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MOJIMMEPHBIX CUCTEM CIIY)XHUT CHIIOBOE pa3MsIIYeHHe HATOJIHEH-
HBIX pe3un. 2 DToT 3 deKT, BBULY €r0 MPAKTUYECKOM 3HAUYMMO-
CTH, 6])[.]'[ nIpeaAMETOM MHOI'OYUCIIEHHBIX I/ICCJ]QZ[OBaHl/II\;I. B €ero
OCHOBE JISXKHT TOT (PAKT, YTO AJIsI IOBTOPHOTO 1e(OPMUPOBAHHUS
HATIOJIHEHHOI Pe3nHBbI TPeOyeTCsl 3HAUYUTEILHO MEHbIIIee YCHIIHE,
yeM ISl IepBoro AeopMHUpOBaHUs. YKa3aHHBIN 3(dekT Heob-
pATHUM, H €ro0 TOSBJIEHIE CBSI3BIBAIOT C OCOOEHHOCTSIMH B3aMMO-
MIEWCTBYSI TIOJIMMEPHBIX IIETIEi C TOBEPXHOCTHIO TBEPIOTO HATIOJI-
HUTEJISI B 00beME PE3UHBI.

B HacrosieM 0630pe paccMOTpeHbl U 0O00OIICHBI JAHHBIE O
CTPYKTYPHBIX IEPECTPOIKAX B CTEKJIOOOPA3HBIX M KPUCTAILINYE-
CKHIX MOJIMMEpAax IO JeUCTBHEM MEXaHMYECKOTO HAIPSDKEHUSI.
I'1aBHast 0COOEHHOCTH TAaKHX CHCTEM — CTPYKTYpHBIE Iepe-
CTPOUKH, IPUBOISIINE HE TOJIBKO K PE3KOMY H3MEHEHUIO CTPYK-
TYPHO-MEXaHUYECKOTO TOBEICHHUS] HCXOIHOTO MOJIMMEPA, HO U K
MOSIBJICHHIO ¥ HErO CIIOCOOHOCTH K aHOMAJIbHO GOJBIIM 00pa-
TUMBIM AehopManusiM B TEMIEPATYPHOIl 0OIACTH HUXKE COOT-
BETCTBYIOIIUX TEMIEPATYD CTEKJIOBaHMUS W(WIM) ILUIABJICHHSL.
Crenyer OTMETUTb, YTO Ui OOBSICHEHUs (PUBHYECKUX MPUYUH
BO3HHKHOBEHUSI TAaKOTO pojia OoJbIIMX 00paTHUMBIX nedopma-
U ©MEETCsI HECKOJIBKO aJIbTePHATUBHBIX OOBSICHEHHH, TaK KaK
eaMHasl TOYKA 3PEHMs Ha JTO SIBJICHAE B HACTOSINEE BpEMs
OTCYTCTBYET.

I1. lepopmanuonHoe pa3Msirdenne noJauMepHbIX
cucteM 0e3 pa3BUTHS IOPHCTOCTH

1. Kpucranmsyromuiicst kayuyk

SBnenne neopManmOHHOTO pa3MsTrYeHHsl B IOJIMMepax HabJro-
JlaJld JOCTATOYHO AaBHO. KpuBbIe pacTspkeHHs] U COKpAILCHUS
Ppa3MepoB (ycajiku) ryTTanepyy IpeacTaBieHbl Ha puc. 1.3
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Puc. 1. Kpussie pacTspkeHHUs U yCaIKi TYyTTaepyd Ipyu KOMHATHON

TeMmeparype.?
Pactspxenue: | — nepBu4HOE, 2 — BTOPUYHOE.

I'yrranepua — reomMeTpuyuecKuii ©30Mep HATYPAIBHOTO Kay-
yyka. B oTamume oT kaydyka mpH KOMHATHON TeMIepaType
ryTranepya HaxoJUTCs B KPHCTAJINYeCKOM cocTosiHuu.* B nep-
BOM IMKJIE PACTSDKEHHUS TyTTanepya mokasbiBaeT KPUBYIO, Xapak-
TEPHYIO ISl KPUCTAJUINYECKOTO MoJImMepa (JOCTATOYHO BBICO-
KM MOMYJIb YIPYTOCTH, Npenesl TeKy4ecTH, 00JIacTh IJIaTo).
VummHeHne MOXeT AOCTHraTh OYeHb OOJIBIION BEJMYMHEI (10
500% u 60:1ee). OmHAKO PACTSIHYTHIH IIOJIMMEpP CAMOIIPON3BOIIb-
HO TNPAaKTHYECKH IHOJHOCTHIO BOCCTAHABIIMBAET CBOU pPa3Mephl
(cm. puc. 1), T.e. HabIrOMaeTCS OOJMBINAS yCaaKa, XapaKTepHas
JUUIS1 TIOJIMMEPA B BBICOKORJIACTUYECKOM COCTOSIHUM. MexaHuue-
CKO€ MOBEIEHHE Iy TTaNepyuy IPH IOBTOPHOM PACTSDKEHUH TaKxke
XapaKTepHO ISl MOJIUMEPa B BBICOKOAIACTHYECKOM COCTOSIHUM
(HM3KHIl MOJyJb, OTCYTCTBHE IIpelesia TeKy4eCTH M 00JIacTH
IJIaTO, OY€Hb MaJIble OCTaTOYHBIE Ae(hOPMAIVIH).

Takoro poga neopManoOHHOE TOBEICHUE CBSI3AHO C TEM,
YTO B MEPBOM IUKJIE AeopManuyl MOJ JEHCTBHEM MEXaHUYe-
CKOTO HANPSDKEHHSI TPOUCXOANT TUIABJICHNAE HEMPEPHIBHOTO KPH-
CTAJIMIECKOTO KapKaca,’ BCJIEACTBHE Y€Er0 HENPEPBLIBHOM (a3oii
CTAaHOBUTCS aMOP(hHAS COCTABIISIONIAS TOJIMMEPA, HAXOASAILASCS
B BBICOKOJJIACTHYECKOM COCTOSIHUU. EcTecTBeHHO, 4YTO mHpHU
HOBTOPHOM PACTSDKEHHH MEXaHMYECKOe IOBEICHNE T'yTTalepyu
XapaKTepHO IUIsI KayTyKOHmo00HOT 0 IoJIMMepa.

2. Baokconommepbl

Biokcomonmumepbl — MHOTO(A3HbIE CUCTEMBI, IIOCTPOCHHBIE U3
HECOBMECTUMBIX (pparmentoB neneit. HecoBmectumocTs ¢par-
MEHTOB BeZeT K (ha30BOMY pa3jeseHHIO OJIOKCOMOoJUMepa U
BO3HUKHOBEHUIO BBIPAKECHHBIX PErYJISPHBIX CTPYKTYp. Cylmect-
BYFOT PA3HOBHUJHOCTH CHCTEM, B KOTODPBIX HEMPEPLIBHOU
SIBJISIeTCS KecTkast (haza, HaxXoIsIasics IpU KOMHATHON TeMrie-
patype B CTEKJIOOGPAa3HOM COCTOSIHUM M AMCIIEPIHPOBAHHAS B
HETPePBIBHOW Kay4yKomoo0Ho# (a3e, uim, HAa060pOT, HEempe-
PBIBHOM SIBJISIETCS KayuyykooOpa3Has ¢a3a, a Takxke OJIOKCOIOJIH-
MEPBI, COIEPKAIME OBE HENMpepbiBHbIE (asbl.®’ VkazaHHbIE
0cOoOEHHOCTH OJIOKCOMOJIMMEPOB OMPEICIISIOTCS, B YACTHOCTH,
MOJIEKYJIIPHOM Maccoil OT/IEIbHBIX OJIOKOB, UX COJEPKAHUEM,
CpPOJICTBOM OJIOKOB K PACTBOPUTEIIO B CJIydac UX BBIICJICHUS B
TBepayro a3y U3 pacTBOPOB U HEKOTOPBIMHU JAPYTUMH (PaKTO-
pamu.®

Ipencrasienre 0 CTPyKType GJIOKCOMOIMMEpPa CTHPOJI— Oy-
TagueH —ctupodl (CBC) maeT KOHTpacTHpOBaHME: KaydyyKoBast

Puc. 2. Dnextponnas MukpodoTorpadus MIeHKH TPOWHOIO COIo-
JIMMepa CTHPOJI— Oy Ta IueH — CTUPOJL, OTJIUTOM U3 pacTBopa.’

(mosmOyTaauenoBas) ¢paza oOpa3yeT TEMHBIE MOJIOCHI, a TOJIH-
cTupoJibHas — cBerible.® Ha anekTponHoit MukpodoTorpadum
mwienkn CBC (puc. 2) XopoIo BUIHO, YTO OHA MMEET BhIPAXKEH-
HYIO JIAMEJISIPHYIO CTPYKTYPY, IOCTPOCHHYIO U3 OJTHOPOTHBIX IO
pa3sMepaM YepeayroIuXcs JJaMellell MoIMCTUPOJIa U MoandyTa-
nueHa. BaXHO OTMETHTD, YTO B PACCMATPHUBAEMOM CIIyYae KecT-
Kast cTekJ1000pa3Has (pa3a moJMCTUPOJIA SIBIISIETCS HETIPEPBIBHOM
B 00beMe OJIOKCOTIOIMMEDA.

Kpusas pactspxenus u ycaaku CbC npeacrasiena Ha puc. 3.
BunHo, uTo mpu aedopMUpPOBAHMM YKa3aHHOTO OJIOKCOIOJIH-
Mepa MMeeT MeCTO BBIpaXeHHBIH 3ddexT nedopmarnmonHoro
pasmsiruenns. Kak u B ciryuae ryrranepun (cpaBrute puc. 1 u 3),
B IIEPBOM IHMKJIE AehopManuy MeXaHMYECKOE MOBEJICHIE MaTe-
puana XapakTepHO IS CTEKJIO0Opa3HOTO moJmMepa (Iocra-
TOYHO BBICOKUH MOMYJb, MpeAei TeKy4ecTH, OOJIACTh ILIATO).
OmHako B mpolecce MepBOro LUKJIA PACTSDKEHHS] POXKIAeTCs
Hekast (asa co 3HAuYUTENbHO OOJiee HU3KUMHU MEXaHUYECKHUMHU
MOKa3aTeJISIMH, YeM Y UCXOJHOTO MaTepuaja, JIeMOHCTPUPYIO-
1mast 0oJIBIIYI0 0OpaTHMYIO tepopmarmro.

ITonpo6HBIif aHATM3 CTPYKTYPHO-MEXaHNYECKOT'O IIOBEICHUS
CBC mnokasan cieayrornee:® ecin 6JI0KCONOJIAMED COCTOMT U3
HETPEPBIBHBIX YePEIYFOIINXCS CIIOEB CTEKIIO00PA3HOTO U Kayvy-
KOMOAOOHOTO TOJIMMEPOB, MATEPHAJ UMEET BHICOKUI MOIYJIb H
Habmomaercs 3pQexT aehopMaIMOHHOTO pa3MsrdyeHus (mepe-
XOJI CTEKJIO —Kay4yK); €CJIU e OJIOKCOTMOJIMMEP TOCTPOEH IO
HMPUHIUILY «CTEKJI000pa3Hble TOMEHB! B Kay4yKOBOH MaTpHIIE»,

Hanpsoxenue, 10° gun - cm 2
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Puc.3. Kpuasi pacTspkeHHs W YCaOKH IUICHKH OJIOKCOMOJIUMEpA
cTUpoI —OyTaued — cTupoIL.®
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TO €ro MEXaHMUYECKOEe MOBEICHUE XapAKTEPHO JIJISl HATIOJTHEHHBIX
Kay4yKoB. B mociie/iHeM ciiyyae Takke BO3MOXHO CHIIOBOE pa3-
MSICYEHHE, OJTHAKO IPYroro xapakrtepa. VIcxomHas KpuBas pac-
TSDKCHUS] AHAJIOTHYHA KPUBBIM PACTSIKEHUS HATIOJHEHHBIX PE3UH
(HM3KU#l MOJyJb, OTCYTCTBHE IIpelesia TEeKy4eCTH, OOJIbIIast
obpatumas nepopmarms), a IQpQPekT pa3zMsIrdeHus BbIpaxaeTcs
B OOIIEM CMEIEHUH KPHBON PACTSDKEHUS B 00JaCTh HHU3KHX
nanpsokennit.> 2 CremoBaTenbHO, AePOPMALMOHHOE pa3Msr-
YeHHe OJIOKCOMOJIMMEpa, MMEIOIIEr0 HEeMPEepPhIBHYIO CTEKJIO-
06pasHyro (aszy, COCTOUT B e¢ pa3pylICHHH B MEPBOM IHKJIC
neopManum, B pe3ysibTaTe HEMPEPHIBHOM CTAHOBUTCS KAy4yKO-
nofoOHas ¢a3a, KoTopas u OOYCIOBIMBACT OOJIBIIYIO OOpa-
TEMYIO AehOpMANUI0 BO BTOPOM U TIOCJIEIYFOIMX IIHKJIAX
(cMm. puc. 3).

Takum 06pa3om, MexaHU3M [1eGOPMAIMOHHOTO pa3Msirie-
HUSI B PACCMOTPEHHBIX BBIIIE CHUCTEMAaX MOXHO OXapaKTepH30-
BaTh CJIEAYIOIUM 00pa3oM. YKa3aHHbIe CUCTEMbI HMEIOT BbIpa-
JKEHHBII ABYX(ha3HbIi XapakTep. B mepBom ciryuae uMeeT MecTo
HENPEPBIBHBI KPUCTAJIMYECKUI KapKac ¢ Kay4yKomo0OHBIM
HATIOJIHATEJIEM», & BO BTOPOM — HEIPEPBIBHBIA CTEKJI0O00pa3-
HBII KapKac, TAKXKe HAMOJIHEHHBIN Kayu4yKOOOpa3HbIM MOJIUME-
pom. B nepBom 1mkiie meopmanmu B 060uX CIIydasix IPOUCXO-
T pa3pylleHne )KeCTKOTO KapKaca, B Pe3yJIbTATe HEPEPHIBHON
(a3oli CcTaHOBUTCS KaydyKomoJoOHBbIN mojuMep. Heynubu-
TEJIbHO, YTO B MOCIIEIYIOLINX UKJIAX AehOpMAaIul 3TOT KOMIIO-
HEHT JIEMOHCTPUPYET MEXaHHYECKOE MOBEICHHE, XapaKTepHOEe
JUTsL TIOJIAMEPA B BBICOKO3JACTHYECKOM COCTOSHHUHM (HU3KHUIA
MOJ1yJib, 60JIbINIAst OOpaTuMast aeopMars).

3. Jlepopmanuonnoe pa3Msrienne CTeKJI000pa3HbIX
NOJIMMEpPOB

HedopmanmonHoe pa3MsrieHue XapakTepHO HE TOJBKO s
JIBYX(pa3HbIX, HO U 151 OTHO(A3HBIX CUCTEM.

Kpeiizuar — oauH u3 GyHIaMEHTAIbHBIX BUIOB HEYIPYron
IUIACTHYECKOM aedopmanuu cTeki000pasHbix mosmmepos.” !
PaszBuTHe 3TOTO BHIA IIIacCTHYECKON AeOpManiy y HOJINMEPOB
COTIPOBOXK/IAETCSI BOSHUKHOBEHUEM U POCTOM OCOOBIX 30H (Kpeii-
30B), COJCPXKAIINX OPUCHTHPOBAHHBIN moJMep. M3o0paxeHue
€OMHUYHOTO Kpeii3a B 1e(opMHUPOBAHHON TOHKOM IJICHKE TOJIU-
CTHPOJIA B TPOCBEYUBAIOIIEM 3JIEKTPOHHOM MHKpockorie ([T9M)
MPEAICTABJICHO HA pUC. 4.

Buano, uto kpeii3 npeacrasisier coOOil HEKOe HapylleHHe
CIUIOIIHOCTH B nosmmMepe. [IpuHnunuanbHass 0coOEHHOCTH
CTPYKTYPBI Kpeii3a COCTOUT B TOM, YTO OJIOKM HCXOJHOTO HeJe-
(OpMHPOBAHHOTO MaTepHala COEOWHSIOT TOHYAHNINNE TSDKH

Puc. 4. TID9M-U3006paxeHne eIMHUYHOTO Kpeii3a B 1e)OpMUPOBAH-
HOM TOHKOI IUIEHKE momcTrpoa. !
Ocb pacTsDKeHHsI BEPTHKATIBHA.

(¢pubpwmIBI) OPUEHTHPOBAHHOTO MOJIIMEpa, Pa3OOIICHHbIE B
npoctpaHcTBe. Pa3mep (mmameTp) Takux GUOPHILT M pPACCTOSHUS
MEXly HOIMU MOTYT COCTAaBJISITh OT €JHHUII 10 JECSTKOB HAHO-
MerpoB. Hambosiee MHTEHCHBHO KPEU3WHI MPOSIBISETCS IIPH
PACTSDKCHHUHM CTEKJIOOOpPA3HBIX IMOJIMMEPOB B aJCOPOIIMOHHO-
akTUBHBIX cpegax (AAC).0 11

Kpel3uHr MOXeT MpOoSIBJISTBHCS HE Yy BCEX MOJMMEPOB. DTO
SIBJICHUE JEMOHCTPHUPYIOT TOJIBKO TEPMOIUIACTHYHBIC IOJIH-
Mepbl, CIOCOOHBIE K BBIHYXKACHHOMN 3JIaCTUYECKOH aedopmanuu.
MoOXHO cKka3aTh, YTO MaTepHajbl, CIOCOOHBIC aedhopmMupo-
BaThCs C 0Opa3oBaHWE IICHKH, MOTYT IeOpMHPOBATBCS MO
MexaHu3My Kkpeitsunra. XKecTko-IienHbIe MoJMMepHI (IEeJITF0I103a
U ee IPOU3BO/IHBIE, APOMATHYECKHE [TOJTUAMUIBI, TIOJUAMUIBl U
T.[., @ TAKXKE TYCTOCIIATHIE MOJIMMEPBI) HE CIIOCOOHBI K medop-
MAIIAH [0 MEXaHU3MY KPe3HHTa.

JocTtaTouHo AJaBHO OOHAPYXKEHO, YTO MOJIUMEPHI, 1ehOpMU-
poBanubie B AAC 110 MeXaHH3MY KpeW3HHTa, IPOSIBJISIFOT MeXa-
HHUYECKHEe CBOWCTBa, HE XapaKTepHble [JIsl CTEKJIOOOPa3HOTro
cocrosiHusl. TUNMuHbIA npumep — oOpaTuMocTh Jedopmanmu
Kpei30BaHHOT O oJmMepa. M3BecTHO, yT0 aMopdHEIil nHomMep,
IeOpPMHUPOBAHHBINA HUXE TEMIEPATYPHI CTEKJIOBAHMUS, JEMOH-
CTPHpPYET SIBJIEHHE TAK HA3BIBAEMOI'O XOJIOJHOTO TEUEHHS, IPO-
SIBJISIFOILIETOCS] B BOSHUKHOBCHUM U PA3BUTHH Iieiiku. MaTtepuai
LIEHKU TIpU TeMImepaType aedopmanuu BHoJHE cTabuiieH. s
yCa/IKM XOJIOAHOTSHYTOr'O MOJIMMepa HEOOXOJMM €ro Harpes 10
TEMIEPATYpPhI CTEKI0BaHus. 12 13

B paborax 415 BnepBble mokazaHo, 4TO VIl CTEKIOOOpa3-
HBIX HOJUMEpoB, aedopmMupoBaHHBEIX B AAC mo MexaHU3My
Kpei3uHra, XapaKTepHbl OOJbIIHe OOpaTHMBIC IedopMaruy.
IMociie pacTsbkeHust, OCBOOOXKIECHNS W3 32KUMOB PACTSITHBAIO-
LIEr0 yCTPOMCTBA U YAAJICHUS] AaKTUBHOMN JKHIKOCTH M3 00BbeMa
Kpei30B MPOUCXOANT ycalka mojaumepa, omuskas k 100%. dpy-
TUMH CJIOBaMH, IpH Ae(HOPMHUPOBAHUU CTEKJIOOOPA3HOTO MOJIH-
Mepa 110 MeXaHU3My KpeW3WHra UMeeT MECTO CHJIOBOE Pa3Msir-
YeHHE MOJIMMePa, COMPOBOXIAIOIIEecs BOSHUKHOBEHHEM 00JIb-
muxX o6paTuMbIX redopmarmit. CTeKI000pa3HbIe MOJIUMEPHI —
omHO(A3HBIE CHCTEMBI, IOITOMY MEXaHU3M HX CHJIOBOTO pas3-
MSITYEHHST HEBO3MOXHO OOBSICHUTH TAK, KaK 3TO OBLIO C/IEIaHO
ISl TIOJIMMEPHBIX CHCTEM, MIOCTPOEHHBIX M3 JKECTKOTO KapKaca
(KpUCTAJTMYECKOTO MJIM CTEKJI000pa3HOr0) W KaydyKomomo0-
HOT'O HATIOJIHUTEJIS (CM. BBILLIE).

PaccmoTpuM mojpoOHee MexaHMYECKHe CBOWMCTBA Kpei3o-
BaHHBIX HOJMMepoB. IlepBoe cucTeMaTHYecKoe HCCIIEAOBaHUEe
MEXaHHYECKHX CBOMCTB CyXuX (He coaepKalluxX HU3KOMOJIEKY-
JIIPHOM )XUIKOCTH) Kpeif30B nojmmkapoonaTa nposeaeHo KamoOy-
poM u Kommom, ¢ koTopble mostyvaiu eJUHAYHBIE KPEH3bI Ty TeM
nedopmarmu cTeksioodbpasHoro mosmkapbonara (1K) B ara-
uoste. C MOMOIIBIO CIIENUATBHOTO YCTPOUCTBA aBTOPBI OIpe/ie-
JISLTTH U3MEHEHHE PACCTOSIHUS MEXK/Ty KPasIMU € IMHUYHOTO Kpeii3a
B 3aBHCHMOCTH OT CHWJIbI, IPUJIOKEHHON K KOHIIAM obOpasia.
[TonyueHHbIe TAKMM 0OPa30M KPUBBIE PACTSDKEHUS JJIs1 OTICIIb-
HOTO Kpeif3a uMeroT xapaktepHyto popmy (puc. 5). Kak Bunno,
Hpejes TeKyYeCTH MaTepraia Kpeif3a B HeCKOJIBKO pa3 MEHbIIe
mpefesa TEKYy4eCTH HMCXOJHOTO HeAeOPMUPOBAHHOTO IIOJIH-
Mepa.

IIpu TpoOBEeICHUM HECKOJIBKHMX IMOCIEI0BATEIbHBIX UKIIOB
nedopmanmu — BOCCTAHOBIICHHUS] YCTAHOBJIEHO, YTO HAYAJIBHBII
MO/IyJIb YIPYTOCTH U TPEIeS TeKYUYeCTH YMEHBIIAIOTCS 110 Mepe
VILIUPEHUS] UCXOTHOTO Kpei3a. Moaysb ynpyroctu B ~4 pasa
MeEHbIILIE MOJIYJISl YIPYTOCTU UCXOAHOTO HenehOpMHUPOBAHHOTO
nojuMepa. B pa6ote '© 06HapykeHO TakXKe, YTO CyXUe KPeH3hl B
MK, nedpopmupoBanHoMm Ha 50—60%, CIOCOOHBI caMONpPOU3-
BOJIBHO MEJUICHHO BOCCTaHABJIMBATL CBOM pa3Mepsl IOCJIE CHSI-
tust Harpy3kd. Cleayer OTMETHTb, YTO 3TO COBEPIIEHHO HE
XapaKTEePHO ISl CTEKJI000PA3HOTO MOJIMMEPa, OPHEHTHPOBAH-
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Puc. 5. KpuBble pacTspkeHHsI U COKpAILEHHsI C MOCTOSIHHOM CKOPO-
crero 1K (/) m mamuBuayansroro kpeiza B I1K (2) mo HanpspkeHUs
42 MITa.'®

HOTO B PEXXIME XOJIOTHOH BBITSDKKH. TakuM o6pa3om, MexaHude-
CKHE CBOWCTBA OTIEJBHOTO CYXOTO Kpel3a KapAWHAJIBLHO OTJIU-
YaroTCs OT CBOMCTB UCXOIHOTO OJIOYHOTO MOJIIMEpA.

IToxoxee MeXxaHNYECKOE MOBEIEHUE KPEW30BAHHBIX MOJIMME-
POB ycTaHOBJIEHO B paboTax !> 17, [TokazaHo, 4TO KpUBAS PACTSI-
keHust kpeiizoBanHoro B AAC mosumaTwieHTepedTanmaTta
(IT9T®d) umeer aBa mpenesia TEKYy4eCTH, U3 KOTOPBIX MEPBBIN
3HAYUTENIBHO (B ~ 3 pa3a) HUXe IpeJiesia TeKyIecTH UCXOTHOTO
cTekJI000pa3Horo nmojauMepa. B atux ke paboTtax oOHapyxkeHO,
4TO pa3Mepsl kpeizoBanHoro IIOT®, me comepkamiero Xxuua-
KOCTH, CAMOIIPOU3BOJIBHO YMEHBIIIAFOTCS TIOCJIE €T0 PACTSIKEHHUS
Ha BO3/yXe. YcaJlka B 3TOM CJIyyae TOCTATOYHO BeJIMKa (IOCTH-
raet 60%).

HeoObluHOE MeXaHUYECKOE TIOBEJIEHHE KpPE30BAHHOTO
I[I3T® npogeMoHCTpUpOBaHO B paboTe '8, aBTOpbl KOTOpPOU
HOIBITAJIUCH BBISICHUTH POJIb KANMJUISIPHBIX CHJI TIPH yCaJKe B
Tpolecce MCIapeHus] aKTUBHOM JKUIKOCTU M3 MOPHCTON CTPYK-
TypsI kpeiiza. Kammuisipablie cHITbl, BOSHHKAFOIINE TIPU HCTIape-
it AAC u3 o0beMa Kper30B IOCHE PACTSHKEHHsS MOJIMMEpa,
MOTYT OBITH JABWKYIIEH cujioil oOpatumoii medpopmarmu. s
YCTPAHEHUs! KAMJLISAPHBIX CHJI Cpa3y MOCIE PACTSHKEHUS TOJIH-
Mepa B AAC ero 3amMopaKuBaJid, MOCJIC Yero aKTHUBHYIO XKHJI-
KOCTh M3 00BbeMa Kpei30B yAasasiim METOAOM JHO(UIBHOU
cymku. Benencrue aToro yaaneHne HU3KOMOJIEKYJIIPHOTO KOM-
TIOHEHTA He CONPOBOXAJIOCH 0Opa30BaHNEM BOTHYTBHIX MEHHUC-
KOB Ha TpaHUIE IOJMMEp—KXUAKOCTh—BO3AyX, a CJIedoBa-
TEJIbHO, HE BO3HHMKAIM KANMJUISPHBIC CHJIBI, CIOCOOCTBYIOIIUEC
3aXJIOTBIBAHUIO Kpei3oB. TeM He MeHee 0Ka3ajoch, UYTO ycaaka
CyXOro KpeiH30BaHHOTO MOJIUMEPA TP KOMHATHOUN TeMIepaType
nocturaet 30% mociie ero ocBoOOXKICHHS U3 3AKMUMOB PACTSITHU-
Barolero ycrpoicrsa. Takoe mexanunueckoe noseaenue [19TO,
HE COJEpXKAaIIero >KUAKOIO KOMIOHEHTA, TakXke KaXeTcs He-
OOBIYHBIM, IIOCKOJIBKY €ro TeMIepaTypa CTEKJIOBAaHHs CyIle-
CTBEHHO BbIIe KOMHATHOH (75°C).

B koHTekcTe 0OCyX)maeMoil TeMbl HEOOXOIUMO XOTS OBl
KPAaTKO KOCHYTBCSI CTPYKTYPHO-MEXaHMYECKOTO MOBEICHUS
TIOJIMMEPHBIX CTEKOJI, YCHJIEHHBIX KayYyKOBBIMH JHCTIEPCUSIMI,
THNUYHBIM IPEICTABUTENIEM KOTOPBIX SBJISIETCS YIapONPOYHBII
nonuctupos (YVIIC). Metoabl MOJydyeHUs] TAKUX MATEpPHATIOB
xoporo u3BecTHbL.!Y ClielyeT OTMETHTB, YTO Ul CTPYKTYPHI
VIIC n apyrux IjiacTUKOB, MOIU(UIMPOBAHHBIX KaydyKaMH,
XapaKTepHO NMPHUCYTCTBHE B CTPYKTYpPEe M30JMPOBAHHBIX Kaydy-
KOBBIX YaCTHII, BKJIFOUEHHBIX B HENPEPHIBHYIO CTEKIO00pA3HYIO
matpuny (puc. 6,4).2°-22 Tlpm mepOPMHPOBAHMH  TaKHX
MaTEpHAIOB MEXIy YaCTUIAMHU KayIyKOBOH (a3l B CTEKJIO-

Puc. 6. TIDM-U306paxenus obpasnos YIIC no (a)?* u nocne (b)
nepopmarmu.?3

@: TEMHBIE BKJIIOUEHHUS — Kay41yKOOOpa3HbIi KOMIOHEHT (I10Ju0yTa-
QIMeH), JUCHEePIUPOBAHHBIA B HENpEephIBHON CTeKI000pa3HOl MaT-
pute (ITC).

06pa3HoOll MATpHUIlE 3aPOKAAIOTCS U PACTYT Kpeiisel (puc. 6,b).23
C mosiBJIeHHEM KpeH30B y MaTepuajia MOSBIISIOTCS CBOUCTBA,
HEOOBIYHBIE [IJIS1 CTEKJI0O00PA3HOTO COCTOSHHSL.

KpuBble pacTsokeHust u ycanku ymaapomnpounoro I1IC mpu
KOMHATHOH TeMmepaType MpeAcTaBleHbl Ha puc. 7. BuaHo, uto
B NEPBOM IMKJIE AehopMaluyl MEXaHHYECKOe MOBEJCHHE MaTe-
puana xapakTepHO ISl CTEKJIOOOPA3HOrO COCTOSIHUS (Havalib-
HBIf NPSIMOJIMHEHHBIA y4yacTOK, Ipenesa TeKydyecTu, oOJIacThb
miaTo). OnHako CHSATHE HANPSDKEHMS HPUBOIUT K OOJIBIION
ycajke IoJImMepa, a ero MOoCJIeayromast 1epopMaIust CBUAETEIb-
CcTBYyeT 0 HeOpManMOHHOM pPa3MSTYCHUHU, XapaKTEPHOM IS
MaTepHAaJIOB, MOJBEPTHYTHIX KPEH3UHTY (CPABHUTE KPHBBIC Ha
puc. 5 u 7). 3ameTuM, 4To AePOopMAMOHHOE pa3MSTYCHUE yaa-
porpounoro IIC cBsi3aHO HE ¢ HAJIMYMEM B HEM Kay4dyKOBOW
(daspl, a ¢ pa3BUTHEM KPEH30B, MMOCKOJIbKY HEMPEPHIBHOM (a3oii

B YAApONpPOYHBIX IUIACTHKAX  CIYXUT CTEKJI00Opa3HbIA
KOMIIOHEHT.
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Puc. 7. KpuBble PACTSIKEHHS M yCaJKH YAAPONPOYHOTO TMOJHUCTH-
poda mpu 21°C.2!
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s cTexks1000pa3HOro COCTOSIHUS MOJIMMEPOB COBEPIIEHHO
HEe XapaKTepHa BBICOKasl CKJIOHHOCTb MaTepuasa KpeH3oB K
3aJIeUMBAHMIO MeX(]a3HO! MOBEPXHOCTH B TEMIIEpATypHOU 00-
JIACTH HIDKE COOTBETCTBYIOIIMX TEMIIEPATyp CTEKJIOBAHUSI.
Omnako B paboTe '°® 0TMeUEHO, UTO €CIIM XPAaHUTh KPEH30BaAHHbIN
MoJIMMEp B TEUEHHWE [JIUTEILHOTO BPEMEHH, OH IOCTEIEHHO
CTAHOBUTCS MOHOJIUTHBIM U MPO3PAYHBIM, T.€. HaOII0MaeTCs He
TOJIBKO CMBIKaHHE CTEHOK KPEH30B, HO U 3aJICYUBAHUE HX ITOPHC-
TOM CTPYKTYpBI. Bostee neTanbHO 3TO siBjIeHHE OBLIO U3Yy4YEHO Ha
npumepe [1C B pabote 2. ABTOPBI HHUIIMUPOBAIM BO3HUKHOBE-
Hue kpei3oB B I1C mpy pasauyHbIX TeMmIepaTypax, U3Mepsuin
BpeMs 10 BOSHUKHOBEHUSI IEPBBIX KPEH30B M CKOPOCTH UX POCTA.
3aTeM CHUMAJIM HANPSDKCHUE W JaBaJ PEJIAKCHPOBATH IOJIH-
Mepy B T€UCHHE PA3JIMIHBIX IIPOMEXYTKOB BPEMEHH NP Pa3HBIX
TeMIepaTypax, MOTOM CHOBA MPHUKJIAABIBAIN HAMPSDKEHHE H
U3MEPSUTH BpeMsI MHULIUHPOBAHUS U CKOPOCTb POCTA Yy TeX XKe
Kpeit30B. C yBeIMYEHUEM MPOJOJDKUTEILHOCTH «OTIbIXa» HpU
JTAHHO} TeMIlepaType BpeMsi HHUIMUPOBAHUSI YBEJIMINBAJIOCH, &
CKOPOCTBb IIOBTOPHOI'O POCTA YMEHbINAJIACH 10 HYJIS, IIPH 3TOM B
obOpasne MOTrJi BO3HHKATh Apyrue Kpeisnl. [1ponecc 3aeunsa-
HUsl BBIPAXAJICS, B YACTHOCTH, B TOM, YTO BBIOpAHHBIN IS
HCCIIeIOBAHUS KPEi3 Micue3as BO BpeMs UKJIa 3aieunBanus. Ha
OCHOBAHUH 3THX Pe3yJbTATOB ObLIA TOCTPOEHA TEMIIEPATypPHO-
BPEMEHHASI IMATPAMMA, C TTOMOIIBIO KOTOPOil MOXHO YCTAaHO-
BUTH BpeMs, HEOOX0AUMOe U AAHHOU TeMIepaType s MoJ-
HOT'O 3aJICUNBAHUA. TaK, B COOTBETCTBUHU C OTUMU JaHHBIMHU, ITPU
70°C (remnepatypa creksoBanust [1C 100°C) mosHOe Bpemst
3aJIeYMBAHUS IpeBbIIaeT 103 ¢, 4TO CBUIETEIBCTBYET O BBICOKOM
MOJIEKYJIIPHOH MOJIBIXKHOCTH B (puOpmiuiax Kpeif30B B TeMIepa-
TYPHOM HHTEpPBaJje, He MPEBHIIIAOIIEM TeMIEpaTypy CTEKIIOBA-
HUS TIOJIIMEDA.

B03MOXHOCTh KPYMHOMACIITAOHOTO MOJICKYJISIPHOTO [IBH-
JKeHHUs B Kpei3ax MpH TeMIepaType HUXKe TEMIEePaTypbl CTEKJIO-
Banus (Ty) 6mounoro [TK moATBepk aaroT U AaHHbIE paboThI 2.
B sT0ii paboTe nmyTeM U3MepeHUs: TEPMOCTUMYIUPYEMBIX TOKOB
JIETIOJISIPU3AIMN U3y4aJId MOJIEKYJISIPHYIO TTOJABMKHOCTD B Kpeii-
30BaHHBIX U OsouHbIX oOpasuax 1K m 6pomupoannoro I1K.
ITokazaHo, 4TO AJIs1 BHICOKOKPEW30BaHHBIX 00pa3[I0B 3HAYUTEIb-
HO 00JIeryaeTcs AJIEKTpUUecKasl peslakcanus IIpu TeMIIepaTypax
o4ty Ha 100° HUXKe TeMIiepaTypbl cTeksioBaHus. [1pu HU3KOTEM-
nepatypHoM oTxure (Ha 10—20° Hmxe T,y) 3aMETHO CHHXKAETCS
HU3KOTEMIIEpAaTypHAs peslakcanus, YTO CBUAETEILCTBYET O 3aJjie-
YUBAHUU BBICOKOJUCIIEPCHOTO MaTepuasa KpeiH3oB (KoasecleH-
1y MexdasHbIX TPaHUIl pa3jesia) ¥ BOCCTAHOBJICHHH OJIOYHOI
CTPYKTYpHI nosmmepa. OueBHAHO, 3TOT 3P PEeKT CBSI3aH C MOBBI-
IIEHHON MOJIEKYJISIPHOM MTOJIBMKHOCTBIO TOJIMMEpa B Kpelzax B
TEMIIEPaTypHOl 00JIACTH CTEKJIOOOpPAa3HOTO COCTOSHHS OJI0Y-
noro ITK. ABTOpsI cTaThbl 2> OOBACHUIN OOJErYEHHE MO IBHXK-
HOCTH IOJIMMEPHBIX MOJIEKYJI B Kpel3ax Mx OJIM30CThIO K CBOOOI-
HOIl TOBEPXHOCTH, XOTSI KO BPEMEHU NyOJMKAIUU IaHHOU
paboTHI ellle He GBI MPOBEJCHBI MPSIMbIE IKCIIEPUMEHTAJIbHbIE
UCCIIEIOBAHHUSI OCOOCHHOCTE MOJIEKYJIIPHOI IMOJBMXHOCTH B
TOHKHX IIOBEPXHOCTHBIX CJIOSIX TIOJIMMEPOB.

ABTOPBI pabOThI 2% MHUIMUPOBAJIU KPEU3BI B TOHKHX IJIEHKAX
I1C, ¢ukcupoBamy ux pa3Mepsl, H3MEPSIIIH PACCTOSIHUSI MEXITY
¢ubpumramMu u guameTp GUOPHIT 3JIeKTpoHOTrpadUuecKu
HETIOCPEICTBEHHO B BUIEOKAMEPE MPOCBEUNBAOIIETO 3JIEKTPOH-
HOro MuKpockomna. I[TokazaHo, 4To paccTosiHue Mexay Gpuopu-
JIaMH  yBeJIMUUBAJIOCh OT 25 mo 350 um B Teuenue 250 4 mpu
KOMHATHON TeMmepaType. AHAJOTMYHO BO3pACTall U JUAMETD
¢ubOpui1. DTH W3MEHEHHs COIPOBOXAAIUCH KOaJleCHeHIHEH
¢ubpui, u yepe3 750 4 MX pa3aMyaTh HE YIaBaJIOCh.

151 OICHKM MEXaHMYECKHX XapaKTepUCTUK MajbIX (HAHO-
METPOBBIX) 30H Ha TMOBEPXHOCTH TOJMMEPOB HCIOIb3YIOT
ATOMHO-CHJIOBYIO MUKpockomnuio.?’ 2% B pa6ote *° ¢ moMomsio

yKa3aHHOTO METOJAA MPOBEIEHbI MPSIMBbIE U3MEPEHHS] MOMYJIS
YIPYTOCTH MOJIMMEPHOM MOJMCTUPOJIHLHOM IJICHKH, B TOM YUCIIE
B HMHJMBUAYAJIBHBIX Kpei3ax. Momaysb ynpyroctu matepuasia
Kpel30B Oka3aJjicss oueHb HU3KUM — OT 3 10 10% oT Monyid
YIPYTOCTH OKpYXAaromlero 0JioyHoro mnojmmepa. MubiMu cio-
BaMH, TIEPEXO/I TOJMMEPA B «BEIIECTBO» Kpeif3a COMpPOBOXKIa-
€TCsI CYIIECTBEHHBIM H3MEHEHHEM ero (hM3MKO-MEXaHNYECKUX
XapaKTePUCTHK, B YACTHOCTH 3HAYUTEIBHBIM YMEHBIICHUEM
MO/1yJIsl YIPYTOCTH, T.€. IMEET MECTO SIPKO BbIPaXeHHBbIH 3(dexT
e(OPMAIIMOHHOTO Pa3MSITYCHHUS.

TakuM 006pa3oM, MHOTOYHCIICHHBIE HaHHBIE ASKCIEPHMEH-
TAJIBHBIX UCCIIEOBAHUN CTPYKTYpPHI U CBOMCTB KpeH30BaHHBIX
TIOJINMEPOB CBH/IETEILCTBYIOT 00 0COOOM COCTOSTHHU HOJIMeEpa,
JUCHEePTUPOBAHHOTO B MaTepuae kpeii3a. He BbI3bIBaeT coMHe-
HUH TOT (hakT, 4TO B MPOIECCE KPEH3MHIa B CTEKJIOOOPAa3HOM
noJiuMepe poxxaaercs «haza», GU3nKo-MexaHMUECKHe CBOMCTBA
KOTOPOI1 He XapaKTePHBI JAJIsl CTEKJIO00PA3HOTO COCTOSHUS. DTa
«hasza» UMeeT HU3KUI MOMAYJIb YIPYrOCTH U CIOCOOHA K 6OJIb-
UM 00paTuMbIM fedopmanusiM. OYeBHIHO, YTO UMEHHO OHa
OTBETCTBEHHA 3a eopMaImoHHOE pa3MsTrieHe 1 BO3SHUKHOBE-
HHE OOJIBIIMX OOpaTHMBIX AedopMamuii y CTeKI000pa3HOTO
IoJINMeEPa, TTOABEPTHYTOTO KPEH3UHTY.

4. ITpuuunpl 1eopMaNOHHOT0 Ppa3MArdeHUsI
CTEKJI000pa3HbIX MOJMMEPOB B Npolecce Kpeii3uura

OnycaHHOE BbIIIE MEXAHUYECKOE IOBEICHHE Kpei30BaHHBIX
HOJIIMEPOB 0Ka3aJ0Ch CTOJIb HEOOBIUYHBIM JJIsI OPHEHTUPOBAH-
HOTO CTEKJIOOOPA3HOTO MOJIMMepa, 4TO JIss OOBSICHEHHS ero
MexaHu3Ma TOoTpeboBajics HOBBIA moaxod. I[lpemosxxeHo
HECKOJIbKO MEXaHHU3MOB, OOYCJIOBJIHMBAIOIINX HX CTPYKTYPHO-
MexXaHMYecKoe MoBeleHue. PaccMaTpuBasi 9KCIIepUMEHTAIbHEIC
JIaHHBIE TIO BOCCTAHOBJICHHIO DPa3MEpOB KpEH30B, aBTOPHI
paGoTel '¢ MpeamoNoKUIM, YTO ABHKYINEH CHIIOW ycaiaku
SIBJISIETCSl SHTPONMIHAS YIPYTrOCTh U, IJIaBHBIM 00pa3oM, U30bI-
TOK CBOOOTHOI TTOBEPXHOCTHOM 3HEPI U, OOYCIOBJICHHOMN 00JIb-
110} yAeIpHON MOBEPXHOCTBIO MaTepuaja Kpei3oB. DHTpONUil-
HYIO CHJIy OICHHMBAJIA HAa OCHOBAHHM KWUHETUYECKOH TEOPHUH
BBICOKOAJIACTHYHOCTH. PacueT mokasaj, 4To eci MOAYJIb YIpY-
roctu Matepuaia kpeiiza IIK paBen ero momyito npu 160°C
(na 15° Beimte T), TO HATIPSKEHU S, BBI3BIBAIOIINE yCAAKY, COCTaB-
ssitot 3—4 MIla. [MosyyeHHOE 3HAYEHUE CYILIECTBEHHO MEHbIIE
mpefesia TeKy4ecTd MojMkapOoHaTa NMpU KOMHATHOM TeMIlepa-
Type, CJIeJOBAaTEJIbHO, TAaKUEe HAIPSDKEHUS HE MOTYT BbI3BAThb
ycanky nosmmepa. K Tomy ke aBTOpHI He OOBSCHHUIM, KaKHM
00pa3oM SHTPONMIHBIA MeXaHU3M oOpaTuMocTH AehopManum
MOXET OBbITh PeaIN30BaH IIPU TemrepaType Hxke T oaumepa.

B cBs13M ¢ 3TUM MpennprHSTA MOMBITKA PACCUATATH COKpa-
LIAFOIINE HATIPSDKEHU S, 00YCIIOBIICHHBIE H3MEHEHHEM CBOOOTHOM
TIOBEPXHOCTHOU SHEPruH. BBII0 MpeanosokeHo, 4To MoJuMep B
Kpeii3e qucneprupoBaH B BUJIE JIMHHBIX IMIMHAPUIECKUX HUTEH
paauycoMm r U JUIMHOM H, KOTOPBIE CBSA3BIBAIOT MPOTUBOIOJIOXK-
HblE€ CTEHKHU Kpei3a. ABTOPBI CUMTAJIM, YTO IPH yCalIKe IPOUC-
XOIOUT YMEHBIIEHNEe [UIMHBl W YBEJIWYEHHE TOJIIIMHBI HUTEH,
COCITMHSIIONINX CTeHKH Kpeiza. [lo cymiecTBy 3TO O3HAYaeT
cokpalieHne Mex(a3Hoil MOBEPXHOCTH, KOTOPOE UMEET MECTO B
KaIule XHIKOCTH TOJ ICUCTBHEM MOBEPXHOCTHBIX cmi. Oue-
BUIHO, [JI1 TAKOTO POJa COKpAIEHHNS HOBEPXHOCTH IUJIMHIPH-
yeckuxX (puOpHUILT BHEIIHUM cuiaM (B JTAHHOM Cllydyae MOBEpX-
HOCTHBIM) HE0o0XoauMo AehOopMUPOBATH  CTEKJIOOOPAa3HbIA
HOJIMIMEp, T.€. MPEOJOJIETh ero mpeaes TEeKydecTH. ABTODHI,
cunTasi HEM3MEHHBIM 00BEM HUTEH, ITOKa3aJIi, YTO HAIPsDKEHHE,
JIEACTBYIOIIEE B HAMTPABIICHUN OCH PACTSKEHUS (YCallKh), Y TOJIU-
Mepa paBHO
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re Y — MOBEPXHOCTHOE HATsDKEHHUE moyimMepa. PaccuntanHoe ¢
TIOMOIIBIO 9TOTO YpaBHEHUs 3HAYCHUE BO3BPAIAFOIICH CHIIBI B
clly4ae nmojimkapOoHaTa okaszajioch nopsiaka 4—9 MIla.

Taxum oOpa3om, CyMMapHOE COKpallarollee HANpsDHKCHUE
coctapysieT 7— 14 MIla, 4To Takke 3HAYMTEIHLHO MEHbBIIE TMpe-
Jaejaa BbIHy)K,Z[eHHOﬁ OJIACTUYHOCTU HAaX€ HEOPUCHTUPOBAHHOI'O
nosmkapOoHaTa Hpu KOMHATHOM Temnepatype (~ 63 MIla).
Ciie10BaTeNIbHO, TIOBEPXHOCTHBIC CHJIBI HE MOTYT OBITH MPHYH-
HOW nedopmanuy nmoJmMepHBIX (GUOPIILI, CIIOCOOHOI BBI3BATH
ero ycanky. TeM He MeHee, IO MHEHHIO aBTOPOB paboTHI '©,
paccuMTaHHOE HANPSDKEHHE MOXET OKa3aThCsl TOCTATOYHBIM,
YTOOBI MPOM3OIILIO CXJIONBIBAHUE KPEW30B, €CIM MPHHATH BO
BHUMAHHUE CJICAYIOLINE OOCTOSITENbCTBA. Bo-NepBbIX, CKOPOCTH
BOCCTAHOBJICHUS B JAHHOM CJIy4ae HAMHOT'O HUXEe CKOPOCTH, IpU
KOTOPOW OOBIYHO M3MEDSIIOT Ipelesl BBIHY)XICHHOH 3jacThy-
HOCTH, 3aBUCSIIHIA OT CKOPOCTH UCTIbITAaHHA. BO-BTOPBIX, B pO-
Iecce HCIBITAHUA MOXET YMEHBINATLCS BSI3KOCTH MaTepuaja
Kpeiiza u3-3a ero OOJIbIINOW CBOOOTHON YACIbHON MOBEPXHOCTH
¥ BBICOKO JUCIEPCHOCTH.

Ilpu co3pmanum Teopwm yIIUPEHHUsS Kpei3a, OCHOBAHHOW Ha
SIBJICHUM HECTAOMIBHOCTH MeHmcka, Kpamep 3! moctymmposar,
4TO CTEHKa PACTYIUEro Kpei3a MOKPHITA TOHKUM CJIOEM pac-
CTEKJIOBAHHOTO KaydyKornogobHoro matepuana. OTMETHM, 4TO
teopust Kpamepa ymnoBIeTBOPUTEILHO ONUCHLIBACT IKCIIEPUMEH-
TaJIbHbIC TAHHBIEC.

PaccmatpuBasi (Qu3nKO-MeXaHHYECKOE IOBEICHUE Kpei3o-
BAaHHBIX CTEKJIOOOPA3HBIX IMOJMMEPOB, CJICAyeT OTBETHTHh Ha
OIWH W3 TJIABHBIX BONPOCOB: B YeM IMPHYMHA OOJBIIHAX 0Opa-
THMBIX JeopManmii Kpe30BaHHBIX MOJAMEPOB IPU TeMIlepa-
Typax Hmke ux T,? OTBeT Ha HEro AAlOT UCCIIENOBAHHS, NPO-
BEJIEHHBIE B MOCIEIHUE TOABL32 3% ABTOPBI yKa3aHHLIX paboT
OOHAPYXXWJIN U J0Ka3anu, 4To Ty B TOHKHUX IUIEHKAX U MOBEPX-
HOCTHBIX CJIOSIX CTEKJIO00PA3HBIX MOJIMMEPOB PE3KO CHUKACTCSL.
K HactosiimemMy BpeMeHM MEXaHU3M JIAHHOTO SIBJICHUS U3YUYCH HE
B [TOJTHOM Mepe U JI0 CUX HOP SIBJISIETCS IPEIMETOM BCECTOPOHHUX
ncciaenoBanmii. 3 4!

OO00O0I1IeHHAST 3aBUCUMOCTD TeMItepaTypbl cTekjoBanus [1C
OT TOJIIIMHBI (/1) €ro TUICHOK MpeAcTaBieHa Ha puc. 8. BuaHo, yto
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Puc. 8. 3aBUCHMOCTH TeMIepaTypbl CTEKJIOBAHUSI CBOOOIHBIX ILIE-
HOK HC OT UX TOJIIIUHBI, ONIPECACIICHHBIC MCTOAaMU JJIJIUIICOMCTPUA
(cBeTyble TOYKM) M OPWIIIIFOOHOBCKOTO paccesiHHsi cBeTa (TeMHbIE
TouKn).>?

Mounekynsipuas macca, M-10—3: 116-347 (1), 541 (2), 691 (3),
1250 (4), 2077 (5), 6700 (6) u 9000 (7). I[TyHkTHpHAS JTHHUS MOKA3bI-
BaeT TeMIepaTypy crekjaoBanus 6ounoro I1C.

C yMeHbIIIeHUEM h, HauuHas ¢ ~ 80 HM, TeMIepatypa CTeKJIOBa-
HHSI TIOJIMMeEpa CTPEMUTENIbHO cHIKaeTcsl. CHIDKEHHE B 3aBUCH-
MOCTH OT MOJICKYJISIPHOW Macchl MOJIIMepa JOCTHIaeT MHOTHX
JIECSITKOB T'PAYCOB.

ITo cytu kpel3uHT — TpollecC AUCHEPTHPOBAHUS MOJIAMEPa
Ha arperatsl pa3MepaMH JECSATKU (COTHH) aHICTPEM, IIOITOMY
HEYAMBHUTEIBHO, YTO y MaTepHala Kpe30B CyIIECTBEHHO OoJiee
HU3Kas TeMieparypa crekjoBaHus. C yd4eToM 3TOr0 MOXHO
JIETKO U HENPOTHUBOPEYMBO OOBSCHUTH PACCMOTPEHHBIEC BBILIE
AHOMAJIbHBbIC (U3UKO-MEXaHUYECKHE CBOWCTBA KPEW30BaHHBIX
HOJIMMEPOB: OoubIye oOpaTHMBbIe TeopMany U HU3KOTeMIIe-
paTypHasi TepMOCTUMYJIIpyeMasl ycaaka CBS3aHbI C SHTPOIMIA-
HOI yIIPYroCThIO KPEH30BaHHOTO MOJIMMEPA C TOHUKEHHOU TeM-
TepaTypoOil CTEKJIOBAHUSI.

JleiicTBUTEIFHO, OLIEHKH TIOKA3aJIH, 4TO pu auametpe 10 am
(ubpuiia conepxkut He O6ostee 10 meneit. OTcroaa CleAyeT, YTO
BCE MAKpOMOJIEKYJIBI B (GHOpUILIAX KPeiH30B (PaKTHYSCKH HAXO-
JTCS B MIOBEPXHOCTHOM CJIO€, U 3HAaYeHUe UX Ty CYLIECTBEHHO
MeHble Ty OKpyXarollero 0J04HOro mosmmepa. Makpomoste-
KYJIbI BHYTpH (HOPUILT B3AaMMHO OPUEHTHPOBAHBL. B pe3ynbraTe
Kpeli3uHra peajm3yeTrcss CHTyalusi, KOTrJa CTeKJI0OOpa3HBbIiA
OJIOYHBII TOJMMEDP OKAa3bIBAETCS «HAYMHEHHBIM» OCOOBIMH 30-
HaMU (Kpei3aMu), HATIOJHEHHBIMI OPUEHTHPOBAHHBIM aMOpd-
HBIM TIOJIIMEPOM C MOHMKEHHOW (HIDKE TEMIIEPATYPhI 3KCIEepH-
MEHTa) TeMIIepaTypol CTeKJIOBaHUS. EcTecTBEHHO, ATOT Kayuy-
KOIIOIOOHBIN MaTepHas JO0JDKEH MpeTeprneTh ycaaky (0oblyro
o0paTuMyro aehopmMaluio), 4TO U HaOJI0MAIOCh B IKCIEPH-
MeHTe (cM. puc. 5, 7). Takum obpazoM, GU3HIECKON TPHINHON
00JIBIIUX 0OPATUMBIX JTeOpMaIHii Kpe30BaHHBIX TOJIIMEPOB B
TEeMIIEpaTypHOM HHTEpBaJIE CTEKII000pa3HOTO COCTOSHUS OJI0Y-
HOTO TIOJIUMEpA SIBIISICTCS CHIDKCHUE TEMIIEPATYPhI CTEKIIOBAHUS
aMOp(}HBIX MOJMMEPOB B TOHKHX IJICHKAX M MOBEPXHOCTHBIX
HAaHOMETPOBBIX CIIOSX.

5. JdedopmanuonHoe pa3MsiryeHne KpucTaIH4ecKux
N0JIHMEPOB

a. KecTko-3/1acTHYHBIE KPHUCTAL/INYECKHE M0 IMMEPBI

B nawane 70-Xx TOJOB TPOILIOTO BeKa ObLIO OOHAPYXKEHO, YTO
KPHCTAJUIMYECKUE MOJIMMEDBDI, TAaKME Kak mosmnponuien (ITIT),4?
HOJIMATUIIEH BBICOKOH mmoTHocTu (IMDBIT),*34* monuBunmMi-
uneradropun (IBD),4>46 nommamuna-6,6,4" nonu(4-MeTHaneHT-
l-en,*® mommamun-114° u ap. MOTYT NPOSIBISTH COBEPIIEHHO
HEOXUIAHHBIE CBOMCTBA.

B paboTtax 335 moka3aHo, 4TO KPUCTAILIMIECKUE OJTMMEDBI
C IOCTATOYHO BBICOKAM MOJIYJIEM YIIPYTOCTH MOTYT OBITh pac-
TAHYTBHI HA JECATKA M JaXKe COTHH NpoueHToB. CaMoe yauBH-
TENBHOE, YTO TAKME MOJUMEPHI JIEMOHCTPUPYIOT OOJbIIYIO
obpatumyro nedpopmanuio. Ilocie CHATHS HANPSIKCHUS OHU
CaMOTIPOM3BOJILHO TIPAKTUYECKH MOJHOCTHIO BOCCTAHABIMBAIOT
CBOM pa3Mephl IIPH TEMIIEPATYPE IKCIIEPUMEHTA.

THunuYHAS KPUBAs PACTSDKEHUS U YCAKU [Tl TAKHX MOJIMME-
poB mpejctaBiieHa Ha puc. 9. B mepBoM mukie aedopmaniu
MOJIUMEP AEMOHCTPHPYET KPUBYIO PACTSKEHHS, XapaKTEPHYIO
JUTSL KPUCTAJUIMYECKOTO TTOJIMMEPa (HAYaIbHbBIN TTPSMOJIMHENHBIH
YYaCTOK, Mpene] TEKY4ecTH, o06iacThb miato). Ilocme cHATHS
HanpsDKeHus: 06pa3el cCaMONPOU3BOJILHO COKPAINAETCS MPAKTH-
YeCKH JI0 UCXOJIHBIX pa3MepoB (OoJiblasi oopatumas aedopma-
L[I/Iﬂ) U B MNOCICAYIOIIUMX IUKIIAX PACTSKEHUS I10Ka3bIBACT
MEXaHUYECKOE MOBE/IEHIE, XaPAKTEPHOE [T KAYIyKOOOPa3HOrO
nojmMepa (HU3KU MOIYJIb, MOHOTOHHO DPAacCTyIllee HAIpsiKe-
nue). CKa3aHHOE CBUJIETEILCTBYET O Ie(pOPMAIIMOHHOM Pa3MsIr-
YeHUHU, AHAJOTMYHOM PACCMOTPEHHOMY BBIIIE JJIS aMOP(HBIX
NOJUMEPOB. B masbHeliieM MaTepuanbl, COYETAIOMME B cebe
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Puc.9. Tunuunas kpuBas pacTsDKEHUs M YCAJKM  JIAMEJUISIPHOTO
(xecTrO-3macTranoro) IMIT npu KOMHATHO#M TemmepaTtype.>3

1 — TIepBBIf UK PACTSDKEHMS], 2 — BTOPOU IUKJI PACTSDKSHUS, 3 —
ycajaka.

CBOWCTBA JKECTKUX KPUCTAJIIMIECKUX MOJIUMEPOB M KAyTyKOMO-
MOOHBIX MATEpUAJOB, ObUIM HA3BAHBI JKECTKO-3JACTUYHBIMH,
MOCKOJIbKY HX CBOMCTBAa HAXOOATCSl B KOHTpAacTe C AABHO H
XOopoumo HU3BECTHBIMU CBOMCTBAMU BBICOKOOPUECHTUPOBAHHBIX
KPUCTAJTMICCKUX MOJIUMEPOB C OOJIBIIMM MOIYJIeM (TPOYHBIX
u MaJio aeopMupyembix).>©

[IposiByicHNE CTOIH HEOOBIYHBIX /ISl OPUCHTHPOBAHHBIX KPH-
CTAJUINYECKUX MTOJIAMEPOB CBOMCTB 00YCIIOBIICHO UX crerupuye-
CKOWl CTPYKTYpOU. ITa CTPYKTypa MOXKET OBbITh IMpeICTaBjIeHa
KaK MHOJXECTBO PEryJIIpHO PACIOJIOKECHHBIX (MapajuIeTbHBIX
JIPYT APYTY) KPUCTAJIIMIECKUX JIAMeJIell, B KOTOPBIX OCh ¢ MAKPO-
MOJIEKYJI OPHEHTHPOBAHA HOPMAJILHO HX IuIockocTH (puc. 10).7
Kpucraminueckue 1amMenn pa3aeieHbl TAKXKe PEryIspHO pacio-
JIOKEHHBIMH aMOPGHBIME Tpociioiikamu. Takoro pona cTpyk-
Typa peajiu3yeTcsl B YCIOBHSIX CHJIOBOTO BO3JICHCTBHS Ha KpH-
CTAJUTM3YIOLIMECS PACIUIABBI TOJUMEPOB 4337 UM mpu TepMo-
CTUMYJIMPYEMOUN yCaJlKe OPHEHTHPOBAHHBIX KPHCTAJUTUYECKHX
moMepoB.>8 DPdekT aepOopMANMOHHOTO pa3MATYEHHs (CM.
puc. 9) nposBIISIETCS, €CJIM JKECTKO-3JIACTUYHBIA MaTepHuasl pac-
TSITUBACTCS B HANPABJICHUH, HOPMAaJIbHOM IUIOCKOCTH JIaMeJIeH.

K wHacrosmemMy BpeMeHH oOmyOJIMKOBaH psifi 0030pOB MO
HCCIIEIOBAHMIO YKA3aHHBIX MaTEPHUAJIOB. > >3 Bplie Gb110 0TMe-
YEHO, YTO KPUCTAJUIMYCCKUI OPUCHTHPOBAHHBIA (KECTKO-3J1a-
CTUYHBIN) TOJIAMEP MOXKET Je(OpMUPOBATBCS HA JECATKH MPO-

Puc. 10. [IOM-U306paxenne ToHKko# mienku [1I1 ¢ mamensipHOR
CTPYKTYpOM, KOHTpacTHpoBaHHOM RuQy4.”

TeMHBIe TOJIOCHI — aMOPQHBIE TPOCTOUKH; CBETJIbIE — KPUCTAJLIN-
YECKHUE JIAMEIIH.

1eHToB (10 100%) u mposiBIsSTE O0JIBIIYI0 0OpaTUMyto Aehop-
Manuo. PeHTTeHOCTPYKTYPHbIE JIAHHBIE > U Pe3yJIbTATHI UCCIIE-
JTOBAHUI METOJIOM aTOMHO-CHIIOBON MUKpockommu %0 mokaszaim,
4yTO OoJbIas neopmanys TaKuX MaTepHaJIOB COMPOBOXKIAAETCS
pa3BUTHEM MMOPHUCTOCTH M YBEJIMUCHUEM Y ICIbHON TOBEPXHOCTH.
[TopucTocTb pa3BUBAETCS B HIEPBOM LIUKJIC PACTSDKCHHUS B MEXKJIa-
MEJISIPHBIX 00JacTSX HOJUMeEpa MO Mepe OTHOBPEMEHHOTO
«pasaBkeHus» (yOaJleHUsl Ipyr OT JApyra) Jameliel mpu pac-
TSDKEHUM TOJIUMEpa B HANPABJICHUHM, HOPMAJbHOM ILJIOCKOCTH
KpUCTaJUIMIecKuX Jamesield. CXxeMaTH4ecku Takasi CTPYKTypHasi
nepecTpolika, Mo KpailHell Mepe Ha MEePBBIX ATanax JaepopMaliui,
mpencrasieHa ua puc. 11.7

PesynbTaThl, NojydeHHbIe B paboTe®! mpm mcciemoBaHmMu
BIIUSHUSL TEMIIEPATYPBl PACTSDKCHUST Ha IeOpMalOHHBIN
OTKJIMK JKECTKO-3JIACTUYHOTO TOJIMMeEpa, HPEACTABICHHI Ha
puc. 12. BuaHo, 4T0 ¢ TOHMKEHHEM TeMIlepaTypbl KpUBas pac-
TSDKEHHMSI MCXOJHOIO TOJIMMeEpa, KaK M CJeI0BaJIO OXUIATh,
cMentaercs B oOJyacTh OoJjiee BBICOKMX HampsbkeHui. OmHako

Puc. 11. Cxema BO3HHKHOBEHUS HUOPUIUISIPHO-TIOPUCTOU CTPYKTYPHI
B MEXKJIAMEJISIPHBIX 00JIACTSIX NPH PACTSKEHUN JKECTKO-3JIACTUYHOTO
nojumepa.’

®daza: | —xpucrammmyeckas, 2 — amopdHas.
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Puc. 12. KpuBble pacTsikeHUs] M YCaJKU KecTKo-3yactuyHoro ITIT,
moayveHHble mpu Temmepatypax — 100 (7), —80 (2), —60 (3), —40 (4),
—20(5), 0 (6) u 20°C (7).6!
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TeMIlepaTypa MpakTHUYEeCKH He cKka3biBaeTcs Ha addexte nedop-
MAaIMOHHOIO pa3MsrueHus. Bo Bcex ciryvasix mpu MOBTOPHOM
pactsbkeHuH 1e(hOpMHUPOBAHHBIN KecTKo-3macTruHbIil [TTT moka-
3aJ1 GoJIblIyr0 oOpaTuMyro JeopManuio U KaydyKomnogo0Hoe
noesieHue. bosiee TOro, yeM BbIIIE TeMmIepaTypa AehopManuu
JKECTKO-3JIACTUYHOTO MOJIMMepa, TeM OOJIbIIIe ero ycaaka. DTo
CBHIETEJIBCTBYET O TOM, YTO IBHXKYIICH CHIIOH OOPAaTUMOCTH
SIBJIICTCS JHTPONUUHBIN (akTOp, a cama oOpaTumas nedpopma-
M1 KaKUM-TO 00pa3oM cBsi3aHa ¢ KOH(DOPMAIMOHHBIMU Hepe-
CTPOMKAMH B LIETSIX MOJIUMeEpA.

0. Kpeii3unr kpucTajmuecKux noJMMepoB

[IpencraBieHHbIe B MpeABIAYIIEM pa3fiesie JaHHbIE CBUICTENb-
CTBYIOT O TOM, YTO HEOOBIYHBIE CBOWCTBA JKECTKO-3JIACTUYHBIX
MOJIMMEPOB, B TOM 4YHCJIe U AehOPMAIMOHHOE pa3MsIryeHue,
CBSI3aHBI, B YaCTHOCTH, C Pa3BUTHEM B HUX B Ipoiiecce gedopma-
IIM1 HAHOPA3MEPHOM NNOPUCTOCTH U BBICOKOPA3ZBUTOM ITOBEPXHO-
cti. B TO e Bpems KpucTaJlJIMYecKue NOJIMMepPBI, Kak 1 aMopd-
HBIE, CIIOCOOHBI 1epOPMUPOBATECS C Pa3BUTHEM IOPHCTOCTH 11O
MeXaHu3My Kpei3uHra. B aToMm ciydyae HaHOpa3MepHas MOpH-
CcTOCTh (popMHEpYeTCsl B TOJMMepe U Oe3 HaIWm4usl B HEM aHU30-
TPOMHBIX JIAMEJSPHBIX CTPYKTYD, XapaKTepHBIX IJIs KECTKO-
3JIACTHYHBIX MATEPHAJIOB.

BaxHble pe3yIbTaThl IOJIYYCHBI IPU UCCIICTOBAHUY BIIUSHUS
ra3oo0pa3HbIX Cpel Ha MEXaHHMYECKUH OTKJIHUK IOJIMMEPOB.
M3BecTHO, 4TO NpU BBITSITUBAHUU CTEKJIOOOPAa3HBIX U KpUCTAJI-
JIMYECKHUX IMOJIMMEPOB Ha BO3AyXe oOpasyercs IIeika W 3aMeT-
HOTO HApYIICHHS CIUIOIIHOCTH MaTepuaja He MPOUCXOJHNT.
B coorBercTBHM ¢ KoHmemmmeil OipmHra-—JlazypkuHa, npH
OXJIAXKICHAN MEXaHWYECKHE IIOKa3aTeNl MojmMepa (mpenes
TEKY4YeCTH, IPOYHOCTh) OOBIYHO yBenuuuBarotTcs. I1o moctmxke-
HUH TeMIEPATyPbl XPYIKOCTH OJIMMepa IIelika He oOpasyeTcs, a
paspyllieHe IPOUCXOAUT, KaK B ClIydae XPYNKHX HU3KOMOJIEKY-
JIIPHBIX TEJI — MPU MAJIBIX 3HAYEHUX aeopmarmu.©? 63

OpHako mpu NPUOIMKEHUM TeMIEepaTypbl IKCIEPUMEHTa K
TeMIepaType KOHAEHCALMU ra3a, B cpefe KOTOPOro IpOBOIST
nepopmarmro (Na, Ar, Oz, CO> ®w T.1.), HEOKUTAHHO TIPO-
SIBJISICTCS 3HAYUTENIbHAS IUIACTUYHOCTH MOJMMepa. B oGiactu
TEMITEPATYPHI, OJIM3KOH K TeMIepaType KOHICHCAUH KaXI0TO
W3 Ta30B, PE3KO BO3PACTACT Pa3phIBHOE YIMHEHUE TOJIMMEDPA U
YMEHBIIAETCS MPeiesT ero TeKyuecTu. B pe3ynbraTe Ha TemMiepa-
TYPHBIX 3aBUCUMOCTSIX PA3PBIBHOI'O yIJIMHEHHS U Ipeesia TeKy-
YECTHU MOSIBJIICTCS MaKCUMyM. B To e BpeMst neopmarnust Tex
e MOJIMMEPOB IIPU TAKMX HU3KUX TEMIIepaTypax B BAaKyyMe HJIH B
TeJINU HE MIPUBOJIUT K MOSIBJICHAO 3aMETHOM IIACTHYHOCTH.

BnepBrie HU3KOTEMIIEpATypHAS IIACTHYHOCTH KPUCTAILTIYC-
CKOTO MoJImMepa (IOJIAIPONUJIeHa) onrcaHa B paborax Kapruna
¢ coaBT.** % Bpu1o nokaszano, uto I1I1 MoxeT AeMOHCTPHPOBATE
Ype3BbIYAHO OoJIbIIHNE NehopMAaIiK (COTHU IPOLIEHTOB) B 00J1a-
CTU HM3KUX TeMIepaTyp, BIUIOTb A0 TEMIEPATYPhl KHUIKOTO
azora. bosee Toro, Takue KpuoreHHble Ae)OopMaIK OKa3aJIUCh
00paTUMBIMU NIPU HATPEBAHUU PACTSHYTOIO IOJIUMEpa A0 KOM-
HATHOU TeMIIEpaTyphl.

s nommMmepa, 1eopMUPOBAHHOTO TPU HUZKOW TeMIlepa-
Type, XapaKTEepHO BOCCTAHOBJICHHE HCXOTHBIX MEXaHUYECKUX
CBOWCTB W CTPYKTYpHI Tipu oTxkure. Ha puc. 13 mpeacrasieHst
kpuBble pactspkenus [1I1 nmpu Huskoit (—50°C) Temmepatype,
KOTOpas 3HAYUTEbHO HIDKE TeMIEepPaTyphl CTEKJIOBAHUS 3TOTO
nosimMepa. BugHo, 4To cpasy e mociie IepBoro HUKJIa pacTsbke-
HUsI HAOJIFOaeTcsl BBIPaXEHHBIH 30 dekT nedhopMannoHHOro
pa3msiruenns. KpuBas pacTspkeHns: cMeIaeTcs B 001acTh MEHb-
IUX HANPSDKCHAN, W MPH 3TOM HCYE3aeT HPEACSl TEKYYCCTH.
Taxast xpuBast HAOMHHAET KPUBYIO PACTSIKEHHS KaydyykooOpas-
HOro mosmMepa. OTxur AeopMUPOBAHHOTO IMOJMMEpPa TaKe
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Puc. 13. Kpussie pactsokenus [T npu — 50°C.67

1 — mepBOe pacTsKeHne; 2 — MOBTOPHOE PACTSKEHHUE Cpa3y Ke MoCIIe
MEPBOTO; KPUBBIE PACTSDKEHHUS TIOCIIE OTHKUIA PACTAHYTHIX 0OpA3IOB
npu 25°C B Teuenue 15 muH (3), 30 muH (4), 4 1 (5), 18 4 (6).

IIpY OTHOCUTEJILHO HEBBICOKOM Temuepatype (25°C) npuBOAUT K
MTOCTETICHHOMY BOCCTAaHOBJICHIIO MEXaHHYECKMX CBOWCTB (a clie-
OBATENIbHO, M CTPYKTYpbl) HCXOAHOTO TOJUMEpa, 4YTO
CBUCTEIIBCTBYET O BBICOKOW JTAOMIBHOCTH CTPYKTYPHI AehopMu-
POBAHHOTO MOJIMMEPA U O €r0 CKIIOHHOCTH K CAMO3aJICYNBAHUIO.

[To3gHee Takoro poga HU3KOTeMIIEpaTypHas Aedopmanus
III1 6bi1a MOPOOHO HM3yueHa B paborax ©’—%. Benen 3a aBTo-
pamu uccienosanus ¢ Ong u IMetepsun ¢7- %8 mpum K BEIBOY,
4yTO medopManysi HOJMMepa NMPHUBOAUT B INEPBYIO OUYEpenb K
VBEJIMUCHAIO €ro YyIeJIbHOrO0 o0beMa W JI0JM CBOOOIHOTO
00beMa. DTOT 3PPeKT BO MHOTOM 3KBHUBAJICHTCH MOHUKECHHUIO
TeMIIepaTyphbl CTEKJIOBAHHS MOJHAMEpA A0 TEMIEPaTyphbl HIKE
TeMmepaTypbl skcrepuMeHTa. OCOOEHHO CHUIIBHO YIENIbHBIH
00BeM U J10J11 CBOOOJHOTO O00BbeMa YBEJIMYMBAIOTCS B MeECTax
KOHLIEHTPAIMU MEXaHNUeCKUX HanpshkeHuit B Matepuaie. Benen-
CTBHE BBICOKO JIOKAJIbHON KOHLEHTPAIMW HANPSDKEHHs IMOJIH-
Mep HEePEeXOJUT B KayIyKONoIO0OHOE COCTOSIHUE U B pe3yjIbTaTe
CTAHOBUTCS CIIOCOOHBIM K OOJIBIINM JIeOpMAIIHSIM TIPH HATIPSI-
JKEHUSIX, 3HAUYATEIHHO HIDKE Tpefesia TeKyYecTH MaTepHaa,
OKPYXAIOIIET0 KOHIEHTPATOP HAIpsDKeHHWs. B CBs3M ¢ 3THM
MOJIMMEPHI AaXe IPU OYeHb HU3KKX (BILIOTE 10 4 K) 70 Temmepa-
Typax paspymarrcs He Xpynko. OO0 3TOM CBUACTEIIbCTBYET
aHaJIM3 TOBEPXHOCTEW pa3pylleHUs MOJUMEPOB, U3 KOTOPOIO
CJIeAYeT, YTO UCTHHHOM TpELIVHEe pa3pylleHHs BCeraa Mmpeile-
CTBYeT 30Ha IJIACTUYECKH Ae(OPMUPOBAHHOTO MaTepUaa.

IIpucyrcTue rasza, o0JIagaromero BEICOKOH TepMOIUHAMHE-
YeCKOU aKTHBHOCTBIO (HAXOSIIEr 0Csl BOJIM3H €ro TOYKU KOH/ICH-
camun), pe3ko o0JeryaeT pa3BUTHE IJIACTHYECKUX AedopManuii m
MOBEPXHOCTEHN pasjena. DT0O 00bsCHAETCS OOBEMHOW M TTOBEPX-
HOCTHOHM copOuueri raza. O6beMHOe TIacTU(UIUPYIOIIee JIeH-
CTBHUE ra3a BO3MOXHO, €CJIM OH CIIOCOOEH C BHICOKOH CKOPOCTBIO
MHUTPUPOBATH B 30HY aKTUBHOH edopmaruu nojumepa. OHaxo
IIPU KPUOTCHHBIX TeMIepaTypax 1uddy3noHHbINA TPaHCIOPT ra3a
BecbMa 3aMeieH. Tak, koahdunuent nuddys3nn a3ora, HaIpPH-
mep B I, npu 77K pasen 6-10~ '8 ecm?-c—! (em.”!), T.e. mis
MPOHUKHOBEHHUS ra3a B IIOJUMED Ha paccTostaue 10 HM TpedyeTcs
BpeMs ~ 300 c. DTo BpeMsl BEJIMKO, M TAKOW TPAHCIIOPT HE MOXKET
obecrieunTh O0JIerYeHre KpHOTeHHOW aedopmManuu mojaumepa,
HaOJIFOJaeMOM B 9KCIIEPUMEHTAX.

Cutyanusi pe3ko U3MEHSIETCsI, CJIM KOHIIEHTPATOPBI HAPSI-
KEHHs B HOJIIMEPE MMEIOT IOBBIICHHBIC YICJIbHBI 00beM U
JIOJIF0 CBOOOIHOIO 00BbEMaA 10 CPABHEHHUIO C TAKMMU XapaKTepu-
CTHKaMH OKpPYXaIoIero Matepraja. B atom ciyuae m3-3a yBe-
JIMUEHUSI TIOJIBUKHOCTH TIENeH MOJIMMepa CKOPOCTh Tuddy3uu B
Pa3pBIXJICHHYIO 30HY PE3KO BO3pacTaeT, ra3 copompyercsi, pac-
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TBOPSIETCS B JIOKAJIbHBIX 30HaX. DTUM OOYCJIOBJIEHa BO3MOX-
HOCTbh OOJbIIUX AedopMaIiii MaTepuaa.

BaxxHO OTMETUTB, UTO pa3BUTHE KPHUOTCHHBIX JepopMaliuii
OCYILIECTBIISICTCS HE OJHOPOJIHO 110 00beMY MOJIMMEPA, a TIPOUC-
XOJIUT B TIEPBYIO OUEPElb B MECTAX KOHIICHTPAIINU HAIIPSDKCHUI.
B sTHx MecTax pa3BUBArOTCS 30HBI IJIACTHYECKU AehOpPMUPOBAH-
HOro mojuMepa ¢ (GUOPUIUIAPHO-TIOPUCTON  CTPYKTYpPOi
(xpeiisel). B pa6ore’! onucaHbl MEXaHUYECKHE U TEPMOMEXAHU-
yeckue coiictBa I1I1, neopMUPOBAHHOTO IO MEXAHU3MY KPEi-
3UHra B XXUAKOM azoTe npu — 196°C, 4TO 3HAYUTESILHO HIKE
TeMIepaTyphbl CTEKJIOBaHUS mojmMepa. [loka3aHo, 4TO Kpe3nl
COXpaHSIOT CBOU pa3Mephl B XKHUIKOM a3zote npu — 196°C nocie
CHSITUSL HATpPy3KU. B TO e BpemMs OHH MTHOBEHHO CXJIOTIBI-
BAIOTCSl, €CIIM YAAJIUTh a30T M3 UX 00beMa, W 9TO MPUBOIUT K
MPAKTHYECKH TOJHOM ycanke. KpuBasi MOBTOPHOTO pACTSIKEHUS
Takux 00pa3loB MOJUIPONIIEHA B XUIKOM a30Te aHAJIOTHYHA
KPUBOM «CyXxoro» kpeiza amopduoro nosumepa (mosmkapoo-
HATa), OJIyYeHHOM B pabore !°.

HavanbHblif MOTYJIb U TIPEIES BHIHYXKICHHON 3JIACTUYHOCTHU
pu MOBTOPHBIX HchbiTaHusx [1I1 mocne ycaaku 3HAYUTETIHHO
MEHBIIIE COOTBETCTBYIOIINX XapaKTEPUCTUK UCXOTHOTO 0Opasna
pu ero aeopmanuu B xxuakoM azote. [lomararor, 4To Hamps-
JKeHUs1, BBI3bIBAIOIINE CXJIOTIBIBAHUE KPEH30B MPH yIaJICHUN U3
HUX a30Ta, MOXHO PACCUUTATH IO (hopmyJie

rae r — paguyc HycToT B Kpeifze. Pacuer maer 3HaueHue
o = 6 MIla, uTo 3HauMTEILHO MeHblIe npeaena Tekyyectu [1I1
TIPH 3TOH TeMIlepaType.

Taxum 06pazom, 00BSICHUTH 0OPATUMOCTH OOJIBIION aedop-
MaIu Kpel30BaHHOTO TMOJIMMEpPA TOJbKO AEHCTBHEM IOBEpPX-
HOCTHBIX CHJI B IPEIIOJIOKEHUH, YTO MaTeprall Kpei3oB ob6a-
J1aeT MEXaHUYECKUMK CBOMCTBAMHU UCXOJHOTO CTEKJIO00PA3HOTO
HOJIUMeEpa, He y1aeTcsl.

Bropass BaxkHasi 0COOEHHOCTH KpEW3HWHIa 3aKrovyacTcs B
TOM, YTO MMOPHUCTOCTH JIOKAIU3YETCS B Kpel3ax, KOTOpbIe BO3HU-
KaIoT W Pa3BUBAIOTCS B MOJIMMEpAaX IO IEHCTBHEM MeXaHUYe-
CKOTO HampspkeHus. Takoil BUA KpeH3WHTa, HA3BAHHBIN KJIACCH-
yeckuM kpeisuHrom (KK), qoctraTouHo XOpoIo u3ydeH, U eMy
MOCBSIILIEHO OOJIBIIOE YUCIO MyOJIMKanuii, MHOTHE U3 KOTOPBIX
0600111eHbI B paboTax 31,7275,

B mociennue roapl mokasaHo, 4TO CXOJHOE C JKECTKO-3JIa-
CTUYHBIMU MaTepUaaMU CTPYKTYPHO-MEXaHUYECKOE IOBE/ICHUE
MOT'YT JIEMOHCTPUPOBATH U MHOTHE KPUCTAJIIN3YIOIINECS MOJIHU-
mepsl (monmosiedunsl, [I1DTd, moamamMuabl, MOTMBAHIIXIOPUT
U Tp.), He 00JaJaronie acHMMETPUYHOW KPHUCTAJTMYECKON
CTPYKTYPOii. DTOT BUJ KpPEeU3UHIa, HA3BaHHBIN ACJIOKAIN30BAH-
aeiM (JIK),76~78 uam MeXKpUCTAJUIUTHBIM, 'S HAOIIOJaeTCs IpK
neopMUPOBAHMN KPUCTAJIMIECKUX MOJUMEPOB B aKTUBHBIX
KUJKUX Cpeaax.

PaccMoTpuM 0COOEHHOCTH YyKa3aHHBIX BUJOB KpeH3uHra u
ycioBus ux peanmsaunuu. M3sectno, yro KK umeer no kpaiinei
Mepe TPU XOPOIIIO BBISIBJISIEMbIE CTAIUN: WHAIIMAPOBAHUE Kpeid-
30B, UX POCT B HAIPaBJICHUH, HOPMAJIbHOM OCH TPUJIOKEHHOTO
HaNpsOKEeHUs, yiupeHue kpeii3oB (puc. 14). IlepBas ctaaus cBs-
3aHa C TIOBEPXHOCTHOU Je(EKTHOCTbIO, XapaKTEPHOM ISl BCEX
TBepAbIX Tesl. [1oBepXHOCTHBIE Ae(EKTHl PAa3JUYAIOTCS IO CTe-
IICHU OMACHOCTH ITOSIBJICHUSA 30H IJIACTHYECCKHU ):[e(I)OpMI/IpOBaH-
HOTO ToNMMepa (Kpeii3oB).”” VIMEHHO TOITOMY KOJHYECTBO
kpeii3oB npu KK MoOXHO JIerko peryJimpoBaTh, U3MEHSISI BEJIU-
YMHY MPWIOKECHHON HATPY3KH, AKTUBHOCTD KUIKOM CpeIbl UiIH
METOJI MEXaHMYECKOM MOBEPXHOCTHOH 00paboTkm oOpas-
110B.80: 81
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Puc. 14. Cxema, WLTIOCTpHUpYIOIIAasi OCHOBHBIC CTaJUM KJaccHie-
CcKOro Kpeismara — 3apoxaenue (/), poct (/I) u ymmpenne (I/1])
KpeiizoB.”’

Bropast cragus — pocT KpeW30B — OCYIIECTBIISIETCS MYyTEM
pacnpocTpaHeHus 3apOIUBILUXCS KPEH30B B HATIPABJICHUH, HOP-
MaJIbBHOM OCH IPWJIOXKEHHOTO HAINpPSDKEHUs, BIUIOTh IO Iepe-
CeUCHMs] MMH BCErO cedyeHWsl mosmMepa. M HakoHel, TpeThs
CcTaJus — YIIUPEHUE — COIMPOBOKIACTCS Pa3ABIKCHAEM CTCHOK
Kpeli30B B HAINPABJICHHH MPIJIOKEHHOr0 HampspkeHus. Ovue-
BHIHO, YTO HA 3TOU CTAIWU MPOUCXOAHUT TOTAJBLHBIA IEPEXO.
MOoJIMMEPa B OPHEHTUPOBAHHOE COCTOSIHUE BCIIEACTBHIE PACXOI0-
BAaHUS HCXOJHOTO HEOPHUEHTUPOBAHHOIO MaTepHalad IpPU €ro
MPEBPAICHUH B BLICOKOAUCTIEPCHOE (PUOPHUILIN30BAHHOE COCTOSI-
Hie. OTMETHM, YTO B IIPOLIECCE YIIUPEHHUs KPEH30B HEPEePHIBHO
yBeJIMunBaeTcs 1oJiss Gubprim3oBaHHOro Martepuaia. Takoe
pa3Butue GUOPUILISIPHO-TIOPUCTON CTPYKTYPBI KPe30B HA3BAHO
MOBEPXHOCTHOM BBITSKKOM (QuOpmLL,>! MOCKONBKY AHAMETD
(ubpuT ocTaeTcs MOCTOSIHHBIM Oyarofapsi HEMpEepbIBHOMY
BBITATHBAHUIO TTOJIIMEPA U3 CTEHOK KPEH30B.

Jleokann30BaHHBIA KPEH3UHT pean3yeTcs MyTeM Pa3BUTHUS
MOPUCTOCTH OJHOBPEMEHHO BO BCeX aMOPQHBIX MPOCIONKax
kpucrammyeckoro nojumepa.®l-32 Mukpodororpadpuu cpesos
06pasmos kpucraumyueckoro nogumepa (ITA-6), nepopmupo-
BanHble 0 MexaHuaMaM KK (a¢) m K (b), npencrasieHsl Ha
puc. 15. B o6oux ciayqasx B AAC Obl1 100aBJIeH KpacHTelb,
KOTOpBIA 3pPEKTHBHO KOHTPACTHPYET OCOOCHHOCTH PA3BHUTHS
MOPHUCTOCTH. BUAHO, YTO B MEpBOM cilydae MOPUCTOCTH pa3BU-
BaeTCsl B TUCKPETHO PACIIOJIOKEHHBIX Kpeif3ax, a BO BTOPOM —
obpasyeT HenpepbIBHBIN Auddy3nonnslii Gppont. Mopdoso-
THYECKU TaKOM BUJ pa3BUTUS IOPUCTOCTHU COMMKAET MOJTUMEDHI,
noBeprayToie JIK, ¢ )KecTKo-371acTHYHBIMU MaTepUaIaMHU.

Heobxoanmoe yciosue st peanm3amyn JJK — Makcumaib-
Hasl CTPYKTYpHasi HEOJHOPOJHOCTD MOJINMEPA Ha MHKPOYPOBHE.
MUKpOHEOTHOPOHOCTH XapaKTepHa JIJIsl BCEX KPUCTAJTIYECKUX
MOJIMMEPOB, TPEICTABISIONNAX CcO00i ABYX(ha3HbIE CHCTEMBI,
KOTOPBIE COCTABJICHBI MEJIKUMU KpucTajmutamu (~ 100 10\), pas-
HOMEPHO pacipe/iejIeHHbIMH B aMop(pHOi MaTpuiie. UToObI ipu
PACTSDKEHUH OJIMMepa IPOKUCXOIUIa OAHOBPeMeHHas1 AeopMa-
ISl BCeX ero amMop(HbBIX MPOCIOoeK (KaK 3TO MMEeT MECTO IpHU
JK), HeoOx0auMO 3HAUNTEIbHOE pa3INyKe CBOMCTB aMOp(HON 1
KPUCTAJIMYECKO COCTaBIISIFOINNX. Takoro pasiuuus yaaercs
JIOCTHYb, €CITH aMOPQHAs COCTABIISIONIAS TOJUMEPa HAXOIUTCS
B BBICOKORJIACTHYECKOM COCTOSHUH. OUEBUIHO, YTO IPU TAKOU
nedopMaIyy CyiecTByeT TOJBKO CTaIUs yIIUPEHHS 3THX obJiac-
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Puc. 15. Mukpodotorpaduu cpezoB mieHok [1A-6, moaBeprayThIX
KPEU3UHTY B KUAKOM cpere.’!
a — KIJTACCHYECKHUIA KPEW3UHT; b — MeTOKaTN30BAHHBINA KPEH3HHT .

Teil Mo BceMy 00BEMY OJHOBPEMEHHO M OTCYTCTBYIOT CTAaJHMU
3apOXKJICHNUS U TIONEPETHOr0 POCTa, XapaKTePHBIE IS KJIaccuye-
ckoro kpeismHra. ITockosbky aMopdHasi COCTaBIISIFOINAsT KPH-
CTaJTMYECKOTO TMOJIAMEpa JIEIOKAIN30BaHa IO 00BbEeMY MOJIU-
Mepa, pa3BUTHE MOPUCTOCTH TaKXe OyIeT AeIOKAJIU30BAHO IO
BceMy 00beMy J1e(hOPMHUPYEMOTO TTOJIMMEPA.

Paznuume B MexXaHWYECKOM MOBEACHUM aMOp(HOU mpo-
CJIOWKHA M KPHUCTAJLUTNYECKON (Da3bl MOXKHO H3MEHHUTH 3a CYET
BapbUpPOBAHMs KOHLEHTpAUMH IUIacTUGUKATOpPa B aMOPQHBIX
00JIaCTSIX WJIM TeMIlepaTyphl U MPOJODKUTEILHOCTH OT)XUra B
ciyqae I1I1. B pe3ysibTaTe BO3MOXEH NOCTENIEHHBIN IEPeXo OT
OJIHOTO BHJIA KPEU3HMHTA K JPYTOMY Yepe3 PsiI MPOMEXYTOYHBIX
cocrostamii. 82

Mopdosiorus moymmepoB, oasepruyThix JK, mo mocien-
HETO BPEMEHH OblIa HeSICHOW U ONUpAjach Ha PSI MPEaIoIoxKe-
HUI O CTPYKTYype noJmMepa, 1e(popMUPOBAHHOTO IO MEXaHU3MY
JK, K0OTOpble OCHOBAaHBI HA TAHHBIX PEHTIEHO(PA30BOT0 aHAIM3a
U pe3yJbTaTax UCCIICAOBAHUS MPOHUIIAEMOCTH XUAKOCTEH 1Mox
neicTerueM Tpaauedta gaBienns.’%82-85 B coorsercTBHM C
STUMH JaHHBIMH, JedopmManus KpUCTAILIMIECKAX ITOJIMMEPOB B
AAC ocymiecTBIsSIeTCsl TPEUMYIIECTBEHHO B aMOPQHBIX 00JIa-
CTSIX MEX[Y JIAMEIISIME C MIEPEeX0A0M HoymMepa B pudbpuimm3o-
BAHHOE COCTOSIHME W OOpa30oBaHMEM IYCTOT MexAy (uopuII-
JIaMH.

HecmoTpst HA TO YTO yKa3aHHBIA BUJ KPEH3UHTa MOJAPOOHO
uccienoBascs, 082785 npambIX JaHHBIX 0 MOP(OJIOrHH BO3HHU-
Karolleil TOPUCTOCTH He ObLT0. B mepByro ouepeib 3TO CBA3aHO C
TeM, uro npu ynainerun AAC u3 odObema IOp IPOHUCXOIUT
TOJIHBIN KOJUTalC (3aJIeYuBaHNe) IOPUCTON CTPYKTYpHI. Pe3yib-
TaThl UccaenoBanuii cTpykTypsl [19BII, nehopmupoBanHOro MO
MEXaHU3MY [1eJIOKATM30BAHHOTO KPEH3UHTa, OTy4YeHHBIE METO-
JIOM CKaHUPYIOIICH 3JIEKTPOHHON MuKpockomuu (COM), npen-
cTaByieHbl Ha puc. 16,a. Ha MukpodoTorpaduu BUAHBI MPOTSI-
KCHHBIC CJIOU OPUCHTHUPOBAHHOIO IOJHUMEpPA, HO OTACJIbHBIX
CTPYKTYPHBIX 3JIEMEHTOB BBIIEJIUTh He ynaercs. HeBo3aMoxHO
JTaXke C yBEPEHHOCTHIO YTBEPKIATh, YTO TAKOW MaTepHall MOPH-
cthiil. TakuM 00pa3oM, IJIEKTPOHHO-MHUKPOCKOTIMYECKIE HCCIIe-
nosanus [19BI1, nepopmupoBanroro B AAC 1 BBICYIIICHHOTO B
M30METPHYCCKIX YCIOBUSIX, HE JAIOT MPEACTABICHUN O TOHKOM

Puc. 16. COM-U306paxenus obpasua [1IBII, nepopmupoBanHOro
B AAC 1 BBICYIIICHHOTO ¢ PUKCHpOBaHHBIME pazMmepami (a), u ACM-
300paxKeHne TOro e oOpasla, MOJIyYeHHOE HENOCPEACTBEHHO B
AAC (b).8¢

HAHONOPHUCTON CTPYKTYpe U HE HO3BOJISIIOT HOCTPOUTH CTPYK-
TYpPHYIO MOJIEJIb ITOJIUMEpPA, 1ePOPMUPOBAHHOTO 11O MEXaHU3MY
JIeJIOKAJIN30BAHHOI O KpEeH3HHra.

«HartuBHas» cTpykTypa nepopmupoannoro [T9BII B xua-
KOM Cpesie yCTaHOBJIEHA B paboTe 3¢ ¢ MOMOIIBIO aTOMHO-CHJIO-
Boii Mukpockonuu (ACM). DTUM METOAOM MOXKHO UCCIIEAOBATH
00BEKTHl HEMOCPEICTBEHHO B JKUIAKOHM cpele, 4TO IMO3BOJIET
coxpaHuTh uX CTpykTypy. Ha ACM-u3obpaxennun I[19BII,
neopMHPOBAHHOTO 110 MEXaHU3MY JEJIOKAJIM30BAHHOTO Kpeii-
3uHra (cM. puc. 16,h), mpociaeKUBACTCS «HATUBHAS) CTPYKTypa
[IDBII: yeTKO BHIHBI JIAMEJIM, OPUEHTUPOBAHHBIE B OCHOBHOM
MIEPIICHIUKYJISPHO OCH BBITSDKKH. TOJIIUHA JTaMeJieid, ompeje-
JIeHHast W3 Tpoduiell CeYeHUs], COCTaBisieT ~ 50 HM. Mexay
JIaMeJISIMH  HaXOAsTCsl (UOPHILIBI, OPUEHTHPOBAHHBIC CTPOTO
BJIOJIb OCH BBITSDKKU. JljMHA (GUOPUILT UM PACCTOSIHAE MEXIY
COCEHUMHM JIAMEJIIMH BJIOJIb OCH BBITSKKH BapbUpyeTcs B
uaTepBase 50— 150 um. Ha ACM-u300paxeHun TakkKe XOpOIIo
pasymyaroTcs MycTOTh MeX 1y pudpriiamn.

Kak crnenyer u3 mpeACTaBIEHHBIX JaHHBIX, CTPYKTypa
II9BII, nepopmuposannoro nmo mexanmmMy K, nmeer onpene-
JICHHOe MOP(]OJIOTHIECKOe CXOICTBO CO CTPYKTYPOH KECTKO-
9JIACTHYHBIX MaTEPHAJIOB, PACCMOTpPEHHOU BhbIme. UTak, kpu-
CTAJIJIMYECKUE TOJHMMEPHI C JIAMENSPHOW CTPYKTYpOil MOTYT
neopMHPOBATHCSI KaK KECTKO-3JIaCTUIHBIE MAaTePUAIIbI, IEMOH-
CTPUPYS BBIpAXKEHHBIN 3PPEKT 1ePOPMAIIMOHHOTO Pa3MSTUYCHHUS
(eM. puc. 9). Hedpopmainusi KpHCTAJLTHYECKAX TMOJUMEPOB IO
MEXaHU3My KJIACCHYECKOIO U [eJIOKAJIM30BAHHOIO KpeilzuHra
HMeeT CXOJICTBO C JehopManueit )xecTKO-JIaCTHIECKUX MaTepHa-
J0B. Bee ykazaHHbIe BUIBI JepOpMAIMM UMEIOT OJHY OOIIyIO
OCOOCHHOCTB: UX PA3BUTHE COMPOBOXKIAETCS BOSHUKHOBEHIEM U
pa3BUTHEM HAHOPA3MEPHOI TOPUCTOCTH.

B a3TOli CBA3M HET HUYEro HEOXMJIAHHOIO B TOM, 4YTO M
MeXaHHYECKOe IOBeJICHNE KPUCTAIIMIECKUX MTOJIUMEPOB, Aedop-
mupyeMbix B AAC, IMeeT yIUBUTEIBHOE CXOJCTBO C MEXaHHe-
CKVIM TIOBE/ICHHEM JKECTKO-JIACTHYHBIX ITOJIMMEPOB (CM. BBIIIE).
Kpusbie pactspkenus n ycaaku nzotakrnueckoro 111, nedpopmn-
pyemoro no mexarusmy JK,%* npencrasienst Ha puc. 17,4, a va
puc. 17,h IpuBeaeHbI aHAIOTHYHBIE KpHBBIe 1T TTDBIT.83

B 00oux ciryyasx IposIBJISIFOTCSI BCE OCOOCHHOCTH, XapaKTep-
HbIE 17151 Ae()OPMAIMOHHOTO Pa3MSTYeHHs], — MCXOTHAsI KpPUBAs
MMeEET HavaJIbHBIA MPSIMOJIMHENHBIN yYaCcTOK, MPeaes TEKYIeCTH
u obiactb miuato. CHSTHE HANPSDKEHUS BBI3BIBACT OOJIBILIYIO
obpatumyro aedopManuio, a IpH MOBTOPHOM HArpyXeHUH
00pa3nbl JEMOHCTPUPYIOT MEXaHUYECKOE TIOBEICHUE, XapaKkTep-
HOE JIJIS1 Kay4yKOoOOPa3HOTO IMOoJIAMepa.

Boiee Toro, eciim moamMep, OIBEPTHYTHIH 1EI0KAIN30BaH-
HOMY KpEH3WHTY, OCBOOOIUTH M3 3aKUMOB DACTITUBAIOIIETO
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Puc. 17. KpuBble pacTsDKCHHUsI M YCAJKH, a TaKKe W MOBTOPHOTO
pactskenus IIT (a) 84 u TIDBIT (b) B renrtane.®?

YCTPOMCTBA U U3BJICYb €0 U3 KUIKOU Cpe bl (3KUIKOCTh JTOJKHA
TTOJTHOCTBIO UCTIAPUTBCS U3 IOPUCTOM CTPYKTYPHI IIOJUMEPA), TO
TP TIOCJIEAyIoLel aeopManmu Takoro odpasna Ha BO3AYXE
TakKe HaOJIIOJAeTCsl BBIPaXXEeHHBIN 3(PQeKT aehopManruOHHOTO
pasmsiruenusi. Kpusele pacTspkeHHs, ycaakdl U MOBTOPHBIX pac-
TspkeHuit Ha Boznyxe I1I1, mpenBaputenbHo pactsHyToro B AAC
[0 MEXaHU3MY JeJIOKAJIM30BaHHOTO Kpei3unra Ha 100% u npe-
TEpIEeBIIEero NOJHYI0 ycanky npu yaaneann AAC u3 ero nopu-
CTOU CTPYKTYpBI, NpEICTaBjcHbl Ha puc. 18. B paGore®’ B
xayectBe AAC ncnosb3oBanu cynepkpuruniecknii CO, — xopo-
A KPEU3YIOIINI areHT, KOTOPBIA BBI3BIBAET TE€ XK€ CTPYKTYP-
Hble TEPeCTpOHKH B JOePOPMHPYEMBIX KPHUCTAJUINIECKHX
nosumepax (I1I1, [T9BII), uTo u apyrue KuaKue cpeabl (yrieBo-
JIOPO/IbI), OOBIYHO KCIIOJIb3yeMble TSl peanm3armu JK.

IIpu ynajneHUW XHUIKOCTH M3 MOPUCTON CTPYKTYPHI MOJIH-
mepa, noaseprayroro JIK, ero moBTopHoe MexaHHMYeCKOe IOBe-
JIeHUe MPUHIUNAAILHO He m3MeHseTcs: addext nepopmanmon-
HOTO pa3MSTYeHHs BBISBISETCS BECbMa OTYETIUBO (CpaBHUTE
puc. 17 u 18).

Eme omHa BaxkHass OCOOEHHOCTBH JKECTKO-3JIACTHYECKUX W
Kpei30BaHHBIX MOJUMEPOB — CAMOIIPOU3BOJILHOE 3aJICUNBAHUC
HAaHOTIOPUCTOM CTPYKTYPbl, BOZHUKAIOIIIEH B IEPBOM IIUKJIE pac-
TspKeHHS (cM. Huke). OTMETUM, YTO XKECTKO-3IACTUYHbIE U Kpell-
30BaHHbIE KPUCTAJIIMYECKHUE TOJIMMEDBI, IPETePIEBIIINE YCAIKY B
NEPBOM IMKJIE PACTSKEHHS, IOCTENICHHO BOCCTAHABJIMBAIOT
CBOIO MICXOJHYIO CTPYKTYpPY. DTOT HpPOIECC IPOUCXOIUT CaMo-
MPOU3BOJILHO TPH TEMIEpaTypax CYIIECTBEHHO Oojiee HU3KHX,
YeM COOTBETCTBYIOIIHE TEMIICPATYPHI IIABJICHHS (KpUCTAIIIA3A-
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Puc. 18. Kpussie pacTsokeHUsI U ycaJku, a TAKXKe MOBTOPHBIX PaCTs-
skernit Ha Bo3myxe [1I1, mpenBaputensro pactssayToro B AAC (cymep-
kputnyeckoM CO») 10 MexaHU3MY AEJI0KaIN30BAaHHOT O KpEeH3nHra Ha
100% u mpeTepreBIIero MoyHyto ycaaky npu yaaiesun AAC u3 ero
MOPUCTOM CTPYKTYpHL S’

1un).88 Takoro poja BOCCTAHOBIIEHHE PE3KO YCKOPSETCS C ITOBbI-
menreM Temmnepatypbl.®? [IpsMble MEUKPOCKOTMYECKHE HABJIIO-
JeHns >4 T0Ka3aJi, 9TO TPM BOCCTAHOBJIEHUH MCXOJHOM CTPYK-
TYpBI JKECTKO-3JIACTHYHOI'O HOJIIMEpPa HPOMCXOJUT HE TOJBKO
CMBIKaHUE «OeperoB» Kpe3oB, HO U MOJHOE 3aJICUNBAHUE HAHO-
MOPHUCTON CTPYKTYpHIL. [Ipomecc 3ajieynBaHus BBICOKOIUCIICPC-
HOH CTPYKTYPBI )KECTKO-3JIACTUYHBIX U KPEH30BAaHHBIX KPHUCTAJI-
JINYECKUX TOJMMEPOB TOJHOCTHIO aHAJOTHYEH COOTBETCTBYIO-
IeMy OpoLeccy, PacCMOTPEHHOMY BBIIIE IS KPeH30BaHHBIX
CTEKJI006PA3HBIX TTOIUMEPOB. 16,2490

Heo0xoauMo OTMETHTb, YTO BBICOKOIAMCIIEPCHBIH (pudpumit-
JIN30BAHHBIA MaTepuaJ, 3aloJHSIOMMI 00beM Kpei30B, UMeeT
BBICOKOPA3BUTYIO TOBEPXHOCTh, MO3TOMY HEOOXOIUMO YYH-
TBHIBATh TAKXe BKJIA]] IIOBEPXHOCTHBIX CHJI B HEOOBIYHOE CTPYK-
TYPHO-MEXaHMYECKOE IMOBEICHNE KECTKO-3JIACTHYHBIX U Kpei30-
BaHHBIX MOJMMEPOB.”! DKCIEPUMEHTANLHO BIUSHHUE TOBEPX-
HOCTHBIX CHJI BBISIBJISIETCSI, HAIIPUMED, B 3aMETHOM HM3MEHEHHUH
MEXaHWYECKOT'0 TOBEICHUS HArPYKEHHBIX 00pa3loB yKa3aHHbBIX
MaTepUuaJioB, €CJIM UX NPUBECTHU B KOHTAKT C AKTUBHOW CMayvu-
BAIOLIEH KUIKOCTHIO,”? B YaCTHOCTH B 3aMETHOM CIIaJI€ HATIPS-
JKEHUsI, KOTOPOE 3aBUCUT OT HPHUPOAbI XUAKOCTH (puc. 19).
Vka3zaHHOC W3MCHCHHE HANPSDKCHUS OOpAaTHMO — IOJIIMED
BOCCTAHABJIMBACT UCXOTHOE HATIPSDKEHUE MIPH €T0 BHICYIITMBAHUA
WA 3aMEHE OJTHOM CpeIbl Ha IpyTyro.23

Bpayn u Kpamep ** usyuannm KMHETHKY POCTa HATPSKEHUI,
koTopbie pazBuBarotcs B I1C, comepxaiieM Kpeissl, Ipu mepe-
HOCe OOpa3loB U3 OJHOW >KMIKOW Cpeiabl B APYIYI0O U IpU
BBICYIIIBaHKK. PazMepsl 00pa3ioB B 3TUX IKCIEPUMEHTAX MO~
JIEpXKUBAJI  TOCTOSIHHBIMU. OOHapyXeHO, 4YTO Ui BCeX
WCMOJIb30BAHHBIX JKUIKUX CpEJl, HE BBI3BIBAIOIIUX 3aMETHOIO
HaOyxaHWs TOJIUCTHpPOJA (BOJHO-METAHOJIBHBIX — CMeceid),
HaOJIFOTAFOTCSl XapAKTEPHBIA POCT HANIPSDKEHHSI IPU BHICYIITHBA-
HUU O0Opasla W CHUKEHHE HAUPSDKEHHS MPH €ro yBJIaKHCHUH.
W3MmeneHns HampspKeHHs] TIPU 3aMEHE OKPYXAoILIEeH Cpeabl U
BBICYILIMBAHUH SBJISIFOTCS OOPATUMBIMH, ONIPENENISIFOTC IPUPO-
IO KUJKOM cpedpl U HE 3aBUCAT OT TOrO, U3 KaKOW Cpeisl B
KakKyro ¥ B KaKOil IMoCIeJoBaTeIbHOCTH NepeHocsT oopasen. Ha
OCHOBE OIICHKH ITOBEPXHOCTHOI SHEPIUU HA T'paHUIE MOJIMMeEp/
cpelia 1o 3HAYCHUSIM YTJIOB CMAaYMBaHUS ObLI CIICJIaH BBIBO/I, YTO
W3MCHEHHS HAPSDKEHHS CBSI3aHbI B OCHOBHOM C H3MCHCHHEM
TMOBEPXHOCTHOW 9HEPTUU BBICOKOAMCIEPCHOTO MaTepHaia Kpei-
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Puc. 19. 3aBucHMOCTD HANpsDKEHUSI OT BPEMEHH B JKECTKO-3JIACTHY-
Howm I1I1, pactsayToMm Ha 50%.°>

B TOuYKe, OTMEUEHHOM CTpeJIKOH, oOpa3en NPUBOAMIM B KOHTAKT C
aTta"osoM (2), OyraHoHOM (3) U TekcaHoOM (4); [ — KpuBas peiaxca-
UM TOJIIMepa Ha BO3/yXe.

30B. BenmumHa majeHus HanpsbkeHus B cpene (Acg) Xopolio
COOTBETCTBYET YPABHEHHUIO

Ao — 2 AV Vf

D
rae Ay — HM3MEHEHHE MOBEPXHOCTHOW 3HEPTHH IOJUMEpa MPH
TIEPEHOCE €ro U3 OTHOM KUIKOU CpelIbl B APYTYIO, Vr— 0O0beMHast
noJist GuopuILI B Kpeize, D — nuamMeTp GuOpPHUILIBL.

IpemtoxkenHslii B paboTe 4 METON OLEHKM HATPSIKEHUI,
pa3BuBaromuxcs B GUOPHILIAX MO ASUCTBHEM MOBEPXHOCTHBIX
CHJI, TO3BOJINJI OLICHUTH BKJIAJ 9TOro (akTtopa B oOllee HAIPS-
JKEHHUe, OTBETCTBEHHOE 3a OOJIBIIYIO 00paTUMYIO ehopMaIliio
JKECTKO-3JTACTUYECKUX MoJuMepoB. Kak mokazaHo B mccieqoBa-
UK 75, 3TOT BKJIAJ cocTaBigeT He bosee 40% OT HEOOXOAUMOIK
BO3BPAIIAFOIICH CHITBI X TOITOMY HE MOXKET OBITH € JTHHCTBEHHBIM
(akTopoM, obecrieynBaroIIM OOJIBIIYIO 00paTHMYIO nedopma-
LUIO.

Hrak, nedopmanuonHoe pasMsrieHue, KOTOPoe COMPOBOXK-
JIaeTCsl BO3HMKHOBEHHEM OOJIBIIMX OOpaTHMBIX Iedopmarui,
XapakTepHO IS AeHOPMHUPYEMBIX KPHCTAJLTUYECKUAX IOJIHME-
poB. Baxnasi 0cOOEHHOCTb TaKOTO pa3MSTYeHUs KPUCTAJIIAYC-

«OTBETCTBEHHOW» 3a MX CTOJIb HEOOBIYHOE MEXaHMYECKOe MOBe-
JICHHE.

IpuBeeHHbIC BBIIIE IKCICPUMEHTAJIBHBIC JAaHHBIC [EMOH-
CTPUPYIOT Psii OCOOCHHOCTEH CTPYKTYPHO-MEXaHIMIECKOT'O IOBE-
JICHUST KECTKO-3TACTUYHBIX U KPEH30BAHHBIX KPHUCTAJUINYECKHX
MOJINMEPOB, KOTOPBIE HE YKJIAABIBAIOTCS B OOIIEIPUHSTHIE IPE/I-
craBieHust 00 MX CTPYKType U cBoiictBax. OfHA U3 TJIABHBIX
3a/1a4, KOTOPYIO HEOOXOIUMO PEIIUTh MPH HU3YUYCHUH 3TUX OCO-
OeHHOCTEH, — HEOOXOJIMMOCTb OOBSICHUTH HPHUPOJY OOpaTH-
MOCTH OOJIbIIHX Jeopmarii KpUCTAINYECKUX TTOJIUMEPOB B
TEMIIEPATYPHOU 00JIACTH HIXKE UX TEMIICPATYP IJIaBJICHHSI.

CyIecTBYIOT TOJBKO JBa BHIA OOpaTUMBIX (YIPYTHX)
nedopmanuii TBEpIbIX TE:

— nedopmarnusi, ompenenasieMasi CHIAMH MEXMOJICKYJISIp-
HOTO B3aMMOJEICTBUSI, KOTOPBIC MPOSIBISIOTCS HAa BeCbMa
MaJbIX PACCTOSIHUSIX, 0OpaTuMast neopmariys OT TAKUX CHJT HE
npesbiiaer 1—3%; maHHbll Bun nedopmarmu pa3BHBaeTCs
HNPAaKTHYEeCKH MTHOBEHHO, M TAKXe MTHOBEHHO YIPYroe TeJo
NPYHUAMAET MIEPBOHAYAIIBHBIE Pa3MephI;

— Oompliass obpatumasi neopMaids MmojuMepa, HaXOJs-
LIErocsl B BBICOKOAJIACTHYECKOM COCTOSIHUM; Takasi redopMarus
MOXeT JOCTUraTh COTEH W JaKe ThICSY MPOIEHTOB U 00YCIOB-
JICHA TIEPEXO0/IOM IO/I ICHCTBUEM TEIJIOBOTO IBMKCHUS PACTSIHY-
TBIX IEIHBIX MOJIEKYJI K PABHOBECHBIM CBEPHYTBIM KOH(pOpMa-
oM (TaK Ha3bIBaeMasi SHTPOMIHAS yIIPyrocTs).”’

I'maBHast TPYAHOCTDb 3aKJIFOYAETCSl B TOM, YTO HEOOXOIUMO
OOBSICHUTH COUYETAHHE B OJJHOM MaTepuaje CBOWCTB, IPUCYIIHUX
KPHCTAJIMYECKUM HOJMMepaM  (BBICOKHI MOJIYJb, HAaJIM4Ue
mpeJielia TeKy4eCTH U 00JIaCTH IJIATO), CO CBOMCTBAMH Kay4yKo-
TOTOOHBIX TOJIMMEPOB (OoJbIast oopaTuMast AedopMarusi, Hu3-
KHA MOJIyJib, OTCYTCTBHE Mpe/eiia TEKyIeCTH) MPHU MOBTOPHOM
pactspkeHun. JIpyrumu cJIoBaMH, MO CYTH HEOOXOIUMO paspa-
60TaTh a/IeKBATHBIN MEXaHU3M [1e(h)OPMAIIMOHHOTO Pa3MSTYCHHSI
KPUCTAJIMIECKUX TTOJIUMEPOB.

ABTOPBI NEPBBIX HCCIIENOBAHUMN >33, IOCBAIIEHHBIX yCTa-
HOBJICHHIO TPHUPOJBI 0O6paTtumMocTH Oosbiimx aedopManmi,
MBITAIUCH OOBACHUTD 3TO SIBJICHHE C TIOMOLIBIO HEKHX CTPYKTYP-
HBIX KOHCTPYKIHMI THIA HPYXHH, HOCKOJIBKY CUHTAIOCh, YTO
SHTPONUAHASI YIPYTOCTh HE MOXET ObITh peaju30BaHA B KPH-
cTajumieckux mojauMepax. st 0ObSICHEHHSI JKECTKO-3JIACTHY-
HOTO TMOBEJCHUS JIAMEJSIPHBIX KPHUCTAJUTMYECKUX MOJUMEPOB
MPEI0KEHO HECKOJIBKO MOIelIeil, 6a3upyIOIMXCS Ha IPEIIOIIO-
KEHUU 00 IHEPreTHIEeCKOM XapakTepe oOpaTUMOCTH UX Aedop-
Maruu.>> THIMYHbIE TPUMEPDI TAKAX MOJIEJIEN MPEICTABIICHBI HA
puc. 20.

cKkuX (Kak M CTEKJIOOOpAa3HBIX) MOJUMEPOB — BO3HUKHOBCHUE Bo Bcex ykazaHHBIX MOJEIISIX, pACCMATPUBAIOIINX JHEPIeTU-
BBICOKOJUCIIEPCHOX ~ HAHOMOPHUCTOM  CTPYKTYpBI, BHAMMO, YeCKyro 00paTUMOCTh JIlepOpMAaIiU KECTKO-ITACTHIHBIX HOJIU-
a b ¢

M=

12L

Puc. 20. CxemaTtnyeckoe n300pakeHHe CTPYKTYPHBIX MO/IEIICH KECTKO-3JIACTHYHOTO MaTepraa.
@ — MOJIEJIb IPOBOJIOYHOM IPYKUHBL, b — MOJIE/Ib JIMCTOBOM IPYKHUHBL,> ¢ — 0bIIast cxeMa 06paTUMOCTH SHEPIETUYECKOM PYKUHBL. >
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Puc. 21. DnextponHass MukpodoTorpadusi TOHKOW IUICHKH JKECTKO-
anactuunoro [19BII, BeiTsiHyTOM Ha 100% (OCH pacTsKeHUS! TOPH-
30HTabHA).>*

MepPOB, OCHOBHBIM 3JIEMEHTOM CTPYKTYPBI CITy)KHUT HEIPEPHIBHBIIA
JKECTKMI KPUCTAJIIMYECKHA KapKac, YTO W MOHSTHO: TOJIKO B
aTOM cirydae fedopmanms MoxeT ObITh 00paTuMoii. [Tockosbky
KapKac MMeeT TOYKH, B KOTOPBIX CBSI3aHBI KPHUCTAJLTHYECKHE
JIAMeJIH, TIPU PACTSHKEHUH TAKOW MOJETH MOXET BO3HHUKHYTH
TMIOPUCTOCTD 3a CUeT UX u3ruda u casura (cMm. puc. 20).

OJIHAKO C MOMOIIBIO TAKMX YHEPreTHUECKUX MoOJeJiel oOpa-
TUMOCTH Je(pOpMAIMU HENIb3sl OOBACHUTD, BO-NIEPBBIX, 3PdekT
CHJIOBOTO pa3MsIYeHHsI MaTepraja 1, BO-BTOPBIX, IIPOLECC 3aJjie-
YUBaHUS Je(OPMHPOBAHHBIX JKECTKO-JIACTHYECKHX MaTepHa-
JIOB, @ TAK)Xe BBIPAXKCHHOE BIIMSIHAE TEMIICPATYPhI HA YKA3aHHBIS
mpotiecchl (cM. puc. 12).

Bouee Toro, B paboTe >* 610 MOKAa3aHO, 4TO B A€(GOPMHPO-
BAHHOM JKECTKO-3JIACTHUYHOM TIOJIUMEPE OTCYTCTBYET €IUHBII
KpucTajinueckuii kapkac (puc. 21). PactsaHyTslii skecTko-3a-
CTUYHBIA TOJMMEp COIEPKHUT Pa30OIIeHHbIE B MPOCTPAHCTBE
KPHUCTAJUIUTBI, COCIUHEHHble (QUOPHILISIPHBIME —arperatamu
MaKpoMOJIeKyJ1. B 9Toii e paboTe ycTaHOBIICHO, YTO IPH yCaIKe
pPACTSIHyTOTO KECTKO-JIACTUYHOTO IIOJIMMEpa KPUCTAJIIIUTHI
cOmmkaroTcst, 1 GUOPUIUISIPHBIE arperaTbl MakpOMOJIEKYJT CTa-
HOBSITCSI HEPA3JIHINMbBIMHU.

B 9T0ii cBs3M ObLIa MpeaNoXkeHa >4 Momeab 00PATEMOCTH
JKECTKO-DJIACTHIECKUX MATEPHUAIIOB, COYETAIOIIAsI KaK JHEPTeTH-
YECKYI0, TAK ¥ JHTPONUITHYIO KOMIOHEHThI. OTHAKO OCTABaIOCh
HESICHBIM, KaKUM 00pa30M B paMKaX 3TOM MOAESIN MOXET peasii-
30BaThCsl SHTPONMIHASI COCTaBJIsIOIasl oopaTUMoi nedopma-
UK B yCJIOBUSIX, KOTAa MaTephasl HAXOAUTCS HE TOJBKO HUXKE
TEeMIIepaTypHI IUIABJICHUS, HO ¥ HIDKE TEMIEePaTyPhl CTEKJIOBAHMUS
ero aMmopHOH cocTapnsromeit.*s

TakuMm 06pa3oM, YUCTO IHEPTETHUECKAS] MOJIEJIb 0OpATUMO-
ctu 60bIHX AehOPMALHUii B )KECTKO-IITACTUYHBIX TOJIMMEPax 3a
cueT neopmarvu KPUCTALTHIECKOTO KapKaca HeCOCTOSITe/IbHA.
st oObsicHeHus1 OOJIBIIUX OOpaTUMBIX JAeopManuil KecTKO-
9JIACTUYECKUX MOJIMMEPOB HEOOXOIMMO OBLIO BBISBUTH POJIb U
3HavYeHne GUOPILISIPHBIX arPEraToB MaKpOMOJIEKYJI, CBSI3bIBAO-
IUX Pa30O0IIeHHbIe KPUCTAJIIMIECKUE JIAMEIH B €IUHYIO CTPYK-
Typy. JJis 3TOr0 Haj0 3HATH, UTO U3 ceOs MPEACTABIISAET TaKas
¢ubpuiLIa U B IEPBYIO OYepe/ib BAXHO MOHSTH, KAKOBO (pa3oBoe
COCTOSIHUE arperata OPHEHTHPOBAHHBIX MAKPOMOJICKY L.

ABTOpBI paboTHI%° 06IIyI0 KapTHHY Ie)OpMAIMHA KECTKO-
9JIACTUYHOTO MOJIUMeEpa, a TakXke, BUAUMO, mosuMmepa, aedop-
MHPYEMOI'0 MO AEJOKAJIN30BAHHOMY KPEH3UHTY, NPEICTaBHUIIH
cieayrommM obpa3zoM. Ha mepBbix srtamax aehopMupOBaHUS
HOJIMMepa C JIAMEJIIPHON CTPYKTYPOil pacTSrHBaroOTCs IJIaBHBIM
00pazoM amopdHbIe pocioiiku (puc. 22,a,b). O6 3TOM, B 4acT-
HOCTH, CBHIETEJILCTBYET MPSMasi MPOIOPIUOHAIBHAS 3aBHUCH-
MOCTB 60JIBIIOTO Teproa (PACCTOSIHISI MEXK/TY COCETHUMHE KPH-

/
) A
I WY
I i

Puc. 22. Cxematnueckoe H300pakeHHe CTPYKTYPHBIX IEPECTPOEK Ha
HAYaJIbHBIX 3TANAX PACTSHKEHUS KECTKO-3JIACTUYHOTO nosuMepa. 101
@— ¢ — CM. TeKCT.

CTAJUIMYECKVMH JIaMEJISIMH) OT CTENeHN PACTSDKEHHs ITOJIH-
Mepa.®% 0! TIpu IOCTATOYHO BBHICOKMX CTEIEHSX PACTSIKEHUS
(puc. 22,¢) B aMOpQHBIX 00JIACTSIX HAYMHACTCS KABUTAIIHS H3-32
neduMTa MaTepHalia, COCOOHOTO KOMIIEHCUPOBATH Myacco-
HOBO cxxaTue Ae(popMUPOBaAHHBIX aMOP(HBIX 00JIACTEH, ¥ 3apOXK-
Jarorcst GUOpUILIIpHBIE arperaThl OPUEHTUPOBAHHBIX MAKPOMO-
JIeKyJ1 (3Ta craaust AehopManiy KeCTKO-3JIACTUIHOTO TTOJIMMepa
npejacrasiieHa Ha puc. 11).

CorylacHO MOJIeH, MPeUIOKEHHOM B pabote ?, MaTepua
(uOPMILT «BBIAEPTUBAETCS] U3 KPUCTAJUINTOBY», YTO IOCTYJINPO-
BaJIOCh W paHee (cM. cTaThio °2). Omnako B paboTe *° mpeanoso-
JKEHa KPHCTAJUIM3ALMS OPUCHTHPOBAHHBIX MAaKPOMOJICKYJ B
(ubpuiuiax yxke Ha paHHUX cTamusx aedpopmarmu (puc. 23,q).
B naspHeiineM 3Ta OpUEHTAIMOHHAS KPUCTAIUIM3ALNS, KOTOpast
CONPOBOXKIAETCS TIEPEKOCOM U CABUTOM HCXOJHBIX KPUCTAJLIU-
YECKUX JIaMeJIeii, 0 CyTH MPHUBOAUT K CTPYKTYpE, XapaKTePHOi
U OOBIMHOTO Je()OPMUPOBAHHOTO KPUCTAJUINYECKOTO TOJIU-
Mepa ¢ obpazoBanueM mmeiku (puc. 23,b,¢).%% I pyrumu cioBamMu,
nehopMHIPOBAHHBIN KECTKO-3JIACTHIECKA TOJIMMED aHAJIOTHIEH
OOBIYHOMY KPHCTAJUIMYECKOMY XOJIOJHOTSHYTOMY IOJIUMEDY,
T.e. €ro CTPYKTypa TpeAcTaBiseT coboil KOHIJIoMepaT
NapaJuIesIbHO YIAKOBAHHBIX KPUCTAJIMYECKHX puOpHILI ¢ BbIpa-
KEHHBIM OOJIBILIMM IEPUOJIOM.

Eciu npuHsITH Takyro MOJEJb, TO C €¢ IIOMOIIBIO HEBO3-
MOXHO OOBSICHUTh HH OOJIBIIYIO 00paTHUMYyro IehopMariuio
PACTSIHYTHIX JKECTKO-3JIACTHYECKUX U KPeW30BaHHBIX KPUCTAJIIIH-
YeCKHX HOJIIMEPOB, HU SIBJICHHE CAMOIIPON3BOJILHOTO 3aJICYNBa-
HHSI TIOPUCTON CTPYKTYPBI, KOTOPOE OISITb-TAKH COMPOBOXIA-
€TCsl BOCCTAHOBJICHHEM I'€OMETPUYECKUX pasMepoB. Heobxomu-
MBIM YCJIOBHEM ISl PEasIU3alui 000MX OTMEYEHHBIX POIECCOB
SIBJISIETCSI BBICOKAS IOJBMKHOCTH MOJICKYJI ITOJIUMEPA, KOTOpast
PE3KO OrpaHnyeHa, eCJIM IOJIMMEp BKJIFOUEH B KPUCTAIUTHYECKYIO
peleTKy.

B mactosiee BpeMst He BBI3BIBACT COMHEHUI TOT BaxT, 4TO
(u3MyecKre CBOUCTBA MaKpPOMOJIEKYJI, OT PAHWYCHHBIX B YJIbTpa-
TOHKHUX IUICHKAX TOJIIIHHON, CPaBHUMOII ¢ 3 (DeK THBHBIM pazMe-
POM MOJIEKYJIIPHOTO KJIyOKa, MOT'YT U3MEHSITHCS 110 CPABHEHUIO
C aHAJIOTUYHBIMH CBOICTBAMH MOJIEKYJ] B OJIOKE, TaK KaK BO3-
pacraer poJib Mex(pa3HOW KOMIIOHEHTHI B OOIIEH CBOOOAHOM
sHeprun cucteMbl. ' B yciioBHsSX OrpaHMYEHHOro 00BheMa CHU-
KAIOTCSI CKOPOCTh KPUCTAJIM3AIMU U, YTO BaXXHO, CTENeHb
KPUCTAJUIMYHOCTH IOJMMEPa C YMEHBIIEHHEM TOJIIIMHBI ero
ciost. 101106 Hanpumep, B pabore %7 mokazaHo, 4TO CKOPOCTh
KpUCTAJUIM3allMY  HOJIMITWICHOKCHIA B  TOHKHX  CJIOSIX
(13 aM—2 MKM) MOXeT cHuU3UTECS B 40 pa3 IO CpaBHEHUIO CO
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Puc. 23. CxemaTnueckoe n300pakeHne CTPYKTYPHBIX IEPECTPOEK Ha
PA3JIMYHBIX 3TANAX PACTSDKEHUS KECTKO-3IACTHYHOTO MoJIuMepa.””
@— ¢ — CM. TeKCT.

CKOPOCTBIO KpHCTAJUIM3aly B OJIOKEe, HAYMHAS C TOJIIIAHBI
150 aM. OTHOBPEMEHHO U3MEHHUTCS U MOP(OJIOTHS KPUCTATIIOB.

B muTupoBaHHBIX BbIIIIE pa0OTaX peyb IUIA O KPUCTAJLIN3a-
WY TOJIMMepa B TOHKHX IJICHKaX. MBI jke MpeanojaraeM Kpu-
CTAJUIM3ALMIO ToJIMMepa B (GuOpUILIaX, KOTOpBIE IO CYTH
SBJISIFOTCS. OJHOMEpPHBIMH 00pa3oBaHusiMH. Kak oTmevanoch
BBIIIIE, TAaKHe OOpPAa30BaHUSI COAEPKAT B IHMONEPEYHOM CEUCHUH
HECKOJIKO JIECITKOB OPMEHTHPOBAHHBIX MAaKpOMOJIEKYJI. B To
Ke Bpems Kpucrayuimueckas (aza — 310 ¢asza ¢ NalbHUM
TMOPSAKOM PACIOJIOKEHHSI MOJIEKYJI, KOTOPBIA HE MOXET OBIThb
OPraHU30BaH B CTOJb OrpaHMIEHHOM 00BeMe. EcTecTBeHHO, UTO
MPOIIECC KPUCTAIUIN3AINY KpaliHe 3aTPpyAHEH (€CIIM HE HCKITFOUEH )
B 00beMe (UOPHILIT, BO3HUKAIOILIUX B IEPBOM LHUKJIE AehopManun
KECTKO-3JIACTUYHBIX U KpeH3yeMbIX MOJIMMEPOB. AHAINU3 NIpea-
CTaBJICHHBIX JaHHBIX MPUBOIUT K BBIBOIY, YTO (PUOPUILISIPHBIC
arperatbl MaKpPOMOJIEKYJ, POXIAOIIMECs] NPH PaCTSDKCHUH
JKECTKO-3JIACTHYHBIX MaTEPHAJIOB M KPEH3UHTe CTEKI000pa3HbIX
W KPUCTAJUIMYECKHX MOJIMIMEPOB, HAXOHIITCS B aMOppHOM
COCTOSIHUH.

3aBUCHMOCTH YAEIbHOW MOBEPXHOCTH IUIEHOK XXECTKO-3Ja-
cruunoro [1I1 n qmameTpa pacTyuwx GUOPUIUISIPHBIX arPeraToB
MaKpOMOJIEKYJ OT CTeNeHH PAaCTSHKEHUS MPEIACTAaBJICHBI Ha
puc. 24. BuaHo, 4TO yAejbHas MOBEPXHOCTh TAKOTO MaTepuaia
yBenuuuBaetcs u jgocturaet 100 M2 r—!, 4TO CBUAETENLCTBYET
00 MHTEHCHBHOM pPa3BUTHU BHYTPEHHHX IIOBEPXHOCTEH pa3zera.
AHAJIOTHYHO PACTET U MOPUCTOCTH IePOPMHUPYEMOTO IMOJIUMEPA,
MpUYeM pas3Mep IMOp, ONpeeIeHHbI METOIOM PTYTHOH MOpPO-
metpun, cocrapnsgeT 0.2-0.015 mxm.’! OmgHako auaMeTp
(buOpUILT TP 3TOM HE U3MEHSIETCSl. DTO O3HAYaeT, YTO, KaK U
BO MHOTHX OPYTHUX CIyYasiX KpeM3MHra, UMeeT MECTO TaK Ha3bl-
BaeMas ITOBEPXHOCTHasl BBITsKKa (pubpwur3! Ipyrumu cio-
BaMH, (uOpWILISIpHbIE arperaTsl, COCAMHSIONIME COCEIHUE
KPUCTAJUIMTBI, YUIMHSIOTCS 32 CUET PACXOAOBAaHUS MaTepuaja
9TUX KpucTajumros. > 109

B nanHOM 0630pe MBI HE Oy/IeM aHATM3UPOBATH MPOIECCHI
3apPOXICHUS U POCTa GUOPHUILT B MEXXKPUCTAJUTUTHBIX 0OJIACTSX
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Puc. 24. 3aBUCHMOCTH y/I€JIBHOI HOBEPXHOCTH XKECTKO-JIACTUIHOTO
IIIT (/) u suametpa pubpuit (2) ot crenenu pactsbxenust. 08

JIAMEJISIPHBIX KPUCTAJUIMYECKHAX TOJIMMEPOB, TaK KaK MM IOCBSI-
HIEHBI MCUepIbIBaromme nmybymkamuu >+ 19°, Jlna mac BaxHO
HCCIIEIOBATD «CYALOY» 3TUX (pUOpHUILI B 0OpaTHOM Ipolecce —
ycajike, KOTOpasi IMEeT MECTO B JKECTKO-DJIACTHYHBIX MaTepua-
JIax U SIBJISIETCS MIEPBOMPUYNHOM UX 1e(hOPMAIIMOHHOTO Pa3Msr-
ICHUSI.

Wtak, B JKECTKO-3JIACTUYHBIX MOJUMEpPax (GUOPHILIIPHO-
MOpUCTasl CTPYKTypa (opMupyeTcss MyTeM MOBEPXHOCTHOU
BBITSDKKM (HOPHIUT ¢ COXpaHEHWeM HuX Amamerpa. B To xe
BpeMsI aKTyaJleH BOIPOC — 9YTO MPOUCXOUT C yKA3aHHBIMH
(ubpuiamu B mponecce ycaaku? ConoctaBiieHHE 3aBUCUMOCTEH
IUaMeTpoB (GUOPUILT, BOHUKAIOIINX PH PACTSKEHUU KECTKO-
anactuynoro I1I1, c ux tnameTpamu B mporecce ycaaku (puc. 25)
MOKAa3aJ10, YTO MPH ycaJike auamMeTp puOpusLIbl pe3Ko yBeJIUIH-
BaETCs, M 3TO MOJHOCTHIO COOTBETCTBYET MOBEICHHUIO KayIyKO-
10/T0OHOT O TOJIMMepa B IPOIlecce ero 0opaTuMoi nedopmanum.
C yBeymueHmeM auamMeTpa (GUOPWILT yMEHBbINAeTCs yleiabHas
MOBEPXHOCTb KECTKO-3J1aCTHYHOrO TosmMepa.'?® Tlockosbky
00beM Kayuyka npu qeopManuy He MEHSIETCS, YCaIKa OPUEHTH-
POBAHHOTO Kay4yKa (YMEHbIIICHIE TMHEHHBIX PA3MEPOB) HODKHA
COMPOBOX/IATHCSI IKBUBAJICHTHBIM YBEIHUYCHHEM €ro Momeped-
Horo ceyeHusi. IloJyyeHHbIE AaHHBIE OJHO3HAYHO CBUCTEIb-
CTBYIOT O TOM, YTO (PUOPHILTN30BAHHBIA BBICOKOIMUCIICPCHBIM
MaTepuasl HAaXOJAUTCS B aMOP(HHOM M PACCTEKJIOBAHHOM COCTOSI-
HUY, TPUCYIIEM KECTKO-3JIACTHYHOMY MOJIIMEDY.
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Puc. 25. 3aBucumocTtu quamMeTpa (puOpHILII, BOSHUKAIOIIUX MPH pac-
TsDKeHNH JkecTko-anmactuanoro IIIT (/) m mpm ero ycagke mocie
pactsxenus (2), oT BemuuHbI aepopmarmm. 08
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Kazanock Obl, 3TOT pe3yJbTaT MPOTUBOPEYUT IAHHBIM
paboThi >3, B KOTOPOW OOGHAPYXEH OTpUIATEIbHBIA KO3(pu-
[UEHT YNPYrod CUJIbI IPH HATPEBAHHU HKECTKO-3JACTHYHOTO
nommepa — nosmokcuMermiieHa (Celcon). OHAKO 3TOT MOJIHU-
Mep OBbUI TIOJIyYeH OTKUTOM J1e(OPMUPOBAHHOTO KECTKO-3J1ac-
THYHOTO MPOJYKTA B CIIENMAJIBHBIX YCJIOBUSX. B mporiecce Takoro
OTKHIa PE3KO YKPYIHSIOTCS (GUOPUILISIPHBIC arperaThbl, BO3HUK-
e pH AepOPMUPOBAHUH JTAMEJIIPHOTO TOJIMMEpa, YBEJIMYHU-
BAIOTCS MEX(PUOPHIUISIDHBIE DPACCTOSIHHSI, M, €CTECTBEHHO, B
KPYIHBIX arperarax MakKpOMOJICKYJ IPOTEKAET HHTCHCHBHAS
kpucraymsanust mojmmepa.'® 110 Takoit matepman BrosHe
YCTOWYMB U MPUTOJCH ISl UCIOJIb30BAHMS B KAYECTBE PA3ICiIU-
TeJbHbIX MeMOpan (puc. 26).!11

TTOJIHOCTBEO KPUCTAJIMIECKUI MPOAYKT OYIET JEMOHCTPH-
pOBaTh OTPUIATENBHBIA KOIDPUIUEHT pPABHOBECHOW CHJIBL.
B pa6ote ''° uccnemoBansl o6pasupl I111, mogBeprayThie Kpei-
sunHry B AAC. O6pasibl pacTAruBajiy, GUKCUPOBATIH pa3Mephl U
yOQTSJIA M3 HUX PACTBOPHTENb, IOCJIE 3TOr0 MOJBEPraju
oTkury. ECIM OTXUr NPOBOAMIM B CBOGOTHOM COCTOSHHUH,
00pasupl JEMOHCTPUPOBAIIM 3HAYMTENLHYIO YCAJKy, KOTOpas
3aBHCENIa OT TEMIIEPATYPBI OTXKHUra. B yCIOBHSX M30MeTpHUC-
CKOrO HarpeBa (DMKCHPOBAIM BO3HHUKAIOIIME HAMPSKECHUS.
TUNUYHBIE PE3yIbTATHI TAKOTO UCCIEIOBAHUS MIPEACTABIICHBI HA
puc. 27.

PocT HANPsKEHUIA IPH OTXKUTE OHO3HAYHO CBUICTEILCTBYET
0 HamoJiHeHuH kpei30B B IIIT amMopdHBIM KaydyKOmomo0HbIM
MaTepuaioM. AHAJIOTHYHBIA XapaKkTep 3aBUCHMOCTH CHJIBI OT
TEMIIEPATYPHI B YCIOBHSX H30METPUYECKOTO HArpeBa HabJro-
mana padee W Uit 1D HHU3KOH IUIOTHOCTH, BBITSHYTOIO Ha
BO3/yXxe ¢ 00pasoBanueM mieiku.' 2

SIBJieHUEe 3aJI€UMBAHMS KPEH30B MPU UX CTAPEHUU MPU KOM-
HaTHOI TemnepaType (puc. 28) u TeM OoJiee IPU OTHKUTE TAKKE
CBH/IETEJILCTBYET 00 aMOP(PHOM KaydyKOmoJg0OHOM COCTOSIHUH
MaTepHuaa, 3af0JHSIOIET0 KPei3pl. JlefCTBUTEILHO, MEXAHU3M

Puc. 26. COM-U306pakeHnsi KOMMEpPYECKUX MeMOpaH Ha OCHOBE
sxkecTko-aacTuunbix [T (a) u TIDBII (b).!1!
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Puc. 27. Kpussie n3omerpuieckoro orxura oopasuos I1I1, gedop-
mupoBaHHbIx B AAC mo MexaHH3MYy MA€JIOKalIn30BaHHOTO (/) u
kJaccmueckoro kpeisuara (2). IlpeasapurenbHast nedopmanus B
AAC cocrasisier 100%.110
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Puc. 28. [lepopMalMOHHO-TIPOYHOCTHOE ~ IIOBEJIEHUE  IKECTKO-3J1a-
cruuroro Il B mpomecce €ro crapeHds mpy KOMHATHOH TeMrepa-
Type.>3

3aJIeYnBaHusl MEK(a3HBIX MOBEPXHOCTEH pas/iesia B MOJUMepax
COCTOMT BO B3auMHOH muddy3un neneit n(vwim) ux GpparmMeHTOB
4epe3 rpaHuily pasaeia. Takoil mpolecc BO3MOXEH, TOJIBKO €CIIH
MAaKpOMOJIEKYJIbI MMEIOT KPYHHOMACIITAOHYIO MOJBHKHOCTD,
T.€. HAXOAATCS B BBICOKO3JIACTHYECKOM cocTosiHnu. Korma nBa
UICHTUYHBIX MOJIIMEPA MPHUBOIAT B KOHTAKT IIPH TEMIEpaType
BBIIIE HX TEMIIEPATYP CTEKJIOBAHUS, MeX(ha3Hast IPAHUIA MEXKTy
HUMH OOBIYHO IIOCTCNIEHHO HCYe3aeT, M MAaTepHajl CTAHOBUTCS
MOHOJIUTHBIM. DTO SIBJICHHE BIIEPBbIE ONHMCAHO B MOHOIpa-
Gun 113, aBTOp KOTOPOU HA3BAJ €ro AYyTOre3Wel U Al CIEeAYIo-
mee ompegenenue: «Ilog ayrore3medl, WM CAMOCIHUIIAHHEM,
MOJIPa3yMEBAETCs CIIOCOOHOCTD JIBYX TPHBE/ICHHBIX B COIPUKOC-
HOBCHHE MOBEPXHOCTEH OJHOIO W TOrO JKE BEIECTBA JaBaTh
MIPOYHYIO CBSI3b, MPEISTCTBYIOIIYIO MX DPA3JIEJICHHIO 110 MECTY
KOHTAaKTa». DTOT BUJ 3aJICYMBAHHs TTOBEPXHOCTEW CBS3aH CO
B3aUMHO# muddysueit MakpoMosekyn u(uin) ux GparMeHToB
uepe3 Mex(dasHyro rpanuny. B oOmiem Buie U3MEHEHHE MT0ILAIN
Mek(pa3HON MOBEPXHOCTH TOJUMEpa CBsI3aHO ¢ auddysucii
MaKpOMOJIEKYJI 4epe3 MECTO KOHTAKTa MACHTHYHBIX IOJIUMEp-
HBIX MOBEPXHOCTEH. APIryMEHTOM B II0JIb3Y 3TOTO IOJIOXCHHS
CIIyXHUT TO, 4TO BCE (DAaKTOPHI, YBEINUMBAIOIINE TEILIOBOE JIBHU-
JKeHHE, CHOCOOCTBYIOT ayTOTe3WH, H, HA00OpOT, (aKTOPHI,
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samemsromue qupdysuro, cHmkaroT ayroresuro.'!3 Tlo cytn
3TOT MPOIIECC HUYEM HE OTJIMYACTCS OT CMEIICHUS IBYX 00HEMOB
onumHakoBOi kmakocth. CBoeoOpas3ye IMOJIMMEPHBIX CHCTEM
3aKJIFOYAETCS B OCOOCHHOCTSIX MOJICKYJISPHOTO JIBHXKCHUS TOJIU-
MEPHBIX Lenel.

Hawnbonee moytHO 1 aIeKBATHO 3TH OCOOEHHOCTH BEHISIBJICHBI B
TaK Ha3bIBAEMOW PENTAlMOHHON MOZIETH MOJIEKYJISIPHOTO JIBU-
xenus, passuroit e Xenmmom.''* Mpr He Oymem noapoGHO
OCTAHABJIMBATbCA HAa JOKA3aTeJIbCTBAX €ro TEOPHH, OTMETHM
TOJILKO, 4TO mojyueHHbId [le YKeHHOM CKeMJIMHTOBBIM 3aKOH
IIMPOKO HCHOJIB3YETCsl ISl OOJIBIIIOrO MacchuBa JKCIIEPUMEH-
TaJIbHBIX JAHHBIX, OJyYCHHBIX TP UCCIICIOBAHUY MTOBEICHUS U
CBOICTB XHIKUX IOJMMEPOB M TBEPIBbIX Teld. Ha ocHoBaHWH
9TOTO MOYKHO 3aKJIIOYUTD, YTO PENTAIMOHHASA MOIeb ! 14 nocTa-
TOYHA aJIeKBATHA.

Beime otMmevanoch, 4To KpeH30BaHHBIE M XKECTKO-3J1aCTHY-
HbIE MaTepHaJsbl CKJIOHHBI K 3aJI€4MBAHUIO UX BHICOKOIUCIIEPCHON
HAHOMOPHCTOM CTPYKTYPBI. DTOT MPOILECC MIPOTEKAET CAMOIPO-
M3BOJILHO M TMPUBOIMT K MOJHOMY BOCCTAHOBJICHHIO MCXOIHOU
CTPYKTYpBI mosiuMepa.'® IMeHHo Takol ciiydail 3ajieuyuBaHus
HAHOTIOPUCTOU CTPYKTYpHI kecTko-amactuyHoro III1 orpaxen
Ha puc. 28. BumHo, 4TO mpoiiecc 3aJieYNBaHUS U BOCCTAHOBIICHHUS
CBOICTB HMCXOJHOTO TMOJIAMEpPA BeCbMa PACTSHYT BO BPEMEHH.
Haxe uepe3 240 cyT MOJTHOTO BOCCTAHOBJICHHUS HE TIPOUCXOIUT,
XOTS MEXaHMYECKUE CBOMCTBA NPUOJIMKAIOTCS K CBOMCTBAM
HCXOJIHOTO MOJIUMEpa. DTO HEYAUBUTEIbHO, MIOCKOJIBbKY auddy-
3Usl — BEChbMa 3aMeJIJIEHHBIN Mpolecc, 0COOCHHO B TAKUX BBICO-
KOBSI3KHX Cpe/laX, KaK MOJIMMEPHI.

[Mpomecchl pa3BUTHS W 3aJICUUBAHUS MEK(Pa3HOU MOBEPX-
HOCTH B TIOJIAIMEpAaX HE UCUEPIBIBAFOTCS PACCMOTPEHHBIM BBIIIE
ciaydaeM. JlaHHBIC, MpENCTABIICHHbIE HA pHC. 28, OTHOCSTCS K
3aJIeYMBAHUIO MEX(}a3HOW MOBEPXHOCTH B MaTepHuae, yxKe mpe-
TepneBieM ycaaky. OnHaKo 1715 MOHUMAaHMs MeXaHu3Ma aedop-
MAaIMOHHOTI'0 Pa3MSTYeHHUs] OYEHb BAXXHO PACCMOTPEThH SIBJICHUS,
1 B IEPBYIO OYePEIb TOBEPXHOCTHBIC, IPOUCXOISIITUE B TIPOIECCEe
obpatumoii nepopmarmu. Ito Tem Oojiee BaXHO, YTO 4acThb
ncciaefoBaTelell cuMTaeT o0paTHMyro JeopManmio TaKoro
pona sHepreTH4eckuM (IOBEPXHOCTHBIM) MpoIeccoM. B To xe
Bpems Jro0ast aeopManus TBEPIOTO Tesa, B YACTHOCTHU TIOJIH-
Mepa, ¢ I3MEHEHHEM T'€OMETPHYECKUX Pa3MEPOB COMPOBOXAA-
eTCSl M3MEHEHHEM IUIOIIANA €ro MOBEPXHOCTH, HO MPH 3TOM
obveM gedhopMHupyeMOro mojauMepa MOXET OCTaBaThCs
noctosiHubM.?” B cilydae KpeW3WHra CTEKI000pa3HbIX U KPH-
CTAJJTMYECKUX TOJUMEPOB, a Takxe MNpH JaeGopMHUpOBAHUM
KECTKO-3JIACTHYCCKUX TOJUMEPOB MPOUCXOAUT HWHTECHCUBHOE
pa3Butue MexdaszHOil MOBEepXHOCTH. EcTecTBeHHO, OoJIbINAs
Mex(pas3Hasi HOBEPXHOCTh HE MOXET HE BJIMATH HA BHYTPEHHIOIO
SHEepruro AehOPMHUPYEMOTO TOJMMEpPa, YTO HEOTHOKPATHO
O0TMEYAJI0Ch PA3IMIHBIMU UCCIENOBATEIsAMHE. O3 94 99, 110

Beimmie 6bL10 TIOKa3aHO, 4TO TpH oOpatuMoit aedopmanun
KECTKO-3JJACTUYHOTO IOJUMeEpa PE3KO YBEJINYUBACTCS TUAMETD
(UOPUIIIIPHBIX arperaToB MaKpPOMOJIEKYJ, 4YTO CBHJCTENb-
CTBYET, BO-TIEPBBIX, 00 MX BBICOKOIJIACTUYECKOM COCTOSIHUM H,
BO-BTOPBIX, 00 U3MEHEHUU TUJIOIIA N TOBEPXHOCTH HUOPUILISP-
HBIX 00pa3oBaHmii mpu aedopmanuu U ycaake. OUeBUIHO, UTO
TeOMETPUS U TUIOIAAb IIOBEPXHOCTH (PUOPIILTSIPHBIX arperaToB
MaKpOMOJIEKYJ MOTYT M3MEHSTHCS, TOJBKO €CIH OCYIIle-
CTBJISIETCS MAaCCOIEPEHOC TOJUMEpa OT €ro MOBEPXHOCTH B
00BeM 1 00paTHo.

OO0 3TOM HPSIMO CBUACTEILCTBYIOT Pe3yJIbTATHI OLIEHKH I1JI0-
aAM IOBEPXHOCTU JIeOPMHUPYEMOTO IKECTKO-3JIACTHYHOTO
noyimMepa B mporecce ero negopmanuu (puc. 29). Bumno, uto
MIPY IIEPBOM PACTSDKEHIH sKecTko-3mactuaHoro [1I1 pe3ko yBenn-
YuBaeTCs ero Mex(azHas IOBEPXHOCTD (KaK OTMEUYEHO BBIIIIE, 10
100 M2 -1~ 1). OueBnaHO, yBenmMIEHHE OOYCIOBIEHO BOSHUKHOBE-
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Puc. 29. 3aBUCHMOCTD TUIOLIAIU MTOBEPXHOCTH JKECTKO-IACTHIHOTO
IIIT ot crenenu ero aehopmanuu, pa3BuBarolleicst B nepsom (/) u
BTOpOM (3) mUKJIaX pacTsDKeHHs, KpuBasi (2) — Ta ke 3aBHCHMOCTH
npu ycazke. 08

HHEM U POCTOM HAHOMETPOBBIX (PUOPUILIAPHBIX 0Opa30BAHMIA
MAaKpOMOJIEKYJI B MEXKPHUCTAIIUTHOM IPOCTPAHCTBE. DTOT MPO-
[IeCC MOJIHOCTBIO aHAJIOTHYEH IPOIeccy Pa3BUTHs Mex(pa3HOi
MOBEPXHOCTH TIPH KPEW3WHIe KPUCTAJUIMYECKUX M aMOP(HBIX
noaumepos.' 7995 OHako 11 HETO XapaKTepHa BaKHAs OCO-
O6erHOCTh. OKa3biBaeTcs (CM. KpuBYrO 2, puc. 29), mpu ycalke
JKECTKO-3JIACTUYHOTO TIOJIMMeEpa Pe3KO yMEHbIIAeTcsl Mexpas-
Hasl IOBEPXHOCTh, T.€. HAOIIOJACTCS MPOLECC ee 3aJICUMBAHMS.
OTMmeTHM, 4TO 3aJIeYUBAHUE HJIET BeCbMa HHTEHCHBHO, TOBEPX-
HOCTh YMEHBIIIAETCS IO KpaifHell mepe B ~ 5 pas.

Taxoii mpouecc 3aJileuuBaHUS IPUHIUIHATIBHO OTJINYACTCS OT
3aJIeynBaHusl MeX(pa3HOW IMOBEPXHOCTH JKECTKO-3JIACTHYHOTO
MOJIMMeEpPa, YK€ IPEeTepIeBIIEro ycauky, KOTOPbII paccMOTpeH
BbIe (cM. puc. 9).5 CToJb CHIILHOE YMEHbIIEHHE MeX(Pa3HON
TOBEPXHOCTH MPOUCXOAUT MPAKTUUYECKH MTHOBEHHO. Ipyrumu
cioBamu, Tuddy3us MaKpoMoIIeKyI u3 00beMa K MOBEPXHOCTH H
00paTHO ompenenseTcs He 3akoHaMu DPHKa WM PeNTAIUOHHBIM
nemxenneM [le XKenna, a KakuMHU-TO GU3UUECKUMU TPUIMHAMH,
PE3KO YCKOPSIFOLIMME MacCOIEPEHOC.

B nanHOM Cilyyae NMpUHIMIHMAJIBLHO, YTO pa3BUTHE Mexdas-
HOI IOBEPXHOCTH NPH PACTSDKEHHUH IIOJIMMEpa M e 3aJIeUnBaHNIe
MPU yCaJKe MPOUCXOISAT CO CKOPOCTSIMHU, HE COM3MEPHMBIMU C
TeMH, KOTOPBIE HAOIOOAIOTCS IPH CAMOTIPOU3BOJILHOM T PY-
31K 1enei nin ux GpparmMeHToB. Jlake U3 TOBCETHEBHOTO OIBITA
HU3BECTHO, YTO OOBIYHYIO PE3WHY MOXKHO DPACTSIHYTh PYKaMH C
JIF0001 CKOPOCTBIO, U TIPU 3TOM €€ MOBEPXHOCTh YBEJIMYUTCS B
passl. Eciu ke Takyro pe3suHy OTIYCTUTh, TO OHA MPaKTUYECKH
MT'HOBEHHO COKPATHTCS M IIPH 3TOM OOJIBHO YAAPUT MO HajbIaM.
A Besb IIPH 3TOM €€ MOBEPXHOCTh YMEHBIIIACTCsI (3aJICYNBACTCS)
BO MHOT'0 pa3. DTH NPOCThIe HAOIOICHAS PUBOIST K BBIBOTY,
YTO OCHOBHBIM (DaKTOPOM IPH BOCCTAHOBJIEHMH Pa3MeEpOB pac-
TSHYTBIX TOJIMMEPOB SIBIISICTCS JHTPONHMIHAS YIIPYTOCTh IIeTeid, a
TpoIIecC 3aJICYMBAHMS, COMPOBOXIAOIIMNA 00paTuMyro aedop-
MAaIMIo, SIBJIIETCSl CKOpee BCIOMOraTelbHBIM. bosee Toro, B
HACTOsIIIIee BpeMs HEACHO, KaKMM 00pa3oM MaKpOMOJIEKYJbI B
nepopMHUpPYEMOM  Kaydyke CIOCOOHBI Tu(PPyHIUpPOBATH OT
MOBEPXHOCTH B OOBEM M OOpPAaTHO CO CTOJb BBICOKMMH CKO-
poctsimu. C y4eTOM CKa3aHHOTO BBIIIE MOXHO CAEJIAaTh BHIBOJ,
YTO IOBEPXHOCTHAS CHJIA HE MOXET OBITh MEPBONPUINHON 0Opa-
TUMOW nedopMani KpeH30BAHHBIX M JKECTKO-DJIACTUYECKUX
noJiuMepoB. PU3NIECKON OCHOBOIM 0OpaTUMOCTH JIedopMalvu



A.L.Volynskii, A.Yu.Yarysheva, E.G.Rukhlya, A.V.Efimov, L.M.Yarysheva, N.F.Bakeev

1004

Russ. Chem. Rev. 82 (10) 9881006 (2013) [Venexu xumuu 82 (10) 988—1006 (2013)]

DubpUILIBI
Kpen3oB

T Kpucramyeckue T

JJaMeJin

l Mesk1aMeIsipHbIe l dparmMeHThI
¢bubpUIIIBL 6J104HOTO
noJiMepa

¢ d
Hanpsioxenune, MIla Hanpsokenune, MIla
10 100 +
5 50
1 1 1 1
0 10 20 30 0 20 40 60 80

Hedopmarnms, % Hedopmanust, %

Puc. 30. CxeMaTHIECKOE H300paKeHUE CTPYKTYP Ae(pOPMAPOBAHHOTO KECTKO-3JIACTHIHOTO OIMMepa (@) 1 KpeiizoBannoro nommepa (b),'0% a
TaKXe KpHUBBIE PACTSDKCHUS W yCaAKH IpeaBapuTebHO nedopmupoBaHHBIX yaapornpouHoro IIC (¢) m BOJIOKHA KECTKO-3JIACTHYHOTO

TI9BIT (d).5*

SIBJISICTCSL  OHTPOIUIHAS YIPYrocTh TWOJUMEPHBIX IIelel, a
MMOBEPXHOCTHBIE CHITBI CIIOCOOCTBYIOT 3TOMY IIPOIIECCY.

Takum 06pa3oM, CHIIOBOE pa3MsrdeHne CTeKJI000Pa3HbIX U
KPUCTAJIMYECKUX TOJIMMEPOB uMeeT oOmmid xapaktep. OHO
COCTOMT B TOM, YTO HAa4aJIbHASI KPUBAsI PACTSIKEHHUS [0 CYIIECTBY
SBJIIETCS. KPUBOW PACTSKEHHUSI CTEKJIO00PA3HOTO MJIM KPHCTAJI-
JINYECKOT O TMOJIMMEPA, a KPUBBIC TOBTOPHOT'O PACTSIKEHHUS Xapak-
TEPHU3YIOT BBICOKODJIACTHYECKOE COCTOSIHME IIOJIMMEpa, B
KOTOpOE OH Mepelrest moj AeHCTBIEM MEXaHUYECKUX HaIpsike-
HUIi B IepBOM 1uKkIIe aepopmarun. IMEHHO B mepexojie CTeKJIO
(KpuCTaJl1) —Kay4yyK M COCTOUT (PU3MUYECKUU CMBICT Jedopma-
MUOHHOTO Pa3MSITYeHUs] CTEKJIOOOPA3HBIX U KPHCTATUTUYECKHX
MOJIUMEPOB.

II1. 3akaouenue

Ha ocHOBaHHHU HM3JI0KEHHOTO BBIIIIE MaTeprajia MOXKHO 3aKJIFO-
YUTh, YTO MEXaHU3MBI Je(hOPMANMOHHOTO pa3MsTYeHUs MOJIU-
MEPHBIX CUCTEM, MPOUCXOSIIErO C PA3BUTHEM BBICOKOIUCIIEPC-
HOW HAHOMOPHCTOW CTPYKTYpbI, UMEIOT oOImii xapaktep. K
TaKUM CHCTEMAaM OTHOCSITCS JKECTKO-3JIACTUYHBIE MaTEPUATIB, &
TakXe KpeH30BaHHBIE CTEKJIOOOpa3Hble M KPHUCTAJIIMYECKUE
noauMepsl. % CTpykTypa 1ehOpMUPOBAHHOTO KECTKO-3JIACTHY-
HOTO MOJIMMEPa U MoJIMMEpa, MOABEPrHYTOTO KPEH3UHTY, cXxeMa-
THYECKH TpeacTaBieHa Ha puc. 30,a,b. besycimosHoe Mopdo-
JIOTHYECKOE CXOJICTBO OOOUX MATEpUAJIOB TOTYCPKUBACT K
WX TPAKTHYECKH WJICHTHYHOE MEXaHHUYECKOe IIOBEJCHUC
(puc. 30,¢,d). DTO CXOACTBO He CiydaitHO. B pesyibTaTte Kpei-
3MHTa CTEKJI000PA3HOTO MOJMMEPa BOSHUKAET BBICOKOIMCIEPC-
HBIA OPUEHTUPOBAHHBIA MaTEpHUaJl, 3aNOJTHSIOIINNA 00BEM Kpel-
30B. TemnepaTypa CTEKJIOBAHUS TaKOTO MOJUMEPA OKa3bIBAETCS
HIDKE TeMIePaTypbl OKPYXKAIOIIEro ero OJIOYHOro MoJMMepa Ha
MHOTHE JIECITKH IPalycoB. ECTECTBEHHO, UTO B IIEJIOM MaTepUal
BO BTOPOM U HOCJICIYIOIIMX NUKJAX JePOopMalui JeMOHCTPH-
pYyeT MeXaHUYEeCKOe IIOBEJICHUE, XapaKTePHOE [IJIsl KayuyykooOpas-
HOTO COCTOSIHHSL.

Kpeii3oBaHHBIE B XUAKUX Cpelax KPHCTAJUTMYECKUE TIOJIH-
MEpbl U CXOJTHBIE C HUMH TO CTPYKTYpE XKECTKO-3JaCTHYHBIC
MaTepualibl TaKXkKe JEMOHCTPUPYIOT B MEPBOM IHMKJIE PACTsDKe-
HUS «POKACHUE)» BBICOKOIUCTIEPCHOTO (DHOPUILISIPHO-TTIOPUCTOTO
MaTepHalia, 3aloJHSIOIET0 MEXKPHUCTAITUTHOE IIPOCTPAHCTBO.
ITockobKy KpUCTAIIA3AIINS TOJIUMEPA B CTOJIb TOHKUX arpera-
TaX, KaKAMH SIBJISIOTCS HAHOMETPOBBIC (PHOPIILIBI, pe3KO 3a-
TPYIHEHA, YKa3aHHOE MEXKPUCTAJUIUTHOE MIPOCTPAHCTBO TaKXKe
OKa3BIBACTCS 3AMOJHEHHBIM PACCTEKJIOBAHHBIM Kay4dyKOMO100-

HBIM OPHEHTHPOBAHHBIM MaTepHaioM. EcTecTBeHHO, 4TO Takoi
MaTepuas IeMOHCTPUPYET CBOMCTBA, XapaKTEpHBIE IS Kaydy-
KOB M B YAaCTHOCTH OOJIBIIYIO 00OpaTuMyro aehopMalluio.
ITockobKy TeMmiepaTypa CTEKJIOBAHUSI BBICOKOIMCIEPCHOTO
MoJIUMepa OKa3bIBACTCS CHIDKCHHON Ha MHOTHE JECSITKH WIIH
JTa’ke COTHU TPaayCcoB, TAKME MaTEPHUAIIbI TOKA3BIBAKOT KAy4yKO-
Mo00HOE TOBEJICHNE B OOJIACTH Take O4YeHb HU3KUX TEMIlepa-
Typ. JONOJHAUTEIBHBIM JOKa3aTeJILCTBOM SHTPONUNHOIO Mexa-
HU3Ma OOJbIHX MepopManmii aMOPPHBIX W KPUCTAJLUINIECKHAX
MOJINMEPOB, JISKAIETO B OCHOBE CHJIOBOTO pa3MSYeHus,
SIBJISIETCS CIIOCOOHOCTh TAKUX MATEPUAJIOB K 3aJICYMBAHUIO MX
HAHOMOPHUCTOH CTPYKTYpBI. [Iporecc 3aneunBanust MPOUCXOTUT
CaMOTIPOM3BOJILHO B OOJIACTH TeMIEPATYyp 3HAUYUTEIHHO HUXKE
COOTBETCTBYIOIIUX TEMIIEPATYP CTEKJIOBAHHSI U(WJIN) TIABIICHUS
e(OPMHUPOBAHHBIX OJIOYHBIX MOJUMEpPOB. CaMa BO3MOKHOCTh
MPOTEKAHUS YKA3aHHBIX MPOIECCOB 00YCIIOBJICHA BHICOKOW MOJIe-
KYJISIPHOHM MOJBIKHOCTBEO MAaKpPOMOJIEKYJT Ha MeX(a3HbIX rpa-
HUNax Ojarogaps crenuduke IMOJIMMEPHBIX MOBEPXHOCTEH, B
KOTOPBIX MakKpPOMOJIEKYJIbI HAXOSATCS B BBICOKOIIACTUYECKOM
COCTOSIHUH.

Paborta BbmosnHeHa npu (uHaHCOBOW moaaepxkke Poccuii-
ckoro (GoHma (yHIAMEHTAIbHBIX HCCICIOBAHUEA  (IIPOEKT
Ne 12-03-00338a), B pamkax rockontpakTta Ne14.740.11.0909, a
TakXe MPOrpaMMbl TOCYAaPCTBEHHOW MOJJEPKKU BEAYIIHX
HayuHbIX ko1 HIIT 324.2012.3.
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