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HaHoTeXHoAOIrM4

[TOAYYEHUA
CBEPXM3HOCOCTOMKMUX
AHTUPPUKIIMOHHBIX
M YIIAOTHUTEABHBIX MaT€pPUaAOB

B,

R

fiLLiee BPEeMSsi BOTEHECTBEHHOM

MIOHHOIN, KOCMWYEeCcKon, aB-
oW 1 DPYroi TEXHUKE LLUMPOKO
npmmeé%riéﬁ:ﬂ NoSIMMEpPHbIE MaTepuansl
AHTUDPUKLMOHHOTO U YNSIOTHUTENIBHOMO
Ha3Ha4YeHus1 Ha OCHOBe (TOPOMIacToB,
nofaMmmaoB, MNOMSTUIEHA, MOAMUMU-
ha, nonvkap6oHaTa, nonMacrpoB 1 ap.
Kaxxabli 13 nepeyncneHHblx KaccoB no-
JIMMEPOB MMEET CBOW OrpaHnyeHus no
npUMeHNMocTU. OHM MOryT ObITb CBS-
3aHbl C HN3KOW M3HOCOCTOMKOCTLIO 1Nn
BbICOKUM KO3 DULMEHTOM TPEHUS, He-
JOCTaTO4HO  BbLICOKOW — Temnepatypon
aKcnnyaTaumm, BnaronornoweHneM, Xu-
MWYECKON HECTOMKOCTbIO, MPOYHOCTHbI-
MW, BSA3KO-YNPYrMMnN NN OU3neKTpuye-
CKUMU CBOMCTBaMMU.

Be3ycnoBHbIM NMOEpPOM 418 NCNOSb-
30BaHMs B OEeTaNsX CKOMbXEHUss u obe-
CNeYeHNss repMETUHHOCTU MOABMXKHbBIX
M HEMOABMXHbIX COEAVHEHUN SABNSIETCA
nonnuteTpadpTopsTUNEH  (TEXHUYeCKoe
Ha3BaHue ¢dTopornacTt-4). OgHako npu
BCEX CBOVIX AOCTOMHCTBAX 9TOT Matepu-
an obnagaeT 04eHb HA3KOM M3HOCOCTOM-
KOCTbIO M 4YPE3BbIYAHO BbICOKOW NON3Yy-
4ecTblo. 0 9TMM XapakTepucTukam OH
PEKOPACMEH CO 3HAKOM «MUHYC».

3a 6onee yem 50-neTHMIN ONbIT NPU-
MEHEHUS nonuTteTpadTOpPaTUIEHA
(NTPI) B TexHuke 6blNO paspaboTaHo
MHOXECTBO MOAXOA0B ero moanduum-

B KOHCTPYKUMM NPaKTUYECKM NII0OGOro MexaHu3ma ecTb y3/bl
TPEeHuns, aBnqlowmecs, rno cyTm, ero «cyctraBamm» n ogHoBpe-
MEHHO «00JiIeBbIMU TOUYKaMW». AHTUDPUKLMOHHDbIE U YIJIOTHU-
TesbHble MaTepuasbl NPU3BaHbl 00J1IerYnuTb PaéoTy NOABUKHBIX
M HeNOABWXHbIX COMPSHXeHUW aeTtaneun n npoanuTtb pado-

Ty MexaHu3ma B uesioM. PaspaboTaHHbIii B nocnegHee BpemMs
CBEpPXU3HOCOCTONKUI NonnTeTpadpTopaTUIIEH CNOCOOEH AaTtb
KapAvuHabHOEe pelueHune npobnem TpeHns n n3Hoca B CoBpe-

MEHHOM TeXHUKe.

Xatunos C.A.,
3aBenyoLmin nabopatopuen
paamaLmMOHHOM CTOMKOCTU Mo-
MMepHbIX MmatepuanoB OIryrl
«HNDXU nm. J1.9.Kaprnosa»,

0.¢.-M. H.

poBaHusi. K OCHOBHbIM MOXHO OTHECTU
cononumMmepusaumio, To ecTb pobaene-
HVE B MOJIMMEPHYIO LieMNb «MHOPOAHbIX»
MOJEKYNISIPHBLIX  rpynn, u dudndeckoe
CMELLEHNEe C pasfnYHbIMM BELLEeCTBa-
MW, YCUANBAOLLVMN MW apMUPYIOLLMMMN
MOSIMMEPHYIO MaTpuLy. Yka3aHHble nog-
XOfbl MO3BONMIN O0OUTLCSH CEPbE3HbIX
pesynsbratoB, OAHAKO HAa CErOaHSLLHWIA
OeHb CrieflyeT KOHCTaTMpoBaThb, YTO AO-
CTUrHYT Npeaen, 1 TPaauLMOHHbIE Noa-
xoabl mncyepnann cebs. Bapuvauym Ha
Temy MTPI, HanoSHEHHOrO KOKCOM, CTe-
K/IOBOJIOKHOM, YITIEBOJSIOKHOM, rpadu-
TOM C nob6aBkaMy OKCUAOB METAIOB, a
B NOCNeaHee BPEMS HAHOPA3MEPHbIX Ya-
CTuL, C NPUMEHEHNEM Pa3HOOOpPa3HbIX
METOO0B aKTMBaLMK, OTSINHAIOTCS Mexay
CcobOM HECYLLECTBEHHO (Hanpumep, Mo
M3HOCOCTOMKOCTU B Npeaenax AecaTkOB
npoueHToB). Tak, AOCTUrHYTbIN Npeaen
nns 6e3pasmMepHoi BeNNHYMHLI OTHOCU-
TENbHOr0 IMHENHOIO U3HOCA NPU TPEHUMN
6e3 cmasku coctasnseT (0.5-1.0)x10°8.
TpyaHo ObINO OXMAATb, YTO HAMAETCA
Takol cnocod mMoandpukaLmm, KOTOopbIi



ycTpaHun 6bl HegocTaTky MNTPS, Ho npu
9TOM MaKCUMasnbHO COXPAHWI ero npeu-
MYLLIECTBA N YHUBEPCASILHOCTb. OfHaKko
HeJaBHO Takoi crnocob nosieuncs. bonee
TOro, pesynbTaT NPeB30LLesN BCE OXMaa-
HWS: CTOMKOCTb K MICTUPAHNIO HOBOM MO-
anouvkaumm NTOD ysenuuunacb 6onee
4yeM Ha YeTblpe nopsiaka 1 AoCTurna npu
cyxom TpeHun (0.1-0.3)x10°, a napame-
TPbl TEKYHECTU 1 PAAMALMNOHHON CTONKO-
CTU YNYHLUWAMCH HA OAVH-ABa nopsiaka.
Mo cpaBHEHMIO C NyYLIMMM KOMMO3ULMN-
ammn apdekT coctasun 10-50 pas! Mpun
3TOM KOSDPUUMEHT TPEHUS OaXKe CHU-
3uncs, a XuMmnyeckas u bronoruyeckas
WHEPTHOCTb, HWU3Kas MOBEPXHOCTHas
SHEPrns 1 AMSNEKTPUYECKME CBOWCTBA
OCTa/INCb TaKMMMK Xe, KakK Y WUCXOAHO-
ro MTd3. Hoeasa TexHonorns He Tpeby-
€T Kakmx-nmbo HanoHUTENEN NN XUMUN-
YECKMX PeareHToB M LeIMKOM OCHOBaHa
Ha N3MEHEHUN HAHOCTPYKTYPbl MaTepu-
ana. Npryem OCHOBHYIO KJTIOYEBYIO POJSib
WrpatoT NMpoLEeCcChl HAHOCTPYKTYPUPOBa-
HWUS, TO €CTb M3MEHeHU Ha macLuTabe
10—100 HM, MHNUMKMPYEMBIX B CBOIO O4e-
pefb MOJIEKYNISIPHBIMY - PaaviauMOHHO-
XUMUYECKMMM NpOoLLecCamu.

Cutyaupms kaxeTcsl napagokcanbHOM,
MOCKOJ1bKY XOPOLLIO M3BECTHO, 4TO MTMD
HECTOeK K BO3OEWCTBUIO paguaumm —
OHa BbI3blBaeT paspbiBbl C—-C-cBs3eit B
OCHOBHOM uenu. Mpun aTom aaxe masnbie
[,03bl PE3KO YMEHBLLAIOT €r0 MPOYHOCTb.
OpHako okasanocCb, YTO PaaMaLMOHHYLO
HecTonkocTb MTPI nposenseT npu yme-
PEHHbIX TEMMNEepaTypax, He BbiLLE TEMIe-
paTypbl naeieHust. 3ta 0COBEHHOCTb U
Oblna MCrnosib3oBaHa HaMu Npu paspa-
60TKe cnocoba pagnaumoHHOro Moau-
duumposaHua MTP3.

Bbino nokasaHo, 4TO BO3OencTBUe
pagnaunn 3anyckaet MexaHu3M Haf-
MOJIEKYNISIPHON NEPECTPONKN UNn, Opy-
MW CJIOBaMM, MEXaHN3M peopraHn3a-
UMM HAHOCTPYKTYP nosvmepa. Ha puc.
1, 2 npencTaBfeHbl TUNWYHbIE 1300pa-
>XEHMS1 NOBEPXHOCTU CKOJIOB MCXOOHOrO
M pagmaumoHHO-MOANPULIMPOBAHHOIO
06pa3uoB MNTPI, unnocTpupyoLme xa-
pakTep npovcxoaawmx npoueccos. Kak
BMOHO U3 puc. 1 A, NOBEPXHOCTb CKosa
npw He6ObLLOM YBENNYEHNN OOHOPOAHA
1 HE MEET PasnnynMbIX Mopdosiornye-
Ckux ocobeHHocTel. Mpu pansbHenwem
yBeSIM4YeHnn MacLuTaba obHapy>K1BaeTcst
3HaYUTENbHAA HEOAHOPOOHOCTL CTPYKTY-
pbl, CBA3aHHas! C NOSIB/IEHMEM MOPUCTbIX
obpaszoBaHuii (puc. 1 B). 3 obpaso-
BaHWsI pacrnpeneneHbl No NOBEPXHOCTU

CKoJia JOCTAaTOYHO PaBHOMEPHO U Xapak-
TEPUIYIOTCS LUMPOKUM pacnpeneneHu-
€M nop no pasmepam OT HAHOMETPOBOIO
[0 MUKPOHHOrO YpOoBHS. B obnactn nop
XOPOLUO PasfNyMMbl NPOTSXKEHHbLIE NIEH-
ToOOpa3HbIe (amMenspHble) CTPYKTYPbI U
M30/IMPOBaHHbIE HAHOGUBPKNLI (purc. 1
B). JleHTbl NpencTaBnsioT coboli ynopsi-
[OYEHHO YNOXEHHbIE GMOPUbI. Xapak-
TEPHBbIM pa3mMep CTPYKTYPHOrO 3fIEMEHTA
durbpunnbl nopsaxka 10 HM.
PagnaumoHHoe moguduumpoBaHne
NPUBOAMT K KapOUHaIIbHOMY W3MeHe-
HUIO MOpdOoNorMM nonumepa. Yxe npuv
HebosbLIOM yBennyeHnn (puc. 2 A) Ha-
6nopaTca NOAMKPUCTaIMYECKne 06-
pasoBaHus, obnaparome chepmnyHeckomn
CUMMETPUEN OTHOCUTENBHO  LIEHTPA.
Pa3mepbl HabnogaeMbIX Ha MOBEPXHO-
CTuK ckona ceponmToB iexar B 06nactu
10-100 Mkm. Cdeponntbl MOCTPOEHbI
13 MHOXEeCTBa HaHODUMOPWIIN, pacxoas-

Tabauma 1

Puc. 1. MzobpaxkeHns TTOBEpX—
HOCTM CKOAQ MCXOAHOTO 06pa3—
na [1ITOD, rToAydeHHBIE METOAOM
PacTpOBOJL DAEKTPOHHOM MUKPO—
CKOITUM.

VBeanuenmne: A — 500, b — 20000,
C -100000. 1 — MMKpPOIIOPHI,

2 — HaHOIOPBI, 3 — M30AMPOBAH—
Hble HAaHOQMOPMAAEL, 4 — AaMeAn

LMXCHA Mo paguycy n3 obLuero LeHTpa
(puc. 2 b, B). Kak BMoHO 13 npencras-
JIEHHbIX N300paxeHuit CTpykTypa Gonee
O[HOPOAOHA, 3HAYMTENbHO CHMXEHA Mo-
PUCTOCTb, NPUYEM MOPbI UMEIOT B OCHOB-
HOM HaHOMETpPMYECKMIA MacLLTab (MeHee
100 HM), a Takke OTCYTCTBYIOT N30MPO-
BaHHble GNBPUIbI.

Taknm o0pasom, BO3OENCTBME pa-
ovaumm Ha MTPD B6AM3M Temnepary-
pbl NNABNEHUS KPUCTIIUTOB NPUBOOUT
K MOONDUUMPOBAHMIO HAAMONEKYsp-
HOWM CTPYKTYypbl nonnmMepa — nepexony
OT NIeHT006pPa3HbIX K CHPeponmUTHLIM Mo-
JIKPUCTJIIMYECKUM (1 HAHODMOPUK-
NSIPHBLIM) 06pa3oBaHNsaM, 06nagaoLmMM
6onee BbLICOKUMU MEXaHNYECKMMU Xa-
pakTepucTukamu.

Hapwc. 3,4, 5uBTabn. 1 npeacrasne-
Hbl CPaBHUTENbHbIE XapaKTEePUCTUKM UC-
xogHoro MTP3 (P-4) n ero pagnaumoH-
Holi mogndmkaummn (P-4PM). HeTpyaHo

TpubororMUecKHe XapaKTePUCTUKUA MCXOAHOTO IITPD
M PaAMANMOHHO-MOAMPHIMPOBAHHOIO ¢ropomracTta Mapku ®-4PM

KoaduumeHT cyxoro TpeHs B KMHEMAT4YECKOM
cxeme naneL-auck no ctanu (Ra=0.15)

25 kr/em?, Tm/c
140 kr/cm?, Tm/C

VHTEHCWUBHOCTb M3HOCA B KMHEMATUHECKON CxeMe
nanew-auck no cranv (Ra=0.15) 6e3 cmasku:

25 kr/cm?, TM/c

50 kr/cMm?, TM/c
140 kr/cm?, 1m/c

0.26-0.27 0.23-0.24
Pa3pyLueHve 0.20

1500 MKM/KM 0.1-0.2 MKM/KM
4100 MKM /KM 0.3 MKM/KM
PaspyLueHune 1.1 MKM /KM
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Hedopmaums npu pactsxenHun, %

) F a4 & B

HanpspxkeHune npu pacTtsxxeHunn, MMa

3aMeTUTb MPUHLIMNASILHO MHOE NoBee-
Hue ®-4PM, no cpaBHeHuio ¢ P-4, npu
LIMKIIMYECKON Harpy3ke (puc. 3). 3Haun-
TENbHO HWXe abCoNoTHas BeNVYNHA ae-
dopmaumm, NpuyemM Bcsl OHa, B OT/vume
oT d-4, HocuT obpaTuUMbIl (Ynpyruii xa-
pakTep). [MNepeyeHb KBOT NPEBOCXOACTBA
®-4PM paH Ha puc. 4. Moaudurumpo-
BaHHbIN MTAD nuLeH HeJocTaTKOB UC-
XO[IHOr O nonMmepa, Ho obnaaaeT Bcemu
ero npenmyLectsamm. OH npuobpeTtaeT
MEHbLUYIO CKOPOCTb nonayyectn (B 30—
50 pa3), NOBbLILIEHHYIO PaAVALMOHHYIO
cToiikocTb (B 10?2 u 6onee pas) n ontu-
Yeckylo MPO3PaYHOCTb B BMAMMON 06-
nactu cniektpa (B 2-3 paza). MNpu aTom
KO3(POULMEHT TPEHUSA CHUXaeTca (Ha
10—20%), a [OuanekTpuyeckue, aHTu-
aaresvioHHbIE U XMMUYECKNE CBOMCTBA
OCTalOTCS Ha YPOBHE WMCXOAHOro Mosu-
Mepa. M3 gmarpammbl Ha puc. 5 MOXHO

Puc. 2. VzobpaxkeHNs TTOBEpX—
HOCTU CKOAA paAMallMOHHO—
MoanduImpoBaHHOrO ITTOH,
TIOAYYE€HHBIe METOAOM PacTPOBOM
DAEKTPOHHOJ MMKPOCKOIIMNA.
VBeanuenne: A — 500, b — 20000,
B - 100000. 1 — 11eHTpBI 3aPOABI—
11e00pa3oBaHMs CHEPOAUTOB,

2 — HaHOTIOPHI, 3 — HAHOPUOPYA—
ABI CPEpPOAUTOB.

D, BN

[ L
=] 12 s

ooe Duc. 3. Aepopmarmonmnsie
KpMBBIE TP LIMKAMIECKOM
Harpy>keHum:
AAL UcXoAaHOTrO TITOD —
AepopMarims GOABIIAL
u HeobpaTmmasi;
AAst ©—4PM - aepopmariys
MaAeHbKast 1 obpaTnmast.

coenate Aga NpUHUMNUanbHbIX BblBO-
[a: Nepsbln — pagnaumoHHoe Moandun-
LIMPOBaHNE MPUMMEHMMO K KOMMO3MTaMm,
MOCKOJIbKY CYLLIECTBEHHO YBENMYMBAET
MX N3HOCOCTOWMKOCTb, 1 BTOPON — pagun-
auUMoHHas MoandUKaums YACTOro HeHa-
nosHeHHoro nonumepa ®-4PM umeet
camble BbICOKME XapaKTepuctuku. W3-
HococTolkocTb P-4PM npu wepoxoBsa-
ToCTM KOHTpTena Ra=0.15 6onee yem B
10000 pa3 Bbiwe, 4em y [T (tabn. 1).

Takum 06pa3omM, pagnaLmoHHOE Mo-
anduumposaHve B pacnnase [aeT To,
4Yero Hesb3st ObINo OOCTUMHYTbL OpYrn-
MK crnocobamu: KapaonHaibHOe U3MeHe-
HWEe HaAMONEKYNSPHOW CTPYKTYpbl, Mne-
pexon, OT namMenspHon K cheponnTHOn
CTPYKTYpPE KPUCTANIMTOB WU CHUXEHME
nopuctocTtu. MNpu 3ToM 06LWasa KapTuHa
npoTeKaLLMX NPOLLECCOB B MPUYMHHO-
CNeACTBEHHOM psily NPeACcTaBaseT no-
CneaoBaTeNlbHOCTb  MOMEKYNSIPHBIX U
HaOMONEKYNAPHBIX N3MeHeHun. Mone-
KyNsipHble MeXaHu3Mbl  (PaavauMOHHO-
MHOyUMpOBaHHas OECTPyKUMS  nonu-
MEpPHbIX Lenei) npuBoasiTt K obLiemy
CHKEHUIO BA3KOCTU MOSIMMEPHON cpe-
Obl, YTO B CBOIO O4Yepenb CO34aeT BO3-
MOXHOCTb MOCRenyoLwen Kpuctannm-
3aumMm BOAM3M MNOp, BbLICTYNAKOWMX B
Ka4ecTBe 3apoabien cheponntoB. Hu
BBEAEHME HAMOHUTENEN, HX CONONNMe-
pu3aumst He NPUBOAAT K NOAOOHBLIM U3-
MEHEHUSIM.

MpakTryeckass 3HAYUMOCTb MOJTyHEH-
HOrO pesynbrata noka HegoCTaTO4HO
oco3HaHa. OgHako B Tex cnydasix, Koraa
HOBbI MaTepuan Obi1 MPUMEHEH Ha He-
KOTOPbIX MPEAnPUATUSX B COCTaBe pe-
anbHO paboTaloLMX U3OENNIA, pe3ynsTaT
0Ka3asncs 04eHb BbICOKUM: YBENNYEHME
paboyero pecypca ysna B 10 n 6onee
pas.

PagvaumoHHbie Mmogndukaumm MNTHD
NPOLLIN UCMLITAHUS N YXXE NMPUMEHSIOT-
CSl B OrpaHN4eHHOM KOJIMYECTBE B Crew-
M3OENNSX C MOBbILLIEHHLIM PECYPCOM (B
LUIAPOBbIX KpaHax, knanaHax, Hacocax,
B ruapouunuHapax). bnaropaps nosbi-
LLUEHHON paavaunoOHHON CTOMKOCTU Ma-
Tepuvan NPUMEHEH B pPSae KOCMUYECKNX
NpPoeKToB («3nekTpo», «Poboc-IpyHT»,
«Cnektp-Y®», «Pperar», MUA) B kade-
CTBe [OeTaneil 3neKTPOTEXHUYECKOrO,
AHTUDPUKLIMOHHOIO U YNJIOTHUTETILHOTO
Ha3HaYeHus1.

Mcnonb3oBaHne MoanbULMPOBaHHO-
ro droponnacta ©-4PM kak pagmonpos-
payHoro matepvana ajsi U3roToBeHUs
aHTeHHbIX obTekaTtenelii No3Bonwio, B



4YaCTHOCTWN, 06ecneyYnTb MUHUMASILHO
BO3MOXHYIO ON3NEKTPUYHECKYIO MPOHU-
LAaeMOCTb M TaHreHC yrma AW3NeKTpuU-
Yeckux noTepb MNpU OOHOBPEMEHHOM
obecneyeHnn TpeboBaHUI NO MexaHu-
YyeCckuM cBoncTBaM. [lpoBeaeHHble 1C-
NblITaHWS, B TOM YUCNE HaTypHbIe, Ha
neTatenbHOM annapare Co CKOpOCTS-
Min 2.5-3.0 M noaresepannn NPoOYHOCTb,
TENNOCTOMKOCTb, SPO3NOHHYID YCTON-
ymeocTb P-4PM. CkopoCTb BECOBOMO
yHoca ans d-4PM okasanacb B 9 pa3
MeHbLLIE, YEM A/1A nofinkapdoHaTa ¢ aH-
TUPPUKLUMOHHOM Jo6aBkor ancynsdunna
monubaeHa. B cpaBHeHun ¢ obTekare-
nem r3 nonukapboHaTa ¢ oucynbeuaoom
monunbaeHa, obtekatens 13 d-4PM no-
3BOSIWN  YNYHLLUTL  PaaMOTEXHUYECKME
XapakTePUCTUKN aHTEHHbI B BEPXHEN Ya-
¢t CBY granasoHa: KoappuLMEHT ycu-
nexHna yesenuuunca B 1.5 pasa; MmuHn-
MaJibHbIA KOSMPOULMEHT SMUNTUHHOCTU
yayqwmncs Ha 10%; MUHUManbHas Lwu-
puHa pguarpamMm HarnpasieHHOCTU yBe-
nvuaunack Ha 4-20° ypoBeHb GOKOBbIX
NIENeCcTKOB AMarpamMM HamnpaBfieHHOCTU
ymeHbLunnca B 1.5-2.2 pasa.

Takum  00pasoM, UCMONb30BaHUE
MOANPULIMPOBAHHOIO ¢dToponnacTta
®-4PM B KkayecTBe paaMonpPo3payvHo-
ro marepmana Mo3BOAMAO YAYYLLUTb
3KCMNyaTaumMOHHO-TEXHNYECKNE xa-
pakTepucTuku obTekatenem — Tepmo-
CTOMKOCTb, MPOYHOCTb, 3PO3UOHHYIO
YCTOMHMBOCTb C OOHOBPEMEHHbBIM YITy4-
LweHeM koadduumeHTa NpPo3paYHoOCTH
1 PAONOTEXHNYECKNX XapaKTEPUCTUK 3a-
LLMLLAEMON aHTEHHbI.

MepcnekTBHbIMM 0bBnacTaMmn npu-
MEHEHNs cBepxu3HococTonkoro MNTP3
ABNAIOTCA Takke perynupytollas, o06-
patHas, 3anopHad, pacnpesenvTenb-
Has, CMecuTenbHas 1 gpyras apmarypa
ans obopynoBaHus TennoceTten, HedpTe-
1 ra3onpoBoaoB. Peyb naeT o koMnpec-
copax, Hacocax, LIapoBbIX KpaHax, 3a-
[OBVXKAXx, 3aTBOpax, kiianaHax. PewweHne
nNpo6nemMbl TPEHNS 1 M3HOCA B NEPEYMIC-
JIEHHbIX U3OENNSX UMEET KOJIOCCaSTbHbIN
3KOHOMMYECKUI U 3KONMOrnM4eckuin ag-
dexT.

BaxHblM  HanpaBneHneMm  ABMSET-
csl MOcToCcTpoeHue. [Ana obecnedveHus
BO3BPATHO-MOCTYNATENbHBIX U YIT0BbIX
nepemMeLLeHnii ONOPHOro y3na NponeT-
HOro CTPOEHMS1 (ABTOMOBUIIBHBIX U XKe-
NIE3HOJ0POXHbLIX MOCTOB, ABTOAOPOX-
HbIX Pa3BA30K, MyTENPOBOAOB, 3CTakap,
M OpYrmx Ha3eMHbIX COOPYXEHWIN) B Ka-
YECTBE C/1051 CKOJIbXEHMS NCMONb3YTCS

Puc. 4. CpaBHUTEABHBIE XapaKTepy—
CTMKM MICXOAHOTO M paAMallMOHHO—
MOAMOUIIMPOBAHHOTO GTOPOIIAACTA
®-4PM.
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Heo6patumas 4acTb pe-
chopmaumm npu cxatun |

npu 28 MIa 3a 24 yaca
" p

CHuxaeTcs
B 10-20 pa3

s
[lonyctumas pa6oyas
Temnepartypa npun Harpy- }
3kax 1-10 MMa n ckopocT-
e ckonbxenus (0.5-2 m/c)

CKOpOCTb NMON3y4eCcTH ) CHuxaeTcst
npy cxatum npu 25 MMa
[Aunanektpuyeckmne ) Bes
XapaKTepuCTUKN "
Bospacraer
( )>M

YBenuumeaetcs
¢ 50-100 °C

PapuauunoHHas
CTOHKOCTb

KOMMO3ULUNOHHbIE MaTepuasbl Ha OCHO-
Be MNTPS n B camoe nocnegHee Bpemst
— CBEpPXBbICOKOMOJIEKYJIAPHOIro noJina-
TUMEeHa, 3Ha4YMTESIbHO yCTynaloLwme pas-
paboTaHHOW HaMW HEHamnoJIHEHHOW pa-
aviaumoHHon moandgukaumm MNTO3.

Be3ycnoBHO, elle OAHO BaXHeNn-
Lee HanpasfeHne — ero NnpuMeHeHue
B MOPOUMIMHAPAX, 8 3TO 9KCKaBaTopbI,
Oy/bao3epbl, KapbepHble CaMOCBalbl,
ckpenepbl, aBTorperiaepbl, GeToHOHa-
COCbl, KpaHbl, CeNbX03MalLlWHbI, TMAPO-
MaHUNYIATOPbI, MMOPONPECCHhl, FOPHO-
waxTtHoe o0060opyaoBaHWE, CTaHOYHOE
obopynoBaHue, rMapornogbeMHUKA, -
[PaBANYHECKN MHCTPYMEHT 1 Op. YTeuKn
Macsa, CHUxeHvne pabounx xapakTepu-
CTUK, H606XOD,I/IMOCTb YaCTbIX PEMOHTOB,
HEeHaOe>XXHOCTb — BOT HEMOJHbIN nepe-
YyeHb NPo6siIeM, CBA3AHHBIX C Ka4ECTBOM
aHTI/I(pr/IKLI,I/IOHHbIX N YNNOTHUTENIbHbIX
martepuvanos B ruapoumnmHape. Monob-
Hble NMpobGseMbl CYLLECTBYIOT B 000OpYy-
[OBaHNN BOOHbIX MyTEN, CyA0CTPOEHUM,
3HEepromMalLMHOCTPOEHUN, BktoYas MIC,
MPACnA3C, nT.a.

Martepuan, cnocoGHbIii peLunTb
3™ npobnembl, co3paH. Hayka B
JiMue HaHOTEXHOJIorui caenana no-
Cbl1 Npou3BoAcTBy. [leno 3a npous-
BOACTBOM.

Puc. 5. MIHTenCcBHOCTD M3HOCAa ®—4PM 110 CpaBHEHMIO C AyUIIVMM KOMIIO—
3uIMAIMM Ha ocHoBe [TT®D 1 nx paaAnauMOHHBIMM MOAMPUKaLIMIMY, MKM/

kM (5 MITa, 1 mM/c, craap Ra=0.15).

®4KC2 - TIT®D ¢ AobaBkoi1 2% Kobaabra cuHero; ®4C15 - [TTOD
¢ A06aBKOIt 15% CcTeKAOBOAOKHA; ®4K20 — [TTOD ¢ p06aBKOI 20% KOKCA;

®4VYB15 - IITOD ¢ pcobaskoit 15% yraeBOAOKHA.

D4KC2

VicxoaHbM

D4YB15

HUDXU nmenu J1.9. Kapnoea: 105064,P®d, r.Mockea, nep. O6yxa, a. 3-1/12, cTp.6.
Ten. 8(495)917-32-57, 916-67-94, e-mail: khatipov@cc.nifhi.ac.ru

Ne5 uonb'2010

89



