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HccnenoBain HaaMOJIEKYISIPHYIO CTPYKTYPY M MOP(MOJIOTHIO HECTIEUEHHOTO, CIIEYeHHOTO M paaualmoH-
Ho-MoauduiLmpoBaHHoro [ITMD cycneH3MOHHON MOJIUMEpU3allMd METOJOM PaCTPOBOI 3JEKTPOHHOM
MUKpocKomnuu. O6rydeHre TTPOBOIMIIM FaMMa-KBaHTaMU HUKE W BBIIIIE TeMIIepaTyphl TJIaBICHUs KpU-
crajinueckoi ¢aspl. GUOPUILIIpHAS HAIMOJIEKYJIIpHAas CTPYKTypa HecrieueHHOro [ITMD coxpaHsieTcst
nocJe ero crniekaHus. OnqHako B crieueHHOM [TT®D oTnesbHbIC y4acTKU (prUOpUILT 00pa3yloT JaMeu, Bbl-
TSHYTBIC TEPIECHAUKYISIPHO opueHTauuu Gubpuil. PaguanuonHoe MoauduivpoBanue [ITOD Huke
temnepatypsbl riasieHus: npu 20 u 200°C He cornpoBoXaaeTcsl Ka4eCTBEHHBIM U3MEHEHUEeM ero Mopdo-
snoruun. O6IydeHUe BbIllle TeMIIepPaTyphl IUIaBJICHUS IIPUBOIUT K peopraHu3auu cTpykKTyphl ITTDOD: dop-
MUPOBAHUIO C(HEPOSIMTOB, COCTOSIIUX U3 paaralbHO OPUEHTUPOBAHHBIX (hUOPUILI.

BBEAEHUWE

B nocnenHee BpeMsi HabJl01aeTCSl MOBBIIIIEHHBI
MHTEPEC K UCCIIEAOBAHUIO pPagUualluOHHBIX MOIU(U-
Kauuii [ITOD, monydyeHHBIX IIPU BO3IECHCTBUU TsI-
JKeJbIX MIOHOB, TaMMa- U 3JEKTPOHHOTO U3JIyYeHU
[1—4]. IIpucTaibHOEe BHUMAaHME CBSI3aHO C OOHApY-
KEHUEM 3HAUYMTEIIbHOTO YIYUYILISHUS PSIIa BasKHBIX C
TOUKM 3pEHUST MPAKTUKU CBOWCTB 3TOro MojuMepa
ocJje paguallMOHHOTO BO3ACUCTBUS B 00J1aCTU TEM-
nepaTyp BhIIIe TOUKU TutaBiaeHus [S—10]. OcHoBHOIM
aKIIEHT CclieJIaH Ha MOJIEKYJISIPHBIE MEXaHU3MbI U MO-
JIEKYJISIPHYIO CTPYKTYpy [4, 11—14]. BMmecte ¢ Tem
clielyeT OTMETUTb, UTO MAaKpPOCKOIIMYECKUE CBOM-
CTBa MOJIMMEpA 3aBUCSAT OT €ro HaaMOJECKYJSIPHOM
CTPYKTYpbl U Mopdosioruu. [ToaToMy uccienoBaHue
MopdoJIorny pagyualoHHbIX Momudukauuii [TTdD,
HapaBHE C BBIICHEHUEM MOJIEKYISIPHBIX MEXaHU3-
MOB, MIPEACTaBISIET CAMOCTOSITEIbHBIN MHTEPEC.

Mopdonorust ucxomHoro HeobsryueHHoro I[TTOD
usyyaercs yxe Oojiee monyBeka [15—19]. Briepsbie
MOPGOJIOTUIO 3aKPUCTATIM30BAaHHOIO M3 pacijiaBa
IITO®D uccienoBajii METOAOM 3JI€KTPOHHOU MUK-
pockonuu B padote [15]. bbio oOHapyXeHO cylle-
CTBOBaHME II0JIOCOK, UMEIOIIMX CTPYKTYpPY ¢ 60po3a-
Kamu. [Tonocku ObLIM MHTEPHPETUPOBAHBI KaK rpa-
HU KpUCTaJUIMUYECKUX Jlamesiel (TacTUHYaThIX
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MOHOKPHUCTAJUIOB). B MpOTHBOMOJIOXHOCTb 3TOMY B
pa6otax [16, 17] caenaaH BbIBOJ O TOM, UTO MOJOCKU
COCTOSIT M3 TTapaJUICIIbHO YIIAaKOBAHHBIX GUOPMIISIP-
HBIX KpUCTAJIUTOB. boposmuarasi cTpykTypa mpu
3TOM OOYCJIOBJIeHA MEX(pUOPWLUISIPHBIMU aMopQ-
HBIMHU 00JacTsaMu. B pabore [20] aBTOpbI BepHYINUCH
K MHTEPIIpEeTallU TI0JIOCOK KaK I'paHeil KpUCTaJLIM-
YeCcKUX JIaMeJieil, a 00po3I0K — KaK pe3yJibraTa cKa-
JILIBAHUS, OCHOBBIBAsICh Ha aHaiornu ¢ [19. B manb-
HelIleM 3Ta TOUYKa 3peHUsl cTajla Mmpeobagatolieit
[19, 21, 22]. OnHako B padote [23] Ha OCHOBE U3y4e-
HUSI HAAMOJIEKYJISIPHOM CTPYKTYPBI M MOPQOJIOTUU
yacTull cbiporo I[TT®3 6bLI caeslaH BEIBOI O TOM, UTO
GubpuIIpHasi CTPYKTypa COXpaHSIeTCS W TOCHe
CTIIeKaHUSI.

B otiimune ot cnieueHHoro INTMD (3akpucraim-
30BaHHOI'O M3 pacIljlaBa) B JIMTepaType CYIICCTBYET
eIMHOe MHEHIE OTHOCUTEIbHO MOP(hOJIOTHN YaCTHIL
roJimMepusara (HecredeHHoro cbiporo I1T®D), 3a-
KJIIoYaloleecs B ToM, 4To 10 criekanus [1TdD nme-
eT PUOPMIIIpHYIO CTPYKTYpY [18—20, 23, 24].

B HacTos11el paboTe MpoBeieHO CpaBHUTEIbHOE
uccaegoBaHue MOp@OJIOrMM YacTUL IToIuMepr3aTa,
cnedyeHHoro [T, a Takke pagualiMOHHBIX MO~
(bukalmii, moay4YeHHBIX MPU pa3HbIX 3HAYEHUSIX TEM-
nepaTypbl OOIydeHHUS].

OKCITEPUMEHTAJBHAA YACTb
Obsexmobl

WccnenoBasy 4acTULBI BBICOKOMOJIEKYJISIPHOTO
[ITOD cycrieH3MOHHOI MOJUMEpU3alliM, He IT0I-
BEPrHYThIE TIOMOJIY M HAaTPEBY IO TEMIIEPaTyPhl MJIaB-
JieHust KpuctauiuToB. ITopoluok (rmpegocraBiieH ajist
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uccaegoBaHuii OTKPBITHIM aKIIMOHEPHBIM OOIIIe-
ctBoMm “lanmoren”, . IlepMb) CUHTE3UpPOBAIU II0
craggaptHoii TexHonorun (IF'OCT 10007-80).

Biounkie 06pasisl crieueHHoro [NTMD u3roros-
neHbl Ha KnpoBo-YenenkoM XuMmniecKoM KOMOM -
HaTe U3 nopoiunka Mmapku [TH meTomomM ogHOOCHO-
ro MpeccoBaHUsI MOPOIIKa C MOCACAYIOUIUM CIie-
KaHHEM.

MM ucxonHbix oopasuoB [ITDD, onpeneneHHas
10 TEIUIOTe KpucTayuiu3auuu [25], cocraBuiia

M,=2.1x% 10" (AH,)516=1.2 x 10"

Obayuenue

O6ydyeHune ciedyeHHbIX 00pasioB [1T®D npoBo-
nvav nipu 20, 200 1 335°C B uHepTHOII cpene (apro-
He) Ha ramMa-yctaHoBke KCB-500 HayyHo-uccie-
IOBATEJIbCKOTO  (PUB3UKO-XMMHUIECKOTO WHCTUTYTA
nMm. JI.5. Kapriosa ramma-kBantamMu Co-60 co cpen-
Heit sHeprueii 1.25 M»sB. O6pa3nbl noMelain B pa-
IUAMOHHO-XUMHWYECKHUIA ammapar [26], KOHCTPYK-
11151 KOTOPOTO MO3BOJIsIIa 331aBaTh TpeOyeMbIe YCI0-
BUSI 0O0JydeHUs. MOIIHOCTh H03bl OOJyYEeHUS
cocraBuia 2.8 Ip/c.

Pacmpoeaﬂ INEKMPOHHAA MUKDPOCKONUA

Mopdonoruio ob6pasnoB IITOD wucciaepoBanim
METOAOM PACTPOBOI 3JEKTPOHHOM MUKPOCKOMUU
(PDM). O6BbeKTHI UCCIeAOBaHUS TIpEeITapupoOBaIu B
KUJIKOM a30Te C LeJIbI0 TToJlydeHus CKOJIOB. s mo-
JIydeHUSI M300pakeHUIl TMOBEPXHOCTH CKOJa WC-
MOJb30BAJIM CKAHUPYIOLIUI 3JIEKTPOHHBIU MUKpPO-
CKOIT BBICOKOTO pa3pellieHUsI ¢ aBTO3MUCCUOHHBIM
katonom JSM-7500F c¢upmel “JEOL’ (AnoHwus).
MN300paxkeHus ITOIyYalIn B peXXUMe HU3KO9HEPreTr -
YeCKUX BTOPUYHBIX BJIEKTPOHOB, TTOCKOJIbKY UMEH-
HO OH obecIieurBajl HanboJjee BLICOKOE pa3pelleHne
(TIpu »Heprum IepBUYHOTO ITydyka 1 k3B paspemie-
HUe cocTaBsiyio 1.5 HM, ipu 5 k3B — 1 HM). C 1enbio
UCKITI0YeHUs 3(h(HEKTOB 3apsiiKU, a TAKXKe pa3pyliie-
HUSI OOBEKTOB MOA BO3ACUCTBUEM 3SJIEKTPOHHOTO
My4YKa TMIPUMEHSIIN CIIeAyIoIe METOINYCCKUE IO/~
XOJIbl: UCCJIEIOBAHUSI MIPOBOJAMIN TIPU HU3KOM TOKE
3JIEKTpOHHOTO ITyuka (3 X 10~ A), uto o6ecneunna-
JIOCh HAJTMYMEM aBTOSMUCCUOHHOTO KAaTOIa C XOJIO -
HOW MOJIEBOM SMUCCUEN; TAKXKE NPUMEHSIIN CHEL-
anpHbI pexum Gentle Beam, mipu KoTopoMm 3J1eK-
TPOHBI 30HJA 3aMeISIUCh HENMOCPEACTBEHHO Y
MOBEPXHOCTH 0Opaslia, B pe3ybTaTe, C OMHON CTO-
POHBI, SHEPTUsl MEPBUYHBIX 3JIEKTPOHOB YMEHbIIIA-
Jlach J0 YJbTpa HU3KUX 3HAYEHU I, YTO TIPUBOIUIIO K
CHIDKEHUIO 3apsiIOBBIX 3((PEKTOB U MCKIIOYCHUIO
paspylieHus odpasia, ¢ Ipyroil CTOPOHbI, IMaMETP
3JIEKTPOHHOTO 30HJa OCTaBajicsl HEOOJbIINUM, UYTO
CITOCOOCTBOBAJIO COXPAaHEHUIO BBICOKOTO paspele-
HUSI; HaKOHELl, Ha TMOBEPXHOCTb CKOJa HAaHOCWIU

BBICOKOMOIJIEKVJIAPHBIE COEAVMHEHUA Cepua A
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Puc. 1. YacTuna nonmMepusaTta BbICOKOMOJIEKYISIPHOTO
T[TDD cycrieH3NOHHO MOTUMEPU3AITUN Ha TIOIUTOXKE.

METOAOM MAr"H€TpOHHOI'O HaAIbUJICHUWA MCTAJIJINYC-
CKYIO IVICHKY IIJIaTUHbI.

I1pu HambUIEHU Y TUTATUHBI 33[1aBAJIU TTapaMeTphbl:
ajiekTpruueckuit Tok 30 MKA, Bpemst HanbuieHus 20 ¢,
paccTossHre OT MUIIIeH! 10 oOpasua 40 cM, maBieHue
5 ITa. I1pu TakuX yCIOBUSIX TTOJTyJalIu TIEHKY IJ1aTH-
HbI TOJIIUHON ~5 HM. C 1IeJIbI0 UCKITIOUEHUST apTe-
$aKTOB, CBI3aHHBLIX C HAHECEHWEM Ha TTOBEPXHOCTH
CKOJI1a CJIOs TUTATUHBI, TIPOBOIWIIN TIpEABapUTEIHbHbBIC
9KCMEPUMEHTBl M0 HAHECEHUIO TUIAaTUHBI B TEX XK€
YCITOBUSIX Ha MOHOKPUCTAJITBI KpeMHUS. Pa3mep ga-
CTUII TTATUHBI Ha TPpaHsSIX MOHOKPHUCTA/Ia B 3adaH-
HOM peXUMe HamnblJIeHUsI COCTaBUA 4—5 HM.

VYBenuueHue TeMnepaTypbl oOpasiia mpu CKaHU-
poBaHuM, olieHeHHoe mo ¢opmyne Kacrena [27],
He npesbluaio 10°C. MccaemoBaiu 061acTu pa3Me-
poMm oT 5 X 4.5 MM 110 50 X 45 MKM TIpU KpaTHOCTHU
yBesimuenus 1o 10°.

PE3VYJIBTAThBI 1 UX OBCYXJIEHUWE
Mopdghoaoeus wacmuy, noaumepuzama

XOpOoIIo U3BECTHO, YTO MEPBUYHBIM MPOAYKTOM
nommMvepu3aiu [ITOD IBISIOTCS YaCTHIBI T10-
polika (mojJuMepu3ara) pa3MepoM OT AECITKOB OO
HECKOJIBKMX COTeH MUKPOH, MPEICTaBJISIOIINE CO-
001 BBICOKOKPUCTAJUTMYECKNE Tejla CO CTEeTeHbIO
KpuctauimdHoctn 95—98%. 3areM TOpOIIOK TIOA-
BepraloT MeXaHMYEeCKOMY IOMOJIY C LIEJIbIO MOJIyde-
HUYS 3aJaHHBIX MTapaMeTPOB AUCIEPCHOCTHU IJIS TO-
CJICAYIOLIETO IIPECCOBAHMS U CIIEKAHMSI.

JInsa uckimodeHns: BIMSIHUS Ha MOP(OJIOTUIO Ya-
CTUL] MEXaHUYECKHMX BO3AEMCTBUIA ObLIU MCCIEN0BA-
HbI YaCTULIbI TIOJIMMEpHU3aTa, He MOJABEPrHYThIE MO-
mouty. Pa3mep rccieqoBaHHbBIX YacTUI HAXOAUJICS B
uHTtepBaiie 0.1—1 Mm.
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Puc. 2. BosiokHUCTBIE (HUTEOOpa3HbIe) CTPYKTYPHI MTOJIH -
Mepu3arta BEICOKOMOJIEKYJIsIpHOTO [TTDD.

Kak BugHO Ha puc. 1, 4acTUILIBI ITOPOIIKA UMEIOT
HEOIHOPOIHYIO CTPYKTYypy. HaGmiomaloTcst ABa Tumna
obacTeit: TUNIOTHBIE U BOJIOKHHUCTBIE. BolOKHUCTHIE
o0JracTy 00pa3yioT HEMPEPBIBHBIIT KOHTUHYYM, B KO-
TOPOM CIy4alHBIM 00pa30M pacHpeIeeHbI IIJTOTHBIS
BKJIIOUCHMUSI B BUJE OCTPOBKOB C IIMPOKUM pacIlipe-
JIeJICHUEM II0 pa3MepaM OT HECKOJIBKMX €OUHUI OO
HECKOJIBKHUX JIECITKOB MUKPOH.

I1pu nanpHeiieM yBeJIMYEHUU OOHAPYKUBAETCH,
YTO OTIEJIbHO B3sIThble BOJOKHA UMEIOT XOPOIIIO pa3-
JIMYUMYIO CYOCTpYKTYypy (puc. 2). OHU COCTOSAT U3
HECKOJbKNX 60osiee TOHKMX pudpusi. Ha aTo ykasbi-
BaeT HaJauuue MIYOOKUX TIPOJOJbHBIX OOpo3d U
IUI0cKasi KOH(UTypalurs BOJOKOH (IIMprHA OOJIbIe
TOJIIIMHBI). B CBSI31 C 3TUM BOJIOKHA MOXHO KJTaCCU-
dumupoBaTh KakK JICHTbI, COCTOSIINAE U3 (DUOPUILI.
DubpuIbl OpUEHTUPOBAHBI BHOJbL HAIpaBICHUS
neHT. HamMmeHnbinuit nuamerp puOpMILIBI, KOTOPBINA
yHaeTcsl pacIlio3HaTh, COCTaBIIsIeT ~15 HM.

MaxpoMOJIeKyITbI BHITSTHYTHI BIOJIb HATIPABJICHMS
Gbubpunn (1 JeHT), MOCKOJBKY JISI UCCIEIYeMOIo
ronuMepa ¢ M ~ 107 cpenHAd [UIMHA TTOJIMMEPHBIX
Herei umeeT nopsiaok 10 MKM, a UX CKJIaIblBaHUE B
Takoi ToHKou HUTU (15—20 HM) npeacTaBisieTcs Ma-
JIOBepOSTHBIM. J{JInHA (pUOPUILT OCTUTAET HECKOIb-
KUX IECATKOB MUKPOH, UTO MPEBBIIACT JIMHY MaK-
poMoJtekybl. C yaeToM BBICOKOI (6m3Koit K 100%)
KPUCTAUTMYHOCTA YACTHUI] TOJMMepHU3aTra, MOXHO
TaKKe CAenaThb BBIBOA, UYTO HaOJIOJaeMble HUTU
MIpPEICTaBIISIIOT CO00i (pMOPMIUISIpHBIE KPUCTAJIIN-
THI, 00pa30BaHHBIC BHINIPSIMICHHBIMH TTOJIMMEPHBI-
MU LETSIMU.

[1noTHBIE 061aCTU UMEIOT Pa3pPbIBbI CILUIOIIHOCTHU
(roper) (puc. 3a). Ilpu OoJbllleM yBeIMYeHMM Ha
U300paXkeHUsIX IUJIOTHBIX OO0JacTell YeTKO BMIHA
GubpusspHas cTpykrypa (puc. 30). B meom cTpyk-
Typa 3THX 00JacTell MOXeT OBITh OXapaKTepru30BaHa
KaK COBOKYMHOCTh KOMIIAKTHO YJIOXEHHBIX (ubd-

BBICOKOMOIJIEKVJIAPHBIE COEIVUHEHUA Cepua A

XATHUIIOB u np.

Puc. 3. TunuyHble yyacTKy IJIOTHBIX 00J1acTeil mojnume-
puzata [IT®D: a — 1IOTHBIE 00JIACTU C pa3pbiBaMU
CIUTIOIITHOCTH (opaMu), 6 — pudpuIsspHas CTpyKTypa B
TUIOTHBIX 00JIaCTSIX.

puviui. B rnyGuHe TTop IIpocMaTpUBaIOTCST HIDKEIeXKa -
II1e CJION C aHAJOTUYHON (UOPMIUISIPHON CTPYKTY-
poii (puc. 3a).

Takum oGpazoM, MOpGOJOrUs YaCTUIL TOJMME-
puzata MpeAcTaBisieT CO00i KOMOWHALIMIO CETKU
JICHT, KaXmas M3 KOTOPBIX MOXET BKIIOYaThb He-
CKOJIbKO (hMOPUILT, OPMEHTUPOBAHHBIX BAOJb JICHT, a
TakXke OJIOKOB, COCTOSIIIMX M3 TJIOTHO YITaKOBaHHbBIX
Gubpui. BeiBog o puOpMILISIPHOI CTPYKTYpE ChI-
poro IIT®3 coryacyercs ¢ TUTEpaTyPHBIMU JaHHBI-
mu [19, 20, 24], a HaTUYKME CETYATON CTPYKTYPbI KOP-
penmupyeT ¢ U3BECTHBIM (PaKTOM BBICOKOU TTOPUCTO-
cTv yactul noauMepusara [1TDOD [28].

Mopdgonoeus cneuennoix 06paszyo6

Ilpu panpHeiilneit rnepepaboTkKe MHoIUMEpU3aTa
IyTeM XOJOOHOro (Ipy KOMHATHOM TeMIlepaType)
MpPEeCCOBaHMS W CHEKAHUS ITOy4YaloT M3OEIUS W3
TIT®D B Buae 6sokoB. OgHAKO, IPU TeMIlepaType
Ne 9

TOM 54 2012



MOP®OJIOIUS OBJIYYHEHHOI'O IMOJIMTETPA®TOPOTUIIEHA

Puc. 4. ITnotusie (1) u peixiabie (2) obaactu TD-ckona
crnieyeHHoro [1T®H.

cnekanus (370—380°C) coxpaHsieTCsI Ype3BbIYATHO
BbIcOKas Ba3kocTb [IT®D (~10'! ITa ¢) [29, 30]. ITo-
9TOMY TIpOIIeCC CTeKaHWsI, HaIpaBJICHHBI Ha KO-
aJieClIeHIINIO (CIUSIHME) YacTHll TMOpOoIIKa, 3HAYU-
TeJIbHO 3aTpyIHEH. DTO MOXET MPUBECTU K YaCTUY-
HOMY COXpaHEHHUIO TTOPUCTHIX TUIOTHBIX objlacTeit 1
GUOPWITSIPHBIX JIGHTOUHBIX CTPYKTYP, MPHUCYIIUX
yacTuuam rnojumepusara. KocBeHHbIM MOATBEPKAE-
HUEM CJIyXKaT pe3yJibraThl padoThl [23], Toe mokasa-
HO, YTO CIleKaHWe YacCTUI] MOPOIITKa He TPUBOIUT K
U3MEHEHUIO0 HAJAMOJIEKYISIPHOU CTPYKTypbl. Kpome
TOTO, MOXHO TIPEATIOI0XUTD, YTO BEICOKAS BI3KOCTh
pacmiaBa ITT®D Oyner criocoOGCTBOBAaTh COXpaHe-
HUIO CUCTEMBI TTOp MeXAY YacTUIlaMU TMOpOIlKa Mo-
cite criekanud. [Topucrocts cieueHHOTro [NTMD 06-
cyxmaercs B padote [31].

Paccmorpum POM-m300paxkeHusT CKOJIOB CIie-
yeHHbIX oOpasuoB [1T®D. McciaemoBaiu aBa TUIIA
CKOJIOB: TIOMEpeK U BIIOJb OCU TIpeccoBaHUsI 0Opa3-
na, panee (transverse direction) TD- u (machine di-
rection) MID-CcKoJIbl COOTBETCTBEHHO.

Ha puc. 4 BunHo, 4yTto Ha moBepxHoctu TD-ckona
0o0pa3zyloTcs ABe obyiacTu: TUIOTHasi (OMHOPOAHAs) U
poeixias (mopuctas). [11oTHBIE 061aCTH UMEIOT (hUo-
PWUISIDHYIO CTPYKTYPY M MOP(OJIOTUYECKU HACH-
TUYHBI TAKOBBIM JIJISI YaCTHULI MoJiIuMepu3aTta (puc. 5).
OTHOCUTENIBHO 3TUX O0JacTeit MOXHO YTBEPKIaTh,
YTO CIIEKAHWE He BIUSET Ha UX CTPYKTYPY.

B pBIXIIBIX 006J1aCTSIX, KaK M B YaCTULIAX ITOJIMMeE-
pu3aTa, UMeIOTCSI ONMHOYHBIC JIEHThI, COCTOSILINE U3
HECKOJIbKUX (pUOPUILII, OpUMEHTUPOBAHHBIX BIOJb
JeHTHl (puc. 6). OgHaKO, B OTJIMYHUE OT CHIPOTO
[IT®H, Ha ckojJax crieYeHHbIX 00pa3loB HaAOMIOA-
IOTCSl YIIOPSITOYEHHBIE CTPYKTYPhl B BUJIE MOJOCOK
mupuHoit 100—300 HM M JJIMHOM OO0 HECKOJIbKMX
MUKpPOH (puc. 6a). Kak oTMedanoch BHIIIIE, ITOJIOCUa-
Tast CTPYKTypa cKoyioB criedeHHoro IITPD usBectHa

BBICOKOMOIJIEKVJIAPHBIE COEAVMHEHUA Cepua A
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100 HM
| —

Puc. 5. IlnotHele obinactu TD-ckona credyeHHOTO
INTODH.

maBHO [15], HO MX WHTEpIIpeTalsI HOCUT HEOTHO-
3HaYHBIN xapakTtep [15—17, 20, 23].

ITpuMeHeHue 31IeKTPOHHOU MUKPOCKOIIUU BbICO-
KOro paspellieHus B HacTosilel padboTe MO3BOJIUIIO,
0 MHEHUIO aBTOPOB, MOJYYUTh yOSIUTEIbHbBIE CBU-
JeTeIbCTBA (PUOPUILISIPHON CTPYKTYPhI IMOJIOCOK.

Ha puc. 6 4eTKO BUIHO, YTO ITOJIOCKHU COCTaBJICHbI
U3 NapajijieIbHO YJIOXEeHHBIX (PUOPUIII, OpUEHTUPO-
BaHHbIX TMOTIepeK HarpaBieHus nojoc. [Ipuyem mo-
JIOCKM 00pa30oBaHbl MNPOXOMSIINMU (UOpUILIAMU,
KOHILIbI KOTOPBIX YXOASIT B HEYNOPSIIOUYEHHBIE 00J1a-
ctr ojimMepa (puc. 66). @UOPMIITEI MOTYT TTPUHU-
MaTh yyacThe B 00pa30oBaHUM HECKOJIbKUX YIIOPSIAO0-
YEHHBIX MTOJIOCOK. Pe3kas rpaHuliia noJaocku odpasy-
€TCs1 KOHLIEBBIMU ydyacTKaMu (hUOPUILIL.

Caa3bIiBaHNE MeXIy (GUOpMIIaMM OCYIIECTBIISI-
ercsl, MO-BUAMMOMY, MyTeM aMopdu3aluu UX Mo-
BEPXHOCTE! B Mpoliecce CreKaHUsl, YTO CIIOCOOCTBY-
€T YaCTMYHOMY B3aMMOIIPOHUKHOBEHMIO (pUOpHILIT
(TTIOSIBICHUIO MPOXOAHBIX TMOJMMEPHBIX IIeNei,
y4acTBYIOIIUX B (OPMUPOBAHUU KPUCTAJIUTOB B
IBYX WK 6ojiee puOpmiLIax).

Mopdonorus MD- u TD-ckonoB pasznuyHbl. Ha
MD-ckofiax OTCYyTCTBYET COM3MEPHUMOE KOJTUUYECTBO
IUIOTHBIX M PBIXJIBIX obnacrteii (puc. 4 u 7a). [1pu ma-
JIBIX YBEJIMYEHUSIX TIOBEPXHOCTD CKOJIa BBITJISIAUT O1-
HOPOJHOI, 3aTeM 10 Mepe yYMEeHbIIeH!sT MacilTada
OOHapyXMBAIOTCS MPEUMYIIIECTBEHHO CTPYKTYpPhl B
BUJIE TIOJIOC, ONUHOYHBIX QUOPUIUISIPHBIX JIEHT U MO-
pol. Ha puc. 76 u 7B, mojiydeHHBIX MPU OOJIBIIMX YBeE-
JIMYEHUSIX, BUIHO, YTO IUIOTHOCTh YIMAKOBKHU (huO-
PWI U COOTBETCTBEHHO TOJIILIMHA aMOP(HBIX MpPO-
clioeK Mexy (pubpuiaMu BapbupyrOTCs B Ipeaeiax
OJTHOM ITOJIOCKHU.

MoxXHO mnpeamnosoXuTh, 4YTO (DUOPUIIISIPHBIE
JIEHTBI, HabJifogaeMble B 4YacTUIlIaX MoJMMepu3aTa
(puc. 2), B mpolecce mepepadboTku (IIpeccoBaHMS,
CIIeKaHUs U TOCJIENYIOLIE KPUCTA/UIM3alli1) UMe-
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Puc. 6. OubpusuisipHasi CTPYKTypa PBIXJIbIX OOJiacTeit
TD-ckona criedenHoro I1TOD npu yBemmaernun 100000 (a)
1 200000 (6).

JOT CITOCOOHOCTHb K CBSI3BIBAHMIO U OOpPa30BaHUIO
VIIOPSIAOYEHHBIX CTPYKTYP. DTU CTPYKTYPhl UMEIOT
BUJ, (pUOPUIUISIPHBIX JIaMeJieil, BBITSHYTBIX MepIIeH-
IUKYJSPHO HAIpaBJICHUIO OPUEHTALMU YYacCTKOB
dubpuan. BoaMoxHo, (popMupoBaHUe T0JlocUaTOM
CTPYKTYPHI IIOBEPXHOCTU MpPH CKaJIbIBAHUM 00pa3iia
o0JierdyaeTcsl IOCIOMHBIM CTPOSHUEM OJIOKOB, MpU
KOTOPOM IPOYHOCTh CBSI3U UOPUILIT MEXKIY COOOI B
npeaeliax cjaos OObIIe, YeM MEXIY CI0SIMU. AHAIN3
M300pakKeHUI1 TTO3BOJISIET TAKXKe claenaTh BBIBOH, O
TOM, 4TO (PUOPUILIIBI B JTAMEJISIX UMEIOT MeHee TIJIOT-
HYIO YTIaKOBKY T10 CPaBHEHMUIO C TIJIOTHBIMU 00J1acTsI-
MU U1 TIOJIMMEpPU3aTa, u criedueHHoro [ITP3D (puc. 36,
5, 66 u 70).

Kak crienyet u3 U3J103KeHHOTO BBIIIE, JIEeMEeHTap-
HOW equHUIIeH 1JIs1 BceX HabIoaaeMbix MOp(oJIoTH-
yeckux popM siBisieTcst pubpuiia. M3 mpencraBiaeH-
HBIX M300paxkeHuit (puc. 66 1 76) BUAHO, YTO cama
$ubpnIa IMeeT XapaKTepHYIO CyOCTpYKTYpy. Pno-
puia TIpeNCTaBlIsIeT cO0Oi MOCIea0BaTEeIbHOCTh
“OyCMHOK”, pa3leIeHHBbIX YETKHUM BJICKTPOHHBIM

BBICOKOMOIJIEKVJIAPHBIE COEIVUHEHUA Cepua A

Puc. 7. Tunmunsie nzobpaxenunss MD-ckona criedeHHO-
ro IIT®D npu yseamuenum 2000 (a), 100000 (6) u
500000 (B).

KOHTpAcTOM. XapaKTepHBIi pa3Mep 3epHa CyOCTpyK-
Typhl cocTaBisieT 15—20 HM.

Takum 00pazoM, ITO CPAaBHEHUIO C YACTULIAMU T10-
JIMMepur3aTa, OCHOBHOI OTIMYMTEILHOM OCOOEHHO-
CThIO, HabonaemMoii Ha POM-u300paxkeHUsIX CKO-
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Puc. 8. O6muit Bua mosepxHoctu T D-ckona criedeHHOTO
[T®D, obmyuyenHoro mo3oii 200 kIp mpu TemmepaType
20 (a) u 200°C (6).

JnoB criedyeHHoro I1T®DD, gapnsieTcss opMUpoBaHUE
VIIOPSIHOYEHHBIX (UOPUIUISIPHBIX CTPYKTYpP B BUIE
MOJIOC, OPUEHTUPOBAHHBIX IEPIEHAVKYISIPHO Ha-
npaBiaeHno dudpmma. IMopsl 1 ogmHOUYHBIE (UG-
PWIISIpHBIE JICHTHI, CBOMCTBEHHBIE YacTULIaM I10-
JIMMepH3aTa, HaOJIIoJaoTCsI U Ha CKOJIaX CedYeH-
Horo [NTPH.

Mopdghonoeus paduayuonusvix moouguxayuii [ITOHD

[IT®D oTHOCUTCS K YUCTY OJTUMEPOB, IECTPYK-
TUPYIOLIMXCS TIPU BO3ACHCTBUM HMOHU3UPYIOIIETO
nsitydeHus . [Ipu3zHakaMu JeCTPYyKLIMHU SIBJISIIOTCST Ha-
KOIUICHME KOHIIEBBIX MaKpOpaauKajoB, 00pa3ylo-
LIIMXCSI TIPU Ppa3pbiBe MOJUMMEPHBIX LIETIEN, BhIIEIIE-
HUE HU3KOMOJIEKYJISIPHBIX (DTOPYIIAECPOIHBIX IPO-
IYKTOB paaguojiin3a, CHUWXEHUE MEXaHUYEeCKOM
npoyHocTu [32—34]. KonmdyecTBEeHHO paauanlioH-
Hasl CTOMKOCTb, BhIpaXKEHHAsI Yepe3 BEIUUYMHY TO3bI
MOJIOBUHHOTO CHIKEHUSI MEXaHMYECKOM MPOYHO-
CTU, aHOMAaJIbHO HU3Ka: 0oJjiee YeM Ha JBa IopsiaKa

BBICOKOMOIJIEKVJIAPHBIE COEAVMHEHUA Cepua A

Puc. 9. I[iiotHast o6sacth noBepxHoctu TD-ckoia crie-
yeHHoro [IT®D, o6nyuenHoro go3oit 200 kIp mpu Tem-
nepatype 20°C.

MO0 CPaBHEHMIO C OCTAJbHBIMU JAECTPYKTUPYIOIIUMU
nommmepamu (ITMMA, T16, [19T® n npyrue). YBe-
JIMYCHHUE TEMIIEPATyPhl OOTYIEeHMST COTTPOBOKIACTCS
NaJIbHEHIIMM yBeJIUUYEHUEM BbIX0/Ia TTPOAYKTOB pa3-
JIOXKEHUSI U COOTBETCTBEHHO CHMKEHUEM paaualiu-
OHHOI1 cToiikocTu [34].

OnHaKo Mpu nepexojie TOUKU TUIaBJI€HUSI MOHO-
TOHHOCTh 3aBUCUMOCTeil xapakTepucTuk [ITDD ot
TeMIepaTypbl 00JlydeHus1 HapyiiaeTcs. B padortax [1,
6] cmemaH BBIBOI O TOM, 4To oOnydeHue I[NTDD B
pacruiaBe BeIeT K IepeMeHe HallpaBIeHUs paaualiu-
OHHO-XMMHUUYECKUX MPOLECCOB: CINUBAHUIO, a HE Jie-
CTPYKLIMU MOJMMEPHBIX LIeTIei, U YIyJIlIeHUIO Mexa-
HMYECKNUX CBOMCTB. PaHee 0coOOEHHOCTH B ITOBeEE-
Huu [1TOD npu ero 06;1ydyeHNU U BbIIIIE TEMITEpaTyphbl
I1aBJIeHWs HaOmomaau B padote [35], a mmpedrono-
JKEHMS O CIIMBAHUM BBICKA3bIBAIIMCH B [36—38].

B pa6Gotax [10, 36] B KadecTBe IIpeamnoiaracMoit
MPUUYMHBI aHOMayibHOTO moBeneHus [1TAD Boau3u
TEMIIEpPaTyphl TUIABJIIEHUST OOCYXXIalach TAKXE BO3-
MOXHOCTb H3MEHEeHHsT MOpQdOoJorum IoJmMepa
BCJIEICTBME HAKOIUJIEHUS TIPOAYKTOB paIualluOHHOMU
NeCTPYKIMU (pa3pbIBOB 1IeMNeil, KOPOTKOLEMHBIX OT-
BETBJICHUU, U30JIMPOBAHHBIX IBOMHBIX CBIA3€M, HU3-
KOMOJIEKYJISIDHBIX TIPOIYKTOB U APYTUX).

Hwuxe npeacraBiaeHbl JaHHBIE CPaBHUTEIBLHOTO
ucciiegoBanusg Mopdgoiorun crnedeHHoro IITDD,
00JTy4eHHOTO HMKE M BBIIIIE TeMIIepaTyphl IJIaBlie-
HUS KpUCTAJUTUIECKOM (ha3kl.

Mopdonoruss pagruanlMOHHBIX MOIU(PUKALIAIA
IIT®3, nonyyeHHsix npu 20 u 200°C, umeer cxo-
HbI€ YepTbl C MCXOMHBIM HEOOJYyYeHHBIM TOJUMeE-
poM. B o0oux ciydastx, Takxke KakK IUISI MICXOTHOIO
IIT®D Ha MOBEpXHOCTU CKOJIa HAOIIOAAIOTCS TIJIOT-
HBIE U PBIXJIbie (IOPUCThIE) 061acTu (puc. 8), COCTO-
S1Ire 13 0JIOKOB HeNPaBUIbHOM (hOpMBI KOMIIAKTHO
YA0XEeHHBIX uopuin (puc. 9), OMMHOYHBIX JIEHT U
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Puc. 10. Peixiras o6macts moBepxHoctu TD-ckona crie-
gyeHHoro [IT®D, o6iayyeHHoro mo3oit 200 kIp npu Tem-
neparype 20 (a) u 200°C (6).

GbubpunnsspHbIX Jamenei (puc. 10). AHanu3 nusobpa-
JKEHUU MO3BOJISIET ClieJIaTh BHIBO/I, YTO BCE U3JTOKEH-
HOE BBIIIIE€ OTHOCUTEIBHO HAaAMOJIEKYJISIPHON CTPYK-
Typbl 1 Mopdosornu crieueHHoro ITTDD ocraercs
CIIpaBeJIMBBIM JIJIST 001ydeHHOTO [TTMD.

BaxxHoli oTIMYuUTEIbHON OCOOEHHOCTHIO, OOHA-
pyxenHoit 1y [ITO®D nocie odyaenus mpu 200°C,
SIBJISIETCSI 3aMETHOE YBEJIMYEHUE IITUPUHBI MOJOCOK
(puc. 100).

OcraBasiCh B paMKax MpeaCcTaBIeHUI O MIaCTUH-
4aTo-KPUCTAUIMYECKON IMprpoae 60po3ayaThiX MO-
noc [20], TpyAHO OOBSICHUTH POCT MX IIMPUHBI IIPpU
ooygennu [1TPD cylecTBEHHO HIDKE TeMITepaTy-
pBl TUTaBieHUs. POCT TOMIIMHBI KPUCTATIUYECKUX
MJIACTUH (JlameJieil) OObIYHO HAOIIONAIOT MPU OTKM-
re B o0jacTu MeXIy TeMIIepaTypoil IUIaBJICHUS U
Kpuctajuzauuu [39].

B npeanosioxkeHun GUOPMIUISIPHON CTPYKTYpPHI
00pO3MYaThIX MTOJOC 3TOT (PaKT HAXOAUT CBOE OOBSIC-
HeHue. M3BectHO [32, 33], 9yTO pammaiimOHHO-UHIY-
LUpOBaHHasI AeCTPYKIIMs (pa3pbiB) MOJUMEPHBIX 11€-

BBICOKOMOIJIEKVJIAPHBIE COEIVUHEHUA Cepua A

Puc. 11. INoepxHocth TD-ckona [IT®D, o6ayyeHHOTO
nmo3oit 200 xIp nmpu temmneparype 335°C. IlpencrasieH
Y4acTOK IMOBEPXHOCTU, HA KOTOPOM LIEHTPHI C(HepoIuTOB
MMEIOT BUII BBIITYKJIOCTE, 00pa30BaBILMXCSI B Pe3yJIbTa-
Te cKaJibIBaHUsI: a — ceposIuTHasl CTPYKTypa, 6 — hpuod-
pWUISIpHAsI CTPYKTypa cepoauTa.

neil MpOUCXOOUT B OCHOBHOM B amMopdHOI ¢a3se,
UMelolleil MOBBIIIEHHbI CBOOOMHBII 00beM. CBsI-
3bIBaHUE MeXAy (UOPUIIaMU TakKxKe OIpenessieTcs
amMopdHBIMU TITpocioiikaMu. Torma necTpyKiius Mak-
poMoJieKkya B aMopdHOI (a3e JoJKHA MPUBECTU K
ocJIabJIeHUI0 MTPOYHOCTH CBS3BIBAHUST MeXay (huo-
puwlaMu, U HeynakKOBaHHbIE YYacCTKM MOCJEIHUX
NpUOOPETYT CITIOCOOHOCTD K JOTIOJTHUTEBHOMY YIT0-
PSIOYEHHUIO, T.€. YBEJIWUYECHUIO INUPUHBI TMOJOCKU
(M1 TOMIIMHBI PUOPMIIISIPHON JTaMEJIN ).

Oo6cyxmaeMoe OOBbSICHEHUE YBEJIUYCHUS TOJIIIIU-
HBI IJTACTUHYATO-KPUCTAJUINYSCKUX JJaMeJIeli IToTpe-
00BaJjI0 OBl BHIITOJTHEHUS IIPEAIIONOXKEHMS O IPAKTH-
YeCKU ITIOJITHOM pa3pbiBe CKIAAO0K MaKpOMOJEKYJI,
BBIXOMSIINX B HEYIMOPSAOYSHHYIO 00JacTh Ha II0-
BEPXHOCTH KPUCTAJUIMYECKOI JTaMeIn.

KayecTBeHHOE M3MeHEeHIE MOP(MOIOTUM CTICUECH-
Horo [TT®D npoucxoauT Npu ero 00JIy4eHU U BhILIE
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Puc. 12. IMosepxHocts TD-ckona [NTDD, o6ayyeHHOTO
no3oit 200 xIp npu Temnepatype 335°C. IlpencraBieH
Y4acTOK ITOBEPXHOCTU C OTBETHBIM BOTHYTBIM peibedoM,
Ha KOTOPOM B pe3yJibTaTe CKaJbIBAaHMS TPAHMIIbI JICTTECT-
KOB BOTHYTHI (a), a LIEHTPbI C(hepOoTMTOB MPENCTaBISIOT
coboii kpatepsl (0).

TeMIIepaTyphbl TUIABJICHUS KPUCTALUIMYECKON (hasbl.
Vxe npu HebOoJbIIOM yBeaudeHuu (puc. 1la, 12a)
HaOoga0TCsT 00pa3oBaHUsI, CUMMETPUYHbBIE OTHO-
CUTEJILHO LIeHTpa, — cpeposuThl. Pazmep chepomnm-
TOB COCTaBJISICT JecITKU MUKpoH. Ha puc. 11 n300-
paXeH y4acTOK TMOBEPXHOCTH, Ha KOTOPOM LIEHTPbI
c(epoSIMTOB UMEIOT BUJI BBIMYKJIOCTEM, MOSIBUBILIMX-
cs B pe3yJibTaTe CKaJbIBaHUs. B miockocty n3obpa-
XKEHHUS TOBEPXHOCTU CKojila cGepouT pasaeiacH
“xpedTamu” (IeeKTHBIMU 00JACTSIMU, PACXOASIIN-
MUCS OT LEHTpa) Ha OTIe/JIbHBIC CeKTOpa (JIETIECTKM).
Kak BugHo Ha puc. 116, cpepoant obpazoBaH pa-
IUaJIbHO OpPUEHTUPOBAHHBIMU  (pUOpUIIAMMU.
Bo6siu3u eHTpa GUOpUIIIBI YIaKOBaHBI IIOTHO, a
MpU yaajJeHU! OT LIeHTPa MJIOTHOCTb UX YITaKOBKU
YMEHbIIIaeTCsl.

Ha puc. 12 moka3aHbl y4acTKM C OTBETHBIM BOTHY-
TBIM peiabedoM. 31ech LEHTPhI CHEPOSTUTOB Mpe.-

BBICOKOMOIJIEKVJIAPHBIE COEAVMHEHUA Cepua A

Puc. 13. Ilepudepuitnas mexchepoanTHas 00JacTh Ha
noBepxHocTu TD-ckona crieueHHoro [TTMD, obayyeH-
Horo go3oi 200 kIp npu Temnepatype 335°C.

CTaBJISIIOT COOOM KpaTephbl, a TPAHULIBI JIETIECTKOB BO-
rHyThl. Ilepudepuiinas mexcdeponauTHas o00JIaCTh
npeacTaBiaeHa Ha puc. 13. 3a cueT nelicTBUS pacTsITU-
BalOIIEro HaMpsLKeHUs B Mpoliecce pocTa chepon-
TOB MPOUCXOAUT (PUOPUILIM3ALIMS CTPYKTYPhI C 00-
pa3oBaHMEM pa3pekeHHON (PUOPUIIIPHOMN CETKH.

Takum obOpa3om, Mpu cKajlblBaHMM oOpasiia Ha
IIBYX MOBEPXHOCTSIX OOpPa3yloTCs B3aUMOOTBETHBIC
penbednl cheponToB. [Tpu 3TOM Ha OAHO U TOI Ke
MOBEPXHOCTH MOXHO HAWTU KakK BBIMYKJbIE, TaK U
BOTHYTBIE peIbebl.

CpaBHUTEJIbHBIN aHAINU3 M300pakeHU MOBEepX-
HocTelt ckoya [ITPD, o6iydeHHOTO HIDKE W BEITIE
TeMIIepaTypsl TJIaBJICHUSI, TIO3BOJISIET CAeIaTh BHIBOI
0 TOM, YTO B LIeJIOM cepoauTHas ctpykrypa [TTDD
SIBJISIETCS MEeHee TTOPUCTOM. B Heit OTCYTCTBYIOT PhIX-
JIble 0071acT U Hopbl pa3mepoM oT 100 HM M BHIIIIE.
DTO0 comlacyercs ¢ yMeHblIeHueM ropucroctu ITTMD,
0o0JyyeHHoro B pacriase [29].

Panee oOpa3zoBaHue chepoJuToB HaOIIOdAIN
TOJIBKO TSI HU3KOMoJIeKyisipHoro [IT®D (M ~ 5 X
X 10°) sMynbCMOHHOM TonuMepuszanuu [18—20]. B
pa6ote [20] ceponuTHas CTpyKTypa HpeacTaBislia
co00Oli  paaraabHO-OPUEHTUPOBAHHBIE ITOJIOCKH.
MakpomoJiekyabl B TaKUX cheposiuTax OpUeHTH-
pOBaHbl TaHTeHUMAJIbHO, TTOCKOJBKY TOJOCKHU
OPUEHTUPOBAHBI TIEPIIEHANKYJISIPHO TTOJIMMEPHBIM
HernsiM. B BeicokoMosiekyisipHoMm TIT®D cycnieH-
3MOHHOW MoJuMepu3aluu cEeposMThl paHee He
HaoOmomanu. OmHaKo, KaK MoKa3aHo BhIIIE, B IIPO-
1ecce paavallMOHHOW MoAauGUKAIIUU BHIIIE TeM-
nepaTypbl TUIABJIEHUSI TIPOUCXOAUT TIPaKTUUYECKU
moJjHas ero Tpancdopmanus B C(hepoUTHYIO MOP-
dosoruto. B oranyre OT HU3KOMOJIEKYJISIPHOTO
IIT®D, B 06Hapy:KeHHBIX HAMU cheposinTax Guod-
PWUIBI M COCTaBJISIIOIINE WX MaKpPOMOJEKYIbl Ha-
MpaBJieHbl BAOJb paaunyca.
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W3BecTHO, 9TO chepoanThl 0OpPa3yIOTCS B BBICO-
KoMosieKyiasspHoM ITIT®D, »T10 yKiagbIBaeTcs B
MpeAcTaBJIeHUe O TOM, UTO OCHOBHBIM MOJIEKYJISIP-
HBIM MEXaHM3MOM €ro paavanroHHONW MoauduKa-
LMY B pacIulaBe CUMTAECTCS pa3pbiB MaKPOMOJIEKY-
JIIpHBIX lieTieit, cHuxkeHue MM M, Kak cJleAcTBue,
YMEHBIIICHNE BSI3KOCTU paciuiaBa. JlecTpykius mo-
JIMMEPHBIX 1lIeTleli yMEHBIIaeT CBS3bIBAHUE MEXIY
GbubpUIIaMU U YBEIUUMBAET UX MOABUXKHOCTb. DTU
(aKTOphI CIIOCOOCTBYIOT peOpUEHTALIMH (PUOPUILT C
obpazoBaHuEeM c(hepOoIUTOB, KOTOPHIE OKA3LIBAIOTCS
OoJiee MPeAOYTUTEIbHON MOpdoaorniyeckoit gop-
MO, T10 CpaBHEHMIO ¢ GUOPMILISIPHBIMMU JIaMEJISIMU.

Takum o6pazoM, 0COOEHHOCTbIO (GPUOPUILIT SBJISI-
€TCsI CIOCOOHOCTh K 00pa30BaHUIO PA3IMYHBIX MOP-
doaornyeckux GopM: MIOTHO YIIaKOBAHHBIX OJIOKOB
HenpaBWIbHOI (DOPMHEI (B IIOJIMMEpPU3aTe U CIIEYCH-
HoM [IT®D), nameneit (B creueHHoM [ITDD) u
cdheponuros (B TP, pannauroHHO-MOAMPULIK-
pOBaHHOM B pacIljiaBe).

CHIXeHMe BSI3KOCTM paciliaBa TakxKe oOJjieryaer
cXKaTue Iop U MyCTOT BHYTPU MaTepuaja 3a CUeT CHJI
MOBEPXHOCTHOrO HATsDKeHUS [29]. D10 criruBaHue
Iop B MOAWMPUIIMPOBAHHBIX 00pa3lax MoxeT obec-
MeYrTh HAIPaBJeHHOCTH ITpollecca CTPYKTYPHOM Tie-
pPECTpPOIKM M 00ecIIeurMBaTh BO3ZHMKHOBEHME IIEH-
TpoB (3aponpiiieit) chepoauToB. CHIKEHUE MOPU-
croctu [TT®3D Hapsiny ¢ cepbe3HBIMU U3MEHEHUSIMU
MOPQOJIOTUM MOXKET IIPUBECTA K CYIIECTBEHHOMY
YCWICHUIO paguallMOHHO-UHIYLMPOBAHHBIX U3ME-
HEHUIl MaKpOCKOIMUYECKUX CBONCTB, OXUIAaeMBbIX B
clIly4ae IpOTeKaHMsI TOJIBKO MOJIEKYJISIPHBIX ITPOIIeC-
COB (IeCTpYKIIUM Y/WIY CIIIUBAHUS).

SAKITIOYEHHNE

Mopdonorust yacTull HoJIruMepu3aTa BbBICOKOMO-
nexyasipHoro INTMD cycrnieH3MOHHOI TToJIMMepr3a-
O ONMMCHIBAeTCS KOMOMHaIMen (UOpMIISIPHBIX
JIEHT, 00pa3yloluX CIydyaliHyl0 TPeXMEPHYIO ITOpu-
CTYIO CETKY, ¥ 0JIOKOB, COCTOSIIIINUX 13 IIJIOTHO YIAaKO-
BaHHBIX GUOpWILI. JICHTHI IMEIOT IJIOCKYIO CTPYKTY-
PY, COCTaBJICHHYIO U3 HECKOJbKUX (PUOPUIIT, OPUCH-
TUPOBAHHBIX BJIOJIb HATIPABJICHUS JIEHTHI.

dubpwisipHass HaAMOJEKYIsIpHAs CTPyKTypa
HoJMepH3aTa COXpaHsIeTCs Mocjie crieKaHus. Mop-
domormueckme GOpMBI B BHIEC TIJIOTHBIX OOJIacTeit
(6710KOB KOMMAKTHO YJIOXKEHHBIX (DUOPUILT) U O~
HOYHEBIE JICHTHI C IPOJOJbHON OpuUeHTalueil puo-
P MASHTUYIHBI TAKOBBIM IJISI ITomMmepu3ara. Ot-
JIMYUTEJILHOM OCOOEHHOCThIO credeHHoro I1TTMdD
saBJIsIeTCs (opMUpOBaHUE QUOPULISIPHBIX JIaMeJIei,
BBITSIHYTBHIX MEPIECHANKYISIPHO HaIIpaBiIeHUIO (puo-
PUJILIL.

Mopdonorust pagMaliMOHHBIX MoAUMUKAIIAA
[IT®D, mosyyeHHBIX HMXXE TeMIIepaTyphbl ILIaBJie-
Hust ipu 20 1 200°C, uMeeT CXOAHBIE YePTHI C UCXO/ -
HBIM HEOOJTy9eHHBIM nojimMepoM. B oboux ciaydasx,
Takxke Kak Jj1s ucxogHoro [ITMD, Ha moBepXHOCTU

BBICOKOMOIJIEKVJIAPHBIE COEIVUHEHUA Cepua A

XATUIIOB u np.

CKOJIa HaOJIOJAIOTCS TIJIOTHBIC W PBIXJIBIE 00JIacTH,
obpazoBaHHbIe (puopuIaMu. OCcoOEHHOCTBHIO, 00-
HapyxeHHoil misi [TTDD mocie obiyyeHUs Mpu
200°C, gBnsieTcst 3aMETHOE YBEJMYEHHUE IIMPUHBI
MMOJIOCOK (TONLIUHBI GUOPUILISIPHBIX JIaMeJIeii).

OO0utyyeHue BhIllIe TeMIepaTyphl MIaBICHUS TIpU-
BOJIUT K MOJHON peopraHu3alu CTpykTypsl [TTDD:
00pa30BaHUIO HOBBIX MOP(OJIOrMIYECKUX (POpM —
cheponTOB pa3MepoM B HECKOJIBLKO ECSITKOB MUK~
POH, COCTOSIIIUX M3 paauajbHO OPUEHTUPOBAHHBIX
(GuOpWII, U B IIEJIOM K CYIIECTBEHHOMY CHITKEHUIO
MOPUCTOCTH. BO3MOXHOCTh Takoil peopraHu3allnuu
CTPYKTYpPHI B TIpoliecce OOJyYeHUs BBICOKOMOJIEKY-
ngpHoro IT®D cycnneH3MOHHOW MNOIMMEpU3aluU
obHapyxeHa BnepBhie. CreaH BEIBOJI O TOM, 9YTO 00-
pazoBaHue C(HEpOJUTOB CBA3aHO C paaUAIIOHHO-
WHIYIIMPOBAHHBIM Pa3pbIBOM ITOJUMEPHBIX IIETICi,
YMEHBIIIEHEeM MOJIEKYISIDHON MacChl 1 CHUKEHUEM
BSI3KOCTH TTOJIUMEpA.
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