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3anponoHOBaHO KOHIETIII0 MPOTHO3YBAaHHS Ta MOJAECTIOBAHHS IUTIBKOYTBOpIolounx marepiamiB (IIYM) mis
iHTepepeHIifHOT ONTHKK, B OCHOBY SKOi IOKIAIEHO YSBJICHHS IMpO CTaOiTi3amil0 BaJCHTHUX CTAaHIB METANiB
BHACIIZIOK XIMiYHOT B3aeMoii MK CkJIaoBUMHU. P0o3po0i1eH0 HU3KY MPUHIUIIOBO HOBUX ab0 MoaudikoBanux ITYM,
IO JO3BOJIMJIO OJEpPKAaTH NOKPHUTTA Ha Oa3i IIYM, mo Bim3Ha4aloThCs HAI3BHYAWHO BHCOKOIO IIPO30PICTIO Ta

MexaHiuHow Minmictio. Ha ix ocHOBI
crektporoziosayda ta [4 ¢pinbrpa.

CTBOPEHO BHCOKOC(EKTHBHI

inTepepenuiini nokpurts s[4

KurouoBi ciioBa: m1iBKOyTBOPIOIOYi MaTepiaiy, TOHKOIUIIBKOBI CHCTEMH, iHTep(epeHIIiiiHa ONTHKA.
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TOHKOIUTIBKOBI MMOKPHUTTS 3/1aTHI CYTTEBO 3MIHIOBATH
onTHyHi Ta iHOI (i3WYHI BIACTHBOCTI ONTHYHHX Ta

HAMIBIPOBINHUKOBUX  neTanel. ONTHYHI TOKPUTTA
IO IUIAIOTH Ha BigOMBaroui, MIPOCBITITIOBAIBHI,
tdoroxpomui Ttomo [l1,2]. VYmepme MOKPHATTS I

MPOCBITICHHS ONTHYHHMX JeTaneil 3actocyBaB y 40-x
pokax mmHYyNoro cropiuus A.Cmakyma, i BIATOAI BOHH
Iy’K€  IIMPOKO  BUKOPHCTOBYIOTBCSI B ONTHIII.
[TniBkoyTBOprotounmMu Marepianamu (IIYM) Ha3uBaroTh
pPEUYOBMHHM, SKI ICHYIOTB Yy JIOCTaTHBO KOMIIAKTHOMY
BUIIAl (TaONeTKH, MITYJNKH, Jpake, YJIaMKH, 3JIMBKU
TOIIO), 3 SIKMX MOXXHa pI3HOMaHITHHMH criocobamu
OJIepXKaTH TOHKOILUTIBKOBI MOKPUTTS HA MiJKIagKax. Y

IaHii pobori BUKJIAJIEHO OCHOBH KOHIIEIT
[UTeCIPSIMOBAHOT PO3POOKH MaTepiaiiB A HAHECCHHS
HOKPUTTIB 3 HAaJBUCOKMMH  ONTHYHUMH  Ta

eKCHHyaTaL[ifIHPIMH BJIACTUBOCTAMH, @ TaKOX CTBOPCHHA
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CrBopenns HOBUX ITYM Ta TOHKOILIIBKOBHX CHCTeM iHTep(depeHniiinol onTHKH

Ha IXHilf OCHOBIi iHTep(epeHIifHOi ONTHKA 3 BHCOKOIO
PO3AIBHOIO 3/IATHICTIO.

I. Konuenuis nporuozyBanns [IYM

OCHOBHMMH METO/aMH HAHECEHHS IOKPUTTIB €
BaKyyMHI Ta ximiuHi. Uepe3 3HauHI mepeBard, BaKyyMHi
METOJU BEJIbMHU IIUPOKO 3aCTOCOBYIOTHCS Y ONTHYHOMY
npuiano0yayBanHi. BakyyMmHI METOAM MOAUISIOTHCS HA:
a) repmiude-pesuctuBHe  (PB)  abo  enekTpoHHO-
npomeneBe (EIIB)-sunapoByBanns I[IYM; 0) katoane
PO3IUITIOBaHHSI. [pu PE3UCTUBHOMY croco0i
BCTAHOBJIIOEThCS JIOKaJbHA piBHOBara Oifii YOBHHKA —
BumnapHuka Mix [IYM, mo € B KOHICHCOBAHOMY CTaHi,
Ta Maporo, 1110 YTBOPHIIACS 3 BUIIAPIOBAHOTO MaTepialy.

Cihig  BiA3HAUWTH  HEOJHAKOBICTH  MeXaHI3MIB
BUIIAPOBYBAHHS IS PI3HUX PEUOBHUH, SIKE MOXE OyTH
KOHTpYeHTHHUM  a00  iHKOHTpyeHTHHM. SKicHUM

KpUTEpiEM KOHTPYSHTHOCTI MPOIECY BHUIIAPOBYBAHHS
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MOJKE CITyTYBaTH 3HAYCHHS €HTPOIIii BUTIApOBYBAHHS:
0 _ °
ASKHH.(Cyﬁﬂ.) - AHKnn.(cyﬁn.) /Tkun.(cyﬁn.) (1)
3a3Buuail 11 BeauyMHa cTraHoOBUTH ~ 10R, TOOTO
~ 83 JIx/monb K. O4eBHAHO, YUM OINBIINM € 3HAYCHHS

AS?

ku.(cy6m.) 2

pEUOBHMHHM  TIpH

THM WMOBIPHIIIAM € TpPOIec NeCTPYKIIii

Y npoMy TuaHi
dropumaux I[TYM

mpu miepexofi Bif cnonyk tuny MF no MF, i, mani, mo
MF3 Ta MF4 [3]

[IYM MaroTh BiINOBimATH ACKITEKOM KpHUTEpisM, a
caMe: BOJIOTOCTIHKICTh, HHM3BKHH pIBEHb OINTHYHOIO
MOTJMHAHHA, JOCTaTHBO BHCOKAa MEXaHIYHAa MIIHICTb,
3MaTHICTh BUTPUMYBAaTH BHCOKI TeMmIepaTrypu Y
MIMOOKOMY BakyyMi 03 3HAa4HOTO pO3KJIaay TOIIIO.
TakuM BUMOTaM BiJIIIOBIAAIOTH EPEBAKHO MaTepialid Ha
OCHOBI TpBOX KJaciB croyiyk: (TopuIiB, OKCHAIIB Ta
XaJIbKOT'€HIIIB.

Cepel HAWBAXJIMBINIMX ONTHYHHUX XaPAKTEPUCTUK
CIIiJ] 3a3HAYATH TMOKA3HHWK 3aJOMIICHHS (N) Ta MINPUHY
obmacti mposopocti (A-Ay). Ilapamerp n Halgacrimie
BUMIPIOIOTH Ta BHKODUCTOBYIOTH CaMe Yy TOMY
CIEKTPaJbHOMY Jiala3oHi, B SKOMY Marepial €
po30puM, TOOTO B iHTEpBadi A-A,. Briue mnpupomu
pedoBuHu [IYM Ha 3HayeHHS MOKAa3HUKA 3aJOMJICHHS
HalKpaluluM YHHOM OIIMCYETHCS BIJIOMHUM PIBHSHHSM
JlopenTi — JlopeHuia. 3 HbOTO BHILTUBAE, IO PEYOBUHHU,
SIKI CKJIQJIat0ThCS 3 YACTUHOK (aTOMIB, 10HIB), 3MATHHUX JI0
noJsipu3arii, MaroTh OibIni 3HaYeHHs n. OTxe, pTopuan
MeTalliB, 0COOIMBO, JErKuX (JIy)KHHX, JTY>KHO3EMEIbHUX
METaJliB, CKaH/IIF0) BOJOIFOTh HE3HAYHIMH BEITUINHAMH
n [4,5]. [Ang okcumiB XapakTepHI MPOMDKHI 3HAYCHHS
MMOKa3HWKa 3aJIOMJICHHS, a XaJbKOTeHiIn (0COOJIHMBO,
TENYPUAN) BAKKAX METaIiB MAIOTh HAHOLIBIII 3HAYCHHS
n. BmiuB kaTioHHOi 3aMiHM Ha MOKa3HUK 3aJOMIICHHS
MarepiaiiB € CyHepewIMBHM, 1 JUIs PI3HUX CIOJYK
(propunu, okcuam, XaJabKOTreHiu) — pisHuM [5,6].

KoporkoxBuinboBa Mexa (A;) obmacti mpo3opocTi
CBOIM BUHUKHEHHIM 3aBIAYY€E €IEKTPOHHOMY
30yIKCHHIO 3B’SI3KIB METaJ-HEMETal 3 YacTKOBUM abo
MOBHUM iX po3puBoM. OCKUIBKM €Hepris 3B’s3KiB
(omMHApHMX) MeTaJ-HeMeTad y psaai (PTOPUIU-OKCHIM-
XaJIbKOTEHIIN 3MEHIIYETHCS, 3HAYCHHS A| LUX CIOJYK
MaroTh 3poctaTtu. Tak, mus ¢ropumanx I[TYM A nexutsb
y mexax 0,15 + 0,3 mxwm, g okengaux [TYM — Bing 0,2
10 0,4 mxM, s xanpkoreHimaux IITYM — Bix 0,4 1o
4 mxm. Cepen propuaiB HalHKYI 3HaUYeHHs A mae LiF,
a cepen okcuaiB — Si0,. BIuiuB KaTIOHHOTO 3aMilCHHS
Ha A| TAKOX € CyNepewWINBUM [5].

Ha moBroxBuiaboBoMy OOIll MONOKEHHS Mexi (A,)
o0OmacTi  MPO30pOCTI  BHM3HAYAETHCS  BAJICHTHUMU
KOJIMBAaHHSAMHU 3B’SI3KIB MeTal-HEMeTal. 3HaueHHS A
MOKHA TNPHUOJM3HO OLIHWUTH, 3HAKOYH MOJIOKEHHS
NEepUIOro KOJUBAJIBHOTO MaKCUMYMy IIOTJIMHAHHS A A

BUIIAPOBYBaHHI.

o

MIOKA30BUM € 3pOCTaHHA AS. 6.

[5]. 3nauenns A a, OTKe, 1 A, Mae 3cyBaTHCA Y

AI bl
JIOBFOXBHJILOBHI [Tialla30H MPH EPEXO/i Bill OKCHUIHHX
no xanpkoreHigamx ITYM, a Takox TpH KaTioHHIH
3amini Ha Bakumd Mmetan. llo crocyerbcs ¢ropunis
MEeTalliB, BOHU 32 BEJIMYMHOIO0 A, MalOTh OyTH BEJIbMHU
MOAIOHMMU 10 OKCHIIB, 3Ba)Kar0uM Ha OJU3bKI 3HAYEHHS
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PO3MIpHO-CHEPTeTHYHNX TapaMeTpiB 3B’SA3KiB  MeTal-
HEMeTal.

Xapakrep IIpoLecy BUIIapoByBaHHs ckianHux [IYM
MOJKHA OI[IHUTH, BUXOISYU 3 CITIBBITHOIICHHS CHEPIii
3B'I3KIB MeTall-HEeMeTall y KOMIIOHEHTax. Buxonsum 3
oTpuManux mis okeugHux [IYM cknany Ln,M,05 (Ln —
naHTaHig, M — Zr, Sn) nanux [7], BaKyyMHHH KOHJEHCAT
MICTUTH OiJbllle KOMIOHEHTY 3 MEHIIOI EHEpri€ro
3B'SI3Ky MeTal—OKCHreH, HiK Buximauit I[IYM. Ilpu
I[bOMY CTYIIiHb 30aradeHHsl Ha JICTKIIIMH KOMIIOHEHT €
TUM OULTBIINM, YMM OUIBIIOO € PI3HUI Y 3HAUCHHAX W
(M-A) KOMIIOHEHTIB.

Iammm  (iHOmi #  BakmuBimmM) (akTOpoM, IO
BIJIMBA€ Ha NpOIEC BUMAPOBYBaHHS ckiagHux IIYM, e
XIMiYHa B3a€EMOJis MiXK HOro KOMIIOHEHTaMH. Bimomo,
10 3aBIIKHA JIOHOPHO-AKIENITOPHIM B3aeMOMil MOXKHA
cTabumi3yBaTH TEBHUHA BaJIEHTHHH cTaH (CTymiHB
OKHCHEHHS) aToMa — KOMIUIeKcoyTBOproBada [7]. Llei
NPUHIMUI TIOKJIaJeHO HAaMH B OCHOBY  KOHIICTIIii
crabimi3anii BaJICHTHOTO CTaHy METaJiB Yy CKJIaJHHUX
CHOJyKax, cepel sKux ciix ouikyBatu [IYM HoBoro
tumy. Jis ouiHku 3matHocti  OiHapHmx IIYM  no
JIOHOPHO-aKIENTOPHOI ~ B3aeMOJIl 3  YTBOPEHHSIM
CKJIaIHUX cHoiyk (abo peakuii moaBiiHOro oOMiHY)

3arpoIIOHOBAHO KPUTEPili OCHOBHOCTI:

2
Z, T,
%{ )

I, -Zg

Oyoa =

Tao6auna 1
loHHICTB 3B’A3KiB MeTan-HEMETaN Ta IX OCHOBHICTH Y
JesikuX (hTopunax, OKCHIax Ta CyIb(imax MeTaliB

Cromyku | lonicts 3B’s13ky (I) | OcHOBHICTB (Opa)

LiF 0,65 0,375
MgF, 0,86 0,235
CaF, 0,80 0,462
SrF, 0,80 0,571
BaF, 0,79 0,699
PbF, 0,59 0,437
AlF; 0,93 0,107
ScF; 0,83 0,210
LaF, 0,86 0,391
CeF; 0,86 0,379
NdF, 0,86 0,360
EuF, 0,84 0,329
LuF, 0,86 0,292
HfF, 0,92 0,165
MgO 0,65 0,301
ZnO 0,60 0,213
AlO; 5 0,76 0,146
LaO; 0,79 0,469
CeOy 5 0,79 0,452
NdO; s 0,79 0,432
EuO, s 0,76 0,389
GdO; s 0,79 0,399
LuO, s 0,80 0,349
SiO, 0,90 0,049
TiO, 0,70 0,166
ZnS~ 0,42 0,080
GdS, s 0,64 0,171

Hpumitka: * KU (Sc) =6, KU (S)=6
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Taoauus 2
TepMiuHi XapaKTepUCTUKH JUTUTAHATIB JIAHTAHIIB Y
TOYKaX TOIUICHHS

Cronyxa T, .K a, % AGy,
KJK/CeKB.
La,Ti,0, 2080 4,0 13,6
Nd,Ti,0, 2140 3,5 14,8
Eu,Ti,0, 2160 6,5 12,6
Gd,T1,04 2150 11,0 10,6

I€ Zax) — BIOHOCHHH 3apsi aHIOHy (KaTiOHY); Iax)—
epekTuBHUN paniyc aHioHy (kariony); I — ioHHICTB
3B’s13Ky MeTall-HeMeTall. B cBoro uepry, iOHHICTh 3B’SI3KY

y KpHUCTali po3paxoBaHo 3a (HopMyJIok0:
AH

[=1-e 3)
ne AH — eHranbmis yTBOpeHHs cronyku, eB; KU —
KOOpJIUMHAIIHE YHCII0O aTOMy MeTally Y KpHCTajl JaHOoi
cnonykd. 3 pospaxoBaHux 3HaueHb O,, , (tabm. 1)

BUIUIMBAE, M0 HAWOLIBIIA OCHOBHICTH IPUTAMaHHA
OKcHaM, a HalMeHIa — cynabdigam, Toai K GTopuan 3a
OCHOBHICTIO 3aliMaroTh MIPOMiKHE CTAHOBHIIIE.
OueBUIHO, YMM OUIBLIOD € PI3HUISI y OCHOBHOCTI

Puc. 1. ExciepumenTanbHi 3pasku n3epkan He — Ne
jmasepa 3 0araTONIAPOBUMHU IMOKPUTTSIMH Ha OCHOBI
IIYM szTi207 Ta SIOZ

CIIOJIyK, TUM OibIa iX 37aTHICTH 70 B3a€MOJIiIl pi3HOTO

THITy, @ OTKE — 1 10 cTa0ii3alii BAJICHTHUX CTaHiB.
OnmHUM 3 METOMIB OLIHKHM TEPMi4HOi CTabLIBHOCTI

CKJIAHAX  CIIONYK Yy  pO3TOIUICHOMY CTaHi €
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v L S i s T
Puc.2. ExcnepuMeHTanbHi  3pa3kd  ONTUYHUX
€JIEMEHTIB ™ CHEKTPONOALTIOBaYa 3

6araTOH.[apOBI/IMI/I MNOKPUTTAMHU Ha OCHOBI KOMIIO3HTIB
ZnS — GdS ta MgF2 - LuF3.

TePMOAVHAMIYHUN aHANI3 JiarpaM CTaHy KBa3iOiHapHHUX
cucreM. AHamni3 ¢popMu KpUBOi JKBIAYCY, IO TPHIIATAE
JI0 IUCTEKTUYHOT TOYKH, MPOBEJCHO 332 MOANU(IKOBAHUM

piBusHusiM  Illpenepa [8]. PospaxoBani mapamerpu
Tabumnusa 3
Onrtuunuii pakrop cradimizaiii y TaHTanaTax
JIAHTAHIIIB
OnTuyHi MapameTpu
Cnonyka

M1, MKM ANy, MKM
PrTaO, 0,28 0,02
SmTaO4 0,24 0,02
EuTaO4 0,29 0,03
DyTaO4 0,26 0,03
HoTaO, 0,25 0,02
ErTaO, 0,25 0,03
TmTaO, 0,26 0,02

TEPMIYHOI CTaOLIBHOCTI AKX AUTUTAHATIB JIAHTAHIIB
y TOYKax TOIUICHHS (Tabi.2) cBim4aTh NHpo Te, IO
3a3HavyeHl CKJIaJHI Ccrnonyku 30epiraioTbesi 1 B
PO3TOIIEHOMY CTaHi, IO JO03BOJSE BBAXKATH I1X 3a
nepcrektiBHi [TYM.

Ille omHMM METOJOM OLIIHKH CTaOIMBHOCTI CKJIaaHOT
CHONyKH € crmocib, mo 0a3yeTbcs Ha HasBHOCTI
Bil’€MHMX BIiAXHJIEHbL BEIMYMHHM A; BiJl aJIATUBHOIO
3HaueHHs [9]:

Ak = }\'l,a,u -M 4)
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Taoéaunsa 4
OnTHYHI BIACTHBOCTI MOKPHUTTIB 31 CKIIAJTHUX
oxcunuux ITYM Ha ocnosi TiO,

N TOHKOIUTIBKOBE TOKPHUTTSI
Buxiguuii

[Iym INoxazHuk Koedimient

3aJOMJICHHSL | po3ciroBaHHs, Yo

Ti0, 2,30 0,15-0,17

Sm,Ti,0; 2,2 0,04-0,05

Gd,Ti,0, 2,15 0,12-0,15

HfTiO,4 2,09 0,05-0,06
TiO, +20%

Ta,Os 2,20 0,08-0,10
Mpumirka: [Toka3HWK  3aJIOMJIEHHS  IUTIBOK
po3paxoBaHMH 3a  pe3yJbTaTaMH  CHEKTPAJIbHUX
BHMIpIOBaHb y AianaszoHi 0,5-2,0 Mkm.

Tabnnusa 5

OnTHYHI BIACTHBOCTI MOKPUTTIB 31 CKIIATHUX
oxcuaaux ITYM Ha ocHoBi Ta,0s

L TOHKOILTIBKOBE MOKPHUTTS
Buxignuit —
TToxka3Hux Koedirient
IyM . o
3aJOMJICHHSI | pO3CiIOBaHH:A, %
Ta,Os 2,10 0,14-0,15
ScTaO, 2,12 0,08-0,10
NdTaO, 2,00-2,05 0,11-0,13
EuTaO, 2,00-2,05 0,10-0,12
YbTaO, 2,15 0,12-0,13
3 HaBemeHMX y Tabi. 3 [aHMX BHIUTHBAaE, IO
BeMMuMHa AA; IS CKJIaAHUX  OKCUMAIB  THILY

oprotaHTanartis P3M € mOMITHOIO, 3BiICH MOXKHA
MPUITyCTATH, 10 BOHH MOXYTh PO3TISAATUCS 5K
rieperiekTiBHI [TYM.

II. CrBopenns HoBux ITYM Ta
TOHKOILIIBKOBUX CHCTEM
iHTepdepeHuiiHOT ONTUKHU

JHesxi i3 HepomikiB Tpaauniitaux [TYM obymoBieHi
CaMOI0 TPHUPOJOI0 Martepiany, a IHII — HasBHICTIO
NEBHUX JIOMINIOK a00 IedeKTiB ckiaxy (CTPyKTypH).
Omxe 3ycwuisl MaloTh OyTH CHpsIMOBaHI B JIBOX
OCHOBHHUX HampsMKax: a) MoAuQiKyBaHHS CKIIaay
TpaguuiiHnx IIYM [uisixoM BBEAEHHS JIETYIOUMX
no6aBok; 0) moBHa 3amina Tpaguuiiianx IIYM Ha
TIPUHIIUIIOBO HOBI.

Ckaagni oxkcuam Ha ocHoBi TiO, Ta Ta,0s.
Banentnuit cran tpanmumiitHoro okcuanoro [TYM TiO,
HECTaOUTbHUHM, 1 HaHECeHI 3 HBOTO IOKPHUTTS MAaroTh
CHIIbHE TIOTJIMHAHHSA Y BHOMMOMY Jiala3oHi CIIEKTpA.
IToxpamenns ONTUYHUX Ta eKCILTyaTalliiHuX
XapaKTepUCTUK  IUIBKOBUX  moOkputTiB 3 TiO,
peasi3yeTbesi 32 paxyHOK CTBOPEHHS Ha HOro OCHOBI
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KOMIO3WIIIMHNX ~ MaTepiamiB 31  cTablmi3yrounMu
Jn00aBKaMH JIBOX THIIB: a) 3 OLIBIIOI, TOPIBHIHO 3
TiO,, ocuoruicTio (Ln,O;, HfO,); 6) 3 MeHmomw0,
nopiBHsiHO 3 TiO,, ocHoBHicTO (Ta,05). BBeneHHs takux
M00aBOK Ma€  3MIIHUTH 3B'SI3KM THTaH-KHUCCHb Ta
cTablTi3yBaTH BaJICHTHUH CTaHy THTaHy y HOTO OKCHII
TiO, [10].

OnTuuHi XapakTepUCTHKH MOKPUTTIB OJCPIKAHUX 3
momudikoBanux [IYM Ha ocHoBi TiO, gocmipkeHO B
niarazoni criektpy 400-800 aM. Ha mmx ske mOKpHUTTSIX
JIOCIIKYBAIA eKCIUTyaTaliiHi XapaKTEePUCTHKHI
(MexaHIYHY  MIIHICTB,  BOJOTOCTIHKICTh,  XIMIUHY
CTIMKICTB), a TaKOX BH3HAYAIM 3HAYCHHS ITOKa3HHKA
3aJIOMIICHHSI Ta TIPOINYCKaHHS 1 PO3CIIOBaHHS CBITIA.
HaBeneni B Tabn. 4 naHi MOKa3yloTh, IO MOKPHUTTS 3
TNEIKAX TIOCIIIDKEHUX MO TU(IKOBAHUX IIymM
ONTUMAJILHO MOEIHYIOTh JOCTaTHHO BHCOKI 3HAUYCHHS
MOKa3HUKa 3ajoMiieHHs (n>2,2) Ta MOPIBHSHO HU3BKI
3HAYECHHS koedirienTa PO3CitOBaHHS i €
MEPCIEKTUBHUMH  JUIS  CTBOPEHHS Ha iX OCHOBI
GararomrapoBux iHTepdepenuiitnnx mokpurriB. Cepen
ux [TYM HaiiOiapII BHCOKI ONTHYHI Ta KCIUTyaTaIliifHi
xapaktepucTuku  BusBuB  Sm,Ti,0;. Ha  ocHoBi
po3pobaeroro IIYM Sm,Ti,04 IS
BUCOKO3aJIOMITIOIOUMX IIapiB Ta TpamuuiiiHoro ITYM
SiO, A1 HU3BKO3AJIOMIIIOIOUYHMX IHAPIB BIAMPAILOBAHO
TEXHOJIOTIYHI ~ PEXUMH  CTBOPEHHS  BiIOMBAIOUOIr0
MOKPHUTTS 3 HU3BKMM DIBHEM BTpAT €HEPril I A3epKaj
He-Ne nazepis, 10 BUIPOMIHIOIOTh npu
A =632,8 M. 32 ONITUMI30BaHOIO TEXHOJIOTIEI METOIOM
CJIEKTPOHHO-TIPOMEHEBOTO BUIIAPOBYBAHHS BHUTOTOBJICHO
CKCIICPUMCHTANBHI 3pa3Ky BiIOMBAIOYUX ITOKPUTTIB, IO

3a0e3MmedyroTh: KOe(IIlieHT pO3CifOBaHHSA Ha piBHI
=0,010-0,015 %; xoedimienr mnormuHamHs — 0,001-
0,005 %. TakoX BHTOTOBIEHO CEpil0  EKCIEpH-

MEHTAJIbHUX 3pa3kiB a3epkan mius He-Ne nazepiB 3i
ctBopenux [IYM (puc. 1).

TanTanaTn piakicHO3eMeJbHUX eJIeMeHTIB
¢dopmynu RTaO; (R=Sc, Nd, Eu, Yb,). Cnonyku
CHHTE30BaHO METOJIOM  CIUIBHOTO  OCa/DKeHHS 3
xnopuaaux posunHiB RCl; 1 TaCls 3 HacTymHuM
BHCOKOTEMITEPaTypPHUM obmaiom. PentreniBcoke
JIOCHI/DKEHHST TPOAYKTIB cuHTe3y okcuniB LnTaO,
TMOKazye, 10 3a ()a30BUM CKJIaJOM BCi BOHHM NMPAKTHYHO
omHo(daszHi 1 MicTATH abo TaHTANaTH 31 CTPYKTYPOIO
teprioconity (NdTaO,, EuTaO,4), abo 31 cTpykTyporo
Bonmb(ppamita (YbTaO4, ScTaO,) [11]. 3rimHO maHMX
PEHTIeHIBCHKOTO AOCIIDKEHHS, TPAKTUYHO BC1 OfieprKaHi
MOKPUTTSI peHTreHoaMopdHi. ONTHYHI XapaKTEPUCTUKU
MOKPUTTIB JIOCII/PKEHO B niana3oHi crektpy 400-800 Hm
[12]. Ha 1mmx Ke TOKPHUTTIAX  JOCIIDKYBaIH
eKCIUTyaTalliifHi XapaKTepUCTUKU (MEeXaHIuyHy MILHICTb,
BOJIOTOCTIHKICTh,  XIMIYHYy  CTIHKiCTB), a  TaKOX
BU3HAYAIM 3HAYCHHS [OKa3HWKa 3aJIOMJICHHS Ta
MPOIYCKaHHs 1 po3cifoBaHHA cBiTia (Tadu. 5). Ha xanb,
3a3HaueHi [IYM moxu mie He 3HAWILIN TPaKTUIHOTO
3aCTOCYBaHHSI.

Komno3utu Ha ocHoBi cucrem MgF,-LnF;
(Ln =S¢, La, Ce, Nd, Lu). Pe3ynbratu nocimimkeHHs
miei cepii KOMIIO3UTIB MOKa3ylOTh, IO OCHOBHOIO
(azoBoro ckianoBoto B HUX € (ropua marhiio (MgF,).
MopenbHI MOKPUTTSI HAHOCHIIA METOZOM PE3UCTUBHOTO
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TEpMIYHOTO BHIIAPOBYBAHHS Ha MIIKIAAKU 3 ONTHYHOTO
ckna TdS5 (¢20mm). ToBuUMHA HAHECEHUX IUTIBOK
cranoBuna 0,5-1,0 MkM. 3TiJHO JAaHUX PEHTICHIBCHKOTO
JIOCII/DKEHHS, OUIBIIICTh 3 BHUIOTOBJICHHX IIOKPUTTIB
MICTUTh KPUCTaTIYHy CKJIaZoBY, nepeBakHo, MgF,. Ha
UX JKC TOKPUTTAX JOCHIDKYBaIM CKCIUTyaTalliiHi
XapaKTepUCTUKW, a TaKoX BH3HAYaId 3HAUCHHS
MOKa3HUKa 3aJIOMJICHHS Ta Koe(illieHTa MpOITyCKaHHS 1
PpO3citoBaHHS CBITIA. CyKynHicTh OTPHUMAHUX
pe3yibrariB (Tabm. 6) malOTh MiACTaBM BBaXKaTH, IO

komnozutd  MgF,-NdF; 1 ocoommBo MgF,-LuF; €
HNEePCHEeKTUBHUMHU I BKIIOYEHHSA IUTIBOK 3 HHUX B
KOHCTpYKIIi OararomapoBux MOKpUTTIB. [lokputts 3
HUX  XapakTepu3yloTbcsl  IOPIBHSAHO  HHU3BKUMHU
3HAYEHHSIMH PO3CIIOBAaHHS Ta ITOKAa3HUKA 3aJIOMIICHHS
(n=1,4) i, mWo € IyXe BaKJINBUM, BUCOKOIO MIIIHICTIO.
3a JaHUMHM PEHTI€HIBCHKOTO JOCIIJDKEHHS, EKCIIepH-
MeHTanbHI 3pa3ku IIYM rerepodaszHi i MicTiITh B
OCHOBHOMY BHXiJTHI KOMITOHEHTH. JlOCITiKEeHHS

Tabauus 6
Ddazowmii ckiaa komno3utHux [TYM Ha ocHoBi MgF, Ta onTHKo-eKcIuTyaTalliiiHi BJIaCTHBOCTI MOKPUTTIB 3 HUX
Buxigauit [IVM TOHKOIUTIBKOBE MOKPHUTTS
. Excryaraniiini BIacTuBOCTI
Komnosut da3zoBwuii ckia, Hoxasmux Posciro- i i
A 3QJOMIICHHS | BaHHsA, % Mexas s Tepmocgm-
MILHICTb KICTb
MgF, MgF, 1,38 0,04-0,06 2500 +
MgF, — ScF; MgF, + ScOF 1,40 0,03 17000 +
MgF, — LaF; MgF, + LaOF 1,42 0,05-0,06 2000 +
MgF, — CeF; MgF, + CeF; 1,49 0,02 4000 +
MgF, — NdF; MgF, + NdF; 1,43 0,06-0,07 15000 +
MgF, — LuF; MgF, + LuF; + LuOF 1,43 0,05-0,06 16000 +

D' Moxasux sanomenns mwiisok oGumcieHo 3a pe3ysbTaTaMy CIeKTpalIbHUX BUMIipIOBaHb y Aiamasoni 0,5 —
2,0 MKM.
3rigao OCT3-1901-85 mexaHiuHy MIITHICTh OMiHIOBAJH 32 KUTBKICTIO 00EPTIB HA TEPTS, IO BUTPUMYE O€3
MOUIKO/KEHb MOKPUTTS MPH HepeBipiii Ha npuiiaai CM-55.

3Hak “+” o3Hauae, IO MOKPUTTSI BUTPHUMYBAJIH BUIIPOOYBaHHS O€3 IMOIIKOIKECHHS

2)

3 IIJTiBKY.

Ta6auusa 7
dazowmii ckiaa komno3utHux [IYM Ha ocHoBi dropuai merani i EuF; ta ontuko-ekcrutyaraiiiHi
BJIACTHBOCTI MOKPUTTIB 3 HUX

TOHKOIUTIBKOBE MTOKPHUTTS
Buxiganit Excruryaraniitai
dazoBwnii cKia, Tloka3zunk BIIACTHBOCTI
yM . o PosciroBannst, % MexaniuHa Tepmo-
(OCHOBHI CKITaTOBi) 3aJIOMJIEHHS
MIIHICTE CTIHKICTE
(Ce,Eu)F;, rekc.-
EuF;-CeF; 1,59 0,07 18000 +
EuF,., xy0.
EuF;-ScF; Pentrenoamopdue 1,49 0,01 1000 +
EuF;-MgF, MgF,, Tetp. 1,55 0,003 10000 +
EuF;-AlF; Pentrenoamopgne 1,45 0,015 3000 +
EuF;-HfF, Pentrenoamopdue 1,62 0,005 2000 +
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Taéauns 8

DazoBwuii cxitag komno3uTHEX ITYM Ha ocHOBI ZnS Ta ONTHKO-EKCIUTyaTaliiHi BIACTUBOCTI HOKPHUTTIB 3 HUX

Buxigauit ITYM

TOHKOILIIBKOBE TMOKPUTTA

o Excruryarariiitai BmacTuBocTi
Martepian CDaSOB?m cxna;[. Toxassmic PosciroBanns, % Mexaniyuaa
(OCHOBHI CKITafI0BI) 3aJIOMJICHHSI ’ o TepmocTiliKicTh
MIIIHICTE
Bazosuit marepian ZnS
ZnS ZnS(2H) + ZnS(C) 2,30 0,19-0,20 2600 +
Kommno3urtu Ha ocHOBI cucteMu ZnS — Sm,S;
ZnS -
Sm,S; 2 ZnS(3C) + ZnS(4H) - 0,20-0,28 6000 +
MoIL. %
Kommnosutu Ha ocHOBI cuctemu ZnS — Gd,S;
ZnS - GdySs | 7pS(3C) + A-Gd,S; 2,33 0,03-0,035 4000 +
10 mo11. %
ZnS - Gd:Ss | 7nS(3C) + ZnS(2H) 2,31 0,10-0,15 3000 +
5 mon. %
ZnS-Gd:Ss | 7nS(3C) + ZnS(2H) 2,30 0,18-0,20 2500 +
2 moit. %
Kommno3urtu Ha ocHoBi cuctemu ZnS — GdS
ZnS - GdS 2,16 0,23-0,30 11000 +
10 mo.% ZnS(3C)+A-Gd,S;
ZnS - GdS 2,17 0,40-0,50 12000 +
S vio. % ZnS(3C)+ZnS(2H)
ZnS - GdS 2,20 0,25-0,35 9000 +
2 o, % ZnS(3C)+ZnS(2H)
Ta6auus 9
OnrtuuHi napaMeTpy XaJIbKOLIMiHeJeH Ta MOKPHUTTIB 3 HUX
[Monixpucraniuauii Marepian TOHKOIUTIBKOBE TOKPHUTTS
XaJbKOLIIMiHETb
A2, MKM A1, MKM M, MKM n
Znln,Sy 28,6 0,48 0,48 2,53
Mnln,S, 27,8 0,72 0,48 2,55
CdIn,S, 30,8 0,55 0,54 2,60
Euln,Se, 44,4 0,54 0,57 2,64
CdGa,Sey 37,5 0,64 0,61 2,77
Znln,Se, 45,5 0,73 0,67 2,84
CdIn,Sey 45,5 0,80 0,68 2,86
EuGa,S, 25,6 0,50 0,35 —
Euln,S, 29,0 0,52 0,43 —
EuGa,Se, 37,7 0,50 0,39 —
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Ta6auns 10

Ontuko-eKcIuTyaraniiHi BracTuBocTi NOKpHTTiB 3 [TYM Ha OCHOBI XaibKOIIIiHENEH

TOHKOIUTIBKOBE TOKPHUTTSI
XanapKolline ExcrutyararttiitHi BIacTuBOCTi
IIb IToxa3HUK 3aJIOMJIEHHS PosciroBanns, % Mexaniuyna
o TepmocrilikicTb
MiIHICTE
YbsS, 2,35 0,03-0,04 5000 +
YbInyS, 2,6-2,9 0,03-0,04 3000 +
Mnln,S, 2,5-3,0 0,04-0,05 5000 +
ZnIn,S, 2,67 0,04-0,05 1000 +
EUIHZ S4 2’ 55 — — +

3aJMIIKIB MICNs BUIAPOBYBaHHS IOKa3ye, IO MpU
HaHeceHHI MOKpUTTIB (azoBuil cknan [IYM sikicHo He
3MiHIOEThCsI. CaMi K MOKpUTTS copMmoBaHi 3 (ropury
MarHiro i, 3T1IHO JIaHUX JIOKQJILHOTO
PEHTIEHOCTIEKTPAILHOTO aHali3y, MPaKTHYHO HE MICTSTh
¢rTopuny mroreniro. BcraHOBIEHO, IO  TOJOBHOIO
NPUYMHOIO TIOJNIMIIEHHS BIIACTHBOCTEH KOMIIO3UTHOTO
I[IYM nopisusiHo 3 [IYM MgF, € ycyHenHs 3 HBOTO
gomimkn MgO 3a paxyHok oOMmiHHOI peakmii 3
yrBoperHsiM LuOF.

3acrocyBannsi EuF; sk Jjeryrouoi n06aBku 10
IIYM Ha ocnoBi ¢ropuaiB meramiB. [HmuBimyanbHi
¢dTopuan MeTaniB 3 pI3HUX TPUYUH HE JIO3BOJISAIOTH
OJICpP)KYBaTH IOKPUTTA 3 HU3BKHMH  ONTHYHUMHU
BTpaTaMH Ta BHCOKOI MEXaHIYHOIO MIIHICTIO. Y NMaHii
po0OTI MOKa3aHO MOJKJIMBOCTI Ta IepeBark 3aCTOCYBaHHS
y skocti IIYM xommo3uuiii ¢ropuniB MetaniB 3
¢ropunom espomito (III), sxkuit cam Bonoxie peKOpIHO
BHUCOKHM cepel (TOpUIIB JaHTaHINIB 3HAYCHHIMH
ONTHYHMX 1 eKcIulyaramidHux mapamerpiB [13]. fx
BUTUTABAE 3 TAOJ. 7, IIOKPHUTTS CYTTEBO BiPI3HAIOTHCS 32
(ha30BUM CKJIaJOM BiI BHXIZHHX MarepialiB (a TaKoX i
BiJl 3aJIMIIKIB BiJ BUTIapOBYBaHH:). [lemo HecroaiBaHIM
€ OfIep)KaHHS PEHTreHOaMOpP(GHHUX MOKPHUTTIB Y BHMAAKY
CHCTEM, KOMIIOHEHTH SIKHX HE € CXWIBHUMH 10
cknoytBopennss (3a Bunsitkom HfF4). Tlokputrs Ha
ocHoBi cucrem EuF;-MeF, (Me-Mg, Al, Sc, Hf),
OYEBH/IHO, MICTATH NIeBHY yacTKy EuF; y cBoemy cknani,
npo 10 CBiI4aTh aHOMAJIBHO BHUCOKI 3HAYCHHS
mokasHuKa 3amomicHHs [14]. B mimomy, 3a cBoiMmH
ONTHYHMUMH Ta eKCIUTyaTalliiHUMH  BJIACTHBOCTSIMH
TMOKPUTTS,  OAepKaHi 3  KOMIO3WIIH, IOMITHO
MIEPEBUIIYIOTh AHAIOTIYHI IMOKPUTTS Ha OCHOBI IPOCTUX
¢ropunis meramiB s MOKPUTTIB HA OCHOBI CHCTEM
EuF;-MgF, (-AlF;, -HfF;), npuramanHe mnoexHaHHS
BUCOKOI ONTUYHOI IPO30POCTi (KOe]iLliEHT PO3CiFOBaHHS
Menmmii 3a 107%), Ta MexaHiuma MinHicTh (siKa
BiZINIOBiZla€ BUMOTaM MOKpUTTIB 0 Tpymu abo mepeBuInye
ix). Ilpomecw, 1m0 BiAOyBarOTbCS TIPU  OJCPIKAHHI
MOKPHUTTIB IUISIXOM TEPMIYHOTO BUIAPOBYBAHHS Y
BakyyMi Komro3utiB 3 EuF;, oOymoBineHi cradinizamieto
MIEBHOTO BAJCHTHOTO CTaHy METaliB Yy IOKPHUTTSIX Ta
3MEHIICHHSAM depe3 e aAedeKTHocTi (TOpPUAHMX
MTOKPHUTTIB.
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Kommno3utu Ha ocHoBi cucrem ZnS-Ln,S; (LnS).
Cepito 3pa3KiB KOMIIO3UTIB Ha OCHOBI 3a3Ha4EHHX
CHCTEM TOTYBaJIM 3 OKpeMux cyibdiniB (ZnS Ta Sm,S;,
Gd,S;, GdS) MerogoM — BHCOKOTEMIIEpaTypHOTO
TBepAodasHoro  cuHTedy.  OCHOBHOIO  (ha30BOIO
CKJIaZIOBOI0  NPOIYKTIB  CHHTE3y €  cdalepuTHa
momudikamist cympepiny wmmaka ZnS(3C) [15]. B
HEBEJIMKIH KIJIBKOCTI yCi 3a3Ha4yeHi Marepiaiyd MICTATh
ZnS(2H) Ta okcucynbdimu camapilo Ta TaJoJdiHII0
(Ln,O,S). MopenbHI TOKPHUTTS HAHOCHIA METOIIOM
TEPMIYHOTO BHMAPOBYBAHHS HA MIAKIAJKH 3 ONTHYHOTO
ckia K8 (o 20 mm). ToBmMHA HaHECEHHWX IUTIBOK
cranoBmna 0,85 MkM. 3rigHO AaHUX PEHTI'CHIBCHKOTO
JIOCHI/PKEHHS, OUIBINICTh 3 BHUIOTOBJICHHX IIOKPUTTIB
MICTHJIM KpHUCTaIiuHy CckiIaaoBy (ZnS). Ha nux xe
MOKPUTTSIX JIOCIIKYBaJIN eKCIUTyaTaliitHi
XapaKTCPUCTHKH (MEXaHIYHY MIIHICTh, BOJIOTOCTIHKICTb,
XIMIYHY CTIHKICTB), a TaKOXX BHBYAJIHM PO3CIIOBaHHS Ta
NPOIYCKAHHS CBITJIAa i BH3HAYaJlHM 3HAYCHHS MOKa3HHKa
3aloMJICHHS. [IOKPHUTTS MPakTHYHO HE MICTATh, KpiM
ZnS, ¢da3 inmmx cyne¢inie. HaBemeni B Tabxn. 8 mami
MOKA3yI0Th, IO MOKPUTTS 3 JESIKUX AocCHipkeHnx [1YM
ONTHUMAIBHO TOETHYIOTh JOCTATHHO BUCOKI 3HAYCHHS
MOKa3HUKA 3aJIOMJICHHS Ta MOPIBHIHO HHU3bKI 3HAYCHHS
koedillieHTa pPO3CIIOBaHHS 3 BHCOKOI MeEXaHIYHOIO
MIIHICTIO 1 € TEPCHeKTUBHUMHU I CTBOPEHHS Ha ix
OCHOBI OaraTomapoBux iHTep(hepeHIiHHUX TOKPUTTIB.
Cepen umx IIYM HaliOinpll MNEPCIEKTUBHUMH €
KOMIIO3UTH Ha OCHOBI CHCTEMHU
ZnS-GdS. fIx i y Bunaaky mogudikysanas [IYM MgF,,
3HAYHE [OKPAIICHHS BJIACTUBOCTEH IOKPHUTTIB 3
MOIH(IKOBaHOIO ZNnS TOSCHIOIOTHCS BIuTydeHHsIM ZnO 3
I[IYM 3aBmsku OOMIHHMM peakUisM 3 cynbdimamu
JIAHTAHUIIB.

binapHi XanbKOreHiaW, TMONMpH 3yCWUIsl 3 IX
Mo udikyBaHHS, MatOTh OOMEXEHHsI OO0 MOJIIICHHS
iX ONTHYHMX Ta eKCIUTyaralliiHux BiactuBocteil. Came
TOMY JOCHTIJDKCHHS OCTaHHIM 9acoM OyJid CIpSMOBaHi
Ha PO3pOOKY IUTIBKOYTBOPIOIOYHMX MaTepiajiiB Ha OCHOBI
CKJIQTHUX XaJbKOreHiNiB. OCHOBHUMH BUMOTaMH JI0 IIUX
MarepianiB Oynlu: BHCOKa TEXHOJIOTIYHICTH SIK MPOLECY
CHHTE3y, TaK i BUMAPOBYBaHHS, a TAKOX BHCOKI ONTHYHI
Ta eKCIUTyartauiiiHi mapamerpu. llum BuMoram cepen
3HAYHOL KUJIBKOCTI IOCHIIHKEHNX CKJIAHUX
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XaIbKOTEHI/IIB HAWMOBHIIIE BiAMOBIZAIOTH MOTPIiiHI
CIOJIyKH XallbKOLIMiHeNbHOTo ckiany MMY)X,, ne M —
JIBOXBaJICHTHUI Metal, 30kpema, Zn, Cd, Mn(II), Eu(Il),
Yb(Ill), mo wne wmae cmyr d-d-nepexonis; M'
TPBOXBAJICHTHUI MeTa, Haidactime, — Ga abo In, X —
xanmpkoreH, (S abo Se) [16]. Sk BuIUMBae 3 JaHUX
Tab1. 9, kaTioHHa ab0 aHIOHHA 3aMiHa HA BaYKUMI aHaJIor
(tobto Zn Ha Cd, Ga na In, S Ha Se) mpu3BOIUTH 10
3aKOHOMIPHOTO 3CYBY A; Ta A, y JIOBFOXBHJIBOBHH
Jiarma3oH; T€ X CTOCYEThCS W IMMOKa3HMKA 3aJOMIICHHS,
SIKUA 3pOCTae y TOMy 3K HampsaMmKy. Crocrepiraerscs
IIEBHA HEBIANOBIAHICTE MDK 3HAYEHHSIMH A, UIS
NOKPHUTTIB Ta BHUXIJHUX MarepialliB, 0cOOIMBO st
MnlIn,S,, CdIn,Se, ta EuGa,Se,, oueBuaHO, IIOB’s13aHE 3
BIAXWJICHHSIM BiJI KOHTPYEHTHOCTI BHUIIapOBYBaHHS.
Bu3HaueHHs ~ JTOBrOXBWJIBOBOI ~ MEXKI  MPO30pPOCTi
MaTepialliB MOKa3ye, M0 BOHA € 3HAYHO OLIBIION, HIXK
i ZnS (a oTxe, 1 A7 PO3TIISIHYTHX BHILE KOMIIO3UTHUX
MarepiaiiB Ha #oro ocHoBi). O0JacTe MPO30POCTI IUX
CIIOJYK HpOCTAraeThes Maiike 10 400 cm ' (25 Mkm), a i
MeXa JIMITYEThCS BAJICHTHUMH KOJHMBAaHHSMH 3B’SI3KiB
Me’-S [17]. OgmepkaHi 3 XaNbKOIITIHENEH MOKPUTTS

BOJIOIIIOTH ONTHYHUMHA Ta eKCIUTyaTalifHIMHA
BIIACTUBOCTSAMH, IO TICPEBUINYIOTH Taki ia ZnS
(tabn. 10). IIpore, BOHM TOKM MO HE 3HANIUIK

HIMPOKOTO 3aCTOCYBaHHs Y iHTep(hepeHIIHINA ONTHII.
Komnosutu ITYM y inTepdepenuiiiniii ontuui. 3a

ONTHUMI30BAHOI TEXHOJIOTIEKD OYJIO BUTOTOBJICHO CEPil0

3pa3sKiB  ONTHYHHX CJIEMCHTIB  CIEKTPOIOiII0BaYa

Transmittance, %

1560

1920

Waveiength, nm

a

Q.15

Q.10

.05

0n.on

Relatwe Emor

slalslalslalalanl
Layar Number

6
Puc. 3. CriekTpanbHi KpUBI MIPOIYCKaHHS

inrepdepenuiiinoro 14 cnekrpononintoBada (cipa
KpHBa — PO3PaxyHOK, YOpHA KpUBA — EKCIEPHMEHT)
(a) Ta pmiarpama BIJIHOCHMX MHOXHOOK y HaHECEHHX
TOBIIUHAX mapiB (0).
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(puc. 2) Ta BY3bKOCMYTOBOTO binpTpy 3
iHTepdepeHIiiHIMH TOKPUTTSIMUA HA OCHOBI KOMITO3UTIB
ZnS-GdS ta MgF,-LuF; [18]. 3a migknanku Oyiao B3sSTO
IUIOCKOIApaeNIbHI  KPY)Kallblld 3 IUIABICHOTO KBapIly
Mapku KI (@30mMm T1a TOBUIMHOWO OMM Ui
CHEKTPONOALTIOBaYa 1 TOBIIMHOIO 2 MM sl iibTpYy),
OoOHIBI CTOPOHM SKHUX OyJO BIIIONIPOBaHO (BEIHMYHHA

IIOPCTKOCTI Rz = 0,05 Mxm). Ioxpurrs IS
CIEKTPOIIOILTIOBAaYa CKIIAaeThcs 3 16 HaHeceHWX
JIENIeKTpUYHAX ~ MIapiB 3 BHCOKMM Ta  HHU3BKUM

MOKa3HUKAMH 3aJIOMJICHHS, SIKi TTOCIITIOBHO YePTYIOTHCS.
Take iHTepdepeHIliiiHe TOKPUTTS MpPHU3HAYCHE IS
BigOuBaHHs [Y BHUIPOMIHIOBAaHHS Y CHEKTPaJbHOMY
miamazoni  2,2-3,0mMkM  Ta  mpomyckanHs  [Y
BUIPOMIHIOBaHHS 3 JOBXHHOKW XBWiIi 1,2-2,1 MKM.
CroekTpanbHi ~ XapaKTePUCTHKH  EKCIIEPHMEHTATBHIX
3pa3kiB onTHYHUX eneMeHTiB Y crmekTpornoainoBaya,
SKi BUTOTOBJIEHO 3a ONTHMI30BAHOI TEXHOJIOTIEIO
mokasani Ha puc. 3a. Cmin 3a3HAYUTH, IO MOBHOTO
BUKIIIOYCHHS PO3ODKHOCTEH MK pPO3PaXOBaHUMH Ta
peaNbHHMH TOBLIMHAMHM [IapiB  OyJlo0 MPaKTHYHO
HEMOXJIMBO  JIOCATTH. 3a  paxyHOK  ONTHMi3amii
TEXHOJIOTil HAHEeCEHHS IUIIBOK I po30DKHOCTI OyIo
3BemeHO 10 MiHiMymy. [Jliarpama = po3paxoBaHHX
BIZIJHOCHUX MOXMOOK y TOBIIMHAX IIapiB BHUTOTOBJICHUX
MOKPUTTIB MokazaHa Ha puc. 30. (L[i po3paxyHku Oyno
3pO0JICHO IILIAXOM KOMII FOTEpHOT OOPOOKH BHMIPSIHUX
CHEKTPAIbHUX XapaKTePHCTHK 3pa3KiB). AHaJOTiYHUM
YHHOM OyJIO ONTHUMI30BaHO TEXHOJIOTII0 HAaHECCHHS
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Puc. 4. CriekTpaibHi KpHUBI POy CKaHHS

iaTepdepenmiitnoro 14  ¢inmeTpy (cipa KpuBa
pO3paxyHOK, HOpHa KpWMBa — EKCIIepHUMEHT) (a) Ta
Jiarpama BiJHOCHUX HOXHMOOK Y HAHECEHHX TOBIIMHAX
mrapis (0).
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IUTIBOK Ha  eKCIIEpUMEHTaJ bHI 3pa3Kd  ONTHYHUX
enemenTiB Y ByspkocMmyroBux ¢ineTpiB. I[lonsiiinuit
(hIIBTpP CKIIAAAETHCS 3 ABOX YBEPTHXBUIILOBUX CHUCTEM 3
PO3IITIOIYNM BHCOKO3AIOMJIFOIOUMM [IAPOM MOJBIHHOT
TOBIIMHU. MiX IIMMH JJBOMa CHCTEMaMH PO3TalllOBaHUM
YBEPTHXBWIBOBUI [Iap 3 HU3BKUM  MOKa3HUKOM
3ajomiieHHsl.  Take  iHTep(epeHLiiiHe  MMOKPUTTS
npH3HaUeHe Ui mpomyckanHs [Y BUMpOMiHFOBaHHS 3
JTIOBKUHOIO XBHIII Aoy = 1,9 MKM. OTprMaHi crieKTpaibHi
XapaKTepUCTUKK HaBelAeHO Ha puc.4a. Jliarpama
pO3paxoBaHUX BiAHOCHHX MOXHWOOK y TOBIIMHAX IIapiB

BUTOTOBIICHHX 32  YJAOCKOHAJICHOIO  TEXHOJIOTIIO
MOKPUTTIB MpEACTaBIeHa Ha puc. 40.
Crmig  3a3HauuTH, WLIO T[OKPHUTTS, sKi  OyIno

BUTOTOBJICHO 32 OITUMI30BaHOIO TEXHOJIOTIEI0, TIOKA3aIN
BUCOKY MEXaHi4uHy MilHIicTh. 30Kpema, OaraToiapoBuit
CIEKTPOIIOALTIOBAY MiJi Yac BUIPOOYBAaHHS Ha TEpPTS
ButpuMaB 20000 oGepriB Ha mnpunagi CM-55, a
By3bKOCMYTOBHH iHTepdepeHuiianii ¢inetp — 14000
00epTiB, 110 3HAYHO MEPEBHIIYE MOKA3HUKH MEXaHIgHOT
CTIHKOCTI CTaHJAPTHUX HOKPHTTIB.

MPOTHO3YBaHHA KOMIO3UTHUX I[IYM Ta mnpuHUMIOBO
HoBux IIYM Ha OCHOBI CKJIQJIHUX CIONYK Ta
3alpOIIOHOBAHO  KPUTEPii OCHOBHOCTI CIOJYK JUIst
OLIIHKH 1X 3[IaTHOCTI 10 IOHOPHO-aKI[EKTOPHOT B3a€MOIi1
Ta OOMIHHUX peaKIii.

2. AnpoboBano CHUHTE30BaHi CHOTYKHU Ha
MPUIATHICTh x BUKOPHCTaHHSI B poi
IUTIBKOYTBOPIOIOUHX MarepianiB. JlociaiUkeHO onTH4YHI
Ta  eKCIUTyaTalliiHi  XapaKTEepHUCTHKA  HAHECEHHX
IUTIBKOBUX  TOKPHUTTIB, a TaKOX  ONTHMi30BaHO
TEXHOJIOTIYHI ~ PEKUMH HAHECCHHS IIOKPHUTTIB Ha
MOBEPXHIO ONTUYHHX EIIEMEHTIB.

3.Ha OCHOBI po3pobieHoro HaMH
cxinagnookcuaHoro I[IYM Sm,Ti,O; Ta TpamumiiHOTrO
ITYM SiO, po3paxoBaHO KOHCTPYKIIIO 0aratonapoBoro
BiZIOMBArOYOro MOKPHUTTSL. Burotosneno
SKCIIEPHUMEHTAJIbHI 3pa3Ku J3¢pKaj 3 HU3BKAM DiBHEM
ontuyHux BTpat Ans He-Ne nasepa.

4. BUTOTOBIICHO eKCIIePUMEHTANBHI 3pa3Ku
ontryHUX [Y crekTpomointoBaya Ta By3bKOCMYTOBOTO
¢inbTpy 3 po3pobnennmu Ha ocHoBi ITYM ZnS-GdS Tta

Bucunosku

MgF,-LuF; iHTepdepeHITIHHNTMEI MTOKPUTTSIMH,
MeXaHI9YHa MIIHICTh SKAX Ha TMOPSIOK IEPEBUILYE
MIIHICTD aHAJIOTIYHUX TMOKPHUTTIB 13 3aCTOCYBaHHAM
cragaapTHux [TYM.
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A concept of prognostication and modelling of film-forming materials (FFM) for interference optics based on the
stabilization of the valence state of metals due to chemical interaction between components, was proposed. A series
of principally new or modified FFM was developed, that made it possible obtaining of coatings with superior high
transparency and mechanical durability. High-efficient interference coatings on their basis for IR spectral divisor and

IR filter were created.
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