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WccnenoBaubl TpUOOJOTMYECKYE CBOMCTBA HOBBIX CMA30UYHBIX KOMIIO3UIUN C
ydJacTmeM HAHOCMAa30K, — HAHOKPUCTAJUIMYECKUX AUCYJIbGUI0B MOJUOIEHA U
Bosib(pama (caoucThix HaHOCTPYKTYp 2H-MoS,, 2H-WS,), — B cpaBHeHUu C
MUKPOHHBIMU IIOPOIITKAMY IIPUPOHOTO Aucyibthuga moiaudaena. [lokasamo, uTo
HUCIIOJIb30BaHME KOMHIO3MIWH HaHOKpuctawnudeckuit 2H-MoS,—yriepoxHbie
HAHOTPYOKM IEPCIEKTUBHO [JA CO3ZAHWUS YHUBEPCAJIHHBIX CMA30YHBIX MAaTe-
puasioB Ha ocHOBe Maciya M-20 ¢ yJaydIeHHBIMUA TPUOOJOTUYEeCKNMU CBOMCTBA-
MU. ¥ CTaHOBJIEHO, UTO BBeJleHre HaHOKpucTasrnieckoro 2H-MoS, B 6eHTOHUTO-
BYI0 CMasKy IIPAaKTUYEeCKM He BJIMSEeT Ha ee peojoruuyecKkue u (HUSUKO-
xuMuUecKue cBoiictaa. IlpeqroskeHHbIe CMa304YHbIe KOMITO3UIIMY HAa OCHOBE OeH-
TOHUTOBOM cMasKku ¢ mobaBkaMu HaHOKpucraaamueckoro 2H-MoS, wmmeroT
yJIy4IlIeHHbIe TPIOOJIOTNUYECKYE CBONICTBA B CDABHEHUY C AaHAJIOTUYHLIMY XapaK-
TEePUCTUKAMU 3aPYOEeKHBIX OEHTOHUTOBBIX CMAa30K.

Hocaim:xeHo TprOOJIOTiUHI BJIACTUBOCTI HOBUX MACTUJIBHUX KOMIIO3UITill 3a y4a-
CTIO HAHOMACTWJI, — HaHOKPHUCTANIUYHUX TUCYIb(ifiB MOIi6aeHY Ta BoabOpamMmy
(mmapyBarux Ha"nocTpyKTYyp 2H-MoOS,, 2H-WS,), — B I0piBHAHHI 3 MiKDOHHUMH
TIOPOIITKaMU MIPUPOAHBOro Aucyabhiny morioaeny. IlokasaHo, 1110 BUKOPUCTAH-
HA KoMmmosuiliii Hamoxpucragiuuauii 2H-MoS,—ByrieneBi HaHOPYPKU IepCIeK-
THUBHE [IJIs CTBOPEHHS YHiBepCaJbHUX MAaCTUIBHUX MaTepisiyiiB Ha OCHOBI Macja
1-20 3 moximireHMMy TPUOOJOTIUHMMU BJIACTHBOCTSAMI. BCTaHOBJIEHO, IO BTi-
JieHHA HaHOKpucraigiuunoro 2H-MoS, B GEHTOHITOBE MAaCTHJIO MPAKTUYHO He
BILIMBAE Ha MOro peoJioriuni Ta (pismKo-xemiuHi BiaacTuBOCTi. 3ampoOIOHOBaHi
MACTUJIbHI KOMIO3UILil Ha OCHOBiI OEHTOHITOBOI'O MACTIIA 3 JOMIIIKAMU HAHOK-
pucraniumoro 2H-MoS, MaroTh moJiinireni TpuGoIOTiUHi BJIaCTUBOCTI IOPiBHAHO
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3 aHAJIOTIYHMMY XapaKTEPUCTUKAMUY 3apy0isKHUX OEHTOHITOBUX MaCTHII.

Tribological properties of new lubricant compositions with use of nanolubri-
cants, namely, nanocrystalline molybdenum and tungsten disulfides (layered
nanostructures 2H-MoS,, 2H-WS,) are investigated in comparison with micron
powders of natural molybdenum disulfide. As shown, the nanocrystalline 2H-
MoS,—carbon nanotubes’ compositions are perspective for fabrication of uni-
versal lubricants based on I-20 oil with improved tribological properties. As re-
vealed, the introduction of nanocrystalline 2H-MoS, in bentonitic lubricant
does not practically influence on rheological, physical and chemical properties
of lubricant. The proposed lubricant compositions based on bentonitic lubricant
with nanocrystalline 2H-MoS, additives possess improved tribological proper-
ties in comparison with similar characteristics for foreign bentonitic lubri-
cants.

KiroueBsle c1oBa: HAHOKPHUCTALINYECKYE TUCYIbL(MUIALI MOJINOAEHA U BOJIb(ppa-
Ma, TBEPAble HAHOCMA3KHY, TPHUOOJIOrMYeCK e CBOICTBA.

(ITonyueno 21 noabps 2007 e.)

1. BBEAEHHUE

WsBecTHO, UYTO B HACTOAIIEe BPeMs MHUKPOHHBIE MOPOIIKHU IIPUPOTHOTO
CJIONCTOr0 AuCYJIb(puaa MoaubreHa IIHPOKO HCIOJL3YIOTCA B KauecTBe
TBepPABIX CMas3oK 1 d(h(eKTUBHLEIX A00ABOK K MacjaM W CcMasKaM s
YAYUIIeHUuA UX TPUOOJOTMUeCKUX CBOICTB. locTH:KeHUS B 00JacTU Ha-
HOTEXHOJIOTUHM CTUMYJIMPOBAJIY PA3BUTHE HCCJIEJOBAHUI IIPOIIECCOB U
MeXaHN3MOB M3HOCA IIPU YUACTUY HAHOKPUCTALINYECKUX COeINHEHNH, a
TaKsKe CpaBHEHIe TPaANIINOHHBIX KOHIIEIIINH cMa3bIBAHUA U «HAHOCMA-
s3piBaHus» [1, 2]. IlokasaHo IOJIOKUTEIbHOE BIUAHNE Ha YJIyUIlIeHUue
TPUOOJOTUUECKUX CBOMCTB CMa30K B CJIydyae MCIIOJb30BAHUS TBEPAOCMA-
30YHBIX HO00ABOK — HaHOYACTUII Tpucyabdpuma moaudmena (MoS;) [3—5].
B mammmx npegbiayux padorax 6bLIM ITOKA3aHbl IMITUPOKYE BO3MOYKHOCTH
HCIIOJIb30BaHUA HAHOKPUCTALINYECKUX CJIOUCTHIX AUCYIb(PUIOB MOJIUO-
neHa u Boab(pama (2H-MoS,, 2H-W'S,) B KauecTBe TBEPAOCMA30YHBIX JI0-
0aBOK K MacjiaM U CMas3KaM JJIf CYII[eCTBEHHOr0 YIYUIIeHNA UX TPruO0I0-
rU4yecKux cBOMCTB [6, 7]. Ileabp paboTbl — wmcciiefoBaHue TPUOOJIOTIUE-
CKHMX CBOMCTB HOBBIX CMAa30YHBLIX KOMIIO3UIINY C yIacTHeM HAHOCMAa30K,
— HAHOKPUCTAJLINUYECKUX TUCYIb()UIOB MoIubIeHAa 1 BoJabdhpama (caou-
cTeIX HaHOCTPYKTYp 2H-MoS,, 2H-WS,), — B cpaBHEHNY ¢ MUKPOHHBIMHA
TIOPOIITKaAMHU ITPUPOTHOTO nucyabduaa moaubaera (2H-MoS,).

2. OKCIIEPUMEHTAJIBHAA YACTD

B kauectBe IL[O6aBOI-<', K MacJiaM 1 CMa3dKaM HCIIOJIb30BaJIM HAHOKPHUCTAJIJIN -
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yecKue mopoInKu ciaoucTeix 2H-MoS,, 2H-WS,, cuHTe3 KOTOPBIX BBIIIOJI-
HEH MeTOJOM XMMUYECKOT0 OcaKIeHus u3 rasdoBoil ¢asel (CVD) ¢ mocite-
IYIOITUM OT:KUTOM B BakyyMe [8, 9]. Ilyia cMa30uHBIX KOMIO3UITUH Ha OC-
HoBe macJya M-20 ¢ yuacTreM yKasaHHBIX HAHOKPUCTAJINYECKUX IIOPOIII-
KOB NIPUMEHAJNN TaKiKe YIJIepOJHbIe MHOTOCTEHHBLIe HAaHOTPYOKHM, IIOJIY-
yenuble MeTogoM CVD. [Ina cpaBHeHHs TPUOOJOTMUYECKUX CBOMCTB CMa-
30YHBIX KOMIIO3UIINI B KauecTBe J00ABOK MCIIOJIb30BAIN MUKPOHHEIE II0-
porrrku ripupoxuoro 2H-MoS, (IM-1, TV 48-19-133-75) u 2H-WS,, cunre-
3MPOBAHHOTO M3 5JIEMEHTOB B CTEXMOMETPUUYEeCKUX cooTHoImeHuAx [10].

[ IpUTOTOBJIEHNA KOMIIOSUIINM Ha ocHoBe Macja M-20 ¢ yuacTuem
HaHokpucramanueckux 2H-MoS,, 2H-WS,, a Takke yriiepogHbEIX MHOTO-
CTeHHBIX HAaHOTPYOOK (1, 2 % Macc., COOTHOIIIeHNEe YKA3aHHBIX KOMIIOHEH-
ToB — 1:1) mcmoab3oBasu yIbTPa3BYKOBYIO BaHHY Tuna ¥ 3BJI-6 (ucTou-
HUK YJbTPa3BYKOBBIX KOJIe0aHUII — MArHUTOCTPUKIITMOHHBIN IIpeodpaso-
Barenb Tuma IIMC-15A18, momtaocTs — 3 kBT, wactora — 18 KI'm).

Ha ocuoBe 6asoBoii 6erTornToBOM cMasku («A3MOJI Berroa», TY ¥V
23.2-00152365-219:2006 mpomsBoacTtBo BAT «A3MOJI», Yxkpauna) us-
TOTOBJIEHA CMas3Ka ¢ Job0aBKaMu HaHOKpucrasaudeckoro 2H-MoS,
(a=0,3159(2) 5m, ¢ =1,232(1) BM, djo13=3,7(2) BM; dj119;= 10,7(7) EM) —
«benTom 5M>».

PenTrenosckue ucciieqoBaHus, BKJIIOUAs OIpeeseHIIe CPeTHIX pasMe-
POB aHU30TPONHLIX HaHouacTull 2H-MoS,, 2H-WS, BuIoJIHEHBI Ha aBTO-
MaTudecKkoM ImopoinkoBoMm audparTomerpe HZG-4A (CuK ,-usnryuenue).
NuauniupoBaHre PeHTIeHOTPaMM, YTOUHeHe IapaMeTPOB dJIeMeHTapHbIX
sYeeK MEeTOMOM HAaMMEHBININX KBaIpaToOB, CTPYKTYPHBLIX ITapaMeETpPOB, a
TaK’Ke pacueThl CPeJHUX PasMepoB HaHOUACTHIL (MEeTOJ aHaIu3a yIIIupe-
HUS peHTreHoBcKuX JuHuii (popmyna Illepepa) ¢ yueToM BO3MOIKHOTO
BINAHUS NCKAMKEHUH KPUCTAJLINYECKOH CTPYKTYpPHI (hopmyama CTokca) B
kpucrannorpaduryeckux HanpasiieHuAX [013] u [110]) BemmosHEHBI ¢ TIO-
MOIITHIO TaKeTa cOOCTBeHHBIX mporpaMM WinCSD[11].

TpuboTexHUUECKE CBOMICTBA Maces M CMas3oK ¢ JOOABKaMU ITOPOIIIKOB
2H-MoS, u 2H-WS, usyuaiu B pasinUHbIX YCJIOBUAX TPEHUA: UeTbIpeX-
mapukoBaa marmnuaa TpeHusa (HIIMT, mapsr — us cranu IIIX15, mua-
meTp — 12,7 mmMm, TBepmocth — HRC 60, marpyska — 200, 400 u 600 H,
BpeMsd HMcObITaHu# — 1 U, ompenesiaau Tak:Ke JuaMeTp NITHA N3HAIIUBAa-
HHA); aBTOMATUSHUPOBAHHBIN TPHUOOJIOTUUECKUIT KOMILIEKC C IUHAMUIYE-
CKOIf HaTrpy3Ko# (IIUTEeIbHOCTD UCTIBITAHUM — 45 MuH, Harpyska — 30 H,
OIIpee AN CUIY TPeHUs U MOKas3aTe/ I U3HOca IIJIOCKOT0 00pasiia Ha yJa-
CTKaX KBa3UCTATUUECKOTO ¥ IMHAMNYECKOTr'0 PEKUMOB HArpy:Keuus) [12].

3. PESYJIBTATHI U UX OBCYHKIAEHUE

IIo maHHBIM PEHTTeHOBCKUX WMCCJIEIOBAHUII CUHTE3WPOBAHHBIE HAHOK-
pHUCTAINYEeCKUE TTOPOIIKY IUCYJIbPUA0B MOJIUOAEHA 1 Boab(hpama sIB-



274 1. A.JIIOBMHWH, M. B. KYPEATOBA, K. 3. TPUHKEBHWY u zp.

JIAIOTCA TOMOTE€HHBIMU UM HE COJEpPsKaT IPUMeceil MOCTOPOHHUX, B TOM
yucje U peHTreHoamoppusix, dasz (2H-MoS, — a=0,3136(1) uwm,
c=1,258(1) BM, di13=2,7(2) BM; dj19;=9,4(6) BM; 2H-WS, —
a=0,31565(4) am, ¢ = 1,2480(5) HM, d|13 = 3,8(3) HM; d}110;= 17(1) HM).

PesynnraTel mcciaemoBaHuii TPHUOOTEXHUUECKUX CBOMCTB CMA30UYHBIX
KOMIIO3UIIMI Ha ocHoBe Macjia M-20 ¢ yuyacTreM MUKPOHHOI'O IIOPOIIIKA
npuponaoro 2H-MoS,, manokpucrampinueckux 2H-MoS, (a =0,3136(1)
BM, c¢=1,258(1) BM, djg3=2,7(2) BM; dji0=9,4(6) BM), 2H-WS,
(a=0,31565(4) BM, ¢ = 1,2480(5) BM, dj413 = 3,8(3) BEM; dj110= 17(1) HM),
YIJIEePOSHBLIX MHOTOCTEHHBIX HAHOTPYOOK, a TaAKKe KOMIIO3UIUHA YKA3aH-
HBIX HAHOKPUCTAJLINUYecKUX mopoinkoB 2H-MoS,, 2H-WS, ¢ yraepoz-
HBIMU HaHOTPyOKamm (cooTHorenme — 1:1, KOHIleHTpanusa T00ABOK B
macie 1-20 — 1, 2% ) mpeacraBiaens! Ha puc. 1.

BBemenne yKasaHHBIX HAHOKPUCTANINUYECKUX NO0OABOK IIPUBOIUT K
YIAYUIIeHNI0 TPUOOTeXHNUECKUX IMOKasaTeJell 0 CPAaBHEHUIO C aHaJo-
TMYHBIMHY JAHHBIMU B CJy4dae MCIIOJIb30BAHUA I,!:I;O63.BOI(', MHUKPOHHOTI'O IIO-
POIIKAa IPUPOLHOro aucyabpuna moaubdbrena. Ecau 3a 6a30BbIe mokasa-
TeJU B3ATH TPUOOJOTUUECKNE XapPaKTEPUCTUKU KOMIIO3UIIUMA ¢ J00aB-
KaMU IOCJIeNHEero, TO yaydllleHrne TPUOOJOTMUEeCKNX IIoOKa3aTeeil cMa-
30YHOM KOMHOO3UIIMM Ha ocHoBe maciya M-20 ¢ mobaBKaMu HaHOKPHU-
crasuinueckoro 2H-MoS, 6oJiee cyIieCTBeHHBI, UeM B CJIyUYae HAHOKPU-
cramauueckoro 2H-WS, [6, 7, 13]. [Ija cMa30UYHBIX KOMIIO3UITUH ¢ yUa-
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Puc. 1. TpuborexHnueckue xapakTepPUCTUKU (@ — W3HOC; 6 — CHJIa TPEHU)
CMAa30YHLIX KOMIIO3UIINI HAa ocHOBe Macia 1-20: I — 6asosoe maciio 1-20; 2 —
¢ pobaBrkamMu MUKpoOHHOro mopormrka 2H-MoS,; 3 — HaHOKPHCTAIINYECKOTO
2H-MoS, (a =0,3136(1) uM, ¢ =1,257(1) BM, dj13 = 3,1(2) BM; dj110;=11,3(7)
uM); 4 — 1% cmecu yriiepoAHbIX HAHOTPYOOK M YKA3aHHOIO HAHOKPUCTAJLIN-
yeckoro 2H-MoS,; 5 — 2% cMecu yriepogHBIX HAHOTPYOOK M HAHOKPHUCTAJ-
aunueckoro 2H-MoS,; 6 — 2% yriaeponHbIXx HAHOTPYOOK; 7 — 1% yriaepogHbIx
HaHOTPYOOK; 8 — HaHOKpucramaudeckoro 2H-WS, (a=0,3136(1) =M™,
c=1,257(1) M, diy13 = 3,1(2) BM; d[y;6,=11,3(7) BEM); 9 — 1% cmecu yriaepog-
HBIX HAHOTPYOOK U YKasaHHOTO HaHOKpucTasandeckoro 2H-WS,,.
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cTueM HaHoKpucramamueckux 2H-MoS,, 2H-WS, u yriepomHbix Ha-
HOTPYOOK ITOKas3aTeJn M3HOCA HAXOMATCA MEXKIy aHaJOTUUYHLIMHU JAaH-
HbIMU a1 Macaa 1-20 ¢ gobaBkamMu HaHoKpuctaaanueckux 2H-MoS, u
2H-WS,. IIpu sTOM MCII0JIb30BaHIEe B KauecTBe T06aBOK cMecell HaHOK-
pucranaunueckux 2H-MoS,, 2H-WS,—yriepoaHbiX MHOTOCTEHHBIX Ha-
HOTPYO6OK (1, 2% Macc.) IpUBOAUT K YMEHBIIIEHUIO IOKAa3aTe/d N3Hoca
B KBasUCTAIIMOHAPHOM PEKMMe HATPYKEHUS W ero YBeJIUYeHUI0 — B
INHAMHUUYECKOM.

Ws3BecTHO, UTO 3HAUEHUSA OINTHUMAJBHBIX KOHIIEHTPAIIUH TBepAoCcMa-
30YHBIX JOOABOK B CMa30UYHBIX KOMIIO3UIIUAX OTJIUYAIOTCSA AJIA KBa3U-
CTAI[MOHAPHOTO ¥ AUHAMUUYECKOT'0 PEe)KMMOB Harpy:keuusd [14]. B mau-
HOM cJIy4yae yBeJuUYeHNe KOHIIEHTPAIIUU OAHOT0 KOMIOHEeHTa (HAaHOKPU-
cramauueckoro 2H-MoS,) sHAUMTENBbHO yJayUIlIaeT TPuOOJOTUYECKUe
CBOMCTBA B KBa3WCTAIlMOHAPHBIX YCJIOBUAX HArpy:KeHHUsA, a IPYroro
(yriepogHbIX HAHOTPYOOK) — B muHaMudeckux (puc. 1). OTKyma ciaeny-
€T, YTO COOTHOINIeHWEe KOHIIEHTPAIIMA HAHOKPUCTAJLINYECKUX KOMIIO-
HEHTOB B CMA30UYHBIX KOMIIO3UIIUAX SABJIAETCS CYIIECTBEHHBIM (PaKTO-
POM, OITUMHU3AIMSI KOTOPOTO MOXKET ObITh MCII0Jb30BaHAa IJIA CO3JaHN
YHUBEPCAJbHOUN (C TOUKU 3PEeHUS YCJIOBUU SKCIJIyaTalluu) CMa30UHON
KOMITIO3UIIUU C YJIYUIIEHHBIMU TPUOOTEXHUUECKUMU XapaKTepPUCTUKA-
mu. CirenyeT OTMETUTh, UTO IIPY MHTEHCUBHBIX YJILTPa3BYKOBOII obOpa-
00TKEe CMa30YHBLIX KOMMIO3UIUIN M TPUOOXMMHUECKUX IIpPOIleccax BO3-
MOJKHO 00pasoBaHME HAHOKOMIIOBUTOB «YIJIEPOAHBIE MHOT'OCTEHHBIE
HAHOTPYOKM—HaHOKPHUCTAJLINUYECKUE OTUCYJIbMOUALI MOJIUOIeHa, BOJIbY-
paMa», 4To TpedyeT TaJbHEeHIITNX UCCIeTOBAHMM.

BeposaTHo, mepexo 0T MUKPOHHBIX IIOPOIIKOB K HAHOKPHCTAJIINYE-
ckuMm 2H-MoS, u 2H-WS,, 0co6eHHO K UX KOMIIO3UIIUAM C YIJI€POISHEI-
MU MHOTOCTEHHBIMU HAHOTPYOKAMU, IIO3BOJIAET HeHUTpaJIu30BaTh U3-
BeCTHOE OTPUIlaTeJbHOEe BINAHNE CepPhbl Ha MIpoIlecchl n3Hoca. MoKHO
mojlaraTh, YTO B 3TUX OOCTOATENLCTBAX OOJIBIIYIO POJbh HAUWHAIOT WI-
paTh TpUOOXUMHUUYECKHEe IPOIEeCChl C yUaCTHeM HaHOKPUCTAIINUECKUX
2H-MoS, u yriaepogHbIX HAHOTPYOOK, UTO IPUBOAUT K CYIIECTBEHHBLIM
OTJIMYUSAM B TPUOOTEXHUUECKUX XapaKTEePUCTUKAX B pe3ybTaTe U3Me-
HEHUIi IIPOIeCCOB CTYKTYPOOOpPAa30BaHUS B IPUIOBEPXHOCTHBIX CJIOIX
Imap TPeHus B CPABHEHUHU C TAKOBBIMU JJIsI MUKPOHHEIX IIOPOIIKOB IIPH-
poxuoro 2H-MoS,.

K macroaimemy BpeMeHU OTCYTCTBYIOT CBeIEeHHUS O IIPUMEHEeHUU B Ka-
yecTBe H00ABOK HaHOKPUCTALINUECKUX MopoIirkoB 2H-MoS, kK 6eHTOHU-
TOBBIM cMa3kaM. BeHTonuToBasa cmaska «A3MOJI Beuton» (TY Y 23.2-
00152365-219:2006) He comep:KUT DOOABOK AJIS YIYUIIEHUA TPUOOJJIOTH-
YeCKUX CBOMCTB, UTO CYIIIECTBEHHO OrPAaHMUYMBAET BO3MOKHOCTU €e HC-
MMOJIL30BAHUS, B IEPBYIO OUepPead AJIA 000pYA0BAHUS, 9KCILIyaTUPyEeMOTO
B 9KCTPEMAJbHBIX YCIOBUAX HArpy:KeHudA (HAIpUMep, B MeTaJLIyprude-
CKO¥l IIPOMBIIIJIEHHOCTH). B CBA3U ¢ yeM mccaenoBaHbI OEHTOHUTOBBIE
cvasku «A3MOJI Benrton», comep:kaliiue pasjinuyHble KOHIIEHTPAIIUU
HaHOKpUCTAJLINUecKuX ImoporikoB 2H-MoS, B KauecTBe TBepAOCMAa30U-
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I Cvmaska «Mobiltemp 1» (pupma «Mobil»)
[ ] Cmaska «Shell Darina Grease R2» (pupma «Shell»)
[ Cmaska «Benron 5M» (YepHUUHII «MACMA», ITIM HAHY)
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Puc. 2. TpuborexHUUYECKNEe XapaKTePUCTUKN OEHTOHUTOBLIX CMAa30K.

HBIX n00aBoK. Ha ocHOBe 6a30Boi1 6enToHUTOBOI cMasku «A3MOJI Ben-
TOJI» ¢ mobaBKaMu HaHOKpuctasmamueckoro 2H-MoS, (a =0,3159(2) uM™,
¢=1,232(1) mm, d3=3,7(2) EM; dj110)= 10,7(7) HEM) M3rorosnaeHa cmas-
Ka «Benton 5M», HEKOTOpbIe Pe3yJIbTATHI ee JabopaTOPHO-CTeHIOBBIX
HUCIIBLITAHU IIpecTaBienbl Ha puc. 2. OTKyaa cienyeT, YTO BBeJeHue Ha-
HOKpucrawanueckoro 2H-MoS, B 6eHTOHUTOBYI0O CMasKy IPAKTUYECKU
He BJIUsSET Ha ee PeoJiornyecKue U (PU3UKO-XUMHUUEeCKue CBOMCTBA, IIPHU
9TOM CYIIIECTBEHHO YJIYUIIAIOTCSA TPUOOJOTMUECKUE IOKasaTeJau MOJIy-
YEeHHOU CMa30YHOM KOMIIO3uIUu. 10 GOJBITHHCTBY TPUOOTEXHUUECKUX
moKasaTesiell 6eHTOHUTOBasA cMasKka «benton SM» He ycTymaeT M3BeCT-
HBIM 3apy0eKHBIM 6EHTOHUTOBLIM CMas3KaM, a II0 HeKOTOPHLIM IIOKas3aTe-
JISIM IMEeT 3aMeTHO JYUIlire XapakTepucTuku (puc. 2).

ITonyuenHbIe pes3yIbTATEI TIaAOOPATOPHO-CTEHIOBBIX MCILITAHUN GeH-
TOHUTOBOM cMa3ku «BenToa 5M» ¢ godaBKaMu HAHOKPUCTAJLINUECKOTO
2H-MoS, cBUIEeTEeILCTBYIOT O MEPCIeKTUBHOCTU €€ HCIIOJIb30BaHUS B
yaJlaX TpPeHHus, SKCILIYaTUPYEMbBIX IIPKU IIOBBINIEHHLIX TeMIepaTypax
(260—-490 K), BbICOKHX HATPY3KaX U YMEPEHHBIX CKOPOCTAX (YV3JbI TPe-
HUSI OOOPYZOBAaHUS METAJLIYPTUUYECKOU, IeMeHTHOII, KepaMu4ecKoi
TIPOMBIINIJIEHHOCTH U T.1II.).

4. BBIBOAbI

HaHOKpI/ICTaJIJII/I‘IeCKI/Ie IOPOILIKU CJIOUCTBIX NUCYIb(DHUIOB MOJII/IGL[eHa
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¥ BoJb(pamMa ABIATCA d3(pPeKTUBHEIMU T00aBKaMU K MacjaM U OeH-
TOHHUTOBBIM CMa3KaM, CYIIIECTBEHHO YJYUYIIAIINVNMKI UX TpI/I6OJIOFI/IT{e-
CKle CBOMCTBA.

ITokasaHo, YTO WCIOJB30BAHNE KOMIIOSUIINI «HAHOKPUCTAJINYE-
cxkue 2H-MoS,—yriiepofHble HAHOTPYOKM » II€PCHEKTHUBHO AJIA CO3MaHMU
YHUBepCAJIbHBIX CMa30UHLIX MaTepHaioB HA ocHoBe Macja M-20 ¢ yayu-
IMMeHHbBIMU TpI/I6OTeXHI/I7-IeCK,I/IMI/I XapaKTepuCTuKaMu.

Beegenne Hanokpucrasindeckoro 2H-MoS, B 06 HTOHUTOBYIO CMAa3Ky
MIPAKTUYECKHN He BJIMIET HA ee PEeoJIOrMuecKre U (PU3UKO-XUMUUYECKHe
cBoiicTBa. IIpemioKeHHbIe CMa30YHbIEe KOMIIO3UIIMKA HA OCHOBe OEHTO-
HUTOBOM cMas3Ku ¢ JobaBKaMu HaHOKpuctadandeckoro 2H-MoS, numeioT
yIAydIlleHHbIe TPHOOJIOTNUeCKNe CBOMCTBA B CPABHEHNH C aHAJOTUUHEBI-
MU XapaKTePUCTHKAMU 3apyOerXHBIX OEHTOHHTOBBLIX CMAa3OK. Pesyiib-
TaThl JIA0OPATOPHO-CTEHIOBLIX MCILITAHNN OEHTOHUTOBOM CMasKu C I0-
0aBKaMmu HaHOKpucraaamueckoro 2H-MoS, cBHUAeTeILCTBYIOT O IIep-
CIIEKTHUBHOCTH €€ MCIOJb30BAHUA B y3JIaX TPEHUS, SKCILIYATUPYEMBIX
IIpU MOBLIMIEHHLIX TeMieparypax (260—490 K), BEICOKMX Harpyskax u
YMEPEeHHBIX CKOPOCTSAX (MeTaIyprudyecKasi, IleMeHTHAas, KepaMuue-
CKas U APyTrue OTPACIU IPOMBIIIJIEHHOCTH).

ABTOpHBI BRIpaskamoT O0JaromapHocTs K.T.H. 9. B. Ilpuaynkomy (M-
cTUTyT mpobaem maTepuangoBeneaus HAH Ykpauunl) 3a mpegocTaBjeH-
HbIe YIJIePOAHbIe MHOTOCTEHHBIE HAHOTPYOKHM.
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