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YCJIOBHMA ITOJIYUEHM A ITOJIBIX KPEMHUEBBIX ITPHU3M
JUIA ®OTOSJIEKTPUYECKU X ITPEOBPA3OBATEJIEN

Bvibpana onmumanvnas KoHcmpyKyus K-
PAHUPOBKU U OnpeodesieHbl MexXHoI02Uudec-
Kue pescumvl noayuenusi Kkpucmainog IKII
npeumMyuwecmeeHHo co cmpykmypou I-2o
Kaacca.

VYeneniHoe pa3BUTHE B MOCIETHUE IO/l HA3eMHON
(hOTOIHEPTETHKH CBS3aHO C IPOU3BOIACTBOM (DOTODIIEKT-
pudeckux npeobpazosateneii (PII) Ha ocHOBE MOITY-
MIPOBOJJHIKOBOTO KPEMHHSI, TPO(PHIMPOBAHHOTO B BUJIE
JIeHT Uiy noasix npusm [1, 2]. C 1990 r. MupoBoii BbI-
myck @11 u3 Takoro Marepuasa Beipoc 6osee gem B 30
pa3. YBenuueHue 00beMOB IPOU3BOJICTBA, B OCHOBHOM,
00YCJIOBIICHO CHIDKEHUEM YJIETTHHBIX HOPM Pacxo/ia KpeM-
HUS 32 CUET UCKIIIOYEHHUS ONlepaluii MexaHHU4eCKon pes-
K{, IUTH()OBKY ¥ TMTOJIMPOBKH TUIACTHH, a TAK)XE CHIDKE-
HHUEM 3aTpart 3eKTpo3Hepruu 10 40% 1o cpaBHEHUIO C
npou3BoacTBoM DI, m3roraBnrMBaeMbIX Ha OCHOBE IJ1a-
CTHH W3 MOHOKPHCTAJUIMYECKOTO0 KPEMHHMsI, BbIpaIleH-
HOTro MeToAoM HoXpabCKoro.

CTpyKTypa MOIMKPHUCTATUTIYECKOr0 KPEMHHSI, Tpodu-
JMPOBAHHOTO B BUJIE JICHT WM MOJIBIX MPHU3M, B 3HAUU-
TEJILHOM cTeneH! BuseT Ha 3 (HEeKTUBHOCTH (POTOIIEKT-
pudecKkux mpeoOpa3oBaTeneil, H3rOTOBJICHHBIX U3 TaKO-
ro matepuana [3]. Ilonmsie kpemuanebie pu3msl (ITKIT),
KaK ¥ JICHTBI, BBIpaIeHHbIe MeTo1oM CTenanoBa, o0ia-
JIAI0T YHUKATBHOW JeQeKTHOW cTpyKTypou. Jlis neHt
yale XapakTepHbl MapasuleibHble IBOMHUKHU MEPBOTO
nopsiika ¢ opueHTarmeit {110} u HanpaBIeHneM pocta
<112>. Takast CTpyKTypa SIBISIETCSI paBHOBECHOU U 00-
Jiee yCTOWYMBA B MpoIiecce BeipammBanus [4, c. 147].
[TapanienbHble TpaHULBI, PACIIONIOKEHHBIE BJIOJIb Ha-
MIPaBJICHUS BBITATMBAHUSA JIEHT, 00pa3yloTCsl, HE3aBUCH-
MO OT OPHEHTALNH 3aTPABKH, HAa PACCTOSTHIH OKOJI0 0,3 M
OT HayaJla 3aTPaBJICHUs 3a CUET BBIKIIMHUBAHHS HAKJIOH-
HBIX TPAHUI] HA KPasiX JICHTBI; IPY yCTAaHOBUBLIEMCSI POC-
T€ OHU HaCJIEAYIOTCS Jajiee Mo Beel AnuHe eHTsI. [pe-
oOnafaromuMu 1epeKTaMu B CTPYKTYpE JICHTHI SIBJISIOT-
Csl AUCIIOKAIIUH, TPAHULIBI BBICOKUX TOPSIIKOB, MAJIOYT-
JIOBbIE TPaHHUIIBL, e(EKThl YIAKOBKH, BKIIOUEHHS Yac-
Tl kKapbuna kpemaus. B otmmuwne ot ment, B [IKII Ha-
KJIOHHBIE TPaHULIbI, ITepeceKkasi pedpa, BEIXOIAT Ha FPaHU
IpU3MBI ¢ 00pa3oBaHUEM OJI0YHOM «MO3aUYHOW» CTPYK-
TypHlI [5]. B cTpyKType Takux mpu3m npuMepHO MOJIOBH-
HY 3aHMMAIOT JBOMHUKOBBIE OOJIACTH C HalpaBJIEHUEM
TpaHuL, COBNAAAIONINM C OCBIO pHU3MEIL. 1Ipu cpennein

TJIOTHOCTH AMCIOKauuii N D=5'104 cM 2 HaOIIOmaIoTCs
o6mactu ¢ miotHOCTEI0 N <108 em2 . Okoito 20% mo-
aId TpaHel 3aHUMar0T KPYITHbIE MOHOOJIOKH C TIPSIMO-
JIMHEWHBIMY I'PAHNLIAMH Y TOHWKEHHOM ITIOTHOCTBEO JTUC-
Jokanui (N, D=102 cM 2). Be3uciioKaMoHHbIe JBOWHH-
KU COCTaBIIAIOT 0K0J10 10%, ocTajbHas 4acTh ILIOIAIH
MPEJICTABISIET COOOM CTPYKTYPY, COMIEPKAIIYIO MaIOyT-
JIOBBIE TPAHMIIBI, AE(PEKTHl YIAKOBKH, IOBEPXHOCTHBIE
BKITFOUCHWSI YACTHI] KapOuga KpEeMHUSI.

Taxum 00pa3oMm, B IOJIBIX KPEMHUEBBIX IPU3MaX, KaK
U B JIEHTaX, CTPYKTypa MaTepHralia XxapakTepusyeTcsl Ha-
JTUYHEM 3HAYUTEIbHBIX HEOTHOPOJHOCTEH, CBSI3aHHBIX C
TEXHOJIOTHYECKUMH YCIOBUSIMU BBIPAIIIUBAHUSI.

B pabote [6] mpemioskeHa Kiiaccu(pHKaIHs KpUCTA-
JIOB KpEMHHS, TPOPHUIUPOBAHHBIX B BUJIE JICHT, TTO XapakK-
TEpHBIM JeeKTaM CTPYKTYPBl — B 3aBUCHMOCTH OT 3()-
¢dextuBHOCTH DII1 HAa OCHOBE TIIACTHH, U3TOTOBICHHBIX
W3 JIHTOYHOTO KpeMHHUsI. M3 4eThIpex KiraccoB Hanboee
KaueCcTBEHHAs CTPYKTypa OTHEeCEeHa K 1-My Kiaccy, T7e
MpeoOIaIaroMMU TeQEeKTaMU SBJISFOTCS KOTEPEHTHBIC
JIBOWHUKOBBIE TPAHHUITBL, IEEKTHI YITAKOBKH, TUCIIOKAI [N
¢ N,=10% cM 2 Bpemst XH3HH HEOCHOBHBIX HOCHTEIICH
3apsifia B TAKOM MaTepualie COCTaBIsieT =1 MKc, a U3ro-
TaBnmuBaeMble n3 Hero MO 6e3 aHTHOTpaKarOIIETo TI0-
KPBITHS UMEJH K. I1. 11. 10 8% (AM 1,0).

B npencrasienHoit paboTte 006CyKIat0TCsi HEKOTOpPhIS
3aKkoHOMepHOCTH (hopmupoBanus cTpykTypsl [TIKII B yc-
JIOBUSIX MX IPOMBIIIJIEHHOTO TIPOU3BOACTBA.

JIs1 IOTTYyYEHUSI TIPU3M C OpUEHTAIIMEH TOBEPXHO-

ctH TpaHeii{111} kak Hanbosee COBEPIIICHHBIX
MO CTPYKTYype He0OX0MUMO (HO HE JOCTATOYHO), YTOOBI
Hanpasiienue <110>rpann{111} npunaanexano ppoH-
Ty KpUCTaJUTM3alliy, a HampaBieHue pocra <112> co-
BIIaJAJI0 C HANPABJICHUEM BBITSTMBaHUs. Torna Kaxmas
rpaHb MPHU3MBI OyIeT TUPaMUJION POCTa PAaBHOBECHOM
rpanu {111}.

Kak u3BecTHO, 17151 TOIy4IEeHUS OJJHOPOJIHBIX 10 CBO-
MM CBOMCTBaM NMPOPIITNPOBAHHBIX KPHCTAILIOB HEO0XO-
JIMMO, 9TOOBI KpucTaiuiorpaduyueckas CHMMETpHUS 3a-
TPaBKHU COBIIaJlaja C 3JIEMEHTAMH CUMMETPUN KPUCTAaJI-
no0o0pazytoiei cpesl (TemIoBoe MmoJie, cTob pacia-
Ba), 2 BO3HUKAIOIIME B MPOLECCE POCTAa TEPMHUUYECKUE
HaMpPsDKeHUsT ObLTH MUHUMANBHBI [ 7]. Jl7st yMeHbIeHus
TEPMOYTIPYTUX HANPSHKEHUH B KPUCTAJLIE pacrupeaese-
HUE TeMITepaTypbl B 30HE POCTA JIOJDKHO OBITH ONM3KUM
K JTMHEHHOMY. B peallbHBIX YCITOBHSIX BhIpaIIMBaHHS He-
JTWHEWHOCTh OOYyCIIOBIIEHA HAIMYHUEM 3HAYUTEIHHOTO
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rpaJiieHTa TeMIepaTypbl, 00eCIeUnBaIOIIMM BEICOKYIO
CKOPOCTb KPUCTAITU3AIUH.

B otnuume oT miI0CKUX JIEHT ¢ 3JIeMEHTaMH TPYIIIo-
BOM CUMMETPHUH 2 mm, MOJIbIE TPU3MBbI 00JIa1al0T Kpy-
TOBOM CUMMETpHeN c©m, 1, OTHOBPEMEHHO, KaXIyI0 U3
rpaHel MpU3Mbl MOKHO PacCMaTPUBATh KaK JICHTY Ipsi-
MOYTOJIbHOTO ceueHus. [loaTomy eciu npu BbIpalnBa-
HUU JICHT 3aTPaBKy OPHEHTUPYIOT B HanpasiieHnu <100>
niu <110>, To U151 OJNBIX IPU3M IIPENTIOYTUTENBHEE Ha-
npasienue <110>.

JIBOMHMKOBaHNE B KPEMHUH ITPOUCXOIUT 110 Hanobo-
Jiee IIIOTHOYTIAKOBaHHBIM TUTOCKOCTsM {111}, u ecim 3a-
TpaBKa OpUEHTHPOBAHA TaK, 4TO Harpasienue <110> co-
BITaJIa€T C HANPABJIECHUEM BBITSTUBAHUSA, TO TUIOCKOCTH
(111) m (111) nexxaT napajieIbHO OCEBOMY TPaIUCHTY
TEMIIepaTypsl U MEPIICHIUKYISIPHO TIOCKOCTH (hpoHTA
Kkpuctaum3anuu. O6pasyromnyecs 1o 3TUM IJI0CKOCTIM
JIBOMHHMKOBBIE TPAHULIBI OYIyT TaK)Ke MapasuiebHbl Ha-
MIPABJIEHUIO BBITATMBAHMSL.

OnHaxo B TPOMBILIUIEHHBIX YCIOBUSAX IPU MaCCOBOM
npousBoacTse [TKII, n3-3a Tpy10€MKOCTH U3TOTOBIICHHS
3aTpPaBOK U3 MTPEJIBAPUTEITHLHO OPUEHTUPOBAHHBIX MOHO-
KPHUCTAJUTMYECKUX [UIACTHH, B KAYECTBE 3aTPaBKU UCTIONb-
3yrot 06pe3ku [IKIT mmuHoi 10 4 ¢M, 9TO B 3HAYUTEITb-
HOM CTENeHU CHIKAET BEPOSTHOCTH 00pa30BaHMs MapaJi-
JIeTbHOW IBOWHUKOBOM CTPYKTypbl. Kpome TOro, mpu
3aTpaBIMBaHUU CTOJIO paciliaBa B LIEJH 10 IEPUMETPY
(hopmooOpazoBaTeliss POPMHUPYIOT OIUTABIICHUEM YaCTH
3aTpaBku [8]. [Ipy 3TOM KpUCTaT UCTIBITHIBAET TEILIO-
BOH ymap ¢ oOpa3oBaHHEM CTPYKTYpPBI C MOHMKEHHOU
CUMMETPUEH U MOBBIIIEHHOH MIIOTHOCTHIO UCIIOKALINH.

ITostomy mst momyuenws [IKIT ¢ korepeHTHOM TBOM-
HUKOBOM CTPYKTYpO# IpaHell Heo0XoauMo 00eceunTh
YCITOBHSI JI71sl UX OPMHUPOBAHUS yKe Ha CTaIUH 3aTPaB-
sBanust. [Ipy ucronbp30BaHUN B Ka4eCTBE 3aTPABOK OPH-
€HTUPOBAHHBIX IUIACTUH U3 MOHOKPHUCTAIIINYECKOTO
kpemans (BMecTo oopeskoB [TKII) miomanp Takoit cTpyk-
Typbl yBennumiack B cpenneM Ha 20%. [Ipu ycraHoBUB-
ieMcsl pocTe 00JIaCTH C FPaHULIAMHU, COBIAIAIOIIMMU C
OCBIO TPU3M, UMEJTH TTPOTSHKEHHOCTH 110 0,5 M o Bcel
[IIUPHUHE TpaHel BIUIOTH JI0 3aKpyIiieHus y pedep [9].

[TosiBnenue B crpykrype IIKII Mukpokpucramios ¢
pa3UYHBIMU yIJIAaMU Pa30PHEHTALMH 3€PEH U MEJIKHX
(10 2 MM) OJIOKOB, OOPA3YIONIUX «MO3AHMKY», BO3MOXK-
HO KaK M3-3a BOSHUKHOBEHUS HECKOJIBKHUX LIEHTPOB KpH-
CTAJJTM3ALIH, TAK U IO IEUCTBUEM ITPOLIECCOB IOJIUTO-
HU3aIUK IUCIIOKai B o0beme Kpuctaiia. B nepsom
ClIyyae BO3HMKHOBEHUE MUKPOKPHUCTAJIOB CBSI3aHO C
BO3MYILIECHUSAMHU Ha (POHTE KPUCTAIIM3ALMY, BbI3BaH-
HBIMH U3MEHEHHEM TETIOBBIX YCIIOBUM B 30HE KPUCTAI-
JIM3aIMK JTMOO0 C 3aXBaTOM IIPUMECHBIX BKIItoueHuil. Bo
BTOPOM CJIy4ae MpU B3aUMOJICUCTBUU ILTOCKOCTEN IBOM-
HUKOBAHUS C IUCIIOKALIUSAMHU, TOPOKICHHBIMU TEPMOYTI-
PYTHMU HanpsDKEHUSIMU, 00pa3yroTCs JIMHEapU30BaHHBIE
WJTM MaJIOyTIIOBbIE rpaHullbl 3eped [10].

DTO B3aMMOJEHUCTBUE SIBISIETCSI OCHOBHBIM MOMEH-
TOM B (POPMUPOBAHUM CTPYKTYPbI IEHTOUHOT'O KPEMHHS.
B pesynbrare nonmuroHu3auuy yMEeHbIIACTCS ITIOTEHINAITb-
Hasi SHEpIrHs KpUCTaJl1a, U 00pa30BaHNe HEKOTEPEHTHBIX
JBOMHHMKOB ¥ MaJIOYTJIOBBIX TPAHUI] OKa3bIBAETCS SHEP-
reTruecku BeironHel. [ pans {110} nerko JBOMHHUKYET-
csi, a coBepIeHHas Tpadb {111} He nMeeT mepreHanKy-

JIAPHOM i1 IBOMHUKOBOM T'PaHUIIbl BAOJb HAIIPABICHUS
BEITATHBAaHUSA. [103TOMY M3-32 OOJBIINX TEPMOYIIPYTHX
HAaIpspKeHUH rpaHu IPU3M UMEIOT PaBHOBECHYO MTOBEPX-
HocTh {110}. CnemoBarenbHO, JOCTATOYHOE YCIIOBUE
coBepieHcTBa cTpykTypbl IIKIT — manast Bennurza Tep-
MOYTIPYTHX HAIpPSDKEHUH, 3aBUCAIINX OT BTOPOM IpoO-
W3BOJIHOM pacrpe/ielieHHs TEMIIEPaTyphbl B HAIIPABIECHUH
BBITATHBAHUS KPUCTAJLIA.

TeHnaeHIus K JBOMHUKOBAaHHUIO pABHOBECHOM ITOBEPX-
Hoctu {110} ¥ CUMMETpHsI MHOTOTPAaHHBIX TPU3M TI0-
3BOJISIFOT CJIEJIaTh OOIIEe 3aKII0UYEHHE O IPEUMYIIECTBEH-
Hoii ctpykrype IIKII. I'pynna makpocuMMeTpun BHEI-
Heii popmbl kpuctaia (G,) onpeenseTcs nepeceveHu-
€M IPYTITT CHMMETPHH B3aumozencTsuii (G ), hopMoo0-
pasoarens (Gg) 1 MUKpocuMMeTpur Kpuctamia (G, )
[11]: GoUGyn Gyn G, Tpynma cuMMeTpri KPOMKH q)op—
MooOpazoBatens (G fb) JUIsl BBIPAITMBAHUS n>>2-rpaHHOi
MIPU3MBI (=2 COOTBETCTBYET INIOCKOM JICHTE) BKIIFOYAET
ock 110BOPOTOB (C, ), COBNAIAIOIIYIO C HATIPABJICHUEM
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CUMMETPUH OTHOCHUTENIFHO IOBOPOTOB Ha 60° M oOpamieHust ocu
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CuMMeTpHsT OTHOCHTENHHO MTOBOPOTOB Ha 60° 1 O6paLHeHI/I$I OCH po-
CTa, HET CHMMETPHHU OTHOCHTENBHO IUIOCKOCTH .
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IMepeceuenust OI0KOB 1O pedpaM U B LIEHTPE IpaHeii 00pa3yIoT «Mo-

3anKy». CHMMeTpHs HaOTIOMaeTCss OTHOCHTENIFHO ITOBOPOTOB Ha 60°

U OTHOCHTENBHO COBOKYITHOCTH IpaHeil miockoct 0. Het cummer-
PHH OTHOCHTEIIBHO HHBEPCHUH OCH POCTa.
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Puc. 1. CuMMeTpust ONBIX KPEMHUEBBIX MPU3M
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BBITSTUBAHUS, TUIOCKOCTh OTpaskeHus (T), POXOISIIYIO
yepe3 BEPIIMHY MHOTOTPaHHUKA, U MHBEPCUIO OTHOCH-
TenpHO ocu (J). B naeanbHOM ciiydae paBHOMEPHOCTH
TEMIIEpPaTypbl U COCTAaBa KPUCTAILTM3ALMOHHON CpPEJIbI
BJIOJIb KPOMKH (hopmMooOpasosares rpynna G, conep-
JKHAT BCE DJIIEMEHTHI TpyIibl G ¢ Kpome J (B cwity cytie-
CTBOBaHWUsI TPajIieHTa TEMIIEPATyPhI BJIOJIh OCH ITPU3MBI ).

Kak ormeuanocs BblIllIe, CyIIIeCTBOBaHHE BTOPOU IPO-
W3BOJTHOM pacripe/ieNieHHs TeMIIepaTyphl ONIPeeIsieT Tep-
MUYECKHE HAMPSKEHUSI K B3aUMOJIEHCTBHUE, TIOPOKIAL0-
1iee HEKOTEPEHTHBIE IBOWHUKY U MaJIOYTJIOBBIE TPaHH-
161 3epeH. OTCYTCTBHE MHBEPCHUH MPOSIBISIETCS B OTKIIO-
HEHUU TPAHUI] U HATIPABJICHUS POCTa MUKPOIBOMHHUKOB
OT HarnpaeJieHHUA BBITATHBaHus. B pesynbrare B3anmoseit-
CTBHIA € a51eMeHTaMu cuMMeTpun C,, O CTPYKTypa Kax-
noii rparu [ TIKIT mprobpeTraeT Bu Beepa ¢ TBOMHUKOBBI-
MU TPaHUTIAMU, PACXOSIIIMMICS OT CEPEUHBI TPaHU K
pedpam (cM. puc. 1). B obnacTu nepeceueHus rpaHuUIl |
BJIOJIb pebep MPU3MBI BO3MOXKHO O0pa30BaHHE «MO3a-
WYHOW» CTPYKTYPBI U KPYITHBIX MOHOOIOKOB. [Ipenens-
HBIM CIIy9aeM «Beepay SIBISIFOTCS TPaHUIIbI, TApaIUIeThb-
HbIE HANPABJICHUIO BBITATUBAaHUS (CUMMETpHs J BOCCTa-
HABIIMBAETCH ), YTO BO3MOXKHO ¥ UMEET MECTO ITPH OTHO-
CHUTEJIBHO HEBBICOKHX TPAIUCHTAX TEMITEPATyPbl BOIH3H
MexdazHOM rpaHHMIIbL.

Bnmnne OCEBBIX M PaJMATIbHBIX TPAIUEHTOB TEM-
niepartypbl B 30He pocTa Ha (POpMHUPOBaHUE CTPYK-
TYPBI IPU3M UCCIIE0BAJIOCH PY BBIPAIIUBAHUY 6—12-
rpansbix [IKII p-Tuma nmpoBoauMOCTH ¢ IIUPUHON T'pa-
Het 4—8 oM u TomuHOoM 350+£50 MxkM. BeipamuBanue
MPOBOJMIIOCH Ha YCTaHOBKe THIa «Peamer» ¢ pe3ucTus-
HBIM BapHaHTOM OCECUMMETPHYHON TEIIIOBOM 30HBI, MO-
JIEPHU3UPOBAHHOM JIs BBIPAIIMBAHUS KPUCTAJUIOB B Ba-
KyyMe IIPH 0CTaTouHOoM fasiaenun 1072 ITa.

®dopmoobdpazosatens (PO) n3roraBauBaics U3 rpa-
¢ura mapok MI' OCY, MIIT"-6 ¢ muioTHOCTBIO 1,2—
1,8 r-cm 3. Ilpu ucnonb3oBaHuy rpadMTa MOHUKEHHOM
wioTHOCTH PO NpeaBapUTENbHO YIIOTHSICS B IPOLEC-
ce MUPOIUTHYECKOT0 pa3ioskeHus mponaH-OyTaHa. Kon-
crpykims ©O npeacTapisiiia coO0H MOJBIN MHOTOTPaH-
HUK BbIcOTON 1,5—2,0 cM C TONIIMHOM IpaHeil B HIXK-
et vactu 0,8—1,5 cMm, B BepxHei (kpomka ®O) —
0,15—0,3 cm. [To mepumeTpy BepxHel KpOMKH (hopmu-
poBaJiach kaHaBka nryonHoi 0,1—0,3 ¢M ¢ BepTHKAITb-
HBIMH KalWJUIIPHBIMHU OTBEPCTHSIMH.

[Tpu nmorpy>xennu OO B TUTEND paciyiaB KpeMHHUS [0-
CTyIaJl yepe3 KanWUIsIpHble KaHAJIbl U pacTeKasics Io
kaHaBke. B mporiecce BeipamuBanus [IKI1 BeicoTa sxu-
KOT'O CTOJIOMKa-MEHHMCKA paciiiaBa (PacCTOSIHUE MEXTY
PacTyLIMM KpUCTAIIOM U BepxHel kpomkon PO) moa-
nepxkuBanack B npegenax 0,8—0,9 mwm.

BepoaTHOCTh ABOMHUKOBaHUS B KPHUCTAIIIE MPSMO
MPONOPLIMOHATIbHA CKOPOCTH €T0 BBITATUBAaHUS U 00part-
HO TIPOMOPLMOHANIbHA TPAJUEHTY TeMIIEpaTyphl B pac-
TUIaBe:

W~VI(dTldZ),, (D
rae ¥ — ckopocTh BeITTHBaHMYS; (d7) /dZ)p — IpagueHT
TEMIIEpaTypbl B MEHUCKE pacIUIaBa.

B 3aBHCHMMOCTH OT KOHCTPYKTHBHBIX 0COOEHHOCTEH
BEPXHEH TETUIOBOUN 3KPaHUPOBKU CKOPOCTH BBITSATUBAHUS
TIKII BapsupoBaiack oT 18 10 35 mm-mun'. Pacripene-

LS

JIEHHE TeMIIEpaTypbl B POCTOBOM 30HE N3MEPSIIOCH C TO-
MOIIIBIO BOJIb(hpam-peHueBoi Tepmornapsl BP5/20, crait
KOTOPOM M30JIMpOBAJICS KBapLEeBbIM KoimaukoM. [loka-
3aHUsI TEPMOTIAPBI PETHCTPUPOBATUCH ITU(PPOBHIM BOJIBT-
METPOM C BpEMEHHBIM MHTEpBaJoM 15 c.

ITpu U3BECTHOM CKOPOCTH pOCTA 3aBUCUMOCTB HIC TEP-
MOIIapbl OT BPEMEHH COOTBETCTBYET PACIPEIEIEHHIO TEM-
neparypsl 10 JUIMHE BBITSTMBaeMOM npu3Mbl. Jis uc-
CJIeZIOBaHUSI OCEBOT0 I'pa/IMeHTa TEMIIEpaTyphl TEpMOIIa-
pa nepemMemanack BaoJb npoaoiasHor ocu ITKIT nnu no
cepennHe ofHOM 13 rpaneil. KonTpons paguansHoro rpa-
JIMEHTa OCYIIECTBIISJICS MEpPEeMEIIEHUEM TEePMOIaphI
BJI0JIb pajJlyca TEIIOBOM 30HBI B OJJHOM TOPU30HTAIIb-
HOM IJIIOCKOCTH.

B ciryuae ucnons3oBaHus Ui BBIPAIMBAHUS KpUC-
TaJJIOB OTKPBITOH (CTaHAAPTHOM ) SKPAHUPOBKH, COCTOSI-
11ei U3 IIOCKOTo IKpaHa ¢ OTBEPCTHUEM, COOTBETCTBYIO-
M cumMeTpun PO, BeTMIrHa OCEBOTO IpajiueTa BOIH-
31 MexdazHol TpaHUIBl Obla B mpegenax 320—
340° c-em ! 3MepeHHast BelIMYMHA PaguaabHOTO IPajd-
€HTa TeMIIepaTyphbl cocTaisia 3—5° c-cM . [lpu BeIpa-
UIMBAHMH B YCIIOBHSIX CTAaHAAPTHOM SKPaHUPOBKY MaKCH-
MaJlbHasi CKOPOCTb YCTOMUYMBOro pocTa Oblia B Ipeenax
18—20 MmM'MuH !, a muIomaas rpaHeil co CTPYKTypoii
1-ro Knacca gocturana B OTAENbHBIX cirydasx 80%.

Pe3skoe cHmKeHUE TeMITepaTypbl BONI3H (PpOHTA KpH-
CTAJUIM3ALIMHU IPUBOIUT K YBEJTMUEHUIO BTOPOH IPOM3-
BOAHON OCEBOTO pacIpelelIeHHs] TEMIIEPATYPhl B 3TOU
obnactu. Kak BugHO U3 BeIipakenus (1), BEposSTHOCTh
00pa3zoBaHus CTPYKTYPHI C KOT€PEHTHBIMH IBOMHUKOBBI-
MU IPaHULIAMH MOKET OBITh ITOBBIIIEHA [TPY YBETUYECHUH
CKOPOCTH BBITSTUBAHUS KPUCTAJUIa M YMEHBIIICHUH I'pa-
JIMEeHTa TeMIIepaTypbl B MEHUCKE PACILIaBa.

W3 ananm3a mporeccoB Terioo0MeHa MpH BhIpaIi-
BaHUU KPEMHHUEBBIX TOHKOCTEHHBIX MHOI'OI'PaHHUKOB
[12] cnemyer, 4To B Takux KpucTayuiax BOMM3HM ppoHTa
KPUCTAIM3ALMK 00pa3yeTcsi TOHKUH MOrpaHuYHBIN CIIOM
BBICOTOM 110 5 MM ¢ Tiepeniaziom temmeparyp 7, —71, rae
T — TemnepaTypa KpUCTaUIM3alUHU; T;)— TeMmeparypa
Ha BHEIIHEW rpaHulle ciod. /s yBenndyeHus: CKopocTu
BBITATHBAaHHS HEOOXOJMMO YMEHBIIUTh TeMneparypy 7,

4 3 21

7
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Puc. 2. TertoBoi#t y3en ¢ V-00pa3HbIME SKpaHAMHU:
1 — GOKOBBIE dKpaHbl; 2 — HarpeBareib; 3 — TUTEIbHAS MO/ICTABKa
¢ turiieM; 4 — V-o0pa3Hblit skpaH; 5 — dopmoobpa3oBaTenpb

TexHonorus ¥ KOHCTPYMpPOBAHHUE B MIIEKTPOHHOM anmaparype, 2002, Ne 6

35




IHEPTETUYECKAA MUKPOJJIEKTPOHUKA

KoTOpasi onpezensiercs TeroooMenom rnosepxHocty [TKIT
C TETTOBOM 30HOM M CTEHKAMM OXJIAXKAAEMOU POCTOBOM
KaMepbl yCTaHOBKH BbIparuBaHusi. C 3Tol Liebio Ha pac-
crostann 8—10 Mm 0T BepxHer kpoMkr PO AOTTOTHUTENH-
HO OBLTH yCTaHOBIIEHBI JiBa V-00pa3HbIX SKpaHa (puc. 2)
— JUIsl YCUJICHHS OOILEro OXJIaXKISHHs! BhIPAIBaEMO-
ro KpUCTaJUIa U 171 €r0 JIOKaJIbHOT'O M0JI0rpeBa BOIU3H
¢ponTa KpucTamm3anui. OKuIaaoch, 9T0 TAKOE KOM-
OMHUPOBAHHOE BO3/IEHCTBHUE MO3BOJIUT YMEHBIIUTH TEp-
MHUYECKHE HANpsHKEHUS B KPUCTAIIe B HanOOJIee orac-
HON 00JlacTH POCTa M MOBBICUT BEPOSITHOCTH (op-
MHPOBAHUSA CTPYKTYPBI C IBOMHUKOBBIMH I'PAHULIAMH.

JelicTBUTENbHO, U3MEPEHHBII OCEBOM I'PaJUEHT TEM-
nepaTypsl BOJIM3K MeX(a3HOI TpaHUIBl yBETUINIICS B
cpeaneM Ha 100° c:cm-1. B To ke BpeMs orpaHuyYeHue
MIOTOKA U3JTy4EHHs OT MOBEPXHOCTHU PaCIIaBa IPUBOIH-
JI0 K YMEHBILIEHHIO TPaJIEeHTa TEMIIEPAaTypbl B MEHHCKE.
IIpormeccrr mo BeipammBanuto [IKIT B ycrmoBusx Takoi
TEIUIOBON 30HBI NIOKA3aJli, YTO CKOPOCTh YCTOMYMBOIO
pocTa yBeIMYMIIach BeChbMa He3HaunTeNbHO. BeposTHo,
9T0 00YCIIOBJIEHO TEM, YTO C IOBEPXHOCTU MEHHCKA MPO-
HCXOIUT OTBOJ TEIlIa MOCPEACTBOM HM3Iy4YeHHs Ha V-
00pa3Hble KpaHbl.

VYBenu4eHUus CKOPOCTH yCTOMYMBOTO pOCTa 10
35 MM-MHH ! yanock J0CTUYb IPH M3MEHEHHUH KpeTe-
*a V-00pa3HbIX IKPaHOB M YCTAaHOBKE B TETUIOBOM y3€7
JOTIOJTHUTENILHOTO OOKOBOTO 3KpaHa (puc. 3, mo3. /).
OnHako B 3TUX YCJIOBUSX IUIOMIAAL TPAHEN C KOT€PEHT-
HOU TIBOWHUKOBOU CTPYKTYPOH TIO OTHOIICHHUIO K 00IIei
IJIOIIAAN KPUCTAIIJIOB HE YBEITUUMIIACH.
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Puc. 3. TemnoBoit y3en ¢ sKpaHamu, MOJOTPEBAEMBIMU
paciiaBoM:
1 — 6oKOBO# dKpaH; 2 — HarpeBaTelb; 3 — THTEIbHAS TTOM-
CTaBKa ¢ THIIIeM; 4 — V-00pa3Hble SKpaHbl; 5 — KpaHbI, TOJI0-
rpeBaeMbIe paciuiaBoM; 6 — GpopMoodpa3oBaTeb

C nenpio IMHEapU3aluy TPagueHTa TeMIEPaTypbl
BOJIN3HM (DpOHTA KPUCTATUTU3AIMU U YMEHBILICHUS TEPMO-
YOpYyTUX HANPsDKEHUH B KPUCTAIIIE, a TAKKe JIIS TPHH-
LUIMHAJILHOM OLIEHKU BIIMSHUS TEIUIOBON 30HBI Ha (hOpMU-
posanwe cTpyktypsl [IKI1, Obu1a M3roTOBICHA M HCIIBITA-
Ha HOBasi KOHCTPYKIMSI TEIIOBOTO y37a (puc. 3, 1mos. ).

TemtoBBIC YCIIOBUS KPUCTALTH3AIAN, KOTOPHIC MOTITH OBI
00eCIIeunTh MMOCTABICHHYIO 3a/1a4y ¢ TIOMOILBIO 3TOH KOHCT-
pykomH, 66uH paccunTaHbl coTpyaHukamMu OTU mm. A. .

Hodde PAH nmox pyxoBogctsom I1. . AHTOHOBA, KOTOPBIM
ABTOP BBIPAXXACT CBOIO IMPU3HATCIIBHOCTb.

JBa skpaHa norpy>kajiuck B paciiaB Ha paCCTOSHUU
okoj10 6 MM oT DO, TTpH 3TOM BEPXHHE UX YACTH BO3BHI-
manuchk Ha 10 MM Haj ero Kpomkoil. PaccTosHne mex-
Iy TpaHsIMH BBITSTUBaEMOM PU3MBI M 3KpaHAMHU COCTaB-
Ao go 2,5 mMm. Ucnonbs3oBaHre Takod 3KpaHUPOBKHU
MPUBETIO K CHUKEHUIO MAKCUMAJIbHOW CKOPOCTH YCTOM-
4rBOro pocra 10 12 mm-mun"'. OGbsicHeHHE STOMY (paKTy
MOYHO HAMTH, €CTTU PACCMOTPETH BO3MOKHBIE MEXAHHU3-
MBI MTO/IBOZA TEIUIa K MEHHCKY.

BsigeniM Be cocTaBisironue: / — MoABO/I TEIIa 3a CUeT
oceBoil TeronpoBogHocTH paciuiaBa U ®O; 2 — moasox
Temia K MEHHCKY, BO3HHKAOUIUI Grarogaps paadaibHOMy
MEPEUBITYUCHUIO JTYYUCTON IHEPTUU HArpeBaTelisi CTEHKOU
KBapu€BOT'O TUIJIA C pacilyiaBOM KpPEMHU. BBeI[eHI/Ie JOII0JI-
HUTCJIBHBIX 3KPaHOB MIPEIMATCTBYCT paduaJIbHOMY IIOTOKY
TeIU1a, HallpaBJIeHHOMY K MeX(a3Ho# rpanume. 1o 00cTO-
ATCIBCTBO MPUBOIUT K YBEJIIMYCHUIO OCEBOTI'0 I'paii€HTa TEM-
TepaTypsl B MEHHCKE H, COTJIACHO BhIpaxkeHHto (1), yMeHb-
IaeT BEPOSTHOCTh 00Pa30BaHUS YCTOWYUBOM JTBOWHUKOBOU
CTPYKTYPBI C TPaHUIIAMH, TAPAUIEIBHBIMA POJOIBHON OCH
npu3Mbl. B To e Bpems, Kak MoKa3al aHaJu3 CTPYKTYpPBI
[IKTI, muromanp rpaHeil ¢ KPyMHBIMA MOHOOJIOKAMH yBEJTH-
yunach B cpeqHeM Ha 10%. OgHako MOHOKpPUCTAITNYECKUMA
pocT He GbUT YCTONYHBBIM; T10 MEpPE BBITATHBAHUS KPHCTAI-
Jla TiepeceyeHne TpaHul] MOHOBIIOKOB MeXIy co0oH u ¢ peb-
pamu IpU3MbI IPUBOAMIO K 0OPa30BaHUIO MEIKOKPHCTAI-
JIMYECKOH CTPYKTYPHI.

N3 nonmyuennsix [TKII ¢ moMorisio nazepHoro ckpai-
OMpOBaHUs IpaHeH N3TOTaBIUBAINCH TUTACTHHBI PA3ITNY-
HBIX TUTIOpa3zMepoB i nipousBoacTBa OIII. Jlyumue
3HaYEHUs HAMPSHKEHUS XOJIOCTOT0 X0/1a, TOKa KOPOTKOTO
3amMbIkaaus 1 K. 1. 1. (U,=570—620 MB, [,,=30—
35 MA-cM 2, k. 1. 1. 13—15%) 6bun y ®OI1, n3roTos-
JICHHBIX HAa OCHOBE IUIACTUH p-TUIIA C BETUYUHOMN yIEIb-
HOTO 37eKTpudeckoro conporusierus 0,5—5,0 Om-cm
MPEUMYIIECTBEHHO ¢ MOHOOJIOYHOM CTPYKTYPOH.

ookk

Takum 00pa3zom, U3 pe3yabTaToB 3KCIEPUMEHTAIb-
HBIX UCCIIENOBaHMN Ipoliecca KPUCTAUIM3alNuY U pac-
IIpeESICHHS TEMIIEPATY Pl B POCTOBON 30HE ITPH UCIIONIb-
30BaHMHU PA3JIMIHBIX TETUIOBBIX YKPaHOB BEIOpaHA OTITH-
MaJIbHasI KOHCTPYKIUS SKPAaHUPOBKH U OITPEIETIECHBI TEX-
HOJIOTHYECKHE PEKUMBI monyderust kpuctamioB [TKIT
MPEUMYTIIECTBEHHO CO CTPYKTypoit 1-ro kimacca. Omna-
KO HEOOXOMMO OTMETHUTH, YTO OPTaHU3aIUS TIPOMBIIII-
JIEHHOTO MPOM3BOICTBA TaKuX rutacTuH st OII1 sxoHo-
MHYECKH HETIeJIeCO00pa3Ha M3-3a MO MPOU3BOTUTEITh-
HOCTH, 00yCIIOBJICHHOW HU3KOH CKOPOCTHIO BHIPAIINBA-
Hus TIKII ¢ Takoit ctpyktypoit. B To ke Bpems crieru-
AITBHO Pa3padOTaHHBIE TEXHOJIOTHYECKUE IPHEMBI (CTPYK-
TypUpOBaHHe, MACCUBALMsI TIOBEPXHOCTH) 0OecreunBa-
0T B IIPOM3BOACTBEHHBIX ycI0BUsAX BhlTyck DIII ¢ mpu-
€MJIEMBIMU [TapaMeTpaMu Ha OCHOBE IIJIACTHH CO CTPYK-
Typoit 1-ro knacca.
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NHOOPMAIUA NJISA ABTOPOB

PEKOMEHIALIUN ABTOPAM
10 NMNOOTOTOBKE PYKOIIUCH*

1. Pykomnmchk IOOJIXHA OT-—

BEepeTe cebss — HACKOJILKO

TOYHMKOB JIET'KO IIPOCJIeXMBa—

JINMYaTbCA IIOOUEPKHYTO IIPV—
KJIAOHOM HaNpPaBJIEHHOCTHIO.
Ecmm Pe3yJIbTATEl ITOJIYUYEHEL B
CMEeXHBEIX 00JIaCTAaAX SHAHUM,
HeoOXOmMO TNIOKa3aTh UX IIPU—
MEHMMOCTEL B 0OJIaCTM MHTEe-—
PEeCcOB XypHalsa.

2. HaspaHuMe pyKOIUCH
IOOJDKHO OBITH KOHKPETHEM I,
B TO X& BpeMs, 110 BO3MOX-—
HOCTIM KPAaTKVM.

3. ComnpoBOIUTE PYKOIIMCH
TEKCTOM DBUOIMOTPaAdUUeCKOM
KapTO4YKM Ha PYCCKOM VM aHI'—
JUVICKOM SA3BEIKAX C aHHOTa-
umeyt go 500 meu. 3HaAKOB.
YKaxmTe MHIOEKC PYKOIMCU IO
YHUBEPCAJIbLHOY NeCATUYHOM
xaccupmkauvm (YIK) .

4. lpenBapmUTe PyKOIMUCH
MMHM-aHHOTauuenm B 12-16
CJIOB.

5. Tlpu HeoOXOIUMMOCTU
pasmemTe PyKOIMCh Ha pas-—
nesiel. TaMm, IIme 3TO BO3MOX—

HO, XeJIaTeJIbBHO BBEIIOCSJINTDb
BEIBOIOE (pes3soMe, 3a-
kjpodeHue) . Kcraru, npo-

*OxoHUaHMe Ha cTp. 47

COIVIaCYyKTCA BEIBOIBI PYKOIIM—
CU/ C IIOCTaHOBKOM 3amauu,
C HasBaHMEM PYKOIMCU, C €€
aHHOTAalLVeM U MMUMHM—aHHOTAa—
LMen.

6. PasMepHOCTH BCeX Be-—
JIMUMH, MCIIOJIb3YEMEIX B Py—
KOIIMCHM, IOJDKHA OTBEeUaATH CO—
BPEeMeHHBM TpebOoBaHMAM, a
VICIIOJIE 30BAHHEIE CHMBOJIEL (Kak
v abOpPeBMATYPBI) IOJDKHEI OBITH
[IOSICHEHHl U POy DJIMPOBAHEL
Ha OTHOEJILHOM JIMCTE.

7. Illpm cceUIKe B TEKCTe
Ha UMCJIEHHBIE 3HaueHMsa, Gop-—
MYJIEL M UHBIE QakTHMueckue
IJaHHBIe, 3aVMMCTBOBAHHEIE U3
MoOHOI'Padms, crnenyetr (mmsa
ynoOCcTBa IMIOUCKA) YKa3LBATH
HE TOJIbLKO CaM MCTOUHMK, HO
M cTpaHuuy (Hanpumep [2,
c. 1871).

8. Crmcok «/ICroJjib30BaH—
HBIEe MCTOUHVIKID> COCTaBJIAEeT—
Csa B IIOCJIEIOBATEJILHOCTH,
COOTBETCTBYKIEN MNOPANKY
CCBUIOK B TekKCTe. VICTOUHM—
KM OINMCHEBAKTCS Ha S3HKE
opurmHasna. llpuHATasg B Xyp-—
HaJle IOJIHOTA ONMCAHMUS MUC—

eTcsd o nyoJMKaluMsaMm.

9. B pelakuumM pyKOIMCH
mpoMmeT mobpoxeslaTelJibHoe (U
k UuraTeso, M K ABTOPY)
PELIEH3UMPOBaHVE B CJICIYIX
acrnekTax:

— ampecaT CcTaTbu (KaTe-—
TOpUS uMTaTesen) ;

— aKTyaJIbHOCTL TEMEI;

— HOBWM3Ha MHOopMauuu (B
CpaBHeHMM C paboTamu npen-—
MeCTBEHHUKOB) ;

— YEeTKOCTBb IIOCTAHOBKU
3amaun;

— OEeCCIIOPHOCTb MCXOIHBIX
TIOJIOXEHIMM ;

— ybenmuTeJyIbHOCTL OoKa-—
3aTeJIbCTB, B TOM UMCJIE OT—
CBUIOK K MCIIOJIbE30BAHHEIM MC—
TOUHMKAM;

— I[IPaBOMEPHOCTE BHEIBOIOB;

— 1eJjiecooBbpasz3HOCTh (U
aIeKBATHOCTL TEeKCTYy) Tab-
ML, WLIOCTPALM;

— CTPOTOCTL TEPMMHOJIO—
T;

— KOMIIO3ULIMUA PYKONUCH,
B TOM UMCJIE ONPaBIaHHOCTD
obwema.

K »TOMy HYXHO OBITH I'O—
TOBBIMU .
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