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PaGora cBsg3aHa ¢ M3ydeHrneM OTHOCHUTEIBHO HOBOTO MEPCIIEKTUBHOTO KOMIIO3UTHOTO MaTepHajia Ha OC-
HOBe 0a3aJIbTOBBIX BOJIOKOH. B pab®oTe ObLIa mpearpuHsITa ITONBITKA 00Jiee IIyOOKOro MCCISIOBAHMSI
CTPYKTYPHBIX U3MEHEHMI, KOTOPEIE IIPOUCXOIIT ITPpU 00IydeHNH 00pa31ioB 6a3aIbTOBOrO KOMITO3MTa MO~
TOKaMM TaMMa-KBaHTOB, KOTOpbIE€, B CBOIO O4Yepelb, BIUSIOT Ha MeXaHU4YecKue cBoiicTBa. MI3aMeHeHus,
MPOM3OLIENIINE TP PagUAllMOHHON MoIUdUKaUy, OBIJIY OLIEHEHBI C ITOMOIIbI0O MEXaHUYECKUX MCITBI-
TaHUA U MCCIACHOBAHMUIA C MOMOIBIO MH(ppaKpacHoi crekTpoMeTpur. OGOCHOBAHHO IMpPEanoaraeTcs
BJIIMSTHUE CTPYKTYpPBI MaTepyralia Ha yIpyrye CBOiCcTBa 001ydeHHOro 6a3aibToBOro Kommo3sura. OOHapyxke-
HO, yTO MoaudUKalMsg MaTepraia raMMa-o0JydeHUeM MMPUBOAUT K ITOBBILIEHUIO YIIPYTUX CBOMCTB 6a-
3aJIbTOBOTO KOMMo3uTa. B To ke BpeMsi BeinurHa aecdopMalivy pa3pyllieHus: yMeHblaercs. AHanu3 MK-
CHEKTpa B BLICOKOYACTOTHOM 00JIaCTH ITOKAa3all, YTO paaualMiOHHOE BO3IeCTBYE IPUBOAUT K IPOAOJIKA-
JOIIMMCSI peaKLVIsIM TTOJIMMEPHU3alluK Y MEKMOJIEKYIIpHOMY cIMBaHuio. OIHAKO KOTaa 103a U3IydeHUs
nmocturaeT 15 Mpan, IpoucXoauT yMeHbIIIEHIE YKUCa CBsI3eil B HU3KOUACTOTHOM 06J1aCTU CIIEKTpa, UTO, IO
MHEHUIO aBTOPOB, COOTBETCTBYET Pa3pyllIeHUIO aTIOMUHIEBO-KPEMHUEBO-KUCIOPOIHOIO M OPTaHOCUIIN -
KaTHOTO KapKacoB.
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M K-cnekTpoMeTpusi, MOJIEKY/IsIpHAsl CTPYKTYpa, yIIpyrue cBoiicTBa
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1. BBEAEHHE

HccnenoBanusi, CBSI3aHHBIEC ¢ U3yYEHUEM MEXaHU-
YEeCKMX CBOMCTB 0a3aIbTOBBIX KOMITIO3UTOB U UCITOJIb-
30BaHMEM 3TOr0 MaTepuaia Il pa3InYHbIX U3ISII 1
KOHCTPYKIIWiA, OBUIM IPEIMETOM 3HAYUTEIEHOTO BHU-
MaHUsI MHOTUX yueHbIX [ 1—9]. bazanbToBbIit KOMMO-
3UT 00JIaaeT CepPbe3HBIM ITOTCHIIMAIOM JJISI CAMOTO
LIMPOKOIO IMIPUMEHEHMSI, TIpeajiarast OTINYHOE COOT-
HOIIIEHUE 1IEHBI M KAa4eCTBa, BBICOKYIO CTOMKOCTb K
arpecCUBHBLIM CpelaM ILIeaodeil U KUCIOT, XOPOILlIue
JIUSJIEKTPUUYECKIE CBOMCTBA, TEPMOCTOMKOCTD, pagyio-
MPO3PAYHOCTb U TTPOCTYIO TEXHOJIOTHIO U3TOTOBJICHMUST
PAa3IMYHBIX U3[EJIUA. YIIPOILIEHHAs ITpoLieAypa IIPpon3-
BOZCTBA HEMPEPBIBHOTO 0a3a7IbTOBOIO BOJIOKHA 3aKJTIO-
yaeTcs B clieaytoieM. CHavalia 6a3abTOBOE ChIpbe Ha-
rpeBaloT 10 TeMiepaTypsl apieHus (1500°C). 3atem
pacIuiaB TPaHCIIOPTUPYETCST Yepe3 CAUBHOE YCTPOIi-
CTBO K IJIATUHO-POIMEBBIM MPSIAWIBHBIM MallliHAM
IIJISI BBITSITUBAHUSI M1 HAMOTKY Ha IIMUWHAEU. DHEp-

rozarpaTbel Ha MPOM3BOACTBO 0a3aJIbTOBOTO Hempe-
peiBHOTO BoJIoKHa (BHB) B 20 pa3 menbmie, yeMm y
CTaJIM U MeTaJUIONpoKaTa, a ero yaeabHasi TPOYHOCTb
Ha pa3pblB 3HAYUTEJIBHO IIPEBHILIACT aHAJTOTUYHBIA
nokasarTesib IS IeTUpoBaHHBIX ctajeii [2]. [Tpon3s-
BOJICTBO 0a3aJIbTOBOTO BOJIOKHA TPeOYEeT 3HAUUTEIb-
HO MEHbIIIE DHEPruuM, 4eM IIPOM3BOICTBO, HAIIpU-
MeEp, CTEKJIOBOJIOKHA WJIM YIJIEPOAHBIX BOJOKOH [9].
CrenyeT yYuThIBaTh, YTO 6a3aJIbT OTHOCUTCS K YHUCITY
MUHEPAJIOB, IIMPOKO pacIpOCTpaHEHHBIX Ha IIO-
BEPXHOCTM Hallleil TIAaHETHI, YTO AeaeT €ro OYeHb
JocTynHbIM. Ha camoM aeste 6a3ajibT — 3TO MUHEpa,
MOJIYYEHHBIN U3 3aTBEPAECBIICH BYJIKAHUYECKOM MO-
poIbl, KOTOpasi BBUIMJIACh HA IOBEPXHOCTb 3€MJIM.
BaxxHO OTMETUTD, UTO Ga3aJIbTOBBIE MOPObI SIBSIOTCS
OIHUMU 13 CAMbIX IPOYHBIX IPUPOTHBIX CUIIUKATHBIX
nopon. B otnumuue oT chipbs A1 TIPOU3BOACTBA, Ha-
MpUMep, CTEKJIIOBOJIOKHA, 0a3aTbTOBasi TOPO/IA SIBIISIET-
Csl TOTOBBIM MPUPONHBIM CBHIPHEM UISI IIPOU3BOACTBA
BOJIOKOH. DTO MO3BOJISIET IOJIydaTh COINOCTaBUMbIE
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MPOUN3BOACTBeHHEIE 3aTpaThl HAa BHB 1 cTekiioBosok-
Ho. bazanbToBOE BOJOKHO MMEET Pa3BUTYIO KJa-
CTEPHYIO IIOBEPXHOCTh U 00JIafaeT XOPOILIMMHU COPO-
ONOHHBIMM cBo¥icTBamu [10]. B To ke BpeMst TUTpO-
CKOITMYECKIE CBOMCTBA 6a3aJIbTOBOTO BOJIOKHA B 6—
8 pa3 HIUXe, YeM y CTEKJIOBOJIOKHA. DTO KayecTBO,
6e3yCIIOBHO, OYeHb BaXKHO IS TAKOI OTpaciu, Kak
cymocTpoeHue. bazaabToBble BOJIOKHA, IO CpaBHE-
HUIO CO CTEKJISTHHBIMU BOJIOKHAMHU, UMEIOT ropas3io
OoJiee IMMPOKMIT TUAITa30H padbounx Temrieparyp. He-
cMoTps Ha To, yTo BHB 3HaunTeIhbHO BEITECHUIT CTEK-
JIOBOJIOKHO, €TI0 He CJIeAyeT pacCMaTpUBaTh KaK Mpsi-
MOTO KOHKYpeHTa. Kaxkaplii 3 3TUX MaTepruaaoB UMeeT
CBOIO COOCTBEHHYIO 00J1acTh MpuMeHeHus1. Kpome To-
IO, Ujiesl UX TMOPUIHOTO MCIIOIb30BAHUS OUEHbB TP~
BJIEKATe/IbHA.

BroinreynomMsiHyThle KadyecTBa 0a3aibra M Oa3aib-
TOKOMITO3UTOB TO3BOJISIIOT TOBOPUTH O XOPOIIUX TIep-
CHEKTHBAxX MX MPUMEHEHUS B MeIulMHe. B mepByio
oyepenb B 00JIACTU CHCTEM BHEIIHE# (huKcalmy IIpu
repeaoMax KocTei 1 TpaBMax. bazaibToBble BOJIOKHA
HCITONB3YIOTCS TIPpU pa3paboTKe BEICOKOI(M O EKTUBHBIX,
TMOKUX 1 Hepoporux Impote3oB [11]. Ero mcmonb3oBa-
HUE MPU pa3pabOTKe MPOMBIIUIEHHBIX 3K30CKEJIETOB
TakxKe ObLIO ObI pa3yMHBIM. MIMeeTCs1 yCHelIHbIIA OITBIT
pUMeHeHnsT 0a3anbTa B ctoMarojiornu [12]. CrimaBsl
TUTAaHa U XpOMa C UCTIOIb30BaHUEM 0a3asibTa SIBJISIIOTCS
JIOBOJIBHO pacCIIpOCTpaHEHHBIMU MaTepHajlaMM ISt
SHAOIIPOTE3MPOBAHMS Ta300€IPEHHOIO U KOJEHHOTO
cyctaBoB. Mexay TeMm, TpeOyeMasi ycTajloCTHasi
IIPOYHOCTb U COBMECTUMOCTh IIOBEPXHOCTHU BCE €Il
SIBJISIFOTCSI IIPEAMETOM MCCIEIOBAHMIA.

ITpuBnekaloT BHUMaHUE MHOTOUYMCJICHHbIE aKTUB-
HbI€ MOITBITKY MCCIISAOBATENICH YIyYILIUTh OIIpeaeIeH-
HBIE XapaKTepUCTUKMU MaTepuaia IIyTeM BBEIScHUsI Ha-
HOTpPYOOK B CBSI3ylOIllee, raMMa-00IydeHUsI, U3MEJTb-
YEeHMsI BOJIOKOH, a TaKKe MCIOJIb30BaHMS Pa3IMUHbBIX
COCTaBOB caMoro cBsayiomero [13—19]. Hampumep, B
[17] adpdexT MomuUKaIIMM UCCIeTyeMOTo MaTepraa
JIOCTUTAETCSI C IOMOILBIO MUKPOBOIHOBOTO U3JTyYeHMSI
¥ BBEICHUS B MaTepuall YIJICPOIHBIX HAHOTPYOOK. B
[18] B KauecTBe HAITOJHUTENS MCITOIb3yeTCSI M3METb-
yeHHasl oxpa. B naHHoI1 paboTe MogudUKalLUs OCy-
IIECTBJISIETCS IIyTeM 00pabdoTKM MaTepuaja II0TOKa-
MU TaMMa-M3JIy4deHUs B pas3IM4YHBIX no3ax. Llenbio
TakKoM MomaudUKaUu OOBIYHO SIBIISIETCS OOCTIKE-
HIE BBICOKOTO YPOBHS aIT€3UN MEXIY BOJTOKHAMU U
noJmMepHoi MaTtpuieil. B atoMm ciydae cBoiicTBa
HaroJHuTess1 (6a3aJbTOBOTO BOJIOKHA) MOJIHOCTBHIO
peanmn3yroTcs.

Pa3paborka ruOpuaHBIX TOJIMMEPHBIX MaTepua-
JIOB TIpEACTaBJsSIeTCS BecbMa IlepcIieKTUBHOI [20,
21]. Hanpumep, KOMOMHAIIUS YIIAEPOAHBIX HUTEH U
0a3aJIbTOBBIX BOJOKOH ITO3BOJISIET ITOJIYYUTh ITPOY-
HOCTHBIE XapaKTepUCTUKU Ha 60% BbIlIE, YeM Y
CTeKJIOBOJIoOKHA. KpoMe Toro, Takasi ruGpuan3arius
MOBBIIIAET BOOOCTOMKOCTh Ha 70% M 3HAYMTEITBHO
CHITXXAeT CTOMMOCThL Matepuaia [22].
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Llenbio JTaHHOTO UCCIIEIOBAHUS SBISIETCS N3YYeHNE
BJIUSTHUS 1O03bl TAaMMa-U3JIydYeHUsI Ha MEXaHU3Mbl MO-
JIEKYJISIPHOM IeCTPYKLIMU U MEXMOJIEKYJISIPHOTO CIIIN-
BaHWUs, TIPUBOMASIINE K WU3MEHEHUSIM MEXaHWYECKUX
CBOWCTB U CTPYKTYphl 0a3aJIbTOBOTO KOMIIO3UTA. DTa
paboTa sIBJIsIETCS MPOAOIKEHUEM PaHee BhIMOJTHEHHBIX
paboT MO M3YYEHUIO MEXaHWYECKUX XapaKTEPUCTUK
MOIU(UIIMPOBAHHBIX 0a3aJIbTOBBIX KOMITO3UTOB [22,
23]. B HactogiieM McCleqoBaHUU MPEANPUHSITA TO0-
MBITKA 000CHOBATh (PN3MYECKOE BIUSTHUE TaMMa-00Ty-
YeHUSI Ha MeXaHUYeCKHe CBOICTBa 0a3aIbTOBBIX KOM-
MO3UTOB.

B HayuHOI1 JuTepaType CYIIEeCTBYIOT ABE TOUKU
3peHus Ha 3TOT Bompoc. [1epBbIif B3MIsIA (KOTOPBIit
MOXKHO YCJIOBHO Ha3BaTh “CTPYKTYPHBIM”) IpEAIIo-
Jlaraet, 4To Tpoliecc “ciiuBaHusl” U (GOPMUPOBAHUST
HOBOM CTPYKTYPHI, XapaKTepHU3YIOIIeiicss HOBBIMHU
MEXaHWYeCKUMU CBONCTBAMM, TPOMCXOMUT BCIEI-
CTBUE BO3ACHCTBUSI raMMa-KBaHTOB Ha Mmarepua
[24]. B To ke BpeMs mpoliecc “cCIIMBaHUs” COIPO-
BOXIAETCS TIPOIIECCOM pa3pyIIeHUsT MeXKMOJIEeKY-
JsIpHBIX cBs3eil (“destruction”). ITo Mepe yBeauye-
HUS$ MOIJIOLIEHHOM 103bl OOJydeHUsI HAUMHAeT Mpe-
o01amarh MpoIece IeCTPYKIIMU CBI3ei, M MaTepua
MOCTENeHHO pa3pylaeTcsa. Kak mokasaium sKcriepu-
MEHTHI aBTOpOB [22, 23], 3amMeTHas1 merpagalusl 1Uc-
cJIemyeMoro 6a3aJIbTOBOTO KOMITIO3UTa OYeBUIHA TP
no3ax obsyyeHus Boire 15—20 Mpan. Bropast Touka
3peHust (YCJIOBHO €€ MOXHO Ha3BaThb ‘‘IHepreTude-
CKOI1”’) 3aK/IIoyaeTcss B TOM, 4YTO Oyjaromapsl BO3Ieii-
CTBUIO KOHIIEHTPUPOBAHHOTO MOTOKA TaMMa-KBaHTOB
B Marepuaa “3aKauyMBaeTcCs’ HOIOJIHUTENIbHAS SHEpP-
TSI, TIO3BOJISTIONIAST TTPOAOJIKUTE TIPOIIECC CTPYKTY-
pUpOBaHUSI MaTepuaja, 4To Takxke MPUBOAUT K U3-
MEHEHWIO MeXaHUJeCKUX cBoicTB. [1o MHEHMIO aB-
TOPOB, 00€ TOUKHU 3PESHUSI MOTYT OBITh ICITOJIh30BaHBI
IJIsT OOOCHOBAHUSI BJIMSIHUSI raMMa-oOJydeHUsT Ha
cBolicTBa MaTepuraa. OTHaKO TOJIBKO JOTIOTHUTEIb-
HBIE UCCJIEMOBAHMSI M XOPOIIIO 0OOCHOBAHHBIE THITO-
Te3bl MO3BOJISIT NOJTHOCTBIO TIOHSITh U OOBSICHUTD (pU-
3UYECKYIO TIPUPOIY STOTO SIBICHMS.

Crenyet OTMETUTb, YTO JJI1 UBYYEHUS CTPYKTYPbI
MaTepuaja MCHOJb3YIOTCS pa3jinuHble MeToabl. B
YaCTHOCTHU, B paboTte [25] cKaHUpYIOLIMIA 3JIEKTPOHHBIIA
Mmukpockorr (COM) ucnonb3oBajicsd ISE MU3YyYECHUS
CTPYKTYpPbl MOJMMEPHOIO0 KOMIO3WTHOTO MaTepualia
TIocJIe ero MOIU(UKALIN ITyTeM BBEACHUSI YIJICPOIHBIX
HaHOTPYOOK M 00pabOTKU BLICOKOYACTOTHBIM M3JTy-
yeHueM. OJHaKo MpUMEHEHME 3TOro MeTo1a TpedyeT
BBICOKOT'O KaueCTBa IMTOBEPXHOCTU 00pa3loB 1 ya100-
HO JIJTSl MaTepraia, KOTOPBIi SIBJISIETCS 3JEKTPOMIpPO-
BonsuiuM. [ToaTtoMy B gaHHO# paboTe ISl OLIEHKU
YPOBHSI MEXMOJIEKYJISIDHBIX CBSI3€il ObLI UCITOJb30-
BaH MeTton umHppakpacHoit (MK) crekrpomerpum.
Meton MK-cnekTpomMeTpuu ycreinHo UCnoib30Ba-
JIU BO MHOTUX ucclienoBaHusix. Hanmpumep, B pa6o-
Tax [26, 27] mpuMeHeHEe CIIEKTPOMETPUHU TTO3BOIU-
JIO KaYeCTBEHHO OLIEHUTb MOSIBJIEHUE HOBBIX CTPYK-
TYPHBIX CBI3€M IPU paiMallMOHHOM BO3JIEMCTBUU Ha
Ne 5
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Tabomuna 1. OCHOBHbBIE XapaKTepUCTUKM 0a3aJbTOBOTO POBUHTA

Ne HaumeHnoBaHue nmokasaTesei Tpe6oBanue NTD Pesynbrat TecTa
1 JIuaMeTp 3J€MEHTAPHOIO BOJIOKHA, MKM 13£0.5 13.21

2 JIMHeHas MIIOTHOCTD, TEKC 1200 £ 60 1214

3 VnenwbHast pa3pbiBHast Harpy3ka, MH/Tekc He meHee 650 715

4 ConepkaHue BEIEeCTB, yIajsieMbIX Tpy TpokanuBanuu, % | He menee 0.4 0.5

5 BnaxHoctb, % He 6omee 0.1 0.01

ucciaeayeMbiii Matepuall. B HacToseit padote MK-
CIIEKTPOMETPUS UCHOJIb3YETCS A1 U3YIEHUS CTPYK-
TYypbl OOJYyYEeHHOTO 0a3aJJbTOBOIO KOMIIO3UTa B
LIEJIOM.

2. MATEPUAJIBI 1 METObI
NCCIEOOBAHUA

Heob6xonmMo y9uThIBaTh, 9YTO CBOMCTBA 0Oa3aib-
TOBOTO BOJIOKHA B 3HAUUTEIbHOM CTENEHU 3aBUCST
OT €ro XMMHYeCKOT0 COCTaBa, KOTOPbIil BApbUPYETCs
OT MECTOPOXAEHUS K MecTopoxaeHuio. Hampumep,
npeaesa MPOYHOCTU MPU PACTSKEHUM 0a3ajIbTOBOTO
HEIMPEPbIBHOIO BOJIOKHA HAXOAUTCS B IOBOJIBHO 111~
poxom nuanasone 3000—5160 MIla, a Mooyib yIipy-
roctu kojeobyercs ot 79 mo 93 I'ma [2]. B HacTosIMX
HUCCIEA0BAHUSIX JJIs W3TOTOBJIEHUSI KOMITO3UTHBIX
o0pas1oB ucnoab3oBaiica poBuHT HPB13-1200-KB-
12 (mpousBoauTeab — KoMnaHus “KamMeHHBIN BeK”).
XapakTepuCTUKN BOJJOKHA MPUBEAEHBI B Ta0M. 1.

Cesytomiee B T-101IT ncrmoab30Bagoch B KAYSCTBE
MOJMMEPHO MaTpUIIbI ISl IPOU3BOACTBA 0a3aIbTO-
BOro komriosuta. Cassylolliee UMEET CAeAyIOlInii co-
craB: 100 ygacreit cMojbl KA (3moKcHaHO-aaHOBasI
cMoJia, MOIUMUILIMPOBaHHAS aMU(aTUIECKOM CMOJIONM,
IUHaMHU4YecKas Bs3KocTh 4.5 mpu 25°C); 10 4acreit
TEAT-1 (tpustanonamunHeTtutaHar, (CqH[,O;N)4Ti;,
ycioBHas Bsa3kocTh 60—200 ¢, mpu 50°C); 2 yacTu mpo-
nykta ADE-3 (nuaTuiaMMHOMETUITPUITOKCHCUIIAH,
AKTHUBHBII OTBEPAUTENIL KPEMHUMOPTAaHUYECKUX U Op-
rannyeckux cmoi, (C,Hs),NCH,—Si (OC,Hs);).

st sKCcnepuMEHTANbHBIX MCCASOOBAHUN ObLIN
M3rOTOBJIEHBI KOJIbLIEOOpa3HbBIe 00pa3Iibl, KaK MOKa-
3aHoO Ha puc. 1. BHyTpeHHMI1 tTuamMeTp 06pa3IoB Co-
crapisut 150 mM. ITomepeuHoe ceyeHmne Kojen MMeJIo
MpPSIMOYTOJAbHYIO (OpPMY: TOJIIMHA W IIMPUHA CO-
ctaBiastyii 4 u 10 MM cooTBeTCTBeHHO. M3MepeHust
yYKa3aHHBIX pa3MepoB 00pa3LoB IIPOBOIMIMCH C TOY-
HocThIo 0.01 MM. BusyanbpHEBIIT 0OCMOTp 00pa31oB HE
BBISIBUJI HUKaKUX dedekToB. HekoTopbhle He3HAUU -
TeJIbHble U3MEHEHUSI TeOMETPUIECKIX ITapaMeTPOB,
BO3HMUKIIIME B IIPOIIecCce MU3TOTOBJICHUS, OBIJIN yUTe-
HEI TIPY pacyeTe HaIpsSKEHUI.

Ilepen MexaHMYECKMMH UCTIBITAHUSIMU OOpa3Ibl
OBbUIM pa3desieHbl Ha YeThIpe IPyIIibl. B mepByto rpyminy
BOILIUTA 00pasLibl, KOTOPbIE HE TTONBEPTajuCh MPOLIEAY-
pe raMMa-o0JrydeHus. Tpu ITociieIyIoniye TpymniTbl ObI-
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JI1 00JTydeHbl go3amu 5, 10, 15 Mpan COOTBETCTBEHHO.
T'oToBBIE 0Opa3LIBI 0a3aJILTOBOIO KOMITO3UTA O0IyYain
raMma-KBaHTaMM B OTKPBITOM aTtMocdepe. breim mc-
MOJIb30BaHbl MCTOYHUKN MOHU3UPYIOLIETO U3Iyde-
Hust CO®. CpenHsist KBaHTOBAsI SHEPTUSI STOTO U3ITY-
yeHus coctasisier 1.25 M»sB. Bpemst Bo3meiicTBus,
0€e3yCII0BHO, 3aBHCEJIO0 OT I03bI U COCTABJISIO OKOJIO
14 gueit s no3sl 15 Mpan. Hebonbiioit pasmep 00-
pa3loB MO3BOJISIET TOBOPUTH O TOM, YTO OOJIydeHUE
OBUIO paBHOMEPHBIM. YTOOBI CTAOMIN3NPOBATH CO-
CTOSIHME MaTepuraja, MeXaHU4eCK1e UCTIIbITAHUS 00-
pa3loB OBLIM MPOBEICHLI Yepe3 TPU Mecslia Iociie
o0mygeHus. O0pasibl XpaHWINCh B HOPMAJIbHBIX YCIIO-
BUSIX TIpM KOMHAaTHOI TemIiepaType. McciaemoBaHue
BKJTIOYAJIO VICIILITAHMS TSI OIIPEAC/ICHUS YIIPYTUX Xa-
PaKTepUCTUK 0OPa3LIOB U IIPOYHOCTU HA PACTSKEHME.

KombiteBbie 00pas3ibl MpW  KBAa3UCTATUIECKOM
pPaCTSKEHUM WCIIBITHIBAJIMCh B COOTBETCTBHUU C
IOCT25.603-82 u TpebGoBaHUII MEKIYHAPOTHOTO
crangapta ISO/TTA 5:2007 Code of practice for
creep/fatique testing of cracked componens ¢ ucIiob-
30BaHUEM D3JIEKTPOMEXaHUYECKOW HCIbITaTeIbHOM
cucteMnl Instron 5882 (£100 KH) 1 HaBeCHOro 3KC-
teH3oMeTpa Epsilon, moka3zaHHBIX Ha puUC. 2.

O0pa3zelr 3akperuisIics B 3axBaTax MCHBITATENb-
HOIi MalllMHbI, TOCJE Yero yCTaHaBIMBAJICSI HaBec-
HOIT gaTauk aedopMmanuii (6aza namepeHus — 10 mm).

Puc. 1. O6pasel konblia n3 6a3aJIbTOBOTO KOMIIO3UTHOTO
MaTepuana.
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Puc. 2. O6pa3sel B 3axBaTax UCIbITATEIbHOI MAIIUHBI.

CKOpOCTb HAarpyKeHusI B 9KCIIEPUMEHTAaX COCTABIISI-
JIa 2 MM/MUWH, 06pa3el] HarpyKaJcsi 10 pa3pylIeHHUsI.
Ha pnc. 2 n3o06paxeHn obpaser B 3axBaTax MCITBITA-
TEJIbHOM MAIIIMHBI C JaTYUKOM AehOpMUPOBAHMSI.

Uccnengoanus MK-criekTpa 1mmoBepxXHOCTH 00-
pa3noB U3 0a3aJbTOKOMITO3MTA OBLIO ITPOBEACHO B
nmnamnazoHe 4000—400 cm~! ¢ ucnonaszoBanuem K-
dypre-cnekrpoMmerpa Nicolet 380 FT-IR. Takke
OblJIa ucCIoJib30BaHa mnpuctaBka Smart Diffuse Re-
flectance, mo3BoJsIONIAas aHAJIM3UPOBATH CUJIBHO

paccenBample CBeT TBepabie BemlecTtBa. MK-crek-
TPpbl ObUIM CHSITBI METOIOM HapYyIIEHHOIO IOJHOIO
BHyTpeHHero otpaxeHusi (HITBO). Meton HITBO
TO3BOJISIET MOIyYaTh JOCTATOYHO MHTEHCUBHbBIE CUT-
HaJIbl B 00J1aCTM HM3KMX 4YacToT. B Hailem ciydae
OHH IIPEACTABIISIIOT HauOonbIIrii nHTepec. O0pa3ubl
11 UK-cnekTpoMeTpuu ObLIM U3TOTOBJIEHBI U3 OfI-
Horo u3 KoJjell. OHo ObUIO pa3pe3aHo Ha (parMeHThI
oIpeieJIEHHOTO pa3Mmepa (CM. puc. 3a) ¢ MOCIe YoM
raMma-o0JIy9eHIEM COBMECTHO C 0Opas3laMu IUIsT Me-
XaHWYECKMX ucHbITaHuii. s obecneyeHus: TpeOye-
MOTO KauyecTBa IMOBEPXHOCTHU, IPOU3BOIUIACH 3a-
JIMBKA MaTepuajia SIOKCUIHBIM CBS3YIOLIMM W TOH-
Kas nngoBKa HeoOXxoauMoit 061acTu (cM. puc. 30).

ITockombKy 0a3abT IIPEaCcTaBIIsIeT OO0 KOMOM-
HAaIIMIO OKMCJIOB Pa3IMYHBIX METAJUIOB, UX IIPUCYT-
CTBHE Ha MOBEPXHOCTU MaTepuajia ObLIO MOATBEP-
KneHo npoBeneHueM EDS-kapTupoBaHUs ¢ TTOMO-
IIBI0 PacTPOBOIO 3JeKTpOoHHOro MukKpockomna FEI
Quanta 650 FEG. 3adpuKkcupoBaHHBII 31€eMEHTHBIM
COCTAaB IIPeACTaBIeH B Ta0. 2.

Takum oOGpa3oM, B cocTaBe WCCleayemMoro 0Oa-
3aJIbTOKOMITO3UTA TIPUCYTCTBYIOT OKHUCJIbI KPEMHUSI
W OKHCJIbl METaJUIOB: aJlOMUHMS, Kejie3a, HaTpusl,
Kanblusi, TUTaHa, Kaaus 1 Maraus. CliemyeTr oTMe-
TUTb, UTO BBICOKUI1 ypOBEeHb coaepxaHus SiO, obec-
MeYrBaeT XOPOIINd YPOBEHb T'MOKOCTH W XMMUYE-
CKYIO CTaOMJILHOCTH 0a3aJIbTOBOTO BOJIOKHA. OKUCH
amoMunus Al,O; — yayylIiaeT TEpMUYECKYIO CTOM-
KOCTb, a okucybl CaO, MgO, TiO, noaaepxuBaior Ha
BBEICOKOM YPOBHE ITapaMeTphl BOIO- M KOPPO3WOH-
HoI1 cToiikocTH [28].

Puc. 3. O6pasiibl, noarorosiaeHHble wist MK-crniekrpomerpun.
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3. PE3YJIbTATbI UCITBITAHUI
N OBCYXAEHUE

ITo pesynpTatamM WUCIIBITAHUN OBLUIM IIOJYYEHBI
JUarpaMMbl HArpy>KeHUs (XapaKTepHbIE TMAarpaMMbI
MPUBEACHBI Ha pUC. 4), U3 KOTOPBIX OBLIIN Oonpeacie-
HbI MOJIYJIA YIIPYTOCTU M Tpeaesibl mpouyHoctu. M3
puc. 4 BUIHO, YTO MOCJIe OOJIy4YCHUSI IIPOUCXOMUT
CHUXXEHME MpeAeTbHOM HArpy3KU MPU OJHOBPEMEH-
HOM MOBBIIICHUN MOAYJIA YIIPYTOCTHU.

BoiunciaeHHBIE U yCpeQHEHHBIE IO TpyIliaM 00-
pa3loB MeEXaHUYECKUE XapaKTEPUCTUKU IIPUBEIEHBI
B Ta0OII. 3.

M3 npuBeaeHHBIX pe3yJIbTATOB MeXaHWYeCKUX
UCIIBITAHUI BUAHO, UYTO C YBEJIMYCHUEM JO3bI FaMMa-
00JIydeHUsI MaTepUaJl CTAaHOBUTCS OoJiee XPYITKUM, a
MOAY/Ib YOPYroCT Bo3pacTaeT. JIjisi MOIHOTHI WH-
dopmaLiy OTMETUM, UTO YIJUHEHHUE Ha pa3phiB I
BCeX UCIThITAHHBIX 00pa31oB He MpeBbiaio 1%.

Ha puc 5. npuBeneHa MK-cnekrporpamma st
OITHOTO 13 00pa3lioB C paAuallMOHHBIM BO3IECTBUEM
B 10 Mpan. B nemsax nmeHTMUKAIINA MEXAaTOMHBIX
CBsI3ell C COOTBETCTBYIOIIMMHU YacToTaMM KoJeba-
HWIi1, OblIa MPOBENEHA NPOLEAYPA CIVIAXUBAHUSA 110
25 ToukaM. HecnoxHo 3aMeTUTh, 4TO CIIEKTporpaMma
HE COAEPXKUT OCTPBIX MUKOB B COCEACTBE C TOPU30H-
TaJTbHBIMU YJ4acTKaMu. TakuMm oOpa3oMm, CyIIeCTBEeH-
HOTO MCKaXeHus1 uH(OopMaliuy U TIOTEPU OIpeneieH-
HOI pernpe3eHTaTUBHOCTHM CIEKTpa He HaOJIoJaeTCs.
Bmecte ¢ Tem “mymoBass” wmH(poOpMauys 3aMETHO
dunsTpyercs, a Bce JOKaIbHble MAKCUMYMbI U MUHU-
MyMBbI (OTMEUEHBI Ha PUC. 5) COXPaHSIOTCS.

H3BectHO, uTO o06nactk cmekrpa or 4000 mo
2500 cm~! cBs3aHa C BaJIEHTHBIMU KOJIEOAHUSAMU
ruapoKewIbHBIX (3300 cM~!) 1 amuHOBBIX (3335 cM~1)
rpymn [29, 30]. ITonoca nomiomenus 2958 cm~! coor-
BETCTBYET aCUMMETPUYHBIM BaJICHTHBIM KOJI€OAHUSIM
CH;-rpyrimsl, 2923 1 2854 cM™! — acMMMETPUYHBIM U
CUMMETpUIHBIM KoJlebaHussM CH, cOOTBETCTBEHHO;
3037 cM~! — mosoca apomarmyeckux rporoHos C—H,
VIMEIOIINX TMOPUIM3ALMIO IO TUITY sp°. DIIEKTPOHHAs
rubpuausanus no tumy sp® mus caseit C—H BbI3bI-
BaeT NomioeHne B yactorax 2950—2850 cm~'. B 06-
gacty o1 2500 1o 1500 cM~! oTMEYArOTCA YaCTOTHI KO-
JiIeGaHU1 aTOMOB C KpaTHBIMU BaJICHTHBIMU CBSI3SIMU
C=C, C=0, C=N. ApoMaTHYECKOE KOJbLO IIPOSIB-
JisieT cebsl B BUIE ABYX ITMKOB B TOYKaxX OJM3KHUX K

3HaueHusaM 1600 u 1500 cm— L.

Crnenyer OTMETUTD, YTO BBICOKOYACTOTHBIE 3HAUE-
HUS B CIIEKTPE IOMIOLICHMS B TAHHOM CJIy4dae CBSI3aHbI
IJIABHBIM 00pa30M C MOJIEKYJIaMU SIIOKCHUIHOTO CBSI3Y-
fonrero. HuzkoyacToTHy10 00J1aCTh BOJTHOBBIX UMCEJI
ot 1500 o 500 cm~!, B UK-criekTpoMeTpnu IIpUHSATO
Ha3bIBaTh 00JIaCThIO “OTHevyaTkoB manbueB” [17].
MMeHHO B 3TOi 00JIaCTU MPOSIBISIOT CE0SI MOJIEKY-
JIbI, COCTaBJISIONINE 0a3aIbTOBOE BOJIOKHO.
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Ta6mamma 2. DjIeMEHTHBIN COCTaB OKHUCIJIOB 0a3aJIbTOKOM-
o3uTa

BDneMeHT Bec, % ATtoMHBIi1 Bec, %

(0) 52.12 66.47

Na 3.04 2.7

Mg 2.85 2.39

Al 10.01 7.57

Si 23.39 17

K 0.8 0.42

Ca 3.94 2

Ti 0.74 0.32

Fe 3.1 1.13

biaromapst BaJleHTHBIM KOJIeOaHUSIM, CBOU “Ciie-
IBI” B 3TOI 00JIacTH Takke ocTaBisioT cBsa3n: C—C,
C—N, C-0, N—-O. YactoThsl Ae(popMalLlMOHHBIX KO-
JIeOaHMI B 3TOM YaCTU CIEKTpa XapaKTEePHBI U IJIs
cea3eit C—H, N—H, O—H, a rakxe 111 CUJIOKCaAaHOB
M aMUHOBLIX rpyI. B o6mactu 1020—970 cm~! 06bIY-
HO IIPOSIBIISIIOTCSI OKCUJIBI, Y KOTOPBIX OAUH aTOM Me-
Tajla CBSI3aH C OoJjiee Y4eM OJHUM aTOMOM KHCJIOpPO-
na. Oxcuabl MeTaI0B rpyIibl Me=O MMeroT BOJIHO-
Bble yucIia abcopbuuu B quamnazone 1100—825 cm—'.
BanentHrle konebaHust Fe—O oTpaxaiorcss BOIHO-
BBIMHU ynciamu 460, 568 cm~!, a nedpopMaLlOHHbBIE —
1170, 1300, 410 cm~'. Konebanus casazeit AL—O 06-
HapyXMWBaIOTCS PSIIOM BOJHOBBIX yuced: 559, 517,
451 1422 cm— .

HammomuuM, 9to MonekyssipHast cBsI3b Si—O Mak-
CHUMaJIbHO TIpecTaBieHa B 6a3anbre. COOTBETCTBEHHO,
ee BaJICHTHBIC KOJIEOaHWSI UMEIOT CHUTBHYIO TTOJIOCY a0-
copbumu B granasone 1100—1000 cm~!, a medpopmarm-
OHHBIE KOJIeOaHUS TPOSIBIISTIOTCS B o6jacTy — 460—

1000 -

800 -

600

Hanpstkenue, MPa

400 : : :
0 0.2 0.4 0.6 0.8

Hedopmanus, %

Puc. 4. I'paduky HanpsoKeHHO-AeMOPMUPOBAHHOTO CO-
CTOSTHMS 117151 00pa31oB, o0ydyeHHbIX no3amu: 0 (1), 5 (2),
10 (3), 15 (4) Mpan.



374 OHUWCKMUB u np.

Tabomuna 3. PesynbTaThl MEXaHUYECKUX UCTIBITAHUI 00pa31ioB

MaxkcumanbHast Hanpstxkenue
Hlosa (Mpan) Harpyska, Ku pactsoxkenus, MPa Monyzs yripyroctu, I'la
93.16 1034.5 81.65
5 87.35 1012.7 86.90
10 83.39 977.8 103.25
15 81.67 928.4 104.35

430 cm~!. Yacrora KoysebGaHUil, COOTBETCTBYIOLIAA
BOJTHOBOMY 4mciy 601 cM~!, yka3piBaeT Ha HajM4une
cBsa3u Ti—O. Metaminueckue cBsizu (Me—O) mMoryT
TaKkKe OOHAPYXXMBAaThCd U B 00JIACTA BOJTHOBBIX UMCEIT
700—590 cm!. [Monoca morolmeHUs B AUara3oHe
1490—1420 cM~! BepOSATHO OTHOCUTHCS K IIOIVIOLIE-
HHIO, XapaKTepHOMY IIsI MoJieKyJibl Mg—O. Heo0xo-
JIUMO 3aMETUTh, YTO B IMAMA30HE BOJHOBBIX YUCEN
1270—500 cM~! TIpUCYTCTBYET MHTEHCUBHA T10JI0CA,
XapaKTepu3ylomast KoJieOaHUs 3ITOKCUIHOTO KOJIb-
1a, TI0O3TOMY OTHO3HAYHO BBIIEIUTbL WHINBUOAYATb-
HbIE MOJIOCHI, XapaKTEepHBIC JISI OKCUIOB METAJLIOB,
He BceTna IIPEeACcTaBIIsIeTCs BO3MOXHBIM.

Pesynbratel MK-criekTpoMeTpuu, oTpakaroiiue
U3MEHEeHME CMeKTpa MpU ramMmma-o0JydyeHu U, MmoKa-
3aHbI Ha puc. 6.

OTpaxeHue

——OO0O0 OO0O—— = NNNNNWLWWWARRARU
NOOARNONN LSO AN CONN RO LN CONNRARANOO

Kax BugHO 13 puc. 6, THTEHCUBHOCTb ITOTJIOIIE-
HMSI IOYTH BCIOIY YBEIMUMBAETCS B COOTBETCTBUM C
POCTOM 03Bl 00JIy4EeHMsI, MOHOTOHHO “IogHUMast”
rpacguk B paccMaTpUBaeMOM YaCTOTHOM AUAaIla30He.
HcknoyeHreM SIBASIETCS 00J1aCTh B TOYKE MUHUMY-
Ma — 1250 cm~!'. CoxpaHeHMe 0OIIEro xapakrepa
MK-crnekTpoB B BHICOKOYAaCTOTHOI 00JTaCTU BEPOSIT-
HO CBSI3aHO C IPOJOJDKEHUEM peaKIIU ITI0JIMMepu3a-
U B IIPOLIECCe OOTyIeHNSI.

B Hu3KOoYacTOTHOI 00JIaCTH pamuKaibl, 0bama-
IOIIIMe OMPeAeICeHHO MONBUKHOCTBIO M CO3MaHHBIE
pamualOHHBIM BO3IEMCTBHEM, BCTYIAIOT B HOBEIE
XUMHMYECKIE CBSI3W. 3HAYUTEIBbHBIN POCT ITOIIONIe-
Hus B o6yactu 1000 cMm~! HanbGoJIee BEPOATHO CBSI3aH
¢ 0O0pa3oBaHMEM OPIraHO-CHUJIMKATHBIX COSTUMHEHUMN
—C—0-Si— (BonHoBoe ynucio 1072 cm~'). ITo mHe-

Il Il Il
000 3500 3000 2500

N

BonHoBoe yucio, cM™

Il Il Il
2000 1500 1000 500

1

Puc. 5. CraxxuBanue MK-criekrpa (cMHMIT — 10 cyIaXkMBaHMSI, KPACHbI — MOCJIE).
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Puc. 6. UK-criekTpsl 06pa3iioB mpu pa3inyHbIX J03aX 00rydeHUsT (CMHUI — M0 00TydeHus, 3eJeHbIil — 5 Mpan, KpacHbIN —

10 Mpan, kopuuHeBblit — 15 Mpan).

HHIO aBTOPOB, 3TO CBS3aHO C TE€M, UYTO CHJIMKATHAS
rpymnmna 6asanbTa SBAsIeTcsl HamboJjiee pacrpocTpa-
HEHHOI M aKTuBHOIi, a ¢cBsi3b C—H B smokcugHOM
CBSI3YIOIIIEM JOCTATOYHO JIETKO pa3pbiBaeTCsl B MPO-
ecce pagualMoHHOro ooirydeHus1. Takum odopazom
dopMuUpyeTCsSI TpeXMEPHBIE CTPYKTYPHI C XUMUYECKU
BCTPOEHHBIM 0a3aJbTOBBIM HaIlloJiHUTeNeM. BrionHe
JIOITyCTUMO M 00pa3oBaHMe aTIOMOCUINKATHOTO CO-
equHeHUsT Si—O—Al, MMeIoIIero 4acToThl aedopma-
LIMOHHBIX KoslebaHmit — 535, 678 cm~!. @opmuposa-
HHE MOJIEKYJISIDHOTO KapKaca BecbMa IMHAMUYHO
MpoTeKaeT B caMOM Hayvajie Tipoiecca ooaydeHus (10
5 Mpan). I1pu noctrkeHuu m1036l B 15 Mpan npouc-
XOOUT YMEHbIIeHNWE MHTEHCHUBHOCTU abcopOLUU B
o6sactu BosHOBLIX uncen 800—400 cm~!, xapakrep-
HOUt 11 HedOopMallMOHHBIX KOJICOAHUN aoMO-
KPEeMHUI-KMCIOPOTHOIO KapKaca. PasyMHBIM sSIBJIsI-
eTcsl MPeAnoJoXkeH e o TpeobagaHuy Tpoliecca Je-
CTPYKIIMU. DTa CTaaus IIpoliecca o0IydeHHs CBsI3aHa
C UcuepIlaHUEM B MaTepuayic MOJICKYJISIPHBIX paayvi-
KaJIOB, UMEIOIINX HEOOXOAUMYIO IS BCTYIJICHUS B
XUMHUYECKUE CBSI3U CTEIIEHb IoaBKHOCTH. I1osiBs-
IolIMecs B pe3yibTare AeCTpyKUMU (parMeHThl MO-
JIEKYJI B IOAABJISIONIEM OOJBIIMHCTBE CIMIIIKOM I'PO-
MO3JIKH! Y TI03TOMY MaJIOTIOJABVKHHEI.

Kak yXe oTMevasoch, pampialliOHHAs WHUIIAA-
IIUST TIPOIIECCOB CIITMBKU CBSI3aHa C 0Opa3oBaHUEM
HOBBIX MEXMOJIEKYIIPHBIX cBs3eil. dopMupoBaHue
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MPOCTPAHCTBEHHOM CETKM MOIOOHBIX CBSI3€ii C TJI0T-
HOCTBIO 71, (Pa3MEPHOCTb — MOJIb/CM®) IPUBOIUT K
M3MEHEHHMIO MaKpPOCKOTTMYECKUX CBOMCTB MaTepHa-
Ja. B yacTHOCTH, IPOMCXOMUT 3aMETHOE U3MEHEHUE
MOJIYJISl YIIPYTOCTU ucclienyeMoro marepuana. st
OILIEHKH 3TUX M3MEHEHWI MOXHO BOCIHOJIB30BaThCS
M3BECTHBIM COOTHoIIeHueM [31], MoJy4eHHBIM B
paMKax KJIaCCUYECKOM TEOPUU BBICOKOM 2J1aCTUYHO-
CTH JIJISl YCJIOBHOTO HaMpsiXKeHUsI G:

o =nPT(L-1/2%),

rne T — Ttemmeparypa, R — yHuBepcanbHas ra3oBast
rocTosiHHast, A — Mepa nedopmarmin, A= L/L, = (AL +
+L))/Lo=1+¢.

ITockonbky pedopmand B paccMaTpuBaeMOM
cilydae orpaHuyeHsl ypoBHeM 1.0—1.5% u (1 + €)? = 1,
torna (A — 1/A?) = (1 + & — 1/(1 + ¢£)?) = €. [Ipeano-
Jlarast, YTO 3aBUCUMOCThb HaIpsDKeHUM U nedopMa-
Uil TUHEHa, MOXHO 3aIucaTh PAaBEHCTBO

o= FEe=nRTe

Takum o6pa3om, oLieHKa MOIYJIsSl YIIPYTOCTU Oy-
net cnenytouieit: £ = n PT. COOTBETCTBEHHO, IJIOT-
HocTb ceTku: 1, = E/(RT).

IIpennonarasi, 4yTo TeMmeparypa IOCTOsIHHA, He-

TPYOHO MOJYYUTh OXUAAEMOE U3MEHEHUE IIOTHO-
CTH CETKM B MaTepHraJie IIpU pa3IMIHbIX 103aX 00y-
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yeHus1. CpaBHUBasI MOMYJIb YIIPYTOCTU 6a3a71bTOBOTO
KOMIIO3UTa, 00JydeHHOro 103011 15 Mpan, ¢ Hayajib-
HBIM 3HA4YCHUEM MOIYJS (IO OOJydyeHUs MaTepua-
JIa), TI0JIy9aeM OLICHKY TUIOTHOCTU CETKH:

n(15) = n,(0)E(15)/ E(0).

Taxkmm o6pazom, 11 IPUBEACHHBIX B Ta0J1. 3 3Ha-
YEeHMI MOJYJIEN YIIPYTOCTH CJIEAYET OXKUIATh yBEJIM-
YEeHUS IIJIOTHOCTU CETKU MEXMOJIEKYJISIPHBIX CBSI3€IA:
n.(15) = 1.28n,(0). O4yeHb BaXKHO OTMETUTb, UTO Xa-
pakTep OLIEHKM UCKIIOYUTEIbHO NHTEeTPaIbHBIA, T.C.
nmo coBOKymHocTH Bcex yactoTr MK-cnekrpa. Ilpu
5TOM B JIOKQJIbHBIX YACTSIX CHEKTPa MOTYT IIPUCYT-
CTBOBATh KaK y4aCTKHA MEXMOJEKYISIPHOM CIIMBKU,
TaK M y9aCTKU AeCTpyKLIMU. Y3 pe3yabTaToB, MpUBe-
JEeHHBIX Ha pUC. 6, BUIHO, YTO MHTEHCUBHOCTD IO-
JIOIIEHMSI ITIOCJIE PaauallMOHHOIO BO3ICHCTBUS B
HCCeA0BAaHHOM MHTEpBaJie 103 B CPEIHEM MOBbICH-
JIach IpuMepHO Ha 25%. DTo moaTBepKaaeT MPEaIo-
JIOKEHWE, YTO OCHOBHOM 3(p@deKT pamnanrmoHHOMN
MOIU(UKALIMM KOMIO3UTA, CBSI3aHHbBIN C MOBBIIIE-
HUEM YIPYTUX CBOMCTB MaTepualia, OOBbICHSITCS O~
SIBJIECHEM HOBBIX MEXMOJICKYISIPHBIX CBI3ei [32,
33].

4. BAKJTIOYEHUE

B pesynbraTe mpoBeneHHOIO MCCIEIOBAaHUSI Me-
XaHWYECKNX CBOMCTB KOJIBLIEBBIX OOpa3lioB, M3ro-
TOBJICHHBIX U3 0232IbTOKOMIIO3UTA U 00pabOTaHHBIX
pa3IUYHBIMU A03aMH TaMMa-00IydeH1s ObLIO yCTa-
HOBJIEHO.

C yBeIMYeHUEM J103bl OOJTy4YeHUST 3HAUSHUST TTpe-
IeJia TIPOYHOCTH Ha pa3pblB MCCICTOBAHHOTO MaTe-
prayia UMeIoT TeHACHIINIO K MaIeHuIo, a 3HaYeHUS
MOJLYJISI yIIPYTOCTH PACTYT.

Coxpanenue obiero xapakrepa MK-crekTpoB B
BBICOKOYACTOTHOI 00JIaCTM BEPOSITHO CBSI3aHO C
MPOAOIKEHUEM peaKIuy MOJUMEPU3AUU B CBSI3Y-
IOIlIEM MaTepuaje B mpoiecce OOIydYeHUsI.

Anamu3 MK-cnekrpa 0a3ajbTOKOMIIO3UTA BHI-
SIBUJT OCOOCHHOCTHY BO3IEHMCTBUS U3JIyUYeHUs Ha Ma-
tepruan. OGHapyXeHO, YTO MPU MaJIbIX 103aX 00JTy4de-
HUSI HAOJIOZAEeTCs POCT YMCIA MEXMOJICKYISIPHBIX
CBsI3€¥i KaK B BBICOKOYACTOTHOM, TaK U HU3KOYACTOT-
HOU oOJyacTsx crnektpa. OgHaKo MpU TOCTUXKEHUU
03Bl 00IydyeHus B 15 Mpan oTMedaeTcss CHIDKEHUE
Yylciia CBI3€il B HU3KOYACTOTHOM AMAalla30HE CIIeK-
Tpa, 4TO, Ha B3IVIsIJ aBTOPOB, COOTBETCTBYET AECTPYK-
UK aTIOMO-KPEMHUEBO-KHUCIOPOTHOTO U OpPTraHoO-
CUJIMKATHOT'O KapKacoB.

OCHOBHOI TIPUYUHOI, IO KOTOPOI NE€CTPYKTUB-
HBIE€ MPOIIECCHl CTAHOBSITCSI MPEBATUPYIOIIUMHA TIPU
BBICOKHX J03ax OOJy4yeHHUsl, MO HallleMy MHEHMIO,
SBJISIETCS MCYEPIIaHUE 4YHUCIa MOABUXHBIX paauKa-
JIOB B 00JIy4aeMOM MaTepuae.

HMcnonb3oBaHue MakpoIlloKaszaTtelieil MaTepuaia
(MopyJseii yIpyroct) u COOTHOIIEHUMN TE€OPUU BbI-

XUMUSA BBICOKHX DHEPTUM

COKOM 3JJaCTUYHOCTH I103BOJISIET YAOBJICTBOPUTEIIb-
HO OLICHUBaThb CpeﬂHVIﬁ YPOBE€Hb BO3HUKAIOIIMX
MEXKMOJICEKYJIAPHBIX CBSI3EHA.

Takmm o6pa3zoM, MOXHO KOHCTAaTMPOBATbh, UYTO
raMmMa-o0IydeHre 6a3aIbTOKOMO3UTA I03aMU He OoJiee
15 Mpap IIpuBOINT K ITOJIyYEHUIO OoJiee “XKeCTKOTo”
Marepuajia C TOBbBIIIEHHbIMU YIIPYTUMU XapaKTepu-
ctukamu. [1pu nocTkeHnn 10361 o0syaeHust 15 Mpan,
HayWHaeTcs] WHTEHCUBHBIN MpolecC NeCTPYKIIUU
MEXMOJIEKYJISIPHBIX CBSI3€1, UTO TIPUBOJIUT K PE3KO-
MY CHUXKEHUIO IIPOYHOCTHBIX CBOMCTB 6a3abTOKOM-
Mo3uTa.

BIIATOOJAPHOCTHU

ABTODBI BbIpaXkaloT 0JIaroJapHOCTb KaHIUAATy XUMHU-
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