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AHHOTANMSA

[IpuBeneHs! pe3yabraTbl UCCIENIOBAHNS TEXHOIOIMU NONYYEHUs, MEXaHUYECKUX U ONTHUYECKUX CBOMCTB MOJUKPUCTAIIINYE-
cKoro cesienuza quHKa. COBOKYHMHOCTh (PU3HMKO-XMMHUYECKHX CBOMCTB OOecleunBaeT eMy IIMPOKOE NMPHMEHEHHE B ONTHKE
uH(ppaKpacHOro Auana3oHa. TeXHOIOrus MoMydeHHs: OCHOBaHa Ha (PM3UYECKOM OCAXJCHHUHM Mapa Ha Pa3orpeTyio MOIIOKKY
(PVD). HccnenoBansl Ha peHTTeHOCTIEKTpaibHOM MuKpoaHanm3arope «CAMEBAX) cTpykTypHBIE 0COOCHHOCTH M HEOIHO-
POIHOCTH 3JEMEHTHOIO COCTaBa MOBEPXHOCTEH pOCTa MOJUKPUCTAJUIMYECKUX 3arOTOBOK cellieHuzaa IMHKaA. J[ns Bcex mo-
BEpXHOCTEH pocTa 3a(h)UKCHPOBAHBI XapaKTePHBIE KPUCTAUIMTHI IMPAMUAATEHOH (POPMEI, H3MEPEHHSI COOTHOIIECHHS KOHIICH-
Tparuii OCHOBHBIX 3JIEMEHTOB CBHIETEILCTBYIOT 00 X COOTBETCTBHU CTEXMOMETPHH COCAMHEHHs CeleHnzaa IuHKa. [Ipons-
BE/ICHBl U3MEPEHUs JIBYJIyUYelpesIOMIICHHS, ONITHYECKON OTHOPOJHOCTH, TEIIONPOBOJHOCTH, MEXAHUUECKUX U ONTHYECKUX
CBOICTB. YCTQHOBIICHO, YTO HE3aBHCHUMO OT CTOJIOYAaTOCTH M TEKCTYPHUPOBAHHOCTHU MOJIUKPUCTAIINYECKOTO KOH/ICHCATA OIl-
THUYECKHH MarepHaln sBIsieTcss (OTOMEXaHMYECKH M30TPOMHBIM M OZHOpoAHBIM. [Toka3ana peasbHas pabOTOCIIOCOOHOCTH
JeTaneil U3 MONMKPUCTAJUINYECKOr0 ONTHYECKOrO CeNEeHHIa LIMHKA B TEIJIOBHU30PAX CHEKTPAIBHBIX AMAINA30HOB OT 3 1O
5 MKM 1 0T 8 10 14 MkM 1 CO,-TTa3epHBIX TEXHOTOTHYECKHX YCTAHOBKAX C IUIOTHOCTHIO MomHOcTH 500 Br/em?. PaspaGo-
TaHHAas TEXHOJOTHA MO3BOJISET IPOU3BOANUTE MOJUKPUCTAIUTNIECKUI ONTHYECKUI MaTepral B IPOMBIIIJICHHOM MacmTae.
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Abstract

Findings on production technology, mechanical and optical properties of polycrystalline zinc selenide are presented. The
combination of its physicochemical properties provides wide application of ZnSe in IR optics. Production technology is
based on the method of physical vapor deposition on a heated substrate (Physical Vapor Deposition - PVD). The structural
features and heterogeneity of elemental composition for the growth surfaces of ZnSe polycrystalline blanks were investigated
using CAMEBAX X-ray micro-analyzer. Characteristic pyramid-shaped crystallites were recorded for all growth surfaces.
The measurements of the ratio for major elements concentrations show their compliance with the stoichiometry of the ZnSe
compounds. Birefringence, optical homogeneity, thermal conductivity, mechanical and optical properties were measured. It is
established that regardless of polycrystalline condensate columnar and texturing, the optical material is photomechanically
isotropic and homogeneous. The actual performance of parts made of polycrystalline optical zinc selenide in the thermal
spectral ranges from 3 to 5 pm and from 8 to 14 um and in the CO, laser processing plants with a power density of
500 W/em? is shown. The developed technology gives the possibility to produce polycrystalline optical material on an
industrial scale.
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BBenenue

«...HecMoTps Ha HACBIIIEHHOCTh COBPEMEHHBIX ONTHYECKUX IPHOOPOB CIOKHBIMH 3JIEKTPOHHBIMHU
CXeMaMH, CEpALEM JI000r0 ONTHYECKOro NpHOOpa, OMPENeIsIomM €ro (DYHKIHMOHAJIbHBIE BO3MOXKHOCTH,
OCTaeTCsl ONTUYECKUH NIEMEHT, U3TOTOBJICHHBIH U3 KaKOro-JIM00 ONTHYECKOro Marepuana». Tesuc 6pu1 chopmy-
mposaH akageMukoM . T. Ilerpockum B 1978 romy [1] u He yTpaTtnin akTyansHOCTH B HacTodmiee Bpems. CBH-
JeTeNIbCTBOM TOMY SIBIISIETCS aKTHBHOE OCBOCHHME CIIEKTpa NPOITyCKaHUs aTMOC(ephl B BUAUMOH U MH(ppaKpac-
Ho# (UK) ob6nacTu, noBplieHne TPeOOBaHUI K Ka4e€CTBY ONTHYECKMX MaTepUalioB, YTO, B COBOKYIIHOCTH C psi-
JIOM crieliu(PUUecKuX JJIsl KaXKI0ro MaTepHuaia TpeOOBaHUiA, CIIOCOOCTBYET YIyUIIEHHIO TaKTUKO-TEXHHYECKHX
XapaKTEPUCTUK ONTHUKO-MEXaHUYECKUX NMPUOOPOB M YCTPOWCTB, MOBHILAECT UX KOHKYPEHTOCIIOCOOHOCTh U MPO-
JIBIDKEHUE Ha PHIHOK HAYKOEMKHX TEXHOJIOTHH.

PazButne TeruoBuaenus u nazepHoi Texuukn MK nuanazona cienano ceneHup unHka (ZnSe) npusiexa-
TEJILHBIM MaTepHajioM AJIs 3alIUTHBIX JIOKOB M JIMH30BOM ONTHKH Onaromapst 01aronpusTHOMY COYETaHHUIO OIl-
THYECKUX M TEPMOMEXaHWIECKNX CBOMCTB [2]. B wacTHOCTH, €T0 CIIEKTP NMPOIYCKAHUS MTOJTHOCTHIO IIEPEKPHIBAET
MPO3pavHOCTh aTMocdepsl B Buaumon u MK obmactsax ciekrpa (puc. 1), 9To MO3BOISET MPUMEHSTH €T0 B Iep-
CMIEKTUBHBIX THIEPCIEKTPATLHBIX ONITUYECKUX cHUcTeMax [3].
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Puc. 1. CnekTpanbHble koadhpurLmMeHTbl NponyckaHmus atMmocdepsl (a)
1 NONMKPUCTANNMYECcKoro ceneHnaa umHka (6)

ZnSe npeAcTaBIAET UHTEPEC KaK NEPCHEKTUBHBIA JIIOMUHECLIEHTHBII MaTepya, U3Iy4arouui OT CHHEH
1o UK obnacru cniekrpa. CUMHTHIUIATOPEI HAa ocHOBe ZnSe(Te) nMeroT MakcuMyM CIIeKTpa U3JIydeHus B odiac-
T 640 HM, CIMHTHUISIIMOHHYIO 3((eKTuBHOCTh OKkosto 15% u Bpemst BbicBeunmBanus 10 mxc. Hammume stux
CBOHCTB 0oOecIeunBaeT eaecoo0pa3sHOCTh UX NPUMEHEHUsI B TOMOTpaduH U JO3UMETPHH, TIOCKOIBKY B 3TOM
Cilydae peraromuM (HakTopoM OKa3bIBACTCsl COYETAEMOCTh C KPEMHHEBBIMHU (DOTOAMOIAMH M Majoe MOCIeCBe-
uenme. Pasmep nerektopos — 10x7x5 mm® [4, 5].

JlerupoBanne ZnSe nonamu nepexoqHsix MetamioB (Cr, Fe, Co) oTKpBIBaeT MmepCrekTHBY CO3MaHUS Iie-
pecTpanBaeMBbIX Ja3epoB AN CHEKTPAIbHOTO Auana3zoHa 2—5 MkM. Co3laHKe TaKuX Ja3epoB OCOOEHHO BayKHO
JUISL Pa3pabOTKH BBICOKOTYBCTBUTEIBHBIX METOJIOB CIEKTPATIBHOTO aHANIN3a, IOCKOJIbKY B JaHHOW 00JIaCTH JUTMH
BOJIH JIS)KaT CUJIbHBIE JTMHUH MOTJIOIIEHUS MHOTHX MOJEKyd [6, 7]. B OCHOBHOM HCHOJIB3yIOTCS JIETHPOBAHHBIE
KPHUCTAJUIBI, TTOJYYCHHBIC JIUOO W3 paciiiaBa, Jubo myTem TBepaodasHoil auddy3un aToMOB MEPEXOIHBIX Me-
TaJUIOB Yepe3 MOBEPXHOCTh. DTH METOABI HE NMO3BOJISIOT MOJIyUYUTh OXHOPOIHbIE KPYIHbIE KPUCTALIBI BBICOKOTO
OIITHYECKOTO Ka4eCTBa, YTO HEOOXOAMMO JUIS pean3alliy NpeiesIbHbIX 3HA9YeHUH 110 MOITHOCTH ¥ 3 PEKTHBHO-
CTH HETIPEePHIBHOM reHepanyu. KpynHble KprcTauibl ObUIH BBIPAIIEHBI M3 MapoBOi a3kl METOIOM (H3NIECKOTO
Tpancmnopta [8, 9]. PocT ocymecTBisiacs U3 pa3ienbHbIX UCTOUHUKOB napoB ZnSe u CrSe. Takas meToauka mo-
3BOJIHJIA BEIPACTUTH KpucTaintel P50%10 mm. JlermpoBaHue celeHUIa IIMHKA B MPOLECCE CBOOOTHOTO pocTa He
MPUBOANT K HHBEPCHU TUIIA IPOBOIMMOCTH. MIMITaHTanmeil a3ota 13 MIa3MEeHHOTO HCTOYHHKA YIAJIOCh CO3ATh
BBICOKYIO KOHIICHTPALMIO aKIIENTOPHBIX YPOBHEH M MOIyYHTh ZnS p-THIIA, HA OCHOBE KOTOPOTO OBUIT peaN30BaH
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Ja3epHBIA U0, M3TYYAONIA CBET B 00JacTH crieKTpa B MHTepBaje MmH BoiH 430-590 uMm [10, 11]. Yemex ¢
MMIUTaHTaMeR a3oTa B ZnSe CTUMYJIUpPOBAJ MONy4YeHHE N-JETHPOBAHHBIX MOIYHNPOBOAHUKOB p-THIIA TPYTIIIIEI
II-VI, B wactoctu, ZnO.

[MpakTuyeckas uH}ppakpacHas TEXHUKA HCIOJIB3YyeT KPYMHOrabapUTHbIE ONTHYECKHE AJIEMEHTHI. Bbipa-
mBaHue ZnSe U3 pacijiaBa Mo3BOJISET TOCTHYb quameTpa 3arotoBok 10 200 mm [12], oqHAKO CKBO3HBIE TIOPHI U
MPUMECHBIC HEOMHOPOAHOCTH [13] OrpaHMYMBAIOT pealibHbIe BO3MOXKHOCTH HX NpPUMEHEHUs. [IpuMeHeHue u
JanbHeiee copepiieHcTBoBanue Texnonorun ZnSe-CVD (Chemical Vapor Deposition) [14] mo3Bosmwio ycrpa-
HUTH MPHUCYIIUE IPYTUM METOAaM HEJIOCTATKH U CO31aTh onTrmdeckuii matepuain s CO,-na3epos.

Tennenuuu pazButus TerioBuaeHus [15, 16] o1HO3HAYHO CBUIETENILCTBYIOT, YTO CIIEKTpajbHbIE AMAIla-
30HBI OT 3 710 5 MKM U OT 8 10 14 MKM HO-IIPEKHEMY OCTAIOTCSl aKTyaJbHBIMH, CIE€0BAaTeIbHO, ZnSe sBIseTcs
BOCTpeOOBaHHBIM MaTepHAIIOM, TPEOYIOIINM JalbHEHIIET0 COBEPIICHCTBOBAHUS ONTHUECKOTO KadecTBa M TEX-
HOJIOTHUH €r0 U3TOTOBJICHUS.

Llens paboThl cocrosuia B pa3paboTke 3(deKTHBHOrO crnocoda ynpapieHHs MPOLECCOM BBIPAIUBAHUS
nonukpucTauia ZnSe MerogoM (usndeckoro Tpancmnopta [17], co3naHuu ChIpbeBOil, TEXHOIOTHYECKON U arma-
parypHO# 0a3bl M MX MPAKTUIECKOW peann3aluil s BEIPAIIUBAHIS HOIUKPUCTAIUINIECKOTO ZnSe C BEICOKUMHU
ONTUYCCKIUMHU U SKCIUTyaTaIl[MOHHBIMH XapaKTePHUCTHKAMH.

Texnoaorus

OnBITHBIC 3aTOTOBKH ONTHYECKOTO MaTepHalia IMepBOHAYAIFHO OBUIM NMPUMEHEHBI B pa3padorkax ['OU
nm. C.1. BaBunoBa, B yactHocTH, B npubope «IIporpecc-2M», ($oTO KOTOpPOTrO BOCHPOW3BENEHO HAa pHC. 2, a
[18, C. 70]. BxomHoe okHO OBLIO M3roTOBICHO B Buie wimica 180%160 MM u TommmaO#M 11 MM (puc. 2, 6), B
cocTaB 00BEKTHBA TaK)Ke BXOMIMIIA JIMH3a B mape co crexiiom UKC25.

6
Puc. 2. Tennosusop «Mporpecc-2M» (a) n BxogHOe OKHO M3 nonukpucTannuyeckoro ZnSe (6)

BeipamBanue nojukpucramuimdeckoro cenenua munka (I104) ocyniecrsisiercss MeTooM GpU3nIeckoro
ocaxxaenns nmapa (Physical Vapor Deposition — PVD), mpu 5ToM poCTOBBIE yCTaHOBKH HCIIONB3YIOT OOIbIIe (u-
3UYECKHE MPOLECCHI, TAKHE KaK BBHICOKOTEMIIEPATypHOE BAKyyMHOE HCIAPEHHUE, YeM XUMHUYECKHE PEaKIH Ha
MOBEPXHOCTHU MOJIOKEK, KOTOPBIE OTHOCATCS K XuMudeckomy ocaxaeHuio (CVD). KoMmmoHoBka ofHO# U3 ycTa-
HOBOK, CXeMa pa3MellleHHs] KOHTeifHepa B HarpeBaresie 1 TeMIlepaTrypHbIid Tpo(QUIIb 10 BEICOTE MPEACTABICHBI HA
puc. 3. KOMIakTHOCTh 0GOPYIOBAHHS TO3BOJISIET PAa3MECTUTh €ro Ha IUIOmamy 6 M, cOOpKa M O6CTyKUBAHHE
KOpITyca Te4d TpeOyIOT BBICOTHI TEXHOJOTMYECKOIo IomelneHus He MeHee 4,5 M. EcrecTBeHHBIM pazymeercs
HaJIM4ME B IOMELIEHNH IPUTOYHO-BBITSDKHOM BEHTHIISLINH.

BapbupoBaHue TemreparypHOro pexuma (TeMIeparypbl WCIapeHHs W KOHJICHCAlMH, TeMIIepaTypbl
¢uneTpa, TEMIEPATYPHOTO MPOQMIS 110 BHICOTE KOHTEHHEPA) OCYIIECTBISETCS M3MEHEHHEM TeMIIepaTyphl Ha-
rpeBaressi, BEpTUKAIbHBIM ITEPEMENICHNEM KOHTeHHEepa OTHOCUTEIIFHO BEPXHETO Cpe3a HarpeBaTess, TeIION30-
JSIHEN C ITOMOIIBI0 YIIeTpa(uTOBOM TKAHH, KOTOPAst MOCIOWHO YKIIAABIBACTCS Ha KPBIIIKY KOHTEHHEpa.

Juns BeipamuBanust 1104 mpeAnodTHUTENbHO HCTIONB3YETCsl MOPOLIKOOOPAa3HBIH MPOAYKT IIPOM3BOICTBA
3A0 «Yuuxumy, Cankr-IlerepOypr. C y4eToM TOro, YTO MPH BBIPAIMBAHHH [TPOUCXOAUT JOTIOTHUTEIbHAS OYH-
CTKa, MUHUMH3HPOBAHO KOJIMYECTBO KOHTPOIMPYEMBIX IPHMecei. DKCIIEPUMEHTAIBHO MOKA3aHO, YTO B PE3yIlb-
Tare ucnapeHus QUIBTpalMu Mapa depe3 yrierpaguToByl0 MeMOpaHy M KOHJCHCALMHU Iapa Ha pa3orpeTyro
MO/IJIOKKY ITPOMCXOUT yJaJIeHue NMPUMECei OKCHIOB METAJUIOB M M30BITOYHBIX KOMIIOHEHTOB, CHHXKAETCS CO-
Jiep>kaHue Tspkenbix MeTayuioB [19]. [Ipu noxpbope pe)xMMOB BbIpAIMBAHUS TIPHHLIUITHAIEHO BO3MOXHO TPHMe-
HEHHE JIPyTHX BUIOB CHIPbs, 005, OCTaTKOB 3arOTOBOK ITOCIIE MEXaHNYECKOI 00pabOTKH.
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Puc. 3. PoctoBoe TexHomnormnveckoe obopynoBaHue (a) 1 3CKu3 KOHTenHepa Ans BbipalLumMBaHns
nonukpuctannuyeckoro ZnSe 13 naposoi dasbl (6). Mpadmk Ha acknse 4EMOHCTPUPYET pacnpeaeneHve
TemnepaTypbl N0 BbICOTE HarpeBaTensi; Temneparypa Ha KpblLLKe KOHTEHepa u3MepsieTcsl OTAenbHON
Tepmonapon

HccaenoBanue cBoiicTB

Pentrenorpadguyeck yCcTaHOBIICHO, YTO IOJMKPUCTAIIMYECKUN KOHJIEHCAT SBISAETCS TEKCTypHPOBaH-
HBIM MaTE€pHaJIOM, ITPUYEM CTEIIeHb TeKCTYPUPOBAHHOCTH BO3PACTAET OT MOMJIOKKH K POCTOBOM IMOBEPXHOCTH. B
3epHaxX Marepuaa IpUCyTCTBYIOT JBOMHUKY BpameHus mo [111].

CrpyKTypHBIE OCOOEHHOCTH M HEOTHOPOJHOCTH B3JIEMEHTHOTO COCTaBa MOBEPXHOCTEH pocTa 3ar0TOBOK
[104 uccnenoBaHbl Ha peHTreHOCTIEKTpabHOM MuKpoaHam3arope «CAMEBAX» ¢upmer CAMECA. Jlns Beeit
MTOBEPXHOCTH OCaKACHHS Mapa Ha BHIPAIMBAEMYIO 3arOTOBKY 3a(MKCHPOBAHBI XapaKTepHbIE KPUCTAIUTUTHI ITH-
paMuIanbHON (GopMbl. VI3MepeHns COOTHOIICHNS KOHLIEHTPAlui OCHOBHBIX SJIEMEHTOB, BHIIIOJHEHHBIE Ha Pssie
IUIOCKUX yYacTKOB ITOBEPXHOCTEH, CBHICTENILCTBYIOT 00 MX COOTBETCTBHM CTEXHOMETPHUH COEAMHEHHs ZnSe.
BoIsiBIIeHO Hann4ne NPUMECHBIX NIEMEHTOB Ha IPaHUIIE pa3[eiia OTACIbHBIX KPUCTAIUIUTOB. MOXKHO Ipennono-
JKHUTh, YTO MPUMECHBIE JJIEMEHTHI, MIPUCYTCTBYIOIIME B UCXOJHOM CBHIPbE, MOTYT IEPEHOCUTHCS Ha PaCTYLIYIO
3aroTOBKY IMOJIMKPUCTANIMYECKOTO KOHAEHCATa, IMPUYEM pacHpefesieHHe TaKuX JJIEMEHTOB Ha IOBEPXHOCTIX
pocra MOXET OBbITh pEeaIM30BaHO TPEMS BO3MOXKHBIMH Iy TSIMH — Cerperanyeil K rpaHuie 3epeH, B CTPYKTYpHBIE
HEO/IHOPOIHOCTH M B OT/EJIbHBIE BKIFOUEHUSL.

Ne neranu Wsmepernsie obnmactu | JIBymydenpenomieHne, HM/CM Hampsoxkenue o, MIla

1 42
2 22

001 0,34
3 25
4 25
1 167
2 75-83

002 3 167 1,2
4 83-92
5 67
1 225
2 92

003 1,7
3 92
4 92-100

Tabnuua 1. ABynyyenpenomneHume n Hanpsbkenus B getanax MO4 auametrpom 330 Mm
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N3mepenus IByIydenpesoMICHHs TPOU3BEACHBI Ha 3ar0TOBKAX IS INTATHBIX JIeTajel 3aIIUTHOTO JIFOKa,
yCTaHaBIMBaeMOro Ha 6opt camonera (Tpu feramn @ 330x18 MM Ha onuH JIOK). BeaWmumHBI MakCHMAaJIbHBIX
3HAUCHUI HaNpsHKEHWH, U3MEPEHHBIE B 30HaX MPOCBETICHUI Ha MHTEP(EPEHLIMOHHBIX KapTHHAX ABYIIyderpe-
JIOMJICHHMS, IPECTaBICHBI B Ta0M. 1.

PacueTHble 3HaYeHUs HANPSDKEHWI, TIpE/ICTaBICHHbIE B Ta0JIMIe, BECbMa MaJbl IO CPABHEHHMIO C Ipejie-
JoM nipouHocTH Ha u3rub (19,6-33,3 MIla), moaToMy NpUCYyTCTBHE TaKMX HANPSHKEHUH B IUIACTUHAX HE SIBIISET-
cs onacHbIM. OCTaToYHbIE HANPSHKEHUS B MaTepuaie He McYe3aroT U He MepepaclpeesioTcs Py MeXaHude-
CKOi1 pe3ke Marepuaina (puc. 4).

Onrryeckuit koadUIneHT HanpspkeHui (B) ObUT onpezeneH AByMsl METOAAMH — 10 H3MEPEHHON Pa3HOCTH
X0Zla ¥ 10 KapTHHe monoc. CpaBHUTENBHBIN aHAIM3 PE3yJIbTaTOB HA OONBIIOM YHcie 00pa3loB MOKa3bIBACT, YTO
ONTHYEeCKUH Kod(hHIHeHT HanpsokeHuin matepruana [104 He 3aBHCHT OT pa3MepoB 00pa3moB U mpH A = 550 HM
pasen (10,85£1,37)-10 > I1a ', U3 momydyeHHOro 3HaueHus B M MoKasatens HPeTOMIeHHs 7 = 2,61 MOXHO BBIUHC-
JIUTh PA3HOCTh MbE30ONTHUECKUX MOCTOSIHHBIX Ty — T 13 = M 44 = — 2 B/n3, Koropas pasHa 1,14 -10 1.

Onrtuyeckast OAHOPOAHOCTH (An) U3MEpeHa JBYMS HE3aBHCUMBIMH METOJIaMH — UHTEP(EPECHIIMOHHBIM H
1u(PAKTOMETPHUECKUM: MAKCHMANIbHbIC 3HAUYCHHsS An cOCTaBIISIOT (4—8)-10™°, OTHOCHTENbHO® CHIDKEHHE YITIO-
BOTO pa3pemieHus cocrapiuser 1,05-1,2.

a 6
Puc. 4. MNonspuaaunoHHo-oNTUYeckoe nobpaxeHue ABynyyenpenomMneHns B 3arotoske gunametrpom 350 mm (a);
COXpaHAeMOCTb ABYIy4enpenoMneHmns (0CTaTouHbIX HanpsXKeHW) Nocre MHOTOKPaTHOW PacnunoBK/ cermeHTa
3aroToBku (6)

[Tockonpky ZnSe MMeeT HOCTATOYHO BBICOKYHO ONTHYECKYI HyBCTBHTEIBHOCTH, MBI NMPUMEHHIN 3TO
CBOICTBO TpPH INPOCBEYMBAHHM OOpasLOB IapaJUleIbHO M IEpICHAMKYJSIPHO OcH  pocra. B
MOJIMKPUCTAIUTNYECKOM ZnSe HaBeIeHHAs ONTHYECKas aHW30TPOIHMS UMEET JBE COCTABISIOLINE — TEPMHICCKYIO
U pocToByto. TepMuueckas COCTaBIAIONIAs IBYTy4eTIpeIOMICHUS M HaNpsDKeHUH HaOIoqaeTcs py NpOCBeYH-
BaHUM JUCKOB WJIM TEMIUIETOB IapajuIeNIbHOIO OCH TEMIIEPAaTypHOrO I'PaAHeHTa, 00eCIeYHBAIOLIEro IPOLece
pocta. DTa COCTaBIAIONIAs UMEET paclpesesieHne, OlM3Koe K paBHOBECHOMY. PocToBast cocrapistomas aByiry-
YECIIPEIIOMJICHUSA U HaHpH)KeHI/Iﬁ Han6onee OTYETIIMBO BLIpA)X€HA B TCMINJICTAX, MPOCBEYUBACMBIX MCPIECHAUKY-
JIpHO ocH pocta. OHA OYEHb YACTO MMEET aCCUMETPUYHOE paclpesiesieHue, Jajlekoe oT paBHoOBecHs. g usy-
YeHUS! BIMSIHUS 3€PEHHON HEOIHOPOJHOCTH 10 TOJIIIMHE U OCTAaTOYHBIX HANPSDKEHUI Ha MEXaHHUUYECKOE ITOBeIe-
HHUE MarepHaja B 00JacTH €ro yIpyrocTd npu KOMHATHOM TeMIeparype MCIOJIb30BaJICs YEThIPEXTOUEUHBIN H3-
ru6 TemIieToB. M3rub npousBoamiIcs Tak, YToObl HANPSDKEHHS, BO3HUKAIOIINE [TPU 3TOM, PACTSATUBAIIH:

1. TOBEpXHOCTH, OOpAIICHHYIO K (PPOHTY poCTa;

2. TIOBEPXHOCTH, OOPAIICHHYIO K ITOJIOXKKE;

3. TOBEPXHOCTb, MAPAIUICIBHYIO OCH POCTA IIPH NPOCBEYMBAHUU 00pa3Ia B TOM JKe HaIlPABJICHUH.
Harpy»xeHue npoBOAMIIOCH B I10JI€ 3pEHHS MOJISIPHCKOIIA PHIYaXKHBIM IIPECCOM CO CTYIIEHYaTOH Harpy3Koi.
AHanu3 KapTHH II0JI0C JUIS BCEX CIydaeB Harpy)KeHHUs IOKa3all UX MOJIHYIO TOXKIECTBEHHOCTD 33 UCKIIIO-

YEeHHEM JIOKaJIbHBIX KPAaeBBIX OTKJIOHEHWH, OOYCIIOBICHHBIX WHIMBUIYaJIbHBIMH OCOOCHHOCTSAMH 3€PEHHOMN

CTPYKTYpbL. UeM BbIllle MEXaHUYECKUII MOMEHT, TeM 00Jiee MOXOKHMHU CTaHOBSITCS KapTUHBI MOJIOC. DTO CBUJE-

TCJIBCTBYET O TOM, YTO MaTr€pua 1o CBOEMY (bOTOMexaHI/I'-{eCKOMy TMOBEACHUIO B LICJIOM ABJIACTCA OAHOPOJAHBIM N

M30TPOITHBIM M YTO €r0 3epeHHasi HEOJHOPOJHOCTh, TEKCTYPa, 0COOEHHOCTH POCTa U OCTATOYHBIE HAIPSIKEHUS

HE CO3Jal0T B Marepualie Kakux-JIn0o MaKpOCKOITMYECKUX MEXaHUUECKIX 0COOEHHOCTEH.

N3mepenus npormyckanus oopasnoB B BuanMol U MK obnacTsix cnekrpa B pa3iM4HBIX HarpaBICHHUAX
TaKKe YyCTaHOBHWIIHM, YTO F€OMETPHUECKas OPUECHTUPOBAHHOCTh 3€PEH HE BIMSET Ha IpOIycKaHue (ociabieHue)
Marepuana. [lokazaHo, YTO MOJMKPUCTAINIMYSCKUN ceneHun nuHKa [104 peanbHO MOXET SKCIUTyaTHpOBATHCS
pu Temrieparypax o 350 °C, He BBI3BIBas MPH 3TOM 3HAUYUTEIHHOTO yBenudeHus mornomieans B UK obmactu.
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HccrnenoBanust TemrepaTypHOH 3aBHCHMOCTH CIIEKTPAIBFHOTO KO3((HIIMEeHTa TOTIOIMEHHs MPOBOIIUINCH 10
METOIMKE M3MEPEHHs MPOITYCKAHUS U3ITyUeHHS TIOCTOPOHHETO HCTOYHMKA MCCIIETyeMbIM 00pa3lioM: B HHTEPBa-
ae mmad BoaH 200—800 um — Ha criekrpodoromerpe Spekord UV-VIS, B untepraie 5000—1200 am — Ha UR-20
NpU TeMIleparypax B AuanazoHe ot komMHatHOU 70 600 °C. DKcrepuMEeHTAbHO HOATBEPXKICH (aKT, YTO BILIOTH
JIO TPETHEro OKHA IPO3PavHOCTH aTMOC(epbl BKIFOYUTENBHO (8—14 MKM) MOIIOLIEHNE B ONTUYECKOM Marepuae
He yBenn4uBaeTcs (puc. 5).

k,om! 4
57 3
4 b
2
3 b
1
2 b
1k
10 15 20 A, MKM

Puc. 5. TemnepartypHas 3aBMCUMOCTb CMEKTPanbHOro koadduuuerTa nornowexHmns No4
(TonwuHa obpasua 5 mm) (1 — 20 °C, 2 — 100 °C, 3 — 200 °C, 4 — 300 °C)

Ha nepeHoc sHepruu B 001acTu BBICOKOM MPO3PauyHOCTH MOJMKPUCTAIUIMYECKHX MaTepPHaJIOB 3aMETHOE
BIIMSTHUE OKa3bIBA€T PACCESHUE, CBA3aHHOE C MOpaMH, e(eKTaMH CTPYKTYpbl, BKIIOUEHHSIMHU U JIPYTHMMHU HEOI-
HOponHOCTAMH. HerocpencTBeHHbIE U3MEPEHHsI ITOKa3aTes HalpaBIEHHOTO PAcCEesHUsI B 00JIaCTH MaJIbIX YIJIOB
paccestHust ipoBeneHsl Ha mpubope HOK-2, namepsiemas BenmumHa onpezeseHa Kak OTHOIIEHHE CBETOBOIO I10-
TOKa, PacCestHHOTO «BIIEpea» B 0Opaslie TOIIMHOW | cM B TeJecHBIH yroia 7 rpajx BOKPYT HaJarollero Jyda, K
CBETOBOMY IIOTOKY, MajaonieMy Ha oOpasel. M3MepeHus nmpoBeneHsl Ha umHaAX BonmH 1,0; 1,5; 2,0 u 2,5 MxM.
PesynbraTel m3MepeHuit mpuBeIeHBI B Ta0M. 2.

JTHHA BOITHbL, MKM TToka3aTe/Ib HAPABICHHOTO CBETOpaccesHus, cM ', x10?
obpaszer | obpaszerr 2 obpaszerr 3
1 2 4,4 0,95
1,5 1,9 3,8 0,93
2 2 33 0,98
2,5 2 3,25 0,9

Tabnuua 2. HanpasneHHoe paccesiine UK nanyyenns s No4

ITomy4eHHBIN pe3yabTaT MOXKHO OLEHHUTH KaK JOCTATOYHO HU3KMH M CPaBHHMBIN C PACCESIHHEM B BH]U-
MOH 001aCTH MPOMBIIIEHHBIX MapoK cTekia, Hanpumep, Td. Crnabast 3aBUCHMOCTD ITOKA3aTeNsl PacCestHUS OT
JUIMHBI BOJIHBI CBHJIETEIBCTBYET, YTO OHO BBI3BAHO, B OCHOBHOM, KPYITHBIMH 110 CPAaBHEHHIO C JUIMHOM BOJIHBI
HEOIHOPOJHOCTSIMH, B TOM YKCJIe M Ha noBepxHocTH. [locienHee o0CTOATENHCTBO HAKIIABIBAET BHICOKUE Tpe-
0OBaHNS Ha ONTHYECKYIO TIOJIMPOBKY PadOYMX MOBEPXHOCTEN JeTaleH.

ITockonbKy ONTHYECKUI MaTrepHrai HUCIIOIB3YeTCsl B PA3NIMUHbIX M3ENUSX, IJe MOTYT ObITh peaM30BaHbI
pa3IMYHbIC BUJIBI HATPY)KEHUSI K COOTBETCTBEHHO HAIPSHKEHHOTO COCTOSIHUS, TO TPEOyeTCs 3HaTh BEJIMUMHBI ITUX
HpeeTbHBIX HAIIPSHKCHUH, KOTOPbIe HEOOXOAUMBI ISl TPOBEICHNUS PACUETOB HA YCTOWYMBOCTD CHCTEM. B cBsi3m C
TEM, YTO TAaKWE JAHHBIC B JIUTEPAType OTCYTCTBYIOT, ObLI COOpaH OOIIMPHBIN SKCIICPHMEHTAIBHBINA MaTepHa 1o
npounoctu I104 npu ucnbITaHUAX HA PaspbIB, cxkaThe M M3ruO. IIpoYHOCTHBIE HMCCIEeNOBaHMS TIPOBOAMINCE Ha
yHHBepcanpHO Mamae « HCTpon». CraTtHcTIyeckn 00paboTaHHBIEe pe3yIIBTaThl PEICTaBICHBI B Ta0mI. 3.

Ontudeckuii MaTeprall UCTIBITaH B KaYECTBE MEMEHTOB JIA3€PHBIX TEXHOJIOTMYECKUX YCTAaHOBOK pa3iind-
HBeIX TunoB: YJII'-2.01, JIH-1, HM-U1, JIH-2, SHM-U1. Tak, Ha ycranoBke YJII-2.01 mpu maoTHOCTH MOITHO-
cti 300 Br/cM? BBIXOHAS MOIIHOCTH j1a3epa cocTaBmia 2,5 KBT. Tepmonedopmarus, n3MepeHHas Ha HHTEpdE-
pomerpe cipura UT-183, ue npessimana 1 mxm (0,1 A). Tpu Harpyske 500 Br/cm’ u gumamerpe myuxa 45 M
BBIXOJIHAs MOIIHOCTb J1a3epa I0CTHraet 7,5 KBT, IpH 3TOM pacXOAMMOCTh Iyuka He mpesbimaer 2-107° paj, a
TEeMIIepaTypa OKHa, YCTAaHOBJIEHHOTO HA ONTHYECKUI KOHTAKT C BOAOOXJIAaXJaeMOW ONpaBOH, HE MOTHUMAETCs
Boiie 40-50 °C. KauecTBo m3iyuyenusi, 61M3K0€ K OJHOMOJOBOMY, 00ECIICUMBAET PE3KY CTaJHM TOJILMHON 4 MM
co ckopocthio 1 M/MuH nipu mmpuHe pesa 0,3 mm. Marepuan [104 GbuT ycTaHOBIICH B KaU€CTBE BHIXOAHBIX OKOH
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AA. flyHaes, N.J1. Eroposa

u (GOKYyCHPYIOUINX JMH3 Ha Jla3epHOi TexHomormdeckoir ycraHoBke XEBP-1A. Ilpu IIOTHOCTH MOIIHOCTH
400 Br/cM” 37IeMEHTBI SKCILTyaTHpOBAIICH B TEUCHHE 7 MECSIEB C HATPY3KOH 12 9 B HEAENIO; CTaGHIBHOCTH
XapaKTEPUCTHUK MPOIiecca PE3KU BO BPEMEHH COXPaHSIIACh.

DakTHUECKUE pPE3ynbTaThl TEXHOJIOTWMH BbIpaluBaHus KpymnHoraOaputHoro 1104 mpexacrtaBineHsl Ha
puc. 6. Ha puc. 7 — npumep HCIOIb30BaHUSA 3aIIUTHOIO JIFOKA B COCTaBE ONTHKO-3JIEKTPOHHOTO 0JI0Ka MOOUIIb-
HOTO 0a3UpOBaHMUS.

Bug HarpyxeHus [TpoyHocTs, ¢ + E, MIla Koa¢dduuuent Bapuanuy, V, %
Pactsokenne 441 +1,47 44

YucTelil u3rud 30,40 £ 1,27 8,4

OceBoe cxaTue 120 £ 4,51 10,3

Tabnuua 3. BnuaHue Buaa HarpyxeHusl Ha npodYHocTb Matepuana 04 (+ E — noBepuTenbHbIA UHTEPBAr
¢ HagexHocTbio 0,95)

a 6
Puc. 6. ®akTtnyeckne pesynsraThl BoipallmBaHus u oopabotku NO4 anametpom 350 mm: wnudoska, NONMpPOBKa,
peska (a); aetanb u3 MO4 Ha npocseT (6)

Puc. 7. ONTuKO-3neKTPOHHbIN 6ok MoGunbHoro 6asnpoBaHus (a) 1 3awmTHbIN Nok 13 MO4 (6) ona Hero
3akJjoueHue

1. TlokazaHO, YTO CeNIeHUJ LWHKA SBISETCA MOJHM(YHKIHOHAIHHBIM ONTHYECKAM MaTEepPHaJIOM, PaOOTaIOIINM
KaK aKTHBHAs TeHepUpYIoILas cpe/a B cpeaneit nappaxpacuoii odnactu. Marepuan [104 no3sodsier pemaThb
3a]]auM, CBS3aHHbIC C MPHUMEHEHUEM ONTHYECKHX CHUCTEM, pabOTaroNIMX OJHOBPEMEHHO B IIMPOKHX CIIEK-
TpabHBIX Juana3oHax: BuauMoM (ot 400 no 650 um), 6mmkHeM uHdpakpacHoM (ot 700 go 1600 HM), B TOM
qrciae Ha paboYux JJIHMHAX BOJH JiasepHbIX m3nydareneit (1064 um u 1540 HM), a Takxke manbHeM HHGpa-
kpacHoM juana3zone (ot 3000 o 14000 uwm).

2. BebuBneHo, 4to (oTOMEXaHHYECKasi M30TPOIHOCTb M OJHOPOJHOCTh MaTepHaia COXPaHIETCS B YCIOBHUSIX
YUCTOTO M3rH0a W JUAMETPATBHOTO CXKATUs 00Pa3IOB PA3IUYHOW OPHUCHTAIUU, TeOMETPpUICCKas OPUCHTH-
POBAaHHOCTH 3€pEH HE BIMACT HA CIEKTPAIBHBINA K0A(D(OHUIIMECHT MPOITyCKAHUS B Pa3IHYHBIX HATIPABICHUAX.

3. IlpoBeneHHOE KOMIUIEKCHOE MCCIIEIOBaHNE MPOLEcca, B OCHOBE KOTOPOTO JIEKUT (PU3NYECKUH METO OCaXK-
nerns napa (PVD), mo3Bomiimo co3aTh TEXHOIOTHIO KPYITHOTa0apUTHOTO TTOJIMKPHCTAIIHYECKOTO CelICHU 1A
[IUHKA, BOIIEAIIETO B HAYYHO-TEXHUIECKYIO JOKyMEHTAIHIo o Mapkoii [104.
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