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MIACTUYHbIV CMA30YHbIN MATEPUAJI, ANC-
MEPCHAA ®A3A, HAHOPA3SMEPHASA [IOBABKA,
Mbl/IbHbIA 3ATYCTUTE/Ib, CTPYKTYPOOBPA30BA-
HUE, KOJIJIONMAHAS CTABMJIbHOCTb, HATPY304-
HAS CMIOCOBHOCTB, PECYPC PABOTOCITOCOBHO-
cm

Obvekm uccne0o8aHusi — NAACMUYHbIE CMA30Y-
Hble Mamepuanbl HA MblJIbHOM 3az2ycmumene, Mo-
0u@uUUUPOBAHHbIE  HAHOPA3MEPHBLIMU — 000aB8KAMU.
lpedmem uccnedosaHus — npoyeccsi cmpykmypooo-
pazosaHus oucnepcHoll @assl NAAGCMUYHBIX Mbllb-
HbIX CMA30K, CO0epHauUx HaHopasmepHsle 006asKuU,
U UX 83aUMOC85I3b C IKCNYAmMauyUOHHbIMU c8olicmea-
Mu cmasku. Llens pabomsi - paspabomka mMemooa
NoBbLILEHUS  IKCNIYAMAUUOHHBIX XApaKmepucmuk
NAGCMUYHbIX CMA30K, COOEPHALUUX HAHOPA3MEPHbIE
dobasku.

B cmamee Ha npumepe numuesoli naacmu4Hou
CMasku npedcmasseH MeXAHU3M GHOPMUPOBAHUS
CMpYyKmypbl CMA3KU C MblIbHbIM  3G2YCMUMENEM.
llokasaHo, ymo HaHopasmepHelie Yacmuubl 006asKu
8 308UCUMOCMU OM MEXHO02UYECKOU CXeMbl UX
8g8edeHUs 8 peakUUOHHYH MAaccy Mo2ym no-pasHomy
8/1USMb HA XaPAaKmep NPOMeKAaHUs NPOUECca Cmpyk-
mypoobpazosaHus ducnepcHol ¢assl N1acmuyHol
cMasku u ceoticmea nocnedHell. [TpednoxeH Hogebil
Memo0 ssedeHuss HaHOpa3MepHbix 006a8OK 8 peak-
UUOHHYI0 Mdccy, npu KomopoMm yacmuubl 006asku
gbicmynarom 8 Kadecmee 00NONHUMENbHbIX UEH-
mpos cmpykmypoobpa3osaHus oucnepcHol @asbl
MbIIbHOU CMA3KU U UMNJAGHMUPYIOMCS 80 8HYMpb
80JIOKOH U3 COJIU 8bICOKOMONIEKYNISpHOU Kuciomsl. B
pesynsmame o0b6pasyemcs passemesnieHHas 6uHap-
Has oducnepcHas ¢asza (HaHopasMmepHsle Yyacmuubl
006a8KU U 8bICOKOMOJIEKY/ISPHAS CO/b) C NPOYHO 3a-
HUKCUPOBAHHBIMU U pABHOMEPHO pacnpedeneHHbiMu
no ecemMy obvemy CMA3Ku HAHOPA3MEPHLIMU Yacmu-
uyamu 0obasku. [lodobHas cmpykmypa oucnepc-
Hol @assl nnacmuyHol cMasku obycnosnusaem ee
YAYYWEHHYI0 KOIOUOHYK CmabusnbHOCMb U N08bI-
WEeHHY Ha2py304Hyr cnocobHocms. Yacmuuel Ha-
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HopazmepHol dobasku cnocobcmsytom peanuzauuu
3ppekma mpubomexaHuyecko2o MoOUGULUPOBAHUS
noeepxHOCMU MpeHus, y8eau4usas pecypc pabomo-
€NocobHOCMU CMA3KU.

ABSTRACT

The mechanism of structure formation of soap
thickener grease passing on the scheme sol-gel pro-
cess is introduced. The influence of nanosized addi-
tive on the character of the structure formation of the
dispersed phase of grease and its properties under
the various technological schemes of the additive in-
Jection into the reaction mass is shown. The method
of the nanosized additives injection in the reaction
mass, wherein the particles of additive are as the
additional centers of crystallization of the dispersed
phase of soap grease and they are implanted inside
the fibers of the salts of high molecular weight acid
is developed. This provides the formation of ramified
binary dispersed phase including the nanosized par-
ticles of the additive and high molecular weight salt.
The nanosized particles of additive are uniformly dis-
persed in the grease and are fixed within the fibers of
the dispersed phase. Such structure of the dispersed
phase of the grease causes its improved colloidal sta-
bility, high load capacity and increased resource ef-
ficiency through the realization of effect of tribome-
chanical modification of friction surface.



BBELEHME

CBoOMCTBA MNACTUYHOrO CMa304YHOro MaTepuana
(MCM) 3aBucAT, B NepByto o4vepenb, OT OCHOBHbIX
€ro KOMMOHEHTOB: AMCMEPCUOHHOM cpenbl (Macna)
u aucnepcHor dasbl (3aryctutens). [ByxdasHas
KOMMO3MLMS — AUCMEePCUMOHHas cpeaa W aucnepc-
Has da3a — COCTaBNST Tak Ha3biBaeMyto 6a3oByto
CMa3Ky, CBOMCTBA KOTOPOM MOryT ynyywaTbCs 3a
CYET NMpUMeHeHUsT BYHKLMOHA/bHbBIX MPUCALOK U
[06aBOK, BBOAMMbIX OObIYHO HA CTagmMu oxnlaxie-
HMS CMa3o4yHoro Matepuana. Hawubonblwee pac-
NpOCTpaHeHWe B KayecTBe 3aryCcTutens noayunnu
CONM BbICOKOMONEKYNSPHBIX KUCNOT (Mbina). Beo-
Iumble B coctaB CM TBepable, B TOM YMCE HAHO-
pa3MepHble, 00O6aBKM NpU3BaHbl BbINOMHATb POfb
NpOTMBO3aAMPbIX, MPOTUBOU3HOCHBIX, aHTUMPUK-
LMOHHbIX, MPUPaboTOYHbIX KOMNOHEHTOB. OfHako
BBe[leHMe HaHopa3MepHbix fobaBok B [1CM npea-
CTaBNsSeT 3HAYUTENbHYI TEXHONOTMYECKYH CNOX-
HOCTb, YTO CBSI3aHO C XapakTepHOW TpexMepHOM
CTpyKTypor aucnepcHow dasbl (D) nnacTuuHbix
CMa3oK M CKJIOHHOCTbI0 HAaHOPAa3MepHbIX YacTUL, K
arpermpoBaHuto. MopMMpoBaHMeE CTPYKTYpbl MNna-
CTUYHOM CMa3KM B 06OLEM C/lyyae NPOXOAMT B fBe
cTagmu: o6pasoBaHMe MEPBUYHBIX MULENn (LeH-
TPOB KPUCTaN/IM3aumm) ¢ UX AanbHENLWUM POCTOM
[0 MaKpoaccouMaToB oOrnpeneneHHbIX pa3MepoB
M B3amMMopdencTBue 06pasyoWMUXCs OUCNEPCHbIX
MaKpoaccoumMaToB Apyr ¢ ApYrom ¢ obpasoBaHMeEM
TpexMepHOro CTPYKTypHOro kapkaca. lpu BBene-
HWMM HaHopa3mepHoW fobasku B NICM nocne 06-
pasoBaHua [ HaHo4acTMLbl OCTAKOTCS CBOOOAHO
MWUTPUPYIOLLMMK B AWUCTIEPCUOHHOM Cpeae C BO3-
MOXXHOCTbIO COE[MHATLCS B KPYMHble arperathbl, a
MOAMDULMPOBAHHbIA NofobHbIM o06pasom [1CM
XapaKTepu3yeTcs HU3KOM KONNOMAHOM CTabuabHO-
CTbl0 M ManbiM pecypcom pabotocnocobHoctu [1].

Llenb Hactosuwen paboTbl coctosina B paspa-
60Tke MeToda MOBbIWEHUS 3KCMIYyaTaLMOHHbIX
XapaKTepUCTMK NNACTUYHBIX CMA30K, CoAepKalumx
HaHopa3MepHble fo6aBKkK. B 3anaum nccnenosaHums
BXOOMAM aHanu3 (U3MKO-XMMUYECKMX MPOLLEeCCoB
npu dopmmpoBaHun D nnacTUUHbIX CMA30YHbIX
MaTepuanoB Ha MblIbHbIX 3aryctuTensx, uccie-
[LOBaHWE B/IMSHUS HAHOpa3MepHbiX A06aBOK Ha
CTpykTypoobpasoBaHue D u pa3paboTka TexHo-
NOTUYECKMX MPUEMOB MOBbLILLEHUS KOMTOULHON
CTabMNbHOCTH, HAarpPy304YHOM CNOCOBHOCTM U pecyp-
ca paborocnocobHocTn MCM, MOaMDULMPOBAHHBIX
HaHoYacTULaMu.

METOOMKA NCCITEQOBAHUA

Mpouecc hopMMUpOBaHUS CTPYKTYpbl Aucnepc-
HOW asbl NNACTUYHOM CMa3KM M3yyancs Ha npu-
Mepe NUTMEeBOM CMasku Jiuton-24. B kayecTse Ha-
HOpa3MepHoW f06aBKM NPUMEHSNCS HaHOANIMa3, a
MUMEHHO: YNbTPaMCNepCcHas anMasHo-rpauToBas
wwmxta WA-A (TY Pb 100056180-2003). Moandu-
unpoBaHue [MCM HaHopa3sMepHoW [06aBKOM OCy-
LWEeCTBAANOCH MO ABYM TEXHONOTMYECKUM CXEMaM:
nocne OKOHYaHus npouecca kpucrannmsauum 1O u
[0 Havana kpuctannmsauumn OO. Mi3yyeHne cTpyk-
TYPHOro Kapkaca CMa30K OCYLLECTBASNOCh Ha CKa-
HUPYIOLLLEM 3/IEKTPOHHOM MuMKpockone Cam Scan
dupmbl «Oxford» (BenukobputaHus) U CKaHUpYto-
LeM 31eKTPOHHOM MMKPOCKOMeE BbICOKOro paspe-
weHnsa Mira dupmbl «Tescan» (Yexus). OTMmbIBKa
aucnepcHom dasbl CMAa3oK NpoBOAMAACh MO METOo-
aunke [2]. KonnonaHas ctabunbHOCTb OLEHMBaNach
Ha npubope KCA no TOCT 7142-79, Harpy3o4Has
CNOCOBHOCTb — Ha 4-lWapUKOBOM MalUUHE TpPeHus
no NOCT 9490-83. TpnboTeEXHUYECKMNE UCMbITAHUS
NPOBOAMAUCH Ha MaLUUHe TpeHus, paboTatoLlen no
cXxeMe BO3BPATHO-MOCTYNaTeNIbHOro NepeMeLleHus
KOHTaKTUPYIOLWMX TeN, B COOTBETCTBUU C METOAMU-
KOW, U3n10xeHHON B pabore [3].

PE3VYIIbTATbl NCCITIEOOBAHUA N UX OBCY-
XOEHWE

TexHoNnornMs nonyvyeHuns NAacTMYHOM NUTUEBOM
CMa3Ku peanusyeTcs B peakUMOHHOW Kamepe u
BK/IHOYAET C/ieflyloline OCHOBHblE CTafuW: Harpes
onpefeneHHoOM YacTu Macna, BBeLEeHWE B Hero U
pacnnaeneHne  BblICOKOMoONieKynsapHon  12-rupa-
pookcucteapuHoBoi (12-St) kucnotel, BBEAeHUe
TMAPOOKUCU NUTUS, HEWTpanusauwms, TepMoobpa-
60TKa, OxnaxaeHuWe pacnnaBa BBEAEHMEM OCTaB-
Lwencs 4actu macna, BeeaeHue [06aBOK U Mpu-
CafoK, OXNaxJeHne A0 KOMHATHOM TemnepaTypsl,
roMoreHu3auums, unsTpaums, 4easpaums.

PaccMoTpum noppobHee 30nb-refb NpoLecchl,
NPOUCXOASALLME MPU NONYHEHUN MNACTUYHON NUTU-
eBOM cmasku. M3BecTHo, yto 12-St kucnota npea-
CTaBnsieT coboi BbICOKOMONEKYNSPHYH Kapbok-
CUNTbHYIO KUCNIOTY C FTMAPOKCUIIbHOW FPynnMpoBKOW
y ABEHaAUaToro atoMa yrnepoga. [Npn KoMHaTHOM
Temnepatype 12-St kucnota npeacraBnseT cobon
KpyrnHble 6enble rpaHynbl C TeMNepaTypon nnasne-
Hua 85 - 90 °C.lMocne BBeAeHME KUCOTbI B MAC/O
n Harpesa A0 90 °C oHa NONHOCTbIO pacniaBnseT-
cs. MNpu 3TOM Monekynbl KUCNOTbI, NPEACTaBAsO-
wue coboi MOBEPXHOCTHO-aKTMBHOE BeLLeCTBO
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(kapboKcubHas rpynnupoBKa U AJMHHbIN yrieBo-
[LOPOZHbIM XBOCT), pPABHOMEPHO pacnpenensTcs B
obbeme Macna. O6pasyeTcs M30TPOMHbINA pacnias
(XMCTUHHBIM pacTBOP») MOMEKYN KMCNOTbI B Mache.

Ha cnepytoliem atane npouecca B peaktop BBO-
[UTCS BOLHbIN PacTBOP r'MAPOOKUCU NUTUS, U NPO-
TeKaeT peakuus HeMTpanm3auumn no cxeme

RCH-R C//O +LiOH —R-CH-R C//0 +H,0
1 ‘ AN 1 z TRk

OH o OH

Mpu 3TOM AMNONbHbIE MONEKYNbl KMCAOThI, pe-
arMpys co Lwenoybto, obpasyloT cnabononspHole
MOJIEKYNbl MTUEBOM conun 12-St KMcnoTbl, paBHO-
MEpHO pacnpepeneHHble B 06beMe peakLMOHHbIN
Macchbl, OpMUPYOTCS 30U Mbina B Machne. [Mpu
nocnepytLlein TepMmyeckor obpabotke npouncxo-
OWT yaaneHue HeCBS3aHHOM BOAbI M3 peaKLMOHHOMN
Maccbl U MOBbIWAETCS 06bEMHAs KOHLEHTpaLus
auncnepcHon dasbl B KonnonaHoM pacteope. [pu
TemnepaTtype B peaktope 205 - 210 °C nossnsetca
MOJHbIA M30TPOMHbIM pacnias, Nnpy 3TOM MONEKY/bl
COnM NpUoBpeTalT BO3MOXHOCTb NMepeMeLLaThes u
npuHMMaTbL bonee 3HepreTM4yeckn BbIrOAHOE MOJIO-
xeHue. Mon BO3AENCTBMEM BaH-Aep-BaaNbCOBbIX
CUN, BOAOPOAHbIX CBSA3EM, MOHHBIX W KOBANEHT-
HbIX B3aMMOIENCTBUIA MPOUCXOOAUT WMHTEHCUBHOE
00pa3oBaHMe KOHTAKTOB MeXAy 4YacTuuamu nep-
BMYHOW CTPYKTYypbl (3015MM) M (dOpMUpPOBaHUE
CTPYKTYpbl BTOPOro TMNA — AOCTATOYHO YCTOMYMBOM
TpexMepHoW ceTku (reneobpazoBaHue). MexaHu3m
00pa3oBaHuMs CTPYKTYp Takoro BUAa Npennosioxu-
TEIbHO MOXHO O0OBACHUTL CeayrwmnM o0bpasom.
Mpu nonyyeHun nutmesor conu 12-St KMCnoTbI
KMCNOpoA, aumna Cconv B3aMMOLENCTBYeT C BOAO-
pPOAOM TMAPOKCUABLHOM FPyMMbl, PACNONOXEHHON Y
12-ro aToMa yrnepoja yrneBoAopoAHOro paaukana
cocefHeN MOneKynbl CONU NO CNeayrLWen CXxeme:

oic-Rz-CH -R,

Lio "

HO o

SC-R2-CH-R,
Lio [
HO o
SCc-RzCH-R,
Lio [ .
HO 2
SC-RzCHR,
Lio

BeeneHne xonogHoro macna nytem pe3Koro
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OXNTAXKAEHUS «3aMOpaxuBaeT» CcHOPMUPOBABLLY-
H0CS MPOCTPAHCTBEHHYHK CTPYKTYpY, U obpasyeTtcs
YCTOMYMBBIN KapKac NaacTMyHoM cmasku. B npouec-
Ce JanbHenlero MeafieHHOro OXaXAeHns Macno
NPOHWUKAET B CTPYKTYPHbIA KapKac U yaoepXuBaeT-
€Sl TaM 33 CYEeT KanuANsSpHbIX U afAre3nOHHbIX CU,
NPOUCXOAMUT «HabyxaHue» cmasku. Mocne oxna-
XOEeHUS peakumoHHom mMaccel fo 120 °C BBoadTcs
BSA3KOCTHbIe MPUCAfKK, @ 3aTEM OCYLLECTBASIOTCS
roMoreHu3saums, unstpaums u geaspaums MNCM.

XapakTepHas BOJIOKHUCTas CTPYKTypa MiacTuy-
HbIX CMa30K CO343eT 3HAUMUTENbHbIE CIOXKHOCTH
[N paBHOMEPHOro pacnpefeneHusi HaHo4YacTuL,
[o6aBkM No BceMy 06beMy CMa304HOro MaTepuana.
lpuvMeHeHWe aNs AMCNeprMpoBaHUS HAHOYACTUL, B
NAACTUYHBIX CMA3Kax BbICOKOIHEPreTMYeCckmux Amc-
Nneprupyrowmnx yCTPOMCTB HEBO3MOXHO, Tak KakK B
npouecce AMCNeprupoBaHus OyaeT NpoucxonuTb
UHTEHCMBHOE MeXaHW4ecKoe pa3pyLieHue CTPyK-
Typbl O® cMa3ku. Takxke 3HAUUTENIbHOE BAMSIHWE
0Ka3bIBaeT TOT (aKT, YTO HAHOYACTULLbI HaXOASTCS
B OKPY)XEHUW MONeKyn MOBEPXHOCTHO-aKTUBHbIX
BewectB ([MAB). [apodobHble «XBOCTbI» MOMEKYN
lMAB noBepHYTbl BO BHELIHIOK Cpeay, U BONOKHO
00pa3oBaHO MONEKYNaMM, Y KOTOPbIX YINeBOA0POA-
Hble TMAPOPOOHbIE «KXBOCTbI» TAKXKe HaMpaBAeHbl B
CTOpOHY nepudepun. Takum o0bpasom, npu Beene-
HWM HAHOYACTUL, B NIACTUYHYH CMA3Ky MPOMCXO-
[UT UX aAre3MOHHOe B3aMMOLENCTBME C BOJIOKHOM
no ruapodo6HbIM MOBEPXHOCTAM. ITO B3aUMOLEN-
CTBME OTYACTM CBSA3bIBAET HEKOTOPYHO 400 YacTuLy,
HaHop06aBKM € BoNIoKHaMu D cMa3Kku, 04HAKO He
NpensTCTBYeT MX aroMepuUpyoLLeMy B3aUMOAEN-
CTBMIO C APYrMMM YacTMLaMK, CBOBOAHO MUIpUPY-
IOWUMKU B AMCNEepCMOHHON cpepe. CxeMa B3anMMO-
[enCcTBUS HAaHOYACTUL, CO CTPYKTYPHbIM BOSIOKHOM
AncnepcHom Gasbl U MUKPOCTPYKTYpa AMCIEPCHOM
(a3bl IMTMEBOM CMa3KkM C HAHOpa3MepHoW A06aB-
KOW, BBEAEHHOM B COCTaB CMa3Ku NoC/ae OKOHYaHUS
npowecca KpucTanimsaumm aucnepcHon dasbl, no-
KasaHbl Ha pucyHke 1.

Ha npenctaBneHHbIX WANKOCTPaLMAX BWIHbI
arnoMepartbl YacTuL, HaHoanMasa ¢ pasmepamu 0,1
- 1 MKM, Npu 3TOM pasnnymnMa Ux 3epHUcTas CTpyk-
Typa ¢ 3epHamu 10 - 30 HM (puc. 1, 2). OTaenbHO
pacrnonoXeHHble arnoMepaTbl HAHOYACTUL, OTCYT-
CTBYHOT, BCE€ OHMU KOHTAKTUPYKT C BOJNOKHOM AWC-
nepcHom asbl, 04HAKO CBA3b 3TUX aroMepaToB C
BOJIOKHaMW BbICOKOMOJNIEKYNSIPHOM COMM, Cyas Mo
BHELLUHEMY BUAY CTPYKTYpPbl, HEMPOYHas.



6
PucyHok 1 - Cxema e3aumodelicmsus HaHodacmuy ¢ 8ookHom [® (a) u Mukpocmpykmypa oucnepcHoli ¢assl
aiumuesoli cMasku ¢ 006asKoli HAH0anMazo08, 8sedeHHOL Noce oKoHYaHuli npouecca kpucmannuzauuu ® (6, s,

2)

Mpv BBeLeHMM HaHoudacTML, fO0OaBKM B peak-
LUMOHHYKO Maccy L0 Hayana kpucrannusaumm OO
npouecc cTpyktypoobpaszosanus MNCM wupget no
HecKonbKO MHOMY MexaHusMmy. BHauane, BBoas B
Mac/a0 U 3HEPrMYHO aucneprmupys fobaBsky, foom-
BAKOTCA PAaBHOMEPHOro pacrnpefeneHns HaHopas-
MepHoM dpakunm B AncnepcuoHHow cpege. lNocne
BBeAEHMS M pacnnasneHns 12-St kucnotbl npouc-
XOOMT OCaXAEHUE MONEKYN KMCNOTbl HA YacTMLax
HaHOA400aBKM 3a CYET CNOXHbIX PU3UKO-XMMUYe-
CKMX M COPOLIMOHHBIX NPOLLECCOB, MPOTEKALIMX Ha
NMOBEPXHOCTM HaHoyacTuu. [pu 3TOM mpoucxogut
obpa3oBaHMe M3OTPOMHOro pacnnasBa (KUCTUH-
HOro pacteopa») B BMAE 4acTWL, HaHOZOOaBKM C
NPUCOEAMHEHHBIMU K HUM MONIEKYNAaMU KUCNIOTbl,
a TaKXkKe HecBsA3aHHbIX Monekyn 12-St kucnotbl. B
npouecce OMbINEHUS peakums HerTpanusauuu
MIET KaK C HeCBS3aHHbIMU MONIEKYNaMU KUCOTbI,

WD: 10,0370 m
Det: SE Detecion
SEM MAG: 100,00 ko

SEM Hiv: 20.00 K WO 69383 mm
View flabd: 1.884 um  Dal: SE Deleclor
PC: ¥ SEM MAG: 100,00 lox

e

Tak M Ha MOBEPXHOCTM HaHovacTuu. Peakuus re-
neobpas3oBaHMs NPOUCXOOUT YKE HE TONIbKO MeX-
[y OTAENbHbIMKW MOJIeKylaMK Mbina (30159MM), HO
M MEXIY HAHOYaCTULAMM UAM arnoMepataMu Ha-
HoyacTuL, fLo6aBkuM, bnarofaps CBsSi3aHHbIM C HUMU
MonekynaMm Mbina. HaHouacTMubl MOKpbIBAKOTCS
000/104KOM CTPYKTYPUPOBAHHbIX CONMEi BbICOKO-
MOJIEKYNIAPHBIX KMCNOT, U AaNbHENLINIA pOCT BOSIO-
KoH O® upet ot noBepxHocTH Yactu. lNpoucxoamt
NPOCTPAHCTBEHHAs CLUMBKA BOMIOKOH CTPYKTYPHOTO
Kapkaca y3NnoBblMM 06pa3oBaHUSIMKM, COAEpXKa-
WMMM HaHOYaCTUUbl f06aBkM (puc. 2, a). HaHo-
pa3MepHble 4YacTULbl COAEPXATCS B 3arycrutene
MOSYyYEHHOr0 CMa304YHOro Martepuana, obpasys
npu 3TOM OMHapHY AMCiepcHy @asy (CBA3aH-
Hble aACOPOUMOHHBIMKW CUNAMKU HAHOPa3MepHble
yacTuubl f00aBKM U BbICOKOMONEKYNSPHAs COMb),
KOTOpasi OT/IMYAETCS OT AMCNepCcHOM (a3bl MPOCTbIX
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8550 mm
View fiald: 1323 ym  Del: SE Delacior Zpm
Pe: 9 SEM MAG: 15.00 kot
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PucyHok 2 - Cxema g3aumodeticmesus HaHoyacmuy ¢ 8onokHom @ (a) u mukpocmpykmypa [® numuesol cmas-
Ku ¢ 006askaMu HaHOYacmuu, 88e0eHHbIMU 8 PeaKUUOHHYH Maccy 00 Hayana kpucmannusayuu @ (6,8,2)

J

MbIIbHbIX 3aryctuteneii. [pu aTom obpasyetcs pas-
BETBJ/IEHHbI KOPOTKOBOJIOKHWUCTbIM Kapkac O ¢
NPOYHO 3aPUKCUPOBAHHBIMW B HEM U PAaBHOMEPHO
pacnpefeneHHbIMM No BCeMy 06bEMY CMa304HOrO
MaTepuana HaHopa3MepHbIMK YacTULaMm (puc. 2 6,
8, 2). B paHHOM cnyyae HaHOpa3MepHble TBepAble
YaCTWLbl BbICTYMAOT HE TOJIbKO B KauecTBe QyHKLM-
OHanbHOW (MPOTMBO33aAMPHON, AHTUDPUKLMOHHOM
UM NPOTUBOM3HOCHOM) [06aBKM, HO U SBNSIKOTCS
HeopraHM4eckmuM 3arycTuTenem.

Pasnuumne B cTpykType AaucnepcHon asbl
MNcM, MoaAMPUUMPOBAHHbLIX  HAHOPA3MEPHbIMM
[o6aBkaMu MO pasHbIM TEXHONOrMYECKUM Cxe-
MaM, npefonpenenser OTiM4Me U B UX CBOMCTBAX.
B uactHoctW, konnoupHas CTabuabHOCTL CMas-
Kn Jluton-24, MoaMdULMPOBaAHHOMW MO BapUaHTy
1 (BBemeHue HaHouacTMy aobasku nocne dop-
mMupoBaHusa [O®), coctasuna 7,8 %, a Ans CMasku
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Jlnuton-24, mopnMduUMpOBaHHOM MO BapuaHTy 2
(BBELEeHME HaHOYACTML, f0DaBKM [0 Havana Kpu-
ctannmsaumm O®), 3TOT nokasaTtenb COOTBETCTBO-
Ban 4,5 %.Harpyska ceapuBaHua cmasku Jluton-24,
MOAMPUUMPOBAHHOM NO BapuaHTy 1, coctaBmna
1520 H, a pna cmasku Jluton-24, moamduumpo-
BaHHOW No BapuaHTy 2, - 1950 H.

Ha pucyHkax 3 n 4 npenctaBneHO U3MeHeHue
KO3 DUUMEHTA TPEHUS NApP «OTOXXKEHHas CTaNb
45 - 3akaneHHas ctanb 45» U «3aKaneHHas cTaib
45 - 3aKkaneHHas ctanb 45» B NPUCYTCTBUM CMA3KM
Jluton-24+LLUA-A, npurotoBNeHHOM NO ABYM Bbl-
LeyKa3aHHbIM TEXHONOrMYeCKMM BapuaHTaM. M3
NpeLCTaBNEHHbIX AAHHbIX BUAHO, YTO MPUMEHEHUE
TEXHONOMMYECKOM CXeMbl CO3[4aHMSA NAACTUYHOM
CMa3KM C HaHOpa3MepHbIMK f06aBKamMu No Bapu-
aHTy 1 6e3 Mx NpPOYHOro 3aKpenaeHust B CTPyKTyp-
HOM Kkapkace [® He obecrneunBaeT AAUTENBHOIO
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PucyHok 3 - M3meHeHue Ko3g@uuueHma mpeHus
8 npouecce ucnsimanuli npu oasneruu p = 20 Mlla
omoxaxeHHol cmanu 45 (HB 250-270) (a) u 3akaneH-
Holi cmanu 45 (HRC 42-45) (6) e npucymcmsuu cmas-
Ku Jlumon-24+LUA-A, uzzomosneHHol no sapuaHmy
1 (koHmpmeno - 3akaneHHas cmans 60 meepoo-
cmoito HRC 58-60)
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PucyHok 4 - W3meHeHue Ko3gpouyueHma mpeHus
8 npouecce ucnsimaHuti npu oasneHuu p = 20Mfla
omoxoxeHHoU cmanu 45 (HB 250-270) (a) u 3akaneH-
Holi cmanu 45 (HRC 42-45) (6) 8 npucymcmesuu cmas-
ku Jlumon-24+LLA-A, uszomosneHHol no eapuaHmy 2
(koHmpmeno - 3akaneHHas cmans 60 meepdocmeto
HRC 58-60)

COXPpaHeHMs BbICOKMX aHTUDPUKLMOHHBIX CBOMCTB
CMa3ku, M pe3koe BO3pacTaHue Ko3IPdULUMEHTA
TpeHus Hactynaet yxe nocne 8000 umknos ans 3a-
KaneHHon 1 16000 uMKNOB A9 OTOXKEHHOM CTaNu
45 (puc. 3), B TO BpeMs Kak MMMAaHTaLus HaHOPas-
MEpHbIX anMa30coAepKalliux YacTuL, B CTPYKTYpY
[McnepcHoi dasbl NO3BOSET COXPAHWUTL BbICOKME
TpubOoTEXHMYECKME CBOMCTBA CMA3KM Ha MpoTsXe-
HWM BCEro Nepuofa MCMbITaHUI, COOTBETCTBOBAB-
wero 30000 uukno. (puc. 4).

MNpryMHA HENPOAOMKUTENBHOTO pecypca pabo-
TocnocobHocTm [MCM, MoandUUMPOBaHHOrO Mo Ba-
puaHTy 1, 06ycnoBneHa TeM, 4to npwu paboTe napol
TpeHus aucnepcHas dasa CMa3ku UCMbITbIBAET B
30HEe TPEHUS MHTEHCMBHOE AEeCTPYKTUPYIOLLEe BO3-
[lencTBUe, B pe3ynbTaTe KOTOPOro MPOUCXOAMUT pas-
pylueHne ee AIMHHOBOJIOKHUCTOM CTPYKTYpbI. Mpu
3TOM arperaTtbl HaHOYacTWUL, anMas3a, NMPOYHO He
3aKpensieHHble B CTPYKTYPHOM Kapkace, nonaaas B
30HY TPMOOKOHTaKTa, B KOTOPOM pPa3BMBAOTCS Bbl-
COKMe TeMnepaTypbl, CKNOHHbI K KOanecueHumm ¢
00pa3oBaHMEM KPYMHbIX TBEPAbIX YaCTUL, OKa3bl-
BaloWuMx abpa3uBHOe [elCTBME Ha Tpylimecs no-
BEPXHOCTU C NOBbIWEHNEM KOIPDULMEHTA TPEHUS
M MHTEHCUMBHOCTU U3HALIMBAHMWS.

Mpy nonyyeHMM nNNACTUYHOM CMasKW, MOAMU-
®UUMPOBaHHOM MO BapuaHTy 2, 6onee nponosn-
XWUTeNbHbIW  pecypc  paboTtocnocobHoctn  CM
npenonpeneneH, BO-MepBblX, TeM, YTO B 3TOM
cnyyae dopmupyeTcs H6onee pa3BeTBAEHHAs KO-
POTKOBOJIOKHUCTAa CTPYKTypa AMCNepCcHOM da3sbl,
obecneumnBatrowas 6GOMbLWYK MACNOYLEPXKMBAIO-
LYY CMOCOBHOCTb M, CNeaoBaTenbHO, DObLUYH Ha-
rPy304YHY0 CMOCOBHOCTb CMA304YHOro Martepuana.
Bo-BTOpbIX, NpY pa3pylueHUM CTPYKTYPHOrO Kapka-
Ca HaHOPa3MepHble YacTuLbl anMasa, 3aKkpennex-
Hble B BonokHax [®, BbicBo6OXAaOTCA M nonaaa-
tOT B 30HY TPEHUS B aKTUBHOM COCTOSIHUM, COXPAHUB
CBOW CBepXMasble pa3Mepbl, YTO Npegonpenenser
OTCYTCTBME abpa3nMBHOIo AeNCTBMS CO CTOPOHbI an-
Ma3ocofepXalmnx YacTuL, Lo6aBKu.

Mpy 3TOM OHM CMOCOBHLI OKa3bliBaTb MOAMU-
duumpylolee OenNCcTBME HA NOBEPXHOCTb TPEHUS
yepes npoTeKaHue MpoLeccoB WMHTEHCUBHOMO
nnactuyeckoro AedopMMpPOBAHUS BEpLUMH MU-
KPOHEpOBHOCTEW C peanusaumein sddekta Tpu-
H6omexaHnueckoro moanduumposaHus [4, 5]. 310
onpenensieT MNOBbIWeHHbIe MNPOTUBO33aAMPHbIE U
NpOTMBOM3HOCHbIE cBoicTBa [CM, Moamduumpo-
BaHHOW HaHOPa3MepHbIMU A06aBKaMU N0 BapuaH-
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Ty 2. [pu 3TOM Takxe cnenyet UMeTb B BUAY, YTO
6onbluas passeTBneHHocTb 1D obycnosnusaet no-
BbILUEHHYH BA3KOCTb CMA304YHOrO MaTtepuana, 4to
CHWXXAEeT ero NpPoKayMBaeMoCTb Yepes KaHanbl Cu-
CTEMbI CMa3KM y3na TpeHus. B cBa3m ¢ yeM BbIbOp
TOrO WM MHOTO BapuaHTa peann3aLlmn TEXHONOTUK
nonyvyeHns MognMduLMpPOBAHHOM HAHOPA3MEpPHbI-
MK f06aBKaMM MAACTUYHOM CMA3Ku ciefyeT ocy-
LLLECTBNATb C Y4E€TOM 0COBEHHOCTEN PYHKLMOHMPO-
BaHUS Y313 TPEHUS.

BbIBOAbl

B pabore Ha npuMepe AUTMEBOM NNACTUHHOMN
CMa3Kku MpeacraBneH MexaHusm  (GopMupoBa-
Hug cTpykTypbl MCM € MbIIbHBIM 3arycTuTtenem,
NpoTeKaloLWMmin No cxeme 30Mb-refb Npouecca, C
0bpa3oBaHMEM YCTOMYMBOrO TPEXMEPHOrO CTPYK-
TYPHOrO  BOJIOKHMUCTOrO  Kapkaca [AMCNepCcHOM
®a3bl U3 NUTMEBOM COMM BbICOKOMOMEKYNSAPHOM
12-ruppookcucreapnHoBoi Kucnotbl.  [lokasaHo,
4YTO HaHOpa3MepHble YacTulbl f06aBKM B 3aBUCU-
MOCTM OT TEXHONOrMYEeCKOM CXeMbl UX BBEAEHUS
B PEaKLMOHHYK MacCy MOryT Mo-pa3HOMY BMUSTb
Ha XapakTep MpoTeKaHWs npouecca CTPyKTypoob-
pasoBaHua aucnepcHor dasbl [CM u cBoricTBa
nocnegHen. Pasnuume B CTpyKType AMCnepCHOM
®a3bl [MCM, MoaMULMPOBAHHBIX HAHOPA3MepPHbI-
MW f06aBKaMM MO pPa3HbIM TEXHONOMMYECKUM CXe-
MaMm, Npeaonpeaenser oTiM4mMe U B UX CBOMCTBAX.
B uactHoCTH, KOnnompHas CTabuNbHOCTb CMa3ku
Jluton-24, MogMdULUMPOBAHHOM NO BapuaHTy BBe-
[eHWs HaHovacTuL, LoH6aBKM nocne GopMUPOBaHUS
O, coctaBuna 7,8 %, a ana cmasku Jiuton-24, mo-
OMOULMPOBAHHOM MO BapuaHTy BBEAEHWS HAHO-
yactuy, fo6aBkM [0 Hayvana kpuctanamsauuun OO,
3TOT nokasartenb cootsetctBoBan 4,5 %. Harpyska
CBapMBaHMS 419 3TUX BapuaHTOB cMa3ku Jluton-24
paBHanacb cootBeTctBeHHO 1520 H 1 1950 H. lMpwu
BBE[EHWM HaHOPA3MEPHbIX asIMa3HO-rPapUTOBbIX
4aCTUL, B peakLMOHHYK Maccy nocne 3aBeplue-
HMS NpoLecca KpUCTanamM3aumm amcnepcHon dasbl
arperatbl HaHo4acTuL, A06aBKKM OCTAlOTCA B COCTa-
BE AMCNEPCUOHHOW cpenbl (Macno), byayum cnabo
CBSI3aHHbIMK C BolokHamu M (conb BbicOKOMoONe-
KYNSipHOM KMcnoTbl). B pesynbrate B npouecce Tpu-
HGOKOHTAKTMPOBAHMS Mapbl TPEHUS B MPUCYTCTBUM
TakoM CMa3ku MOXeT Habnopatbcs 0bpasoBaHue
KPYMHbIX abpa3uMBHbIX YacTUL, M3 arnomMepaToB
HaHo4YacTUL, [06aBKM, CHUXKAOWMX pecypc pabo-
TocnocobHoctm MCM. MNpu BBEAEHMM HAaHOpPA3Mep-
HbIX anMasocofepxawmx [06aBOK B peakLMOH-
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HY Maccy A0 Hayana npouecca GopMUMpoOBaHUS
CTPYKTYpHOro Kapkaca A® HaHouacTuubl A06aBKK
BbICTYMAKT B KAYECTBE aKTUBHbIX LLEHTPOB CTPYKTY-
poobpazosaHusa OD M UMNNAHTUMPYIOTCA BO BHYTPb
BOJIOKOH M3 CONMM BbICOKOMONEKYNSIPHOM KUCNOTbI.
B pe3ynbrate obpasyetcs pa3BeTBneHHas GuHap-
Has [O® (HaHopa3MepHble 4acTuubl [00ABKM W
BbICOKOMOJNEKYNSPHAsS COMib) C MPOYHO 3adUKCU-
POBaHHbIMW U PaBHOMEPHO pacnpeneneHHbIMU Mo
BceMy 06beMy [CM HaHOpa3MepHbIMK YacTULLAMM
[L06aBKM, 06YCNOBMBAIOLLAS MOBbILLEHHYH KOMIO-
MOHYI0 CTabuAbHOCTL CMaskW. MacnsiHas nneHka
nopo6Horo MCM xapakTepu3yeTcs MNOBbILLEHHOM
Harpy3o4Hol cnocobHocTbio. B npouecce Tpmbo-
B3aMMOLEWCTBMS BXOAAWME B COCTaB BOJIOKOH
AncnepcHoM dasbl HAHOYACTULbI BbICBODOXAAOTCS
M NOMNafatoT B 30HY TPEHMS B aKTMBHOM COCTOSIHUMU,
COXpaHMB CBOM CBEPXMalible pa3Mepbl U peanusys
3ddekT TpbomMexaHM4eckoro MoandULMPOBaHNS
MOBEPXHOCTU TPeHMs, 4To 0OYyCNOBAMBAET YBENU-
YeHHbIM pecypc pabotocnocobHoctn MNCM ¢ 6u-
HapHoOW aucnepcHoi $a3oi. NnacTnyHble cMasku
c 6uHapHoin [@, copepxauiei HaHOpa3MepHble
anMasocomepKaLime Yactuubl, MOryT 3QPEKTUBHO
NMPUMEHSTBCS B TSXKENOHArPYXXEHHbIX Y31aX TPEHUS
MOOBUIIbHBIX MALUUH U TEXHONOIrMYEeCcKoro obopyno-
BaHMS, pabOTaOLLMX MPU NOBbILLEHHbIX TEMMEpaTY-
pax.
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