MPOIECC Pa3I0KEHUS NITUTHCA
JECATKAMHU, a TO U COTHSIMHU JieT. TeM camMbIM 3aXOpPOHEHHUE JAHHBIX OTXOJI0B 3aHUMAIOT
OTPOMHBIE TUIOIIAINA 3EMIIH.

Jpyron noCcTaTtoyHO 3HEPro3aTpaTHbIA MPOLECC - CHKUTAHUE, YMEHBIIAIOIIUN
030HOBBIH cioil. [Ipu cropanuu MOJIMMEPOB BBIACISIOTCS MHOTO BPEAHBIX BEIIECTB U
coenrHeHui. OqHUM U3 HauboJiee TOKCUYHBIX CYUTACTCS TUOKCHH.

JUisi monuATUIIEHA TUPOJU3 PEAKO HCIOIb3YyeTCsl, TaK KaK 3TO JOCTATOYHO
Joporocrodamui mpouecc. I[lonuaTriieH momemaercss B CHEUUAIBHBIA PEAKTOpP U
BBIZIEP/KMBAETCS B TEUEHHN OTBEJEHHOTO BPEMEHH NpH Temmeparype 700-9000 < °C,
B BaKyyMe WJIM IIPY MaJIoM KoJndecTBe Bo3myxa [106].

YTunuzauus MONMMEPOB - BTOpUYHAs IiepepaboTka sBIsSETCAs HamOoJee
3¢ (HEKTUBHBIM W TEPCHEKTUBHBIA cmocoboM. Ho m y aToro cmocoba ecTtb cBoH
HegocTtaTku. HeoOxonuMa mpeaBapuTenbHas mepepaboTka MyTeM H3MENbUYeHUs B
CHEIUANIBHBIX JPOOMIBHBIX YCTAHOBKAX, TOJIBKO TOCJIE ATOTO MOHO OTIPaBISATH

MOJTyYEHHBINH MPOIYKT Ha MEepepadboTKy.
5.4 bBe30onmacHoOCTb B Ype3BbIYANHBIX CUTYaALUSIX

[Tomemenne naboparopun 018 Mo creneHy MOKapoOONaCHOCTH OTHOCHUTCS K
kiaccy [1-2, Tak kKak B HeM IPUCYTCTBYET BbIJICJIEHUE MBLJIU U BOJIOKOH BO B3BEILIEHHOM
COCTOSIHUU.

[Ipyunn Bo3HuMKHOBeHHE Takoro YC kak mokap OrPOMHOE KOJIHYECTBO.
Hanpumep, k moxkapy 4acto MpUBOJAT OCTaBJICHHBIC HAarpeBaTelibHbie MPUOOPHI 03
IPUCMOTPA WM UCIIOJB30BAHUE OTKPBITOTO OTHS, T.€. XaJaTHOE OOpAIllEHUE C OTHEM.
[IpuBeneHHbIE NPUYUHBI [1OKAPA OTHOCSITCS MMEIOT HEAJEKTPUUECKYIO mpupoay. B

CBOIO OUCpPCb, HC MCHCC paCHPOCTpaHéHHI)IC IMPUYMHBI BOSBHUKHOBCHUA I10Kapa HCCYT
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NIEKTpUUECKHUi xapaktep. Hampumep, meperpy3ku mo TOKY, KOPOTKOE 3aMbBIKaHHE,
UCKPEHHUE U DIIEKTPUUECKHUE YT, CTATUYECKOE JIEKTPUUECTBO U T.1I.

Bce momemieHwss JOKHBI  COOTBETCTBOBATH TPEOOBAHMSIM  IOKAPHOUH
6e3omacHoctu coritacHo 'OCT 12.1.004-91 [100] u umeTh cpeacTBa MOKAPOTYIICHUS
no 'OCT 12.4.009-83 [107].

JIyist mpeoTBpaIieHns | JIMKBUAAITMH TT0’Kapa 3/1aHue 000pyI0BaHO TTOKAPHOM
CUTHANIM3AIMel, TOXXAPHBIMU KpaHAaMH W IUIAHTaMH, T[O0XAPHBIMU IIIUTAMH,
OTHETYIIMTEIIIMHA, BO BCEX TMOMEIICHUSAX HMMEETCS IUIaH 3BaKyallud, B KOpPHAOpax
yKazaTelld IBWKEHUS K 9BaKyallMOHHOMY BbIX0y. Ha pucyHke 63 mpencraBiieH miaH
sBakyaruu u3 Jjaboparopuu (018 ayauTopus) U cocemHuUx TmoMmenieHuid. B
naboparopuu (018 aynuropus) Haxoautbes 2 orHetymmurtenst OY-5, B cocenneit (021)
ayJIMTOPUH U TIOMEIICHUH CKJIa/Ja TaK K€ PacCIOJIOKEHO MO OJTHOMY OTHETYIITUTEIIO

OY-5.

> p

s

: )

18 &ney  J0oes
- - @ 4-\

Pucynox 16 — Ilnan sBakyanuu

5.5 BsiBOa mo pazaeny

B nanHom paszzene ObUIM PacCCMOTPEHBI HETaTUBHBIE (DAKTOPHI, BIMSIOUIME HA
paboOTHHKA B MPOLECCE BBHIMNOJHEHUS HACTOSIIECH BBIMYCKHOW KBAIM(PUKALMOHHON
paboThl, a TAaK¥KE MEPBI IO CHIXKEHUIO UX BPEAHOI0/OMAacHOr0 IEUCTBUS K MUHUMYMY.

KpOMC TOro, ObLIN PaCcCMOTPCHBI IIPABOBBIC W OPraHU3AlIMOHHBIC BOIIPOCHI
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oOecrieueHus1 6€30MaCHOCTH PaOOTHHUKA, IKOJIOTHIECKUE aCIIEKThl PabOThI, a TaK Ke
BO3MOYKHBIC YpE3BbIUAKHBIC CHUTyallMd Ha paboyeM MeCTe W IOPSJIOK JCHCTBUN B

CJIydac uX BOBHUKHOBCHMA.
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1.1 STRUCTURE, PROPERTIES AND FIELDS OF APPLICATION OF
ULTRA-HIGH MOLECULAR WEIGHT POLYETHYLENE (UHMWPE)
Polyethylene is one of the simplest hydrocarbon polymers. A polyethylene
molecule is a linearly repeating monomer (-CH>-), where the bonds between carbon-
carbon (C-C) and carbon-hydrogen (C-H) atoms are covalent and based on sp3
hybridization of carbon valence electrons. The length of the C-C bond is 1.55 A, the
length of the C-H bond is 1.09 A, the bending angle of the C-C-C bond is 112°, and
the bending angle of the H-C-H bond is 108° [4, 8]. A typical "zigzag" trans-
conformation of the molecule is shown in Figure 1. This spatial arrangement of atoms
in the polyethylene molecule is the most stable, but the low steric value (activation
energy equal to about 12 kJ / mol.) allows the parts of the molecule to easily rotate
around their C-C axis, providing the molecule the ability to bend. The bond between
neighboring molecules is carried out by much weaker van der Waals bonds (~ 1/30 of
the strength of the covalent bond) as a result of induced dipole moments between
neighboring atoms. Weak intermolecular interaction allows the molecule to bend [4].
In the process of crystallization from the UHMWPE melt, a predominantly
orthorhombic spatial lattice is formed with the unit cell parameters: a=0,742 nm,
b=0,495 nm, ¢=0,255 nm (figure 1). The unit cell of UHMWPE crystallites with
monoclinic syngony is metastable and has parameters: a=0,809 nm, b=0,253 nm,
¢=0,479 nm, f=107,9°. The formation of UHMWPE with a monoclinic modification is
characteristic of UHMWPE obtained at low polymerization temperatures. The

presented values are not constants and may vary depending on the conditions [11].
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Figure 1 — Packing of polyethylene molecules into an orthorhombic crystal structure
[4]

The degree and orientation of the crystalline regions in polyethylene depend on
many factors. The crystalline phase is characterized by a predominantly orthorhombic
structure. Molecular chains of the crystal region are folded into ordered lamellas. The
lamellas are 10-50 nm thick and 10-50 microns long. The lamellas are randomly
oriented within the amorphous phase with the help of binding molecules connecting
the individual lamellas to each other [7, 8]. The morphological features of UHMWPE

are schematically shown in figure 2.

Chai
Fo?dlg Crystalline
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Molecule
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Figure 2 — Elements of the morphology of UHMWPE [8]

There are several types of polyethylene, depending on their molecular weight
and degree of branching (LDPE, HDPE, UHMWPE, etc.). Low-density polyethylene
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(LDPE) is acommon type of industrial polyethylene that is characterized by significant
nonlinearity in the molecular chain. A high degree of branching interferes with the
crystallization process, resulting in a low crystallinity value. LDPE is used as an
electrical insulating material in the manufacture of cables. High-density polyethylene
(HDPE) has a low degree of branching and is therefore generally linear. It was shown
in [5] that, due to the linear structure, HDPE has a larger number of crystalline regions
that are most resistant to radiation exposure. Ultra-high molecular weight polyethylene
(UHMWPE) is also a linear (unbranched) semi-crystalline polymer, but differs from
HDPE in its higher molecular weight. Due to its high molecular weight, UHMWPE
has a number of special physical, mechanical and chemical properties. Comparison of
some characteristics of various polyethylenes is given in table 1 [9, 10].

UHMWRPE has a lower density and degree of crystallinity in comparison with
high-density polyethylene (HDPE), these features of UHMWRPE are associated
primarily with complex crystallization, which directly depends on the specificity of the
structure of macromolecules and their length. The high molecular weight of UHMWPE
endows this polymer with special physical, mechanical and chemical properties, such
as high wear resistance, impact strength, low coefficient of friction, excellent chemical
resistance, and biocompatibility. Comparison of the characteristics of various
polyethylenes are shown in table 1.

Table 1 — Comparison of the characteristics of different types of polyethylene [9-11]

Characteristic LDPE HDPE UHMWPE
Molecular weight (10° g /mol) <0,05 0,05-0,2 2-6
Density, (g /cm?®) 0,91-0,94 | 0,94-0,97 | 0,93-0,94
Shore hardness D 44-50 66-73 60-65
Young's modulus in tension, GPa 0,13-0,3 0,5-0,1 0,8-1,6
Tensile elongation, % 100-700 10-120 350-525
Yield strength, MPa 8-19 17-31 21-28
Tensile strength, MPa 10-20 22-31 36-45
Impact strength according to Izod, JJm, | 475-850 21-214 >1070
Crystallinity, % 42-62 62-88 39-75
Melting point, °C 105-123 130-137 125-138

The operating temperature of UHMWPE products, as well as HDPE, is below

the melting temperature of the polymer and depends on specific conditions. UHMWPE
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retains its mechanical properties in a wide temperature range from plus 120 to minus
200 °C, which allows the polymer to be used in the extreme conditions [10, 13, 16].

UHMWPE is inert to the action of many chemicals, extremely resistant to the
action of alkalis of any concentration, acidic and basic salts. Also resistant to some
acids. Thus, organic acids, including formic, acetic and concentrated hydrochloric and
hydrofluoric acids, do not act on UHMWAPE. Sulfuric acid up to 80% concentration at
room temperature does not effect on UHMWAPE, with an increase in concentration, an
intense yellowing of the product is observed. However, at the same time, UHMWPE
is destroyed under the action of some oxidants; for example, nitric acid of even low
concentration actively interacts with UHMWPE [14-16].

In addition, the advantages of ultra-high molecular weight polyethylene include:

. minimal water absorption and non-wettability;

. vibration resistance and good noise absorption;

. good machinability by mechanical methods;

. high dielectric properties;

UHMWPE-based materials are used in a wide variety of industries:

» guides and lining for bunkers, bodies of quarry auto-alloys, cars and various
mechanisms in the mining industry, excluding sticking and freezing of ice, bulk and
clay materials [17, 18].

. parts and structural elements exposed to shock loading and abrasion in
mechanical engineering, textile and pulp and paper industries: rollers, gear drives,
support bushings, lubrication-free bearings, guide rails, etc. Metal shafts can freely
rotate in UHMWPE bushings, despite the misalignment or the presence of sand, dust
and other types of contamination. UHMWPE pipes are resistant to temperature changes
and soil mobility. Coal with water slurry, ore, oil products and other materials can be
transported along them. The wear of pipes in such a transport line will be minimal, and
sticking is excluded [19, 20].

. porous polymer separators in car batteries. The work [21] describes a

method for obtaining a durable separator from UHMWPE with a thickness of 200 nm,
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the physical and mechanical properties of which make it possible to increase the
efficiency and durability of storage batteries.

. sliding surfaces and sports equipment. Currently, a material based on
UHMWRPE with the common name R-Tech is used [22]. In the UHMWPE material
intended for mass skiing, add 5-15% filler in the form of carbon particles with a size
of 20 microns to remove electrostatics, as well as graphite and fluorocarbon
compounds to improve gliding.

. as wear-resistant composite materials for rubber products used in extreme
operating conditions (at temperatures up to minus 200 ° C). It was found in [23] that
the introduction of UHMWPE into the bulk of frost-resistant rubbers based on BNSK-
18 rubbers, SKI-3 isoprene and SKD-2 butadiene rubbers makes it possible to create a
protective film up to 2 mm thick, which leads to an increase in the oil resistance of
samples by 3, 23 and 26 times, respectively.

. highly purified UHMWPE is successfully used in medicine for the
manufacture of a hinged tip for arthroplasty. However, there is a problem, which is a
decrease in mechanical properties as a result of oxidative degradation, which leads to
increased wear and, as a consequence, to osteolysis. The method of radiation
crosslinking and the addition of vitamin E to the polymer allows slowing down the
oxidation process and extending the service life of the product [24, 25].

. high-strength UHMWRPE fibers are used in the production of structural
materials for aircraft, helicopter and rocketry, super-strong rope and rope products, as
well as for individual and collective body armor (helmets, body armor, armor plates)
and protection of ground and air vehicles. Two leading high modulus polyethylene
fibers are widely used in ballistic protection. These are Spectra fibers from Honeywell
International (formerly AlliedSignal - USA) and Dyneema fibers from DSM
(Netherlands) [26-28].

1.2 METHODS OF CONSOLIDATION OF UHMWPE POWDER

Powdered UHMWPE is obtained by polymerizing ethylene in the gas phase,

then, to obtain a bulky product, a consolidation stage is required. The process of

119



UHMWRPE consolidation depends on the sintering temperature, pressing pressure, time
of temperature exposure, etc.

The main mechanism of consolidation is self-diffusion, in which UHMWPE
chains (or chain segments) in neighboring particles are intertwined at the molecular
level.

The main methods for processing UHMWPE with a molecular weight of up to
2.5-10° g/mol are injection molding and extrusion, and with a molecular weight of up
to 6-10° g/mol and higher, hot pressing. The high viscosity of the melt makes it
impossible to use traditional methods of manufacturing products from polymers. The
material does not melt at a temperature above the melting point of its crystalline phase
(136 °C), but only transforms into a viscoelastic state.

The most common methods for consolidating UHMWPE include free sintering
of a billet, hot pressing, and plunger extrusion.

1.2.1 Free sintering

The process of obtaining products by sintering in a free state consists of two
operations: pressing the powder in a mold and further sintering the resulting workpiece
in air or in an inert atmosphere.

Powdered UHMWPE has a good ability to compact into compact parts, the
density of which depends on the pressing pressure. Figure 3 shows a graph of the
dependence of the density of cylindrical blanks on the pressing pressure. Typically, in
section 1, there is a rapid increase in density with increasing pressure. In this pressure
range, compaction of powder particles occurs, a sharp decrease in the free volume
between them. The pore size of the preform is mainly determined by the particle size
of the polymer powder. Then the increase in density with increasing pressure slows
down. In section 2, the curve has a flatter character, which corresponds to the
occurrence of plastic deformations at the points of contact of the particles. In this case,
purely elastic deformation occurs inside the particles. Section 3 of the curve flows at
pressures exceeding the yield point of UHMWRPE. Under these conditions, plastic
deformation of the particles predominates. Under high pressure, the particles approach

each other at distances at which the forces of intermolecular interaction arise [16].
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Figure 3 — Graph of dependence of density on specific pressure [16]

Sintering is a process of transition of a UHMWPE powder pressed to a different
degree into a monolithic or porous body under the influence of temperature. Most
researchers believe that the driving force of sintering lies in the surface tension of
heated particles of UHMWPE powder. When heated, individual compressed powder
particles tend to acquire a spherical shape under the influence of surface tension and
form a system of capillaries with a developed curved surface. Thus, in the system of
UHMWRPE particles heated to the melting temperatures, a pressure arises that provides
the necessary compression of the system.

The considered method is one of the simplest methods for obtaining bulk
workpieces, but it requires a serious approach to optimizing the process for each type
of powder [29-31].

1.2.2 Hot pressing

Hot pressing is the most primitive and important method for processing
UHMWPE, since this method has no limitations that may depend on high molecular
weight. Temperature, forming pressure and holding time are the main factors
influencing the degree of compaction of the UHMWPE product [32, 33].

The process of hot pressing of products consists of two operations: pre-pressing
of the powder mass and further pressing in a mold when heated under pressure.
Pressing is the process of compaction by pressing a powdery material in a matrix at
room temperature. Pressing is carried out with a punch, which moves in the channel of

the die until the pressure is created, which ensures the formation of a compacted
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workpiece. Pressing of UHMWPE is usually carried out at a pressure of 8-10 MPa for
2-3 seconds without heating. In this case, the volume of the powder decreases by about
3 times, the air content in the material decreases and its thermal conductivity increases
in comparison with the powder polymer. This leads to a reduction in the holding time
during the hot pressing process, and significantly improves the quality of the finished
product.

In [34] the effect of the molding temperature on the degree of consolidation of
the UHMWPE product was investigated. The sample molded at 170 °C exhibits a high-
grain structure in which the original powder particles are clearly visible, looking like
grains with a size of ~ 100 um, which, in turn, consist of particles with a size of ~ 1
um. The sample has a crack, which indicates a weak bond between the consolidated
particles. The sample obtained at 180 °C has a denser structure, but cracks are also
present. The samples molded at 190 and 200 ° C were structurally unchanged. The
grain boundaries are much less visible than in specimens formed at lower temperatures.
The polyethylene powder particles are now well consolidated with very little signs of
voids around the grain boundaries. However, even this sample shows some defects.

The authors of the studies [35, 36] studied the microscopic structural features of
the compression molding of UHMWPE with a change in time and temperature in the
molten state during the preparation of samples. Their research identified two different
types of fusion defects. Type 1 defects were residual voids between particles due to
incomplete compaction of the powder and were observed only at lower molding
temperatures (145, 150, 155, and 165 °C for 15 minutes). Type 2 defects are areas of
increased deformability at the boundaries between parts in fully compacted castings.
They persisted up to 200 °C. These defects were attributed to the slow self-diffusion
of UHMWPE in the melt, which led to incomplete homogenization, even after the
completion of compaction. For the entire sintering temperature range of 145-200 °C,
pressure of 20-30 MPa, and holding time of 10-90 minutes, higher molding
temperatures reduced the density of type 1 defects and / or reduced the density of type

2 defects, which led to an increase in mechanical properties.
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The authors of [37] investigated the influence of pressing pressure on the
cohesive strength and mobility of the low-temperature compaction chain of
UHMWRPE. The work shows that the optimal compaction pressure is 30 MPa at
Young's modulus equal to 5,3 GPa. They also stated that initially Young's modulus
increased with increasing seal pressure due to decreasing voids. Too high compaction
pressure reduced the volume available for chain movement and made it difficult for the
chain to diffuse between the particles, resulting in a decrease in the cohesive strength

of the particles.
1.2.3 Plunger extrusion

Plunger extrusion is one of the most suitable methods for processing
thermoplastic polymers with high molecular weight and high melt viscosity. This
method is used to produce products of various profiles (strips, sheets, pipes, rods).

The main components of the plunger extrusion unit: a hopper, a loading chamber
with a heating device, a horizontal piston with a reciprocating motion, a heated forming
die, a cooling and forming device (figure 4). The cycle of the extrusion process looks
like this: feeding - compaction - floating and plasticizing - extrusion - cooling and
forming. Particles of UHMWPE powder are continuously fed into a piston extruder
and heated. Inside the extruder, the particles are compacted and held under pressure by
a plunger, as well as back pressure from the UHMWPE melt, which is caused by the
frictional forces of the melt against the surface of the die wall. The UHMWPE melt is
extracted from a heated molding matrix of a predetermined shape.

Although the ram extruder can produce UHMWPE products with good surface
quality, the intermittent punching process causes residual stresses within the finished
sample. The finished product needs additional processing to remove stresses.

Disadvantages of the method: instability of product quality, long melt

plasticization cycle, low extrusion rate, high-energy consumption [16, 39].
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Figure 4 — Installation horizontal type ram extrusion [40]

The authors of [41] compared the mechanical properties of samples of two
UHMWPE grades (GUR 1020 and GUR 1050) obtained by hot pressing and plunger
extrusion. It was shown that the yield strength and tensile strength differ

insignificantly, but the relative elongation differs significantly (figure 5).
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Figure 5 — Comparison of mechanical properties of the two grades of UHMWPE [41]

1.2.4 Spark plasma sintering (SPS)

Among the sintering processes for ceramic and metal powders, the spark plasma

sintering (SPS) method has recently become widely used. Analysis of the literature has
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shown that to date, very few studies have been published where this method of
consolidation of polymeric materials is applied [42-44].

Thus, in [43], two high-temperature thermoplastic powders were sintered by the
SPS method. Dense samples of polyimide and polyetheretherketone were obtained at
320 °C and 200 °C. The relative density for both materials was above 99%, and the
sintering method used also improved the mechanical properties of the samples.

A common advantage of SPS over other consolidation methods is a faster
sintering process for powders compared to conventional methods, including hot
pressing. For example, in [45], an ultrafine nickel powder (100 nm) was compacted; in
order to reach a density of 95% by hot pressing, it took 150 minutes at 700 °C, while
the SPS method took 1 minute at a temperature of 500 °C, the same pressure was used.
Similar observations were made in other studies [46, 47]. In addition to reducing the
consolidation time of samples, the method under consideration can improve the
properties of materials.

The spark plasma sintering process involves compaction of powders with
simultaneous uniaxial pressing and temperature exposure. The current provides the
required sintering temperature; this is the main difference between hot pressing and
SPS. Figure 5 shows a schematic of the SPS setup. Typically, the impulse current is
supplied with a relatively low voltage (about 10 V). The impulse circuit consists of a
sequence of pulses with current followed by a period of silence, that is, impulse circuit
12-2 means that 12 impulses are supplied, followed by a duration of two impulses
during which no current is applied. Typically, the pulses are 3.3 ms long.

Simultaneous control of the temperature and shrinkage of the sintered sample
allows you to get an idea of the kinetics of sintering.

The parameters that are commonly associated with the SPS process are current,
pressing pressure and heating rate. The sintering current and temperature are dependent
parameters, since Joule heating is a source of temperature rise, whether in the graphite
matrix (when the sample is not conductive) or in the matrix and the sample (when the

sample is electrically conductive) [48].
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1.2.5 Ultrasonic pressing

Recently, ultrasonic pressing has become a promising method for the production
of miniature and micro scale parts. In a relatively short time cycle, ultrasonic forming
allows processing a wide range of polymeric materials without noticeable thermal
degradation and with significant energy savings [49]. The production cycle of polymer
products by ultrasonic pressing eliminates two important problems: thermal
degradation of the material and waste. Thermal degradation of polymers is possible
due to prolonged heating periods, for example, when making products by a method that
uses an extruder. In addition, a large amount of polymer injected into the mold remains
in the supply system (sprues, guides and flaps), which is an inefficient use of raw
materials. The main disadvantages of this method include difficulties in obtaining
products of complex geometric shapes and insufficient power of ultrasonic exposure
for the production of macro-scale products with a homogeneous structure. The authors
of [50] showed that when insufficient ultrasonic power is applied to a large amount of
polymer powder (large mass), the sintering process occurs only on the interface
between the powder particles and its surroundings, while the central part (core) remains
unrecrystallized.

Ultrasonic pressing is a manufacturing process in which polymer powders are
ultrasonically heated and molded by compressive forces within a mold cavity. Figure

7 shows a schematic representation of the pressing steps. The mold cavity is filled with
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powder polymer (figure 7a). An exact dosage is not required in this case, since the
remaining polymer powder will be pushed out through the gaps of the mold. Then some
pressure is applied to compact the particles and achieve a close-packed structure (figure
7b). Then, the parameters of the pressing process (power of ultrasonic exposure,
duration of exposure) are set on the experimental setup and the supply of ultrasonic
vibrations begins. The heat generated by friction and deformation leads to sintering of
the polymer powder, while the microcavities are filled with molten polymer under the
pressure of an ultrasonic waveguide (sonotrode). While the waveguide is moving
downward, the remaining melt is pushed upward by the gap (figure 7c). After that,

make it cooled and removed (figure 7d)
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Figure 7 — Schematic representation of ultrasonic pressing. (a) Location of the
ultrasonic waveguide and filling of the cavity; (b) compacting the polymer powder;

(c) ultrasonic exposure; (d) cooling and removing the product [49]

The authors of [51] conducted a study in which they compared the
supramolecular structure, physical, mechanical, and tribological properties of
UHMWPE samples prepared by hot and ultrasonic pressing. It was shown that
ultrasonic compaction of UHMWPE particles tens of microns in size allows the
formation of homogeneous compacts of high density with increased hardness, which
ensures their wear resistance under dry sliding friction.

1.3 METHODS OF OBTAINING POLYMER COMPOSITES
Now the development of polymer composite materials is one of the most

important scientific directions. The physical and mechanical properties of the
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composite directly depend on the uniformity of the distribution of the second phase
filler. The methods of introducing fillers and, in particular, nano-sized fillers are of
great importance, since they determine the possibility of dispersion of particles and the
uniformity of their distribution in the polymer matrix, as well as the degree of variation
of the additive in polymer matrices of various types. The most common methods for
obtaining a polymer composite mixture include mixing the components in the melt, dry
mixing, mixing in a solvent and the method of polymerization filler.

1.3.1 Polymer melt mixing method

To make a quality product using the extrusion process, it is imperative that a well
homogenized melt is fed into the die. A homogeneous melt is the key to size stability,
process stability, texture uniformity and high mechanical performance of any extruded
product such as film, sheet, pipe, profile, etc. For extrusion, polymer blending is a two-
step process: dry blending - blending of matrix components polymer in the form of
granules or powder with the addition of a particulate filler in the form of powder or
fibers before the mixture is introduced into the extruder. Wet mixing: the final mixing
takes place inside the extruder when the polymer mixture is melted inside the barrel
using an external heater and frictional heat (screw rotation). Various types of mixing
elements or components are used to homogenously mix the polymer melt within the
extruder.

Today it is the most technologically advanced and productive method, therefore,
most polymer composite materials are produced industrially by extrusion and injection
molding. However, in the case of UHMWPE and composites based on it, this method
is practically not used. Due to its high molecular weight, UHMWPE has a very high
melt viscosity, which makes the application of the method under consideration difficult
in practice [52, 53].

However, the disadvantage of the method of mixing in a polymer melt is that the
energy effect is too weak, which is not always sufficient for deagglomeration of solid
inorganic fillers. In [54], a twin-screw extruder was used to obtain a polymer composite

based on isotactic polypropylene with the addition of silicon oxide particles. The

128



authors were unable to achieve a fine distribution of SiO- particles in the polypropylene
matrix, since the SiO- particles were in an agglomerated state.

1.3.2 Mechanical activation method

Mechanical activation is a powder processing technology used to produce
homogeneous materials by mixing and alloying dissimilar elemental mixtures. The
method is based on the principle of high-energy impact on the powder mixture in a
special mill, which is accompanied by grinding, deformation, and other effects. During
mechanical processing, the energy of the chemical bond increases, its rupture occurs,
as a result of this, free radicals and active groups are formed, which are easily involved
in reactions with other reagents.

During the process of mechanoactivation of polymeric materials, long molecular
chains are broken, the formation of chains with a low molecular weight contributes to
an increase in the rate of mutual diffusion between the boundaries of the powder. It is
the formation of molecular bonds that improves the mechanical properties.

In [55], the effect of mechanical activation of UHMWPE on mechanical and
tribotechnical properties was investigated. Table 2 shows the physical, mechanical and
tribotechnical characteristics of UHMWPE initial and after mechanical activation. The
authors found:

. mechanical activation leads to a change in the shape and an increase in the
effective surface of the binder particles, rupture and subsequent cross-linking of
hydrocarbon chains with C - O groups;

. there is a decrease in the size of crystallites and, accordingly, a change in
the nature of the packing of hydrocarbon chains in the polymer (from partially fibrillar
to lamellar);

. grinding and denser packing of the structural elements of the polymer is
observed, which contributes to an increase in its tribotechnical and deformation-
strength characteristics (wear resistance, density, elastic modulus, yield point,
hardness), in particular, to a 4-fold increase in wear resistance;

. the optimal activation time of the initial UHMWPE powders is 20 min

(with a longer activation, the listed characteristics do not improve).
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Table 1 — Physicomechanical and tribotechnical characteristics of UHMWRPE initial

and after mechanical activation [55]

Activation | Density, g/ Friction Elastic Yield Shore A
time, min cm? coefficient modulus, strength, hardness
MPa MPa
Powder 0,909 0,143 669,64 14,07 97,59
10 0,915 0,143 689,48 15,00 98,07
20 0,928 0,133 699,33 14,17 98,60
30 0,912 0,137 626,13 12,83 98,25
40 0,919 0,137 624,16 12,93 97,66

The authors of work [56], in which the method of mechanical activation for 20
minutes was used to improve the properties of UHMWRPE, confirm the results of work
[55]. The results showed that the wear resistance increased 1.9 times, the tensile
strength could be increased by 50%, while no change in the structure of the material
was observed.

1.3.3 Liquid mixing method

Fillers are dispersed in a solvent that is capable of dissolving the polymer. After
dissolving the polymer, the solvent is removed. In the case of polyolefins, which
dissolve only in heavy solvents such as decalin, the solution method is practically not
used.

The method uses solvents and is not environmentally friendly. But, despite its
disadvantages, the method allows one to obtain composites with a better distribution
of the filler in polymer matrices of other types (not polyolefins) as compared to dry
mixing, especially with nano-sized fillers, which ultimately affects the increase in the
physicomechanical and other properties of composite materials. materials. In addition
to the solution technology, the method of mixing the components in liquid media is
also used, which does not involve the dissolution of the polymer [58].

The authors of [59] obtained a composite based on silicon carbide and
commercial UHMWPE in acetone using ultrasound. It was not possible to achieve a
uniform distribution, as evidenced by the data of X-ray microprobe spectroscopy,

which clearly show large agglomerates of silicon carbide in the composite matrix.
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It was shown in [60] that mixing in a ball mill a mixture of UHMWPE /
hydroxyapatite in ethanol more effectively promotes the deagglomeration of nanosized
hydroxyapatite particles without changing the chemical nature, the results obtained are
confirmed by X-ray photoelectron spectroscopy. Ethanol acts as a dispersant and
prevents re-aggregation, ultimately improving mechanical performance.

1.3.4 Polymerization filler method

The most effective method for obtaining composite materials based on
UHMWPE and fillers of practically any type is the method of polymerization filling
[61].

The surface of the filler in this method is pre-activated by applying the
components of the organometallic catalyst to it, then the monomer (mixture of
monomers) is polymerized in the gas phase or in a hydrocarbon solvent. During
polymerization, a continuous polymer coating is formed on the surface of the filler
particles, thereby achieving uniform distribution of filler particles in the polymer
matrix of the finished material, which is required to achieve the maximum level of
physical and mechanical characteristics for specific composites. The thickness of the
polymer coating and its composition are regulated by the process conditions (the nature
of the monomer, the temperature and time of polymerization, the concentration of the
monomer, etc.). This method makes it possible to obtain composites that are practically
impossible to obtain by mixing methods, especially materials with a high filler content
up to 95 wt. %. Such super-filled composites are important for imparting special
functional properties that the filler itself possesses [62].

Polymerization of UHMWPE is usually carried out by linking ethylene
monomers into long chains of UHMWPE, as a rule, this is done in a solvent using
ethylene gas and titanium tetrachloride (TiCls) as a catalyst [41, 63]. The in situ
polymerization process of UHMWPE is carried out in the presence of fillers. During
polymerization, a precise layer of polyethylene film forms around the filler. In addition
to titanium tetrachloride, other compounds such as TpTiCl; (Et) [64], CpTiCls [65] are

used as a catalyst.
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In a study [65], the UHMWRPE / ZrO, composite was obtained by in situ
polymerization of ethylene using a Ziegler-Natta catalyst based on Ti (CpTiCls)
deposited on the surface of zirconium dioxide. The authors compared the mechanical
and tribological properties of a mechanically mixed and in situ polymerized composite.
The results showed that the polymerized composite had a more uniform dispersion of
zirconia and improved interfacial properties than the mechanically blended composite.
In tensile testing, the polymerized composite showed a significant increase in modulus
and vyield strength. Also, the composite exhibits excellent wear resistance with a
zirconium dioxide content of 43 wt. %.

Table 3 — Advantages and disadvantages of polymer composites mixing methods

Method Advantages Limitations
Mechanical L . .
activation Simplicity, speed Poor dispersion
Mixing in liquid Good dispersion Toxicity, low yield, low
control
: . Good dispersion, :
Filler polymerization versatility Complexity

1.4 REVIEW OF REINFORCING ADDITIVES OF COMPOSITE
MATERIAL BASED ON UHMWPE

Polymer composite materials based on UHMWPE have properties much
superior to unfilled UHMWPE. Based on the physicochemical laws of the filling of
polymers, it is possible to select certain fillers to improve certain properties of the
polymer matrix.

1.4.1 Carbon fillers

Carbon nanoparticles (CNPs), such as carbon nanotubes (CNTSs), carbon
nanofibers (CNFs), graphene, nanodiamonds (n-diamond), are used as reinforcing
materials to improve the mechanical and tribological properties of UHMWPE. The
unique optical, electrical, mechanical, and thermal properties of CNTs and their use to
create composites have attracted special attention of scientists in the field of materials
science. Dispersion of CNTs in a polymer matrix and their interaction between

macromolecular chains are key factors for obtaining a strong composite [66, 67]. In
132



[66], a study of the wear and creep resistance of a composite material consisting of
ultra-high molecular weight polyethylene and high-density polyethylene reinforced
with multilayer carbon nanotubes (MWCNTS) was carried out. It was shown that an
increase in the concentration of carbon nanotubes improves the wear resistance of the
composite. The optimum concentration at which an increase in tensile strength and
elastic modulus is observed is 1 wt. %.

The authors of [68] conducted a study of the effect of adding nanodiamond
particles on mechanical and tribological properties using lubricants. It is shown that
the inclusion of 1 wt. % of nanodiamond into a polymer matrix reduces the wear rate
by 72% and the friction coefficient by 24% compared to pure UHMWPE. In this case,
the concentration of nanodiamond is up to 2 wt. % did not lead to significant changes
in either the yield point or microhardness. In another study [69], by adding
nanodiamond particles with a concentration of 0,3 wt. %, the authors were able to
achieve a significant increase in the ultimate strength in bending (by 47%) and the
modulus of elasticity in bending (by 42%) in comparison with unfilled UHMWPE.

As a dispersion filler, ordinary carbon black (soot) can be used, which is formed
by incomplete combustion of gaseous or liquid hydrocarbons under controlled
conditions. In [70], a nanocomposite based on UHMWPE with the addition of carbon
black was obtained by in situ polymerization with a Zigrera-Natta catalyst. The results
showed that Young's modulus increased by 66%, tensile strength by 47%, elongation
by 39%, at a concentration of 1,6 wt. %. A further increase in concentration leads to a
decrease in mechanical properties due to possible aggregation of the filler and a
decrease in the percentage of crystallinity. The presence of aggregates can act as a
stress concentration center and reduce mechanical properties.

In [72], carbon nanoparticles are added as a reinforcing additive to the
UHMWPE matrix in order to create a composite used in orthopedic implants. At a low
concentration of 0,1 wt. % ULF material shows the highest values of fracture toughness
(by 54%) and tensile strength (by 71%) in comparison with pure UHMWPE. Increasing
the ULF retention up to 1 wt. % leads to an increase in the modulus of elasticity and

yield strength, but the fracture toughness and tensile strength are significantly reduced.
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The hardening mechanisms of the system largely depend on the concentration and
dispersion of ULPs. The uniformity of the distribution of particles in the matrix affects
the elastic deformation, while the packing density of the polymer and the quality of
interfacial adhesion between the particles and the matrix determines the strength of the
composite during plastic deformation.

Summary data on the effect of carbon fillers on mechanical and tribological
properties are presented in table 4.
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Table 4 — Influence of carbon fillers on the mechanical and tribological properties of pure UHMWPE

Material and Reinforcing | Concentration, . Increage n Increase' n Decrease in Friction
size particle additive wt. % Processing tensile Young's wear, % coefficient
' strength, (%) | modulus, (%) ’
80%UHMWPE | MWCNT Laborator 0.12
/20% HDPE | d=60-100 nm; 0,2-2 extru dery 20 36 50 (0’12)
20 um; [66] [=5-15 um; '
MWCNT
UHMmV_V[F;Eﬂ“O d=60-100 nm: 0,2 Ball mill 22,7 5 26 (8%)
KT, |=5-15 um; !
UHMWPE 30 n-diamond : 0,11
um: [68] 30-40 nm: 0,5-2 Planetary mill - - 72 (0.12)
UHMWPE 500 1 diamond 0,1-0,7 Ball mill : 42 i :
um; [69]
UHMWPE: 1 Carbon black 0,56 Insiu 43 66 i :
[70] polymerization
70%
CNF
UHMWPE 100
/30% HDPE: d=100-200 0.5-3 Laboratory 30 20 i 0,44
[71] nm Extruder (0,52)
[=30-100 um
UHMWPE 20- Ultrasonic 0,25
30 um; [72] CNPS pm 0.1-1 treatment 29 124 3 (0,4)
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1.4.2 Other reinforcing particles

Soft particle reinforcement improves the viscoelastic properties of UHMWPE,
while hard particle reinforcement can effectively increase the bearing capacity and
improve the wear resistance of the polymer.

The important characteristics of the filler are: the shape, size and type of filler,
the quantitative content of the filler, adhesion between the filler and the matrix, as well
as its dispersion in the UHMWRPE matrix. The influence of various reinforcing
additives on tribological and mechanical characteristics are presented in table 5.

In [73], the effect of zeolite particles in an UHMWPE matrix on tribological and
mechanical characteristics was studied. Elongation at break and tensile strength
decreased, but modulus and toughness were increased by 34% and 25% by adding
different concentrations of zeolite particles. In addition, the coefficient of friction also
decreased with the introduction of zeolite, which reduced the wear rate by 25%. Adding
nanosized hydroxyapatite with a concentration of 7 wt. % into the UHMWPE matrix
leads to a decrease in the friction coefficient and the wear rate of the uncrosslinked
polymer. In this case, the tensile results showed that the filling of the polymer with
particles and the crosslinking of the polymer reduce the plasticity of UHMWPE [74].

A study [75] shows that the addition of molybdenum disulfide (MoS>) to ultra-
high molecular weight polyethylene during dry friction can reduce the wear rate by
half as compared to a pure polymer, while the mechanical characteristics change
insignificantly. Wear resistance in conditions of abrasive wear increases by 1,3 — 1,5
times.

The authors of estimated the influence of the addition of aluminum oxide to the
UHMWRPE polymer matrix [76, 77]. It is stated that the optimal concentration of
ceramic particles of aluminum oxide is 3 wt. %, while the tensile strength increases by
25%, the modulus of elasticity by 58%, the elongation by 33%, the yield strength by
20%. The value of the yield point is lower in the case of filling the polymer matrix with
microparticles in comparison with nanoparticles. The smaller surface area and the
spherical shape of the particles, which can freely leave the matrix under load, explain

this. Nanoparticles have a large surface area and irregular shape, which increases the
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contact area with the matrix, as well as adhesion. The destruction of UHMWPE, like
other amorphous-crystalline polymers, is carried out due to the propagation of
microcracks. Hard ceramic particles inhibit crack propagation, resulting in increased
elongation. As a consequence, there was a significant increase in the toughness of the
composite. The positive effect on the impact strength of composite states in the case of
filling with microparticles is higher than in the case of filling with nanopowders, since
larger particles form closed pores in the polymer structure. The addition of
microparticles of aluminum oxide also led to a decrease in the coefficient of friction
by a factor of 2,5 after 4 h of friction compared to pure UHMWPE, but increased by a
factor of 1.4 in the case of a composite with nanoparticles. Nanoparticles are less firmly
anchored in the polymer matrix, which leads to more intense wear

UHMWPE is still not fully compliant with hip replacement implant standards.
In [68], hydroxyapatite and zirconium oxide nanopowders were selected to create a
hybrid composite. Hydroxyapatite maintains an appropriate level of biocompatibility,
since with the chemical structure Caio(PO4)s(OH): it has a Ca / P value of about 1.67,
which is similar to natural bone. Ceramic made of zirconium dioxide has good
mechanical properties and is a bioinert material; therefore, it is successfully used in
medicine. Addition of 10 wt. % hydroxyapatite and up to 10 wt. % zirconia, an increase
in the modulus of elasticity, yield strength and tensile strength is observed, while the
elongation at break decreases. Elastic modulus and yield stress of samples with a
content of 10 wt. % hydroxyapatite was improved by about 41% and 14% compared
to the samples from pure UHMWPE. The addition of zirconium dioxide with a
concentration of 10 wt. % promotes an increase in the modulus of elasticity and yield
strength by about 70% and 29% in comparison with the samples from UHMWPE, but
at the same time, a decrease in the elongation at break by 38% is observed. An 84%
increase in microhardness is also observed. The wear rate and coefficient of friction
are significantly reduced by adding 10 wt. % zirconium dioxide by 88% and 61% in
comparison with pure UHMWPE.

In [82], the effect of micro and nanoparticles of boron carbide in an UHMWPE

matrix on tribological characteristics was assessed. The tensile strength for all
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composites ranged from 28 to 41 MPa and decreased with an increase in the percentage
of filler microparticles. Since particles are randomly placed between polymer chains,
the cohesive strength is reduced. During tensile tests, slight delamination was observed
and these particles easily detach from the matrix, leading to cracks, cavities, etc.
Nanocomposites, on the other hand, showed a slight increase in tensile strength
compared to the original UHMWPE. Adding 10 wt. % boron carbide resulted in a 70%
increase in hardness values. The wear rate decreased by 30% with the addition of B4C
particles to 8 wt. %. A further increase in the content of boron carbide particles

contributed to an increase in wear.
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Table 5 — Influence of various reinforcing fillers on the mechanical and tribological properties of pure UHMWPE

Increase
Increase in Increase in Increase | Increase
Material and Reinforcing | Concentration, . in tensile . . in yield in Decrease Friction
: . o Processing Young's | elongation : -
size particle additive wt. % strength, modulus % strength, | hardness, | in wear, % | coefficient
% o ’ % %
%o
UHMWPE 04
45 um Zeolite 10 1 20 Ball mill -11 34 -11,2 - - 25 (0’5)
[73] ’
UHMWPE [74] | ©AF 10 17 Ball mill | 41 18 i i i 80 ?601952)
UAMWPE MoS: Planetary No No 0,1
5-15 um 3-10 ; 22 - 14 47
[75] 1-7 um mill change change (0,16)
UHMWPE [76] 5Ao'2r?n3] 3 P'ar?]?ltl""ry 25 58 33 20 i i i
UHI\Q(\)IXPEnloo' Al2O3 515 Mechanica ] ] ] ] 11 39 0,12
[7% 100-500 pum | stirring (0,28)
ZrOz Mechanica 0,09
UHMWPE [78] 20 nm 1-5 | stirring i i i i 17 64 (0,15)
90% UHMWPE .
/10% n-TATI 2102 26 Ultrasonic | - g, 139 36 45 84 92 0,058
[79] <100 nm treatment (0,16)
TiO2 Laborator
HDPE [80] 535 nm 40 y extruder ] 25 ) 25 ) ) i
TiO2 Ultrasonic
UHMWPE [81] <25 nm 0,25-1 treatment 30 13 - 10 - - -
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Continuation of table 5

B4C

Ultrasonic 0,64
UHMWPE [82] Yg:gounmm 2-10 reatront 2 - - 70 30 (0,63)
UHMWPE 150- Ultrasonic
200 pum n-B4C 0,5-2 40 - 29 19 - -
treatment
[83]
UHMWPE 80- Si0
100 um 5 rr21 0,1-5 - 12 - 4 17 45 -
[84] !
Zn0O . 0,4
UHMWPE [85] <100 nm 5-20 Ball mill -35 15 55 19 32 (0.5)
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