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Ao 80-piuus
610 OHS HAPOOXKeHH S

[lerpoB BsiuecnaB BacuiboBuu — akanemik HAH Ykpainu, gokrop tex-
HIYHUX HayK, npodecop, 3aciayXeHud nisd HAyKH 1 TEeXHIKH YKpaiHw,
naypeat [epkaBHoi mpemii YKpaiHH B Tady3i HayKd 1 TEXHIKH, TpeMmil
Kabinery MinicTpiB Ykpainu 3a po3poOJjeHHS 1 BIIPOBaHKEHHS iHHO-
BaniHux TexHonorii, mpemiii HAH VYkpainm imeni C. O. JlebeneBa Ta
B. M. I'mymikoBa, 3aCHOBHUK 1 He3MiHHHI IupekTop [HCTUTYyTYy mpobiiem
peectpanii indopmanii HAH VYkpainu Bin wacy ioro 3acHyBaHHS 1 10
CHOTOJIHI.

[Ipupoana sxara a0 3HaHb, HEOAWTYXKICTh A0 HAaBKOJWIIHBOTO, HE-
CTpUMHE Oa)kaHHsI Mi3HATH ILe HEeli3HaHe 1 3pOOMTH HOTO KOPUCHHUM JUIS
JI0AEH BU3HAYMIN JKUTTEBUH IIIsAX BAuecnaBa BacuiboBuda, HUISIX yde-
HOTO, YUeHOro 3 BeNmuKoi jitepu. Ha pi3HUX eTamax HayKOBOi AisUTHHOCTI
B. B. IlerpoBa ioro AociipkeHHS MiATPUMYBAJIHCh 1 BUCOKO OIIiHIOBa-
aucst HoOeneBcbkuMu saypeatramu M. I'. BacoBum, O. M. IlpoxopoBum
1 XK. I. AnpropoBum.

Bumiy ocsity B. B. IletpoB onepkaB y XapKiBCbKOMY MOJIITEXHIYHO-
My IHCTHTYTI, I i€ B CTYACHTCHKI POKH MOYaB 3aiiMaTHCs HAyKOBOIO PO-
00TOr0 B JTabopaTopii EJIEKTPOHHOTO MOJEIIOBAaHHS, B SIKiH B iHTEepecax
IIPOMHCIIOBUX ITiIIPUEMCTB 1 Tay3ei MPOBOIIIINCS JOCHTIKSHHS 3 eJIeK-
TPOHHOT'O MOZEJIOBAHHS CKJIAJHUX HETIHIHHUX TUQEpPeHLiHHUX PIBHSHB,
SIKi OMTUCYBaJIH, 30KpeMa, TWHAMIKY eJIeKTPOIPUBOIIB TETUIOBO3IB i eJeK-
TPOBO3iB, OCOONHMBOCTI AWHAMIKH PyXy 3alli3HWYHHUX EIIENIOHIB 3 ypaxy-
BaHHSM 0araThOX HEJIIHIMHUX mapaMmeTpiB. Y jabopaTopii akTUBHO TIpa-
LIOBAB CEMiHap, Ha SKOMY OOrOBOPIOBAJIMCS HANPSIMU Ta PE3yJIbTaTu Hay-
KOBHUX JociijkeHb. Ha omHomy i3 3acizanp ceminapy B. B. IlerpoB Bu-
KJIaB 1JI€10 CTBOPEHHsI IIBHIKOMAIIOYHMX 3araM’sITOBYIOUMX HPUCTPOIB Ha
MaTPHISIX Pe3UCTOPiB. [eto Oylio cxBajeHo Ta miATPUMaHO, BUTOTOBJIECHO
IiI0unii MakeT Takoi MaTpHlli, OTPUMAHO aBTOPCHKE CBIOLTBO HA BHHA-
Xij. Xoda 3alporoHOBaHA Ta peali3oBaHa iies Jiexana JCII0 OCTOPOHB
OCHOBHOTO HampsMy JOCIHiJKeHb Jaboparopii, MpoTe BOHA B MOJAIBIIO-
My 1 BU3HAUMIJIa HAIIPSIM HayKOBOT'O XHUTTS akaznemika B. B. Ilerpoga.



HocnigkeHns 3a 3a3HaueHo0 TeMatukoro B. B. Ilerpo mponosxus B [HcTHTYTI
kibepuetnku AH YPCP, no acmipantypu sikoro BctynuB y 1964 pomi. ¥V crucmi
TEPMIHHM BiH TMPOBIB JOCII/PKEHHS 31 CTBOPEHHS KOOPJMHATHUX 1 acOI[laTMBHUX
3amam’ITOBYIOUMX MPUCTPOIB HA MaTPHUISX Pe3ucTOpiB. bByno Bu3HaueHO KpuTepii
peaitizamii IpUCTPOiB, pO3PaxOBaHO iXHI OCHOBHI TEXHIYHI XapakTepucTuku. Crar-
TIO 3 pe3ynbTaTami Iiiel podotn akanemik B. M. I'mymkoB npencraBuB ass myoiti-
kamii y xypHaii «Jlonosini AH YPCPy». Jlocnimkenns B. B. IlerpoBa cripocToBy-
BaJIM YCTaJIeHy B HAyKOBUX KOJIaX JYMKY, IO Ha PE3UCTHBHUX MATPHUIIIX MOXYTb
OyTH peanizoBaHi MOCTIHHI 3amaM’ ITOBYIOYi MIPUCTPOI JIUIIIE MaJIoi EMHOCTI.

VY 1968 poui B Incruryti kibepuernku AH YPCP B. B. [letpoB 3axucTuB KaH-
OUIATCBKY IucepTalilo «Pe3ucTuBHBIE MaTpUIBl U HEKOTOPBIE WX NPUMEHEHHS
B BBIYMCIIUTEIBHON TexHUKe». Po3nodamucs poOoTH 3 peanizauii MaTpulb pe3uc-
TOPIB Y MIKpPOEIECKTPOHHOMY BHMKOHAHHI. 3HAMCHHHM CTaB To4yaToK 1968 poky,
KoJIM 10 IHCTHTYTy KiOepHETHUKH 3BepHYyJacs rpyla HayKOBLIB [HCTUTYTy HamiB-
MPOBITHUKIB, SSIKUMH POKHU 30 JIBa J0 BOTO OYB BinKpUTHH €(PeKT (HOTOUyTINBOCTI
TOHKOIUTIBKOBHX CHCTEM HAaIliBIIPOBITHUK-METAN, 3 TPOXAHHIM IPOAHAI3ZYBATH
MOYJIMBICTh 3aCTOCYBaHHS 3a3HaueHOro e(eKTy B 00UMCItOBaIbHIN TexHimi. Ocki-
JIbKY TOBIUHA IUTiBOK ctaHoBmia (0,02—0,05 MKM, CTaI0 OYEBUIHUM, 1[0 HA TAKOMY
CBITJIIOUYTJINBOMY Marepialli MOXXHa 3apeecTpyBaTH 300pakeHHS 3 pO3Mipamu
B JIECATI, Ta HaBITh COTHI JIoJi Mikpomerpa. CHiIbHO 3 aBTOpaMu BiIKpUTTS Bsiue-
cnaB BacunboBrY po3noyaB iHTEHCHBHUH MOIIYK HOBHX CHCTEM HAIiBIPOBIIHHK-
MeTaj i BUBYCHHS IXHIX ONTHYHHX 1 CIIEKTPAIbHUX XaPaKTEPUCTHUK. 3 TOUKU 30pY
3aCTOCYBaHHS IMX CHCTEM B OOYHCIIOBANBHIN TEXHIIl HAYKOBIIB HAHOUIBIIIE ITiKa-
BWJIM MTUTAHHS, SIK i/l BIULIMBOM ONTHYHOTO BHUIPOMiHIOBaHHS 3MiHIOIOTBCS XiMi4HI
BJIACTHBOCTI, fka XiMiyHa Ta (Di3MYHA CTIHKICTh HOBHX XIMIYHUX 3’€JIHaHb, IO
YTBOPHWIINCS T/ JI€F0 CBITIA.

3a ABa POKM IOCHIJKEHb, MiJ 4Yac SKUX OyJO CHHTE30BaHO Ta JOCIIIKEHO
TUCSIYl BapiaHTIB CHCTEM HaIliBIPOBIAHUK-METaJl, COTHI PO3YMHHHUKIB, OTPHUMAaHO
JeCATKY MATeHTIB Ha BUHAXO[H, HAPOJAUBCS HOBUM HAIIPSIM y Haylli — HEOpraHiyHa
¢doromitorpadis. 3a JOMOMOrOK KJIACHYHOI ONTHKH OYJIO BUTOTOBJICHO METaJIeBI
CTpiUKH IIMpPUHOIO Onm3bko 0,5 MKM, eleMeHTH 3amucy iHdopmanii 1 300pakeHb
3 po3Mipamu eneMeHTiB 0,2 MKM, a Ha SIIOHCBKOMY CKaHyBaJbHOMY €IEKTPOHHOMY
MIKPOCKOITI €KCIIEPUMEHTAIBHO BIIEPIIE B CBITI OTPUMAHO 300paKEHHS 3 pO3Mipa-
mu 0,05 mxM. Lle OyB cnipaBkHil MPOPUB y Taldy3b MIKpOEIEKTPOHHHUX TEXHOJIOTiH
3 po3MipamMH €JEeMEHTIB MeHIIe HiK 1 MKM. 3a LMK LOUX JOCTIIKEHb KOJEKTUB
HAyKOBIIIB OTpuMaB mopiuHy npemito [Ipesunii Axagemii nayk CPCP «3a ¢ynna-
MEHTaNbHI JTOCII/IKEHHS B TaJTy31 MiKpPOCIEKTPOHIKUY.

TexHOIOTiI0 CTBOPEHHS €JIEMEHTIB 3 po3MipaMu MeHIe | MKM OyJi0 BU3HAYE€HO
K CyOMIKpOHHY, OJJHAK ITi3HiIlle PUHHIN TePMiH «HAHOTEXHOJIOTIA», IKUH 1 BU-
3Ha4Ya€ TEXHOJIOTII0 CTBOPEHHS eJIeMeHTiB 3 po3Mipamu merme 200 HM.

BpaxoByloun akTyanbHICTH 1 BaKIMBICTh BUKOHAHUX poOIT, JlepxkKoMmiTeTom
CPCP 3 Hayku i TexHiku 3a nmogaHHsM [HctuTyTy Kibepretnku AH Ykpainu Oyio
BUJIEHO J0JaTKOBe (DiHAaHCYBaHHS Ha PO3TOPTAHHS JOCTI/KEHb 3 HEOPTaHIdHOI
¢doromitorpadii. 3’siBunacs peanbHa MOXJIHMBICTH PO3BHTKY HOBOTO HAyKOBOTO



Hanpsmy. B 1970 poui Oyi0 cTBOpeHO 1a00paTopito MiKPOEIEKTPOHIKH 31 IITaTOM
25 4omnoBik, sky odonuB B. B. Ilerpos, npuadano HeoOXiqHe ISl TPOBEICHHS €KC-
MEPUMEHTIB 00J1aTHAaHHS — MIKPOCKOIIH, JIa3epH, BAKYyMHE 00J1aIHaHHS TOIIIO.

B. B. IleTpoB BUCYHYB i[Ief0 CTBOPEHHSI ONTHYHOTO JTUCKA 33 aHAJIOTIEI0 3 yXKe
ICHYIOYUMMH MarHiTHUMH AMCKaMH, aJDKe peajli3alisi ONTHYHOI'0 HAKONHWYyBauda
iH(pOopMarIii 3 po3MipamMu eleMEeHTIB 3allMCy MEHII HiX | MKM JlaBaia 3MOTy PeecT-
pyBaTH Beian4e3Hi o0csaru iHpopMmarii.

Po3novanuck iHTEHCUBHI TOCTIKEHHS 31 CTBOPEHHS ONITHYHUX HAKOIMHYYyBaYiB,
OyJ10 po3po0IIeHO HU3KY MAaKeTiB, HA SKUX 3MIMCHEHO 3amuc iHpopMaIlii Ha ONTHY-
Hill JOpiXIi mHUpHHOIO On3bko 0,7 MKM, Y TOMY YHMCIIi 3amuc 3BYKY Ta HU(POBOi
iHpOpMalii, 10 eKCIePUMEHTAIIFHO MIATBEPIUIIO PEANTbHY MOXKIHMBICTE CTBOPEHHS
ONTUYHHUX CHCTEM peecTpariii iHpopmarrii.

Bu3HayampHUM JIISL TTOIAIBIIOTO PO3MIMPEHHS JIOCTIKCHb 3 ONTHYHOTO 3aIld-
cy inpopmanii craB 1970 pik. Ha 3aciganni Ilpesunnii AH YPCP Oyna 3acimyxana
noroBip akageMika I'. €. IlyxoBa mpo po3BHUTOK poOIT 3 €IEKTPOHHOTO MOJIe-
moBaHHSA B [HCTHTYTI KibepHeTmku. byma opranizoBaHa BHCTaBKa poO3poOJIEHHX
MalluH 1 OOYUCIIOBAILHUX KOMIUIEKCIB, Y TOMY 4YHCJIi MakeT ONTHYHOTO 3a-
nam’ITOBYI04Or0 PUCTPOIO Ta MIKPOCKOII, Ha SKOMY JIEMOHCTPYBAIHCh €IEMEHTH
3anucy iHopmarii, mupuHa sikux Oyna MeHmie Hixk 1 M. Lleil excioHaT myxe
3anikaBuB wieHiB [Ipe3unii, ocoommso IIpesunenra AH YPCP akanemika b. €. I1a-
TOHA, SIKWH 3’COBYBaB yCi AeTalli, iKaBUBCs (i3UKOIO MPOLECy, pealbHUMU MOXK-
JIUBOCTSMHU CTBOPEHHS cHcTeM 30epiranHs iH(opmarii, a TaKoX MTUTaHHSAMH, YU €
peanbHa 3aIiKaBIeHICTh Y MPOMUCIIOBOCTI, Y TTOTPiOHA JOIIOMOTA 1HIIUX IHCTHUTY-
tieB AH YPCP.

JocnigkeHHs iHTEHCUBHO MPOAOBXKYBAJMCS, OyJI0 OJEep)KaHO BaXIIUBI pe3ysib-
TaTH 3 OTPUMAHHS HENTIHIHHAX PEeECTPYBAIBbHUX MaTepialiB i3 3aJaHIMH XapakKTe-
puctukamu. CTBOpPEHHS MaM’ATi Ha ONTHYHHUX AMCKaxX MOYajo CTaBaTH MpPaKTHY-
Hoto peanpHicTio. [Ipo 1me B. B. IlerpoB neransHo mnpoindopMyBaB akageMika
B. M. I'mymikoBa, SKWif B Ti pOKH aKTHBHO 3aliMaBCsi CTBOPEHHSM 3arajibHOJIepKaB-
HOi CHCTEMH aBTOMAaTH30BaHOTO YIPABIIHHS Ta CHCTEMH KOJEKTHBHUX OOYHCIIIO-
BaJIbHUX LEHTPIB. [1es CTBOpEHHs riraHTChKO1 Ha Ti YacH mmam’ATi Horo 3almikaBuia.
B. M. I'mymxos 3ampornonyBaB B. B. IlerpoBy momoBicTé mpo pe3ynbTaTH poOiT
cuiBpobiTHHKY ['eHepanpHOTO mTaly, SKHH KOOPAWHYBaB POOOTH 31 CTBOPEHHS
MEPCIIEKTUBHOT O0UMCITIOBAILHOT TEXHIKH, 1 OpraHi3yBaB IXHIO 3yCTpid.

VY TOl "ac cTBOprOBajacs cucreMa KpyHnHOCEpiifHOro BUpOOHUIITBA OOUUCITIOBA-
JFHUAX MAIlliH, HeoO0XiaHO Oyio 3a0e3meunTr cydyacHe BUPOOHHUIITBO HOBOI O0O0UHC-
JIIOBAJIbHOI TEXHIKHM, 1 3ajlaya moJjisiraja B TOMY, IIOOM 3acO0M OOYMCIHOBAIBHOT
TEXHIKU OYyJIM OCHAIEHI Cy4aCHUMH PO3POOKaMHU — BiJf CTBOPEHHS MaTeMaTHYHOrO
3a0e3MeyYeHHs] O CTBOPEHHS CHCTEM, KOMIUIEKCIB, y TOMY YMCIi 30BHIIIHIX 3a-
nam’ITOBYIOYMX PUCTPOIB.

Ockinbky, Ha TYMKY NpEACTaBHUKA I'CHIITA0Y, CTBOPEHHS DALY HMOTYXHHX CY-
YaCHUX OOYHMCIIOBAIBHUX MAIIMH 3BHYAiHO X NOTpeOyBaTHME CTBOPEHHS W BENU-
KHX 3armaM’ ITOBYIOUHX TIPUCTPOiB, BiH opraHizyBaB 3yctpid B. B. [lerpoBa 3 I'ene-
paJibHUM KOHCTpYKTOpoM €aunoi cuctemu EOM O. M. JlapioHOBUM, KEPIBHUKOM



HEIIOJaBHO YTBOpeHoro HayKoBO-JOCHIZHOTO LEHTPY €JIEKTPOHHOI OO0YHCIIIO-
BaibHOI TexHiku (HLIEOT). ['enepansHOTO KOHCTpYKTOpa €nuHoi cucremu EOM
Ta KepiBHUKa BinginenHs B. I'. MakypoukiHa, sike BUKOHYBaJlo poOOTH 31 CTBO-
PEHHS 30BHIIIHIX 3amaM’sITOBYIOYMX HPUCTPOiB, i OCHOBHI 3yCHJUIL Ha TOW dHac
Oyio crpsIMOBaHO Ha CTBOPEHHS HAKOIMYyBayiB HA MarHiTHUX IOHCKaX €MHICTIO
7,25 MOaiT, gyxe 3amiKaBWJIA HAMPSMOK TOCTIKEHb 1 OTPUMaHi pe3yibTaTH 3i
CTBOpEHHSI ONTHYHUX HAaKONMM4YyBadiB iHpopmarii. Byno mocrtaBneHo 3aBnaHHs
CTBOPUTH HakomuuyBau iHpopmamii, SKMH 3a MBHUAKICTIO 3amucy Ta (opMaToMm
MIpEICTaBIIEHHS JaHUX OyB OM CyMICHMUM 3 HaKONMUYyBa4aM{ HA MarHiTHUX JTUCKaX,
a 32 EMHICTIO MepeBUIyBaB O iX y coTHi pa3iB. B. I'. MakypoukiH, sikuit Ha 6ararto
POKIB CTaB KypaTopoM pO3poOKH, Ti€l0 3B’SI3yI0UOI0 JAHKOIO 3 IPOMHUCIIOBICTIO, sIKa
KOHKpeTH3yBajia 3aladi, CHpsSMOBYBaja PO3POOKH B PYycCJIO KOHKPETHHX HOCIi-
JDKEeHb, 0JIpa3y MocTaBuB nuTaHHs pyoOa: Hiskux HIP, ogpazy JIKP, pik Ha po3po0-
Ky TEXHIYHOTO 3aBJIaHHs, MapaMeTpd — €MHIicTh 2,5 ['0aliT, mWBHAKICTH 3amu-
cy/3untyBaHHs 806 x6it/c. [ me 1975 pik!

PobGotu 31 cTBOpPEHHS CHCTEM ONTHYHOTO 3aMucy iHGopMallii cTpiMKO pO3BHUBa-
nuck, y 1976 poui Ha 3aciganni [Ipesunii AH YPCP B. B. IlerpoBum crinbHO 3
akagemikom I'. €. [lyxoBum Oyna 3pobinena gomnosins «lIpo cran i mepcnekTHBH
po3Butky B AH YPCP pocmimkenp y ramy3i CTBOPEHHsS ONTHYHHX 3aram’siTo-
BYIOUMX IPUCTPOIB BEIUKOI EMHOCTI», pe3yJIbTaTOM SIKOi cTana mocraHosa [Ipe3u-
nii AH YPCP Bix 11.11.1976, B sikiii Big3zHavanacs Ba)JIMBICTh 1 MEPCIEKTUBHICTh
nux pociimkenb. Ha 3acimanni [Ipesunii AH YPCP 3 BuCOKOIO OIIIHKOIO IepCIIeK-
THB IIUX poOIT BUCTYNHB akajgemik B. M. ['mymikos.

1976-1977 poku Oynu caMHMH IUTIIHUMH, TeHEpyBajacs Maca HOBHX iJeH 3i
CTBOPEHHSI ONTHYHMX AMCKIB BEJIHMKOi €eMHOCTi. HapomxkyBanucs inei aepocraTny-
HOT'O IITHHJCIS, aepOCTATUYHOT KapeTKu JUIs TepeMilieHHs] 00’ €KTHBa, M0 Jalio
MOYJIMBICTD OAEPKATH MEPEMIlICHHS 3 TOYHICTIO TOPSIKY ACCATHX 1 COTHX 4aCTOK
Mmikpometpa. [IpoTsirom poky OyB po3potOusienwii 1 3axuiuenuit y HAITEOM rtexHiu-
HUHM npoekT. Po3poOKy cnpuilHsIM 3 BeMUKUM eHTy3iazmMoM. Lle Oyio He nuBHO,
OCKUTBKHM Ha TOW yac y >KOJIHIHM KpaiHi CBITY JOCIHIPKEHHS 3 ONTUYHOrO 3aMHCy iH-
¢opmallii Ha TaKOMY PiBHI HE TPOBOJHIIHUCE.

VY 1976 poui B ouomoBaniii B. B. IlerpoBum mixkrany3esiii tabopaTopii po3mo-
yaiach po3po0Ka ONTHKO-MEXaHIYHOTO 3amaM’ ATOBYIOUOTO MPUCTPOIO HA 3MIHHHUX
ONTUYHUX auckax emuictio 107 0iT, siKa MPOBOMJIACS BIJIMOBIIHO JIO CHIJILHOTO
Haka3y Minictpa pagionpomucioBocti CPCP i Ilpesunenta Axanemii nayk YPCP
Bix 23 ciuas 1976 p. No 19/42. OnTtuko-MexaHIYHOMY HAKOMHYyBady OyJjio MpH-
cBoeno mudp €C 5150 (3minHOMY onTuuHOMYy AucKy emuicTio 10" 6it — €C 5350).
Bin pasom 3 MoaudikoBaHUM NpHCTpoeM KepyBaHHsI €C 5566 MaB BHKOpPHUCTO-
BYBaTHCh K TMPHUCTPil 30BHIMIHBOI mam’saTi B Moaensx EOM €nuHoi cucremu
«Psn-2». T'0onOBHUM KOHCTPYKTOPOM ONTHKO-MEXaHIYHOTO 3araM’ STOBYIOYOTO
HakonuuyBada €C 5150 OyB npusznauenuii k.1.H. B. B. IlerpoB. CTBOpeHa mmupoka
Koorepailisi 3 po3poOKH Jia3epiB, MOAYISATOPIB, MaTEeMaTUYHOTO 3abe3leueHHs,
¢oTonpuitmMadiB, ONTHYHUX CHUCTEM 1 By3JiB 1 0araTboX iHIINX €JIEMEHTiB. 30Kpema,
32 TeXHIYHMMHU 3aBIaHHsAMHU Jjis HakonuuyBaua €C 5150 ma HBO «Ilomtocy



(M. MockBa) Ta YIIBSHOBCBKOMY palliojlaMIIOBOMY 3aBOJi pO3pOOJISIBCS Ta BUTOTO-
BIISIBCSL TBEPJOTUIBHMIA Ja3ep 3 MoaBoeHHAM dYactoTH, Ha HBO «llomspon»
(M. JIbBiB) 1 Psi3aHCBKOMY €JIEKTPOJIAMIIOBOMY 3aBOJIi — ra30Bi aproHOBI Jia3epH,
Ha BO «KBapuy (M. Uepniui) Ta BO «Boctok» (M. HoBocubipcbk) — cneniaibHi
KkpemHieBi hotonpuiimaui, Ha BO «3aBox Apcenam» (M. KuiB) — onTuuHi cuctemu
Ta By3/H. | 11e TUTbKM OCHOBHI KoMmIutekTyroui. Ha Kam’saenp-IloginecpkoMy 3aBo-
ni «Enexkrponpuiiany, sikuii OyB BH3HAYCHWMA JOCTIIHUM 3aBOJOM JJISi OCBOEHHS
ontuyHOro Hakonuuysaya €C 5150, 3aiiicHioBanucst po3podka KOHCTPYKTOPCHKOT
1 TEXHOJIOTIYHOI JOKYMEHTAIII1 1 M ATOTOBKA BUPOOHUIITBA HAKOITUIYBaUiB.

Y 1986 pori micisi BUTOTOBJICHHS JOCTIHUX 3pa3KiB HakomuuyBada €C 5150
Oynu ycminHo nposezeHi JepikaBHi BunpoOyBaHHs. BupoOHULITBO HaKoM4yBadiB
posnouasin Ha Kam’siHens-Iloninecekomy 3aBoni «Enextponpunamy s nmonaib-
101 KOMITICKTAIlli HIMH MTOTYKHUX o0uncroBansHuX MamuH cepii €C. IIpoTsarom
1987 poxy Oyno BUTOTOBICHO TpUAUATH HakomuuyBauiB €C 5150, sxi TpuBammii
Yac BUKOPUCTOBYBAIUCH Y JOCIITHINA eKCIUTyaTalii Juis 30epiranas TaHuX CercMo-
po3Binku ycranoBamu Minicrepctsa reosorii CPCP.

[IIBuaKe 3pocTaHHS KiIBKOCTI IEPCOHANBHUX KOMIT I0TEPIB, IXHE MIMPOKE 3aCTO-
CyBaHHs B Pi3HUX c(epax XKHUTTEMISUIBHOCTI, B TOMY YHCII HA PyXOMHUX 00’€KTax,
BUMAarajo CTBOPEHHS 3alaM’sTOBYIOUMX NPHUCTPOIB, sIKi OM HamiiHO MpalioBaln
yMoBax BiOpamiid, nepeHaBaHTaXeHb. bByJi0 3alpoOMOHOBAHO OpPUTIHANBHY iJCIO
CXEeMH Ta TeXHOJOrii moOymoBH cHCTeMH 3amucy iHpopMalii — BUKOPHCTaHHS
MWTHIPAYHOTO Hocig iH(popMarii i ONTHYHOI CHUCTEMH PiIUHHO-IMEpCIHHOTO
3aImcy.

HuninapuuHuii HOCiH iHQopManii obepTaBcst Ta MepeMillyBaBcsi BiTHOCHO OCi
(oxycyrodoro o0’eKTHBa B PiiMHI B MWIHApHYHIN Hanpasmsarodid. [lix gyac obep-
TaHHS HOCISI YTBOpIOBaJacs TiApOAMHAMIYHA OIOpa, AKa 3abe3rnedyBayia HOCIIO
iHpopMaIii mpane3saTHICTh B yMOBaX 3HAYHHUX NPUCKOPEHb, MEXaHIYHHX KOJH-
BaHb 1 HaBaHTaXeHb. KpiM TOro, po3MillleHHS PeecTpyBaJbHOTO CEpPEeJOBHUINA BCe-
penuHi repMeTHYHOT HOPOXKHUHM HOCIS BUKJIIOYAJIO BIUIMB Ha HHOTO OTOYYIOHOTO
Cepe/IoBHUIla, a PO3MIIICHHS HOCIS B PiUHI BUKJIIOYAJIO BIUIMB MEXaHIYHUX II0-
LIKOJPKEHb HOT0 30BHIIIHBOI MOBEPXHI HA MPOLIEC 3aKCy/BiITBOPEHHS iHpOpMaii,
0, B CBOKO 4epry, 3a0e3revyBajo BHCOKY HAIIMHICTh 1 TpHUBalIMil TepMiH 30epi-
ragag iHdopmarii. IMepciiiHa onmThyHa cucTema 3amucy 3abe3nedyBana 3HAYHE
MiJBUIICHHS anepTypu o0’ €KTHBA i, BIIMOBIJHO, CYTTEBE MiJBUINECHHS M[IIBHOCTI
3anucy iHdopmariii.

VYci opuriHanbHi i€l 1 TexHIUHI pileHHs OynHM 3aXWIEH] HU3KOI aBTOPCHKUX
ceigours CPCP. Koy nepiini 3assBKM Ha BUHAXOJW 3 ONTHYHUX IMIIHIPIB MOYAIH
noctynatu 1o Kowmitery y cnpaBax BHHAXOiB, HUMH JyXe 3amikaBuBcs ['oyoBa
Kowmirery, sxuit Bucnosus lIpesnnentry AH YPCP akanemiky b. €. Ilatony cBoro
JTYMKY, TII0 ONTHYHI IMWIIHAPYA — KpaIuil BUHAXI Y Tally3i eIeKTPOHIKH 3a 0arato
JEeCATUIIIT, KA HEOOXiIHO 3aXMCTHTU B yChOMYy CBiTi. [linroroBneHo OJIM3bKO
30 mareHTiB, siki Oynu HajicnaHi 10 28 KpaiH cBity, moHayn 600 3asBOK Ha BUHAXO-
1 — 10 27 KpaiH cBiTy, i1 6araTo 3 HUX Oynu mpuifHATI. Byno 3apeectpoBano moHaz
10 matentiB CLIA.



Po3poOka manorabapuTHOro HakonmuuyBada iH(opmauii BHKOHyBamacsi BiAIo-
BiTHO 110 Haka3zy MinictepctBa pamionpomucioBocti CPCP Bixg 31.01.87 p. Ne 171.
Momy Ta mumisgpuasOMy HoCio iHpopMaii 6yno npucsoeno mudpu €C 5350 ta
€C 5353 BignoBigHo. ['0OIOBHUM KOHCTPYKTOPOM pO3pOOKH OyJ0 MpHU3HAYEHO
B.B. IlerpoBa. HakonnuyBau mpusHavaBcs il poOOTH y CKIaAi NEPCOHAIBHUX
EOM (3okpema, €C 1841) y cepenosuii omnepartifinoi cucremMu M-86. DaxiBIisaMu
HBO «Jleninens» (M. Cankt-IletepOypr) nakommuyBau €C 5350 Ha ONTHYHUX
muITiHApax Oylio BKIIOUEHO A0 CKiaay BopToBOi aBTOMaTrn3oBaHOI CHUCTEMH KOHT-
pomo mitaka AH-70, o Ha Toif gac mpoektyBaBcs B Kb O. K. AnTonoBa.

3HOBY OyJI0 CTBOPEHO MOTYKHY KOOIEpPaIlito. Jlo BUKOHAHHS NIPOCSKTY 3Ty UrIH
6nmu3pko 30 opranizaniid, IHCTUTYTIB 1 MIANPHEMCTB Pi3HUX MiHICTEPCTB 1 BiIOMCTB
CPCP. 3okpema, po3poOKy Ta BHTOTOBJICHHS OJHOMOJIOBUX HAITiBIIPOBiTHUKOBUX
nasepiB 3miricaoBanio HBO «Ilomoc» (M. MockBa), ONTHYHOI CHCTEMH Ta BUCOKO-
anepTypHOro iMepciiHoro o0’ektuBa — JIeHIHrpagcbke ONTHKO-MeXaHiuHe 00’ €l-
HaHHA Ta [epxaBHuit ontuuyHud iHCTUTYT (M. CaskTt-IletepOypr), cnerianbHuX
dotompuitmauie — BO «Ksapr» (M. UepHiBIl), CIHeIiagbHOTO TEXHOJIOTITHOTO
OCHAIIIEHHSI JUIsl BUTOTOBJIICHHSI LWIIHAPUYHUX HociiB iHpopmanii — HBO «ABan-
rapa» (M. Cankr-IletepOypr), TexHONOTii cepiiHOro BHPOOHMLTBA MaTepialliB
peectpyBanbHOro cepenoBuina — HBO «Kapar» (M. JIsBiB). ¥ IIHBO «Komera»
(M. Mocksa) ta bpecrcbkomy BO 3ac00iB 00YHCITIOBAILHOT TEXHIKU TPOBOJIUIIUCS
KOHCTPYKTOPCBKO-TEXHOJIOTI4HI POOOTH, po3poldiisiiacs HEoOXigHa JTOKYMEHTALis,
3MifCHIOBaNaca MiArOTOBKA Ta BUTOTOBJCHHS IOCHTIIHUX 3pa3KiB HAKOIWYYBadiB.
Po3pobky Oymo yCHinmHO 3aBEepIICHO, BUTOTOBIICHO MOCIITHY MapTii0 HAKOIHMIyBa-
giB. ¥ 1989 poui ycminiHo npoBeeHo AepkaBHI BUIPOOYBaHHS Ta PO3MOYATO Iij-
rOTOBKY BUpOOHUIITBa Ha bpectchkomy BO 3ac006iB 00UMCITIOBAIEHOT TEXHIKH.

1990-1i pokm mo3Haummmcs OypxiwBuM po3BUTKOM CD-immyctpii. Kommakt-
JIUCKW BHUJIABAJIUCS B TIraHTCHKUX 00CSATaX, OXOIUTIOIOYU BCI C(hepH KUTTA CyCILIb-
CTBa 1 MiCTHIM B c00i HAyYKOBO-TEXHIYHY, IUIOBY iH(pOpMalilo, Ha HUX 3alUCcyBa-
JIUCH ITPH Ta PO3Bard, BUAABAIUCS JAUCKH 3 ay[io- i Bi[eOTBOpPaMHU KYJIBTYPH i MHUC-
TenTBa Tomo. B YkpaiHi Tex po3noyanocsi BUIAHHS KOMITAKT-TUCKiB. [IpoTe Tex-
HOJIOTi4Hi KOMIUIEKCH MOCTaYaIncs B YKpaiHy B HEMOBHOMY ckiafi. Bonu, B 0ocHOB-
HOMY, NPEACTAaBJISIM COOOI0 TEPMOIUIACTABTOMATH Ul THPAKyBaHHS KOMIIAKT-
JIACKIB, a IHTEJIEKTyaIhbHa Ta BUCOKOTEXHOJIOTIYHA CKIIAJ0B1 — CUCTEMA TiATOTOBKH
JAHWUX, CTBOPEHHS 00pa3y KOMITaKT-IMCKiB, CHCTEMa BUTOTOBIICHHS 1 3allUCy JHWC-
KiB-OpHTiHAJIB, CUCTEMa BUTOTOBJICHHS IaJIbBAaHOKOMINH — OyJu BiACyTHI. YKpaiH-
ChKi BHJABIll HAJCWJIATM KOHTEHT KOMIIAKT-JHCKa 3apyOiKHHM MapTHEpaM, SKi
CTBOPIOBAJI HOTO 00pa3 1 BUTOTOBJISUTM HIKEJIEBl MITAMITH, 3 SKHX YK€ YKpalHCBHKi
MiANPUEMIIT KOMIAKT-AMCKIB BHUAaBaldu TUpaxi. ToOTO ykpaiHCBKiI BHAaBILi KOM-
MAKT-IMUCKIB OyJH 3aJIe)KHUMH BiJl CBOIX 3apyOiKHUX mapTHepiB. [y BUpimeHHS
1miei mpoOiiemu 3a iHimiatuBoro 1 mix kepiBaunTBoM B. B. Ilerposa B IIIPI HAH
VYkpainu, KA MaB BENWYE3HHUH IOCBiJl Y CTBOPEHHI CHCTEM ONTHYHOIO 3alucy
iH(hopMartii, 3a iHHOBaIiiHUM TipoekToM Bif 12.11.1997 p. Ne 12/HAH/97 ctBOpE-
HO BHCOKOTEXHOJIOTYHMIA KOMIUIEKC BUTOTOBIICHHS HIKEJIEBUX IITAMITIB JUIS THpa-
JKyBaHHSI KOMITaKT-IUCKiB.

10



Jo ckiagy KOMIUIEKCY BXOAWIN TaKi OCHOBHI CUCTEMHU:

— cHuCTeMa MiArOTOBKH JJaHMUX 1 CTBOPEHHS 00pa3y KOMIIAKT-IUCKa;

— CTaHIlisl JIA3EPHOTO 3aIUCYy TUCKIB-OpUTIHAIB;

— TEXHOJIOT1YHA JIiHis BUTOTOBJICHHS CKIISTHUX JUCKiB-OpHUTiHAIIB;

— cHcTeMa aBTOMATUYHOTO TPOSBIEHHS IUCKIB-OpPHUTiHANIB 3 AU(paKIiiHIM
KOHTPOJIEM TIPOIIECY TPOSIBIICHHS,

— TEXHOJIOTIYHHH KOMIUIEKC TaJlbBAHOIUIACTHKH JJISi BUTOTOBJICHHS HIKEJICBHX
LITAMIIIB;

— TEXHOJOTIYHMH KOMITIEKC TPEIU3iiHOI MeXaHIYHOi OOpOOKM HiKeIeBUX
HITaMIIIB;

— cHCTeMa KOHTPOJIIO SIKOCTI BUTOTOBJICHUX IITAMITIB.

CTBOpeHni TEeXHOJIOTTYHUN KOMIUIEKC Oynno atectoBaHO [lep:kaBHUM aenapra-
MEHTOM IHTEJICKTyaJIbHO1 BIaCHOCTI MiHiCTEpCTBa OCBITH 1 HAyKH YKpaiHu (JTiIeH-
3ig cepist Ab Ne 202473). 3a pesynpTaraMu NpOBEACHUX HAYKOBUX JOCITIIDKEHB 1
TEXHOJIOTIYHUX PO3POOOK ONTHYHHMX HAKONMHMYyBadiB iH(popMarii OyJi0o CTBOPEHO
envae y Cximmiii €Bpomi BHPOOHHUIITBO HIKEJIEBUX IITAMINIB Ui THPaXyBaHHS
KOMIIAKT-IMCKIB, OCHAIIIEHE TEXHOJIOTTYHUM OOJaJHAHHSIM BJIACHOI PO3pOOKH Ta
BUroTOBJIEeHHS. IIpoTsrom 5—7 pokiB, axx 0 TOTO Yacy, KOJIM yKpaiHCbKi BUPOOHU-
KM 3MOIJIM 3aKyIIOBYBaTH TEXHOJIOTIYHI JIiHIi 3 BUTOTOBJICHHS KOMIIAKT-AUCKIB Y
MOBHIH KOMIUIEKTAIlii, CTBOpEHE BUPOOHHIITBO 33aJ0BOJIBHSIIO OTPEOH B IITaMIlax
HU3KK BUpOOHUKIB B YkpaiHi i Pocii. OcHoBHuMHU cnoxuBadamu Oynmn AK «Poc-
Tok» (M. KuiB) i pipma «Amitpon» (M. XepcoH), okpeMi mianpuemcTsa B MockBi
i Cankt-IletepOyp3i. CTBOpEeHHUN BHCOKOTEXHOJIOTIYHUNA KOMIUIEKC Iparie3aTHUi
1 70HUHI, 3a0e3Meyye MOXKIJIMBICTh MPOBOJUTH EKCICPUMEHTAIBHI JIOCIIHKCHHS
3 pO3pOOKH TEXHOJIOTii BUTOTOBIIEHHS ONTHYHHUX AWCKIB y BCix ¢opmarax (CD,
DVD, BD ra in.).

He 3aynmmmnacs no3a ysaroro B. B. IlerpoBa i Taka BaxkjMBa Ta 3aBXIU aKTya-
JbHA Tipo0IieMa sIK JOBIOCTPOKOBE 30epiranus iHpopmarii.

[IpoGiiemMa HamifHOTO Ta JOBTrOCTPOKOBOTO 30€piraHHs BEIMKUX OOCATIB iH-
¢dopmarrii Ha BCix eranax pO3BUTKY JIFOACTBA 3aBKIU OyJia OJIHIEI0 3 HAWBAXKIIMBI-
KX, 1 A7 ii BUpilIeHHS BUKOPUCTOBYBAIUCS Pi3HI TUIIM CHCTEM 3aIlUCy Ta HOCIiB
iHpopmartii. OcoOIMBO aKTyaIbHOIO 1151 HAYKOBO-TEXHIYHA 3a/1a4ya CTajia B HaII 4ac,
Ko came nugpoBa ¢opma MpencTaBieHHs iHpopMarii gacTime BChoro BUKOPHC-
TOBY€EThCS Ui 30epiranHs AokyMeHTiB. OOcsru indopMariii, 110 npeacTaBicHa B
nudposii (popmi, NOCTIIHO 301TBLIYIOTECS HE TIJIBKH 32 PaxyHOK HOBOI iH(opma-
1ii, sIKa B OUTBIIOCTI BUTIAKIB YK€ Ma€ 1 €NEKTPOHHY (GopMy TpeICTaBICHHS, ae i
3a paxyHOK Iepekiany B HU(poBy (opMmy paHilie CTBOPEHOTo iH(opMaliiHOro
pecypcey, B MEpILy Yepry, TakuX SIK HalBaXJIMBillIa HAYKOBO-TEXHIUHA iHQoOpMaIis,
reHeTn4Ha iHdopmais, iHGopMallis Mpo KyJIbTYpPHE PO3TAIIYBaHHS SIIEPHUX Bil-
XOJiB 1 IXHI TapaMeTpH, CBITOBOTO HaJOAHHSI.

Ha »xaib, cyuacHi HOCIT JaHUX HE 37aTHI 3a0€3MeYUTH JJOBrOCTPOKOBE 30epiraH-
Hst naHux. [loxexero y Gamrax-6musnarax y Heio-Mopky, skuit BinbyBcs B pe-
3ynbeTaTi TepakTy 11 Bepecust 2011 poky, Oyio 3HUIIEHO aOCOJIOTHO BCi U(POBI
Hocii. ¥ 1mbOMy BHIIQAKYy BapTO MaM’sITaTH MpPO TJIMHSIHI TaOJIMYKH UIyMepiB, sKi
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B 6-My CTOJITTi A0 HAaIIOl epH BUTPUMAJIH MOXexKy B Oibmioreni AmmrypOaninana
Ta 30eperyiucs 10 HaIloro yacy.

B ocranni 10 pokiB iHCTUTYT aKTHMBHO TpAIOE€ HAJ CTBOPEHHSIM HOCIsl JOBTO-
CTpoKoBoro 30epiranus ingopmanuii. ¥ mpoueci podoTH sIK MaTepian Ajisl TaKoro
HOCist OyJI0 BUTIPOOYBaHO Pi3HI MaTepiann: CKIISHI Ta MeTaleBi MiAKIaIK1, Kepami-
Ky Ta ixmr. CaMuM puUBaOIMBUM MaTepianoM Ui MiakiIanku € camndip. Po3pobie-
HO TEXHOJIOTi0 30epiranHs NHQPOBUX AaHUX Y BUTIISAL MiKpopenbedy Ha TOBEPXHI
MPO30pOi BUCOKO CTaliNbHOI MiAKIAAKH 3 MOHOKpHUcTana candipy. Bukopucranns
candipy SK OCHOBH JO3BOJIMIIO CTBOPUTH YHIKaJdbHI HOCIT JJIST JOBrOCTPOKOBOTO
30epiraHHs JaHMX, SIKi XapaKTepU3YIOThCsS BUCOKOIO CTIHKICTIO O MEXaHIYHUX
MOUIKOJPKEHb, HE MiAJSTaloTh BIUIMBY XiMIYHO aKTHBHOI'O CEpeAOBHINA 1 3[aTHI
migrpumysatu Temreparypy 1000 °C i Oinpme. Hi oauH 3 icHytounx mudpoBux
HOCI1B HEe MOXe¢ 3a0e31meunT 30epiranns JaHuxX y Takux ymoBax. Camdip BUKopwuc-
TOBYETBHCS I BAPOOHHIITBA CBITJIONIONIB, 3aXHUCHUX €KpaHiB cMapT(OHIB, TIOMi-
HATOPIB JJIS IiJBOJHUX YOBHIB 1 KOCMIYHHX KOpaOIiB. 3actocyBaHHsS candipy sk
MIIKITAIKA IS TUCKIB 11 6araTtopivHOro 30epiranHs iH(opmarii O0yi1o odeBHI-
HUM, aj¢ HasABHICTh ONTHYHOI aHI30TpOMii MOHOKpHUCTana candipy CTPUMYBAJIO
CTBOPEHHS LUM(POBOr0 ONTUYHOTrO candipoBoro aucka. [HcTUTYT crinbHO 3 [HCTH-
TyToM MOHOKpucTaniB HAH VYkpainu Bupimmnu mo npobiemy. Y TiACYyMKy, Ha
noyatky 2014 poky Oyyo 3ailiCHEHO TPOPHB, KUK MOJSraB y TOMY, IO BIAIOCS
3HAlTH croci0 KoMIleHcalii ONTHYHOI aHi30TpoIii MOHOKpUCTaliuHOTO candipa i
CTBOPUTH TEPHINK y CBITI MUPPOBUI ONTHYHUN TUCK 3 penbedoM Ha cardiposiii
migknanni. OpuriHaJdbHICTE PO3pPOOIEHOT TEXHOJOTI] MiATBEPIKEHO MATEHTOM
VYxpaian Ne 106699 «Cucrema 34MTyBaHHS JaHUX 3 ONTHYHAM HOCIEM Ta ONTHY-
HUM HOCIEM ISl JJOBIOCTPOKOBOIO 30€piraHHs AaHUX» 1 MDKHApOJHUM MAaTEHTOM
W0201411619 «Cuctema 3unTyBaHHS JaHUX 3 ONTHYHUX HOCIIBY», SKi JTO3BOJISIOTH
BU3HAYUTH TPIOPUTET YKpaiHU HA BBEJICHHS B YCiX KpaiHax cBiTy. [IpuHIMN 3amu-
Cy JaHuX Ha pO3pOOJICHMH ONTHMYHUI HOCIH ANl JTOBrOCTPOKOBOTO 30epiraHHs
JAaHNX 0a3yeThCs Ha TEXHOJOTi] CTBOPEHHS MHCKIB-OPHUTiHANIB ONTHYHUX HOCIIB,
y SKUX (OopMaT MpeJCTaBICHHS JaHUX TOBHICTIO BiIMOBijae craHmapTHUM (op-
matam CD i DVD. lle no3Bonsie njsi BiATBOPEHHS 3allMCaHUX JAHUX BUKOPHUCTO-
BYBaTH iCHYIOYi MPOTrpaBavi ONTHYHUX AHUCKIB 3 HEBEIUKOI MOEPHi3alli€lo, 10
MOJIATAaE B PO3MIIMIEHHI JOJAaTKOBOI (a30BOI1 IUIACTHHKH, SKY PO3TAlMIOBAaHO MIiX
(hOKyCyI0OUOIO JIIH3010 Ta HOCIEM iH(OpMAIIil JJi1 KOMICHCAILIi SBHIA MOBIHHOTO
npoMeHe3aoMIIeHHs Yy cangipoBiil miaknaaui. [Ipencrasiena po3poOka € mpukia-
JIOM BHCOKOTEXHOJIOTIYHOTO iHHOBAIITHOTO MPOIYKTY, SKHH 32 CBOIMH TapameT-
paMy 3HAa4YHO IEpeBEpIIye ICHYIOYl Ha CHOTOJAHINIHIA JeHb 3apyOiKHI aHAIOTH.
Ontryauii candipoBUil AUCK BXOAUTH y TON-5 HaWOUIBII TEXHOJOTIYHUX YKpaiH-
CHKHX BHHAXO/IiB 3a Bepcieto xkypHany Forbes 3a ocranHi 1Ba poku.

B. B. IletpoB HiKOJM HE JHIIABCS OCTOPOHB Bifl BUPIMICHHS HarajdbHHUX 1 aKTya-
JBHUX MpoOJieM, HaBiTh THX, sKi, Ha NEPIIMK MOTIIS, 3HAXOAUIIKCS 110332 MEKAMH
Horo HayKOBUX iHTepeciB. SICKpaBUM HPUKIAJOM LBOTO € CTBOPEHHS CUCTEMH Ma-
COBOTO TIOMIMPEHHS KOMII FOTEPHOI iHpOopMaIlil IIIPOKOCMYTOBUMH TEJIEBI3IHHIMHU
KaHajlaMH — CTBOPEHHS eJIeKTPOHHOT KoMt totepHoi razetn «BCE-BCIM». Kineub
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80-x — moyarok 90-x pokiB 20-r0 CTONITTS BiA3HAYMIIMCS Pi3KUM 301IbLICHHSAM
BUPOOHUIITBA Ta MAacOBUM IMOLIMPEHHSM BHCOKONPOIYKTUBHUX IE€PCOHATBHUX
KOMIT'10TepiB. B iHAMBiqyanbHOMY KOPHUCTYBaHHI OyJIO BJKE COTHI THCSY HEpCOHa-
JBHUX KOMII IOTEPiB, 1 TOCTPUM CTall0 MUTaHHS, SK MOLIMPIOBATH iHpOpMAIilo, 1e
1 51K 11 OTpUMyBAaTH BIIACHUKAM IEPCOHAIBHUX KOMII IOTEPiB.

Benuki komm’roTepu (0OYMCIIOBANIbHI KOMIUIEKCH) 1 MHOXHHA MTEPCOHAITBHUX
KOMIT' FOTEpIB OyJIM 3’€/lHaHI aHAJOrOBUMHU TeIe(OHHUMHU JIHISIMH, OOMIH JaHUMU
3 mWBUAKICTIO 19,2 kOiT/C 3iiCHIOBAaBCS 3a IHAMBITyAILHUMU JaHUMHU Yepe3 eIICKT-
POHHY TIOIITY. AJie KOJTM HEOOX1THO OYJI0 IMBHIKO HAjaTH iHGOPMAIIO COTHSIM
THCSY 1 MiJIBIOHaM TIEpCOHAILHIX KOMIT IOTEPiB MPH MPAKTHYHO BiJCYTHIH Mepexi
InTrepHer BHMHUMKIAa TpoOieMa MepeX 3 BiANOBIAHOIO MPOMYCKHOIO 3JaTHICTIO.
CydacHa indopmamniiiHa iHQpacTpyKTypa, sfka B3sula Ou Ha cebe iHopmarliiiHe
3a0e3MeUYeHHs] BCIX raiy3eil (IpOMHUCIOBHX, HAYKOBHX, EKOHOMIUYHUX, MEIHYHHX,
CYCHUIBHUX 1 T.I1.) JKUTTEAISIIBHOCTI KpaiHu OyJia BiACYTHS.

B IncturyTi mpobnem peecrpamii inpopmarnii HAH Ykpaian O6yno po3pobiieHo
1 BIIPOBa/PKEHO B MPAKTHKY HOBUI MPUHITUI MAacOBOTO TOMIMPEHHS iHpopMmarii —
MPHUHIIMI KOMIT FOTEPHOT razetu. HaykoBo-TexHiuHa pO3p0o0Ka IHCTUTYTY BTUIMIACS
B JKUTTS y BUIISAAI YKpaiHCBKOI eneKTpoHHO1 kKoMl 1otepHOi razetn «BCE-BCIM»,
3apeectpoBanoi 8 mororo 1991 poky Jlepxrenepamio Ykpainu sk 3acid macoBoi
iHpOopMaIii.

st CTBOpPEHHSI Cy4YacHHX TEIEKOMYHIKallliHUX Mepexk, MOTYXHUX iH(opma-
iHHO-00YHMCITIOBAIFHIX KOMILIEKCIB 1 6a3 TaHUX KOMII FOTepHOI iHpopmarliii OyIo
3aMpoIIOHOBAHO TMPWHITAI CTBOPEHHS TeNeBi3iitHOi koM toTtepHoi mpecn «BCE—
BCIM», ska 3acHOBaHa Ha MacOBOMY PO3IMOBCIOPKEHHI MAaKCHMAJIBHO TOBHOI
KOMII FOTEpHOI iH(opMalIlii, 110 0XOILTIOE BCi OCHOBHI HAIPSAMKH HisUTBHOCTI CYCITi-
JbCTBA, 3 BUKOPUCTAHHSAM IHPOKOCMYTOBOI'O TEJICBI3IHOMY KaHaly 3 HaJaHHIM
a0OHEHTaM MOXJIMBOCTI amapaTHOI ceseKIii iHhopmallii, Mo HaIXOo 1Tk Y MpoIeci
iHpOpMaLiiiHOTO ceaHCy, a TaKOX OpraHizalii MacoBoi eleKTPOHHOI HOIITH 3 ypa-
XYBaHHSM MOBHHX oOcoONmMBOCTei aboHeHTIB. TeneBiziliHa KOMII'IOTEpHA Ipeca
«BCE-BCIM» no3Bonmuia peanizyBaTy MPUHIUIIOBO HOBI MOKJIMBOCTI MOIIMPEHHS
KOMIT'IOTepHOi iH(popMalii (HayKOBO-TEXHIYHHUX pedepaTiB, peKiaMH, KOMepIiii-
HOI, CyCHIJIbHO-TIONITHYHOI, IIJIOBOT Ta iHIIUX BHIIB iH(opMaIllii) y pamKkax Belu-
KHX DErioHIB 3 ypaxyBaHHSIM MOBHHX, €KOHOMIYHHMX Ta IHIINX OCOOJIMBOCTEH i3
BUKOPHCTaHHSM JICHICBUX MAcOBHX 3aco0iB MpUIiOMY, CeJIeKIlii, peecTpallii Ta 00-
poOku iHpopMaLii 3 ypaxyBaHHSIM IHAMBIOYalbHUX MOTPEO JIOAMHU CYyYacHOTO
CYCIIJIbCTBA.

CyTh po0oTH cUCTeMHU ToJIsATajia B TOMY, 10 iH(popMaIlis 31 CTyAil 3a T0IOMO-
rOI0 ICHYIOUMX TEJEBi3IMHMX MepeaaBaviB IINPUIIACS BCI€I0 TEPUTOPI€I0 YKpaiHH.
CrioxxuBadyeM iH(popMarllis npuiiManacs 3BUYaifHOIO TEJEBi3iHOI0 aHTEHOIO Yepe3
CHemianbHI TeNeBi3iiiHI amanTepw, sIKi MEPETBOPIOBANIM TENEBi3iiiHI CHTHaIM 10
BUTJIALY, SIKUM CIpUAMAaBCSl KOMIT FOTEPOM 1 3alMCyBaBcs 0€3M0CepeJHbO B I1aM SITh
NEPCOHAIBHUX KoM 'toTepiB. llpomucioBumu miampuemcrBamu Ykpainu Oyiio
BHTOTOBJICHO JIOCTATHIO KUTBKICTH TEJNEBI3IHUX amanTepiB, MO MOBHICTIO 3a0e3-
neumsio motpedy cnoxuBayiB. B iHCTHTYT iH(opMmamis crikanacs TeleOHHUMHU
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JiHISIMU, CYIyTHUKOBUMH Ta paliopeliciiHIMHU KaHalaMH 1 KOXEH AeHb IepenaBa-
nacs Bciero YkpaiHoro Ha kaHaimi «YT-1» mpoTsarom ofHiel ToAWHU 31 MIBUAKICTIO
1,25 muH OIT 3a cekyHay. Y KOXHOMY ceaHci nepegaBaiiocs Big 40 qo 60 Moaiit
iHpopmaii, knacudikoBaHoi 3a 76 po3ainaMu. AOOHEHTH OTPUMYBAJIU Ti PyOpHUKH,
Ha sKi mignucanucs. COTHI THCAY KOPUCTYBadiB MOIVIM NPUMMATH ii OAHOYACHO.
Hns indopmariifHOTO HANIOBHEHHS Tepenad eNeKTPOHHOI KOMIT IOTEPHOI ra3eTH
«BCE-BCIM» 0yno ctBopeHO cuctemy Oinbll sk 3 50 TeMaTHYHHX pelakiii, ski
roTyBanu iHpopMaLiiiHi OJIOKHM JUId mepeaayi KopucTyBayaM. 3HAUHY YacTUHY iH-
¢dopmariiiianx OJOKIB cTaHOBWJIA HayKoBa iHQopmamis. Kanamamm enexTpoHHOI
koM’ totepHoi  Tazetn «BCE-BCIM» mnepenaBanacst ingopmaniss 06a3u gaHuX
Current Contents [HcTuTyTy HaykoBoi indopmanii CLUA, BIHITI, a Takox pedepa-
TH HayKOBUX MyOiKalii yaeHuX YKpaiHu. [HCTHTYT MOTHXHS OTpUMYBaB iH(Op-
Mariro 3 BJ[ Current Contents Ha TpaBax OpEHIN 1 MOIIMPIOBAB i TEPUTOPIEIO
VYkpaiHu.

Ile OyB mepummii BOajmuii JOCBiA IIMPOKOTO BUKOPHUCTAHHS CBITOBHX 0a3 JaHUX
pedepatuHoi iHopmartii. ['azeTa mo03BONIIIa CTBOPUTH CHUCTEMY 0a3 NaHWUX Hay-
KOBOi iH(OpMaIii, IHCTUTYT MOYaB BUIyCKaTH CHUIbHO 3 HarioHaneHOWO 6i0mio-
Tekoro Ykpainu imeni B. 1. BepHancekoro nepmmii ykpaincbkuil pedepaTuBHUMA
KypHai «Jlxepeno». Byno cTBopeHO HauiOHaNbHY cHCTeMy pedepyBaHHS HayKo-
BUX BUAaHb Ykpainu. Penmakuii razetu «BCE-BCIM» Baamocst 3i0paTu moHaj
8 MinbioHIB pedepaTiB cTaTel 3 KypHaJiB yChOTro CBITY Ta 3amucatd Ha 50 KOM-
MaKT-JUCKax JUIs BUKOPUCTAHHS BUCHMMH Ta BUKJIagadyamMu YKkpainu. Ha ocHOBi
koM totepHoi Tazetn «BCE-BCIM» Oyno cTBOpeHO Tepury KOpPIOpPaTUBHY CH-
CTeMy PO3IOBCIO/DKEHHS iH(popmarii. BoHa 3abe3medyBana onepaTHBHOIO iHPOP-
Malfi€ero Bci oOJacHI Ta paiioOHHI MONATKOBI ajgMmiHicTparii i iHcmekmii YkpaiHu,
y SIKuX BCTaHOBWIM moHa ] 800 poOounx Miciie aOOHEHTA.

CrBopena [HcTuTyTOM Mpobiem peectpaunii inpopmanii HAH Ykpainu cucrema
300py BenMKHX 00csAriB pisHOMaHITHOI iHQopManii Ta ii mepemauyi kKaHamamu
TEeJEeBi3iHHOIO MOBJEHHS, a TakoK BUToTOBiIeHI KuiBchkum BO «Enmexkrponmarny,
CMuIssHCBKUM pajionpuiajauM 3aBojgoM 1 BO «KuiBchkuii pajmio3aBoj» MOHA
45 THcAY TeneBi3iMHMK afanTepiB, JO3BOJIMIM B HAWKOPOTIIMU CTPOK OO’ €AHATH
B €nuHy iH(pOpMaIiiiHy crcTeMy BCi BEJNHKI Ta CepelHi aJMiHICTPaTUBHI, TOCIIO-
JApCBbKi Ta KOMEPIIiiHI CTPYKTypHu YKpainu. IIpoekT 3i cTBOpeHHS eIeKTPOHHOI
koM’ rotepHoi razetu «BCE-BCIMy, sika Buxoauna 10 pokiB, cTaB OJHUM i3 Haii-
O1MBIINX peani30BaHUX MPOEKTIB y Trany3i iHpopMaliifHuX TEXHONOTiH B YKpaiHi.

[HII0T0 3HAKOBOIO PO3POOKOI0 MOXKHA BBAYKATH CTBOPEHHS TEXHOJIOTII 1 00mas-
HaHHS 7151 30epekeHHsI 3BYKOBOI KyJbTypHOI criagmuan. B Harionanehiit 6i6:mio-
teui Ykpainu im. B. 1. Bepnaacekoro (HBYB) Ha BockoBux mumingpax Emicona
30epiraeThCsi BCECBITHBO BiJOMa KOJIEKI[iSl €BPEHCHKOTO MY3HYHOTO (OIBKIOPY
M. Beperoscekoro. Konekmis Oyna 3i0pana Ha modatky XX CTOPidYsl BHIATHUMH
erHorpadamu-gocnigaukamu M. beperoscekum, 0. Enrenem, 3. Kucensrodowm,
C. AH-CBKUM Ta IHIIUMH Y MICISIX KOMIIAKTHOTO MPOXXUBAHHS €BPEIB HA TEPUTOPIi
Vkpaiam Ta IliBmennoi binopyci. Ha momax 1200 mwmiazapax, mo 30eperimcs
mo kiHig XX cropiuus, 3amucaHa O€3I[iHHA My3WYHA CHAJIIUHA Ti€l 4aCTUHU
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€BpEICbKOTO Hapofy, sika Oyya Maiike NMOBHICTIO 3HMIIEHA mix yac [omokocry.
Komnekuis mana neransHUil onuc, mpoTte GoHOTpamMu OyJIH HEJOCTYIHI Yepe3 Bil-
CYTHICTh B YKpaiHi anapatypu Ui BiATBOPEHHS 3BYKY 3 BOCKOBUX LMJIIHIPIB.

3Bakarouu Ha HA/A3BHYAKHY IIHHICTh KOJEKLil (poHOTpam, BiIOMI Aifgdi KyJIbTYy-
PH, 30KpeMa BCECBITHBO BiJIOMHIA CKpUTIANb 1 TupUTeHT leryai MeHyxiH, 3BepHYIH-
cs o kepiBHMNTBa HamionaneHOT akanemii HayK YKpaiHU 3 TPOXaHHSAM IIepe3ani-
catn Kosiekuito (oHorpadiunmx nmiiHapie M. beperoscpkoro Ha cydacHi Hocii
iHpopmanii. [lependauanocs, mo nepesanuc Oyae 3xilicHeHo y Bigencekomy ¢o-
HorpadigHOMYy apxiBi ABCTpiHiChKOI akameMii HayK.

KepiBauurBo HAH Vkpainu ra HBYB Ykpainu, BpaxoByroun Te, 10 BiATBOpE-
Hi (poHOTpaMH BKe HE HaJIeKalnu OM YKpaiHi, IpUIHSAIN pIlICHHS HE MepelaBaTH
KOJIEKITif0 3apyOi’KHUM JIOCHITHUKAM, a 3IIHCHUTH ii Iepe3amnuc CHIIaMu YKpaiH-
CHKUX YUCHUX.

Inctutyty mpobnem peectpauii indopmaunii HAH VYkpainu Oyno nopydeno
3MIHCHUTH Tiepe3anuc KoJekii Gonorpadiunux mumiHapiB M. beperoBchkoro Ha
cydacHi Hocii iH}opmarii, apke iIHCTUTYT MaB BHCOKOKBaTi(hikKOBaHMX HAYKOBIIIB 3
BEJIMKUM JIOCBIZIOM CTBOPEHHS MPEIU3IHHOTO0 BUCOKOTEXHOJOTIYHOIO 001 {HAHHS
JUISl CHCTEM ONTHUYHOTrO 3amucy 1 BiaTBopeHHs iH(opmanii. s BUpIIEHHS LBOTO
3aBOaHHs Oyino pPO3pOOJICHO HOBHHM METOJ BHCOKOSKICHOTO BiITBOPEHHS 3BYKY
3 ¢oHorpadiunux mmwiiHApiB EficoHa Ta CTBOPEHO CTAaHINIO ONTHKO-MEXaHIYHOTO
iHTepPEepOMETPHUYHOTrO BiATBOPEHHS 3BYKY 3 (hoHOrpadiuHMX LUIiHApIB, sKa 3a
CBOIMH XapaKTEpUCTHKaMH Ha Majla aHaJIOTiB Yy CBITi, 3aCTOCOBAHO IPHUHIMIIOBO
HOBHH miaxin B 00pobmi indopmamnii. Ha mepmomy eramni BuMiproBany Ta 3ammcy-
BaJIM CUTHAJI PO MIiKpOpenbeHY CTPYKTYPY 3BYKOBOI JOPIKKH, SKOK KOJIYETHCS
inpopmartis. BumiproBanus nmpodisito 3ByKOBOi JOPIKKH 3iHCHIOBAIOCS Ha IIBUJI-
KOCTI o0epTaHHs BOCKOBOTO ImimiHApa B 10—12 pa3iB HKYE BiJl IIBUAKOCTI 3a1HACy
iHpopmanii. Lle gano 3Mory 3HH3WTH AWHAMIYHE HaBaHTAXXCHHS 3BYKO3HIMaya Ha
MOBEPXHIO BOCKOBOTO muitiHapa B 150—180 pasis, mo poOuiio mpoiec nepe3amnucy
PaKkTU4HO HepyHHiBHMM. CTBOpEHa cucCTeMa J03BOJMIA BiATBOPIOBATH 3BYKOBI
KOJINBAaHHS B IIMPOKOMY YacTOTHOMY Aiana3zoni 1o 20 k['w, mo 3HayHO, Maiike B
5 pasiB, MepeBUIIYBAJIO CIIEKTP YacTOT, 3allMCaHNX Ha (oHOrpadiuHOMY LHMITIHIPI,
1 32 CBOIMHU XapakTepHUCTUKAMH HE MaJla aHaJIOTiB y cBiTi. Byso cTBOpeHO BHCOKO-
TOYHY iHTEpHEPOMETPUUHY CHUCTEMY BHUMIPIOBaHHSI NPOQLII0 MiKpopenbePHUX
CTPYKTYP, PO3POOICHO MIBHIKOIIOYY CUCTEMY CTEKEHHs 3a iHQOpMaliiHUMHU J10-
pDKKaMH Ta BHCOKOTOYHY CHCTEMY CTaOumi3awlii MIBHIKOCTI oOepTaHHA HOCIIB,
CTBOPEHO MPOrPaMHO-aNapaTHUH KOMIUIEKC OYMIIEHHS 3BYKY 32 YMOB HasBHOCTI
BEJMKOI KUILKOCTI MOTYXHMX 3aBaja. Ha npyromy erami 3MiHCHIOBAIM OYMIICHHS
CUTHAJy Bii HEIIpUTaMaHHUX 3BYKOBil JOPIXKII 3aBaj, 1 TUIBKU MiCIA IBOTO OTPH-
MyBaJIM ayJliOCUTHAJ IIJISIXOM TU(EPEHIIFOBaHHS CUTHAITY TPOQiIIO.

BpaxoByroun yHIKaIbHICTB 1 BRXKIUBICTH AJIs 30€peKeHHs 3BYKOBOI KyJIBTYpPHOI
CHaIIMHA METOJy HEPYHHIBHOTO iHTEP(PEPOMETPUYHOIO BiITBOPEHHS 3BYKY 3
BOCKOBHX IHJIiH/PiB, moctanoBoro [Ipesunii HAH Ykpaiam Big 20.11.1998 Ne 401
CTBOPEHHSI CHCTEM BiITBOPEHHS 3BYKY 1 300paXkeHb 3 papUTETHHUX HOCIiB iHpopMma-
i1 BU3HAYEHO MPIOPUTETHUM HAIPSIMOM HAYKOBHX JTOCIIKEHb IHCTUTYTY .
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CTBOpeHHS CTaHLii HEPyHHIBHOTO BiITBOPEHHS 3BYKY J03BOJIMJIO BUKOHATH Iie-
pe3amnuc KOJIeKIid papuTEeTHUX MWITH/PIB 3 My3eiB 1 0i0miorek Ykpainu. Tak, onu-
¢poBano 900 mmmiHApIB 3 KOJIEKLii e€Bpeiichkoro Qomnbkiopy M. beperoscbkoro
(HBYB), 750 — 3 konekuii ykpaiacekoro ¢oabkiaopy O. Poznonsckkoro (biomiore-
ka JIbBIBCHKOI HaIliOHAFHOI MYy3UYHOI akageMii iM. M. B. Jlucenka), 200 — 3 xomnek-
uii [HcTUTYyTY MHCTENITBO3HABCTBA, POIBKIOPUCTUKN Ta eTHooTii iMm. M. T. Prib-
cekoro HAH VYkpainu, 50 — 3 LlenTpanbpHOro aep:kaBHOro KiHOGOTOQOHOAPXIiBY
VYxpaiau im. I'. C. TliieHn4HOTO, a TAaKOXK 3 MPUBATHHUX KOJEKIiHA. 3a OIliHKaMH
¢axiBmiB onnpoBaHi KOJEKIl MarOTh 3HAYHY KyJIBTYPHY 1 HAYKOBY IiHHICTB. TakK,
kouiekuiss M. BeperoBcekoro, came 3aBIsiku olM(pyBaHHIO, CTaa JIOCTYIHOO CBi-
TOBOMY CIiBTOBapMCTBY. 1i 3aHeceno g0 Peectpy FOHECKO «Ilam’siTh CBiTy».
CrinsHo 3 HanionansHoro 6ibmiorekoro Ykpainu iMm. B. 1. Beprancekoro 0yio Bu-
JIaHO CEpil0 MYJIbTUMEIIMHNX KOMITAaKT-TUCKiB. Ha HMX 70 aymio3ammciB J07aHO
HOTHI 3amycH, MIOACHHWKH EKCIeAMLid, ¢oTrorpadii, mo nano 3MOry oaepxKaru
MOBHY iH(OpMAILiI0 PO papUTETHI Koyekii. Ha mepmoMy KoMIakT-qucKy i3 3amu-
cam¥ KyJIbTyPHOTO HaaOaHHS €BpeichKkoro Hapoay «CkapOM €BpelChKOi KyIbTYpH
B YKpaiHi» icHye eanHa aocToBipHa (oHorpama Buctymy Lllomom-Aneiixema min
qac orysiny €BpelCchKOro icTopuko-eTHorpagiunoro myseto B Cankr-IletepOyp3i B
1914 pomi. Ie#t muck IIpesnnent Ykpainu JI. [I. Kyuma mig gac Bisuty g0 [3paimro
B nucronani 1996 poky momapysaB [lIpesunenty, Ilpem’ep-Minictpy Ta [omosi
Knecerty I3painto.

3aBIsSKU peali3oBaHOMY B iHCTUTYTI IIPUHIMIIOBO HOBOMY METO/Y BUCOKOSIKiC-
HOTO BiATBOpEHHS 3BYKY 3 (oHOTpadivanx nmuiaiHapiB Exicona i cTBopeHiit HOBIH
TEXHOJIOT1] BIITBOPEHHS 1 00poOKH ayaioiHpopMaIii BiATBOPEHO 3aMCH Ta BUAAHO
TPU KOMHIAKT-IUCKH «YKpaiHCbKHH (oibkiop nepiioi nmojgoBuHH XX cTopidus.
Bubipka 3 ¢onokoneknii Ocuma Po3monbcekoroy. Ha mux muckax po3MimieHo yHi-
KaJIbHI MYy3W4YHI 3alMCH, 34MTaHI 3 BOCKOBHX (DOHOLMIIHIPIB, SKI HaJICKATh [0
MarepialiiB eTHOrpad)iYHUX eKCIIEAULIN BiIOMOTO YKpPailHCBKOTO MY3WYHOI'O €THO-
rpada, ¢onpkiaopucra ta nemarora Ocuna Po3monbcekoro, mo 30epiraroTbes y
JIbBiBCHKIM HalliOHANIBHIN My3uuHii akajgemii im. M. B. Jlucenka. L1i BinTBopeHi Ta
BIJTHOBJICH] 3amicH €, Oe3MepevHo, YHIKaIbHOI0 MaM’ ITKOI0 YKPaiHChKOI KyJIbTYpH,
tomy 110 ¢onoapxiB O. Po3nonascekoro Mae Hebarato aHajoriB y €Bporri Ta CBITI
SIK 32 00’ €MOM, TaK i 3a SIKICTIO 310paHoTO MaTepiary.

BaxnmusumM HanpsimkoM y AisuibHOCTI B. B. TletpoBa Oyii0 cTBOpeHHS TEXHOIOTT
BUTOTOBJICHHSI MiKPOIPU3MOBHX BHUPOOIB IIMPOKOro nmpusHaueHHs. OCHOBOIO ISt
UX poOIT CTaB KOMILIEKC CHEIiabHOTO O0JIaJHAHHSA Ta yCTaTKyBaHHS 3 MPemn3iii-
HUMH CHCTEMaMHU TO3WIIOBaHHS JJIS JIa3epHOro 3amucy iHdopmaiii Ha ONTHYHI
HOCIT KiJblIeBOI (OPMHU Ta KOMIUIEKC T'aJbBAHOIJIACTUKH JAJISl BUTOTOBJICHHS Tallb-
BaHIYHHUX KOIIH JUCKIB-OPUTIHATIB 3 METOI0 THPAXKyBaHHS KOMITAKT-/IHUCKIB.

[Tepmra Taka po3poOka — MIKpOIIPHU3MOBI CBITJIONMOBEPTABEHI €IEMEHTH — KaTa-
oty 1 JOPOKHBOTO rocroaapcTea. Podoru posnovanucs B 2002 pori 3a iHimia-
TUBOIO MiHIpOMITONITHKY YKpaiHu. MeToro mepumx JoCHiKeHb OyJI0 CTBOPEHHS
MIPEIM3IHHOTO O0JIAHAHHS NI BUTOTOBJICHHS IITAMITIB ISl OpraHi3amii mpoMHC-
JIOBOTO BHUPOOHUIITBA CBITJIIOBIJOUBHOI ILTIBKU JIJIsl TOTPEO MICHKOTO TOCIOIapCTBa
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M. KueBa. 3anpornoHoBaHO BUTOTOBJISITH OPUTiHAIN MiKpOIIPU3MOBHUX €JIEMEHTIB i3
BUKOPUCTAaHHIM TBEPIOCIUIABHUX 1HICHTOPIB, po0OYa 4acTHHA SKUX Mae (opmy
TOYHOTO TBEPJOCIUIABHOTO TeTpaejapa. [IpoBefieHo mepin po3paxyHKH reoMeTpHy-
HUX TapaMeTpiB OJMHUYHOTO KYyTOBOT'O CBITJIONIOBEPTAIOUOTO €IEMEHTa, BU3HAUYEHO
TEXHIYHI BUMOTH 0 IHICHTOpA, PO3POOJIEHO TEXHOJOTIYHWH MapuipyT BHUTOTOB-
JICHHSI IITaMIIiB, a TAKOXK YHIKalIbHE OOJIaHAHHA JJIS1 BUTOTOBIICHHS CIIEI[iaTbHOTO
THCTpYMEHTY. 3a IOIOMOTOI0 TaKUX 1HJEHTOPIB a00 Tpyn (IakeTiB) IHACHTOPIB Ha
MEepUIOMy €Tali Ha MJIOCKIA YTBOPIOIOUiH MOBEPXHI MJIACTHHH 3 M’ SIKOTO METaly
(amoMiHI€EBUH cTIaB, MiJb, OpOH3a) MUISIXOM ITOCIIOBHOTO HAaHECEHHS Iipami-
JabHUX 3ariuOieHb (OPMYIOTBCS TPYNH KYTOBHX BiJOMBadiB i BUTOTOBJISETHCS
MancTep-1ITaMIL

OpHak MeTOJ TBEpAOCIUIABHUX iHAECHTOPIB BUSBUBCS HE 30BCIM 3pYYHHMM 1 TEX-
HOJOTIYHUM. J[7I1 JOCSTHEHHS MaKCHMAalbHOTO KOeQilli€eHTa CBITIONOBEPTAHHS
po0oui MOBEpXHI KYyTOBUX BiOMBaYiB i KyTH MIKpONpH3M HE0OXiTHO (hopMyBaTH
3 BHCOKOIO TOYHICTIO Ta 3 BHCOKOIO TOYHICTIO PO3MIIIyBaTH OIWHOYHI CBITJIOBiJ-
O6uBaui Ha poOOUii MOBepXxHI Maiicrep-mTamiry. [J0CHTh BIANOI0, MPOIYKTHBHOIO
Ta TEXHOJIOTIYHOI0 BHSBMIIACS PO3poOJIeHa TEXHOJIOTIS BHTOTOBJICHHS MaicTep-
LITaMIIiB METOJIOM TaK 3BAaHOTO aJIMa3HOTO Pi3aHHs, KOJIM MIKpopebed HeoOXiaHO-
ro Mpo(iIt0 HA TOBEPXHI M’ SIKOTO METAITy 3 BUCOKOIO SKICTIO POPMYETHCS IIIATXOM
CTpYTaHHS MJIOCKOI MOBEpXHI aiMa3zHUM pisueM. [licis mporo MerogaMu raibBa-
HOIUTACTHKHM BUTOTOBJIIIOTHCS POOOUI IITaMIM-MaTpHIl 3 HIKENI0, 32 AOIOMOIOIO
SKUX METOJaM{ TEPMOIPECYBaHHsS 3 ONTUYHUX IUIACTMAC BHUPOOJIAIOTHCS poOodi
3pa3ku cBiTionoBepraviB. Crorogni Takoio texuosnoriero, kpim IIIPI HAH VYxkpai-
HU, B CBITi BOJOZIIOTH TiNbKK ABI koMmanii — «3M» (CLHA) ta «Avery Dennison
Corporationy» (CILIA).

CporoHi B IHCTHTYTI CTBOPEHO Ta BIANPAIEOBAHO OPHUTIHAIBHY BITUM3HSIHY TEX-
HOJIOTIIO Ta YHIKaJIbHE CIeiadbHe 00JIaHAHHS IS MiJrOTOBKH aIMa3HUX PI3IiB i3
3aJaHUMH KyTaMd piXKydoi I'paHi Ta BUTOTOBJICHHS METOJOM ajMa3HOTO pPi3aHHS
MaTpPHULb-OPUTIHATIB MIKPOIPU3MOBUX €JIEMEHTIB. 30KpeMa, CTBOPEHO YHIKaIbHY
CTaHLil0 (OpMYBaHHS MiKpopenabedy 3 BiAMOBIIHUMH KOMIT IOTEPHUMH CUCTEMaMH
MO3MLIIOBaHHS Ta KEpyBaHHS, PO3pPOOJCHO METOAM ONTUMi3alii IeoOMEeTpUYHUX
napameTpiB 1 CBITJIOBUX XapaKTEPUCTHK CUMETPUYHHMX Ta aCUMETPUYHHX CBITJIO-
MTOBEPTadiB, CTBOPEHO TEXHOJOTII0 1 OOMagHAHHS IJIi BUTOTOBJICHHS pPOOOUMX
HITaMITiB-MaTpUIlb 3 HIKEIIO0 METOJaMU TaIbBaHOIUIACTHKH Ta CTBOPEHHS 3pa3KiB
CBITJIONIOBEPTAJIbHUX €JEMEHTIB 3 ONTHYHHMX IUIACTMAC METOJaMH TEPMOIIPECY-
BaHHS Ta JIUTTS i THCKOM. 3a CBOIMH CBITJIOTEXHIYHUMH XapaKTEPUCTUKAMU BU-
TOTOBJICHI 3a 3a3HAYCHOIO0 TEXHOJIOTIEI0 CBITIONOBEPTAYl BIAMOBINAIOTH KpalluM
3apyOixHuM 3pa3kam. JlocnmigHi 3pa3ku cBiTionoBepTaviB, BUurotoBieHux B IT1PI
HAH VYxkpainun, B rpyaai 2006 poky Oyiio BcTaHOBIEHO Ha MocTy iMm. €. O. Ilarona
Ta Ha psiIi aBTONUIIXiB M. KueBa Ta iHITAX MiCT.

B ocranHi 5 pokiB HaraJbHUM CTAJIO MOCHJICHHS BUMOT 0 iIBUIICHHS O€3MeKH
PYXy B TEMHY HIOPY JOOH B YaCTHHI OCHAIIICHHS CBITJIOBINOMBAIILHUMHE €JIeMEHTAMHU
OCTpIBIIiB Oe3MeKH, HAIPSIMHUX OCTPIBIIB MIMIOXiAHAX MEPEXOMdiB, BEIOCHIIETHIX
nepei3/iB, MO3HAYCHHs MPaBOTO 1 JIBOIO Kpar MPOi3HOI YacTHHH Ha J0porax
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3 PO3IUTIOBATBHOIO CMYTOI0 UM OYJIbBApOM, LIEHTPAIBHOTO OCTPIBLS KiJIbLIEBOI pO3-
B’SI3KH, [IPaBOTO Ta JIBOTO KPalo 3a0KPYIJICHb AOPOTH B MICUSX PO3BOPOTY TPaHC-
nopty Tomo. CBITJIOMOBEPTAIbHI €IEMEHTH B 3a3HAUCHUX MICIIX MAlOTh OyTH
3MOHTOBAaHI Ha OJIHOMY PiBHi 3 OpOroI0 i 3a0e3MmeuyBaTH iXHIO BUAUMICTD Y IIUPO-
KOMY Jiama3oHi KyTiB cnocrepexenss. B 2017 pori iHctuTyToMm 3a iHimiatuBun KK
«KuiBaBTOIOp» BUKOHAHO PO3POOKY TAKUX CBITIOMOBEPTAIHHHUX CIEMEHTIB, SKi
MaroTh (opMy BOCHMHUIPaHHOI 3pi3aHOi MipaMigu Ta 3a0e3MeuyOTh BUIUMICTD
y JAiama3zoHi KyTiB croctepeskeHHs 360°. Byno BUTOTOBIIEHO Ta 3MOHTOBaHO Ha
miomax i apromarictpaysx M. Kuea 500 mocmigHUX 3pa3KiB TaKUX €IEMEHTIB, SKi
MiJ] 9ac JOCIHIIHOI ekcrutyaraiii 3 oceni 2017 p. miaATBepAUIN CBOK e()eKTUBHICTb.
CBiTJIIONOBEPTAIEHUM €JIeMEHTaM 3aJIeKHO BiJ] KOJBbOPY CBITJIOBiAOMBaYiB MpH-
cBoeno mmppu BPJl 2a ta BP/] 3a i BHECeHO 10 HOMEHKJIATYPH BCTABOK JOPOIKHIX
po3MmivanpHEX y TpoekTi JACTY 4036 «be3neka mopoXkHBOTO pyXy. BeraBku pos-
MivajbHI JOpOXKHi. 3arajbHi TEXHIYHI yMOBH», SIKHH OyJe BBEACHUH B Iil0 Haid-
OJVDKYMM 4aCOM.

Po3po6iieHo mpUHIKIN CTBOPEHHS ONTHYHHUX AU(Y30piB, AKi BHKOPHCTOBYIOTH
3 METOI0 OUTBII e()eKTHBHOTO BUKOPUCTAHHS €HEPTii CBITJa BiJl JIAMIT HAKaIIIOBaH-
HSl, CBITJIOZIO/IIB, HAIBIPOBITHMKOBUX JIa3epiB Ta iHMHMX JpKepei. CTBOpeHO opH-
riHaNbHY, 3aXMILEHY HaTeHTaMH YKpaiHH, TEXHOJOIi}0 BUIOTOBJIECHHS ONTHYHHUX
IUQy30piB 3 BUKOPUCTAHHSAM KOHIYHUX 1HICHTOPIB JUIS OTPHUMaHHS 33JaHOTO PO3-
noiry BUNpoMiHIOBaHHS. Po3poOneHi audy3opu mist po3ciroBaHHS CBiTJIA 3[4aTHI
TOMOTEHI3yBaTH CTPYKTYpy IMPOMEHS, OAHOYAaCHO (DOpMYyIOUYN HEOOXiIMHWH BUXiJ-
HUM Tpodine po3noziny cBiTia B mpoctopi. Ontndni nudy3opu MOXYTh TaKOX
BUKOPUCTOBYBATHCh y CUCTEMAaX CTEKEHHS 38 PYXOMHMH 00’ €KTaMHU.

[Momanpmum po3BUTKOM pOOIT 3 MIKPOIIPHU3MOBHX HAHOTEXHOJIOTIH € po3podKa
Ta BUTOTOBJIEHHS ONITHYHAX KOMIIEHCATOPiB KOCOOKOCTI 3 MiKPOIIPH3MOBOIO CTPYK-
Typoto @penens. B. B. [lerpo pazom 3 Bizomum odpransmonorom M. M. Ceprien-
KOM BHUCYHYJIH 1/1el0 BUKOPUCTaHHsS MIKPONPU3MOBUX pENbeHHUX CTPYKTYp IS
IIarHOCTHKM Ta JIIKyBaHHA KOCOOKoOCTi. IlepimoueproBum 3aBmaHHsIM OyJ0 CTBO-
PEHHSI BHCOKOTOYHOTO JiarHOCTUYHOIO OOJIAJHAHHS, sike Oylo MpPakTUYHO Bif-
CyTHE B YKpaiHi, 1 B IKOMY OQTaJIbMOJIOTH YKpaiHH BiA4yBalu rocTpy MOTpely.
CrinpHo 3 KuiBchbKuM IEHTPOM MiKpOXipypril oka po3po0IeHo TeXHIYHI BUMOTH Ha
JarHOCTHYHHUI Habip KOMIIEHCATOpPiB KOCOOKOCTI MIKPOTIPU3MOBHX 1 TEXHIUHI BH-
MOTH JI0 KOHCTPYKIIil OKpeMOro KOMIIEHCATOpa, Ha OCHOBI SIKOTO 1 BUKOHAHO PO3-
POOKY AiarHOCTUYHOTO Habopy.

Jltst peasizartii miei el OyJio MPOBEACHO MOCHIHKEHHS 3 TEXHOJIOT1] CTBOPCHHS
MIKPONPU3MOBHX CTPYKTYp, pO3pOOJIeHO cIielialibHe TEXHOJIOTiuHEe OOJIagHaHHS,
PO3pOo0JIeHO NiarHOCTUYHUM Habip MIKpONPHU3MOBHX KOMIIEHCATOPIB KOCOOKOCTI
KK-42, mo ckmamaerbes i3 42-X oKpeMHx KomrieHcaTopiB ais pianazony 0,5-30,0
MPU3MOBHX JIIONTPiH, AKHI 3HAUIIIOB 3aCTOCYBaHHS.

TounicTe BUTOTOBIIEHHS NpU3M DpeHens AyKe BUCOKA, BiIXWICHHS 3HAUYCHHS
MpU3MaTHYHOI il KOMIeHcaTtopa Bif HoMiHamy He nepesumrye 0,05-0,1 mpus-
MaTH4YHOI JionTpii. KOHCTPYKTUBHO KOMIIEHCATOP BUKOHAHUM TaKMM YHHOM, IO
MiKpopenbe( 3HAXOIUTHCS BCEPEANHI KOMIIEHCATOpa, HE KOHTAKTYE 13 30BHILIHIM
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CEepEeIOBHILEM 1 HE MiJNAETHCS 30BHIIIHBOMY 3a0pyAHEHHIO. | epMEeTHYHICTh KOHC-
TPYKLii KOMIIEHCATOpa J03BOJISIE€ B MPOLECi eKCILTyaTalii IpoOBOAUTH Oaratopa3oBy
caHiTapHy OOpOOKy, AE3IH(EKI[II0 1 OYHMIIEHHS CTaHAApTHUMH 3acobamMu 0e3 mo-
LIKOPKEHB 1 3a0pyJHEHHS MiKpOpenbe(HOT CTPYKTYpH.

Habip 3abe3mnedye niarHOCTYBaHHS KOCOOKOCTI 3 BHCOKOIO TOYHICTIO Ta JIOCTO-
BIpHICTIO, BiH MPOWIIOB yCi BUAN KIIHIYHUX 1 MEIUKO-010IOTIYHIX BUIIPOOYBaHb.
Po3pobka 3axuilieHa MAaTCHTOM, 3apeECTpOBaHa B YKpaiHi Ta OTpuMaia JI03BiI Ha
BUKOPUCTaHHS B MEAWYHIM mpakTumi. Taki KOMIEHCATOPHU BUKOPUCTOBYIOTHCS IS
TarHOCTUKY Ta JIIKyBaHHS KOCOOKOCTI 30py y miTel i mopociux. ChOroaHI HaJiaro-
JOKEHO BUITYCK JIOCHIIHUX 3pa3KiB KOMIICHCATOPIB 1 JiarHOCTUYHUX HAOOPIB y He-
OOXiJHIN A7 0P TaIBLMOJIOTIHHO]T rany3i KiITBKOCTI.

[lomanpmuyM PO3BUTKOM MIKPOIPU3MOBOTO AiarHOCTUYHOrO O(TanbMosIoriy-
HOTO OOJIaJIHAHHS € CTBOPEHHS Ta BUTOTOBJIEHHS HAaOOpy AiarHOCTUYHUX JIHIHOK,
y TOMY YHCIi, 3 BUKOPUCTaHHIM CHUMETPUYHHX MIKPOINPU3MOBHX E€JIEMEHTIB, SIKi
J03BOJIIIOTh IPOBOAMTH HaliliHYy I1arHOCTHKY BEPTHKAJIBHOI Ta T'OPU30HTAIBHOL
KOCOOKOCTI 30Dy JJIsl MaJIiX JiTel, a TAaKOXK eKCIpec-IiarHOCTUKY XBOPUX Ha KOCO-
OKicTh. P03p0o0Ka € OpUriHaIBHOO 1 3aXHIleHa MATEHTaMK Y KpaTHH.

BaxnuBe 3Ha4YeHHS )i JIIKYBaHHS KOCOOKOCTI y IiTeH MaroTh KOMOiHOBaHi
MpU3MO-CHEpO-UMITIHAPHYHI JTIH3H, SIKi MOETHYIOTh ¥ c00l XapaKTEPUCTUKU TIPH3-
MaTHYHHX 1 pedppakuiiHux (chepuyHuX i achepuvHnX) JTiH3, 1 JTIKYBaTbHUX OKYJIS-
piB 3 TakuMu JiH3aMH. KOHCTPYKTHBHO Taki JIH3H SIBISIIOTH COOOI0 CTaHAAPTHY
pedpakiiitHy miH3y 3 TOJiKapOOHATy, JO BHYTPIIIHBOI IMOBEPXHI SKOi METOIOM
YJIBPa3BYKOBOT'O 3BapIOBAHHS MPHUBAPIOETHCS PENbeOM BCEpEIUHY MIKpOIpU3Ma
Openens HeoOXxiHOT NpU3MaTU4HOT Ail. Y KOMOIHOBaHIW JiH31 TPU3MATHYHUI
MiKpopesbe(d TaKOXK 3aXMIICHUH BiA BIUIMBY 30BHIIIHBOIO CEPEAOBHILA, HE IIO-
NIKOJKY€EThCS 1 HE 3a0pYTHIOETHCS, IO HE MPHU3BOJUTH JIO 3HWKEHHS TOCTPOTH
30py Yy TUTHHHU.

Po3pobieno BiAmoBinHI TEXHOJOTiYHI HpouecH i oOnagHaHHs, 3aIpPOIIOHOBAHO
METOJM ONTHMi3allil i KOHTPOIIO ONTHYHHUX IapaMmeTpiB BUPOOiB, HAJIArOIKEHO
BUITYCK 3a pelenTamMHy JiKapiB-0()TalbMOJIOTIB JIIKyBaAIBHUX OKYJISAPIB Y IIHPOKOMY
niana3zoHi 3MiHM pedpakUiifiHOT CHIM Ta MpU3MaTH4YHOI Aii. TakuMu oKynsipamu 3a
penienitaMu Bix 45-TH nikapiB yKpaiHCHKHX 1 3apyOiXHHUX KITIHIK YXKe MPOJIKOBAHO
JeKiTbKa THCAY XBOPHX MAiTed. YCi 3ampONOHOBaHI PO3POOKH MIKPOIPHU3MOBHX
SJIEMEHTIB U1 O(TaIbMOJIOTTYHHX 3aCTOCYBaHb 3aXHILNEHO BITYM3HSIHUMH T1aTEH-
TamHu, 3apeectpoBaHo y cucreMi MO3 YkpaiHu Ta pekOMEHAOBAaHO 1O LIMPOKOTO
3aCTOCYBaHHS B MCIUIHIN MPAKTHIII.

[epcneKTHBHUM JIs1 3aCTOCYBaHHS B OQTaIBMOJIOTII € aXpoMaTU30BaHi MiKpo-
MPU3MOBI BUPOOH, SIKI MarOTh 3MEHILEHY 30HY XpOMaTHUHUX abepauil, i audpax-
1ilHI eneMeHTH (MTpu3MH baroumini) 11 [iarHOCTUKH OIHOKYJISIPHOTO 30py. Pe3ynb-
TaTH JOCHIHKEHb 3 I[bOT0 HANPSAMKY IMPEJICTABICHO B MPOBIAHUX O(TaIbMOIOTid-
HUX J)KypHaJlaX CBITY.

Po3pobka MiKpONIpHU3MOBHX TEXHOJOTIH AIarHOCTUKU Ta JIIKYBaHHS KOCOOKOCTI
y HiTed Bif caMOro mo4aTKy 3HaWIUIa MUPOKY MiATPUMKY HAYKOBOI i MEIUYHOI
rpomajicekocti. Ha crineHomy 3aciganni [Ipesunii HAH Ykpainn, HAMH VYkpainu
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ta Konerii MO3 VYkpainu 23 yepBHs 2010 p. po3poOka mictaia BUCOKY OLIHKY Ta
Oyna BHecCeHa JI0 MepelliKky HaWBaXKIMBIIIMX 3aBEPIICHUX PO3POOOK 31 CTBOPEHHS
NpUWIaiB MEIUYHOTO TPH3HAYEHHS, SIKI MOTPeOyIOTh MEpIIOUEeproBOro BIIPOBa-
mkeHHs. | B mopansmomy Ilpesunis HAMH Vkpainu Ha 3acigannsx 10 jirororo
2012 p. 129 ciung 2015 p. Bia3Hauana HaA3BUYalHY e(DEKTHBHICTH 3aCTOCYBAHHS
MIKpPOTIPU3MOBHX TE€XHOJIOTIH MPH JiarHOCTHIII Ta JIKyBaHHI KOCOOKOCTi, HEOOXi-
HICTB JIepKaBHOI MIITPUMKH JAJIsl OUIbII HIMPOKOTO IXHHOTO BIPOBAKCHHS B Me-
OUYHY TPakTUKy. EQeKTUBHICTH 3acTocyBaHHS MIKPONPHU3MOBHX TEXHOJOTIH Bif-
3HAUCHA 1 B aHAMTHYHIA JOBIiAMI rooBHOTO odramemonora MO3 Vkpainu, ne 3a-
3HAYCHO, IIO 3aBJASKH 3aCTOCYBAHHIO MIKPONPHU3M BAAJIOCSH OOMEXHTH KiNBbKICTh
XipypridyHUX omnepaiii 3 BUNPaBICHHS KOCOOKOCT, 0OOMEXHUTH XipypriuHe JiKyBaH-
HSl OJHOPa30BUM BTPYYaHHSM, TOHI SK paHill BOHO NPOBOIWIOCH y 2—3 eTami.
3aBAAKM BUCOKIHM SKOCTI mpu3M BAajocs AocsaTHyTH BigHoBieHHA 100 % O6iHOKY-
JSIPHOTO 30py — 1I€ YHIKaJbHUH MOKa3HUK y CBiTOBiH mpaktumi. Po3poOku Mikpo-
NPU3MOBHX TEXHOJIOTIH Uil o¢TaabMOJIOrii HEOAHOPA30BO BHU3HABAINCH OJHIEIO
3 kpamux po3podbok HAH VYkpaiau. B 2013 porti pobora «HaykoBa po3podka cy-
YaCHUX KOMIICHCATOPHUX MEXaHI3MIiB ONTHYHOI KOPEKIlii 3aXBOPIOBaHb OPraHy
30py, po3poOKa HOBITHBOI TEXHOJIOTii Ta OpraHizailisi CEepiifHOro BHPOOHUIITBA
ONTUYHUX EJIEMEHTIB 3 MIKPOIIPU3MOBOIO CTPYKTYPOIO JUIsl IXHBOTO 3aCTOCYBaHHS
B 0()TAJILMOJIOTIYHIH mpakTui» 3a noganusm MO3 Ykpainu Oyna ynocroena [Ipe-
Mmii Kabinery MiHicTpiB YKpaiHu 3a po3poOJieHHsI i BIPOBAIXKEHHS iHHOBALIHUX
texronorii. [Ipesunis HAMH Ykpainu ta npoBinHi BueHi-0()TaIEMOIOTH OIIHAIN
PO3pOOKY MIKpOTIPU3MOBHUX TEXHOJIOTiIH K ONUCKYUWi 3pa30K HAyYKOBOTO CIIIBpO-
OITHUITBA CTPYKTYPHUX MiJPO3AUIIB Pi3HUX BiOMCTB, a TAaKOK HayKOBOI poOOTH,
pe3yabTaT sIKoi OyJM YCHIIIHO BIPOBAIKEHI B HMPAKTHKY Ta MIPOAEMOHCTPYBAJIH
CBOIO €(DeKTUBHICTb.

[IpencraBnene Ha MMPOKMI 3arajl BUAAHHSA MICTUTh BHOpaHi HayKoBi Iparli
akagemika HAH VYkpainu, nokropa texHiuHux Hayk, npodecopa B. B. Ilerpona,
110 AAI0Th 3MOTY NOOAYNTH YYEHOTO 3 BEJIMKOI JIITEPH, SIKUHM MOCTIHHO 3HAXOANUTh-
Csl B TBOPUOMY HAyKOBOMY IOUIYKY, 1 OIIIHUTH HOTO BarOMHUI BHECOK Y BITUU3HSHY
Ta CBITOBY HayKy.
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Posaia 1

I[TPOIPAMOBAHI MATPULII
HA PE3VMCTVIBHMX EAEMEHTAX

Haykogi nocnimkenus B. B. IlerpoB posnoyas y XapKiBCbKOMY MOJIITEX-
HIYHOMY 1HCTHTYTI, y JabopaTtopii eJIeKTpOHHOTO MojenroBaHHs. Ha ce-
MiHapi miei maboparopii BiH BHUCIIOBUB i/I€10 CTBOPEHHS MIBHUAKOIIIOYNX
3amam’ITOBYIOUMX NPUCTPOIB Ha MaTpuIlsix pe3ucropiB. Hesabapom Oys
BHUTOTOBJICHWH Aifounii MakeT Takoi matpuni. CringpHo 3 B. I. Kamamnimi-
koBuM 1 A. SI. Hlnine6eprom B. B. IletpoB momaB 3asBKy Ha BHHaXiJ
i ofieprkaB aBTOpchbke cBimorreo CPCP.

[lig yac HaBuanua B acmipantypi IHcturyTy KibepHetuku AH YPCP
B. B. IletpoB mpooBXuB noCIikeHHs. B KOPOTKi TepMiHH BiH TPOBiB
HHU3KY JOCHIPKEHb 3 BUKOPHCTaHHSI MAaTPHIlb PE3UCTOPIB ISl CTBOPEHHS
KOOPAMHATHHUX 1 acOLiaTUBHMUX MOCTIHHHUX 3alaM’SITOBYIOYMX MPHUCTPOIB.
Byno Bu3HaueHo kpwurepil peamizamii TPUCTPOIB, PO3paXxoOBaHO IXHI
OCHOBHI TEXHIUHI XapakTepucTuku. Ilepma craTrs 3 pesyiabTaTaMu IHUX
JOCHipKeHb akaneMikoM B. M. ImymkoBum Oyna mpejacTaBiieHa JUIs
my6mikarii B xxypHani «lomosini AH YPCP». IIpoenernmu B. B. Ilet-
POBUM JIOCITIJPKEHHSAMHU OYJIO CIIPOCTOBAHO yCTANCHY B HAYKOBHX KOJAax
OYMKy, 10 Ha pE3UCTUBHUX MAaTPUIIX MOXYTh OYTH peanizoBaHi
MOCTiiHI 3amam’ATOBYI0Yi PUCTPOT JIUIIE MaJloi EMHOCT.

VY pobotax B. B. IlerpoBa OyB nmpoBeaeHni aHali3 BiJOMHX 3amam’ si-
TOBYIOUHX ITIPHCTPOIB, IO 3aCTOCOBYIOTH sIK HOcii iH(opmamii macuBHi
SJICKTPUYHI KOJIa 1 OyJI0 MMOKa3aHo, 10 HAHOLIBII IIBUIKO/III0YI 3amam’si-
TOBYIOUI MPUCTPOI MOXKYTh OyTH TOOYIOBaHI Ha MATPHISIX PE3UCTOPIB.
OnepaTiBHa TaM'sITh HA MATPHIIl PE3UCTOPIB CIOKMBAE HE3HAUHY €HEp-
rit0 1 JI03BOJISIE CTBOPIOBATH MajorabapuTHy amapaTypy. MOIJIMBiCTh
aBTOMATHYHOTO 3amucy iHpopMaLii i BUCOKa MIBUAKOIS JO3BOJISIIH CIIO-
IiBaTHCS, IO IPUCTPiil HAa MATPHIIi OMOPIB 3HAM/IE MHUPOKE 3aCTOCYBAHHS
B U(POBUX Kepyrounx MamuHax. [IpakTHUIHOO peai3alieo JoCIiIKeHb
CTaJO CTBOPEHHS MalorabapuTHUX IOCTIMHUX 3amaM’ sSTOBYIOUMX MpH-
cTpoiB ams 6oprosux EOM.
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B 1968 poui B Incturyti xibepuetuku AH YPCP B. B. IletpoB 3axucTuB KaH-
MUIAaTChKY nucepTanito «Pe3sncTuBHI MaTpuIli Ta JesKi iX BUKOPHCTaHHS y o0dwcC-
JIIOBaJIbHIM TeXHUI». | Bke 3HAYHO mMi3Hinie B [HCTHTYTI MOJNEKYJISPHOI €JeK-
TpoHiku (M. 3eneHorpaa, Pocis) Oyna cTBopeHa maM’siTh Ha MaTpHLi PE3UCTOPIB
B MIKpOEJIEKTPOHHOMY BHKOHAHHI.

3nauny yBary B. B. IleTpoB mpuainsiB qOCTiIHKEHHIO MPOIIECy MOMIyKY iH(Op-
Malii y MaTpUYHHMX acOI[iaTUBHHUX 3allaM’sSTOBYIOUMX IMPHCTPOSX, 30Kpema Oyio
3allPOMIOHOBAHO BEKTOPHUI ONMWC HapalieIbHOrO MOWYKy iHpopmanii. Y #oro po-
0oTax MOKa3aHoO, IIO IIeW METOJ MOXKE 3aCTOCOBYBATHCS B acOIIaTUBHUX 3araMm’s-
TOBYIOUHX TPUCTPOSIX 3 JIBINKOBUM IMOJAHHSIM CUTHAJIIB, KOMOIHOBAHUM IOJIaHHSIM
CUTHAJIB (YaCTHHA — JIBIMKOBI, YaCTHHA — 3 BEJIMKOIO KiJIBKICTIO PiBHIB), B aHAJIOTO-
BUX, a TAKOXX B TaKHX, JIe OJJHOYACHO 3 ONMUTYBAHHSAM IIPOBOJUTHCS BITOPSIKYBAHHS
MacuBy iHdpopmMmarttii. B. B. IletpoBuM Oyiu 3ampornoHOBaHI acoIliaTHBHI 3artaM’ si-
TOBYIOYI MPUCTPOi, IO MICTATh MATPHULIO PE3UCTOPIB 3 NPSIMUMH i 3BOPOTHUMH
KOJaMH CIIiB 1 JOJATKOBY PO3PSIHY IIMHY, SIKa 3 METOI YIOPSIKYBAaHHS BHUBE/CH-
HS CJIB MICTHTPH MPHUCTPiii MHOXEHHS MPSMOTO 1 3BOPOTHOTO KOJIY O3HAKH Ha Ba-
roBi Koe(illieHTH.
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YCTpOﬁCTBO IIOCTOSIHHOM ITaMsSITU Ha COITPpOTUBAECHMSIX

A. Jl. Innaw6epr, B. B. Ilerpos, B. V. Asrycr

Astopckoe cBuaerenscTBo CCCP Ne 161576 MIIK G C61 3asBneno 25.11.1963
(Ne 821532) Omrybnmkoano 19.11.1964. bromnerens Ne 17.

N3BecTHBI ycTpOWCTBAa MOCTOSHHOIN MaMSATH Ha COIPOTHUBICHUAX, BBIOJIHEHHBIC B BH[C
MaTpHLBl U3 B3aUMHO NEPIEHIUKYIAPHBIX aJpPECHBIX U 3aps/IHBIX IIHUH, B Y371aX Iepecede-
HUSI KOTOPBIX PacIO0KEHbI COMPOTHBIICHUS, U TaKUe K€ yCTpOIicTBa Ha IMAaCCUBHBIX 3JIe-
MEHTAX C 3allUChI0 HYJIA IIyTEM ITOJIa4y 3JIEKTPUIECKOT0 HAPSKEHHUS Ha COOTBETCTBYIOIINE
BEPTUKAJIbHBIE U TOPU30HTAJIBHbIE IIMHBI JUI YCTPAHEHUS CBA3U MEXKIY 3TUMH LIMHAMHU.

OnuceiBaeMOe YCTPOMCTBO OTJIMYAETCS OT U3BECTHBIX TEM, UTO Ul Pa3lIn4HOIl BpeMeH-
HOW 3a/Iep’KKH CUTHAJIOB €IUHHLBI U HYJS K €r0 aJpeCHbIM U pa3psiAHBIM IIUHAM ITOAKIIIO-
YEeHbI KOHACHCATOPBIL.

Ha ugeprexxe n3o0OpakeHa cXxema ONHMCHIBAEMOTO YCTPOHCTBA. YCTPOWCTBO BBINOJIHEHO
B BUJIE COCIMHEHHBIX B CETKY IIUH V... Y, pa3psaaoB u muH X;...X,, aipecoB, B y3JIbl KOTOPOH
BKJIFOUCHBI KOHJICHCATOPBI.

Hanmaue conmpoTrBieHns B y371€ COOTBETCTBYET €IMHUIIE, 3 OTCYTCTBHE COMPOTHBIICHHS
HYJIIO. 3anmce HYJIA OCYHICCTBIACTCA BBDKUTAHUEM COHpOTI/IBHeHI/Iﬁ IyTEM IoJa4Yu HaIps-
JKCHU Ha COOTBCTCTBYIOMINE MIMHBI Xu Y. Ko Bcem mmnam TOAKIIOYCHBI KOHACHCATOPHI C.

Jis cunteiBaHuSA WHGOpPMANMK Ha MIMHY X; MOAAIOTCS aapeca MPSMOYTOIbHOIO HM-
IMyJbCa HANpsDKEHUs, M TOrJa Ha BcexX IIMHAx Y,..Y, pa3psAaoB MOSBIISIOTCS BBIXOJHBIC
umiynbschl. [TocTOsSHHAsT BpEeMEHM LIEMOYKH CBSI3M ITHX LIMH OOJIbILE TPH OTCYTCTBUH
COMPOTHUBIIEHUS B y3J€ MEXIy aAPECHON M pa3psAOHON MIMHAMU, YEM IpPH HAJIUYUU €TO.
[TosTOMY CHTrHAJI CUMTHIBaHUS HYJSI UMEET OOJIBIIYIO A

- Y
BPEMCHHYIO 3a[CpKKy MO CPaBHCHHIO C CHTHAJIOM i Y. Yi Ya
CUMTBIBAHUS CIUHHMILI 1 BO3MOKHA BPEMEHHAs CEJICK- ( x NN
1
[IMs1 CUTHAJIOB €MHUILIBLI U HYJIS. @

IIpeanmer nuszobpeTeHu4

VYCeTpOoHCTBO MOCTOSIHHOM NaMSATH HAa COIPOTHUBIIC-
HUSIX C BBDKHUIAHMEM JIEMEHTOB IIPU 3alMCU «HYJISD), X, Ry
OTIIMYAIONIEECS TEM, UTO, C LENBIO Pa3IMYHON BPEMEH- ! !
HOW 3aJiepKKU CUTHAJOB €IMHUIl U HYJS, K aIpeCHBIM | |
U pa3psAIHBIM IIMHAM YCTPONCTBA MOAKIIIOYEHBI KOH- \ X JI_ T 1 JI_
JIEHCATOPBI. == = =

A
4
I= I= =

.

-
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HOCTPOGHI/IG IIOCTOSHHOTO aCCOIMMaTMBHOIO
3alIOMIMHaIommero YCTPOﬂCTBa

B. B. IleTrpos

Mexanuzanus 1 apTomaTu3anus ymnpasienus. 1966. Ne 6. C. 25-26.

IIpuMeHeHHe MaTpUI] CONPOTHBICHUN U1 MOCTPOEHHS ACCOLMATHBHBIX 3alIOMHHAIOLINX
YCTPOMCTB MO3BOJISIET CO3J]aBaTh YCTPOMCTBA C MaJbIM BpeMeHeM oOpamenus. Ha pucyn-
Ke 1,a mpuBeneHa MaTpHIa, UMEIONIast @ TOPU3OHTAIBHBIX LIIMH CIIOB U b Iap BEPTUKAIBHBIX
IIMH Pa3psiioB.
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Puc. 1. AcconmaTuBHBIE 3aIIOMHUHAIONINE YCTPOUCTBA:
a — ¢ YIopsIIOYeHHOH!, 6 — ¢ IPOU3BOJILHOHN BBHIOOpKOH MH(pOpManu

B KaXXI0M paspAa€ UMECTCA 110 JBC IHWHBI, O/JHA U3 KOTOPLIX ABJIACTCA IIMHOK CIHWHHUIIL,
a BTOpas — IUHON Hyneil. Hamuuue conmpoTuBieHHs, COSTUHSIONIETO IIUHY CJIOBA C pas-
PSAAHOM IIMHOM eMHMII, COOTBETCTBYET 3alMCH €AMHUIIBI B ATOM pa3psijie CJI0Ba, a HAIN4Ke
COTIPOTHUBIICHUS, COCUHSIONIETO LINHY CJIOBA C pa3psaHON IIUHON HyJeH, — 3alHuCH HyJI.
Taxum ob6pazom B ciose / 3anmcana uHpopmarms 011...001. Bee conpoTrBiIeHust MaTpHIIBI
O/IMHAKOBHI [1].

ConepxaHue acCONMATUBHOTO 3alOMHHAIOIIETO YCTPOWCTBA OIPAIIMBAETCS CIIEAYIO-
oM obpa3zoM. Ko BceM pa3psimHbIM IIFHAM IMOIKIIOYEHBI yCTpoiicTBa obpamennus YO u
cunteBarontie YC. Ha VO nmonmaetcst ko mpu3HaKa, B COOTBETCTBHU C KOTOPHIM IPOU3BO-
JIITCSI TIOUCK clOB. [Ipu3HaK MOXET colepikaTh JI0ObIe paspsibl ciioBa. Pas3psibl, He Hc-
MOJIb30BaHHBIE B MIpHU3HAKe, 0003Ha4nM KozoM 7. Ecnu Ha xakoi-nmubo paspsi moctymaer
Kox / mpH3HAaKa, TO YCTPOWCTBO OOpaIleHUs MMOJAeT Ha LIMHY EIUHHMI[ JaHHOTO paspsna
Hanpspkenue U), a Ha muHy HyJlieil — Hanpsbkenue U = kU;, e k — Bec, IpONOpIHOHAITb-
HBI MaKCHMaJIBHO BO3MOXXHOMY UHUCITy Pa3psAA0B ¢ MPU3HAKa, IO KOTOPHIM OIpPAIINBAETCS
coJiepkaHKe 3allOMHHAroIIero ycrpoictsa. [Ipu nocrymienun kosaa () ycTpoiicTBO oOparie-
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HUSI TTOJJaeT Ha IIMHY SIMHUI] JAaHHOTO paspsija Hampspkenune U, a Ha mmHy Hyned — U,
IpH IOCTYIDICHNH Koja 1 VO oTkimrogaercs.

Ecmu BIOpaTh Bec £ < ¢, TO IIpH HECOBMAACHUH XOTS OBl B OMHOM pa3psAne Koaa Ipu-
3HaKa M KOJia CJIOBa Ha IIMHE 3TOTO CJIOBA BO3HHKAET OTPHUIATENbHOE HampspkeHue. [Ipu
MOJKJIIOYEHUH KO BCEM ILIMHAM CJIOB JMOJIOB HA HUX BO3HHMKAET HEOOJBIIOE OTPUIIATEILHOE
HalpsDKEHUE, paBHOE MaJICHUIO HAMpPsDKEHUS Ha JUOJE B MPOBOJIIEM HampaBieHHU. Eciu
KOJIbl ONIPAIINBAIOIIUX Pa3psaJOB IPHU3HAKA OIHOCTHIO COBNAAAIOT C COJCPKaHUEM CJI0BA B
OIpalIMBaeMbIX pa3psaax, K IIMHE JAHHOTO CJIOBA 4Yepe3 COMPOTHBICHUS R IPUIIOKECHEI
TOJILKO IOJIOXKUTEJIbHBIE HanpspkeHus: U; M Ha HEeH BO3HUKAET IMOJIOKUTEIbHOE HaIpshKe-
HUE, KOTOPOE MPHKJIaIBIBACTCS Yepe3 CONPOTHBICHUS R K pa3psiTHBIM [IMHAM € KoJaMu [ 1
CUHTBIBACTCS] COOTBETCTBYIOIIMMH CUUTHIBAIOIIMMH YCTPOHCTBAMH.

Ecnu nanHOMYy NpM3HAKy COOTBETCTBYET TOJIBKO OJHO CJIOBO, HA BBIXOJAE IOJYYaeTcs
OJTHO3HAUHBIN pe3yJIbTaT, a €CJIM HECKOJIBKO CJIOB, TO B HEKOTOPBIX paspsigax OyayT BO3-
Oy>kKIEeHBI OJJHOBPEMEHHO IIWHBI CMHUII U IIUHBI HyJIEH, 9TO SBISETCS MPU3HAKOM HEOIHO-
3HAYHOTO OTBETa. B 3TOM ciydae B COOTBETCTBHHM C OJTHUM M3 alTOPUTMOB [2] IPOU3BOIMT-
sl yHopsiiodeHHas BHIOOpPKa BCEX CIIOB, COOTBETCTBYIONINX JAHHOMY IPH3HAKY.

B Uncruryte kubepuneruku AH YCCP 6buia npoBejieHa SKCIIEpUMEHTaIbHAS TPOBEPKa
CXEMBI, TOKa3aHHOW Ha pucyHKe, a (mpu a = 10, b =12, ¢ =6, U; = 10 B, Uy = —60 B), KOTO-
pad NOJIHOCTBIO MOATBEPANIIA NTPUBCICHHBIC BBIIIC BHIBOABI.

Bo3MoskeH u qpyroil BapraHT MOCTPOCHUS 3aIIOMUHAOIICTO YCTPOWUCTBA (PUCYHOK, 0),
KOTJIa TIPOU3BOJUTCS ITPOM3BOJIbHAST KOOPMHATHO-a/IpecHasi BHIOOPKaA BCEX CIIOB, COOTBET-
CTBYIOIIMX KOAY ITpHU3HAKa, a YMOpsIOYCHHE BBIOPAHHOTO MAacCcHBa OCYIIECTBIISETCS JIIO-
OBbIM U3 M3BECTHBIX CIIOCOOOB.

IIpn U, = 0 Bec k = UyU, ctpemurcs k OeckoHeuyHocTd. LIIMHEI c10B depe3 0oOMOTKH
KOOpAWHATHEIX cepaeunnkoB C aerextupyromeit marpunst /M (B. ®@. Pynaxos, E. U. Nnb-
SIIeHKo, ABTOpcKoe cBraeTenbeTBO Ne 170749) moakioueHs! k HanpsbkeHuto U, = kU, Trie
k = ¢/b. Ha yctpoiicTBa oOpamieHnst mogaeTcss KO MpHU3HaKa, ¥ B TOM cliydae, Korja KoJ
CJIOBa COBIIAJAaeT C KOJOM IpH3HAKa, JWOJ, MOJIKIIOYCHHBIH K IIMHE JaHHOTO CIIOBa, OT-
KpBIBAeTCs, M0 OOMOTKE COOTBETCTBYIOIETO KOOPIUHATHOTO cepAevyHuKa /[M mpoxomur
Tok [ W mepemarHnuyuBaeT cepacuHuk. C momonisio JIM omnpenenstoTcs KOOpIWHATHI
CJIOB, COOTBETCTBYIOIIME JaHHOMY ITPH3HAKy, ¥ MPOM3BOAWTCS OOBIYHAs KOOpPAMHATHAsS
BBIOOpKa UX.

Bribop k£ > ¢ B nmepBoM cityuae u BbIOOp k < ¢/b BO BTOPOM JeJNaeT 3allOMHUHAIOIIee
YCTpOIMCTBO HEKPUTHYHBIM K pazOpocy IapaMeTpoB CONpoTHBIEeHHHA. TakuMm oOpazoM, Ha
MaTpHLaX CONPOTHUBICHHH MOXKHO CO3[aTh BeCbMa OBICTpOAEHCTBYIOIIEE MOCTOSHHOE ac-
COLIMAaTUBHOE 3alIOMMHAIOIIEE YCTPOMCTBO € MapaIeIbHBIM MOUCKOM CJIOB 110 NPHU3HAKY,
conepkameMy JTro0yi0 KOMOMHALMIO pa3psanoB. Ilpu MCIonb30BaHUM UIT MaTpPHUIl (QOTO-
COIIPOTUBIIEHMH MOXXHO CO34aTh OBICTPOACHCTBYIONIEE AaCCOLMATUBHOE 3alOMHHAIOIIEE
YCTPOWCTBO CO CMEHIEMOW HHPOPMAIIHEH.

B HWHCTUTYTE U3rOTOBJICHBI U UCCIICAOBAHbI MAKETHI OITMCAHHBIX yCTpOﬁCTB.

JIMTEPATYPA

1. Scheinbuch K. Kybernetik, Bd. I, H. 1, 1961, S. 36-45.
2. Lewin M. H., Beelitz H. R., Guarracini I. IEEE Transactins on Electronic Computers, 1965,
Vol. EC-14, No. 3.

Pozaia 1. [IPOTPAMOBAHI MATPULII HA PE3VICTVIBHMX EAEMEHTAX 25



O BO3MOXXHOCTIU IIOCTPpOEHMsI ITaCCUBHOTI'O
3alIOMIMHaIomero YCTPOﬁCTBa Ha MaTpuie COHpOTI/IB[leHI/Iﬁ

B. B. IleTpos

VYnpasisromue MamuHb 1 cucteMbl. 1966. Ne 1. C. 48-83.

Jlnist 3amucu CTaHAapTHBIX MOANPOTpaMM, Tabmul QyHKIMI, TOCTOSHHBIX BEIWYMH H APY-
roil MH(pOpPMAaIMH, OCTAIOLICHCS HEU3MEHHOW WPH pPEIICHHH PAa3IM4HbIX 3ajad Ha dIIeK-
TPOHHBIX NH(POBBIX BBYHUCIUTEIBHBIX MAallIWHAX, YacTO HPUMEHSIOTCS ObIcTpoeiicT-
ByIOlle TaccuBHbIe 3armoMuHatomue ycrpoiictBa (BII3Y). Ecim mmeercs takoe BII3Y
B YIPABJISIONIEH MalllHE U €CIH OHO CMEHHOE, TO B HETO MOXHO 3aIlUCaTh HE TOJIbKO KOH-
CTaHTBI U CTAaHAAPTHBIC MOATIPOTPAMMEI, HO ¥ BCIO HEM3MEHIEMYIO 4acTh MPOTrpaMMbl. DTO
MO3BOJIICT YMEHBIINTh OOBEM OIEPAaTHBHOTO 3alOMHHAIOIIETO YCTPONCTBA U IIOBBICUTH
HA/ICKHOCTh YTPABIIONIEH MamuHBl B menoM. Hammume cmennoro BII3Y mosBomser
MEHATh HaOOp CTAaHAAPTHBIX IMOANPOTPaMM, YTO JelaeT YIPaBIIONIyI0 MaluHy Ooiee
THOKOIA.

HawuGornblee pacnpocTpaHeHHUE B COBPEMEHHBIX YIPABJSIIONIMX MAIIMHAX TOIYYHIN
cmennblie BII3Y Ha GeppuTOBBIX THHEHKaX. 3aUCh HHPOPMAIIUU HA TAKYIO JTUHEUKY OCY-
HIECTBIISIETCS IPOJCBAaHUEM POBOJOB CKBO3b CEPCUHHUK, ONEPALUs 3TA OUECHb TPYI0EMKas,
IJIOXO MOJAJAETCS aBTOMATU3AlUN U OCYILECTBISETCS B OCHOBHOM Ha 3aBOJAX, U3TOTaBIU-
BAIOIIMX BBIYMCIUTENbHBIC MAIMHBL. BBUay Toro, 9To 3aHocHTh MHpOpMaNMio Ha deppu-
TOBYIO JINHEHKY OYEHb TPYAHO, 3alIOMHHAIOIIME YCTPOHCTBA Ha (PEPPUTOBBIX JIMHEHKAX
4alle BCEro UCMONB3YIOTCS KaK MOCTOSTHHBIE.

B cBs3M ¢ 3TMM BO3HHMKaeT HEOOXOIMUMOCTh CO3JaTh ISl YIPABIIAIONIEH MAIIMHBI TAKOE
CMEHHOE OBICTpO/IEICTBYIONIEE TACCHBHOE 3alIOMUHAIOIIEE YCTPOWCTBO, B KOTOPOE MOXKHO
ObUTIO OBI OBICTPO M MPOCTO 3aHOCHUTH MH(pOpPMaNKo0. BMecTe ¢ TeM HEOOXOIUMO, YTOOBI
croumocth BI13Y He Oblia BhICOKOIA.

B nmanHo#i paboTe mokasaHa BO3MOXKHOCTH CO3JaHHS CMEHHOTO OBICTPOACHCTBYIOIICTO
3allOMHHAIOIIET0 yCTPOWCTBA, MCIOJB3YIOMET0 KaK HOCUTEIsT WH(OpManuy MaTpHily
AKTUBHBIX CONpPOTHUBICHUH. [IpMMEHUTH MaTpHIly CONPOTUBIECHUII B KauecTBE HOCUTENS
nHdopmannu Buepsble npemtokui [. I'. Menpmmkos [1, 2]. 3arem A. f. Lmuns6eprom,
B. B. IlerpoBsim 1 B. M. ABryctom [3] Ob11 npeyioskeH cnocod cuuThIBaHMs HHpOpManny,
3alMCcaHHOW Ha MaTpully comnportuBieHni. [laHHas pabora sSBISIETCS NMPOAOJDKEHHEM pa-
6otsI [3].

PaccmoTpum mpuHOHMI 3amicH WHPOPMALUK Ha MaTPUILy compoTHBIeHHH. IlycTh maHa
MaTpHla CONMPOTHBIICHNH, NMEIOIIAs ¢ TOPU3OHTAIBHBIX MIMH CJIOB U b BEPTHKAIBHBIX IINH
paspsios (puc. 1). Bynem cunraTs, 9To 3anmcana nHpopManus «1» B j-M paspszae i-To cIlo-
Ba, €CJIM TOPU30HTAJIbHAS IIMHA 1 COEIMHEHA C BEPTHKAILHOM IIMHOM j CONPOTHBIEHHEM R;.
Ecmu conporusnenue R; 0TCyTCTBYeT (R;; = 00) TO, 3HAYUT, B j-M paspsie i-ro cloBa 3aIlu-
cana undopmanus «0». Ha puc. 1, 2, 3, 6 conpoTHBICHUS MATPHUIIBI 0003HAYCHBI IPSIMBIMH
JUHUAMU, COSAUHSIONIMMHU BEPTUKAIbHbIE U TOPU30HTAIIBHBIC IIUHBI, BCE COMPOTUBJICHUS B
MaTpHlle paBHBI MeXIy coOoi. Marpuiia conpoTHBICHNI MOXET OBbITh HalleuyaTaHa, Hallbl-
JICHA WJIM U3TOTOBJIEHA KaKUM-JINOO0 IpyruM crocoboMm. M3rotoBneHHast MaTpHia HMEET BCeE
COTIPOTUBJICHUS] MEXY TOPHU3OHTAIEHBIMU U BEPTUKAIbHBIMH IUHAMU, YTO COOTBETCTBYET
3anucu uH(pOpMaK «1» BO BCEX pa3psAlax BCEX CJIOB. 3amKCh HYyJIEH OCYIIECTBISIETCS
MyTEM BBDKWTAHHS CONPOTHBICHUH, CONPOTHBICHUS pPa3pyIIAlOTCs MpH IMoJade Ha HUX
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HaTPsDKCHUST BBDKUTaHUs. Hampumep, ecnm mo-
JIaTh Ha IIUHBI [ ¥ j HAPSDKCHUE BHDKUTAHHUS, TO
CONPOTUBIIEHUE R;; pa3pymurcsa. OTO MO3BOJIAET e
OCYIIECTBUTh aBTOMATHYECKHI MPOLIECC Meperu-
cu MHOpMAlMK HAa MaTpHIly COIPOTHBICHUIN
¢ nepdonent, nepdHokapT UM JHOOOTO JPYroro

HocuUTeNs HHHOPMALUH. “ N
Kak m Ha nepdokapry, Ha MaTpuIly CONpO- — 4 -+ : /
o (A
TUBJICHUH MH(OPMAIIUIO MOYKHO 3aHOCUTH TOJIb- — u.,'/":; Gl 1 4} % “
KO onuH pa3. [lns ocyliecTBiIeHHs 3aMEHBbI MH- 7S s 4.: % |
. . Sl
¢opmarun B BII3Y Marpuisl conmpoTHBICHUH m %' 7 Yy
HEOOXOANMO JIeNIaTh CMEHHBIMH. ¥ u—_:——f——r—-i—Jl-—Jl—:—-—-(
o —_— H l_4
Wrak, nmeercs MaTpuma CONPOTHUBIECHHH C 7z 71 17 : l/P‘
o o - o] g "
3aHECEHHOM Ha Hee HWH(OpMAIMeH; HCCIeryeM o ...‘;__,F&‘T*F.f.’.}.ﬂ__
BO3MOXKHOCTh pazindeHust uHpopMmammn «1» u o a
p dopmart [ AVal TV Ve
«0» B m0OOM paspsiie TF000TO CIIOBa MaTpPHUIIHL 0 (A IR 47
[Mpu cuuteiBaHuu MHGOPMAIMK HA IIWHBI CIOB & L G &, up
HUMITYJIbCBI CUHUTBIBAHUA MOTYT I10JJaBaTbCA IBY- 'I- 'L 'L

M$ Pa3IMYHBIMU CIIOCOOAMHU:

1) momaercsi MMIYJIbC HaNpsDKEHHS, a BCe
OCTaJIbHBIE BXO/IHBIE ITMHBI 323¢MJICHBI (3a3eMIIIEMbII BXOJ);

2) mojaeTcsl UMITYJIbC HaNpsDKeHUs], @ BCE OCTalIbHbIC IIMHBI HE 3a3eMJIeHBI (TpaHchop-
MaTOpHBIH BXOJ).

Paccmotpum mepBblii crioco6. Ecnu mopaTe Ha mMHY clloBa i CKa4KooOpa3HOE Hampsi-
xeHue Uy, a ocTajbHbIE TOPU3OHTANIBHBIEC LIMHEI 3a3€MIMTh, TO Ha BCEX BEPTUKAIBHBIX
IIMHAX, He COeIMHEHHBIX C IMHOK i HanpsDKeHHe OyeT paBHO HYIIO. BrIxogHOe Hampshke-
HUE Ha BEPTUKAIHHOHN IIWHE j COSANHESHHON CONMPOTHUBIICHHEM R ¢ IIMHOM i U emie ¢ k Topu-
30HTAJIbHBIMU IIMHAMH

Ui
Tk+1
B xymwewm ciydae, npu k = a — 1 nanpsxenue U; NpMHUMaeT MUHMMAJIEHOE 3HAYEHHE
U,
=i
U,=—.
a

Beixognoe Hampsoxenue U, cooTsercTByroniee nHpopmanuu «1», 3aBucut oT uH)Op-
Malmu, 3aHCCEHHOM Ha MaTpuny, U ¢ YBCJIMYCHHUEM YHUCia CJIOB B MaTpyulC YMCHBINACTCA —
9TO TJIaBHOE OIpaHUYEHHE Ha pazMep MaTpuibl. KomnuecTBo pa3psiioB B CJIOBE Ha OTHOIIIE-
HHUE CUTHAJIOB, COOTBETCTBYIOIMX MH(popMaiusiM «1» u «0», He Biuser. Takum oOpazom,
B CXEME C 3a3eMJICHHBIMU HEBBHIOPaHHBIMH BXOJaMHU NPU COOTBETCTBYIOIIEM BHIOOPE KOJH-
YecTBa CJIOB B MaTpPUIIE BO3MOXKHO YeTKoe pazinuyeHue nHdopmanuii «1» u «0», 3anucan-
HBIX B JIIOOOM paspsizie Iro00ro cioBa.

PaccmoTpum BTOpOIt crioco0, kora cxeMa ynpaBJIeHHsT MaTpHIei He oOecriednBaeT 3a-
3eMJICHHS HEBBIOPAHHBIX BXOJOB. DTO MOXKET OBITH MPOCTOH TpaHC(HOPMATOPHBIN BXOI.
st ocylecTBIEHNS CUMTHIBAHUS MEKIY Ka)KAOW IIMHOM U 3eMiled MOJKIIIOUEHbl KOHACH-
caTopsl onuHaKoBoi emkoctu C (puc. 2). IlycTs MaTpHIla IMEET Bce CONPOTHUBIICHUS, KPO-
M€ CONPOTHUBIIEHHS R;;, B 5TOM Cllyyae Ha IIMHE j BOSHUKAET HAaMOOJBIINH CUIHAJ TIOMEXH.
CocTaBUM cXeMy 3aMeIeHHs JJIsl OJTHOI MaTpHIbL, IS 3TOTO BEIHECEM Y3IIbI i U j; OCTaB-
Irasicst MaTpuiia Oyaer moiHoi (puc. 3).

Pozaia 1. [IPOTPAMOBAHI MATPULII HA PE3VICTVIBHMX EAEMEHTAX 27
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Puc. 2 Puc. 3

BBuay toro 4ro Bce comportuBicHHs R n eMkocth C OAMHAKOBBL, M YYUTHIBAs, 9TO
OCTaBIIAsICS MATPUIIA SBJISETCS MOJHOCTHIO CHMMETPHYHOM, TIPH JTIOOBIX HANPSDKEHUSX Ha
y3J1ax [ ¥ j BCE BEPTUKAIBHBIC IIHUHBI OyIyT SKBUIIOTEHIIMAIBHBI. AHAJIIOTHYHBIE paccyK/e-
HUS CHPaBEIJIUBBl U JUI TOPU3OHTANBHBIX IMIMH. OOBEINHAS SKBUIIOTCHIMATIBHBIC IINHBI,
MoJIy4aeM IMPOCTYI0 CXEeMY 3aMelIeHHs JIJIs TIOJTHOW MaTpullbl (puc. 4), KOTOPYIO U UCCle-
JIyeM Jaiee.

O603HaunM HanpsbkeHue U, npu Hanuuuu R; yepes Uj; , a Hanpsbkenue U, Ipu oTCyT-
cTBUM R; — uepes Ujy, nepenatounyro QyHKIUIO MEXTy y371aMu i U j IPH HAJIMYUM COMPO-
THBNEHUs R; o6o3Haunm W, a mpu oTcyTcTBuM R; — W. B cootBeTcTBUM (pHC. 4) mepe-
JIaTOYHbIe (DYHKIIMH PABHBI

W = p3T3+p?T?(2a+b-1)+pTa+(a—1)(b—-1) )
Ul ™ paT44p373(2a+b)+p2T2(a?+ab+2b+a—2)+pt(2a?+2ab—4a+b)+a(b—1) ’

(a-1)(b-1)
p3T3+p2T2(2a+b-1)+pT+(a—-1)(b-1)

WijO = (2)

IMockoneky Beipaxkenus U; u Uy BO BPEMEHHU MOJy4arOTCs IPOMO3AKAMH, Ha pHUC. 5
npuBeneHsl rpadukn HanpsbkeHuit U;; n Uy BO BPeMEHM Ui MAaTPHUIBI C YHCIOM HIMH
a = b =32 n nocrosinnoit Bpemenn RC = T.

Hammenbliee 3HaueHHe aMIUIMTyJa HamnpsbkeHus Uj; NPUMHUMAET, KOrja B CJIOBE j OT-
CYTCTBYIOT BCE CONpPOTHBIIEHHSA, KPOME Rj, B 3TOM Cllydae nepenatouHas GyHkuus W'
HUMEET BUJ

, p?T?4+pT(3a+b-3)+(2a-1)(b—1)+a(a-1)
w ij1 = 3734272 , 3)
p3T3+p?T?2(2a+b-1)+pT+(a-1)

a rpaduk HanpsuxkeHus Uj; Bo BpeMEHH MoKa3aH Ha puc. 5 (kpusas 3).

Kax BumHO U3 puc. 4 U 5, CUTHAI IOMEXH I10 IyTH K BBIXOIY j MIPOXOAUT TPEX3BEHHBIH
RC-duneTp n 3amepxuBaeTcs BO BpEMEHH; B Pe3yJbTaTe CTAHOBUTCS BOZMOKHBIM OCYIIIe-
CTBUTH HAJI©KHOE PAa3JeiCHHE CHIHAJIOB, COOTBETCTBYIOIIMX HHpopMarmsaM «1» u «O0».
CurHasmsl CYUTBIBAHUS XOPOIIO Pa3AeSIOTCS MPH TaKOM CIoco0e, HO OH MMeeT OOJNBIION
HEJJOCTaTOK.
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/ 2 i j '3
Jleno B TOM, YTO HCTOYHUK BXOIHBIX UMITYJIECOB p ' !
HarpyeH Ha eMkocth C M 3TO 3aCTaBISIET MPHMe- Vs
Py P R4
HATH MOIIHBIE HMCTOYHHKH BXOIHBIX HMITYJIbCOB. V4 | +-
Ecan MBI OTKIFOYMM KOHICHCATOPHI HA BXOIOHBIX 3 / i | s
LIMHAX, TO (QUIBTP JUIsS CUTHAJIA TOMEXH OKa3bIBaeT- a .
csl YK€ TOJIBKO JIBYX3BCHHBIM, 3aJIep)KKa CHTHAIA NGt s s ek
v 2 |
[OMEXH YMEHBIIAETCA W Pa3iMuCHHE HAMpPSOKCHHH - —t - I..JI7_
P [
U;; u Ujy cootsercTByromux uHopmamuam «1» u ___&__‘1_?;4 L Ef_jl__l_ fra

«0», ymenpmaercs. Torma HYKHO paccMaTpHBaTh a |
BO3MOXKHOCTb paziauyeHust nHpopManuu «1» u «0» 4 :i Vil
10 BEJMYMHE U (POpPME TOKA, IPOTEKAIONIETO B LIEHH
koHzencatopa C; (puc. 6).

CocraBuM cxeMy 3aMEIIEHHs Ui Ciydas, Korzaa
KOHJICHCATOPBI TIOAKIIOUCHBI TOJBKO K BEPTHKAIb- Puc. 6
HBIM IIHHaM (puc. 8), cxeMa 3aMeIIeHUs] COCTaBIs-
€TCsl TaK e, KaK M JUIsl IPEAbLIYIIero cirydas (puc. 7). O003Ha4uM TOK /; B LIEIM KOHJEHCa-
Topa C; Y HAJIMYUK CONPOTHBIIEHUS R;; 4epes [;;, a Ipu OTCYTCTBUM R;; uepes Ij); mepena-
TOYHYIO (YHKIIMIO, CBA3BIBAIONIYIO HampsbkeHue U; n TOK [, npu Hanu4uu R;;, 0603HaYNM
Gji;, a Ipu OTCYTCTBUH R;; — Gj;9. B cooTBeTcTBUM C pHC. 7 MepenaTouHblie QYHKIMN Oy Iy T

dk
1
K
In
1
O
|
1]
O
1
1)
]
1
o

_ _pC .
GL]]. - pT+1 > (4)

pC(b—1)(a—1)
p2T2b+pTab+(a-1)(b-1)

Gijr = Q)

Ha puc. 8 npuseneHsl rpaguky TokoB I;; U Ij (2) Bo BpeMEHH JUIs MaTPHIBI C YUCIOM
muH a=b=32 u nocrosHHoi Bpemenn RC=T. Bennuuna Toka J;), ABIAIOIErOcs MOMEXOH,
B Cllydae MOJHON MaTpuilsl HamOonbmas. [locrosHaas BpemeHnn 7 B BeIpakeHHH (4) mis
TOKa /;; Ipy MOJHON MaTpuLe TaKke Haubosbas. HauMenblee 3Ha9eHHE 5T TIOCTOSAHHAS
BPEMEHH NPUHHUMAET B CIydae, KOTrJa B CIOBE i OTCYTCTBYIOT BCE CONPOTHUBICHUS, KPOME
CONpPOTUBIIEHHUS R;;, a BCs OCTalIbHAs MaTPUIA MONHAs; epenarounas ¢ynkuus G ;; B aToM
ciIy4ae IMeeT BH]

pC[pTb(b-1)+(a—1)%(b-1)]
p2T2(b2a—2b2+b)+pT+(a-1)2(b-1)

G'ij1 = (6)

I'pacdux Toka /;; BO BpeMeHH IIOKa3aH Ha KpUBOH 3 Ha puc. 8.
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—1+— Anammupyst  BelpaxeHus (4)—(8) u
paccMatpuBasi KpuBble 1-3 puc. 8, BUAHO,
¢ 5 ,;_,—,f,—_,) b ; gyro npu ¢ = 0 BenmumHa Toka [;=U/R.
— I — Ota BenMYMHA HE 3aBHCHT OT MMOCTOSHHOM
BpemeHH 7 = RC u OT KOJIM4eCTBa TOPH-
30HTAJIbHBIX U BEPTUKAIBHBIX MIUH a U b.
Bennuuna Toka [y npu ¢ = 0 pasna 0 npu
- moObix a u b. CpaBHHMBasi KpuBble 2 U 3
puc. 8, BUAUM, 4TO, U3MEHSS BpeMs CeJeK-
LUH T , MOXKHO MOJYYUTH JKE€IaeMO€ OTHO-
i LIEHHE CHI'HAJIOB, COOTBETCTBYIOIINX HH-
¢dopmarsam «1» u «O0». TIocKOIBKY MBI
| - 3 MIPOBOAMIIA CPaBHEHHE JJIsI HAaUMEHBIIETO
" U3 BO3MOXKHBIX CHI'HAJIOB /;; 1 Hauboble-
| r0 U3 BO3MOXKHBIX CHUTHAJIOB [j, TO TIpH
o MIPOM3BOJIEHO 3alMCaHHON HH(pOPMAINN Ha
MaTpUIly CONPOTHBICHUHA COOTHOIICHHE
i MeKy Tokamu [j; u Ij) MOKET OBITh TOTIBKO
T s s Jy4lle, YeM B PacCMOTPEHHOM HaMH CIIy-
o 22 yae. [IpuBeneHHBIE BBIBOJBI BBHUIY CHUM-
Puc. 8 METPUH MAaTpHIBl CIPAaBEIJIMBBl OTHOCH-
TEJIBHO BCEX CIOB U BCeX paspsaoB. [lpu
OIpOCe CIIOBA CUUTHIBATHCS MOTYT OJHOBPEMEHHO BCE Pa3psabl. DKCIEPUMEHTHI IPOBOAU-
JIMCh HA MaTpHIe UMEIoMIeH o 32 TOPU30HTAIBHBIX W BEPTUKAIBHBIX IIMHBI, CONIPOTHBIIC-
HUS R Obutn BeIOpaHB! paBHBIME R = 1 kOM u emxoctu C = 3.3 ThIc. 1. [IpuBeneHHbIC
BBIIIIE BBIBOJBI BO BPEMSI SKCIEPHMEHTOB MOTHOCTBIO MOATBEPANINCH, TPA(QUKH HATIPSHKE-
HUH ¥ TOKOB IPUBEIEHBI HAa puc. 5 u 8. [y Takoif MaTpHUITB! IPeaebHON OKa3anach 9acTo-
Ta cunteiBaHus 500 kI'm. 3a cueT ymMeHbIIeHHUS TOCTOSIHHON BpeMeHH I = RC 4acToTy CUH-
THIBaHHS MOKHO JIOBECTH JI0 HECKOJIBKMX Merarepil. Bo3MOXXHOCTh co3maHusl Ha MaTpHIle
COTIPOTHBJICHUH CMEHHOTO OBICTPOJACHCTBYIONIETO 3aIIOMUHAIONIETO YCTPOHCTBA, UMEIOIIIEe-
TO BpeMs 00OpallleHNs] B HECKOJIBKO JECSATHIX WM J1a)Ke COTBIX JIOJIeH MUKPOCEKYH/IbI, SIBJISI-
€TCsl OJIHUM M3 OCHOBHBIX INPEUMYILECTB MaTPUYHOTO 3allOMHMHAIOLIETO YCTPOMCTBAa Ha
COTIPOTHUBIICHUSIX NIEpe/l TAKUMHU XKe yCTPOHCTBAMHU Ha KOHJIEHCATOpaX U TUOJax.
PaccmoTtpum Terneps noapoOHee BOIIPOC O 3aHECEHHH MH(POPMAIMK Ha MaTPUILy COIpPO-
TUBJICHUIL.
[TpunoxxuM MeXIy TOPH30HTAINBHON i M BEPTUKAIBHON j IIMHAMM TaKOe HaNpsDKEHHE
U iax, 9TOOBI 110 HCTEYEHNH HEKOTOPOIO BPEMEHHM ¢ CONPOTUBIIEHHE R;; cropeno. B teyenne
BPEMEHU ! HA CONPOTUBIIEHHU R;; OyJET BBIAENATHCA MOIMHOCTE Poy = (Uer)2/R. Halinem
BEJINYMHY BBIJACIIONIEHCS MPH 3TOM MOIIHOCTH B JIOOOM APYTOM CONPOTHBIECHUH IIPH
nonHON MaTpune. [IpoBeas paccyxaeHHs, aHATOTHYHBIC MPEIBIAYIINM, HO YK€ U JBYX
BBIHECEHHBIX, CONPOTUBICHUI, MOJIyYUM CXEMy 3aMeIleHHs, NMOKa3aHHyIo Ha puc. 9. BrI-
JKUTaeM CONPOTUBIECHHE R; M ONpENENseM MOIIHOCTb, BBIAEIAIONIYIOCS HPH 3TOM Ha CO-
MPOTUBIEHUH Ry,
[Tpu b = a MOUIHOCTH, BBIAEISIONMIASACS Ha CONPOTHBIICHUH Ry, paBHA

Pry = Prax (;T?il)z~

C(é’-f) ==C_/.

Puc. 7

S5

R
i
~

MOH_IHOCTI), BbIACIACMAas Ha JH000M JAPYTroM COIPOTUBJICHUHN, COCTABISICT MCHEC YCT-
BepTOﬁ qacTu Pmax- Taxoe pa3zianine B MOIIHOCTAX TapaHTHPYCT BBDKUTAHWUE TOJIBKO
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BBIOPAaHHOTO COTPOTHBIICHHUS W, CIEOBATEIbHO, 0OECIIeUnBaeT HaJe)KHOE 3aHECEHHE WH-
(opManuy Ha MaTpHIly. DKCIIEPUMEHTHI MIPOBOAMINCH HA TIOJHOH MAaTPHIE C YUCIOM IIUH
a =b =32, conporuBnenus 6pum THa YJIM HOMuHamoMm 1 kOwm. IlogaBanoce Hampsike-
Hue 50 B, cropanmm Tonbko BRIOpaHHBIC CONMPOTHBICHHA. B 3akimodeHne HY)XKHO CKa3aTb O
COBPEMEHHBIX BO3MOKHOCTSIX U3TOTOBJICHUSI MaTpUL] CONIPOTUBIEHUM. MaTpuily conpoTus-
JICHUI MO>KHO M3TOTaBJIMBaTh CAaMBIMH Pa3IMIHBIMHA CHOCO6aMI/I, B TOM YMCJIC HAIIbILICHUCM
B BakyyMe WM 0e3 Hero, rajibBaHMYeCKMM OCaxJeHHeM U T.a1. M3 Bcex crmocoOoB
HAMGONBIIYIO MIOTHOCTH 3aIMUCH MH(pOPMAIHK Ha | cM’ [O3BOJISET MOTYUYHTh HAIbUICHHE
CcompoTHBIeHHIT B BakyyMe (Gosee 50 61t Ha | cM”), IpHUEM H3TOTOBICHHE MATPHI[ COMPO-
TUBJICHUH TPOILE U JICUIEBIIC H3TOTOBJICHUS UOIHBIX MATPHII.

[IpuMeHeHHEe COBPEMEHHOW TEXHO-
JIOTHM JUIsI M3TOTOBJIEHUSI MaTpHll CO-
NPOTUBJICHUH  TIO3BOJISIET  CO3/aTh
CMEHHOE OBICTPOJCHCTBYIOIIEE MTACCHB-

v . HOE€ 3allOMHHAIOIIEE YCTPOMCTBO OOIB-

¢ L i / IOH eMKOCTH B MalloM oObeMe. 3aro-
l MUHAIOLIEE YCTPOWCTBO Ha MAaTpHULE

IC/ -2/ Tf TC COTPOTHUBJICHUH TOTPeOIIseT HeOOb-

110€ KOJMYECTBO SHEPTHH, U MO3BOJISIET
CO37aTh MajorabapuTHYIO ammapaTrypy
YIPaBJIECHUS MaMSTBIO.

Bo3MoxHOCTH aBTOMaTHYECKOM 3amuc HH(GOPMAIMK U BEICOKOE OBICTPOJICHCTBHE 103~
BOJISIIOT HAJEAThCS, YTO CMEHHOE OBICTPOAEHCTBYIOIIEE 3allOMUHAIONIEEe YCTPOIMCTBO Ha
MaTpHUIE COMPOTHBIICHIA HAWIET MHPOKOEe MPUMEHEHHE B OBICTPOACHCTBYIOMUX IH(PO-
BBIX YNPABIISIONINX MAIINHAX.

Puc. 9
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HpO 3aCTOCYBaHH: ITaCMIBHUX €A€KTPMIHMX Kia
AAs1 CTBOPEHHSI SaHaM’ﬂTOByIO‘II/IX HpI/ICTpOiB

B. B. IleTrpos

Jonosigi AH YPCP (crarrs mpencraBiena akagemikom B. M. I'mymikoBum),
1966. Ne 11. C. 1407-14009.

Binoma Benmuka KUTBKICTB 3aram’STOBYIOYHX IPUCTPOIB, 110 3aCTOCOBYIOTH SIK HOCIi iH(pOp-
MaIlil TacHWBHI eIeKTPUYHI KOJIa; HAOLTBII BiIOMi 3amaM'sITOBYOUi MPUCTPOI, 0 BUKOPHC-
TOBYIOTh MaTpUIli €éMKocTel i MaTputli onopis [1-3]. Ha maTpuisax eMkxocTei BaxXko mo0y-
JTyBaTH 3aIlaM’SITOBYIOYi MIPUCTPOT, sIKi MaIOTh 4acTOTY 3BepTaHHs Oinbi sk 500 k[, TomMy
MH JTOCTII)KYBaTUMEMO HAHOIIbII MIBUAKOIFOYI MATPHUYHI 3amam’sITOBYIOUYl MPHCTPOI —
3armaM'ATOBYIOUi IIPUCTPOT Ha MATPHILIAX OIOPIB.

Hexali 1aHO MaTpHIIO OIOpIB, KA MA€ ¢ TOPU3OHTANBHHUX I b BEPTUKAJIbHHUX IIHH,
HeXail TOPU3OHTAJBHI IIMHU € IIMHAMH CJIiB, a BEPTUKAJIbHI IIMHU — IMUHAMH PO3PSIIB.
[IpucyTHicte onopy R;;, sKuii 3’€lHye BEPTUKAIbHY IIMHY j 3 TOPM30HTAIBHOIO i, Bi/NO-
BiZlae HasBHOCTI iHpopMmamii «1» B j po3psai i-ro ciioBa, BIICYTHICTH OIIOpPY BiIIOBiza€e
inpopmarii «0». Takum ymHOM, B cinoBi 1 (puc. 1) 3amucano indopmarniro «10...1...1»,
a B cioBi 2 — inpopmamiro «11...0...0». Bci omopu, ski 3’€JHYIOTh TOPH3OHTANBHI 1 BepTH-
KaJbHI IIWHY, PiBHI MeX co0or0. Omopu MOXYTh OyTH SK MOCTiHHI, Tak i 3MiHHI (poTO-
OTIOpH, TEPMOOTOPH i T. A.). Jlam IOCHimKyeThCcs MATAHHS 3UMUTYBaHHS iHQOpMaIii 3 Ma-
TPHII OTOPIB.

OTxe, MaeMO MaTpUIIIO ONOpIB, Ha sKiii 3amucana iHdopmauis. HeoOxigHo moOyyBaTu
Take eJEKTPUYHE KOJIO, 1100, 3aMipsBIIM OyIb-IKMH CHI'HAlI JAHOTO KOJia, MOXKHa OyIio
3pOOHTH BUCHOBOK PO HAsIBHICTH 200 BIJICYTHICTH OY/Ib-SIKOTO 3 OMOPIB MaTpHUIIi IpH Oy 1b-
SKOMY pO3TallyBaHHI i OyJb-sKill KiJIBKOCTI BCIX IHIIMX oropiB marpuui. [Ipu 1pomy He
MOYKHa 3a3eMJISITH Hi TOPU30HTAIBHI, HI BEPTUKAIBHI IIMHHU.

Jist po3miny CHrHalmiB BHUKOPHCTOBYBaTHMEMO 3aTpUMKH B RC-Kojiax, Ui 4YOTro
YBIMKHEMO Ha 3arajibHy IIMHY 4epe3 ofHaKoBi eMkocTi C BCi BEpTHKaIbHI 1 TOPU30HTANIBHI
mmHY (puc. 2). ITo3HaunMo Hanpyry Ha BXozi 1 uepe3 U;, Ha BUXO/i j IPH HASBHOCTI OIIOPY
R;; 4aepes Uy, a mpm BigcyTHOCTI onopy R;; uepe3 Ujp. BianosigHo mMo3Ha9MMO Mepenarod-
Hy (DyHKIiF0O MK BXOZIOM / i BUXO/IOM j TIpH HasBHOCTI R;; 4epe3 G;j;, a TP BifICYTHOCTI
onopy R;; — uepe3s Gjjo. [lomaroum Ha MKHY 34MTYBAHOTO CJIOBA i CKAYKONO/iOHY HampyTy
U;, mykatumemo BenmunHy Hanpyru U; Ha emkocti C;, TpH HasBHOCTI 1 BiJICyTHOCTI
py Ryj.

SxicHa cTropoHa mHTaHHS po3pi3HeHHs curHaNiB U;; 1 U;y (puc. 1) momsrae ock B 9oMy.
Po3risiHeMo HaWKOPOTIIMI NUISX CUTHAIY BijJl BXOLY I 10 BUXOJY j PU HAsIBHOCTI Ta Bil-
CyTHOCTI omopy R;;. HalikopoTmmii muIsx cHrHamy Ipu HasBHOCTI OMOPY R;j CKIalaeThes
e 3 onniei RC-manku (misx 1, puc. 1), a mpu BiACyTHOCTI omopy R;jicHye OGararto
PIBHOIIIHHUX [UISXIB, aje KOKHHUHN 3 HUX CKJIQIAETHCS] HE MEHII K 3 TphoX RC-MaHOK (ILIAX
2, 3, puc. 1), i TOMy cHrHan 3aTpUMYyeThCS JIOBIIE, HiXK PU HasBHOCTI onopy R;;. Ane ne
Oynm nwIe 4ucTo AKicHI MipKyBaHHS. HeoOXimHO mocminuTy crmiBBimHOMmMEHHS Hanpyr Uiy
i Ujp ipu 1OBUTBHUX @ Ta b 1 IpH AOBUIBHOMY pO3TalllyBaHHI OMOPIB B MaTPHILL.

{06 BMBOAM Maik Micle Ui OyAb-sIKOTO PO3TAIIyBaHHS ONOPIB Y MaTpPUIl, HEOOXIIHO
MOPIBHATH HAMOIIbIIE i3 MOXJIMBUX 3HAYCHb CUTHANY mepemkoaun U, 3 HalMCHIIUM i3
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MOJKJIMBHX KOPHUCHHX CHUTHANIB. SICHO, 110 3HAYCHHS MEpEIKoan Oye HaWOUTBIINM TOI,
KOJIM B MaTpHIi B HAABHOCTI BCi OTOPH, KpiM omopy R;;. Burecemo i3 miei MaTpuIli By3iH i
Ta j, MaTPUIL, IO 3aIHIIIIACH, Oy/Ie TOBHOIO. Y 3B’S3KYy 3 THM, IO BCi omopu R i €EMKOCTI
C 0oHAKOBI 1 BPaXOBYIOUH, 1[0 MATPHIIS, KA 3AJIMIIAIACS, € TOBHICTIO CHMETPUYHOIO, MPH
Oyab-SKMX HApyrax Ha By3Jax i Ta j BCi BEPTUKaJIbHI MIUHKA OyIyTh CKBIOTCHIIAIbHUMHU.
AHAJIOTIYHI MIpKyBaHHS CHOpPaBEIUIMBI 1 Ui TOPU3OHTAIbHHX IMH. OO0’€IHYIOUH CKBi-
MOTCHINATBHI IUHKU, OJCPKUMO MPOCTY CXEMy 3aMIIIeHHS JaHOI MaTpUIli, Ky MH J0-
CIIJKYBATHMEMO.

VY BIAMOBIAHOCTI 13 CXEMOIO 3aMilllcHHS TepeaBaibHa (GYHKIISI i1 HAHOLIBIIOT mepe-
IIKOJTU TOPIBHIOE

_ (a—1)(b-1)
Gijo(p) = p3T3+p2T2(2a+b—1)+pT+(a—1)(b-1)'

Bemnuuna nepemkoau popisuioe Uy (p) = Gyjo(p) Ui (p).

IERPERE

oN 9~
N

— T t+t—1
o= ==
&ﬂi :

a 1 | T
o +-
-J A’az'
. L |
al &
Puc. 1

PosrnsHemo Temep BHmamok, komu Hampyra U;; HaOyBae HaliMeHme 3HaueHHs. Jlo-
CJIJDKEHHS TTOKA3aly, 10 B TOMY BHIIAJKY, KOJIM BiJl TOPH30HTAJBHOI IIMHH i BiIKIIOYEHI
BCi omopw, KpiM onopy R;;, a Bci iHIIi onmopu € B MaTpuili, To Hanpyra U;; HaOyBac Hai-
MEHIIIC 13 YCIX MOXJIHMBUX 3HAYCHb. 3POOUBIIH MipKYyBaHHS, aHAIOTIYHI MOICPEIHIM, OIEp-
KHUMO IPOCTY CXEMy 3aMIllleHHS Ul JaHOTO BHIIAJKY, a II0 Hil 3HaigeMo nepenaTodHy

GYHKIIIO.

Giii(p) = p?T?+pT(Ba+b-3)+(2a-1)(b—1)+a(a—1)
ij1\P) = p3T34+p2T2(2a+b-1)+pT+(a—1)

BenuunHa curHany IOpiBHIOE

Ui1(p) = Gij1(p)U;(p).
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TakuMm 9UHOM, B 3aTIBHOMY BUTJIAII OJICPXKAHO TepeIaBaIbHI QYHKIIT TS HAHOLIhIIol
13 MOXKIIBIX MEPEIIKO i HARMEHIIIOTO 13 MOXKIIMBHUX CHUTHAIINB, SIKi JIETKO aHANI3YBaTH IPU
nIoBiTeHUX a 1 b. [TokakeMo Ha TPUKIAMAL, IO MOXHA SBHO po3pi3HUTH curHaiu Uj; 1 Ujg.
Hexaii mano a = b = 32, nosnaunmo R;;C; = T. IloOynyemo rpadixu 3MiHH BETUIHHH
nepeurkoau U;o(f) (kpuBa 2, puc. 2) i Benuunnu curnany U (7) (kpusa 1, puc. 2). Ha puc. 2
BUAHO, 10 Hanpyru U;; Ta U;, BiIpi3HAIOTHCSA OJHA BiJl OMHOI B NICTh-CIM pa3iB MpH
t =~ T/60; Bumipsitoun Hanpyry U; B MomeHT 4acy t = T/60, MoXHa ckas3aTu, 4 € L
Harpyra nepetkonoro U;, (inpopmarist «0»), un e curaan Uy, (iHdopmarist «1»).

OCKiJTBKH MU TOPIBHIOBAIM HaiiOinbiie i HafiMeHmne 3HadeHHs Hanpyr U;; 1 Uy, TO, OT-
JKe, TP JOBUTFHOMY PO3MIIIIEHH] omopiB HanpyTH U;; 1 U;y 1m1e OibIme Bigpi3HAIOTHCS OHA
Bix oxaHoi. Ha puc. 2 nudporo / mo3HadeHo Imojie MOXKIUBUX 3HaueHb U;;, a 1udporo 11 —
noje MoxJIMBKX 3HaueHb Uyy. [Ipu nanpmiomy 3HauHOMY 30UnbIneHHi a 1 b kpuBa 2 (puc. 2)
HaONMMKAETHCS 10 KPUBOI 1, 1 pO3pi3HEHHSI CUTHANIB YTPYTHIOETHCS.

Sxmo Bin Hanpyru U; BimusaTH niHidHY Hanpyry Uy, To pusHuns Hampyr U;; — Uy Oyne
monatHa, aU;y — U, , — Bix’€éMHa, i, TAKHM YHHOM, PO3PI3HEHHS CUTHANIB CTa€ IIe¢ OUTBII
HaIIHHUM.
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BeKTOpI—IOE ormmcaHMe rapaalaeabHOro IoyucKa
B aCCOIIMAaTMBHOM 3alIOMMHAaIOIIIeM YCTpOﬁCTBe

B. B. Ilerpos

Kubepueruka. 1967. Ne 3. C. 31-35.

1. BBEJJEHUE

B nacrosmiee Bpems Kpyr 3amad, CBSI3aHHBIX C JIOTHUECKO 00pabOOTKOH MaccHBOB WH-
¢dopmaru, crpemurensHo pacmmpsercss. OcoOeHHO 3((GEKTHBHBIM U PELICHUS TaKhUX
3aj71a4 SBIIACTCS IPUMEHEHNE 3JIEKTPOHHBIX IM(POBBIX BHIYUCIUTEIBHBIX MAIIMH C ACCOLHU-
aTUBHOI opraHu3alueil 3allOMHHAIOIIEr0 ycTpoicTBa. TeopeTnyeckue U S3KCIIEPUMEHTAIIb-
HbIE paldOTHI 1O CO3JAaHMIO TAKUX YCTPOWCTB INIMPOKO Pa3BEPHYJIMCH B IIOCIECTHHUE TOIBI.
B omy6iukoBaHHBIX Pab0OTax, MOCBAIICHHBIX ONMCAHUIO MATPUYHBIX aCCOLUATUBHBIX 3aIl0-
MUHAIOIUX YCTPOUCTB [1-5], IPUBOJAUTCS JIOTMYECKOE OMUCAHHE Mpolecca MOWCKa WH-
¢dopmanuu B A3Y, ofHAaKO 3[eCh BOSHUKAIOT ONpeeleHHbIe TPYJHOCTH, TaK KaK BXOJHBIE
W BBIXOJHBIC MEPEMEHHbIC MPEICTABIAIOTCS KaKk KOMOMHAIMU BOWYHBIX CHTHaIOB. Eme
OoJIbIIIME BO3HUKAIOT TPYIHOCTH, €CIIM HEKOTOpBIE CUTHAJIBI B A3Y MMEIOT 00JIbIIoe KO-
4YeCTBO ypoBHEH (= 3).

B nmannoli paboTe mpeanaraercsi BEKTOPHOE ONHCAHWE MapajUIeNIbHOTO MOWCKa MH(OP-
Mammu B A3Y. [y 3TOro ciioBa M NMpHU3HAK MPEJICTABISIOTCS BEKTOPAMH B MHOTOMEPHOM
BEKTOPHOM INIPOCTPAHCTBE, BBOAUTCS ONPENEICHUE KOHBIOHKTUBHOIO BEKTOPHOTO MPOU3BE-
JICHUS ¥ C TIOMOIIBIO IPeoOpa3oBaHusl BEKTOPOB MPOM3BOANTCS BBIJEICHHE CIIOB, OTBEYa-
IOMIMX MTPU3HAKY, HAXOAATCS MMPU3HAKN HEOJHO3HAYHOCTH OTBETA U T. 1. BexTopHOE ommca-
HUE MPUTOAHO IS ONMCAHMS NMapaJIeTbHOrO Moucka B A3Y ¢ ABOMYHBIM MPEICTaBICHUEM
BCEX CHTHANOB, B A3Y ¢ KOMOMHMPOBAHHBIM MPEACTABICHHUEM CUTHAIOB (YacTh CHUTHAJIOB
JIBOMYHBIE, @ YacTh C OOJBIINM KOJMYECTBOM YpOBHEH), B aHaoroBbix A3V, a Takxke B
Takux A3Y, B KOTOPBIX OJHOBPEMEHHO C OINPOCOM NPOU3BOAUTCS YHOPSIOUEHHE MacCHBa
nHpOpMaIHK.

[MapannensHO ¢ MPOM3BOAMMBIME MPEOOPa30BaHUSIMHU BEKTOPOB IOKA3bIBAETCSI TE€OMET-
pHUYECKH CMBICT 3TUX NpeoOpa3oBaHui. B 3akioueHne paccMaTpHUBaIOTCs MPUMEPHI HO-
cTpoeHus U onucanus A3Y.

2. [IOCTAHOBKA 3AJJAYUN

[Iyctp 3aman 3ammcanssiii B A3Y maccuB mH(pOpMAIiy, UMEIOMIHA MHOXKECTBO A m-
Pa3psIIHBIX ABOMYHBIX CIIOB, 1 MHOXeCTBO N HaTypaimbHBIX unceln: 1, 2, 3, ..., i, ..., n. Ecin
MEXIy MHOXKeCTBaMH A W N yCTaHOBJICHO B3aMMHO OJHO3HAYHOE COOTBETCTBHE, TO 3JIe-
MeHTHI | € N Ha3bIBalOTCS afpecaMu CJIOB a € A, a KOJMYECTBO AJIEMEHTOB B A PaBHO A.
3ameTuM, 4TO HE B KaxaoM A3Y JIeTKO MOJyYUTh TaKO€ B3aMMHO OJHO3HAYHOE COOTBET-
ctBue. [l OCYIIECTBICHUS acCOIMATUBHOTO OMpoca A 3aJacTcs MPU3HAK MU ONpaIinBa-
rolee ciaoBo p. [IpusHak p — m-pa3psaHOE CIOBO, KAXKIBIA pa3psii KOTOPOTO MOXKET MpH-
uuMaTth 3Hauenue 0, 1 win @. Ecnu nanHblil pa3psa npuHUMaeT 3HaueHue &, TO Mo dTOMY
pa3psiy MOUCK MHPOPMAIIUU HE TPOU3BOTUTCS, IYCTh ) IMEET CIICIYIOIINE CBOMCTBA:

P+0=0,0x0=0,0=0, 1)
Pt+ta=ad*rxa=0@
e o — JII000€ IeHCTBUTENbHOE YUCIIO.

Pozaia 1. [IPOTPAMOBAHI MATPULII HA PE3VICTVIBHMX EAEMEHTAX 35



Onpenenenne 1. JIroboe c10Bo a € A Ha3pIBAaeTCsl CIOBOM, OTBEYAIOUIMM MPU3HAKY p,
€CIIM 3HaYEeHHs COOTBETCTBYIOIIMX Pa3psAloB a U p, KPOME pa3psloB, MPUHUMAIOIINX 3HA-
yeHue ), COBIALALOT.

AcconuaTHBHBIA orpoc MaccuBa HHOOPMAIMU COCTOUT B TOM, YTOOBI U3 BCErO MHOXe-
CTBa CIIOB A BBIIETUTH TIOAMHOMKECTBO CIIOB Ay, C A, OTBEHAIOIMX NPHU3HAKY P, U 3aTeM
MIPOM3BECTH CUUTHIBAHHE UX B 3apaHee OINpPECJICHHON WM B MPOM3BOJILHON IOCIEN0Ba-
TEJIFHOCTH.

3. BEKTOPHOE ITPEJICTABJIEHME MTH®OPMAILINN

Bo3zbMeM 2m-MepHOE €BKINA0BO IPOCTpaHcTBO By, [6] ¢ HOMepaMu KOOpAUHAT, COOT-
BETCTBYIOIIMMHI HOMEPAM Pa3psIIOB 2m-pa3psAHOTO CIOBA, U ITyCTh KOMIIOHEHTHI BEKTOPOB
B 9TOM IIPOCTPAHCTBE MIPUHUMAIOT JIFOOBIE AEHCTBUTENbHBIC 3HaUeHN Win O. [IpuMeHenne
cuMBoJa & co coiicTBamu (1) yIpoCTHT HaM B JaibHEHIIEM HEKOTOPBIC PACCYKACHUS U
BBIBO/JIBI. OHpe)IeHI/IM JUIA EZm KOHBIOHKTHBHOC BEKTOPHOC ITPOU3BCIACHUC.

Onpeneneane 2.  KOHBIOHKTHBHBIM  BEKTOPHBIM  IPOHU3BEACHHEM  BEKTOPOB
X(X1,ee s Xjy oes Xom) Hy(yl, v Vis ...,yZm) Ha3bIBACTCSl BEKTOP z(zl, s Zj, ...,ZZm) C KOM-
TIOHEHTAMH Z; = X;)j, T.€.

z = xNy,rae z; = x;y; (2)

OueBUIHO, YTO CyMMa MPOEKIMH BEKTOpa z — 3TO CKaJsIpHOE Mpou3BeaeHue (xy). Ecian
Y BEKTOPOB X M ) KOMIIOHEHTHI MPUHUMAIOT TOJIBKO JBOWYHBIE 3Ha4eHust 0 ¥ 1, TO KOHB-
IOHKTHBHOE TIPOM3BE/ICHHE BEKTOPOB COOTBETCTBYET MHOTOMEPHONH KOHBIOHKIMH CIIOB
X =X1X3 e Xom UY = Y1Y2 - Yom-

VYkakeM elle, 4To Ul BEKTOpa, KOMIOHEHTBHI KOTOPOTO NpuHUMaroT 3Hadenue 0, 1, O,
YUUTBIBasA, 4TO 6 b @, TaK K€ KaK U I IBOUYHOTO CJI0OBA, MOXXHO ONPEACINTH NHBEPCHUIO
(15 cTOBa MHBEPCHSI OTIPEEISIETCS TOPA3PSIIHO, a JJIsl BEKTOPA — IIOKOMIIOHEHTHO).

[IpencraBum Tenepp Kaxaoe m-pa3psaHoe cloBO a € A 2m-MepHBIM BEKTOPOM, BBEJEM
JUISL 3TOTO B PACCMOTPEHHE M-Pa3psiTHOE CIIOBO ¢, BCE M pa3psAa0B KOTOPOTO MMEIOT 3Have-
HHue @, 1 00pazyeM M3 JII0OOTO Mm-pa3psiIHOTO CIIOBA 4 = A4 Ay ... A, W JBA 2mM-pa3psiIHBIX
CJIOBa:

a =ajay.. ay,na = a,a, ... Ay, TAKKHX, YTO
a'=aq,a = qa. (3)

OTa 3amich 03HAYAET, YTO B CJIOBE @' 3HAUCHHUS CTApIIUX m PaspsIoB COBIAIAIOT CO
3HAYEHHUSMH COOTBETCTBYIOIIMX Pa3psiIOB CJIOBA g, a MIAJIINE /1 Pa3psioB UMEIOT 3HaUe-
Hue @; B CIIOBe @' CTApIINE /71 Pa3psIoB UMEIOT 3HaueHue @, a 3HAYCHUS MJIAJIINX pasps-
JIOB COBIIAJIAIOT CO 3HAYEHHUSAMH COOTBETCTBYIOIIMX Pa3psioB ciosa a. Ciosa a’ u a — 2m-
paspsiHbIe, CIEe0BATEIbHO, UX MOXXHO TIPEJCTaBUTH BEKTOpPaMHU a’ M a’’ B IPOCTPAHCTBE
Eon. [omyaum ¢ moMoribio 5Tux BeKTopoB BeKTOp b(By, By, o) Bom):

b=a +a 4)

Tax, maripumep, myctb m = 6 ma = 011010, Torna

a' = 011010000000,
a = ppeeer011010,
ub(0,1,1,0,1,0,1,0,0,1,0,1).

OcymecTBuB npeodpasoanus (3) u (4) sl KaXIOro ciioBa a € A, TOIyYMM MHOXeE-
c1tBO BekTOpoB B = {b}. OueBuaHO, uT0 A~B. PaccMOTpUM HEKOTOPbIE CBOWCTBA BEKTOPOB

b € B. U3 Beipaxkenus (3) BUAHO, YTO a]f = Qjpm = @; npu 1 < j < m. VauTeiBas, 4TO

Bj =aj+ Uy = a]'-' =@ npu 1 < j < m, nomy4dum:
ﬁj+ﬂj+m =a;+a]"+m:aj+c7] =1 (5)
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2m m
D 8= (B + Bjem) = mu |bl = vim. ©)

Takum 00pa3oM, Bce BEKTOPHI b € B BBHIXOAAT M3 Hayana KOOPIMHAT U MMEIOT HOPMY
|b| = vV/m; cnenoBatensHO, BCE OHM OKAHYMBAIOTCSA HA TIOBEPXHOCTH cephl pammyca
r=m.

W3 MHOXecTBa ClIOB A MBI 00pa30Bali MHOKECTBO BEKTOPOB B, oOpasyeM M U3 IpH-
3HAKA P = Q107 -.. Oy 2M-MEPHBIH BekTOp npH3HaKa [(A,, ..., Azm)-

[Iyctp mo0bIe m — k pa3psaoB MpU3HAKa UMEIOT 3HaueHNE ) (MHOTIA TOBOPST, YTO STH
Ppaspsabl 3aKpBITHL «Mackon»). O603HauuM OYKBOIt ¢ m-pa3psiIHOE CIOBO, UMEOIIEe 3HAYe-
Hue 1 B T— A m — k pa3psgax, COOTBETCTBYIOIIMX pa3psiiaM IMpHU3HaKa co 3HaUeHHeM O, a B
OCTAJIbHBIX pa3psjaax 3HaueHue Q. I/Icnom)3y;1 l'lpI/IMeHeHHI)II/I pauee aneM 3), 06pa3yeM
ws powut 2m-paspsAaHble CoBa: P’ = Q] X 0% ...0hm, @ = 01 - Opmy t' =T e Thyy t =
Ty v Tym, TIE

P’ =pq,p =qpt =tqt = qt. (7

Kaxnoe u3 9THX CIIOB TIPEACTaBUM COOTBETCTBYIOLINM BEKTOPOM
p' (01, s Om)s D (01 s 0 ) t'(TL, e, Ty, t (T4, e, Tyy) M OOpasyeM BeKTOp TpH3HAKa
l(A4, ..., A2p) TAKOM, UTO

L= (up' +op" +9t' +up’ + op" +9t), (8)
rzne W, @, ¥ — BecoBble KO3((HUINEHTHI, TPHHUMAIOIINE HEKOTOPBIE JICHCTBUTENBHBIE 3HA-
yenust wnu @. Tak, Hanpumep, mycts p = 010P0@, Torna

t=001101,p'(0,1,9,8,0,0,9,0,9,9,9, 9),
p'(9,0,0,0,0,001,0,0,0,0),
t'(0,0,11,0,1,0,0,0,0,0,0),
t'(©,0,0,0,0,0,0,0,1,1,0,1),
Lo, ., 0,9, 10, 0,9, %, 1, 1).

4. ACCOIIMATHUBHBIN OITPOC MACCUBA

Hcnonp3ys KOHBIOHKTUBHOE BEKTOpPHOE Mpomu3BeaeHue (2), oOpasyeM H3 BEKTOpPOB
MHOeCTBa D C MOMOIIBIO BEKTOpa MpHU3HaKa | HoBoe MHOeCcTBO BekTopoB D = {d}, xax-
JIBI 5JIEMEHT KOTOPOTO

d = b\L 9

OueBunHo, uto D~A. Haiinem B obmmem Buie HOPMY BEKTOpa d M CyMMY €ro KOMIIO-
HeHT. J{71s1 3TOro Bo3pMEM ITPOM3BOJIEHOE CIIOBO a € A, HEKOTOPBIN MPU3HAK p M TIOCTPOUM
TPU M-Pa3PSHBIX CIOBA: Ay = Ap 1 * Apo o Apm, A = Ap1 * Apz - g U A = Apq *
Qpo o Ay

B cnose a,, 3HaueHUs Pa3pANOB @y, j = Qj, €CIIA Q; = Q; M PaBHBI ) BO BCEX OCTAJILHBIX
Clly4asx; B CIOBE A, Pa3pAAHBIE 3HAYEHUA Upy; = &, €CIM &; = Q;, U PaBHBI ) BO BCEX
OCTalbHBIX CIydasx; paspsjHble 3HAYEHHS @ CIIOBA G; PaBHBI Q;; = ajecimu @j =0 u
paBHBI @ JUIsl BCEX OCTAJIBHBIX Pa3psioB.

Tak, nanpumep, ana a = 011010 u p = 010@0Q nonyunm a, = 010000, as; =
PPPP10, a, = PP1000. O6pasyem, Kak yKe JeNald paHee, 2m-paspsjiHble CI0Ba Ap, Ay,
ap, Ap, Ay, A ¥ COOTBETCTBYIOIINE UM BEKTOPHI @'y, 'y, @'5, A'p, @'y, 'a¢; 0OUEBHAHO, UTO 1A
TPOU3BOJIBHOTO CJI0Ba @ € A BBINOJHAIOTCA CIEAYIOIME PaBEHCTBA: A = Ap + dp + 4y,
a=a,+as+a,a"=a",+a";+a", cnenoparensHo,

b=d+a"=d,+a,+ad;+a;+a,+d+a. (10)
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Toxcrasus B (9) Bmecto b u 1 Boipaxenns (8) u (10), nonyunm: d = (a'p + @, + a5 +
aj+a; +a's + a)PN(up' + ep’ +p’ + up+ep + Pt"). PackpsiB ckoOKH U OTGPOCHB
cllaraeMble, Bce KOMIIOHEHTBI KOTOPBIX IPHHUMAIOT 3HauUeHUs 0 WK O, TIOY4YnM:

d = u(a', B3 + @,[30") + @ (@530 + &™) + (@' [ + @[t (11)

[TycTb k paspsiioB npusHaka p npuHUMaroT 3HayeHue 0 win 1, a octanbHble m — k pa3-
psiIoB — @, U TyCTh 3HAYCHHS B /i pa3psaax u3 k COBMANAIOT CO 3HAUYCHHUSIMH COOTBETCTBY-
IOIIUX Pa3psaoB cioBa a (T.e. B CIOBE d, © Pa3psAlOB UMEIOT 3HA4YCHUs, HE paBHbIE Q.
B stom ciyuae y Bektopa p(a’,Np' + d;,@ﬁ”) (11) / xOMIIOHEHT paBHBI [, @ OCTAJBHEIC
— 0 umu @. Bropoii Bektop @ (a’s[Np' + az/\p") umeer k — h KOMIIOHEHT, paBHBIX @, a
ocranbhbie 2m + h — k komnonent paeubl 0 wm @. Y Tperbero Bextopa W(a' Nt +
@, /Nt") m — k KOMTIOHEHT paBHBI P, a ocTanbHble — 0 mau @. Y3 camoro o6pa3oBaHus CI0B
ay, as ¥ a, (10) cieayer, 4TO KOMIOHEHTHI BEKTOpa d MOTYT IIPHHUMATh TOJIBKO 3HAYECHHUS
U, @ 11, cienoBaTeNbHo, 11 BekTopa d € D umeeM:

ld| = Ju?h + @2(k — h) + p(m — k),

(12)

2m
a=2d,. — uh+ @k — ) + P(m — k).
=1
W3 seipaxkennii (12) suano, uro |d| u Zf;"l d; 3aBucaT oT A, u ipu h = k, xoraa cnoso
OTBEUaeT NPU3HaKY p (onpeaenenue 1), moaydum

ld| = Ju?k + Y2(m — k), (13)
azz(ij = uk +p(m — k).
=1

[TogmHOMXeCTBO BEKTOPOB, ISl KOTOPHIX CHpaBeUIMBBI BhIpakeHus (13), o0o3Haumm
D, € D. Mexny muOKecTBaMH D), U Ay, HMEETCS B3aUMHO OJIHO3HAYHOE COOTBETCTBUE,
CJIEIOBATEIIFHO, €CIIN 3aJ]aH0 B3aUMHO OJTHO3HAYHOE COOTBETCTBHE MEXKIy MHOKECTBAMHU A
1 N, T0 110 D;, MOXKHO OTIPENETUTH MOAMHOXKECTBO anpecoB Ny, COOTBETCTBYIOIIHX Ap.

Takum 00pa3oM, cHauasia MBIl MMEJIM MHOXKECTBO BEKTOPOB B, OKaHYMBAIOIIMXCS Ha
chepe pammyca r = v/m, nocne nmpeoGpazosanus (9) TOTYYHM MHOXKECTBO BEKTOPOB D ¢
pa3IMYHBIMH HOPMaMH, HO 3THX HOpM He Oojee ueM k. CiemoBarenbHO, BEKTOphI d € D
OKaHYHMBAIOTCSl Ha MOBEPXHOCTH OAHOW M3 k BO3MOXHBIX cep. Uem Oonbie HEKOTOpas
cdepa ynanena ot cdepsl paguyca r = \/ u?k +¢Y?(m — k), Tem GoJblie CloBa, U3 KOTO-
PBIX 00pa30BaHBI BEKTOPHI, OKAHIMBAOIINECS Ha STOU cdepe, OTIMIAIOTCS OT MPHU3HAKA.

5. VIIOPAJOYEHHOE CUUTBIBAHUE MTHOOPMAILINN

Htak, MOXKHO OTIPENENNTE Ay, BBIIETUB B COOTBETCTBHH ¢ (13) D, € D, TpuBnanbHbM
ABJIACTCS BBIBOJ BCETO Ay, M COPTHPOBKA €ro B 00bMHOM 3V, €ClM 3a1aH0 B3aMMHO OJIHO-
3HaYHOEC COOTBETCTBHE MEKIY MHOXKeCTBaMU 4 1 N. Ecnu jxe 3TO COOTBETCTBHE HE 33aJ]aHO
(HO MBI MOYKEM TOJTY4IUTH BEMIHMHY, XapAKTEPU3YIOIYIO KOJTHYECTBO JIEMEHTOB B Dy, HIH
XO0Ts1 OBl MPHU3HAK TOTO, 4TO B D, GONiee YeM OJMH DIIEMEHT), TO MOXKHO BBIAEIUTH [1] 9
CJIOB, OTBEYAIOIMIMX IMpPH3HAKY, 32 21U — | acCOIMATUBHBIX OMPOCOB. YUHTHIBAS, YTO MJIS
d € D,, cpaBeUTMBO PaBEHCTEO (13), moTydnm:

9= Yo, ldl - Yo, Xj=14j=1
ikt yEm—k) uk+pm—k)’

(14)
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Bo3moxxHBI 1 ipyrue Gosee mpocThie MPU3HAKK: TaK, ecnu Juist oodoro 1 < j < m on-
HOBPEMEHHO BBINOJIHAETCS COOTHOIICHHE

|Zaje0, dij| > 0 I L . . N .
[ ooy pecuero | ]
u Z dyjom| > 0, (15) /
a;€Dp e
A% AR A AR 2172
TO MPHU3HAKY p OTBEYAET OOJIEE YEM OJIHO T
CJIOBO. 7 _/ owr1o |e (0 |0 7|0 /?7].

Ha puc. 1 mokasan oqun u3 BO3Mok- | 07| | 0| 0| 01| 01\ &1 ¢ LZ_ o
HBIX CNOCOGOB MOCTPOEHHMS MATPHYHOrO =~ <~ 4~ F =~ F |~ 4= 71" = |s
A3Y. T'opu3oHTaIbHBIC LIMHBI SBISIOTCS ol o ol o p,’ AW '&; Nz 'yj -7
IIMHAMM CJIOB, 4 BEPTUKAIbHbIE IIHHBI — ; ol i
IMIMHAMY pa3psAgoB. Hanwuue unm otcyT- y ,u/ wa .(’ yl ol ,ul yo;@{g yo v . ;
CTBHE MPOBOJIMMOCTH MEXKIy TODH3OH- | Peaucmp npusnana | L
TaJbHOW IIVHOW [ M BEPTHKAJILHOW IIIU- NERER)

HOH j COOTBETCTBYET TOMY, UTO y BEKTOpA 0142048
b; KOMIIOHEHTA j paBHA COOTBETCTBEHHO 1 Puc. 1 -

nmn 0. HampsbkeHus, moiaBaeMble ¢ pe-
TUCTpa MpU3HAKA HAa BEPTHUKAJIbHbIE LIMHBI, MPONOPIUOHAIBHBI KOMIIOHEHTaM BekTopa 1;
TOKH, POTEKAIOUINE MEXAY LIMHOM i U IIMHAMU Pa3psIOB, IPH OTKPBITOM JUOIE MPOIIOP-
[MOHANBHBI KOMIIOHEHTaM BEKTOpa d, a TOK, IPOTEKAIOIINN Yepe3 IO, IPOIOPIIHOHAICH
2122"1 dj .

Ecnu e auoj 3aKpbIT, TO B COOTBETCTBYIOIIUX MPOBOJAUMOCTSIX MPOTEKAIOT TOKHU, MPO-
MOPIIMOHANIbHBIE KOMIIOHEHTAM BEKTOpa d, rne

i} 1
d = b3~ — (bDb. (16)

Ilycte @ = mu u P =0, Torna ana Bexropos d € D, o <0, OHOABI OTKPBITHI H
HanpsKeHus paBHbl Hymo. Ecmn d € Dy, To 0 > 0, 110/IB! 3aKPHITHI, HA IIHHAX BO3HUKAIOT
HIOJIOKHUTEIIbHBIE HANPSDKEHUS M TOKH B IPOBOAMMOCTSIX MPONOPIUOHANBHBI KOMIIOHEHTaM
d. DreMeHTbI BHIXOHOTO PETHCTPA CUMTHIBAIOT BETHUMHBI Z% d]-. Tox [, B DOMOJIHUTENB-

2
EZ:DP 21211 d]l T.C.,

l, = ko, u mb1 Moxem ompenenuts g. CrpaBeaiuB 3[ech U MPU3HAK HEOJHO3HAYHOCTH

HOHM pa3psiiHOM IIMHE, MOJKIIOYEHHON CIpaBa, MPOMOpLHOHANIEH

(15), ecnut BMecTO d TIOACTAaBHTH d. Paciumpsisi IpH3HaK p, [OGHBAIOTCS TOTO, 4To0BI [y ~ K,
WA 94TOOBI HE BBITOIHSUIOCH YCoBHE (15). DTO 3HaYMT, YTO MBI BBIIEIMM BCETO OJUH BEK-
TOp, TOTJA Ul Ka)kKAOro paspsiaa Z% d; = d;, cnenoBatenbHO, CYMTHIBAIONIME YCTPOHCTBA
CUMTHIBAIOT KOMIIOHEHTBI TOJBKO OJHOr0 BekTopa d € D,. AHAJIOTHYHO BBIIEIAIOT BCE
deD,.

6. ACCOLIMATHUBHBII OITPOC
C OAHOBPEMEHHBLIM VIIOPAJJOYEHUEM NHOOPMAILINN

PaccmarpuBast Beipaxkerns (12) u (13), erko 3aMeTUTh, 9TO YeM OOJIbIIe YHUCIO HECOB-
najiaronux paspsaaosB k — h, tem 6ounbiie Bennuunse (12) otnuyarorcs ot (13). Takum obpa-
30M, BeTMYUHHI (12) MOTYT CITy>KHTh MEpPOU COBIaJICHHsI CJIOBA @ W MpHU3HaKa p. B paccmort-
PEHHOM cilydae BecoBble KOI(DGHUIUEHT U, @ U 1P ObUTM OJMHAKOBBHIMU BO BCEX paspsjax.
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Ecmu cripoextupoBats |d| u 0 mst Becex d € D Ha YHCIOBYIO OCh, TO HOIYYHM DSl TOYCK,
MIPUYEM YHCIIO UX JUIA JAHHOTO TPU3HaKa OyzaeT He Ooiee 4eM k, ciIeqoBaTenbHO, HECKOIb-
KO Pa3IUYHBIX BEKTOPOB OyIyT MMETh OMMHAKOBBIC 3HAYCHUS |d| U 0 IO HUM HEBO3MOXKHO
OJIHO3HAYHO OMPEJIETUTh BEKTOPhl d. YT0OBI MOXHO ObUIO MO Kaxkaomy |d| win o omxHo-
3HAYHO ONPENENUTh d, B KauecTBe BeCOBBIX kKoadduirenton 1;(i = 1,2 ...) cnenyeT BbIOU-
paTh NEMEHTHI pajfa T; = s' (rae s = 2) uin Kakue-1u00 Apyrue CreluatbHO Moa06paH-
Hble gucna. KaxaoMy paspsiy MOXeT IpHCBauBaThCs JI000H BECOBONH KOI(PQPHUIIMECHT BBHI-
OpaHHOTO psia, HO HUKaKKe JBa WM Oojiee pas3psiioB HE JOJDKHBI IPUHUMATh OJMHAKOBBIX
BECOBBIX KOX(PHUIMEHTOB. JTO OrpaHMYCHHE HE KacaeTcsl paspsoB, HE NPHHUMAIOIINX
ydacTusi B YIOPSIOYEHUH WH(OpManny; TakuM paspsaigaM IpHCBanBaeTcs 3HadeHue O.
IMoctpoum cnoBo f = Py * P, ...y, B andaBuTe, CUMBOIAMU KOTOPOT'O SIBISIIOTCS BECO-
Bble K03 duimentsl m; U @. Kak u panbine odpasyem Bekrop f, Temeps B Oojice 00IemM
Buzie BeipakeHus (8) u (10) OyayT uMeTh BUIL:
l'=(up' + @p" +up" + op" +Yf),
d=pu(a',Np" +a;"Np") + 9@, Np" + a’,Np") + fN(@'s + a"y).

ITo anamorum ¢ paccMOTpeHHOW NMpHHIMNUAILHOM cxemoil A3Y (puc. 1), MOXHO mO-
CTPOUTH CXeMbI paboTsl A3Y Ul pacCMOTPEHHOTro citydas (puc. 2) ¥ sl MHOTUX APYIHX
ciryyaes. IlycTs, Hamipumep, 3aanbl P BECOB T, Ty, ..., T, ..., k. = 0 U @ > Ty 4, 00pasy-
eM cJoBo BecoB [ = Q@m,m,Prs@ @ mym, @ w3, @ = Tg. Ha peructp npusHaka mogaroTcs
CJIOBa p W f, a C PErHCTpa Ha IMUHBI MOJAIOTCS HANPSIKCHHUS, IPOMOPIHOHATIBHBIC KOMIIO-

HeHTHl BekTopa 1. Hymb-opransr (HO)

l CvumorBarowee yompoocmio J UMCIOT MaJICHBKOEC BXOJHOEC COIIpPO-

E T | 3,  THBICHHUE, MOYTOMY TOKH, nponz)xag—
: A Iye B HUX, OponopiuoHansHbl 0. Ha

§ 0,% 2| ol oA 0] JA] 0l = HO nonaercs JI;I/IHegﬁo BO3PACTAIOIIHIA
% Z 21| 0| 0| 0| o] 00| 0 = tok [,. TlocnenoBaTenbHOCTL Tepe-
g - _f": _J“_-ﬂ’__._ 0] 0] _0@ o %@ 1 kmodernss HO ompenenser HeobXo-
] I T T e ik = o T B ! IUMYIO TIOCIEN0BATENBHOCTh CUHUTHI-
S| 1ol ol@] 0ld] o Az BaHUs CIOB @ € Aj, KOTOPOE MOKHO
f_| 0 o) 0 10 0 rﬁ 0|0 OCYILIECTBUTHL C ITOMOILBIO 00BIYHOTO

CHUA YR 7 VYR (R ATH aJPECHOTO YCTPOICTRA.
L PHSLEHN AERANORG MBI NpUMEHHIIM BEKTOPHOE ONKCa-

; ’f ; } ;; J' ;{}%gﬁgé;g Hue s aByxX A3Y, aHaIOTHYHO €ro
MOXHO HPHUMEHSTH U U1 APYTUX BU-
moB A3Y, B TOM 4HCIIe U IJII aHAJIOTO-
BBIX [4].
B 3axumtouenne aBTOp BEIpaxkaeT McKpeHHIoo O0naronaprocts 1. E. IlyxoBy, A. H. Yebo-
tapeBy u A. U. IllonMoBYy 3a ps COBETOB M 3aMEYaHUH.

Puc. 2
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ACCOHI/IaTI/IBHOE 3aliIOMMHaIoIee YCTpOﬁCTBO

B. B. Ilerpos

Asropckoe cBuperensctBo CCCP Ne 220316 MIIK HO3x OmnyOmukoBaHO
28.06.1968. Bromerens Ne 20. 3assurens UuactutyT Kubepaeruku AH YCCP.

N3o0peTeHue OTHOCHTCS K BBIYMCIUTEIBHOW TEXHUKE W MOXET OBITh HMCIOJIB30BAHO IS
AJIEKTPOHHBIX HU(POBBIX BHIUUCIUTENBHBIX MAIIMH. M3BECTHBI acCOIMATHBHBIE 3alIOMHHA-
IOLIKE YCTPOMCTBA, COJICPIKAILIE MATPHILY PE3UCTOPOB C ABYMsI IIUHAMH Ha pa3psii, AUObI,
MOJIKJTFOYCHHBIC K ITUHAM CJIOB, U CUUTHIBAIOIINAC YCUIIUTCITH.

[IpemnaraemMoe yCTpOMCTBO OTIMYACTCS TEM, UYTO JUIS YBEIUYCHUS OBICTPOACHCTBHS H
YMCHBIIICHUST MOIIHOCTH, BBIJICIAEMON B MAaTpHUIIC 3a OJHO OOpAaIleHHE, B HEr0 BBEACHA
JTOTIOJTHUTENbHAS pa3ps/iHas IIMHA, COCAWHCHHAs OJMHAKOBBIMH PE3UCTOPAaMHU CO BCEMU
[IMHAMY CJIOB U MOJIKIFOYCHHAS K HCTOYHWUKY HAIMPSDKEHUS, PAaBHOTO MO0 aMIUTUTYIC U TIPO-
THBOIIOJIOKHOTO TI0 3HAKY HAIPSDHKEHHIO, TT0/IaBaEMOMY TIPH OTIPOCE HA OCTATBHEBIC Pa3psi-
HBIE [IMHBI, TPHYEM MOISIPHOCTh MOIKIIOYCHUS TUOAOB MPOTHBOIMOIOKHA TMONSPHOCTH
HCTOYHHKA HAMTPSHKCHUSI, TIOAKIFOUECHHOTO K IOTMOTHUTEIHHOM HINHE.

Kpome Toro, 11st onpeaesieH st KOJIU4IeCTBa CI0B, OJIHOBPEMEHHO OTBEYAOIIUX aCCOIH-
aTUBHOMY IIPU3HAKY, YCTPONCTBO COAECPKUT BTOPYIO JOIOJHUTEIBHYIO PA3psAHYIO LIMHY,
COCITUHEHHYIO OJIMHAKOBBIMH PE3UCTOPAMH CO BCEMH IIHHAMU CJIOB U C 36MJICH.

Ha yepTtexe nokazaHo mpeziaraeMoe yCTpOHCTBO.

! 2 3 jeas bt b ¢ 7 "
Pl TNS @xx:‘“
RZAIRTARAEAN RN
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’
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l'opu3oHTaNBHBIE IMUHBI .MATPHIBI (PE3UCTOPOB) SBISIOTCS IIMHAMHU CIIOB, BEPTHKAIb-
HbIE — IIIMHAMU Pa3psIoB. KakIblil pa3psa MeeT JABe MUHBI — JIEBYIO U MPaBYIo.

Pesuctopsl R B MaTpuiie MOTYT ObITh H3MEHIEMbBIMH ((POTOCOMPOTHUBIICHHUS, XHMOTPOMBI
U T. JI.) WIK Heu3MeHseMbIMu. [lonkimoueHne pe3nucTopa K JEBOW pa3psaHON IMIMHE COOT-
BETCTBYET 3amucu «1», a k mpaBoit — 3anucu «0». Koj mpusHaka mojaeTrcst B BUJE KOM-
Oounanuu HanpspkeHud U u 0 Ha paspsasbeie muHBL Kom «1». COOTBETCTBYET momadye Ha
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NIPaBYIO pa3psHyI0 MKHY Hanpspkenust U u Ha neByro HanpspkeHus 0 (ImmHa 3a3emisiercs),
ko «0» — mogaye HanpspkeHus U Ha JIeBYIO paspsAHyIO IIUHY W HanpspkeHus 0 — Ha mpa-
ByIo (Hampumep, Ha 1-i pa3psg momaercs kKox «1», a Ha 3-it — kox «0»), Pa3psin, Ha KOTO-
pBIIi He TomaeTcs KO MpH3HAaKa (3aKpBITHI «MacKoi»), o6o3HaueH P, 0be MUHBI 3TOr0
paspsga 3azeMysioTcst (Hampumep, paspsabl 2, b—1, b). Ha ueprexke o00603HAYEHBI:
A — nuonpl, Un — HampsbkeHHe, KOMIICHCHpYIOIee IafeHHe HampsHKEeHHWs Ha JHOJax,
@ — KOJIMYECTBO CJIOB, b — KOJIMYECTBO pa3psaoB B cioBe. Ha ueprexe nm300pakeHbl emie
JIBE JOTIOJIHUTENILHBIE Pa3psiAHbIC IIUHBI ¢ U /1, COCIUHEHHbIE pe3UcTOpaMu R CO BCEMH
TOPU30HTAILHBIMU ITHHAMH.

YcrpoiicTBo padoTaer cienyrommm oopaszoM. Ecnu koj cioBa Bo Bcex paspsiiax, Kpome
Pa3psIoB 3aKPhITHIX B IIPU3HAKE MACKOW, COBIA/IAET ¢ KOAOM IPHU3HAKA, TO Ha IIMHE 3TOTO
CJIOBa BO3HMKAaeT OTpHIATENbHOE HampsbkeHneM ~U/(b+2), Ha IIMHE CIIOBA, Y KOTOPOTO
MMEETCs] HECOBITaIeHHE XOTs OBl B 0JHOM paspsne — 0, a Ha IIMHAX CJIOB, HECOBIAIAIOIINX
Oosiee 4eM B OTHOM pa3psijie, BOSHUKACT HANPsHKEHUE TOKA PaBHOE ITYIIIO, TaK KaK ITOJIOXKH-
TENBHBIN TOK OTIHpAaeT AUOABI M HAa HUX BO3HHUKAET HANpPsDKCHHE MPUMEPHO PAaBHOE U IPO-
TUBONOJIOKHOe Un. B pe3ynbraTe oka3pIBaeTCs, YTO TOJILKO Ha HIMHAX CJIOB, KOJBI KOTOPBIX
COBIIAJIAIOT C KOAAaMH IIpU3HAKa, IOABJIAIOTCA OTPULATCIIBHBIC HANPsKCHUA, KOTOPLIC
CO3aaK0T TOKH [, CUHUTBIBAEMBIC TNMOTCHHHUAIBHBIMU HWJIM HUMITYJIBCHBIMU YCUIIUTCIAMU 1,
00J1a1al0IMMH MaJIbIM BXOJHBIM COIPOTHBIIEHHEM. O4eBUIHO, YTO TOK /, B LIMHE 71 MPO-
MOPLMOHAJICH KOJIMYECTBY CIIOB, OAHOBPEMEHHO OTBEYAIOIINX aCCOLMATUBHOMY IPH3HAKY.

[Ipenmer nzobperenus

1. AccouuaTuBHOE 3allOMHUHAIONIEE YCTPOWMCTBO, COJAEpIKAILlEE MATPHUIYy PE3UCTOPOB
C IBYMS IIMHAMH Ha Pa3psll, TUOJBI, TIOJKITIOUCHHBIC K IIMHAM CJIOB, U CUUTHIBAIOIIHEC YCH-
JTUTETH, OMAUuYauieecss TeM, 4To, ¢ TENbI0 YBETUICHUS ObICTPOACHCTBUS M YMECHBIICHHS
MOIITHOCTH, BBIICTSIEMOI B MaTpHUIlE 3a OJHO OOpalleHue, B HET0 BBEACHA JOTOITHATEIbHASL
paspsaaHas 1mMurHa, COCAUHCHHAsd OJWHAKOBBIMHU PE3UCTOPAMU CO BCEMHU HIMHAMH CJIOB H
MOJAKIIOYCHHASA K UCTOYHUKY HAIPAXKCHHUA, PABHOI'O MO aMIUIUTYA€ U MPOTHUBOIIOJIOKHOTO
0 3HAKy HAIpPSDKCHHIO, II0JABAEMOMY IIPH OIPOCE Ha OCTAJbHBIC Pa3psAHBIC IHHBI, IPH-
YeM TOJISIPHOCTH MOJAKITIOYCHHUS TUOJIOB MPOTHBOMNOJIOKHA MOISPHOCTH UCTOUYHUKA, HATIPSI-
JKCHHSI, TIOJKJTFOUYCHHOTO K JIOTIOJIHUTEIBHO MIHHE.

2. AccolMaTUBHOE 3allOMHMHAIOIIEE YCTPOWCTBO MO M.1, omauuaroweecs TEM, 4YTO,
C IENBI0 ONPENCICHUS KOJMYECTBA CIIOB, OJHOBPEMCEHHO OTBEYAKOIIUX ACCOIUATHBHOMY
MIPHU3HAKY, YCTPOHCTBO COACPKUT BTOPYIO JOMOTHHUTEIEHYIO Pa3psIHYIO ITUHY, COCTUHCH-
HYO OJIMHAKOBBIMH PE3UCTOPAMHE CO BCEMH IITMHAMH CIIOB U C 3eMJICH.
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ACCOI_H/IaTI/IBHOE 3aliIOMMHaIoIee YCTpOﬁCTBO

B. B. Ilerpos

Asropckoe cBuaerenbctBo CCCP Ne 220317 MIIK H 03k. OnyGmukoBaHO
28.06.1968. Bromerens Ne 20. 3assurens UactutyT Kubepaeruku AH YCCP.

H3BecTHBI accOlMaTUBHBIE 3alIOMHHAIOIINE YCTPOICTBA, COAEPKAIINE MATPHUILy PE3UCTOPOB
C IPSIMBIMH M OOPaTHBIMH KOJaMH CJIOB M JIONONHHUTEIBHON Pa3psaHOMN IIMHON, COSAUHEH-
HOHM OJMHAKOBBIMU PE3UCTOPAMH CO BCEMU LIIMHAMH CJIOB.

Ipenynaraemoe ycTpOHCTBO OTIAMYAETCS TEM, YTO I YIOPSIOYEHHS BBIBOJA CJIOB OHO
COJICPIKUT YCTPOWCTBO YMHOXEHUS MPSMOTro 0OpaTHOTO KoJia MpU3HaKa Ha BECOBBIE KOI(-
(MLMEHTHI, TOICOEANHEHHOE Yepe3 APOCCEH K Pa3psIHBIM IIMHAM MaTpubl, K 4ncioBbM
IIMHAM CJIOB MaTPHIIBI OAKIIIOUCHBI TOPOTOBBIC 3JIEMEHTHI, HAIIPUMEp TYHHEIbHBIE OB,
a K JOTOJIHUTEJIHFHON pa3psAaHON HIMHE MOJICOSANHEH MCTOYHHK JMHEHHO BO3PACTAIOIIETOo
HalpsDKeHNs, CHAOKCHHBIH CHHXPOHM3ATOPOM, NPEPHIBAIONINM BO3PACTaHHE HAIPSIKEHHS
WCTOYHHUKA Ha BPEMS CUNTHIBAaHHS OUSPEIHOTO CIIOBA.

Ha ¢ur. 1 nokazana mpuHIATIH-

. aJylbHasi CXeMa MOCTPOCHUS acCOIH-
3 AQTUBHOTO 3allOMMHAIOIIErO YCTPO-
L o nelhy sclies il S R O crtBa A3Y ¢ IpsAMBIM YIIOPAI0YEH-
T T I :
1l i t /:LK-) HBIM BBIBOJIOM HH(MOpMaIHii; Ha
) il el ¢ !

AMARE L1M7 ot He ¢ur. 2 — BpeMeHHas AuMarpamma
7 7 i paboTh! ycTpoiicTBa; Ha ¢ur. 3 — xa-
i
2R % a@ ) ;%W __‘}___ paKTepUCTHKA TYHHEIBHOTO AUO/A.
li 1
M
I
]

N
AIAY

B kadecTBe »iaemMeHTOB [ Mart-

R e
N
5
R
N

id.

™™
) e e T
ARG 1 IR o] ol o Lo ol 1l TuBmemms — QoroconpoTuBIEHHS,
¢ § ; § § ; % 4 TEPMOCOIPOTHUBIICHHS, MOJIEBBIE
r Yl et e ¥ 1750 0_____) TPAH3UCTOPBI, PE3UCTOPBHI U T. .
! j}?—&&ge e 7: Hanuuue sneMeHTOB B y3i1€ MaTpu-
H g IIbl COOTBETCTBYET 3amucu HHDOp-
! ::"’;, Manuu «1», OTCYTCTBHE 27E€MEHTa —
] 0o, 3amucu «0». Tak B mepBOM CIIOBE B
Ll_hl;._;_ P T . _~__j:,.s@ HEPBbIX IIECTH pa3psaax (B JaHHOM
A cllydae MIeCTUpa3psAAHBIE CIIOBA)

P PP P
F Ci 3anucano cioBo 011010, a Bo BTO-

PBIX IIECTH paspsmax To e 5 clo-
BO, HO B oOpatHOM Koze — 100101.
é e ¢ Ha ¢ur. 1: 3 — TyHHENBHBIC ITH-
0Jbl, 4 — pa3AeNUTENbHbBIC BBHICOKO-
YaCTOTHBIC Opoccend, 5 — mudde-
peHILMANbHBIE YCHUIIUTENH, 6 — TEHeparop JIMHEHHO BO3PACTAIOUIEr0 HAMpPsIKEHUs, 7 —
YCTPOMCTBO B3BEIIMBAHUSA.

C10BO Ha3bIBaeTCs OTBEYAIOIINM IIPU3HAKY, €CIIM €r0 KOJ| COBMAAAET C KOJOM IpH3HaKa
BO BCEX pa3psaax, KpOMe paspsloB, 3aKPHITHIX B NPH3HAKE «MAaCKOW». YTOpsIoYeHHas

®wr. 1
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BBIOOpKA MH(OPMAIMN COCTOUT B TOM, YTOOBI BEIOPATH B ONPEEICHHOM HOPS/KE BCE CIIO-
Ba, oTBeHaromye npu3Haky. Cyxas IpU3HAK, MOXKHO BBIOMPATh B OIPENCICHHOM IOPSAIKE
BCE CJIOBa, OJIM3KHE K 3aJaHHOMY IIPU3HAKY.

YcrpoiicTBo paboraeT ciemyrommmM obopa3oM. Ha ycTpoHCTBO B3BEMIMBAHUS ITOJACTCS
KOJ] IIPH3HaKa, B KOTOPOM Pa3pslbl, 3aKphIThIE «MacKOil», 0003HaueHb! O, U CIIOBO pa3psii-
HBIX BECOBBIX KO3()(HIMEHTOB, 3HAUCHUSI KOTOPOTO ABIAIOTCS ONPENeNICHHBIMU dJIeMEHTa-
MH KaKoro-J1100 psia BECOBBIX KOAPPHUIIUECHTOB, HAIPUMED,

i=j-1
T, =K+ Z T,
i=1

rne K—/IMCKpeTHOCTh IIKanbl. BecoBble K03((HUIMEHTHI MOTYT I10/IaBaThCsl Ha B3BELIMBA-
I0llIee YCTPOMCTBO KaK B aHAJIIOTOBOM, Tak U B IBOMYHOH (opme. JIeBoli mosoBrHe pa3psiios
MaTpHILBI COOTBETCTBYET OOpaTHBIN KOJ| IIPU3HAKA, a IPABOH MTOJIOBUHE — MPSIMOW KOJI NPH-
3HaKa. Pa3psiam npsmMoro u 0OpaTHOTO KOJOB ITPHU3HAKA, 3aKPBITHIM B PU3HAKE «MACKOW
B COOTBETCTBHH C UX 3HAYMMOCTHIO, IPUCBANBAIOT BECOBBIE KO (GHUINECHTH U3 BEIOPaHHO-
TO psija, npuueM OOoJbIIeH 3HAYMMOCTH MH(OPMAILMK COOTBETCTBYET MEHbIEE 3HAYCHUC
koddunreHTa. BecoBble KOAQQHUINUEHTH clenyeT BHIOMPATh Tak, YTOOBI OHH BCe OBLTH
pasnuuHbl. PazpsgaM npsMoro u oOpaTHOTO KoJa, HE 3aKPBITBIM «MacKoil», MPUCBaNBAIOT
BEC ( , KOTOPBIHA JOMKEH OBITH HAMOOIBITUM BECOBBIM KOA((QUITHEHTOM.

YCTpoHCTBO 7 OCYIIECTBIIET YMHOXKEHHUE MMPSIMOTO M 0OPAaTHOTO KOJIa KaXKI0T0 pa3psiia
Ha BECOBOH K03(p(UIMEHT JaHHOTO pa3psia, HANPSHKEHUS C €ro BbIXOJA MOJAAI0TCS depes
Jpocceny 4 Ha paspsiiHbIE IUMHBI MaTPULIbI CONPOTUBIECHUM. [Ipyn 3TOM CyMMa paspsiHbIX
TOKOB SIBJISIETCS BEJTMUMHOM, XapaKTepU3yolel cTeleHb COBNACHUs TPU3HAKa U JIaHHOTO
cinoBa. YeM Ooutbllie cyMMa pa3psiiHBIX TOKOB, TeM OOJIbIIE CIIOBO OTJIMYAETCS OT MPHU3HAKA.
Takum 00pazoM, NpU CUUTHIBAHUM CJIOB B IOPSIIKE BO3PACTAHMS CYMM pa3psIHBIX TOKOB
OyZeT oCyIIEeCTBISATLCS YITOPSIIOUYCHHBIN BEIBOA HH(OpMAIUH.

Tak xaK TyHHEJBHBIE TUOABI 00JaJaf0T OTHOCHTEIFHO MalbIMH BXOIHBIMH COMPOTHB-
JICHUSIM, TO TOKH, ITPOTEKAIOIINE 110 HUM, OyIyT MPOMOPIMOHAIBHBI CyMMaM IOPa3pPsAHBIX
MPOU3BEACHUH U OyAyT OTIAMYATHCS APYT OT APYTa Ha BEIWYMHBI, TPOHOPIHOHAIBHBIC YHC-
ay K.

Jlyist ocyliecTBiIeHUsT YIOPSIIOYSHHOTO BhIBOJA MH(POPMAIMK DIIEMEHT I'eHEPUPYET JIU-
HEWHO BO3pacTarollee OTPHUIATENIbHOE HANPSHKEHHE, IIPH €ro yBEJIMYCHUH pabodyre TOYKH
TYHHEJBHBIX JAMOJOB IepeMeaoTcs, Kak MMoka3zaHo Ha ¢ur. 3. B MOMEHT mepextodeHus
J000T0 TYHHENBHOTO AMO0/ia HAa TOPU30OHTAIBHBIX [IIMHAX U Oarosapst HATMYHIO JIpOcCeleit
4 Ha BEpTHKAIbHBIX LIMHAX BO3HUKAIOT WMITYJILCHl HAaNpsDKEHHUS C KPYTHIMH (POHTAMHU,
KOTOpBIE CUHMTBHIBAIOTCS TUPPEPSHIMPYIOINMH YCHIIUTEISIMH, CpabaThHIBAIONIMMHU 1A HM-
MYJIbCHI C BECbMa KPYTHIMU (ppOHTaMH.

B MoMmeHT mepekmodeHust ouepen-
<] HOTO JHofa Ha mHHe & BO3HUKAET
o CHHXpOHI/ISI/Ipy}OH.[vI/Iﬁ UMITyJIbC, TIpH-

OCTaHABIMBAIOIINHA BO3pAaCTaHUE Ha-
npsokeHust U Ha BpeMs, HEOOXoauMoe
JJId CYUTBIBAHUA OYCPEAHOTO KOJIa H
| S P JUIsL 3aTyXaHHs HEPEXOIHBIX IpoIlec-
coB (¢ur. 2). Takum oOpa3oM, mpowuc-

il

9

1

5 1 Ceyurm XOJIUT MPSAMOHN YIIOPSIIOUECHHBIN BBIBOJ]
] nH}opManum.
i Pacimpsis unm  cyxas MpH3HAaK,
7 M3MEHSS Beca, MOXKHO W TPU Mayoi
®ur. 2
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paspelaroniei cnocoOHOCTH HyJIb-OPIaHOB BBIBECTH JIFOOYIO TPYIITY CJIOB B JTIOOOM 3ajaH-
HOM IIOpSIIKE, TPOM3BECTH BBIBOJ CJIOB 32 HECKOJIBKO 3TAIOB U T. 1.

ITycts, HampuMep, 3aJaH P BeCOBBIX Kod(uuuenTos ©; npu K = 1, Toraa noayyum
BecoBbIe KOApOUIMEHTH T = 1, 1, =2, m3=4, 1y =8, ms = 16 u T. 1.

Ecnu, xak mokazano Ha ¢ur. 1, 3agan npusznak 01 © © 0 O u 3a7aHO CTAPIIUHCTBO pa3-
pPAIIOB: TPETUM, IIECTOM, YETBEPThIA, TOT/A MOJYUYUM JJig TPEThEro paspsiia Bec my, A
LIECTOTO — T, , ATISI YETBEPTOTO — T3, P > Ty.

3azaB BMECTE CO CTapIIMHCTBOM Pa3psioB, 3aKpbI-
THIX MacKoO! B MPU3HAKeE, €Ille U 3HAUE€HUE 3TUX pa3ps-
JIOB, TIOJYyYHM ISl CJIOB, NTOKa3aHHBIX Ha ¢ur. 1. psan
cymM. Tak, ecnu 3agaTh TpeTbeMy pa3psdy 3HAUECHUE
1, mectomy 0, a ueTBepTOMy 1, MOTYUHM CIEXYHOIIUI
psan cymm:: 12, 9, 1, ..., 20, 7. CoBo oTBEYaeT IMpH-
3HaKy, €CIIM CyMMa < U €CIH B3iTh @ = 8; TAKUMH
CIIOBaMH SBISIIOTCS TpeThbe W mociennee. CHauana
MPOU30MIET CUYNUTHIBAHHME TPETHErO CJOBA, a 3aTeM
MTOCTIETHETO, BCE OCTAIBHBIC CIIOBA HE OTBEYAIOT IpHU-
3HaKy.

Bribop k03¢ ¢unneHToB U crnocod B3BEIIMBAHUS
MOXET OBITh JIOOOW NMpH YCJIOBUM, YTO TOKH, MPOTE- ®ur. 3
KaIoIlie 10 HyJb-OpraHaM, JOJDKHBI OTJINYAThCS APYT
OT Jpyra Ha HEKOTOPYIO BeMMUMHy K, OOJBIIYIO MIIM PaBHYIO pa3peliaoniell CiocoOHOCTH
ITyJIb-OPraHoB.

Ipenmer nu3zobpeTeHU4

AcCOLUMaTHBHOE 3allOMMHAIONIEE YCTPOMCTBO, COJAEPIKAILEE MATPHIy PEZUCTOPOB C
MPSIMBIMH U OOpaTHBIMH KOJAMHU CJIOB U JOTIOJHUTENIEHON Pa3psSAHON ITMHOM, COeAMHEHHON
OJIMHAKOBBIMHM PE3UCTOPAMHU CO BCEMH LIUHAMU CIOB, OMAUYAOueecs TeM, 4To, C LEIbI0
YHOPSIIOUEHHS BEIBOJIA CJIOB, OHO COJICPKUT YCTPOHCTBO YMHOKEHHS IIPSIMOTO U 0OPaTHOTO
KOJia MIPU3HAKa Ha BECOBble KOI(P(UIMEHTHI, OJCOSAUHEHHOE Yepe3 APOCCEeNH K pa3psii-
HBIM IIMHAM MAaTpHIbI, K YHUCIOBBIM IIMHAM CJIOB KOTOPOH MOJKIIOUEHBI MOPOTOBBIE 3MIe-
MEHTHI, HallpUMep TyHHENbHBIE TUOMBI, a K JOMOJHUTEIBbHON pa3psAAHOI LIMHE Mojcoe-
JIMHEH MCTOYHHK JMHEHHO BO3PACTAIONIETO HAIPSHKECHUS, CHAOKEHHBIN CHHXPOHU3aTOPOM,
IIPEPHIBAIOIIUM BO3PACTAHME HAIPSIKEHUS MCTOYHMKA HA BPEMS CUUTBIBAHHUS OYEPEIHOIO
croBa.
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3anomMmHaloniee yCTpOMCTBO

M. T. Kocteinns, E. B. Muxaraosckasi,
B. B. Ilerpos, I1. . PomaneHko

Astopckoe cBuzerensctBo CCCP 258387 MIIK G 1lc OmyGiukoBaHO
03.12.1969. bromuterens Ne 1 3a 1970 r. 3asBurens WHCTUTYT KHOEpHETHKH
AH YCCP.

N300peTeHne 0THOCHTCS! K 00IAaCTH BBIYHCIUTEIBHON TEXHUKH, B YACTHOCTH K 3allOMHHA-
IOMIMM YCTPOHCTBaM IM(POBBIX BHIYUCIUTENBHBIX MamIMH. 3BECTHO 3amoMHHArOIIEE
YCTPOMCTBO, COzepiKallee CUCTEMY B3aUMHO MEPHEHAMKYISPHBIX MIMH C PACIIUPCHUSMHU
IIIMH B MECTaX UX MEepeceueH s U 3aluCcH Koaa «1».

HenmocraTkoM WM3BECTHOrO YCTPOWCTBA SIBIISIETCS HU3KOE OBICTPOJCHCTBHE M Majas
IUIOTHOCTh YIaKOBKM M3-3a HAJIMYHS B3aMMHOTO BIUSHHSA COCEIHUX suceK. B mpemimoxeH-
HOM YCTPOMCTBE C LIENIbIO MOBBIIICHHSI OBICTPOJIECHCTBHS W IJIOTHOCTH YHAaKOBKH MEXKIY
HIMHAMH PACcIOI0XKEH CIO0H NOIynpOBOJHUKOBOTO Marepuaia. Ha yepTexke mokasaHo 3amo-
MUHAOIIEe YCTPOUCTBO.

OHO cozmepuT nBe A4erku maMsaTH [ u 2. Slueiika COCTOUT U3 B3aUMHO MEPIEHAUKY-
JISIPHBIX IIMH 3 U 4 ¢ pacIIUpEeHUs MU 5 B MECTaX MX MEPECEYEHUs MpH 3allucH Koaa «1» u
0e3 pacmmpeHuil B MecTax IepecedeHus IUH MpH 3anuc koxa «0» (suetika 2). Mexny
IIMHAMH 3 ¥ 4 pacToNoKeH CIO0H MOIYIPOBOIHUKOBOTO MaTepHalia, KOTOPHIA MOXKET OBITh
CIUTOIIHBIM WJIM HAHECEH TOJIBKO B MECTaX MEPECEUCHHS IIINH.

[Ipeamer uzobpeTeHu4

3anoMuHarollee yCTpoiicTBO, cofepakalee CUCTEMY B3aUMHO NEPHEHIUKYISPHBIX IIUH
C pacUIMpeHMsIMHU IIMH B MecTaxX MX MepeceueHus MpH 3amucu koja «1», omauuyaioweecs
TEM, YTO C ILENBI0 MOBBIIIEHHUS OBICTPOACHCTBUS M IIOTHOCTH YMAKOBKU MEXAY IIHHAMH
PacIMoIoKeH CI0U MOTyIPOBOJHUKOBOIO MaTepuana.
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Posaia 2

HEOPTAHIUHA AITOI'PA®IA.
PECCTPYBA/bBHI MATEPIA/1
A5 OITTYHOTI'O SATIVICY IHOOPMALIL

VY mionepcbkux pobotax B. B. IlerpoB 10BiB MOXIMBICTH peecTpawii iH-
(hopmartii 3i OIUTBHICTIO 3aIUCY, SIKa HA TOW Yac He MOTJa OyTH JOCATHYTa
IHIIMMY METOJIaMH, Ha HEOPTaHIYHMX CBITJIOUYTIMBUX MaTepiaiax Ha oc-
HOBI XaJbKOTSHIIHUX HAMiBIPOBiHUKIB. Taki Marepiaiu Oyinu 3amporio-
HOBaHi, po3pobieHi Ta gocuimkeHi B [HctutyTi kibepuetuku AH YPCP
ta [actuTyTi HaniBnpoBigHukiB AH YPCP. B. B. IletpoB pazom 3 kose-
raMyd IOKa3aB MOXIUBICT 3alKCy Ha IMX Marepiajax MpPOCKIIHHUM
ONTUYHUM METOJAOM 13 BUKOPUCTAHHSIM iMepCii eeMEHTIB i3 cyOMiKpOH-
HUME po3mipamu 0,2—0,3 MKM Ta €JIeKTPOHHO-TIPOMEHEBUM EKCIIOHYBaH-
=M — 0,07-0,08 MKM.

i nocmigkeHHs cTanyd OCHOBOIO TEXHOJIOTIl HeopraHiqHoi Jitorpadii.
Bynu po3pobiieni MmeToan cTBOpeHHS penbe(HUX MIKPOCTPYKTYP 3 BHKO-
puCTaHHAM (POTOUYTIIMBOI CHCTEMH HAITiBIPOBITHUK-METAII, @ TAKOXK OPH-
TiHaJbHI CEIEKTUBHI TPaBHUKH JJ1Is1 POpMyBaHHS MIKpPOPEIbEPHHUX CTPYK-
Typ i3 CyOMIKpOHHMMH PO3MipaMH Ta MOKa3aHa MOKJIUBICTb CTBOPEHHS
€JIEMEHTIB KpioTpoHHX cxeM. OpUTiHAJIBHICTh TEXHOJOTII MiATBepHKEeHa
nateHtamu CIIIA, @paniii 1 6aratbma aBTopchkumu cBimonrsamu CPCP.
3a uuKi podiT 3 po3pOOKH HOBITHIX TEXHOJIOTIH OTpUMaHHS CyOMiKpOH-
HUX CTPYKTYyp A MikpoenekTpoHiku B. B. IlerpoB oTpumas mpemiro
IIpe3unii AH CPCP 3a dyHmameHTanmpHi TOCTIIKEHHS B Taly3i MIKpO-
enekrponiku (1973).

B. B. IletpoB 3amponoHyBaB BHKOPUCTATH PO3POOJIEHY TEXHOJIOTiIO
HeopranigHoi ¢oroimitorpadii A CTBOPEHHS ONTHYHUX 3araM’ STOBYIO-
YUX MPUCTPOIB. 3’SCOBAHO MOMKJIMBICTH 3amucy iH(opmalii Ha XaabKo-
TCHIJHUX HAaIliBIPOBIAHUKAX KOPOTKHUMHU IMITYJIbCaMH JIA3EPHOTO BHIIPO-
MiHtoBaHHA (Topsaky 100 HC) 3a paxyHOK 301bIIEHHS TXHBOI (POTOUYT-
JIUBOCTI TIPY €KCITOHYBaHHI TAKUMH IMITYJIbCaMH. J{OCITiIKEHHS POIIECiB
($oTOXIMIUHUX TEpeTBOPEHb Y (OTOUYTIMBIH CHCTEMi HAIiBIPOBITHHK-
MeTaJl JO3BOJIMIIO 32 JOTIOMOT0OI0 OPUTiHAIIBHOI'O METOY, 32CHOBAaHOTO Ha
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BUKOPHUCTaHHI KBapLIOBOI'O PE30HATOPY, BCTAHOBUTH CKJIAJ XaJIbKOT€HIAHUTO Hafi-
BIIPOBIJTHUKA, KUK 3a0e3ledye MaKCUMallbHI CTAOUIBHICT 1 PO3MIBHY 3/IaTHICTH
¢doTouyTIMBOrO Matepiany. /st CTBOPEHHS ONTUYHUX HOCIIB iH(GOpMAIlil Ha OCHOBI
($oTOUYTIMBUX MaTepiaiiB HamiBIPOBIAHUK-METaN, Ki OM MajH MOPOTOBY EKCIIO-
3UIIAHY XapaKTepUCTHKY, HEOOXIHY /Ui HaaiitHOTO 30epiranHs iHdopmarii, OyIo
3aMpoIIOHOBAaHO MaTepiand 3 (HOTOENeKTPUIHNM poboeM Oap’epHoro mapy. Opu-
THaJBHICTH Li€1 po3po0Ky miaTBepkena marentamu CIIIA.

3HayHy yBary OyJI0 NPUAUICHO CTBOPEHHIO ONTHYHHUX HOCIiB 3 Iepe3anucoM iH-
¢dopmariii. 3anpomoOHOBaHO Ta JOCHTIIKEHO OPHUTIHAIBHY TEXHOJIOTII0 pereHepartii
PEECTPYBATILHOTO CEPEOBHUINA 32 PaXyHOK 30YKEHHS EJEKTPUYHOTO PO3psLy B
ceperHi TepPMETUYHOTO HOCIsl 3a[I0OBHEHOTO iIHEPTHUM ra3oM. OpUTiHANBHICTD €]
po3podku miaTBepmkeHo nareHtamu CIIIA Tta aBropckkumu cBimonrBamu CPCP.
OpuriHaibHi pe3ybTaTH 31 CTBOPEHHS ONTHYHUX PEBEPCHBHUX HOCIIB iH(pOpMarii,
OTPUMAHO TIPH BUKOPHCTaHHI e(eKTy (OTONIOMIHECIEHLIl B OKCHAAX piaKo3eMe-
JBHUX MeTalliB. [lokazaHO MOXKIIMBICTE CTBOPEHHSI HA OCHOBI OKCUJIB piAKO3eMeb-
HUX METaJIiB 0araTorapoBUX HOCITB i BHCOKOC(EKTUBHUX JHUCILICIB.

3HauHUil 00CST JTOCIHIKEHD MPUCBSIUEHO BIOCKOHAJICHHIO TEXHOJIOTIi BUTOTOB-
JICHHS! LITaMIIB AJIs1 TUPAXKyBaHHS KOMIAKT-ANUCKIB, a caMe JOCIiIKEHO BIUIUB pe-
JKUMIB TepMigHOI 00poOku mapy (poTopesucty Ha mporec GopMyBaHHS 300paKeHb
Ha MIOBEPXHI JIUCKIB-OPUTIHAJIB, 3a[IPOIIOHOBAHO BUKOPHCTAHHS MIIKJIAI0K JUCKIB-
OpUTiHANiB 3 MOHOKPHCTANIIYHOTO KPEMHIIO Ui MiJBWIIEHHS SKOCTI HiKEJIeBUX
mITaMITiB. 3 BUKOPHCTAaHHSIM TEXHOJIOTiI HeopraHiuyHoi (oTomitorpadii Oymo pos-
pOOJIEHO CIOCOOM BUTOTOBJICHHS INTAMITIB ISl THPAXXYBaHHS KOMIAKT-IHCKIB
1 MOKa3aHO MOMJIMBICTH peaizalii MpsIMOTO MacTepiHry 0e3 BUTOTOBJICHHS Hike-
JIEBUX LITAMIIB, L0 J03BOJISIE 3HAYHO IMiABUIIUTH IIBUAKICTE BUTOTOBJICHHS INITa-
MITIB.

[TokazaHo, MO TOHKI IUTIBKM XaJbKOTCHIHUX HAIiBIIPOBIAHUKIB MOXYTh OYyTH
BUKOPHUCTaH1 ISl 3aMCy MIKpo- Ta HaHOpeNnbePHUX CTPYKTYyp. [Ipu ekcrionyBanHi
TUTIBOK XaJbKOTEHIIHUX CKJIOMOJIOHMX HAMiBIPOBIAHUKIB ONTHUYHUM BHUIIPOMIHFO-
BaHHsIM, sIke C(OKYCOBaHO IU(PaKLUiiHO OOMEKEHUMH OINTHYHHUMU CHCTEMaMH,
BIJOUTKH, PO3MIpPH SKUX 3HAYHO MEHII IU(PaKUiiHOT MeXi, MOXXYTb OyTH OTpH-
MaHi IIpU BUKOPHUCTaHHI HENMIHIHHOCTI €KCIIO3UIIHHOI XapaKTePUCTUKH (POTOTYTIIH-
BHX MarepiajiB. 3aliuc HaAaHOPO3IMIPHUX CTPYKTYp MOXe 3IHCHIOBATHUCS OJMKHBO-
MOJBOBUMH Ta EJIEKTPOHHO-TIPOMEHEBHMH (OKyCyBaIbHUMHU cucTeMamu. Cepen
ONTUYHUX METOMAIB (JOpMYBaHHS HAHOPO3MIPHUX CTPYKTYp IPEICTaBIIsI€ iHTEpec
METOJ], B IKOMY BHKOPHCTOBYETHCS OJNIDKHE CBITJIOBE T0J€ HAHOYACTHHOK Ojaro-
POJTHUX METAJIB, IHTETPOBAHUX 3 TOHKOK TUTIBKOK XaJIbKOTCHITHOTO HAITiBIIPOBII-
HUKa.

PesyneraTtu nocnimxkeHs BAKOPUCTaHI JIIsl CTBOPEHHS onTHYHOTO ancka €C 5153
st cynep EOM Ta ontraHOTO 1tmmiHAprgHOTO HOcis €C5353.
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Cnoco0 M3roToBaeHusI
MHOTOCAOVIHOVI TOHKOILA€HOYHOM CTPYKTYPhI

M. T. Kocreimns, E. I1. Kpacnosxenos, E. B. Muxaiaosckas,
B. B. Ilerpos, I1. ®. Pomanenko

Asropckoe cBuperensctBo CCCP 253197 MIIK H 05k. 3asBmeno 13.05.1969.
Sasiurenu UHCTUTYT KnOepHeTHKH AKanemun Hayk Ykpaunckoit CCP u Uuctu-
TYT MOJYIIPOBOAHUKOB AKajeMuu Hayk Ykpannckord CCP.

Hacrosmiee n300peTeHrne OTHOCUTCS K 00JIACTH MHUKPOIJICKTPOHUKH, 2 UMEHHO, K CIIOCO0Y
M3rOTOBJIEHUS] MHOTOCIOMHBIX TOHKOIJIEHOYHBIX CTPYKTYD.

U3BecTeH crmoco0 M3TOTOBJICHUS TOHKOIUIGHOYHBIX MHOTOCIONHBIX CTPYKTYp, B COOT-
BETCTBUU C KOTOPBIM Ha KaXKAbI TOKOIPOBOASILIUIN CJIOW HAHOCAT OUAJIEKTPUUECKHI CIIOH,
MMEIOMNN TOJNIIMHY HECKOJIBKO MEHBIIE PacdeTHOW, 0oOpabaTBHIBAIOT TOKOIPOBOISIINI
CJIOW TpaBUTENEM, HE BO3ACHCTBYIOLUIMM Ha MaTepuall OUJIEKTPUYECKOrO CJIOsl, JOBOIST
TOJIIUHY AUAJEKTPUKA 10 PACUETHOW, HAHOCAT BTOPOM TOKONPOBOAAIUMI CIOW U IIPOU3-
BOJISIT BBDKUTAHNE KOHTAKTHBIX MOCTUKOB DJICKTPUYECKUM TOKOM.

OpHako MpH HCIOJB30BAHHH HM3BECTHOI'O CrIOco0a 00pasyeTcst 0OJBIIOE YHCIO TOKO-
MIPOBOJSIIIIMX MOCTHKOB, YJAIEHUE KOTOPBIX 3aTPYIHEHO.

[enbr0 HACTOSAIIIETO U300PETCHUS SABIISICTCS YMEHBIIICHUE KOJTMYSCTBA TOKOIIPOBOIAIINX
MOCTHKOB, YIYYIICHHE MapaMEeTPOB TOHKOIUIEHOUHON CTPYKTYphI U YNPOILIEHUE TEXHOJO-
TUU U3TOTOBJICHUS CTPYKTYPHI.

st aTOrO Ha CIOM MeTasuia, CIy>Kalulluii TOKOMPOBOJAOM, Y€pe3 MACKy HAHOCST JUAJICK-
TPUYECKHUI CION, UMEIOLIUI TOJNIMHY HECKOJBKO MEHBIIE PACUETHOM. 3aTeM 4epe3 ATy ke
MacCKy HaIBUIAIOT CJIOW aKTUBHOTO BEIIECTBA, CIIOCOOHOTO BCTYTIATh C METAIIIOM B XHMHUYe-
CKYIO PEaKIHIO TOJ ACHCTBHEM HM3IIyUeHHs. DTO aKTHBHOE BEIECTBO HAaXOIUTCS B HEMO-
CPEICTBEHHOM COIPUKOCHOBEHHH C METAIJIOM TOKOMPOBOJISAIIETO CIIOS TOJIBKO B TEX MecC-
Tax, B KOTOPBIX CJIOW IMAJIEKTPHKA MMeeT OTBepcTvs. llon melicTBUEM H3MydeHUsS B TeX
MecTaxX, TJe CJIOW aKTUBHOTO BEUIECTBA COMPHUKACAJCS C METAJUIOM MPOBOJSIIETO CIIOS,
MPOUCXOAT (POTOXUMHUYCCKUE MPEBPAIICHHUS. 3aTeM aKTHBHOE BEIIIECTBO, a €CIIM 3TO HEO00-
XOJIIMO, TO ¥ TMIPOJYKThI PEAKIMH PACTBOPSIOT WIN YIAISIOT KAKUM-JINOO APYTHM 00pa3oM,
JIOBOJIAT TOJIIMHY JTUAJIEKTPUKA JO PaCUETHOM, HAMBUISIOT BTOPOI TOKOMPOBOMSALINI CIOM
Y IPOBOJST BBIKHUTAHUE KOHTAKTHBIX MOCTHUKOB 3JIEKTPUUECKUM TOKOM.

[IprMeHeHHE OMMCAHHOTO CII0CO0a WM3TOTOBJICHUS MHOTOCIOHHBIX TOHKOIDICHOYHBIX
CTPYKTYp YCTpaHICT HEOOXOAWMOCTh 3alllHIIAaTh MaTepHall TOKOIPOBOAOB, HE 3aKPBHITHIX
JUBNIEKTPUYECKUMU CIIOSIMHU.

B ciydae ucmonb30BaHus B KadecTBE MaTEPHAIOB TOKOIIPOBOIOB MeIH, cepedpa, 3010Ta
1 JAPYTUX METAJUIOB, B KAYECTBE AKTUBHOTO BELECTBA MOKHO MPUMEHSTH JIETKO HaIbLIse-
Mble coenuHeHHS As,S;, As,Ss, Pbl, u apyrue BeliecTBa, BCTYMAIONIME B XUMHYECKYHO
PEaKIMIO ¢ YKa3aHHBIMHU MaTeprallaMUd TOKOITPOBOJIOB TOJIBKO TOJT AICHCTBUEM CBETA.

[Ipeanmer nzodbperenus

Crioco6 M3rOTOBIEHUSI MHOTOCTIOWHON TOHKOIUIEHOYHOH CTPYKTYPBI, COCTOAIICH U3 de-
pEnyIOMHNXCsl TOKONPOBOISMINX M Pa3ACIAIONIAX UX CIOCB ANUDICKTPHKA, OCHOBAHHBIH Ha
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MOCJIEOBATEIbHOM HAHECEHUH YKA3aHHBIX CJIOEB U MOCIEN0BATENbHON JOBOJAKE TOJIIMHBI
KaXIOTO OIAJIEKTPHUIECKOTO CIIOSI 10 HOMHHAIIBHOTO 3HAYEHHS, IIPOU3BOANMON TIOCIE yaa-
JICHUS TOKOIIPOBOJAIICTO MaTeprana ¢ Ie(EeKTHBIX YYaCTKOB IUIICKTPHUIECKOTO CIIOA,
HMMEIOIIET0 TOJIIINHY HECKOJIBKO MEHBIIE PACUETHOH, M BBDKHTAHUS DJICKTPOTOKOM MEX-
CJIOMHBIX KOHTAKTHBIX MOCTHKOB C TOKOIIPOBOJSIICH MOBEPXHOCTH, OMIUUAIOWULICA TEM,
YTO, C IIeNIbI0 YMEHBIICHUS KOINYECTBA MEKCIOHHBIX TOKOTIPOBOASAIINX MOCTUKOB U yIIPO-
LIEHUA MpoIlecca yaleHUs UX, Ha KaXIbli MTUAIEKTPUUYECKUM CIIOM Yepe3 MacKy, KoTopas
MPUMEHsUIach JUIS HaIbUICHUS IUAJIEKTPUKA, HAHOCAT CBETOUYBCTBUTENBHBIM MaTepHall,
KOTOPBIN MOJ NCHCTBHEM CBETa WIIM KaKOTI'0-JIMOO OOJYYCHUS BCTYIMAeT B XUMHYECKYIO
PEaKlUI0 C TOKOMPOBOSIIMM MaTepUaIoM, HAXOJSAIIMMCS B IMOpax IUIEKTPUUECKOTO
CJI041, TOCJIE YEro CJION CBETOUYBCTBUTEJIBHOTO MaTepuasa U, €Cld 3TO HYKHO, MPOAYKTHI
peakLuu yIansoT.
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O IIpyMeHeHNN HeOpTraHm1IeCKMX (l)OTO‘IYBCTBI/ITeileI)IX
MaTepmaaoB A4 M3TOTOBAEHMSI (I)OTOIJ.I&6AOHOB

B. B. Iletpos, 1. V. Kapninkos

I'uOpunHas BeIYMCINTEIbHAS TEXHUKA U eKTpoHuka. Kues. HaykoBa nymka,
1972. C. 471-490.

@otomabnon — Macka, ucronas3dyemas B QoTonuTorpaduu A SKCIOHUPOBaHUS (OTO-
pesucta. Dotommrorpadusi — 3TO OCHOBHOW TEXHOJOTHYECKHH IPOLECC H3TOTOBICHHS
AKTHBHBIX U NACCHUBHBIX 3JEMCHTOB MHTETPAIBHBIX CXEM, TOYHOCTh M3TOTOBIEHHS (OTO-
malbIoHOB W paspemammas CHocOOHOCTh mpormecca (HOoTonuTorpaduul  ONMPEHEIIOT
TOYHOCTb M3TOTOBJICHUS JJIEMEHTOB HHTETPAJIbHBIX CXEM HIIU UX COCTABHBIX YacTEH.

TpebGoBaHUS K TOYHOCTH HM3TOTOBICHHUS (OTOMIAOIOHOB Bce Oonee Bo3pacraer. [lo-
CTaTOYHO CKa3aTh, YTO HPH M3TOTOBJICHUH MHTETPAIBHBIX CXEM METOIOM (OTOIUTOrpadun
yKe ceifiyac CTOUT BOIIPOC, KaK IMOJYYHTh JIEMEHTHI pasMepamu 1-2 MM, a B Onmkaiimee
BpeMsi BO3HMKHET HEOOXOJMMOCTH B HM3TOTOBJCHUH 3JEMEHTOB C CYOMHKPOHHBIMH pa3-
MepamH, MO0 CyIIeCTBYET LENbIH Psill 33hady, KOTOpble NPUHIWIHAIBHO HE MOTYT OBITH
pemeHsl 0e3 Co3AaHusI TAKUX AJIEMEHTOB, — 3TO NMPHUOOPHI ¢ IEPEHOCOM 3apsi/ia, CBEPXBBICO-
KOYaCTOTHBIC TUTaHAPHBIE CXEMBI U T.1.

Jns m3roroBneHust GOTOMAOIOHOB ¢ AJIEMEHTaMH MHUKPOHHBIX M CYOMHKpPOHHBIX pa3-
MEpOB HEOOXOANMBI CBETOTYBCTBUTEIBHBIE MATEPHAIIbI, CTIOCOOHBIE BOCTIPOM3BOANTE CTOJb
Massle THHAU. B Hacrosmiee Bpemst Hanbojee pacpoCTPaHEHbI KOIJIOUIHBIE CBETOTYBCT-
BHUTENbHBIE MaTepuansl [1, 2]. Ha puc. 1 cxemaTtudeckn moxa3aH KOJUIOHIHBIH CBETOUYB-
CTBHUTEJNILHBII MaTepual, Y KOTOPOTO CBETOUYBCTBUTENIbHBIE KPUCTAILIBI (TaJoreHu]] cepeo-
pa) pacnpezeneHbl B 00beMe CIIos «ay», KOTOPBIH HAaHECEH Ha MOIOKKY «O».

[Ipu wm3roroBnenuu (OTONIAOIOHOB C MUKPOHHBIMH W CYOMHKPOHHBIMH pPa3MepamH
OTpaHUYMBAIOIINM (PAaKTOPOM CTAHOBUTCS TOJIIMHA KOJUIOMIHOTO CJIOS, KOTOpasi He MOXKET
ObITh MeHee 1-3 MKM BBHJIy YMEHBIIEHHs KOX(QQUIEHTa KOHTPACTHOCTH HM300paKEeHUsL.
B cBs3u ¢ 3THM B HacTosiiee BpeMs Ha KOJUIOWAHBIX CBETOUYBCTBUTEIBHBIX MaTepraiax He
yZaeTcst u3rOTOBUTH (hOTOIIAOIOHBI ¢ dnieMeHTamu Menee 0,7—1,5 MKM.

AHaNIOrM4YHBIM HEAOCTATKOM 00JaJal0T CBETOUYBCTBUTEIBHBIC CJIOM Ha OCHOBE Opra-
HUYecKuX ¢ortormonumepos (potopesucros). Tommuna cnost «a» (puc. 2) HE MOXKET OBITh
menee 0,3-0,6 MKM BBHIY HEOJHOPOTHOCTH HaHECEHHS (poTopes3mcTa, MOSBICHUS ABIPOK
1 YBEIMYCHHS HEOTHOPOIHOCTH €T0 (PM3NKO-XMMHYESCKIX CBOMCTB [3].
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Kpome atoro, ¢poTtopesncts 001a1at0T MaJIol CBETOUYBCTBUTEILHOCTBIO U UMEIOT MaK-
CUMYM CIICKTPaJbHON YYBCTBUTEIBHOCTH B yIbTPa(HOICTOBOH 00JAaCTH, B TO BPEMs Kak
Jy4Iiie 00bEKTUBBI PACCUUTAHBI HA BUANMYO 00JIacTh CBETA.
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B o0onx Tumax HUCIOJIb3yeMBIX B HAacCTOAIIEE
BpeMsI CBETOUYBCTBHTEIBHBIX MaTEpHAIOB H30-
OpakeHue o0Opa3yeTcs BO BCEH TONIIMHE CBETO-
YyBCTBUTEIBHOIO CIIOS M II0 CBOEH NpHpOIE
ABJIACTCS OOBEMHBIM. I[IpHHIMNIUATIBHO HHBIM
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MOJIb3YET B3aMMOJICHCTBHE HEKOTOPBIX BEIECTB
(HanpuMmep, BelIecTBa cJI0eB «a» U «o» (puc. 3)
Ha rpaHulle UX paszzaena). Ecau BemectBo «a»
XOTsI OBl YaCTUYHO TIPOIYCKAaeT CBET, TO BEUIECTBA «a» U «O» OyayT BCTymaTh BO B3aUMO-
JIeWCTBHE TOJBKO B 00JIACTH MX KOHTAKTa M TOJIIMHA MX He OyJeT HaK/IaJblBaTh OrpaHuye-
HUSI Ha Pa3penIalonyio CIOCOOHOCTb.

BsamMopeficTBre TBepABIX TEN Ha TpaHUIE WX pa3lena m3ydaercs naBHo. B 1934—
1935 rr. [4, 5] O6b1T0 0OHAPYKEHO, UTO PSI MATESPUANIOB (TIUPUT, APCECHO-TIUPUT, CBIHIIOBBII
OIreck, KOBETMH | JIp.), HAHECEHHBIX B IMTOPOIIKOOOPAa3HOM BHIE, MAIOT YETKOE OKpAIInBa-
HHE Yepe3 CYTKH MOCJIe UX HAaHEeCeHUSI.

[TozgHee OBUTO MOKA3aHO, YTO S MOJYIPOBOJIHUKOBBIX COSAUHEHM [6, 7], HAaHECEH-
HBIX Ha JUAJICKTPHYCCKYIO MOMIOXKKY, 001a1ar0T (oTorpaduIeckoil 4yBCTBUTEIBHOCTHIO.
M. T. KocTelivH W JAp. MOKa3ajH, 4YTO NPH HAHECEHHU MOJYIPOBOJHHKOBBIX CJIOCB Ha
METAUTMYECKYIO TIO/I0KKY UYYBCTBHTEJIHLHOCTH IOJYHPOBOIHHKOBBIX CIOEB MOXET OBITH
CYIIECTBEHHO YBEJIMUYECHA, BIEPBBIC PEATN30BATH HJCIO CO3MAHHS CBETOUYBCTBUTEIHHOM
CHCTEMBI, HMCIOJB3YIONEeH B3aMMOJCHCTBHE BEIIECTB Ha IpaHMIe. Takhe CBETOYYBCTBHU-
TEJIbHBIE CHUCTEMbI MOJYYWJIN Ha3BaHWE CBETOUYBCTBUTEIBHBIX CHCTEM MOJIYHPOBOIHHK —
METaI.

B nanHo# paboTe OblIa MocTaBiIeHA LENb MCIIOIb30BaTh B KAUECTBE CBETOUYBCTBUTEIh-
HOTO cJ0s1 B B (hOTONMUTOrpayuaeckoM MPOIEcC CUCTEMY IOyNPOBOIHUK — METaLT IS
M3roTOBJICHHsT (POTOIIAONIOHOB M PAacCMOTPETh BO3MOXKHBIE BapUAHThl HCIIOJIb30BAHUS
TaKUX CUCTEM.

B PE3YIBTATE DKCIIOHUPOBAHUSA CBCTO‘IyBCTBI/ITCHBHOﬁ CHUCTEMBI PE3KO U3MCHICTCA KOO~
(hunment ee orpakenus. OnHako KOdQQUIMEHT NporycKkaHus ee B Auana3oHe oT 360 1o
800 um m3mensiercs Bcero Ha 10—20 %, a 5TOro SIBHO HEJOCTATOYHO MJIS MCIOJIH30BaHUS
TaKUX W300pakeHHWH B KauecTBe (OTOIIAOIOHOB. YBeIMYEHHE KOHTpPAcTa M300pakeHusl,
MOJY9aeMOro C TIOMOIIBIO CBETOYYBCTBUTEIBHOM CHCTEMBI MOJIYNPOBOJAHUK—METAIIT MOX-
HO OCYIIECTBHTH 32 CUET M3MEHEHUSI XMMHUUCCKUX CBOWCTB ITOJIyIIPOBOJHUKA B PE3yJIbTaTe
9KCTIOHHPOBAHUS. DKCIEPUMEHTAIFHO OBLIO OOHAPY)KEHO, UTO PsiA TOJIYIIPOBOAHNUKOB, Ha-
HECEHHBIX Ha METAJUTMUYECKYIO MTOUIOKKY, PE3KO M3MEHSIOT CBOIO PACTBOPUMOCTD B IIETIO-
4ax, BOJE U B JPYTUX PacTBOPUTENL. B pe3ynbpTare mosiBIseTcs BO3MOXHOCTh YBEIUYUTH
KOHTPACT M300paKeHNUs MyTEM HCIOIb30BAHUS PA3IMUYMS B XUMHUECKHX CBOMCTBAX 3KCIO-
HUPOBAHHBIX 1 HEOKCIIOHUPOBAHHBIX YYAaCTKOB IMOJTYITPOBOIHUKA.

Puc. 3

1. CIIOCOB ITOJIYYEHUA .
[MO3UTUBHBIX METAJIJNIMYECKNX N30BPAXXEHUU

Ha npo3paunyro momnmoxky | (puc. 4) U3 cTekna, KBapla, IJIacCTMacChl WIH JPYroro
Marepralia BaKyyMHbIM HalbUICHHEM, XMMHUYECKHUM OCaXJICHHEM WIM HHBIM CIHOCOOOM
HAHOCUTCS TOHKHMU cyoii merayma 2 tommuHoH 0,02-0,1 MkM, uMerommi kKo3hGUIMESHT
npomyckanus ot 2 10 50 %.
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Ha »tot cnoit meramra BAaKYYMHBIM HallbI-

JIEHUEM WJIM MHBIM CIIOCOOOM HAHOCHTCS CJIOM 3 3

raJjoreHu/1a, XallbKOTeHU/1a WIH KaKOTO-HUOY b 2

JIPyroro  TMOJIyIIPOBOAHUKOBOTO — COCAMHEHUS T T
tonmuHoi 0,05-0,5 mxm. B pesynbrate momy- Wt o ot #t st 8 f A A7 A A A S
qacTcAa CBGTO‘IyBCTBI/ITeHBHaH CUcCTeMa l'IOJ'ly- A E xS A VAV A BN S AN A 2
MIPOBOIHUK — METAJIIL. Puc. 4

B mpouecce SKCIOHMPOBaHWSI HA TpaHUIIC
CJIOEB MeTaJula ¥ TOJIyITPOBOAHMKA 00pa3yeTcs MPOAYKT peakluK, HMEIOIINN APYTOi 1BET.
B pesynbrate 6e3 oneparyy NposBICHHS TOSBIISETCS BUIMMOE HETATUBHOE N300pakeHHe.

Tonmuua nponaykroB peakuuu 4 (puc. 5) 3aBUCHT OT KOJIMYECTBA CBETOBOW JHEPTHH.
B pesynpraTe SKCHOHMPOBAHMS OJHOBPEMEHHO C M3MEHEHHEM TOJIIMHBI MPOIYKTa peak-
MM U3MEHSAETCS W TONIIMHA cj0sl MeTayuta. Ecim BeIOpaTh JOCTaTOYHO TOHKHH ci0il Me-
Tayua, nMeronmi koddduuent npomyckanus 2—50 %, To 6marogapsi H3MEHEHHIO TOJIIIN-
HBl METAJUIMYECKOTO CJIOsl 3HAUUTENIBHO M3MEHSETCS, NPUYEM B MECTaX MaKCHMalbHOTO
OCBEIICHHS TOJIIMHA METAJUla CTAHOBUTCS MHHHMAIIBHOW HJIM JJaKe METaJUl ITOJHOCTHIO
BCTYMNAeT B PEAKIHIO.

e L. Do
VA A A A A A A A S A A A A 4 VAW A A A AN A A A A A A AN A
VAW A S S A A A SN A A A A A AV A A A A A A A A A A A A A 4

Puc. 5 Puc. 6

=y
—_

Hanee miast mosydeHHs MO3UTHBHOTO M300paKeHNUs HEOOXOAWMO YAAJIUTh HEIpopearu-
poBagIiee BEmeCTBO ciiost 3 (puc. 5) u oOpazoBaBIIKecs MPOAYKTHI peakiui 4 XUMHUECKUM
TpaBJICHUEM, CyOIUMAIeH Wl KaKUM-THO0 UHBIM 00pa3oM (puc. 6).

2. CIIOCOB U3I'OTOBJIEHUA
HETATUBHbBIX METAJUJIMYECKUX M30BPAXEHUI

3TOT Ccrmocod MPOTHUBOMOIOKEH MPEABIAYIIEMY II0 IOCIEI0BATENFHOCTH 00pabOTKU
cnoes. Onuiuem ero.

Ecnu Ha npo3paunyio noioxky 1 Hanectu cinod metaimia 2 toimuuoi 0,02-0,1 MM,
a Ha HEro — CJIOW TOJTYIIPOBOAHMKA 3 TIPIMEPHO TAKOW K€ TONIIMHBI U IIPOIKCIOHUPOBATH
C TIOMOIIIBIO CBETA, 3IEKTPOHHOTO IMyYKa MIIM KaKOr0-HUOY b IPYyroro U3JIydeHNUs, TO MOIy-
YUM MPOAYKT peakiyn 4 (puc. 7).

VYnanss ¢ IOMOIIBIO COOTBETCTBYIOIIMX PACTBOPUTENCH BelllecTBa CJioeB 2 U 3, moiy-
YaeM CJIOW BHOBb 00pa30BaBILETOCs BEIIECTBA, KOTOPHII SIBIISIETCS HEraTMBHBIM H300paXke-
HUEM IO OTHOIIEHHIO K N300pakeHHI0 (OTONIa0IOHa, NCIIOIB30BABLIETOCS TP AKCIIOHHU-
pOBaHHMH.

B apyrom Bapuanre sToro crocoba cioi 2 (puc. 8) MOXKeT OBITh B3SIT HACTOJIBKO TOJI-
CTBIM, YTO B TEX MECTAaX, I'/I¢ BEIIECTBO CJIOS 3 MOJHOCTHIO BCTYIMIIO B PEAKIIUIO, BEIIECTBO
ci1ost 2 MpopearnpoBalio He Ha BCIO TOJIIIUHY.

Ecnu Temepp pacTBOpUTENEM WM C IIOMOIIBIO Kakoro-1ndo JIpyroro Meroia yopaTb
TOJIBKO CJIOHM 3, TO B MecTaX, MOABEPTaBIINICSA SKCIIOHUPOBAHUIO, CIIOW 2 OyIET MOKPHIT
npoaykrom peaknud 4 (puc. 9). [Ipu cOOTBETCTBYIOIUM BBHIOOpPE KOMIIOHEHT CBETOUYB-
CTBHUTENBHOTO CJIOSI MPOAYKT PEAKIUH MOXET CIYXKHTh B KaUECTBE 3aIUTHON MIEHKU NPH
TPaBJICHUU CJI0A 2. Ecnu KOMIIOHEHTHI CBeTquBCTBHTeHBHBIﬁ CHCTEMBI n0)106pam)1 TaKUM
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00pa3oM, TO pacTBOpsis BemecTBO cios 2 (puc. 9),
CBET MOJY4YUM HETaTHBHOE HM300pa)KCHUE C JIBYXCIIOH-
J . J . J P HBIM MTOKPBITHEM.

Ecimm HeoOXoAMMO TONYYHTH OIHOCIOWHOE
n3o0pakeHue (HampuMep, TOKOIPOBOSIINAE J0-
POXKH), TUIEHKY TPOJYKTa PEakKiii MOXHO pac-
TBOPHTH U HOJIYYUTh OHOCIONHOE N300paKeHHE.

o

A A AAA A A AT S A S S

Puc. 7 3. CIIOCOB M3TOTOBJIEHUS

®OTOILIABJIOHOB, [IPO3PAYHBIX
_ _ b2 B BUJIMMOI OBJIACTU CITIEKTPA

Koneunas 11enb U3JI05KCHHBIX BBIIIE JBYX CIIO-

1 c00OB — M3rOTOBJICHUE METATN3UPOBAHHBIX H300-
pakennii. OnHako crenupuKa HCIIOIB30BAHUS
(hoTOMIa0IOHOB 3aKiIIOYacTCs B TOM, 49TO TIPH

F A AAAAS T T AT Ay

Puc. 8 OUYepeIHOM JKCIOHUPOBAHUU (POTOpE3UCTa pHCY-
4 4 4 HOK (oTomabaoHa HEOOXOAUMO COBMEIIATh C
P 7 PUCYHKOM Ha KPEMHHUEBOM IIJIACTHUHE.
2 2 2 IIpy wucCHoOnb30BaHMU  METAUIM3UPOBAHHBIX
z k 1 (hoTomabIOHOB OCYIIECTBISAETCS COBMEIIECHUE T10

perepHbIM METKaM, OJHAKO KOHTYPHI OCHOBHBIX
M300paKeHHI, KOTOPhIE HEOOXOIUMO COBMEIIIATH,
OCTarOTCSl HEBHAMMBIMH TI0Jl METAITMYECKOH
ieHkoi ¢Qoromabnona. B Hacrosiiee Bpems
MPEANPUHIMAIOTCS TONBITKH €O3/1aTh (hoTomIad-
JIOHBI, TIPO3pAyYHbIe B BUAUMOIT 00JIaCTH CIIeKTpa U
1 HETpO3pavyHble B YIbTPaHUOICTOBOW 0ONacTH, B

AL A A A S A A A

Puc. 9
4

B e g

N

FASSA TS AS AT F A KOTOPOH OCYyILIECTBIAETCS YKCIOHUPOBaHue (HoTO-
LA LSS S A S 2 S 2 F pe3ucta. B 3ToM cilyyae KOHTYphl pUCYyHKa Ha
Puc. 10 KPEMHHMEBOM IIJIACTMHE BUIHBI HA BCEH IJIOCKOCTH

u Onarojapsi ATOMy MOXHO 00Jiee TOYHO OCYIIle-
CTBHUTh COBMEIIICHHE M300paXCHUI Hanboiee BayKHBIX yYacTKOB.

C moMomIpi0 CUCTEMBI TIOJTYTTPOBOAHUK—METAIIT TAKXKE MOXKHO CO37aBaTh Takue (orto-
1abJoHbl Onarosapsi TOMy, YTO XaJbKOTEHHHBIE CTEKJa NMpPO3pauHbl B XKENTOH W Jainee
B JUTMHHOBOJIHOBOM OOJACTH CIEKTpa M HENpO3padHbl B YIbTPadHOIETOBOH 00IacTH
CIEKTpA.

B stoMm ciydae crioco06 u3roToBieHus (OTONIAOIOHOB 3aKiIIOYaeTcs B cieaylomem. Ha
MIPO3pavHyI0 MOUIOKKY 1 HaHOCHTCS ol moiymnpoBogHuKa 2 tommmHo# 0,02—0,05 MM,
Ha KOTOPBIN HANBLIsETCA CiI0i MeTaita ¢ TommuHoi 0,01-0,1 Mxm.

B pe3ynbpTare SKCIIOHMPOBAHUS Ha TPpaHUIle cIoeB 2 U 3 0bpa3yeTrcst NPOAYKT peakuuu 4
(puc. 10), KOTOPBI MO CBOMM XMMHYECKHM CBOICTBaM OTJIMYAETCS OT IOJYNPOBOJHUKA
cJ1os 2 ¥ MeTasuia cios 3.

VYnanss HenpopearupoBaBIIMH METaIT CIOs 3, MOJYYHM CIIOW MOJYMPOBOJHUKA C 3a-
IIMTHOH TJIEHKOW NPOJyKTa peakuuu. PacTBOpHB ci10i MOIynpoBOIHUKA C HE3ANUIIEHHBIX
Y4YacTKOB, HOJIyYUM (POTOIIAOIOH C ABYXCIOWHBIM H300paKEHHEM .

UroOsl monmy4nTh Oosee mpo3padyHoe n300pakeHHe B BUANMON 00JIAacTH MPOAYKT peak-
MM Yalle BCEro INPHXOAMTCS yNalsATh, TaK KaK OH MMEET 3HAYMTEIHHOE IOTJIONICHHUE
B BUJIUMOI 00JIaCTH CIIEKTpa.
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4. CIIOCOBb U3I'OTOBJIEHM POTOIIABJIOHOB
C TPEXCJIOMHBIM ITOKPBITUEM

Crnoco0bl, pacCMOTPEHHBIE BBIIIE, JAIOT BO3MOXKHOCTh H3TOTOBJISITH (DOTOILIAOIOHBI, O/
HaKo, YTOOBI IOJIy4aTh MOKPHITHSI C BHICOKOW ONTHYECKOH IJIIOTHOCThH, HEOOXOAMMO TpPaB-
JIeHHE CII0S1 MeTaJlla WU NOJIyIPOBOAHKKA ToamuHoK 0,1 MkM u Gonee. DT0 MOXKET IpHUBe-
CTH K PacTpaBjCHUIO IUICHOK IO KpasM H, CIIeI0BATEIbHO, K HEKOTOPOMY YMEHBIICHHIO
TOYHOCTH M3TOTOBJIEHUS (DOTOIIAOIOHOB.

Cnoco0, paccMarpuBaeMbIii B IaHHOM pasJiele, 5

TIPEATIoNaracT MCIOIb30BaHNE TPEX IJICHOK TOJIIH- 13

aoit 0,01-0,05 MKM, 0Opa3yromux IBOHHYIO CHCTe- 15

My MOJIYNPOBOJHUK—METAIUI, YTO MO3BOJUT yBEIH- 1

YUTh TOYHOCTb HM3TOTOBJIEHUS (OTOLIAOIOHOB IPH YRy,

COXpaHEHUH OOJBIION OMTUYECKOH MIOTHOCTH. NS
Ha puc. 11 mokazan mopsiiok HAHECEHHUs CIIOEB. Puc. 11

Ha momnoxky | HaHOCAT MeTaJuIMYeCcKuii cioit 2, Ha

HEro CJIOW TMOJYNPOBOJHUKA 3, KOTOphIe 00pa3yloT CBETOUYBCTBUTEIBHYIO CHCTEMY ITOJY-
MpoBoAHUK—MeTa1. Eciiu Ha c1oi monynpoBOAHMKA HAHECTH €le OAMH CIOW MeTauia 5,
TO citon 4 1 5 Takke 00pa3yroT CBETOUYBCTBUTEILHYIO CUCTEMY MOJIYIPOBOIHUK—METAILT.

B pesynbraTe 3KCIIOHMPOBAHUS TAaKOW MHOTOCIOWHOW CBETOUYBCTBUTEIBLHON CHCTEMBI
oOpasyercst 3HaYMTENHFHO OoJiee TOJCTBHIA pAaCHpE/eNEHHBIH 10 JABYM YPOBHSAM ITPOIYKT
peakuuy, obnanaromuii 0opIIe XMMHYECKO CTOWKOCTBIO, YeM MPOIYKT PEaKkuu B JABYX-
CIOIHOM cucTteMe. Y naiss HelpopearnpoBaBIIie BEIIECTBA, TOTydaeM KOHTPACcTHOE U300-
paxeHue, UMEIOLIEE PEe3KUIl Kpaid.

YToOBI MOMYYUTH 3aIIUTHBIC CIOW C 0OJiee BHICOKOW IJIOTHOCTBIO, TOJIIMHY CIOS 3
MOXHO YBEIIMYHUTh; PU ITOM TOYHOCTh BOCIIPOU3BEIEHUS Kpas OyAeT MpUMEPHO B JIBa pa3a
BBIIIIE, YeM TOYHOCTh BOCIPOM3BEJACHHS Kpasi B Crioco0ax, M3roTOBJICHUsI (OTOIIAOIOHOB,
HCHOJb3YIOLNX OJJHY CBETOUYBCTBUTEJIBHYIO CUCTEMY NOTYTIPOBOAHUK—METAI.

5. CITIOCOB U3I'OTOBJIEHU A ®OTOIIABJIIOHOB
C IBYXCJIOMHBIM ITOKPBITUEM

[Ipumenss mepBblil croco0, OMMCAHHBINA BBINIE, MOKHO H3TOTOBHUTH (POTOIIAOIOHEI C
OJTHOCJIOWHON METAIUIMYEeCKON IUIEHKOH. BBy TOro, 4TO B KauecTBe MeTaia B CBETOUYB-
CTBHUTEJIFHOIM CHCTEME Yallle BCETro HCIOJBb3YIOTCS cepedpo U Apyrue OnaropoJHble MeTall-
JIBI, KOTOPBIE 00Taat0T BRICOKOI XMMHYECKON CTOMKOCTBIO B PsAIe TPABUTEIEH, T APYTHUX
METAJUIOB MOXXHO OCYIIECTBHTH CIOCOO HM3TOTOBJICHHS (HOTOIMAOIOHOB M3 MAaTEPHAJOB,
KOTOpBIE caMH He 00pa3yroT ¢ APYTHUMH MaTEpPHAIAMH CBETOUYBCTBUTEIILHBIX CHCTEM.

Crioco6 M3roToBIEHUS TaKuX (OTOIIA0IOHOB MOXKET BHIMJILIETh Tak. Ha mommoxky |
(puc. 12) HaHocuTCs cioi MeTasia 2, KOTOPbI OyJAeT MCIOIB30BATHCS ISl M3TOTOBICHUS
n3obpakenus (oTorradiiona.

Jlanee o onrcaHHOW METOIMKE HAHOCUTCS CJIOM
MeTa/u1a 3 W TMONYNPOBOJAHUKA 4 Ui 00pa3oBaHHS
CBETOYYBCTBUTEIBHOM cuCTeMbl. CBETOUYBCTBUTEIb-
Hasl CHCTeMa JKCIIOHHPYETCsl 0 TeX IOp, MOKa B
MECTE 3KCIIOHMPOBAHUS METANIMYECKU clIoi 3 He 1
IpopearupyeT Ha BCIO TOJIIMHY. 3aTeM yIalsioT
MPOLYKT PEaKnuu M, UCIONB3Ys 3alIUTHBIE CBO-
CTBa MeTajula closi 3, pacTBOPAIOT IUICHKY Bellle-
CTBa CJIOSI 2 C OTKPBITBIX YYaCTKOB U MOJYYaroT

N W b

A A A AAAA A A A A A

Puc. 12
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(oTOmIa0IIOH ¢ ABYXCIOWHBIM MOKPBITHEM. B ciydae HE0OXOIMMOCTH BEIISCTBO CIIOS 3
MOJKET OBITh YAAJICHO U MOIy4YeH (OTOMIa0IOH C BEIEeCTBOM ciios 2. B kadecTBe BemecTBa
CJIOSl 2 MOXKHO BasITh JJFOOO€ BEIIECTBO, MPUTOAHOE I N3TOTOBICHHS (hoTomadIoHa (XpoM,
CynmbUI JKene3a, OKUCH KeJe3a U T.I1.) UMEIOIee XOPOIIyIo aATe3ui0 U 3aJaHHBIE OITHYe-
ckue cBoicTBa. [lopsimok HaHECeHHsI clloeB 3 M 4 MOYKHO M3MEHHTh. Torma B KauecTBe 3a-
IIMTHOTO CJIOS TIPH TPABJICHUHU CJIOSI 2 OyneT BBICTYHATh CIIOW MOJYIIPOBOIHUKA, KOTOPHIH
TaKXkKe CTOCK K OOJIBIIOMY KOJMYECTBY XMMUYECKUX PEAKTHBOB (KHCIIOTHI, PACTBOPBI COJIEH
U T. IL).

6. CIIOCOB U3rOTOBJIEHM S MHOI'OCJIOMHBIX ®OTOIIABJIOHOB
C HE'ATBHBIM PUCYHKOM

Mo ananoeuu ¢ mpenpIIymuM MOXKET OBITH MCHOJIB30BaH CHOCOO M3TOTOBJIEHUS (OTO-
1a0JIOHOB, MCIIOJB3YIOMMI B KauyecTBE 3aIUTHOIO MOKPHITHS ABYXCJIOWHYIO IUICHKY, IO-
JY4alonIyrocs 0 Ccroco0y M3rOTOBJIICHUS! HETaTHBHBIX, METAJUIMUECKUX M300pakeHUH (cM.
m.2). JIByxcioifHass MeTauindeckas IUIeHKa, TOTYyJaoascs 1Mo 3TOMY CIIOCO0Y M COCTOsI-
mIas U3 cjos cepedpa M CIIos MPOAYKTa PeaKInu, 00Ia1aeT BEICOKOW XUMIUECKOW CTOMKO-
CTBIO K OOJNBIIOMY KOJHMYECTBY arpecCHBHBIX TPaBHUTEICH W MOXET OBITH MCIIONB30BaHA B
Ka4Y€CTBEC 3aIIUTHOI'O MOKPBITHA IIPHU TPABJICHUHU IIJICHOK U3 CaAMBIX PA3JIMYHBIX MAaTCpHUAJIOB.

ITocne TpaBneHus BbIOpaHHOTO MaTepHajia mojy4daeTcs (HOTOLIAOJIOH, COCTOSIIMN W3
TPOXCIIOWHOW TUIEHKH (BBIOpaHHOE BEIIECTBO, METaJll, MPOAYKT peakimuu). Eciau Heobxo-
JIUMO TOJTYYUTh (HOTOIIAOIOH M3 OJHOCIONHOMN IICHKH 3aJaHHOTO BEIECTBA, TO IUICHKU
cepeOpa M MPOAYKTa peaKMi MOTYT OBITh yJaJieHbl. B kauecTBe Takoro BemiecTBa MOXKHO
BBIOpATh METAJUIBI, YIyYIIAIONINE aAre3uio cepedpa, BemecTBa, 00Jalaronye 3aJaHHbIMH
ONITHYECKMMH CBOMCTBaMH, U T. 1. B maHHOM crocoOe cBETOUyBCTBUTEIbHAS CHCTEMA HC-
TIOJIb3YETCs KaK HEeTaTHBHBIN (POTOPE3HCT, a B MPEABIIYIIEM — KaK MO3UTHBHBIH.

Hwmxe Oynmer paccMOTpeH erne psii croco00B H3TOTOBICHHUS (HOTOIMIA0IOHOB, MCTIONB3Y-
IOIINX CBETOYYBCTBUTEIBHBIC CHCTEMBI ITOMYIIPOBOIHUK—METAI, B COUYCTaHUH C TaJbBaHU-
YECKUM OCKICHUEM IIIH PacCTBOPCHHEM METAIUIOB. | albBaHWYECKOE OCaKICHHE MeTajuia
obecrieunBaeT Oosiee TOYHOE BOCIPOM3BEICHHE Pa3MEpOB, Ye€M XHMHUYECKOE TpaBIICHHUE.
[Mpeanonaraemplii croco0 M3rOTOBJICHHS METAJUTMYECKHX TUICHOK COCTOHT B CJIEIYIOIIEM.
Ha crexmo 1 (puc. 13) mpu M3rOTOBJICHUH METALTHUCCKUX (DOTOIIA0IIOHOB HAIIBLISIETCS
CJIOW MeTaia 2 MUHUMAJIBHOMN TOJIIIUHBI, IPU KOTOPOH OH YK€ SIBISETCS CIUIOUIHBIM (7151
6OJBIIMHCTBA METAIIOB 9Ta TOJIINHA JEKHUT B peaenax 50-200 A).

YroObl 0caauTh ClOW MeTamia TpeOyeMol KOH-

4 ¢urypanuy, HEOOXOIMMO METANIMYECKUH Clon 2
43 3alUTUTh B 33JaHHBIX MECTaX CIOEM JUAIEKTPHUKA.
4 B kadecTBe 3alIMTHON IUIEHKH MOTYT OBITH KOMIO-
/! HeHTBI CBETOUYBCTBUTENBHOIN CHCTEMBI MONYTIPO-

FoA A A A A A A A A A PP BomHUK—MeTamw1. [y 3Toro Ha cioit 2 B Bakyyme
NN NS HamplIsIeTCs ¢10i 3 cynb(uaa MBIIIBIKA, CEICHUIA
MBIIIbSKA WIH KaKOro-HUOYIbh JAPYroro CTEKJI000-
5 4 Pa3HOTO MOMYNMPOBOAHMKA TonmmHOH 300—-1000 A,
S 3 Ha HET0 HaIbLISAETCS MOJIyIPO3padHblil CI0H MeTall-
—D-{:H_l—_ na 4, BCTyHaromiero co cjiaoeM 3 B XUMHUYECKYIO
2 peakuuio Moj JeHCTBUEM CBETa, JJIEKTPOHHOTO
My4Ka WM HHOTO M3ITy4CHHUS.
[Tomy4yeHHYIO CBETOUYBCTBHUTEIBHYIO CHCTEMY
9KCTIOHHPYIOT, B PE3YJIbTAaTe YETO B MECTaX IKCIOHH-
POBaHMS TOITy4daeTcst MPOAYKT peaknnu 5 (puc. 14).

Puc. 13

o
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Puc. 14
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Puc. 15 Puc. 16

[Moce aTor0 YyAansroT HempopearupoBaBIIee BEMIECTBO CII0s 4 CENIeKTHBHBIM TPABJICHH-
€M YJISIOT BEIIECTBO CJ0S 3 ¢ YYaCTKOB, HE3AIIUIICHHBIM IPOAYKTOM pEakyu S5, U TOo-
JMy4aloT TpedyeMyro KOH(UTypanuio BEIecTBa 3, Ha KOTOPOH pacIiofioxkeH MPOAYKT peak-
mun 5 (puc. 15). B crygae He0OXOIMMOCTH MOKHO yNAIUTh MPOXYKT PEaKIMH 5 H ITOY-
YHUTH 3aIIUTHBIN cIIOH BemiecTBa 3. [locie 5TOro B OKHA CiI0S 3 TalbBAaHWYECKH OCAXIAIOT
MeTalT Ha TIOBEPXHOCTH ci10s 2 (puc. 16).

Ecnu uist TaJibBaHUYECKH OCaXIAEMOTO CIIOSI M MEPBUYHOTO CIUIOIIHOTO CJIOS UCTIONb-
30BaJICA OAWH M TOT K€ METAJJI, TO XUMHUYCCKUM WJIN TaJIbBAHUYCCKUM TPABJICHUEM TPaBAT
TOJTyYEHHYIO0 CHCTEMY IUIeHOK Ha ry6uny ot 50-200 A, uTo6bl yaanuTh MOMHOCTBIO (eCiu
9TO HEOOXO/JMMO) HW)KHHH METAIMYECKUH CIIOW Ha TeX ydacTKax, IJe HE MPOUCXOIUT
rajJbBaHUYECKOTO OCAXKCHUS MeTalIa.

Ecnn ocaxnaercss Apyroil MeTanl, TO CEJIEKTHBHBIM TPaBICHHEM YAAISIOT HIKHUH
cioif Merayuta. B pesynbrare moiydaercs MEeTaNIMUECKUi penbed ¢ 3aaHHON KOH(HTypa-
yeid. DTOT crocod MOKHO HMCIOJIB30BATH YISl M3TOTOBICHUS (HOTOMIA0NOHA U JUIS APYTUX
LeNeH IPH N3TOTOBJICHUN MUKPORJIEKTPOHHBIX CXEM.

Bo3moxxeH m apyroil BapmaHT 3TOTO CHOCO0a, KOTAA BMECTO METAJUTMUECKOTO CIIOS
HaHOCHUTCS MPO3payvHblil MPOBOASIIMN CIOW U3 OKUCH OJOBA, OKMCH CBUHIA WM JAPYroro
BeliecTBa. B aToM cityyae MOXKHO TIOJIyYUTh OJHOPOAHYIO METAIUTMYECKYIO TUICHKY.

7. CIIOCOBbBI U3I'OTOBJIEHU S ®OTOLIABJIOHOB,
NCIIOJIB3YIOIIUE I'AJIb BAHUTYECKOE TPABJIEHME

lanpBaHMYECKOE TPABICHUE IO CPABHEHUIO C XUMUYECKUM 00CCIIEYNBAET BO3MOXKHOCTh
B OOJIBIIKX TIpeieiax U3MEHITh CKOPOCTh TPABJICHUS, TIPOPadaTHIBATh OTACIBHBIC YYACTKH,
HCIIOJIH30BATh OOJIBIIIE METAIOB [T U3TOTOBICHHUS ()OTOMIAOIOHOB.

[To anamoruu co crmocodaMu, U3MOKCHHBIMA B 1. 5 U 6, MOKHO HCIOJB30BATh Pa3iIHy-
HbI€ BapUAHThI CBETOUYBCTBUTEIBHON CUCTEMBI OJIYNPOBOJHUK—METAILT ISl U3TOTOBJIECHUS
3alUTHOTO CJIOS PY FaJIbBAHUYECKOM TPaBJICHUU PA3IMYHBIX METAJIOB, OJHAKO JUIsSl 3TOTO
HE00XOANMO HCIIOIB30BAThH MPOBOAIIEE CTEKIO B KAYECTBE MOAJIOKKH TUTH HAHOCHUTD TIPO-
BOJSIINE TNIEHKH.
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Hcnnoas3oBanme HeOopraHnmvIeCKMX CBeTOIYBCTBUTEAbHDBIX
MaTep¥uaaoB AAs51 N3TOTOBAEHISI (I)OTOH_Ia6ilOHOB

B. B. Ilerpos, I1. 1. Kapnukos, C. C. Asicenxko, A. /. Kpasuenko

I'mOpuHas BeIYMCIUTEIbHAS TEXHUKA U nekTpoHnka. Kues. HaykoBa nymka,
1972. C. 491-503.

W3BecTHO, YTO MOJYNPOBOJHHUKOBAs IUICHKA, HAHECCHHAs] HA METAUIMYECKYIO IOAJI0XKY,
o0JamaeT cBeTOYyBCTBUTENBFHOCTHIO [ 1, 2], TO ecTh 00pa3yeT cBeTOUYBCTBUTEIHHYIO CHUCTE-
My HOJYINPOBOJHUK—META/UI. B OTIIMYME OT KOJUIOJMOHHBIX CBETOMYBCTBHTEIBHBIX Mate-
pHaIoB ¥ (HOTOPE3UCTOB BCE KOMIIOHEHTHI TAKOI CBETOYYBCTBHTEIBHON CUCTEMBI SBIISIOTCS
HEOPTaHWYECKUMH MaTepHallaMy M JOIyCKalOT HAHECEHHE Ha MOJUIOKKY BaKyyMHBIM HCIIa-
penneM. CBETOUYBCTBUTENBHBIE CUCTEMbI UMEIOT YyBCTBUTENBHOCTh B BUIUMOW 00JacTH
CIIEKTpa ¥ BBICOKYIO Pa3pelIalollylo CIIOCOOHOCTh. DTO MO3BOJET HAAEAThCA HAa BO3MOXK-
HOCTh HCIIONIb30BAaHHUsI HEOPTaHMYECKUX CBETOYYBCTBUTEIBHBIX MaTEpPHUAIOB (CBETOUYB-
CTBHUTEJILHBIX CUCTEM IOJYIPOBOAHUK—METAII) JJIsl N3TOTOBIICHUS (POTOIAOTIOHOB.

Lenp Hameit paboThl — U3y4YNTh OCOOCHHOCTH WCIIOJIB30BAaHHUS HEOPraHMYECKUX CBETO-
YyBCTBHUTEIBHBIX MaTEPUAIOB JUISl U3TOTOBIICHUS ()OTOIIAOIOHOB U BO3MOXKHOCTH M3TOTOB-
JICHUSI SJIEMEHTOB C MUKPOHHBIMH U CyOMHKPOHHBIMU pa3MepaMHu.

TEXHOJIOTMYECKME OCOBEHHOCTH U3I'OTOBJIEHUA ®OTOLIABJIOHOB

Jns nsrorosnenns GoTomrabioHoB ObUTa BEIOpaHa CBETOUYBCTBUTENBFHAS CHCTEMA, CO-
crosmas u3 IIeHkn cepedpa TommmHo# 0,1-0,2 MKM M TIIICHKH XaJbKOTEHHIA MBIIIbSIKA
TosmmuHoM 0,03—0,04 MKM.

B kauecTBe mOMIOXKEK Ui M3TOTOBICHHUS (DOTOMIAOIOHOB HCIHONB30BANIUCH HLTH(O-
BaHHBIE CHIIMKATHBIC CcTekja. IleHkn Mertanna u MMOJIYIPOBOJHUKA HAHOCHUJIMCh METOAOM
TEPMUUECKOTO MCIAPEHHs B BAKyyMe TPH JaBIeHHH mopsaka 107 top. N306paxenus Ha
MIPUTOTOBJICHHBIX CBETOUYBCTBHUTEJILHBIX CHCTEMAX TOJTyJalld METOIOM KOHTaKTHOMU ITe4aTH
C ATAJOHHBIX 3MYJIbCHOHHBIX U XPOMOBBIX (POTOIIAOIOHOB, MIMEIOIINX Pa3Mepbl 3JIEMEHTOB
70 5 MKM. B By TOTO, 4TO CBETOUYBCTBHTEIBHBIE CHCTEMBI MMEIOT MAaKCUMyM YyBCTBH-
TEJIFHOCTH B BHJIMMOM 0OJIACTH, JUIsS SKCIIOHUPOBAHUS NMPUMEHSUIH KOJUIMMHUPOBAHHBIE HC-
TOYHHKH CBETA C JIAMITaMH HAaKaJIMBaHMS.

B pesynpraTe SKCIOHMPOBAaHWSA CBETOTYBCTBHUTEIBHOW CHCTEMBI MOIYYaeTCs BHIMMOE
Ha OTPaK€HHE BBICOKOKOHTPACTHOE M300pa)KeHHE, KOTOPOE, OJHAKO, MMEET MBI KO3(-
(UIMEeHT KOHTPACTHOCTH Ha NMpocBeT. KOHTpacT M300paKeHus MOIydaeTcsi B Pe3ysbTaTe
(OTOXMMHUYECKUX IPEBpAIIEHIH MEXIy clloeM cepedpa M MOIyHPOBOJHUKOBOM IJICHKH B
MecTax AKCIOHMpOBaHUs. [Ipy 3TOM LBET IUIEHKH M3MEHSETCS OT CBETJIO-30JI0THCTOTO JI0
cunero. Ilpu ucnone3oBanny U300pakeHHs B KadecTBe ¢oromadioHa KOIPPUIMEHT KOH-
TPAaCTHOCTH Ha MPOCBET JOJDKEH OBITH HE MEHee 2 B CBS3U C OTHM HEMOCPEICTBEHHOE HC-
MOJIb30BaHNE SKCIIOHMPOBAHHBIX CBETOYYBCTBUTEIBHBIX CUCTEM B KauecTBe (hOTONnIadIOHOB
HE MPEACTABISETCS BOZMOKHBIM.

Hcnonp30BaHie XUMHYECKUX CBOWCTB KOMITOHEHT CBETOYYBCTBHTEIIBHOI CHCTEMBI I10-
Kazajo, 4YTO B pe3yjbTaTe SKCIOHUPOBAHMUS CIOSI TOJIYNPOBOJHUKA PACTBOPUMOCTH €TO B
IIeI0YaX Pe3KO YMEHBIIACTCS U OH CTAHOBUTCS CTOMKHM B psifie TpaBUTeNeH i cepedpa.
OTO 00CTOSTENBCTBO €T BO3MOXKHOCTh MCIOIB30BaTh HKCIIOHUPOBAHHBIC YYACTKH IOIY-
MIPOBOHHUKA B KQUECTBE 3AIUTHOTO CJIOSI IIPY TPABICHUH CEPEOPSIHON TIICHKH.
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Ha HeskCnoHMpOBaHHBIX y4acTKax IMO- S ¢ E—
JYTPOBOJHUKOBAs TIIEHKA JIETKO PAcTBO- e S S S
psiercst B 10 %-oM pacTBope 111006011 1meno- S
g (Hampumep, eakoro Harpa). s Tpas- 7 A A A a4 # Z
JeHust cepedpa B OKHAX HCIOIb30BaIN o g G H H g F
KOHLIEHTPUPOBAHHBI PACTBOP THOMOYE-

BHHBI C J0GABIGHHEM CepHOH kucinoTel m Fuc. 1. CTPYKTypa  CBETOMYBCTBHTENLHOH

OKHCH XpoMa B KauecTBe oKuciuTens [3]. CHCTCMBI TIOYIIPOBOHUK=MCTAILT. .
Hcnonp3oBanue Takoro TpaBJeHUs Jja- [~ monnoxa, 2 - cnofi cepedpa; 3 - cror

TOJIYTIPOBOAHHUKA, 4 - 9KCIIOHHUPOBAaHHBIN

€T BO3MOXXHOCTb BBITPAaBUTH cepeOpo Ha YUBCTOK (MDOMYKT PeAKTH)

OTKPBITBIX Y4acTKax, HE IOBPEIUB 3all[HT-

HOHW TUICHKHM 9KCIIOHHPOBAHHOTO MOJYIIPO-

BOJIHMKA CBETOUYBCTBHUTEJIFHON CHCTEMBI (IIPOLyKTa peaknuu). B pesynbrate ObuTO mMOMY-

YEHO 3€pPKaJbHOE, BUIANMOE Ha INPOCBET, BBICOKOKOHTPACTHOE HM300pa)KEHHE 3TAJOHHOTO

¢doromabdIoHa.

3ammTHas TUIeHKa 4 (puc. 1) mpencrasisgeTr coOoi MPOAYKT peakuy MeTauia 2 | IOITy-
IIPOBOAHUKA 3, HAaHCCCHHBIX HAa CTCKIIAHHYIO IMOIJIOXKKY I 1 uMeeT BechMa BBICOKYIO aAre-
3HI0 K cepedpy.

Jnst ee ynaneHus UCTIONb30BAIN PEAKIIUIO AIEKTPOXMMHUYECKOTO BOCCTAHOBIICHHSI.

[To omucaHHOI1 BhIIIE METOMKE MOXHO MOJIYYUTH cepeOpsHbIe H300paXKeHHUsI Ha CTEK-
JITHHOM WJTH KaKOW-mu00 MHOU moBepxHOCTH. OHAKO cepeOdpo MMEET IUIOXYIO are3uio K
CTEKIIy M MaJIyI0 CTOMKOCTh Ha uctupanue. OnHUM U3 HanOoJiee MUPOKO UCTIONb3YEMbIX B
HacTosIIee BPEeMs MaTepUaioB JJIsl N3TOTOBJICHHS (POTOIIAOIOHOB SIBIISIETCSI XPOM, KOTOPBIH
HMMEET BEChMa BBICOKYIO aAre3HI0 K TO/UIOKKAM U YCTOMYMBOCTh Ha HCTHPaHUE.

Bbnarogapst Tomy, 4Tto cepeOpo CTOWKO B OONBIIOM KOJIMYECTBE arpecCHBHBIX TPaBH-
Tener (B TOM YHCIIE M K COJSHOHM KHCJIOTE, SBISIOIISHCS XOPOIIMM TPaBHTEIEM XpOMa),
MOXKHO HCIIOJIb30BaTh MOTY4YEHHOE cepeOpsHOe M300paKEHUE B KAUECTBE 3AIIUTHOTO CIIOS
NIPY TPaBJICHUHM HIKENIEKAIIUX CJI0eB Xpoma. J[ns mpoBepku 3Toro crocoda ObLIM NpH-
rOTOBJICHBI 00pa3ibl ¢ TuieHkamu TommuHo 0,1-0,3 MKM, HaHeCEHHBIE Ha CTEKISHHYIO
no/utoxkKy. Ha reHky xpoma 0e3 pasrepMeTH3alni BAKYYMHOIH KaMepbl HAHOCHJIH TUICHKY
cepebpa, a 3areM Juisi 0Opa30BaHUSl CBETOYYBCTBUTEIBHOW CHUCTEMBbl HANBUILSUIM TUICHKY
noJynpoBoHKKa. [lo onycaHHON BbIIE METOAMKE MOJIYYHIIM 3alllMTHBIE TUICHKU cepedpa,
MocJIe 4ero MpOW3BOJWIM TPaBJeHUE IJIGHKH Xpoma. B pesynbrare momywancs ¢oromad-
JIOH C JIBYXCJIOHHBIM METAJUTMYECKUM HOKpbITHEM. Ecii HeoOX0auMO MOTydUTh OJTHOCIION-
HBIH XpOMOBBIH (hOoTOMIA0IOH, cepeOPsIHYIO IUIEHKY JIETKO YAAISIIN JTIOOBIM U3 M3BECTHBIX
TpaBuTenen st cepedpa. Hamo oTMeTHTh, 4TO TpaBiIeHHE XpOMa B IAHHOM Ciydae HpOXo-
JIUT 3HAYUTENBHO JIETde, YeM IPH UCIIOIb30BaHUU (DOTOPE3HCTA, TAK KaK HAIBUICHHE cepe-
Opa mocie Xpoma B OJHOM IHKJIE 0€3 pasrepMeTH3alii BaKyyMHOW KaMepbl ITOJHOCTBHIO
ycTpaHsier oOpa3oBaHME OKHCHOTO cJ0sl Ha Xpome. lIpu MCHonb30BaHMM CBETOTYBCTBH-
TEJILHON CHCTEMBI MOJYMPOBOAHUK—METAILT IS M3TOTOBJICHHS (OTOIIA0IOHOB OBLIO 3aMe-
YCHO CYIIECTBCHHOC BJIIMAHHUEC HEKOTOPBIX TCXHOJIOTUYCCKUX d)aKTOpOB Ha Ka4CCTBO CBCTO-
'-IyBCTBPITCJ'[BHOﬁ CHCTCMBEI. TaK, Ipu YAaJICHUU CJI0A MMOJYIIPOBOJHHKA C HEOKCIIOHUPOBAH-
HBIX YYacTKOB B HEKOTOPBIX CIIydyasX Ha IOBEPXHOCTH CEpeOpsIHOW IUIEHKH OCTaBalach
ToHKas (mopsaka 1-2 MKM) «ByasieBashy IJICHKA, KOTOPast 3aTpyAHsJIa TpaBlicHHE cepedpa, a
B HEKOTOPBIX CIIy4asX W BOBCE IPEMSATCTBOBATA €My. DTO, OUYEBHHO, CBS3AaHO C TEM, UTO
IIPY HaNbUICHUH XaJbKOTCHHUIOB MBIIIbsIKa MEPBBIMI HAUYMHAIOT JIETETh Cepa U CEeJeH, Kak
HanboJee JieTyyre KOMIOHEHTHI, a NPH BO3JCHCTBMM HMX NapoB Ha cepedpo oOpasyloTcs
xanmpKoreHuns! cepebpa [4]. [Ipu oOpa3oBaHuM XaIbreHUIOB cepedpa CYIIeCTBEHHO BIHSCT
COCTOSTHHE TIOBEPXHOCTH cepebpa. Tak, okazaysoch, 4TO Hamboiee CWIbHAs «ByalleBas»
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IUIeHKa 00pa3yercsl NMpU HANbUICHWH IIOJYIIPOBOAHUKOBOTO CJIOS Ha CBE)KCHAIBUICHHOC
cepebpo, oHa He HaOIOJaeTCs U IDICHOK cepedpa, IMpOMEeANX MPOIecC «CTapeHUs» B
atMocgepHoii cpene B TeueHne 10—15 gacos. IIeHkn XambKOTEHHIOB cepedpa MOTYT OBITh
JIETKO yJAJICHBI B Psiie TPABHUTENCH, OJJHAKO WX XMMUYECKHE CBOWCTBA OJIM3KHM K XMMHYE-
CKUM CBOICTBaM NpPOAYKTa PEaKLUH U yAaJeHHE UX NPUBOIUT K YyXYALICHUIO 3aIUTHBIX
CBOMCTB NpPOAYKTa peakuuu. B cBsi3u ¢ 3TUM ObUIM NPEIIPUHATHL MEPHI 110 YCTPAHEHHIO
npu4uH 00pa3zoBaHusl «Byanw». lIporecc «cTapeHHs» TEXHOJIOTHYECKH HE ynoOeH. bbuio
00Hapy»XeHO, YTO HalblJIeHUEe TOHKOTO (Topsiaka 10—15 MKM) cl10si MOHOOKHCH KPEMHUS Ha
MOBEPXHOCTH cepedpa AaeT MOJIOKHUTENLHBIE Pe3YJIbTaThl U CBOJUT K MUHUMYMY 00pa3oBa-
HHE «BYaJICBOI» IICHKH.

B Buagy Toro, uro 3a-

Tonmuaa Bpews Hanwnune 3aInTHEIE IIUTHAs IUICHKA IIPEacTaB-
A OKCIIOHUPOBaHUA, o o
Ccl1o4, MUH «ByaJm» CBOMCTBA JISAET c060y1 HpO,HyKT peaK_
5 2 CUJIbHAsL XOopoIue UMK MEXKAY cepedpoM  H
10 2,5 4yTb 3aMeTHAs « MOJTYIPOBOAHHUKOBEIM  CJIO-
15 3 HET « €M, TO HaIbUICHUE CJI0d
20 6 HEeT IUIOXHE MOHOOKHCH KpPEMHMs, OYe-
25 10 HET « BUIHO, 6y;1eT BJIMATH Ha

CKOpPOCTb o0pa3oBaHUs
MPOAYKTA PEaKIMK U 3allIUTHBIC CBOWCTBA. V3 TOMIIUHBI BUIHO, YTO C YBEIMYCHUEM TOJI-
nHbL ciios SiO yBenMYHBACTCS BPeMsl SKCIIOHUPOBAHUS CBETOUYBCTBUTEIEHOW CUCTEMBI U
YXYAMIAITCS 3aIlMTHBIC CBOWCTBA MPOAyKTa peaknuu. OnTtuMaibHas TOMIuHA ciost SiO
10-15 A. TIpu Gompmux TomuHax cioil SiO CIyKUT rpaHHueii pasjaena AByX MOBEPXHO-
cTeit (cepebpa M XalbKOTCHUIHOTO CTEKJIA) U 3aTPYAHICT B3auUMHYI0 Tu(Qy3uto npu GoTo-
XUMHUYECKUX IPEBPAIICHUAX. yXy}II_HeHI/Ie 3aIIUTHBIX CBOICTB npu 60.]'[BI_HI/IX TOJIIIHUHAX
cnost SiO TpOSIBIIAETCS B TOM, YTO TPHU TPOSIBICHUH B PAaCTBOPE IIEIOYH 3al[UTHBIA CIOH
CHHMMAeTCsl.

Taxkum 00pa3oM, Ha OCHOBE TPEXCIIOHHOM CBETOUYBCTBUTEIILHON CUCTEMBI TIOTYTIPOBO/I-
HUK—METaJIJI BO3MOXKHO CO3JIaHHe (POTOIIA0IOHOB.

O4YeBHIHO, YTO HAHECCHUE TIOIYIPOBOJHUKOBOTO CJIOS B BAKYYMHOW KaMmepe BBITOJIHO
OTIIMYACTCS OT M3BECTHHIX CHOCOOOB HAaHECCHUS (DOTOpE3WCTa M CO3JacT HAa MOBEPXHOCTH
Metaiia 0e31e(eKkTHYI0, He 3aBUCSIIYI0 OT BHELIHUX YCIOBHU (TeMIIEpaTyphl, BAKYYMHOM
THUTHEHBl M T. 1) CBETOYYBCTBHUTEIbHYIO IUICHKY. [IpOCTOTa TEXHOJIOTMH HM3TOTOBJICHHS
CBETOYYBCTBHUTEIILHON CHCTEMbI U HENE(PHUIUTHOCTh UCTIOIB3YEMbIX MATEPHATIOB, YyBCTBHU-
TEIBHOCTh CHCTEMBI B BUAMMOM 00JIACTH CIEKTpa, JIETKOCTh MONyUeHHs peabedHoro (mpo-
TPaBJICHHOTO) M300pPaKEHHUs, a TakKe BO3MOXKHOCTh COBMEIICHHS HAIbUICHUS MeTallia U
TMOJIYIIPOBOIHUKA B O}IHOﬁ KaME€pe€ — BOT TC IMOJOXUTCIBHBIC CTOPOHBI, KOTOPHIE HECYT B
cebe MeToJ1 oTy4YeHUs (HOTOIIA0TIOHOB C TIOMOIIBIO CBETOYYBCTBUTEIBHON CHCTEMBI MOJTY-
MPOBOTHUK-METAJLI.

PA3PEIIAIOIIA S CTIOCOBHOCTbD
CBETOYYBCTBUTEJIbHON CUCTEMBI ITOJIYIIPOBOAHUK-METAJIJI

[epcrniekTHBBI UCTIONB30BaHKSI HOBOW TEXHOJIOTHUH MONTyuYeHUs1 (OoTOImadIoHOB CO3Iat0T
psI IPEUMYILECTB MEpe U3BECTHBIMU MeTonamu QoTtomurorpadun. B HacTosiee Bpems
Meronamu (oronurorpapuy yIaeTcsi U3roTaBIUBATh AIIEMEHThl ¢ MUHHUMAJILHBIMH pa3Me-
pamu 2-3 mxMm [5]. OgHako Uil CO3JaHMS LENIOr0 PsjJa MUKPOAIEKTPOHHBIX CTPYKTYp
HEOOXO0AMMO M3TOTOBJICHUE AJIEMEHTOB CYOMUKPOHHBIX pa3MEPOB C BEICOKOI TOYHOCTBIO.

OpHUM W3 TyTeH yBEIWYEHHs] TOYHOCTH M3TOTOBJICHHS 3JEMEHTOB M YMEHBIIEHUS UX
pa3MepoB SBISIETCS HCIIOIb30BaHNE METOAOB 3JIEKTpOHHOM uTorpaduu [8]. OmHako MeTon
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JJIEKTPOHHOH JUTOrpauy MaJOIPOU3BOJUTEINICH U3-3a MaJIOW CKOPOCTH IKCIIOHUPOBAHUSL.
Tax, T OTHOTO YKCITOHHPOBAHMS PE3MCTA HA OBEPXHOCTH | cM” DJIEKTPOHHBIM ITy4KOM
nmuamerpoM 0,1 MM mipu mmotHocTH Toka 0,1-1,0 Alem® [8] Heobxommmo Bpems 1,6 - 10% -
1,6 - 10° 4. B pe3ynbTaTe 3TOT0 1e1eCO00Pa3HO UCMONB30BATh HICKTPOHHYIO JTHTOTPApHIO
JIUIIG JJ1 IPUOOPOB, B KOTOPBIX MPOICHT IKCIIOHHUPYEMOM MOBEPXHOCTH YPE3BBIYAHO Mall
1 HEeoO0XO0JMMa BBICOKAs TOYHOCTh M3TOTOBJICHUSI PUCYHKA (HampuMmep, oiyueHue rpedeH-
4aToW CTPYKTYpPbI aKyCTHUECKOro mpeolOpaszoBareins U T.4.). Mcrnonb3oBaHue dIIEKTPOHHOI
nuTorpaduy B TEXHOJIOTHYECKOM ITPOLIECCE MACCOBOTO M3TOTOBJICHHS MHTETPAIBHBIX CXEM
HE MPECTaBIISIeT BO3MOXKHBIM U3-3a €r0 MaJloH MPOU3BOAUTEILHOCTH.

Takum o6pasom, dotonurorpadus Ha OMrDKaMIINE TOIBI OYJIET OCTABATHCS OCHOBHBIM
TEXHOJOTUYECKHM MPOILECCOM H3TOTOBJICHHS MHTETPAJBHBIX CXEM M paspelaronas Cro-
COOHOCTB 3TOTO TIporecca OyIeT ONpeAeyATh peaelbHbIe TapaMeTpsl aneMeHToB. [Ipomecc
¢oronuTorpaguu MHOTOCTYTIEHUYATHIH, pa3pemaronas CllocOOHOCTh KOTOPOTO 3aBUCHT Kak
OT pa3pemaronieil CHOCOOHOCTH CBETOUYBCTBHTENBHBIX MaTepHajioB ((hOTOpe3ncToB), Tak U
OT pa3pemarniel CIoCOOHOCTH ONTHKH. VICIONIb30BaHNE COBEPIIEHHBIX MUKPOOOBEKTHBOB
MTO3BOJISIET MOIyJaTh n300pakeHus ¢ pazmepamu 10 0,2—0,4 mxm. Micionb3yemble B HACTO-
AMICC BpEM (bOTOpe?;I/ICTBI SABJIAAIOTCA OPraHuYCCKUMU MTOJIMMEpaMu, MMOJIMMEPU3alus KOTO-
PBIX UCTIONB3YETCS AJIsl TOJY4EHHS 3alllMTHOTO CJIOS Ha MOBEPXHOCTH MaTepuana. Kak 0buio
TOKa3aHO BBIIIC, TOJIIWHA CBETOYYBCTBUTECIBHOI'O CJIOA CUCTEMbI METAJII-TIOJTYIIPOBOJHUK
onpeensieTcs TOJIUHON moaynpoBoiHuKoBoM mieHku (0,03—0,04 mxm).

Bnarogapst Manoi TONIIMHE CBETOYYBCTBHTEIBHOTO CIIOS TaKUX CHUCTEM B MEHbIIEH
CTETICHN CKa3bIBAIOTCS SIBJIICHUS TU(pakuny W nHTep(epeHInn Mpyu KOHTAaKTHOH meperie-
yaTke n3o0paxeHus. [IpoBeeHHbIE SKCIEPUMEHTHI TIOKA3aJld, YTO C TIOMOIIBIO TAaKUX CBe-
TOYYBCTBHUTEIILHBIX MaTepPUaIOB MOXKHO TIOJIyYUTh METOJIOM KOHTaKTHOW IEYaTH 3JIEMEHTHI
€ MUKPOHHBIMH pa3MepaMHt C YeTKOCTBIO Kpasi 3TATOHHOTO (oTormadimona. YToOs! OIyInTh
JJIEMEHTHI ¢ CYOMHUKPOHHBIMH Pa3MepaMH, HCIIOIB30BAICS METOJ MPOEKIMOHHOHN IedaTH.
ITpoekunonHas ycTaHOBKa coOpaHa Ha OCHOBE OOJBIIOrO TOPH30HTAIHFHOTO METANIIO-
rpaduueckoro mukpockona «K HEOD®OT». Ontuueckas cxema yCTaHOBKU NPEJICTaBICHA Ha
puc. 2.

[Ipu paccmarprBaHHU MTOBEPXHOCTH 00pa3-
11a, HABOJIKE Ha PE3KOCTh HCIIOJIb3YETCsI O0BIY-

HOE OCBEIEHNE OOBEKTHBA B MHUKPOCKOIE C mwm

TIOMOIIBIO OCBETHTEIBHOM CHCTEMBI, BBITIOJN- 9

HeHHOW 1o mpuHImmy Kerepa. YtoOsr uc- y ‘ %
KJIIOUUTDH 3aCBEYMBaHHNE 00pasla; B XOJ Jyden £3
BBOJIWJICS] KPAcHBIN (prIIbTp.

Hcrounuk / mpoekTupyercs: KOJUIEKTOPHOU i
JUH30U 2 B TIOCKOCTH WPHCOBOHN amepTypHOI 8%ﬁ" -ﬂ_&
muadpparmel 3. JIuH3el 4, 5, 7 W cBeTOHENH- T J
TelbHAas IUTACTHHA 8 TMPOEKTUPYIOT amepTyp-
Hylo nuadparmy u nzo0pakeHHe B HEl MCTOY-
HUKa CBC€Ta B INIOCKOCTH BBIXOJHOTO 3paydyka
CMEHHOT0 00BEeKTHBA 9.

1"

1)

A -
? U b \l@lu U/ Puc. 2. Cxema ycTaHOBKH

17 1& 15 14 12 B IIPOCKLIMOHHON (hoTONeYaTH
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[MoneBas nnadparma 6 pacnonoxkeHa B pOKaILHOHN INIOCKOCTH JIMH3BI 7 M IPOELUPYETCs
€10 Ha OECKOHEYHOCTh M 3aTEM C IOMOINBI0 00BEKTHBA 9 — B IUIOCKOCTH O0OBekTHBa /0.
Nzobpakenne oObekTHBa Ha (DOTOIUIEHKE MOTYYaeTCs C TMOMOIIBI0 00BEKTHBA 9, TIPHU3MEI
11, munsel 12, romana 13.

UroObl Mony4YuTh CyOMHKPOHHBIC JIMHHHU, B INIOCKOCTh (hOTOMIacTHHBI /4 moMenanu
CIIEIUANIBHO HM3TOTOBJICHHBIN MAOMOH ¢ JMHUSAMH pa3iudHod mupuHbl (450-500 MKM).
[ITa610H paBHOMEPHO OCBEUIANICS HCTOYHUKOM /7 — MOIIHOM Jtammoi HakamuBaHus [1DK-20
C MaToBBIM cTeKiIoM. [list yBeIMUYeHus pa3penaroniell CiocOOHOCTH 00bEKTHBA U COOTBET-
CTBEHHO IIa0JIOHA 3aCBETKAa CBETOUYBCTBUTEIHHOTO IHOJYIPOBOJHUKOBOIO CJIOSl POBOJIH-
JIaCh MOHOXPOMHYECKUM CBETOM C JUTMHOW BOJHBI 450 HM, KOTOPBIN BBIACISIICS C IOMO-
mpio ceetouibTpa /5.

B xone m3mepenuit 11 MOTydeHHUsT CYOMHUKPOHHBIX Pa3MEPOB HCIIOJIB30BATHNCH OOBEK-
THBBI — aroxpomatsl Gpopmsl «Lleiicy: 30%, 60%, 90 C moMorIbi0 STHX 0OBEKTUBOB MOTyYa-
JU JTUHUH Ha (oTomrabiione, mrpruHa KOTOPEIX OTPAaHWYMBAJIACH pa3pemaroneil crrocoOHo-
CTBIO OOBEKTHBA JJIS JTaHHOW JIMHBI BOJHBI. [IOCKOJBKY CBETOUYBCTBUTEIBHAS CHCTEMA
TTOJYTIPOBOHUK-METAIIT JOMYCKaeT HCIIOb30BAaHHE MMMEPCHOHHBIX OOBEKTHBOB, JTHHUHU
MHUHHMAIBHON IMUPHHBI MBI MOJYYHIH C TIOMOIIbI0 00beKTHBa-amoxpomara 90™ ¢ macis-
HOH nuMMmepcueit. Uuciosas aneptypa 3Toro o0bekThBa paBHa 1,30, mpeaensHas TeopeTHye-
cKasl pazpemaromiasi cnocooHocts paBHa 0,21 MxM 1y yuHbI BOTHBI 450 HM. C TOMOIIBIO
3TOr0 0OBEKTHBA MBI ITOJYYMIN JIMHAU MHUPHHOHU 0,25 MKM.

Takum 00pazoM, orpaHWYeHHs], HaKJIaJbIBaEMbIC HA Pa3pelIaloNIyl0 CIIOCOOHOCTh CBE-
TOYYBCTBHUTEIIBHOM CHCTEMBI TOJYNPOBOAHUK-META, ONPEACISAIOTCS OTrPaHUYCHUSIMHU
ONITHYECKHUX CHCTEM M B CBSI3M C 3THM pa3pelIaioiasi CloCOOHOCTh CBETOUYBCTBUTEIBHBIX
CHCTEM MOXeT OBITh orlcHeHa 6omnee 2000 TuHMI/ MM.

BBIBOJbI

1. CBeTo4yBCTBUTENbHAsI CHUCTEMA MOJYMPOBOJHUK-METAIUT O0NaaeT paspeliaroniei
criocoOHocThIO ¢BhIte 2000 TuHMI/MM.

2. ]_[II/IpOKaSI O6J'[aCTI) CHCKTpa.HBHOﬁ ‘-IyBCTBI/ITeJ'IBHOCTI/I CBeTquBCTBI/ITeJ'IBHBIX CUCTEM
IIO3BOJISIET UCIIOJIB30BATh JIsI U3IrOTOBJICHUS JJIEMECHTOB C MI/IKpOHHBIMI/I n Cy6MI/IKpOHHI:-IMI/I
pa3MepaMI/1 BBICOKOKAQUYCCTBCHHBIC CTCKIIAHHBIC MI/IKpOO6’I)eKTI/IBBI.
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Cr1oco0 M3roToBAaeHNMsI KPMOTPOHHBIX CXeM

. A. Boutosuy, M. T. Kocteimmus, B. B. Muxaitaosckasi,
B. B. Iletpos, V1. ®. Pomanenko

Astopckoe cugerensctBo CCCP 305832 M. Kin. H 05k 3/00 OnyGnukoBaHo
26.X.1973, bromuterens M 43 3assutenu Uuacturyt xubepHetukn AH YCCP n
Wuctutyt nonynposoguukos AH YCCP.

N300peTeHne 0THOCHTCS K 00IaCTH MUKPORJIEKTPOHUKN U MOKET MCIOIB30BAaTHCS A TO-
CTPOEHHS MHOTOCIIOMHBIX KPHOTPOHHBIX CXEM C JIEMEHTAMH MUKPOHHBIX M CYOMHUKPOHHBIX
pa3MepoB.

M3BecTHBIN CITOCOO M3rOTOBIEHUS KPUOTPOHHBIX CXEM COCTOUT B TOM, YTO CBECPXIIPOBO-
JAIUE U U30JIMPYIOIIHUE MAaTCpHalibl HAIBUIIAIOT B BAKYYMC 4€pPE3 MCXAHUYCCKUC MAaCKH.
DTOT €cHOCcO0 MPOCT, HO HE MO3BOJISIET U3TOTABIMBATH KPHOTPOHHBIE DJIEMEHTHI MaJIbIX pas-
MepoB. M3BecTeH Takke CHOCOO HM3rOTOBJIEHHS KPHOTPOHOB MAallbIX pa3MepoB C TpHMe-
HeHueM QoTopesucta. B aToM ciryyae Ha MOAJIOKKY HANBUISIFOT paBHOMEPHBIH CII0I MeTa-
Ja (HampuMep OJIOBa WJIM CBMHIIA), HAHOCSAT HA Hee (POTOPE3UCT, KOTOPBIH SKCHOHUPYIOT
yepe3 Tpadaper, U 1ocie yAICHUs HEeTOJNMEPHU30BaBIINXCS yJacTKOB IOJYYalOT OKHA B
¢oropesucte. TpaBieHneM MeTaIa 4epe3 OKHA MONydYaroT IUIEHKH HEO0OXOAMMOW KOH(H-
Typamnuy, 1mocie 9ero GoTope3nucT yaaiastoT. C moMompio GOTOIUTOTrpagun H3rOTaBINBAIOT
KPHOTPOHBI MaJbIX Pa3sMepoB, HO UL 3TOTO TpeOyeTcst OONBIIOE KOMMYECTBO TEXHOJIOTH-
YECKUX ONEPALUU.

HCJ'IB I/I306peTeHI/I${ — INIOBBICUTH TOYHOCTH U3T'OTOBJICHUSA CXEM.

JocTuraercs 3To TeM, YTO HA CJIOM CBEPXIPOBOASIIIETO MaTepHana TpeOyeMoil Tommu-
HbI HATIBUISFOT TOHKHW 3al[UTHBIA CJIOM MeTayuia (30JI0TO U cepeOpo), Ha HEro HaHOCAT
TOHKHMH CcJIOH akTHBHOTO Marepuana (Hampumep Pbl,, As,S; u ap.), BcTynatomiero B Xumu-
YECKYIO PEaKIIMIO CO CJIOEM 3aLIUTHOTO METaJlIa TOJIBKO MO AeHCTBUEM CBETA MM KaKOTro-
100 MHOTO M3ITy4eHHs, 00JIYHalOT MOJIYUIEHHYIO CHCTEMY, 3aTE€M YAAIISIOT TPABICHUEM HITH
KaKnM-JTMO0 MHBIM 00pa3oM cJI0ii akTHBHOTO MaTepuala U MPOAYKTHl PEaKIUH, CEJICKTHB-
HBIM TPABHTEJIEM YJAIAIOT HE3AILUIIECHHBIE YYacTKH CBEPXIPOBOJAIIEIO MaTepHuana H,
€CIIH 3TO HEOOXOAMMO, CIION 3aIIMTHOTO METa/UIa, MOCNE Yero HAaHOCAT W30JIHMPYIOIUH |
CIEAYIOUMI CIIOM CBEPXIPOBOIAIIETO MaTepUaa.

Ha noanoxky unu npoMeKyTOUHbIN CIIOH HAHECEH CIIOW CBEPXIPOBOJSLIETO MaTepuana
(Hampumep, oyioBa Win cBUHIA). Ha 3TOT ciioli HampuIsieTcsl TOHKWN 3alllUTHBINA CIION M3
MaJI0OaKTUBHOTO MaTepHualia, HampuMep, 30JI0Ta win cepedpa, TommuHor 30150 HM, a Ha
HEro — CJIOW aKTHBHOIO MaTepuaia, Hanpumep, Pbl,, wiu As,S;, WM BCTYNAIONIEro B XH-
MHUYECKYIO PEaKIHUIO C 3aIUTHBIM CJIOEM TOJILKO MO AEHCTBHEM KaKOro-JIM0O W3ITydeHus,
HalpUMep PEHTTEHOBCKOTO, WM MOTOKA 3JIeKTpoHOB. [locine o0mydeHus: cucteMsl peHTre-
HOBCKHM H3JTy4E€HHUEM U MOTOKOM 3JIEKTPOHOB 3AILUTHBIN CIOI U cION aKTHBHOIO Mate-
pHana BCTYHAlOT B XMMHYECKYIO PEaKIHI0O B MeCTax OOJNydEeHHUs. YNAISIOT TpaBICHHUEM,
CyOIIMMHpOBaHNEM HITH KaKUM-JINOO MHBIM CITIOCOOOM MaTepHal cjosi aKTHBHOTO MaTepHa-
Jla ¥ TPOXYKTHl PeaklUH B MecTax OOIydeHHs, IMOMyHaloT 3aIUTHBIN CIIOW HEeoOXOoanMOoit
koH(purypamuu. C MOMOIIBIO CEIEKTUBHOTO PACTBOPHUTENS YEpE3 OKHA B 3AIUTHOM CIIOE
BBITPABJIMBAIOT HE3AIIMIICHHBIE YYACTKH CBEPXNPOBOAALIETO MaTeprana. [locne satoro npu
HE00XOANMOCTH YAAJSIOT CJIOH 3aIlIUTHOTO MaTepuaia.
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IIpenmeTr uzobperenuns

Crnoco0 HU3roTOBJICHHSI KPUOTPOHHBIX CXEM, OCHOBAHHBIH Ha IMOKPBITUH CIIOSI CBEPXIIPO-
BOJSIIIIEr0 MaTepyaia 3alluTHEIM CII0eM TpeOyeMoi KOH(PUTypalliy, TPABICHUH CBOOOIHBIX
OT 3aLIUTHOTO CJION YYaCTKOB CBEPXIIPOBOSIIEI0 MaTepHaa U yIAJICHUH 3aIUTHOTO CIIOH,
OMAUYAIOWUTICSL TEM, UTO, C 1IEJIBIO TOBBIIIEHHUS TOYHOCTH M3TOTOBJICHHS CXEM, 3all[UTHBIH
CJIOW TMOJy4aloT HaHECEHHEM Ha CBEPXIMPOBOJSIIMN MaTepuall TUICHKH MAaJOAKTUBHOTO
Marepuala, HarpuMep 30J10Ta WK cepedpa, MOKPHITHEM YKa3aHHOM IICHKH CIIOEM aKTHB-
HOTrO Matepuana, HanpuMep Pbl, minu As,S;, BCTynarommM B XUMHYECKYIO PEAKIHIO C Ma-
JIOAKTUBHBIM MAaTEpHANOM IOJ| ACHCTBHEM H3IyYCHHUsS, HANPUMEp PEHTICHOBCKOTO, HITH
MOTOKA BJIEKTPOHOB, O0JIy4aloT aKTHBHBIH MaTepuall 4epe3 MacKy M YAaJsioT, Halpumep,
TpaBJICHUEM CJIOH aKTHBHOIO BELIECTBa M MPOJYKTHI PEAKIUH C YYaCTKOB, MOJBEPTHYTHIX
00JIy9YCHUIO.
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Method for the Production of Films Having
the Desired Configuration

I. D. Voitovich, M. T. Kostyshin, E. V. Mikhailovskaya,
V. V. Petrov, P. E. Romanenko, V. P. Skuridin

United States Patent 4042450 Int. C1. C23F1/02 Dec. 7, 1973.

A method for the production of films having the desired geometrical form (configuration)
comprising depositing an electromagnetic radiation-sensitive system, which consists of a
metal layer and an inorganic compound layer capable of reacting with said metal layer and
forming interaction products under the effect of electromagnetic radiation, onto a film made
from a material which does not react, on being irradiated, with the layer of said system that
adjoins said film; subjecting said system to selective irradiation in conformity to the desired
configuration, followed by carrying out the selective etching of the irradiated system so as to
obtain the requisite configuration, and thereafter using said etched system as a mask for
etching selectively said film in order to impart thereto the sought-for geometrical form.

This invention relates to microelectronics and, more particularly, pertains to methods for
the production of films having the desired geometrical form (configuration) such as, for
example, photomasks, various components of microminiature circuits, and also diverse intri-
cately shaped elements for optical instruments.

There is known a method for the production of films having the desired configuration,
which comprises using an electromagnetic radiation-sensitive system consisting of a metal
layer and an inorganic compound layer, said inorganic compound being capable of reacting,
under the effect of irradiation, with said metal layer and forming appropriate products; sub-
jecting said system to selective irradiation in compliance with the sought-for film configura-
tion, and thereafter carrying out the selective etching of the irradiated system so as to obtain
the desired configuration of the resultant film.

However, the known method is disadvantageous in that it makes possible to employ for
making the films of desired geometrical forms only the materials that are capable of entering
an active chemical reaction with one another on being irradiated, so that a wide range of
materials, e.g. chromium, germanium, quarts (SiO,) and the like, which are eminently suited
for manufacturing films of the desired configuration, cannot be used for making said films
by the known method, inasmuch as said materials do not react with one another under the
effect of irradiation.

It is an object of the present invention to provide a method for the production of films
having the desired configuration from an electromagnetic radiation-sensitive “metal-
inorganic compound” system which will make it possible to obtain said films from any
materials.

This object is achieved in that, according to the method of the present invention, a film
(substrate), which is in a free state or securely attached to another substrate, is coated with a
system sensitive to electromagnetic radiation which consists of a layer of metal and a layer
of non-organic substance capable of entering into a chemical reaction with said metal under
the effect of electromagnetic radiation. The resultant system is selectively irradiated in ac-
cordance with the desired configuration, the layer of non-organic substance which has not
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entered into a chemical reaction with the layer of metal is removed by etching, etching is
then used to remove the reaction products, and the film (substrate) is etched to obtain a
useful product. Alternatively, the metal layer is etched throughout its depth below the reac-
tion products, after the layer of the non-organic substance which has not entered into reac-
tion with the metal and the reaction products have been removed by etching, and then the
film (substrate) is etched so as to yield a useful product. In another embodiment, the etched
layer of metal is removed from areas that were not irradiated, after the layer of non-organic
substance which has not entered into reaction with the metal layer is removed, and the film
(substrate) is etched to obtain a useful product. In other words, a system sensitive to elec-
tromagnetic radiation and consisting of a layer of metal and a layer of non-organic substance
is used, according to the present method, so as to provide a protective mask as is required
for etching a film (substrate), from which a useful product is manufactured. The film (sub-
strate) may be etched throughout, or only partially, with its depth depending upon the de-
sired depth for the relief. To manufacture microminiature circuit components, it is expedient
to employ metal films. For cryotron circuits, it is preferable to use films made fromsuper-
conductors.Dielectric films are preferred for making insulating layers of microminiature
circuits.Semiconductor films are useful for the fabrication of microminiature circuits incor-
porating semiconductor components.
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The method of the invention is illustrated herein below by the description of exemplary
embodiments thereof with reference to the accompanying drawings, wherein FIGS.
1,2,3,4,5, and 6 illustrate a method of producing films having the desired configuration, ac-
cording to the invention; FIGS. 7,8,9,10,11,12, and 13 illustrate a modification of the meth-
od of producing films having the desired configuration, according to the invention, and
FIGS. 14,15,16,17,18 and 19 illustrate one more modification of the method of producing
films having the desired configuration, according to the invention.

One form of the present method consists in depositing onto a film made from a suitable
material, such as a metal, a semiconductor, or a dielectric, an electromagnetic radiation-
sensitive system comprising a metal layer and an inorganic compound layer, said system
components being capable of entering a chemical reaction with each other. Onto said film
there may be deposited first a metal layer and then an inorganic compound layer, or vice
versa.
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In a specific example of this form of the present method, onto a metal film 1 (FIG. 1),
which is free or supported on a rigid substrate, e.g. a film obtained on a dielectric substrate
by vacuum evaporation, is deposited a metal layer 2, such as a silver or copper layer, and
then an inorganic compound layer 3, such as an arsenic trisulphide or a lead iodide layer. To
deposite the metal layer 2 and the inorganic compound layer 3 onto the film 1, use may be
made of the vacuum evaporation technique. When said metal-inorganic compound system is
subjected to irradiation through a template (mask) 4 whose shape conforms to the desired
configuration of the film to be obtained (FIG. 2), on the irradiated areas there form products
5 (FIG. 3) of interaction between the metal layer 2 and the semiconducting material layer 3,
the thickness of the metal layer 2 being selected so as to provide for the formation of the
interaction products 5 through the entire depth of the metal layer 2. Next use is made of a
suitable selective etchant, such as a 20% aqueous solution of Na,COj, to remove the semi-
conducting material layer 3 (FIG. 3) that has not interacted with the metal layer 2, followed
by removing the interaction products 5 (FIG. 4) by means of a selective etchant. Then the
film 1 is subjected to etching through ports 6 (FIG. 5) formed as a result of etching the inter-
action products 5, During this step, the metal layer 2 serves as a protective layer (mask)
while the film 1 is being etched, thereby providing for the production of the film of the de-
sired geometrical form (FIG. 6). If necessary, the metal layer 2, which functions as a mask
at the step of etching the film 1, may subsequently be removed also by etching In case the
layer 2 that adjoins the film 1 (FIGs. 1, 2, 3,) has an arbitrary thickness, the method of the
nvention is altered (a second form of the invention) as follows. After the layer 3 and the
interaction products 5 have been removed by etching (FIGS. 10 and 11), the layer 2 should
be etched to a depth equal to the thickness of said layer under the interaction products 5
(FIG. 12). Next, the film 1 is etched through ports 6 (FIG. 13), said ports being formed as a
result of etching the layer 2.

A third form of the present method for the production of films having the desired geo-
metrical form is distinct from the first form in that the step of etching the layer 3 (FIGS.
14,15,16 and 17) is followed by removing not the interaction products 5, but the areas of the
layer 3 (FIG. 18) which escaped irradiation. Then the film 1 is etched through the ports 6
formed as a result of etching the layer 3 (FIG. 19). If necessary, there may be removed the
interaction products 5 and the areas of the layer 3 that are disposed under said interaction
products.

The present method is advantageous in that it makes possible the production of films
having the desired configuaration by using diverse materials (metals, dielectrics, and semi-
conductors), particularly the materials which, on being irradiated, practically do not react
with one another.

For example, by using the film 1 made from tin or lead in combination with the electro-
magnetic radiation- sensitive system consisting of silver (Ag) and arsenic trisulphide
(AS;S3), it is feasible to manufacture cryotron circuits having micron and submicron com-
ponents. With the film consisting of chromium or nickel and pairs, such as silver-arsenic
trisulphide, silver-arsenic pentasulfide and the like, constituting the electromagnetic radia-
tion-sensitive system, metallized precision photomasks can be readily manufactured.

To manufacture microminiature circuits having micron or submicron components, it is
expedient to use the film made from aluminium, copper and other metals in conjunction
with the electromagnetic radiation-sensitive system comprising one of the following sys-
tems: silver-arsenic trisulphide, silver-lead iodide, and the like.

The present method makes it possible to manufacture from suitable materials diffraction
gratings, infra-red polarizers, instrument scales, graticules, and other component of optical
systems.

Poszaia 2. HEOPTAHIYHA AITOI'PA®IA. PEECTPYBA/IBHI MATEPIA/ 67
A5 OITTYHOI'O 3AITVICY IHOOPMALII



Insulating layers of the desired geometrical form can be manufactured from a dielectric
film, e.g. a quartz film, etc., and an electromagnetic radiation-sensitive system comprising a
semiconductor-metal pair.

Microminiature circuits incorporating semiconductor components lend themselves to
manufacture from a semiconducting compound film by the present method.

We claim:

A method for the production of films of desired configuration comprising the steps: of
coating a film, or substrate, with a system sensitive to electromagnetic radiation and consist-
ing of a layer of metal and a layer of an inorganic substance capable of entering into a reac-
tion with said layer of metal under the effect of electromagnetic radiation to form reaction
products; irradiating the system in accordance with the required configuration; removing by
etching the layer of inorganic substance that has not entered into reaction with said layer of
metal; removing by etching the layer of metal in areas that have not been irradiated; and
etching said film or substrate in areas that have not been irradiated.

A method as claimed in claim 1, said material of the film, or substrate, being a metal se-
lected from the group consisting of copper, tin, lead, aluminum, chromium and nickel; the
metal of the system sensitive to electromagnetic radiation being silver, and said inorganic
substance being a compound selected from the group consisting of arsenic trisulfide, arsenic
pentasulfide and lead iodide.

A method as claimed in claime 1, wherein the material of the film, or substrate, is a met-
al selected from the group consisting of copper and tin, and said inorganic substance is a
compound selectd from the group consisting of arsenic trisulfide and arsenic pentasulfide;
comprising removing the layer of inorganic substance which has not entered into reaction
with silver; romoving the layer of silver, and etching the film in areas that have not been
irradiated.

A method as claimed in claim 1, said system sensitive to electromagnetic radiation being
applied to said film, or substrate, by successively coating the latter with a layer of inorganic
substance and a layer of metal; selectively etching said system by successively removing by
etching the layer of metal and the layer of non- organic substance in areas that have not been
irradiated and etching the film or substrate in areas that have not been irradiated.

A method as claimed in claim 4, the material of the film, or substrate, being a metal se-
lected from the group consisting of tin, lead, aluminum, chromium and nickel, the metal of
the system sensitive to electromagnetic radiation being silver, and the inorganic substance
being a compound selected from the group consisting of arsenic trisulfide, arsenic pentasul-
fide and lead iodide.

A method as claimed in claim 5, wherein the material of the film, or substrate, is alumi-
num, and the inorganic substance is a compound of arsenic trisulfide; comprising removing
the layer of silver that has not entered into reaction with the layer of arsenic trisulfide re-
moving the layer of arsenic trisulfide and etching the layer of aluminum in areas that have
not been irradiated.
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O cBeTOYYBCTBUTEABHOCTHU CHICTEM Ha OCHOBe
CTeK2000pa3HbIX XaabKOTeHMAHBIX II0AYIIPOBOAHUKOB
P BBICOKOV MOIITHOCTY O0AyJeHIsI

B. B. Ilerpos, A. A. Kpiounx

KsanroBas anextponuxa. 1974. Ne 12. C. 2618-2620.

HpI/I OKCIIOHUPOBAHUU CBCTOYYBCTBUTCIbHBIX MATCPHUAIOB MHTCHCUBHBIM JIA3C€PHBIM HU3J1Yy-
YEHHUEM X CBETOYYBCTBUTECIBHOCTD ITPU MAJIBIX BPEMEHAX O6Hy‘{eHI/I§I MOXKET U3MCHATHCA.

Puc. 1. Cxema yCTaHOBKH JUIs Hfdly, om 28,
HU3MEpEHHs CBETOYYBCTBH- g0l
TenpHOCTH: [ — nasep; 2 — 4 i ‘
3aTBOp; 3 — CTyNEHYaThId
ocmaburens, 4 — OIY; 5 — ! z 3 > 58
cBeTOQWIBTP; 6 — HMCTOYHHK N i 2
30HMPYIONIETO  H3ITYYCHHS; s
7 — MHKpOOOBEKTUB; § — CBe- 2 5 +
TOUYBCTBHUTENBHBIH CiIOM; 9 — |:|—7L:| aut
HU3MEPUTETH MOIHOCTH. L
7 93l
Puc. 2. 3aBHCUMOCTD 3KCIIO3H- 1:_3: |
UM OT BPEMEHH 3KCIOHHPO- , L 9 | 1 . ) -
BaHHUA A o S i B s T e

B mocnennee Bpemsi 6oJibllioe BHUMAHHUE YJEISETCS U3YYEHUIO CBETOUYBCTBUTEIBHBIX
CHCTEM Ha OCHOBE CTEKIIO00pa3HBIX XaIbKOTCHUIHBIX MOIYyIpoBoaHUKOB [1-3]. HaiineHo,
4TO JUIS TAKMX MATEPHAIOB B IIMPOKOM JMAMA30HE BpeMeH dKcronuposanus (ot 107 1o
107 C) BBITIONHACTCS 3aKOH B3aMMo3aMecTHMOCTH [4]. B To ke BpeMs Moka3aHO, YTO WX
CBETOYYBCTBUTEIHHOCTh CHIIBHO 3aBHCHT OT TeMItepatypsl [5]. OqHaKo s 3THX CHCTEM HE
MIPOBOJIMIIACH AKCIICPUMEHTANBHBIC HCCIEIOBAaHUS YyBCTBHTEIBHOCTH W HE TMPOBEPSIIOCH
BEITIOJTHEHHUE 3aKOHA B3aMMO03aMECTUMOCTH TIPH BEICOKOM KOHIICHTPAIINH SHEPTHH.

Hamu uccnenoBaHo SKCIOHUPOBAHKUE CBETOUYBCTBUTEIBHBIX CUCTEM, MMPUTOTOBIISIEMBIX
MTOCJICIOBATEIbHBIM HAIBIJICHUEM Ha CIIOW cepeOpa IUICHKU CyabGhuaa Mblbsika. J{is wc-
CJIeIOBaHUsl B3aUMOJICHCTBUS JTa3€PHOTO M3IYUYCHHUS CO CBETOUYBCTBUTEIHHBIMU CHCTEMa-
MH Ha OCHOBE CTCKJIOOOPA3HBIX XaJIbKOTCHUIHBIX MOJYIPOBOIHUKOB ObLIa cOOpaHa ycTa-
HOBKA, MO3BOJIAIONIAS TPOU3BOIUTH H3MEPEHUS KOA(PDUIIMCHTA OTPAKCHUS Ha Pa3HBIX K-
Hax BOJIH KakK HEMOCPEJCTBEHHO B MPOLIECCE SKCIIOHUPOBAHUS, TaK U Mocie Hero (puc. 1).
DKCIIOHHPOBAHUE OCYIIECTBISIIOCh H3ITyYeHHEM, COKYCHPOBAHHBIM MUKPOOOBEKTHBOM B
IIATHO TUAMETPOM 3 MKM, YTO JaBaj0 BO3MOXKHOCTH IMOJYYHTH HA IOBEPXHOCTH 0Opasma
MaKCHMAJTbHYIO IIOTHOCTH MomHocTH 10* BT/cM? [t M3y deHHst Te/Mii-HEOHOBOTO Ja3epa
(A=0,6328 mxm) 1 10° Br/cM” U151 u3Tydenns aproHoBoro nasepa (A=0,4880...0,5145 mkm).

[Ipu 3KCTIOHMPOBAaHUY M3ITyYECHHEM TeINH-HEOHOBOTO Jla3epa PETUCTpaIys (pOTOWHIY-
UPOBAHHBIX IPEBPAIIECHIA OCYIIECTBIUIACH TI0 M3MEHEHHIO KOX(PQHUINEHTa OTpakKeHUSI
JUISL JJIAHBI BOJTHBI SKCTIOHUPYIOMIETO M3JIyYeHHUs HEMOCPEICTBEHHO B MPOIECCE 3aCBETKHU.
brina momyyeHa 3aBUCHMOCTD 3KCHO3UIMU [, TpeObyeMoil ISl IOMyUeHUsT ONPEeICHHOTO
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n3MeHeHHs1 ko3¢ ¢uunenta orpaxkeHus (kodp¢GuuueHT orpaxeHus umensercs ot 80 1o
15%), ot Bpemenn skcrioHupoBanust (puc. 2, kpusas /). Kpusas / Ha puc. 2 moctpoeHa B
OTHOCHUTENBHBIX CIUHHUIIAX: BEIMYNHA YKCIIO3UIUH [ Py pa3sHbIX BPEMEHAX SKCIOHHPOBA-
HUSI { OTHECEHA K BETMYUHE HKCIIO3UINH [ TPH MaKCHMaIbHOM BPEMEHH 3KCIIOHUPOBAHUS
f). BuHO, 4TO TIpH BpEeMeHax KCIIOHHPOBaHMs, Gombmux 107 ¢, 4yBCTBUTETBHOCTH CIIOSA
MIOCTOSIHHA, T. €. BBIIOJIHACTCS 3aKOH B3aMMO3aMECTUMOCTH, YTO COIJIacyeTcs C pe3yibTa-
tamu pa6ots [4]. IIpH BpeMeHax SKCIOHHPOBAHHS, MeHpImHX 107 ¢, CBETOUYBCTBHTEB-
HOCTH BO3PACTAET; TAK MPH SKCIOHMPOBAHHH HMITYJIECOM JUTHTEILHOCTEIO 107 ¢ OHA BO3-
pactaeT B 10 pa3 mo CpaBHCHHIO C YyBCTBHTCIBHOCTHIO B OOJACTH BBIIOJIHCHUS 3aKOHA
B3aMMO3aMECTHMOCTH.

JleiicTBHE M3IIydEeHHUs] aproHOBOTO JIa3epa MCCIEA0BAIOCH MPH 3aCBETKE CBETOYYBCTBHU-
TEJIFHOTO CIIOSI, TIEPEMEIIAONIErocsi OTHOCHTEIFHO SKCHOHHUPYIOMIEro Jyda. Perucrparus
n3MeHeHnH koddduienTa oTpaskeHns MPOU3BOAMIACH TIOCIIE AEHCTBUS SKCIIOHUPYIOIIETO
W3Iy4YeHUs Ha Ipyroil amiuHe BoiHE! (A = 0,6328 MkM). 3aBHCUMOCTH IKCIIO3UINH, TpeOye-
MOH JUISl TTOJYYIEHUsI ONPEAEICHHOTO N3MEHEHHS KO HUIIMEHTa OTPAXKEHHS ISl 30HIUPY-
fomrero m3nmydenus (o1 80 mo 15 %), oT BpeMeHH 5KCIOHMPOBAHMS MPEACTAaBICHA Ha pHC. 2
(xpuBas 2). KpuBas 2, kak u KpuBas /, TO)e IOCTPOCHAa B OTHOCHTENBHBIX equHUIax. OT-
KJIOHEHHE OT 3aKOHA B3aMMO3aMECTHMOCTH HAUMHAETCS NPU BPEMEHHM JKCIIOHUPOBAHUS
10° ¢ (370 BpeMs COOTBETCTBYET SKCIIOHHPOBAHHMIO TydOM AHAMETPOM 3 MKM CBETOUYB-
CTBHUTEJILHOT'O CJIOS, TTepeMeNIaonerocst co ckopoctbio 3,0 mM/c). IIpu BpemeHH 3KCIIOHU-
poBanus 7 - 107 YyBCTBUTEJIHLHOCTh MaTepuaja K M3JIyYeHHUIO aproHOBOro Jjazepa B 30 pas
BBIIIIE, YeM B 00JIaCTH BBIITOJHEHHSI 3aKOHA B3aMMO3aMECTUMOCTH.

[TpuunHON OTKJIIOHEHHS OT 3aKOHA B3aMMO3aMECTHMOCTH NPH AKCIIOHUPOBAHHH CBETO-
YYBCTBHUTEIBHBIX CUCTEM Ha OCHOBE XaIbKOTCHHUIHBIX MOJYNPOBOIHHKOB IPH MajbIX Bpe-
MEHaX OOJy4IEHHsI MOXKET SIBIISITHCS JIOKAIBHBIM HArpeB B MECTE 3KCIOHMpOBaHU. V3meHe-
HHE TEMIIEPATYPbl CBETOUYBCTBUTEILHOTO CIIOS TOJ JEHCTBHEM SKCIIOHUPYIONIINX UMITYJIh-
coB nasepHoro mmydeHus cocrapiser 80...140 °C, T. e. B mporiecce IKCIIOHUPOBAHUS T0-
CTHTaeTCs TeMIlepaTypa, IIPU KOTOPOil CBETOUYBCTBUTENbHAS CUCTEMa UMEET Oojiee BBICO-
Kyl0 4YyBCTBUTEIBHOCTh. B amamazone temmeparyp 50...170 °C cBeTOUyBCTBUTEIBHOCTH
CHCTEMBI Ha OCHOBE CTEKJIO00pa3HOro Cyib(uaa MbIIIbsIKa, Ha KOTOPOH MPOBOAMINCH HC-
cienoBanus, yBenuunBaetcs B 20 pa3 [5]. Kpome Toro, oTkiioHeHHE OT 3aKOHA B3auMO3aMe-
CTMMOCTH HAauUMHAETCS NIPU OJJHOM U TOM K€ BPEMEHH SKCIIOHMPOBAHUS, T. €. HE 3aBUCHT OT
JUIMHBI BOJIHBI AKCIIOHUPYIOLIETO W3JIyYeHHUs, a ONpEeessieTcsl TeIIo(U3NUeCKUMH Tapa-
METpaMH CBETOYYBCTBHUTEILHON CHCTEMBI X MOIHOCTBIO H3JTyYCHHS, TIOTIOIAEMOTO TIJICH-
Koif. Taknum 06pa3oM, CBETOUYBCTBUTEILHOCTD CHCTEM Ha OCHOBE CTEKIIO00PA3HBIX XaJIbKO-
TeHU/IHBIX TIOJYNPOBOJHUKOB NMPH 3KCIIOHUPOBAHUH KOPOTKUMH HMITYJIbCAMH JIA3€PHOTO
usmyuenns (107...10° ¢) yBenuumBaercst B necsiTku pas, B TO BpeMs Kak dyBCTBHTEIBHOCTh
TaJIOTEHUIOCEPEOPSIHBIX AMYIIbCHH [6] M psAma IPyruX CBETOUYBCTBHTEIBHBIX MAaTEPHAIOB
B 3TOM /IMaNa30HE YMEHBIIACTCS.
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VccaeagoBanme 3alIUTHBIX VI XMMUYIECKMX CBOVICTB
HeOopraHm4ecknx pOTOpe3nCcTOB

B. B. Iletpos, B. M. KyaiomoBsa

Marepuansl [V Bceecoro3noit koHdpepeHtmn «OIHOPOIHBIE BBIYHCINTEIbHBIC
cuctembl U cpenbl». Kues : HaykoBa aymka, 1975. 4. 3. C. 115-116.

B nacrosimee Bpemst horonurorpadus sBISIECTCS OTHAM M3 OCHOBHBIX ITPOIECCOB MOIYIIPO-
BOJHHMKOBOH TeXHOJOTHH. V300pakeHHe Ha MOJUIOKKAX ITOJy4aroT HCIOJIb3Ys, INIaBHBIM
00pa3oM, opraHrYecKre CBETOUYBCTBHTENbHBIC KOMITO3UIHH (poTopesuctsr). Kunkue ¢o-
TOPE3UCTHI pa3nuaHoro HazHadeHus Boimyckatorcs B CCCP, CIIA, Arrmuu, ®PI n apyrux
ctpaHax. PoTope3ucThl HAHOCATCS Ha MOATI0XKKY Pa3IMuHBIMU CIIOCOOAaMU: TOTPYKEHHUEM,
LHEeHTpU(YTUPOBaHUEM IyJIbBEpH3aLUeH, HaKaThIBAHUEM pPONMKOM U T. A. HaHeceHHSbIH
CIIOM HECTOEK K BO3JICUCTBUIO YCIOBUIN OKpYKalOLIEH Cpe/ibl U TPABUTENICH, UMEET IIJIOXYIO
a/re3uIo, B CBS3U C 4eM TpedyeTcst 00JbIIoe BpeMsl CYILIKH.

[epeuncnenHble HETOCTATKU JKUAKHAX (POTOPE3NCTOB 3aCTABWIM MCKATh WHBIE MYTH B
pasButun (oroaurorpaduu. BeuT MpeIokKeH TEXHOIOTHYECKUA poLiecc, OCHOBAHHbBIN Ha
MIPUMEHEHUN CBETOYYBCTBUTEIBHONW CHCTEMBI NMOJYIPOBOTHUK—MeETa/UI. B kadecTBe Bere-
CTBa C MOJYIPOBOJHUKOBBIMH CBOWCTBAMH IIEI€CO00Pa3HO MPUMEHATHh XaJbKOTCHHHBIE
CTEKJIa, 00Ja/latoIie XUMHYECKOH CTOMKOCTBIO M BBICOKMMH 3aIlIUTHBIMH CBOMCTBaMH B
TOHKHX CJOSIX MO OTHOIIGHHIO K psimy TpaBuTeneid. KoMmoHeHTaMn Takoil CBETOTyBCTBH-
TEJIbHON CHCTEMBI SIBJISIOTCS HEOPTaHMUECKHE MAaTepHalbl: MJICHKA METAJlIA U IUIEHKA XaJlb-
KOTEHHIHOTO CTekia (Hampumep, As,S; As,Se; u ap.). OCHOBHBIE PENMYIIIECTBAa HEOpra-
HUYECKHX CBETOYYBCTBHUTEIILHBIX CUCTEM (HEOPraHHMYECKUX (POTOPE3UCTOB) COCTOST B Clie-
JIYIOIIEM:

1) HaHEceHHe TUIEHOK MPOM3BOIMTCS BAKYYMHBIM HAITBUIEHHEM, YTO HCKIIIOYAET BIIUS-
HUE OKPYKaroIIel Cpeibl;

2) MCKJIIOYaeTCs LENIBIH PS/I TAKUX TPYJHO KOHTPOJIUPYEMBIX TEXHOJOIMYECKUX Orepa-
LW, KaK HeHTpu(yTrHpoBaHue, CyllKa, 3a1yonmBanne Goropesucra u T. 11.;

3) 9KCHOHMPOBAHKE TTPOU3BOUTCS CBETOM B BHIMMOM 00JIACTH CIIEKTpa U T. 1.

B nannoii pabote ucciaeq0BaHbl 3alIUTHRIE CBONWCTBA IUIEHOK HEOPraHW4ecKux Qorope-
3MCTOB M I3MEHEHNE NX XUMHUYECKHX CBONCTB B MPOIIECCE SKCIIOHNPOBAHUSL.

B pesynpraTe mpoBeAEHHBIX MCCIECIOBAaHWN yCTAHOBIIEHO, 4TO B mpouecce auddysun
MeTalia B IUIEHKY XaJbKOTCHHIHOTO CTEKJa MPOWCXOIUT YMEHBIICHHE PAacTBOPHMOCTH
9TOM XaHBKOFeHH}IHOﬁ IUDICHKUW B MICJIOYHBIX pacTBOpax, 4YTO COIIaCy€Tcsa C BbIBOJaMU
3. Y. bopucoBoil MO0 OTHONIEHNIO K MAaCCUBHBIM XaJIbKOTEHUIHBIM CTekiaM. OIHAKO B OT-
JIMYUC OT MAaCCHUBHBIX O6p8.3L[OB B TOHKHX IUICHKaX XaJIbKOTI'CHUIHBIX CTEKOJ MOXET COACP-
xartbcst 10 50 BECOBBIX NPOIEHTOB JIETUPYIOUIEr0 MeTamia. Tak, pacCTBOPUMOCTh IUICHOK
XaJIbKOTEHUIHBIX cTeKos As,;S;Ag, B pacTBopax NaOH pa3nuuHoil KOHIEHTpauuu 3KCHo-
HEHIMAJIbHO YMEHBIACTCS, ¥ MK X = 1,5 TOHKas IJIEHKa XaJbKOT'CHUIHOTO OTEKJIa Mpak-
THUYECKH HE PACTBOPSETCA B IIENI0Yax JII0O0H KOHIEHTPANU. AHAIOTHYHBIE HCCIICTOBAHUS
MIPOBOAMIINCH AJISI XaIbKOTCHUIHBIX CTEKOJI, JISTHPOBAHHBIX MEIbIO, HUKEIEM W JPYTUMH
MeTaiaMu. Pe3ynpTaTel JaHHOH paboThI MO3BOJISIOT ONPENCIUTh ONTHMAlIbHBIE COOTHO-
IIEHUS TOJIIMH METAUTMYECKON M XaJIbKOT€HHIHOH IUIEHOK B CBETOYYBCTBHTENBHON CH-
cTeMe.
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AKTHMBMpOBaHHAas CBeTOM peakTusHasi A Pys3us meTaaaa
B IL1€HKY Cy/lb(l)I/IA,a MBIIIbSIKAa
(mpeacraBaeno akagemukoM b. E. TTatonom)

B. B. Ilerpos, A. A. Kpiounn

Hoxmaner Akanemrn Hayk CCCP. 1976. T. 230, Ne 2. C. 326-328.

®doTopaznokeHne B XaJIbKOTCHU/IAX M3BECTHO AaBHO [1], M B BHAE TOHKHX IUICHOK OHH
UCTIONB3YIOTCSI B KaueCTBE CBETOYYBCTBUTEIBHBIX MaTepuanoB [2]. Hanecenme TOHKMX
XaIIbKOTEHUIHBIX IUIEHOK HA METAIUIMIECKUE TTOUIOKKN WM IUICHKH IIPUBOJIUT K yBEJINYe-
HUIO WX CBETOYYBCTBUTEIBHOCTH [3] M pe3KOMYy M3MEHEHUIO (PH3NKO-XHUMHUICCKAX CBOUCTB
B CBs3M ¢ nuddysueil Merayuia B XanbkoreHuaHble ieHku [4]. Lensiii psn gakroB npu
3TOM mporecce: Oobinas rryonHa quddys3un, paBHOMEpHOE pacnpezeicHue mpoauddyH-
JIMPOBABIIIETO METaJlJIa YKa3bIBaeT Ha HEOOBIUHBIN XapakTep mpoleccoB nuddysnn meran-
JIOB B XaJbKOTEHUIHbIE TNIEHKH [5].

B Hacrosiiiee BpeMsi HIMEIOTCSI KaueCTBEHHBIE ONMCAHUS TPOLECCOB, MPOUCXOAIINX B
paccMaTpuBaeMbIX CBETOYYBCTBUTEIBHBIX MaTepHaiax [6,7] mpu ux oOmydenuu. s BbI-
SICHEHUS (PU3NYECKUX MPOLECCOB, UAYIINX B XaJIbKOTEHUIHBIX TUICHKAaX B pe3yJbTare 00iy-
YEeHUS CBETOM M Tocieaytommeil tuddy3un MeTania B HUX, 11€71eco00pa3Ho MPOBECTH KOJIHU-
YecTBEHHOE HccienoBanue nponecca anddysnu. [Ipn Beibope Merona nccnenoBaHus ciie-
JyeT y4YHUTHIBaTh, YTO XAJIbKOTCHHUAHBIC IICHKH YyBCTBHUTENBHBI K OOJIYYEHHIO CBETOM,
PEHTT€HOBCKUM H3JTydEHHEM M TIOTOKOM 3JIEKTPOHOB, @ TOJIIMHA IUIEHKH, B KOTOPOH Ipo-
ucxomar (OTOXMMHUYECKHE mpeBpamieHus, mana u cocraBmier 0,02-0,1 mxm. ITostomy
HaMH JUIS UcclieaoBaHus mporiecca auddy3un ObLT BEIOPAH METO MPSIMOTO B3BEIIMBAHUS
PICCJ'IGIIyeMOﬁ IUICHKU Ha KBApUEBbBIX PE30HAHCHBIX MHUKpPOBECAX, I/ICKJ'[IO‘-IaIOH_II/Iﬁ AKTHBHOC
BO3/ICiICTBUE Ha BEIIECTBO IUICHKH. B KayecTBe MOIUIOKEK AJISI UCCIIEYyEeMBbIX IJICHOK HC-
TM0JIb30BAJIUCH KBAPIIEBbIE PE30HATOPHI C 4ACTOTOM 3,4 MriI.

JIJIsl KOJMYEeCTBEHHOTO HMCclieioBaHust npouecca aAuddy3uu ObUTM BBIOPAHBI TUICHKH
AsyS; m Ag, Tak kak cuctema As—S—Ag — onHa U3 HaubOoyee MOJPOOHO HCCIIETOBAaHHBIX
Cpear TPOMHBIX XaJIbKOTEHUAHBIX cucTeM. KonndecTBo cepedpa, npoauddynaupoasiero
B XaJIbKOTCHUIHYIO IUIEHKY, ONPEACISIOCh ClIeaAyonM oopa3zoM. Ha kBapiieBblii pe3oHa-
TOp HAaHOCHWJIM XaJbKOT€HHIHYIO IUICHKY M MOIYNpO3padHylo IJIEHKY cepebpa 3amaHHOM
tommuHEL [locite obmyduerns HenpoaudyHARpOBaBIIee cepedpo yOamsuioch XHMUIECKAM
TpaBIICHUEM U T10 Pa3HOCTH MACC OIPEEIIOCH KOJIMYECTBO cepedpa, mpoaudpyHIpoBaB-
IIEr0 B XaJIbKOTEHUIHYIO TUICHKY. MccnenoBanus mokasanu, 94To KOJu4ecTBO npoanddyH-
JIMPOBABIIIEr0 cepedpa YBENWYMBACTCS C YBEIMYECHHEM BPEMEHH OOJydYeHHs, OCTHras
HEKOTOPOT0 KOHEYHOro 3HaucHus. Takoi xapaktep quddy3un MOKET yKa3bBaTh Ha 00pa-
30BaHuUE B pe3yibrate qudQy3un HOBOro XMMHUYECKOro coenHeHus. B Tabn. 1 npuBeneHs
yCpelHEeHHbIE KOHEUHbIE 3HaUeHHs KojudyecTBa npoauddyHauposasiero cepedpa B IJIeH-
K1 AS;S; pa3nTuuHON TOIIUHEI.

3Hasi COOTHOIIEHHE MEXIY KOMIIOHEHTAaMH B OOJyYEHHOH CHCTEMe, MOIBITaeMCsl Clie-
JIaTh BBIBOJ O COCAMHEHUSX, 00pa3ylomuxcs B pe3yabrate odurydenus. [IpoBeneHHble panee
WCCIIEIOBAHMS TI0 ONPEJNCNICHUIO COSIMHEHHUH, 00pa3yIomMXCsl MpU OOJIyYEeHHH CBETOM B
cucreMe As,;S;—Ag, TOKa3and, 4TO MPOUCXOAUT oOpa3oBaHUE coenuHEeHUH Ag,S n As,S,
[8], T. e. B aTOM ciy4ae kommdecTBO npoandGyHanpoBasmiero cepedpa cocrasmser 46,5 %
BeCa IUICHKUCYIIb(HIa MBIIIbsIKA.
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Tabnuma 1.

B CBeTO'—lyBCTBI/ITeJIbHOﬁ CUCTEME

CooTHOIIEHUS MeKIy pearupyloIuMHi KOMIIOHEHTAMH

Bec HAMBLICHHONO KonuuectBo cepebdpa, npomud-
b Bec nanbiiennoro Bec CTPaBIEHHOro (dhyHaupoasiiero

ey mllg}\s“’lmbm(a’ cepebpa, 10°T cepebpa, 10°r B IUICHKY ITOJIYIIPOBOJHUKA
r 10 OTHOLIEHHIO K €€ Becy, %o

3,20 8,00 5,97 63,4

6,40 16,00 11,57 66,5

12,80 32,00 23,50 66,4

19,20 48,00 35,70 64,2

Tak kak 3TH HCCIETOBAHUS MPOBOAMINCH C TIOMOIIBIO PEHTTEHOBCKOTO MHUKPOAHAIN3a-
TOpa, TO CHCTEMA TTO/IBEPTaIach BO3JECHCTBHIO IIOTOKA 3JIEKTPOHOB C BEICOKMMH SHEPTHSIMH,
YTO MOIJIO NMPHUBECTH K M3MEHEHMIO cocTaBa. MI3BecTHO, 4TO B cucteMe AS—S—Ag cyme-
CTBYIOT CIICAYIOIINE COCIUHEHUS:

AS283, ASQSz, Ast5, AgZS, AgASSZ, Ag3ASS3.

Ha puc. 1 npeacraBnena nuarpaMma cucteMsl AS—S—
Ag c HaHECEeHHBIMU Ha HEH W3BECTHBIMH YCTOWYHMBHIMHU
coenuHeHusaMU. Peakiust B cucreme As;S;—Ag UIET MO
JuHuY, coenuHstomeil As,S; u Ag. Ho sra naunus He
nepeceKkaeT HU OJHOTO M3 COSAMHEHHUH, OTMEUYEHHbIX Ha
JarpamMMe, 4TO CBHIETENBCTBYEeT 00 oOpa3oBaHWM He- AV
CKOJIbKUX coenuHeHuil. Toukoil 4 Ha 3Toi mpsIMOK OT- 4 AA VAA
MeYeH 00pa3oBaBINHIiCS B pe3ylbTare OOIydeHHs Tpo- ‘AX%AVXvaveveveA
IyKT peaknuu, coxepxammii 39,9 Bec. % cepebpa. XN/ vvvvvev
Hanbonee 61m3Kk0 K Touke 4 pacmoiokeHa TOUKa, COOT- N A
BETCTBYIOIIas coeanHeHnto AgAsS,, KOTopoe B KpH-
CTAJUIMYECKOM COCTOSSHUM W3BECTHO IO HAa3BaHMEM  p,. |
cMuTUT. Eciii mpenonoxxuTh, 4To UACT Cleayromas pe-
aKIMsl, YIOBJIETBOPAIONIAs HAaliICHHOMY HaMH MpPOLIEHT-

/NN
JAVAVAV
VAV)VA

Juarpamma cucTeMbl
As—S—-Ag: 1 — As;S;, 2 — As,S,,
3 - ASZSS> 4 - AgZS, 5— AgASSZ,

HOMY COOTHOIICHHIO, C 0Opa3oBaHWMEM COeAMHEHUs 6 — AgiAsS;
AgAsS;:
6Ag +4As,S; = 6AgAsS, + 2As, 1)

TO B TAaKOW PEaKIMU JOJDKEH 00pa30BBIBATHCS METAUIMYECKUH MBIIIBSK, YTO COTJIACYETCS
C TaHHBIMU paboTHI [6].

Jns monTBEpKACHUS MPEATIONOKEHHS O TOM, YTO B PE3yJIbTaTe OOMy4EHHS CHCTEMBI
As,S;—Ag obOpasyercsi coennHeHue AgAsS,, UCTIONb3yeM BMECTO MOJYNPOBOAHHKA As)S;
XAJIBKOTCHUAHOC CTCKJIO C TaKMM COOTHOIICHWEM CEPLI U MBIIIbAKA, KOTOPOEC IpHU B3au-
MOJICHCTBHHU C cepeOpoM 00pa30BLIBAIIO OBl JJMHHUIO PEAKIIUH, TIEPECEKAIOIIYI0 TOUKY, COOT-
BETCTBYIOLIYIO 3TOMY COCIMHEHHIO. Kak BUIHO M3 JUarpaMMbl, TaKMM CTEKJIOM JOJDKHO
OBITh XaJBKOTCHUJHOC CTEKJIO, COOTBETCTBYMOIICe cocTtaBy: 33 ar. % AS m 67 at. % S
(AS33S¢7). Ompenenenrie NPOLEHTHOTO COOTHOLICHUS! MEX[Y peardpyloniMH KOMITOHEH-
TaMH B CBETOYYBCTBUTEIBHOWH cucreme As,S;—Ag IoKa3ano, 4YTO MPOXYKT (HOTOXH-
MHYECKO peakmmuu comepxuT 42,9 Bec. % cepebpa, T. €. COOTBETCTBYET COCIAMHCHUIO
AgASSZ.

Takum 06pa3om, MOXKHO CIHTATh YCTAHOBICHHBIM, UTO B PE3YJIbTaTE OOTydEHHS CBETOM
IUICHKH CyTh(pHUIa MBIIIbSIKA MPOUCXOIUT peakTHBHAS TUPQy3us cepedpa B 3Ty IDICHKY C
obpazoBanueM coeguHeHUS AgASS, W METaIUTMYECKOTO MEBIIBIKA. JTUM OOBICHIETCS
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paBHOMEpHOE pacmpenencHrue cepedpa, nmpoaudyHArpOBaBIIETo B IUICHKY MOIYIPOBOJI-
HUKA. AHaJOTHYHBINA XapakTep mMeeT Au(p(y3us MeIn W HUKEII M HEKOTOPBIX APYTHX
METaJUIOB B XalbKOTEHUIHBIC TUNICHKH B PE3yJIbTaTe OOMyUCHHUS CBETOM WM JPYTUM aKTH-
HUYHBIM U3Ty9CHUEM.

[Tomy4yeHHBIH Pe3yIbTAT MO3BOJIIET TAKKE OOBSICHUTh HECTAOMIBLHOCTH 0Opa3yromeics
B pe3yJibTare 00JIyueHHsI XaIbKOI'CHUIHOM IJICHKH B cucTeMe As,S;—Ag. B cooTBeTcTBHU €
(1), B Tako#l cuctemMe B pe3yibTaTe SKCIIOHUPOBAHUS 00pa3yeTcs METAIUTMUECKUNA MBIIIBSIK,
KOTOPBIN, MEIUICHHO OKUCIISISACh, U3MCHSCT (PU3MKO-XMMHUYCCKUE CBOWCTBA ITOH TPEXKOM-
MTOHECHTHOH XaJIbKOTCHUTHOM TUICHKH.
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CBeTOUyBCTBUTEAbHDIN MaTepyaa

B. B. Ilerpos, A. A. Kpiouns, T. I1. Aopomienko

Astopckoe cauaerensctBo CCCP 725358 MIIK C03C1/72 3asBieno
02.06.1978. 3asButens UuacTuTyT 2mmekrpoanHamukn AH Ykpaunckoit CCP.

N3o0pereHne OTHOCUTCS K CBETOYYBCTBUTEIHHBIM MaTepHaliaM, KOTOPbIE HCIOIb3YIOTCS
JUTSE 3aITUCH UH(GOPMAIIMU B ONTHYCCKUX 3aIIOMUHAIONIUX YCTPOMCTBAX.

M3BecTeH CBETOUYBCTBUTENBHBIN MaTepHall, COCTOSIIUN M3 MOMJIOXKKH U TOIYNpO-
BOJIHUKOBBIX TOTJIONIAIONICTO CJI0s, BBIMOMHEHHOro W3 Bi wimm In, wim Sn, TommuHON
100-1000 A i mpocBETISAIOMEro CII0sI, BBITOIHEHHOTO M3 TPUCYIb(HIA BHCMYTA HIN TPH-
cyabguma cypsMu, wim Se, Tonmmuuoi 100-1000 A [1].

HemocTatkoMm yka3aHHOTO CBETOUYBCTBHUTEIIEHOTO MaTepHalia SBISCTCS TO, YTO OH MMe-
€T HEYIOBJICTBOPUTEIIEHYIO Pa3peIIAlOIIy0 CIOCOOHOCTb.

Henpro mpeaymaraeMoro H300pETCHUS SBISETCS IOBBIIICHAE Pa3pelIaronieil CriocoOHo-
CTH MaTepHuaa.

IlocTaBneHHas Lenb JOCTUTAETCS, TEM, YTO KOJMWYECTBO Map — MOMVIOLIAIOMINNA CIION —
MIPOCBETISIONIAN CIIOW COCTABISET OT 2 110 §, P STOM TOJIIMHA KaXXIOTO CIIOSI COCTABIIACT
90-20 A, TTOTJIONIAIONIUI CJI0M BBITONHEH U3 As win Ge, i Ga, win Si, uia Sb, wimu Pb,
i Te, wm T1, wmu Bi, wim In, i Sn, a IpOCBETISAIOMAI CIIOW BBIONHEH W3 OKHCIIOB
WM XalbkoreHuaoB As, wiu Bi, wim S, wim Ga, wnwm In, wima Si, wim Sn, unu Pb, nnn Ge
wim T1, wm S, nam Se, WiIM METHIICHIIOKCAHA WIIH THIICHIOKCAaHA.

prmep 1.

Ha CTeKIISHHYIO MOIOKKY B BaKyyMe NpH jgaBieHuu 2 - 10~ MM PT.CT. METOIOM Tep-
MHYECKOT0 HCIIApEHHs! TI0CIIeI0BaATEeIbHO HaHOCAT rieHKy Ge Tommunoit 80 A , motom Ha
Hee MieHKy As,S; TommmHoii 20 A 3atem npogomkaoT HaHOCHTS Mmapbl mwieHoK Ge i As,S;.
Bcero Hanocar 5 nap neHok. [Toy4deHHBIN CBETOUYBCTBUTEIBHBIN MaTepHall MpeHa3Ha-
YeH JUIS PETUCTPAIMU ABOWYHBIX CHTHAJIOB. 3amuch WHPOPMAIIMH HA MOJYYCHHOM TOHKO-
MIJICHOYHOM CBETOYYBCTBUTEIHHOM MaTepHajie OCYIIECTBISIOT MyTeM JIOKAJILHOTO UcTape-
Hust cinoeB Ge u As;S; B Touke (HOKYCHPOBKH H3ITydeHHs. HEpOBHOCTE Kpasi Ha CILUTONIHON
JIOpOKKe co cpenHedt mupuHoi 1,5 mxm cocrasisiet 0,2—0,3 MkMm.

IIpumepsr 2—12.

OO0pa3ipl CBeTOYYBCTBUTEIBFHOTO MaTepUalia TOTOBAT M AKCIUTyaTUPYIOT aHAJOTHIHO
MaTepHualry, OMMCAaHHOMY B TIpuMepe |, M3MEHSs JIHIIb KauYeCTBEHHBIA COCTAaB CIOEB, MX
TOIIMHY U YHACIO map cioeB. [lomyueHHbIe pe3yabTaThl JaHb B TaOJIHIIE.

[pmmep 13.

Ha CTeKISHHYIO MOJIOXKKY B BaKyyMe MpH AaBiaeHHH 2 - 10 MM pT.CT. METOJIOM Tep-
MHYECKOTO HCIAPEHHs HAHOCAT MIeHKy Bi Tommunoit 50 A a motom Ha Hee HaHOCAT ¢ MO-
MOIIBIO HIEKTPOHHOTO OOITydeHMs IUIEHKY JTHICHIOKcaHa Tommuuoi 90 A, 3arem mpo-
JTOJDKAIOT HAHOCHUTH IMaphl TICHOK Bi 1 aTmicmiiokcana. Beero HaHOCAT 6 map MIIEHOK. DKC-
MMOHUPOBaHUE MaTephalla OCYIICCTBISIOT Takke W B mpuMmepe 1. HepoBHOCTH kpas Ha
CIUTOIITHOW AOPOXKKE CO cpeqHer mupuHOo# 1,5 MkM coctaBiser 0,2 MKM.

[pmmep 14.

CBeTOUyBCTBUTENBHBI MaTepHall TOTOBAT M DKCIIOHHPYIOT AaHAJOTHYHO MaTephaly,
ornucaHHOMY B mpumepe 13. JlaHHBIE O cOCTaBe CJIOEB, TOJIIIMHE M KOJHYECTBE, a TAKXKe
pe3ynbTaThl HCTIBITAHUH JaHBI B TAOIHUIIE.
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Kak crnemyer u3 Tabmuibl, IpeUIOKeHHBIH MaTeprali obiagaer Oojee BBICOKOH paspe-
IIAIOIIEH CIIOCOOHOCTHIO IO CPABHEHHUIO C IIPOTOTHIIOM.

Tornomaromuii cioit TIpocetnsromuii cnoi
Tpumep Yucno HeposHocTts
Cocras Tonmuua A CocraB Tommuua A fiap Kpast IOpOKKH, MKM
1 Ge 80 As,S; 20 5 0,2-0,3
2 Te 40 SiO 50 6 0,2-0,3
3 In 50 GeO 50 4 0,2-0,3
4 Sb 30 As,Ses 60 6 0,2-0,3
5 Tl 30 GeO 50 4 0,2
6 Ga 90 SnO 30 2 0,2
7 Sn 70 As,Tes 30 3 0,2
8 Ge 40 As,Ses 60 4 0,2
9 Si 50 SnO 50 5 0,2
10 Sb 40 GeO 40 5 0,2
11 As 60 PbS 50 3 0,2
12 Pb 50 As,Ses 40 5 0,2
13 Bi 50 T 90 6 0,2
CHUJIOKCaH
14 As 20 Mermi- 50 8 0,2
CHJIOKCaH
[Tporotun Bi 1000 300 1 0,4-0,5

dopMyna uzobpeTeHUS

CBETOUYBCTBUTEIILHBIA MaTEPHall, COCTOSINUN M3 TOIJIOKKHU, M IOJYyPOBOTHUKOBBIX
MOTJIOIIAIOMIETO U IPOCBETIISIONICTO CIOCB, OTIIMIAONIHICS TEM, UTO, C [IENIBI0 MOBBIIICHUS
paspemnrarmeii CrtocOOHOCTH, KOJMYECTBO Map MOTIOMIAIIETO M MPOCBETIIIONICTO CIOCB
coCTaBjsIeT 2—8, a TONIIMHA KaXKI0ro ciaost coctasiser 90-20 A MIPU 3TOM TOTJIOMIAIOLTUI
cioii BemoaHeH u3 As unn Ge, win Ga, unm Si, wiu Sb, wnu Pb, unu Te, wau T1, win Bi,
uin In, nwian Sn, a TPOCBETISAIONUIN CION BBITIOJHEH U3 OKHCIOB WM XaJbKOT€HUIOB AS,
niau Bi, wiau Sl, unu Ga, unu In, wnm Si, unu Sn, wiau Pb, unn Ge win T, unu S, unu Se,
WM METHUJICHITOKCAHA, MJIH STHJICHIOKCaHa.

HcTounuku I/IH(l)OpMaIII/II/I, MPUHATBI BO BHUMAHUEC TPU SKCIICPTU3C:

1. 3asBka ®PI" Ne 2514678 xin. G11 B7/24, omyonuk. 1975 (mpototum).
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Process for Producing Material Sensitive to Electromagnetic
and Corpuscular Radiation (Abstract)

V. V. Petrov, A. A. Kryuchyn

United States Patent 4,234,625 Int. Cl. G031 5/00 Nov. 18, 1980. (HarmonansHas
3asBka Ne 465259/18-25. Cnioco0® M3roTOBICHHS paJrialliOHHO-YYBCTBUTEIHHO-
ro MaTepuaia co CIOMCTOH CTPYKTYPOH I PErUCTPalliK U XpaHEeHHs HHpOpMa-
. 3assieno 16.03.1977. Aropckoe cBunerensctBo CCC3646770).

A process of producing a material sensitive to an electromagnetic and corpuscular radiation
involves successively depositing, onto a transparent substrate, a layer of a semiconductor, a
barrier layer inert to the semiconductor layer and a layer of a metal capable of reacting with
the semiconductor layer under the effect of the electromagnetic and corpuscular radiation
with the formation of the reaction products. After deposition of the metal layer, there is
performed annealing at a temperature equal to or exceeding the temperature of diffusion of
the material of the barrier layer into the material of the layers adjacent thereto. The annea-
ling is conducted for a period sufficient for a partial or a complete dissolution of the barrier
layer.

SUMMARY OF THE INVENTION

In accordance with the present invention, after deposition of a metal layer, annealing is
conducted at a temperature equal to or exceeding the temperature of diffusion of the materi-
al of the barrier layer into the material of at least one of the adjacent layers for a period suf-
ficient for apartial or complete dissolution of the barrier layer.To produce a material with the
maximum sensitivity, it is advisable to perform the annealing to the complete dissolution of
the barrier layer.

In certain cases, to obtain the desired shape of the exposure characteristic and sensitivity,
it is advisable to perform the annealing to a partial dissolution of the barrier layer.

Known in the art is a process for producing a material sensitive to a corpuscular or elec-
tromagnetic irradiation consisting in the following steps: application, onto a substrate, of a
metal layer, deposition of a semi-conductive substance on the metal layer; said semiconduc-
tive substance being capable of interaction, under the influence of an actinic irradiation, with
the metal layer to form the interaction products having physical and chemical properties
different from physical and chemical properties of the metals layer and the layer of said
semi-conducting substance.

The material produced by this process has a high contrast value within the range of from
10 to 20 (ratio of the reflection coefficient of a non-irradiated material to the reflection coef-
ficient of the irradiated material) though only upon exposure from the semi-conductive layer
side.

However, in this material the semiconductive layer is non-protected from the influence
of external mechanical effects (contamination with dust particles, scratches) which results in
distortion of the information recorded on the material.It is known that the effective protec-
tion of a material sensitive to an electromagnetic and corpuscular irradiation as well as of
the information recorded thereon may be ensured by recording and reading-out the informa-
tion through a transparent medium with a thickness substantially greater than a depth of
focus of a system of the image formation. A transparent substrate can serveas such medium.
In the above-described process for producing a material sensitive to a electromagnetic and
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corpuscular irradiation, a metal layer is deposited, from the substrate side. The changed
sequence of application of semi-conductive and metallic layers causes certain difficulties
which are due to the fact that upon spraying, onto the semi-conductive layer, of a metal
layer there is observed a substantial increase in the effective temperature of the semi-
conductive layer resulting in diffusion of a metal into the semi-conductive layer during the
material manufacture. This imposes certain restrictions on the range of semi-conductive
compounds and metals employed to those having the heat of formation of new compounds
exceeding the amount of heat evolved during the material manufacture.Semi-conductive
compounds and alloys of the type As-S, As-Se, As-S-Se, Sb-S, Sb-S-Se, enabling the pro-
duction of a material with a high sensitivity cannot be practically employed in the above-
described process.Also known in the art is a process for producing a materia! sensitive to an
electromagnetic and corpuscular irradiation comprising deposition, onto a transparent sub-
strate, of a layer of a semi-conductive material, spraying of a barrier layer onto the semi-
conductive material layer which barrier is inert in respect of the semi-conductor layer and
deposition, onto said barrier ayer, of a layer of a metal capable of chemically reacting, under
the influence of electromagnetic or corpuscular irradiation, with the layer of semiconductor
withthe formation of the reaction products having chemical and physical properties differing
from those of the metal layer and semiconductor layer (cf. U.S. patent application Ser. No.
651139 of Jan. 21, 1976).

This process enables the manufacture of materials sensitive to electromagnetic and cor-
puscular irradiation, wherein as a material for the semiconductor layer use can be made of a
broad range of semiconductive substances. However, these materials possess a lowered
sensitivity due to the presence of a barrier layer between the layers of a semiconductive
substance and metal.

It is the principal object of the present invention to provide a process for producing a ma-
terial sensitive to an electromagnetic and corpuscular irradiation which ensures that the
material thus prepared simultaneously possesses a high contrast value and a high sensitivity.

It is another object of the present invention to provide a process which makes it possible
to employ a wide range of semiconductive compounds for the manufacture of a materia]
sensitive to an electromagnetic and corpuscular irradiation Still another object of the present
invention is to provide a process enabling preparation of a material with an exposure charac-
teristic of a predetermined shape. These objects are accomplished by a process for the pro-
duction of a material sensitive to an electromagnetic and corpuscular irradiation which com-
prises the steps of deposition, onto a transparent substrate, of a layer of a semiconductive
material followed by deposition of a barrier layer which is inert with respect to the semicon-
ductive layer onto the latter; spraying, onto said barrier layer, of a layer of a metal capable
of chemically reacting with the semiconductive layer under the influence of said electro-
magnetic and corpuscular irradiation with the formation of the reaction products which have
physical and chemical properties different from those of the metal layer and semiconductive
layer. In accordance with the present invention, after deposition of a metal layer, annealing
is conducted at a temperature equal to or exceeding the temperature of diffusion of the mate-
rial of the barrier layer into the material of at least one of the adjacent layers for a period
sufficient for apartial the barrier layer.

To produce a material with the maximum sensitivity, it is advisable to perform the an-
nealing to the complete dissolution of the barrier layer.In certain cases, to obtain the desired
shape of the exposure characteristic and sensitivity, it is advisable to perform the annealing
to a partial dissolution of the barrier layer.It is also advisable, to retain the unchanged band
of the spectral sensitivity of the material, to perform dissolution of the barrier layer only in
the metal layer. In this case, prior to the deposition of a barrier layer, a protecting film is
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apphgd onto the sc?mlconductlve l.ayer which film acts as an 77 Py Py Py ]
anti-diffusion barrier between said layers. To stabilize the Y e W X X 2
performances of the semiconductive layer (produce a more P > ﬁ
uniform structure of the semiconductive layer) in the case / - 7
where it is produced from such materials as As-S, As-Se, Sb-
S, Sb-Se, S-Se, As-S-Se, it is possible to perform annealing 77 —

of the material at a temperature equal to 0.7-0.9 of the vitrifi- v 7 //%/ //%/ {/, :ﬁ/_/
cation temperature of the semiconductive layer substance.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further illustrated by the descrip-
tion of its embodiments and the accompanying drawings,
wherein:

FIG. 1 is a cross-sectional view, in elevation, showing a
material sensitive to an electromagnetic or corpuscular irra-
diation in the manufacture stage prior to the annealing opera-
tion;

FIG. 2 is a cross-sectional view, in elevation, showing a
material sensitive to an electromagnetic and corpuscular
irradiation after annealing to a partial dissolution of the barri-
er layer, elevation view;

FIG. 3 is a cross-sectional view, in elevation, showing a
material sensitive to an electromagnetic and corpuscular
irradiation after annealing to a complete dissolution of the barrier layer, and

FIG. 4 is a cross-sectional view, in elevation, showing a material sensitive to an electro-
magnetic and corpuscular irradiation with a protective layer.

What is claimed is:

1.A process of producing a material sensitive to electromagnetic and corpuscular radia-
tion comprising the following steps: depositing, onto a transparent substrate, a layer of a
semiconductive material; depositing, unto said layer of the semiconductive material, a barri-
er layer inert to the layer of the semiconductive material; depositing, unto said barrier layer,
a layer of a metal capable of chemically reacting with said semiconductive layer under the
effect of said electromagnetic and corpuscular radiation with formation of reaction products
having physical and chemical properties different from those of said metal layer and semi-
conductive layer; annealing of the resulting laminated structure at a temperature at least
equal to the temperature of diffusion of the material of said barrier layer into the material of
at least one of said layers adjacent thereto, said annealing step being conducted for a period
of time sufficient for at least rtial dissolution of said barrier layer and prior to the exposure
of the material to radiation.

2.A process as claimed in claim 1, wherein said annealing step is conducted to a com-
plete dissolution of said barrier layer.

3.A process as claimed in claim 1, wherein prior to the step of depositing said barrier
layer onto said semiconductive layer, there is carried out the further step of applying a pro-
tective layer which performs the function of an antidiffusion barrier between said barrier and
semiconductive layers.

4.A process as claimed in claim 1, wherein said semiconductive layer is made of a sub-
stance selected from the group consisting of As-S, As-Se, Sb-S, Sb-Se, As-S-Se, Sb-S-Se;
and said annealing step is conducted at a temperature equal to 0.7-0.9 of the vitrification
temperature of the substance of said semiconductive layer.
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Hocurean mapopmann
AAsI OITUYEeCKOIO 3alIOMMHAIOIEeTO yCTPOICTBa

B. B. Ilerpos, A. A. Kpiouny, I'. 0. IOaun

Astopckoe cuaerensctBo CCCP Ne 886050 MIIK G11C13/04. Ony6inkoBaHo
30.11.81. bromnerens 44. 3asutenu Uuctutyt snextpoauHamuku AH YCCP
n OmnpITHOE KOHCTPYKTOPCKO-TEXHOJIOrHYeckoe Oropo MHcruryTa Meramuio-
¢usuku AH YCCP.

N300peTeHue OTHOCHUTCS K 3aMUCH M XPAHCHUIO0 MH(POPMAIMY, & UMEHHO K HOCUTENISIM HH-
dopmaruu Ui peructpanur HHGOPMAIMK ONTHYSCKUM HU3Ty4YC€HHEM, U MOXET OBITh HC-
MOJIb30BaHO, HAMPUMEDP, B ONTHYCCKUX 3AMOMHUHAMOIIMX YCTPOWCTBAX C MOOHMTOBOW 3aru-
ChIO HH(pOPMAIIHH.

W3zBecten HocuTenb MHGOPMAIMK ISl ONITHYECKOTO 3allOMHHAIONIET0 YCTPOMCTBA, CO-
CTOSILUIA U3 MOJJIOKKH, HAHECEHHOTO Ha IMOJUI0KKY PETHCTPUPYIOLIETO CIIOS, UCTIApsSEMOTO
NPU 3alMCH M PAcIOJ0KEHHOTO HaJl PETMCTPUPYIOUIMM CIIOEM 3al[UTHOTO IPO3pPavyHOTro
9KpaHa, MPEJOXPaHSIOIIEr0 MOBEPXHOCTh PETMCTPUPYIOIIETO IMOKPBITHS OT 3arpsi3HEHUs
MBUIEBBIMU YaCTUIIAMHU M HE JIOMyCKAaIOIIEro paclpoCTpaHEeHHUs ITapoB MCHapseMOro mare-
puana B npouecce 3anucu [1].

Henocrarkom Takoro HocuTenst WHpOpMAanWH SBISIETCS CHIDKEHHE OOBEMHOHN IIIOT-
HOCTH 3anucH HWH(POPMAIMH, KOTOPOE CTAaHOBUTCS OCOOEHHO OLIYTHMBIM NPH CO3JaHUH
0aHKOB JIaHHBIX C HCIIOJIL30BaHHEM OOJIBIIOTO YHCIA TakuxX HocuTenel. M3BecteH Takke
HOCHUTENb MH(OOPMAIMH ONTUYECKOTO 3aMOMUHAIONICTO YCTPOMCTBA, COCTOSIIMNA U3 Peru-
CTPHUPYIOIIMX CIOEB, PACTIONOKEHHBIX Ha ABYX KOJBIEBBIX MPO3PAYHBIX MOJIOKKAX, 00pa-
LICHHBIX APYT K APYry MOBEPXHOCTAMH C PETUCTPUPYIOIIUMHU CIIOSIMHU. Bo3nymiHelil npo-
MEXYTOK MEXAY MOJUIOKKaMH 00pa3oBajicsi Ojaromaps IBYM KOJBIEBBIM MPOKIIAJIKaM,
PacIoIoKEeHHBIM B IICHTPE M Ha nepudepry NOoJIoKeK. 3anuch U CUNThIBaHWE MH(pOpMa-
LMY TPOU3BOJUTCS HAa TAKOM HOCHUTEIIE Yepe3 MPO3padHyto MOAJOXKKY [2].

Jlist obecriedeHust BBICOKOM 4yBCTBUTEIBHOCTH HOCHTENSI HHPOPMAIMU B KauecTBE Ma-
Tepuasa pPerucTpUpYIOIIETro CJos, HCMapsieMoro IpH 3aIlicH, MCIOIb3YIOTCS MPOCThHIE Be-
IIECTBA, COCTUHEHHS W CIUIABbl, MMEIOIIUE HHU3KHE TeMIlepaTyphl IUIaBICHUS, TAaKHE Kak
BHUCMYT, TEJUTYp, CypbMa, CIIaBHI TEITypa C TEPMaHHUEM, MBIIIBSIKOM, CEJICHOM U Ap. Takue
MaTepualibl B TOHKOINICHOYHOM COCTOSIHUH HE 00J1aJaf0T BHICOKON MEXaHUYECKON MPOYHO-
CTBIO M Q/Ire3Meil K MOJI0KKAM, 4TO CHH)KACT HAJCHKHOCTh XpaHeHUs] HH(opManuu Ha HO-
cuTene, B KOTOPOM B Ka4eCTBE PErMCTPUPYIOLIETO MOKPBITHS UCIIOIb3YIOTCS MaTepUabl C
HU3KUMH TEMIIEPATYpaMHU, IUIABICHUS.

Lens u300peTeHnss — MOBBIIICHHE HAISKHOCTH XpaHeHHs MH(GOpPMAIMKM Ha HOCUTENE
nH(pOpPMAIINH U €0 MEXaHHYECKOI MPOYHOCTH.

[TocTaBneHHas nenb JOCTUTAETCS TEM, YTO B HOCHTENb HH(POPMAIUHU JUIsi ONTHYECKOTO
3alIOMHHAIOIIET0 yCTPOWCTBA, CONEPIKAIINI MEPBYIO U BTOPYIO CTEKJITHHBIE TIO/JI0XKKH, Ha
KaXJOH M3 KOTOPBIX pa3MelleH PErHCTPUPYIOMIMI CIIOH, BBEAEH pa3MEIICHHBIH MEXIy
PETHCTPUPYIONIMMH CIIOSIMU 3allUTHBIN CIIOW M3 Marepuana, ' y J
WHEPTHOTO IO OTHOIICHUIO K MaTepHaly PErHCTPUPYIOLIEro
CJIOSI, ¥ UMEIOIIETO TeMIEpaTypy IUIaBJICHUS HIKE TeMIepa-
TYphI TUIABJICHHS MaTepuaia perucTpupyomuiero cios. B ka-
YEeCTBE MaTepHaya 3all[UTHOrO CJIOS MOXKET HCIOJIb30BATHCS
BOCK, ITOJIUCTUPOJI, MOJUMECTUIIAKPUIIAT, IMIOJTMBUHUIALICTAT.
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Ha gepTexke nokazaH HOCHTENs HHPOPMALIWH, pa3pe3. HocuTenb comnepKUT CTEKIISTHHEIC
TTOJUTOKKH [, PETHCTPHUPYIONIHE CIOH 2, KONBILEBYIO MPOKIANKY 3 ¥ 3alIUTHBINA CIIOH 4.

[pu 3ammcu mHPHOPMAIMA OCHOBHASI YaCTh M3IMYUYCHHS ITOTIIOMIACTCSI B TOHKOM PETH-
CTPHUPYIOIIEM cJIoe 2 U MPOUCXOINUT €ro JOKaIbHOE PACIUIaBICHUE, YACTUIHO PACIUIABIISCT-
Cs TAKXKE U MaTepPHAll 3allIUTHOTO CJI0s 4, PACIIOIOKCHHOTO B IPOMEKYTKE MEIKIY MO0
KaMHu 1 3a CUCT CUJI MOBEPXHOCTHOI'O HATSHXKCHUA U CHUJI BA3KOTO TPECHUA IMMPOUCXOAUT Ya-
CTHYHOE BBITCCHEHHE MaTepuasia PErHCTPUPYIOIIETO CIIOSl U3 30HBI OOJIyUCHHsI U 3aIl0JIHe-
HUS €€ MaTEPUAJIOM 3aIUTHOTO CJIOS, PACMOJIONKCHHOTO MEXIY MOJJI0KKAMH, YTO TPUBO-
JUT K U3MEHCHHIO KO03()(DUITMCHTA OTPAKCHHS B MECTE 3aIUCH, HO BMECTE C TEM COXpaHSIET
LEJIOCTHOCTh PETHCTPUPYIOLIECTO CII0sl. TeM caMbIM MOBBIIACTCS CTAOMILHOCTh 3alTMCAHHON
nHpOpPMAIINH, TT0 CPABHCHHIO ¢ HHPOPMAIIUCH, 3aITUCAHHONW Ha TUICHKE, COCTOSIICH mocie
3aIUCH U3 OTJCIEHBIX YYaCTKOB, OCTABIINXCS MOCIE JTOKATHHOTO HCTIAPCHIS.

JIOTIOTHUTETBHBIM MTPEUMYIIIECTBOM IPEIIaTacMOTO HOCHUTEIS, TI0 CPABHEHUIO C U3BECT-
HBIM SIBIIICTCS TAK)KE TTOBHIIICHHUE O0IIEi MEXaHIMUECKOW MMPOYHOCTH HOCHUTEIS, YTO TO3BO-
JISIET YMEHBIIUTH TOJNIINHY CTEKISTHHBIX TOJUTIOKEK U OOMIYI0 BEICOTY HOCHTEIS, a CIIeI0Ba-
TEJIHHO, TOBBICUTH OOBEMHYIO INIOTHOCTB 3aITUCH WH(POPMAIINH.

TonmuHa IPO3pavHBIX MOII0XKEK, HAIPUMEp CTEKISTHHBIX MOJIOKEK, B IIPEATIaracMoM.
HOCHTEJIC HHPOPMAITHH, 00ECIICUNBAIOIIas 3aIUTy 3alMCAHHONH WHPOPMAIIUH OT BIIHSHUS
3arpsA3HEHUS TBUICBBIMH YacTUIIAMH, COCTaBisfeT 1,5-4 MM, a paccTosiHHMEe MEXAY IMOJ-
JIOXKKaMHU, TIPU KOTOPOM HCKITFOUACTCS BIMSHUC M3JIyUCHHS MPH 3allUCH Ha JPYTOH JHCK U
00ecreunBacTCs TOCTATOYHAS MEXaHHYECKasi MPOYHOCTh HOCHUTENS MH(OpMAIHH, COCTaB-
et 1-4 mm.

B kauecTBe Marepuana peruCTPHPYIONIETO CIIOS LENeco00pa3HO MCIOIB30BaTh IS TO-
JyYCHHs BBICOKOH YYBCTBUTEIHHOCTH MATEPHUANBI ¢ HU3KHMH TEMIIEpATypaMU IUTaBICHUS
(300-500 °C), Takme Kak TeJUIyp, BUCMYT, CIUIaBBbl TeIUIypa C AIIOMHHHEM, CEJICHOM,
MBIIITBSIKOM. TONIIMHA PETUCTPUPYIONIETO €05, 00eCIeunBaIONIas BEICOKYIO TyBCTBHUTEIb-
HOCTB, pe3Koe M3MeHeHue Kod(hduImenTa oTpaxenns (B 6—8 pa3) U BBICOKYIO pa3pelraro-
IO CIIOCOOHOCTH, MOMKHA cocTansaTh 200—600 A. B xauectse Marepuaina, 3al0JIHAIOIIETO
MPOMEXKYTOK MEXKAY MPO3PAYHBIMH TOJUIOKKAMH, IIEIeCO00pa3HO HCIOIB30BaTh BOCK,
MTOTUBUHMJIAIICTAT, TOJMMETHIIAKPIIIAT, TOTHCTUPOIL.

dDopMyna m300peTeHHS

1. Hocurens wmHpOpMaNuu IS ONTHYECKOTO 3alOMHHAIOIIETO YCTPOWCTBA, COICP-
JKaIIMKA NEPBYIO U BTOPYIO CTEKJISIHHBIE MOJUIOKKH, Ha KaKIOW U3 KOTOPBIX pa3MELIEH pe-
TUCTPUPYIOLLUI CJIOM, OTIMYAIOIIUNCS TEM, YTO C LIEJIbIO IOBBILICHUS HAJEKHOCTH XpaHe-
HUS WHOOPMAIIMA U MEXaHWYECKON TUIOTHOCTH HOCHUTENS, B HETO BBEACH pa3MENIEHHBIN
MEXIY PETUCTPUPYIOIIMMHU CIIOSIMH 3aIIUTHBIA CIIOW M3 MaTepuaja, HHEPTHOTO MO OTHOIIIEe-
HUIO K MaTepually PETUCTPHUPYIOMIETO CJIOS, U MMEIOIIET0 TeMIepaTypy IUIaBICHUS HUKE
TeMIIepaTyphl TUIaBJIEHUS] MaTepUalia PETUCTPUPYIOIIETO CIOS.

2. Hocutenb 1o 1. 1, OTIIMYAROIIMICS TEM, YTO 3aIUTHBIN CIIOW BBIITOJHEH U3 BOCKA.

3. Hocurens 1o 1.1 oTiiMyaronuiicss TeM, 9To 3aIlUTHBIN CIIOH BBITIOJIHEH U3 TIOJUCTHPOJIA.

4. Hocutens 1o m.1, OTIMYAONIAACS T€M, YTO 3aIMTHBINA CIIOH BBIIOIHEH H3 IOJIHME-
TUJIAKPHUIIATA.

5. Hocutens 1o 1. 1, OTIIMYAIONIAMCA TEM, YTO 3aIMTHBIM CJION BBITIOJHEH U3 ITOJHUBH-
HHUJAIeTaTa.

Hcrounuku I/IH(l)OpMaHI/II/I, IMPUHATBIC BO BHUMAHWUE MTPU DKCIIEPTU3C!

[Marent @pannuu Ne 2393394 k1. C 11 B 7/24, onyonuk. 1979.
IEEE Iourn. of Quntum Electronics, 1977, Vol.13, Ne 9, p. 15 (npotoTwir).
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Radiation-sensitive Material and Method for Recording
Information on Radiation-sensitive Material (Abstract)

V. V. Petrov, A. A. Kryuchyn

United States Patent 4,314,256 Int. Cl. GO1D 15/34 Feb. 2, 1982. (Ham. 3asBka
Ne 2317526/23-04. CaerouyBcTBUTENBHBIH Marepuan. 3assiaeno 30.01.1976.
ABTOpCKOE CBUIIETENBCTBO 764501).

A radiation-sensitive material comprising a metallic layer, an inorganic material layer, and a
separation layer disposed between the metallic layer and the inorganic material layer and
made from a material inert relative to these layers. The thickness of the separation layer is
sufficient to interaction between the metallic layer and the inorganic material layer when
said radiation material is exposed to actinic radiation having a power density lower than a
threshold value required for causing a local breakdown of the separation layer. A method for
recording information on a radiation-sensitive material of the above type, comprising irradi-
ation of said material by pulses of electromagnetic or corpuscular radiation of a duration
from 10 to 10®s with the energy density in the area exposed to radiation being not less than
5.107 J/em?, said pulses being capable of producing between the metallic layer and the inor-
ganic material layer in the exposed area of the radiation sensitive material a potential differ-
ence so as to cause an electric breakdown of the separation layer in said area.

SUMMARY OF THE INVENTION

The principal object of this invention is to provide a radiation-sensitive material enhanc-
ing the reliability of storing recorded information.

Another object of the present invention is to provide a method for recording information
on the radiation-sensitive material.

Still another object of the present invention is to enhance the fidelity of reading out rec-
orded information.

A further object of the present invention is to reduce consumption of energy required for
recording information.

This and other objects of the invention are attained in a radiation-sensitive material in-
corporating a metallic layer made from silver, or copper, or nickel, or thallium or their al-
loys, an inorganic material layer made from arsenic chalcogenide, or antimony chalco-
genide, or bismuth chalcogenide, and a separation layer disposed between the metallic layer
and the inorganic material layer, and mode from a material inert to these layers, wherein,
according to the invention, the separationlayer has a thickness sufficient for preventing the
metallic layer from interacting with the inorganic material layer when the radiation-sensitive
material is exposed to electromagnetic or corpuscular radiation having an energy density
lower than a threshold value required for a local breakdown of the separation layer The
presence of the separation layer in the radiation- sensitive material for recording binary
information improves the reliability of storing recorded' information which is not masked by
the incident radiation because the separation layer serves as a “barrier” which can be de-
stroyed only by pulses haying a sufficient energy to do so.

It is expedient that the separation layer be 50 to 300 A thick and made from As, or Sb, or
Si, or Ge, or their oxides, dr metallic oxides of such metals as Al, Ti, V, Fe or polyorga-
nosiloxane films.
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An alternative embodiment of the radiation-sensitive material is also possible, wherein
the separation layer is from 20 to 100 A thick and comprises a metal of a secondary sub-
group of the third group, or of a secondary subgroup of the fourth group, or of a secondary
subgroup of the fifth group, or of a secondary subgroup of the sixth group of the periodic
system, or one of the platinum metals, or bismuth.

This and other objects of the invention are also attained in a method for recording infor-
mation on a radia- tion-sensitive material incorporating a metallic layer, an inorganic mate-
rial layer and a separation layer disposed between said layers comprising actinic irradiation
of the radiation-sensitive material, wherein according to the invention said irradiation is
effected by electromagnetic or corpuscular radiation pulses of a duration from 10 to
10® sec, with the energy density in the Urea exposed to radiation being not less than
5-107 J/cm® so as to produce in said area of the radiation-sensitive material between the
metallic layer and the inorganic material layer a potential difference capable of causing an
electric breakdown of the separation layer in said area.

Recording information by the electric breakdown of the separation layer makes it possi-
ble to utilize as information carriers such radiation-sensitive materials the separation layer of
which, has a sufficient thickness to prevent the interaction between the other layers which it
separates, thereby precluding distortion of the recorded information during a long-term
storage thereof when the material is impinged upon by an actinic radiation having an energy
density lower than a threshold value sufficient for causing a local destruction of the separa-
tion layer, i.e. by direct or incident sun light.

It is expedient that the information be recorded by pulses of electromagnetic or corpus-
cular radiation of a duration from 10°to 10® s, with the energy density in the area exposed
to radiation being not lower than 5- 107 J/cm”. Recording information by such pulses makes
it possible to quickly and reliably record and reproduce information with a high degree of
fidelity. A long-term storage of the information recorded by such pulses is also possible
provided the information carrier is exposed to actinic radiation having an energy density
lower than 5 - 10 w/cm®.

The proposed method of recording information on a radiation-sensitive material and the
radiation-sensitive material for carrying out this method improve the reliability of storing
the recorded information. The proposed technical solution also enhances the fidelity of read-
ing out the information as well as reduces energy consumption for recording.

BRIEF DESCRIPTION OF THE DRAWING

FIG. is a cross-sectional view of a radiation-sensitive
material according to the invention.

For carrying out the proposed method of recording in-
formation there was utilized a material comprising a
support backing 4, a metallic layer 1, a separation layer 2
and an inorganic material layer 3. Breakdown of the.
separation layer 2 creates conditions for interaction between the metallic layer 3 and the
inorganic material layer 1, resulting, in the formation of an interaction product 5 between
said layers, said interaction product having physical and chemical properties different from
those of the metallic layer and of the inorganic material layer, which causes the reflection
factor of the exposed area of the material to change.

We claim:

1. A method for recording information on a radiation-sensitive material comprising a
metallic layer made of a metal selected from the group consisting of silver, copper, nickel,
thallium and their alloys, an inorganic material layer made of material selected from the
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group consisting of arsenic chalcogenide, antimony chalcogenide, and bismuth chalco-
genide, and a separation layer disposed between said metallic layer and said inorganic mate-
rial layer and made from a material being inert relative to said metallic layer and said inor-
ganic material layer, said separation layer having a thickness of from 50 to 300 A and made
of a material selected from the group consisting of As, Sb, Si, Ge, and their oxides, and
oxides of Al, Ti, V, Fe, and polyorganosiloxane films, said method comprising irradiation of
the radiation-sensitive material by pulses of actinic radiation of a duration from 10 to 10® s
with an energy density in the area exposed to radiation being not less than 5-107 J/cm?, said
pulses being capable of producing in the exposed area of the radiation-sensitive material a
potential difference between said metallic layer and said inorganic material layer so as to
cause an electric breakdown of said separation layer in said area.

2. A method for recording information on a radiation- sensitive material incorporating a
metallic layer made of a metal selected from the group consisting of silver, copper, nickel,
thallium and their alloys, an inorganic material layer made of material selected from the
group consisting of arsenic chalcogenide, antimony chalcogenide, and bjsmuth chalco-
genide, and a separation layer disposed between said metallic layer and said inorganic mate-
rial layer and made from a material being insert relative to said metallic layer and said inor-
ganic material layer, said separation layer having a thickness of from 20 to 100 A and made
of a metal selected from the group consisting of bismuth, the platinum group and the sec-
ondary subgroup of the third, fourth, fifth and sixth groups of the periodic system, said
method comprising irradiation of the radiation-sensitive material by pulses of actinic radia-
tion of a duration from 10 to 10® s with an energy density in the area exposed to radiation
being not less than 5-107 J/cm?, said pulses being capable of producing in the exposed area
of the radiation-sensitive material a potential difference between said metallic layer and said
inorganic material layer so as to case an electric breakdown of said separation layer in said
area.
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Cmmoco06 pacTBOpEHMsI XadbKOI€HMAHDBIX CTEKOA

B. B. Ilerpos, A. A. Kprounn

Astopckoe cBuaerensctBo CCCP Ne 914526. Omy6mukosano 23.03.82. Brome-
ters Ne 11 MITK®C 03 C 23/00 C 03 C 15/00 3asBurenu MHCTUTYT 31MeKTpo-
muaamMukn AH YCCP u OmnbpITHOE KOHCTPYKTOPCKO-TEXHOJIOTHYECKOoe Oropo
Nucturyra merammodmuku AH YCCP.

N300peTenne OTHOCUTCSI K MUKPOAJIEKTPOHUKE M MOXKET OBITH MCIOIB30BaHO MPH MOIyde-
HUM penbepHBIX MUKPOM300paKeHNI M3 XaJIbKOTEHUAHBIX CTEKOJ, JETMPOBAHHBIX METall-
JIOM TIOJITPYIITEI METU WIIH TAJITHEM.

W3Becten cmoco® pacTBOpPEHHS XadbKOTCHHIHBIX CTEKOJ IyTeM OOpal0OTKH WX TIPH
20-50 °C XIMHYECKHM pPEeareHTOM MHUPPOTUANHOM W3 pacdera 4,3—12,9 r Ha 1 T XanpKo-
reauaHoro crekna [1]. HemoctatkoMm 3TOrO crioco6a siBIsETCS HU3Kas CKOPOCTh pacTBOpe-
HUA XaJIbKOTCHUAHOI'O CTCKIIA, a4, TJIAaBHOC, CUJIbHAsA 3aBUCUMOCTHL CKOPOCTU OT CTPYKTYPhI
IIJICHKHW, HA KOTOPYIO BJIUACT, B YaCTHOCTHU, MMPEABAPUTCILHOC o6nyquI/Ie IIJNICHKHW aKTHHUY-
HBIM H3JTy4CHHEM.

Hawubonee 6G1m3knM K M300pETEHHIO IO TEXHUYECKON CYIIHOCTH SIBJISIETCS CIOCOO pac-
TBOPEHUS XaJIbKOTEHHIHBIX CTEKOJ IyTeM 0OpabOTKH MX XMMHUYECKMM pEarecHTOM — pac-
TBOPOM €IKOTO HaTpa pa3nu4yHoil koHueHTpauuu npu 20-50 °C, KoTopslil MO3BOJIAET pac-
TBOPSTh XaJIbKOT€HUAHBIE CTekna cucteM As-S, As-Se, AS-S-Se, As-Se-Ge, As-S-Ge u He
OKa3bIBaCT BIMSHUS HA XaJbKOT€HHJHBIE CTEKJAa THX CHCTEM, JISTHPOBAHHBIE METAJUIOM
moATpymIel Meau wiu tammueM [2]. HemoctaTtkoMm 3TOTO criocoba sSBiseTcs 3arps3HEHUE
00pabaTsIBaEMON TOBEPXHOCTH XaIbKOTCHHIHOTO CTEKIa HMOHAMH IIEJOYHOTO METasula,
BBI3BIBAIOIIMMH TOCTENIEHHOE pa3pylIeHHe MaTepHala, a TakKe HEKOTOPOe PacTBOPECHHUE
JIETUPOBAHHOTO XAJIbKOI'CHUIHOTO cTekia. [locnenHee oOCTOSTENBECTBO CTAHOBUTCS OCO-
6CHHO CYIIECTBECHHBIM IIPpH 06pa60TKe XAJIBKOTCHUAHBIX CTCKOJI, Y KOTOPBIX JICTUPOBAHHBIC
YYaCTKH UMEIOT MUKPOHHBIE U CyOMHKPOHHBIE Pa3Mephl.

Henp nzo0perenus — odecneyeHne CeNEKTHBHOCTH PACTBOPEHUS XaJbKOT€HHUTHBIX CTe-
ko cucteM As-S, As-Se, AS-S-Se, As-Se-Ge, As-S-Ge, OTHOCHUTENIBHO XaJIbKOI'CHUIHBIX
CTEKOJI 3THX K€ CHCTEeM, JICTUPOBAHHBIX METAJUIOM IOAIPYHITBI Menu miu tamimeM. Ilo-
CTaBJICHHAsI [IeJIb JOCTUTAETCS TEM, YTO 00pabOTKy BEAyT MOHOATAHOJIAMHHOM M3 pacdeTa
2-50 r Ha | r XanpKkoreHHAHOTO crekina. OOpaboTKy XalbKOTCHUIHBIX CTEKOJ 11eIec000-
pasuo Bectu nipu 20-50 °C. YBenmuenue temreparypsl Beimie 50 °C MpUBOANT K yXyAIle-
HUIO CETICKTHBHOCTH TpaBJeHUs, a moHmkeHne Hmwke 20 °C pe3ko CHIKaeT CKOPOCTh pac-
TBOPEHUS XaJIbKOTEHUIHOTO cTeksia. Heo0XxoanMoCTh BEIOpaHHBIX COOTHOIIEHHH PEareHTOB
000CHOBBIBAETCS TIOJyYSHUEM BPEMEHH PacTBOpeHHs A0 1-2 MUH npu oO0pabOTKe TOHKHX
IUTEHOK XaNbKOTeHHUAHBIX CTeKoN TommuHok 100-5000 A. J{ns o6ecreueHus Gomnee paBHO-
MCPHOT'O TPaBJCHUA TOHKHX IIJICHOK XaJIbKOTCHUAHBIX CTCKOJ HX 06pa60TI<a MOXET IIPO-
BouThCs (20-90%) BOAHBIM MJIM CIIMPTOBBIM PACTBOPOM MOHOATaHOJIAMHHA.

IIpumep 1. XanpkoreHnaHOE CTEKIIO cocTaBa AS,S; HAHOCAT B BHJIE MJICHKU TOJIIMHOM
400 A Ha CTeKISHHYIO MOJJIOKKY C MPEIBAPUTENHHO HAHECEHHBIM CIIOEM cepebpa TOIIH-
Hoit 2000 A. ITneHky XanbKOreHHIHOTO CTekJa 00JyJaroT Yepe3 MacKy aKTHHHYIHBIM H3ITy-
yeHHeM. B 0OJydeHHBIX MeCTax MPOMCXOIUT (OTONEIMpOBaHUE cepeOpOM IUICHKH Xallb-
KOT€HHIHOTO CTeKsa B KonmdecTBe 10 30 aT. % B 3aBHCHMOCTH OT JUTUTEIBFHOCTH O0Iyde-
Hus. O6paboTKy BeOyT W3 pacyera 2 T MOHOITAaHONaMUHA Ha | T crekia. Bpemst pactBope-
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HUS HCOOIYYCHHOH IICHKH B KOHIICHTPUPOBAHHOM MOHO3TaHOIaMUHE cocTaBisieT 18—20 ¢
npu 20 °C (u 67 ¢ mpu 50 °C), IIpu ncnonszoBanun 20%-HOro BOJZHOTO pacTBOpPa MOHO-
STaHOJIAMHIHA BpeMs pacTBOpeHHs yBenmuuBaercs 10 40-45 c¢. OcTaTku pacTBOpUTEINS yaa-
JISIFOT C MTOBEPXHOCTH IUIEHKH U3 XaIbKOTCHUAHOTO CTEKJIA 3THJIOBBIM CIIUPTOM.

[Tpumep 2. XanbKoreHUIHOE CTEKIO cocTaBa AS,S|sSe HaHOCIT B BUAE TUICHKH TOJIIIIH-
Hoit 400 A Ha CTEKNSHHYIO MOIJIOXKKY C NPEIBAPUTEIBHO HAHECEHHBIM CIOEM TaJlIus
tommumuoi 2000 A. Tlnenky o6iaydaeT cOKyCHPOBAHHBIM, IJIa3€PHBIM H3JTyYEHHEM
(L=4880 A). Bpems pacTBopeHHsi HEOOIyUEHHON MIEHKH B KOHIIEHTPUPOBAHHOM MOHO-
JTaHoJNaMHUHE cocTaBisieT 15-17 ¢ mpu Temmepartype pactBoputens 20 °C (45 c¢ mpu
50 °C). Ilpu ucnonp3oBanuu 90 % pacTBOpa MOHO3TAHOJAMHHA B 3TUJIIOBOM CIIUPTE BPEMs
pactBOpenus yBenuuuBaercs 10 20-22 ¢ (temmeparypa pactBoputeins 20 °C). O6paboTky
BeayT u3 pacyera 50 T pacTBopHTeNs Ha | T XaIbKOT€HUIHOTO CTEKIIA.

IIpumep 3. XanpkorenunHoe 15 crekno cocraBa AsSGe HaHOCAT B BUIE IUIEHKU TOJ-
muHoM 1600 A Ha CTEKJITHHYIO TIOJUIOKKY C TPEABAPUTEIHHO HAHECEHHBIM CIIOEM MEIH
tosmmunoi 2000 A. TTneHky XaibKOreHHIHOTO CTeKNa 00TydaroT Yepes MacKy aKTHHHYHBIM
3JIEKTPOMAarHUTHBIM H3JTydeHHEM. PacTBOpeHHE MpOBOISAT M3 pacdyeTa 8 T MOHOITAHOII-
amuHa Ha | T crexna. Bpems pacTBopeHHs HEOONMyuYeHHOW TUICHKH B KOHIIGHTPHPOBAHHOM
MOHOA3TaHOJaMUHe cocTaBisieT 45—60 ¢ npu Temnepatype pactBopurens 25 °C.

HpI/IMCHeHI/IC crocoba PaCcTBOPCHUA XAJIbKOTCHUIHBIX CTCKOJI IMO3BOJJIACT MOJYYUTH Ka-
YEeCTBEHHBIE pesibepHbIe M300paKEHUsI M3 JIETUPOBAHHOTO METaJUIaMH IMOATPYIIIBI MEIH
WIN TaJUIUEM XaJIbKOTEHUHOTO CTEKJa, KOTOpBhIE MOTYT OBITh HCIIOJb30BaHbI B Ka4eCTBE
3aIIMTHOTO TIOKPBITHS, B YACTHOCTH IPH MOCIIETYIONINX OIEPAIMAX TPABICHUS HIKEIIEKa-
X CJIOEB MeTaia. JTOT CIOCO0 CENEKTUBHOTO PACTBOPEHHS MOXET OBITh MCIOIb30BaH
IIPY TIOJTyYCHUH 3JIEMEHTOB MHTErPAbHBIX CXEM C MHUKPOHHBIMH U CYOMHUKPOHHBIMH pa3-
MepaMU METOJIaMH HEOPTaHNIECKOH (HOoTOMUTOrpadum.

QopmMyna m3obpeTeHUS

Criocob pacTBOpEeHHsI XaJIbKOTEHUIHBIX CTeKod cucTteM As-S, As-Se, AsS-S-Se, As-Se-
Ge, As-S-Ge nytem 00pabOTKH X XUMHYECKUM peareHToM npu 20-50 °C, oTiauvaronuics
TEM, 4TO, C IIeTIbI0 00ECTIeYeH s CEJIEKTUBHOCTH PACTBOPEHUSI OTHOCUTEIBHO XalIbKOTCHH/I-
HBIX CTEKOJI 3THX K€ CHCTEM, JIETUPOBAHHBIX METAIJIOM MOATPYIIIBI MEIW WIN Tajulus,
00paboTKy BeIyT MOHO3TAHOJIAMUHOM U3 pacuera 2—50 r Ha 1 r cTeka.

HcTounnku nHPOPMALINH, TPUHATHIC BO BHUMAHUE TIPH dKCIIEPTH3E:
1. ABtopckoe cBunetenbctBo CCCP Ne 645946, k. C 03 C 23/00, 1977.

2. Bopucosa 3.Y. Xumus crekioodpasHsix momynpoBoaaukos. JI., JII'Y, 1972. c. 208-
224,
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Hocurean I/IH(I)OpMaI_H/H/I OIITNYeCKMX 3alIOMIMHAIOIIMX
yCTpOﬂCTB Ha OCHOBE€ T€A4YPOBBIX CT€KOA

B. B. Ilerpos, A. A. Kprounn, A. B. boraanosa,
I'. 10. YOaun, T. V. Cepruenxo

Omsnueckas 31eKTpoHnka. Beim. 28. JIpBoB: Buma mikomna, 1984.

B Hacrosiee BpeMst HocuTenu nH(GopManuy ¢ JOKaIbHBIM (POTOTEPMUYECKUM pa3pyILIeHHU-
€M TIOJIHOCTBIO COOTBETCTBYIOT TPEOOBAHUSIM, MPEABSIBISIEMBIM K HOCUTEISIM HH(POPMaIUN
ONTHYECKUX 3alOMHHAIOIINX YCTPOMCTB C MOOHMTOBOW 3alHChIO. JTH HOCHTEIN HMEIOT
JIOTIOJTHUTEIIbHBIC CJIOH, 0OECIIeYHBaIOIie, B YaCTHOCTH, yMEHBIICHHE PACTEKaHMs TeIula
13 30HBI 3aKcH [7], 3aIUTY NOTJIOUIAIONIETO CJIOSI OT BHELIHUX BOo3JaeHcTBU [9, 12], momy-
YyeHue TpebyeMoro HadajabHOro Kod(h¢unmenra orpaxkenus [9, 10]. OgHako OCHOBHOM
3JIEMEHT, OMPENEINAIOINI BO MHOTOM XapaKTEPHCTHKH HOCHUTENS MH(OPMAIMH — 3TO TO-
TIIOMAIOIINHN M3NydeHne ciaoi. K Marepuaiy Imoriomaromero cios mpeabsBIsIOTCs Tpebo-
BaHMSA, U3 KOTOPBIX ONPEACISIONIMMH MTPOIIECC 3AIICH SIBIISTIOTCS CIEAYIOIINE:

— BBICOKHIT K03(dHIMeHT mornomenns (He MeHee 5 - 10° cM ') Ha JUTHHE BOIHBI 3aIUCH;

— HE3Kas TemieparyponpoBoaHocTs (at)™” < d,, rae a — KO3(pGUIMEHT TeMIepaTypo-
MIPOBOIHOCTH; T — IMTEIBHOCTh UMITYJIbCA; d,;, — TUAMETp JIyda 3alliucH Ha ypoBHE 1/¢) ;

— HU3KHE TeMIlepaTypa IUIaBJIeHHs U TEIUIOTa IUIaBJICHUS; HU3Kasl IOBEPXHOCTHAS dHEp-
THsl MaTepuayla MOTJIOUIAIONIEr0 CJIOs; ONPENeNIONUMH MPOIECC CUUTBHIBAHUS SIBIISIOTCS
Takue TpeOOBaHUs: BO3MOXXHOCTH MOJYYEHHS B TOHKOIUICHOYHOM COCTOSIHUM C MEJKO-
JUCTIEPCHOM CTPYKTYpOU;

— BBICOKHH KO3((HUINECHT OTpaskeHNs (IIPU MCIOIB30BaHUH OJTHOCIOWHOTO TMTOKPBITHSA).

JononnurensHoe TpeOOBaHWE — CTAOMIIBHOCTH OCHOBHBIX XapaKTEpHCTHK HE MEHee
10 ner.

IlepBBIMH MaTepHaIaMH, KOTOPBIE MCIIOIB30BAINCH B KAYECTBE ITOTJIOMIAIOLIETO CIIOf,
ObUTM TOHKHE IUICHKH METaNIOB W DJIEMEHTApHBIX IOJIYNPOBOIHUKOB (XapaKTePUCTHKU
HEKOTOPBIX U3 HUX NPHUBEICHBI B Ta0M. 1).

Cpenu mepednciieHHbIX B Tabnuie 1 MaTepHaioB MPEANOYTUTEIFHBIMU XapaKTePHUCTH-
KaMHu o0najaror ruieHkn tesutypa (Te), KoTopble IIMPOKO HMCIOJB30BAJIMCh B HOCHTEISX
nHdopmanuu [7, 15, 17]. OcHOBHOE NpENsATCTBHE K MPUMEHEHHIO TOHKHX IUICHOK TeJuTypa
B KAQUeCTBE MOTJIOMIAIOIIETO CJIOS HOCUTENST MH()OPMAIIUH — 3TO MX JIETKasi OKHCISIEMOCTh BO
BraxHoi armocdepe. [Inenkn Te Tommmuoit ot 30 1o 40 HM MpH XpaHEHUH B HOPMaJIBHBIX
KJIMMaTUYECKUX YCIIOBUSX MOJHOCTBIO OKUCIIAIOTCS 3a 1Ba roja [17, 18].

CymiecTBEeHHO YIy4IIalOTCS XapaKTEPUCTUKU HOCHTeNeH HH(OpMaIny, eciii B Ka4eCTBE
MOTJIOLIAIOLIETO CJIOST MPUMEHSIOT BMecTo Te ero cmias ¢ snemeHtamu 1V, V u VI rpynn
MIEPUOINIECKOi cucteMsl [3, 6, 16, 17, 19]. Mcmomp3oBaHne CTEKII000pa3HBIX CIUIABOB Te
obecrieunBacT:

— TOBBIILICHHE BPEMEHHOH CTaOMIIBHOCTH HOCUTENsSI MHPOpMAIMKU 32 c4eT Oojiee BBICO-
KOM XMMHUYECKOW yCTOMUYMBOCTH MHOTOKOMIIOHEHTHBIX CTEKOJ MO cpaBHEHHUIO ¢ Te, B mep-
BYIO OYeperb K Iapam BOJIbI,

— TOBBIIICHUE YyBCTBUTENBHOCTH (TOJIBKO 33 CUET CHUXKEHUS TEMIIEPATyphl IUIABICHUS);

— MOBBILICHUE pa3pellaroei ClIoCOOHOCTH 3a CYET MENIKOUCIIEPCHOH CTPYKTYpHI ILIe-
HOK.
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Tabnuia

1. XapaKTepI/lCT“Kl/l IVIEHOK METAJI/IOB U 3JIEMEHTApHbLIX IOJYIPOBOJIHUKOB,
HCIOJIB3YEeMBIX B KaueCTBe HoCHTeJIei qu)opMauml ONTHYCCKHUX 3AIIOMHUHAKIIUX yCTpOﬁCTB

Marepuain norjaoIaronero cios
Temneparypa nnasienus, °C

Temora miaBieHus, Ik/MoIb
Koappuuument remneparopo

HPOBOJHOCTH, M/C

VY CToMUNBOCTh B IJICHOYHOM

COCTOSHHUHU

Y enbHast S3HEpruu 3arucH,

TIx/Mm>

ITokazaTens mpeaoMiIeHust

IIpumeuanue

OTHOILICHEHHE CUTHAT / IIyM, 10
[ToBepPXHOCTHAS SHEPIUs,dIPr/cM

(4]

[10], RCA [3]

) 3 B ycrpoiicTee
Rh | 1960 | 217714 | 0281 |BPc0 10715 5.2.4 | OMEX-1000 - 2610
Kast [15] (1]
Beico- 3-10° . B ycrpoiictee
Cr | 1800 | 138644 | 0456 | ™ (s | 1646 | GMEX [12] - 1591
4 B pazpabotkax
Ti | 1668 | 20934,0 | 0,082 E;"O' 3[112] 2,4-i3,3 | bupmet RCA | 40[3] | 1444
[3]
1510 B pazpabotkax
Bi | 271 | 108855 | 0,070 |Huskan | 7 sy | 16427 [qupmsiRCA | 54[14] | 376
[13]
103
Ge | 937 | 31819,7 | 0,337 E;’;CO' 6’5[4110 4,0-i0,4 38[14]
24-10% B pazpaboTkax
Te | 450 | 17500,8 | 0,046 |Huskas |~ 4,25-i3,8 | pupwm Phillips | 54[14] | 520

Tabnuma 2. OU3NKO-XHUMHYECKAe CBOICTBA TPEXKOMIOHEHTHBIX TEJUTYPOBBIX CTEKOJI

Kpucranmmsa- Temmneparypa | Mukpo- B3aumoneticteue Iupuna
Cucrema HUOHHasA pasMAryeHus, TBEPAOCTD, C nmapamMu BOJIbI 3anpemeHHoﬁ
CIIOCOOHOCTH °C Kr/Mm’ 1 KHCJIOPOOM 30HbI, 9B
Te-As-Se | Huskas 65-165 80-170 | He B3aumopeiicTByer 0,87-1,17
Te-S-Se Bricokas 34-65 20-80 He B3anmoneiicTByeT 1,7-3,4
Te-As-Ge | Bricokas 112-302 75-300 He B3anmopeiicTByeT 0,82-1,24
Huxe, yem y lunponus nosepx-
Te-As-Si crekod cuctemsr | 100-250 125-370 | HOCTHBIX ClIOEB 0,74-1,49
Te—As—Se cTeKJa

[Ipumeuanue. [lanHble B3ATH U3 paboTsl [2].

UroOs! BEIOpaTh CIUIABBI, KOTOPBIE MOTYT OBITH MCIOJIB30BaHBI B KAaUueCTBE Marepuana
MOTJIOLIAIOUIETO CJI0s, PACCMOTPUM KpPaTKO CBOMCTBA JIBOMHBIX M TPOMHBIX CIUIaBOB Te C
anementamu IV, V u VI rpynn nepuoanyeckoil CUCTEMBI.

B 6unapubix cuctemax Te—As, Te—-Ge obnactu cTeki10006pa3oBaHus HE3HAUUTENBHBL, U
CTEKJIa MOJYYat0TCs B PEXKHUME JKECTKOH 3aKalku. ATOMHOE COJiep:KaHHe TEIypa B CTEKIIO-
00pa3HBIX CIUIABaX €ro C CEICHOM cocTaBiisieT He 6onee 20%, 4To He oOecreunBaeT q0cTa-
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ToYHOTO TIoromeHwus (B tuieHke oT 30 mo 50 am 6onee 40%). B cucteme S—Te crekmoobpa-
30BaHHE BooOmIe He HabmromaeTcs. Takum oOpa3omM, OMHApHEIE CIIABBHI M COSAWHEHHS Te
HE WMEIOT HEOOXOAWMBIX CBOWCTB U MCIIONB30BAHMS MX B KadecTBE MaTephaia IIOTJIo-
IIAFOIIETO CJI0s1 HOCUTEN HH(POPMAIIHH.

I/ISBCCTHO, YTO MpH YBEJIIMYCHUHN KOJIMYCCTBA KOMIIOHCHTOB B CIIJIaBax UX CHOCOOHOCTE K
CTEKJI000pa30BaHMIO TIOBBIMIACTCS [2], TOITOMY MaTEpHa IS MOTIOMIAIOIIErO CI0sS HOCH-
Tesst MHQOPMAIMHK 11e7IeCO00Pa3HO UCKATh B KIIACCE TPEXKOMIIOHEHTHBIX CTEKOJI, WM CTe-
KOJI, coJiep Kalux 0oJbllee KOJIMYeCTBO KOMIOHEHTOB.

OCHOBHBIE XapaKTEPUCTUKH TPEXKOMIIOHEHTHBIX XaJIbKOTEHUIHBIX CUCTEM IPHBECHBI
B Tabiu. 2. V3 HUX HanOONBIINI WHTEPEC MPEACTABISIOT CUCTEMBI, BKIIIOUAIOIIUE HAPSILy C
JIBYMS XaJIbKOT€HaMHU 3JIEMEHT, aTOMBI KOTOPOTO SIBIISIIOTCS MHOTOBAJICHTHBIMH, HAIIPUMEP
As 11 (M) Ge. BBezieHne uX B cocTaB CTEKIO00pa3HBIX XaJIbKOTCHOB CIIOCOOCTBYET ycCTa-
HOBJICHHIO OoJiee OJHOPOJIHOIM CTPYKTYpHI CTEKJI000pa3HBIX cruiaBoB. Ilo KoMIuiekcy
CBOICTB HanOoJIee MPUTOIHBI IS MOTJIOMIAIOIIETO CIIOS ONTHYECKOTO HOCHTENS HHPOpMa-
muu crekna cucreM Te—As—Ge, Te—As—Se.

B cucreme Te—As—Ge HaMMEHBIIEH KPUCTALTM3AIMOHHON CIIOCOOHOCTBIO O0NamaeT
crekyio coctaBa TeAsGeg,, HaxosIIeecs B IEHTPE 00JacTH CTekIoo0pazoBanus. st aTo-
r'0 cOCTaBa HAOJIOAAETCS TOJIBKO OAMH TepMUYECKUN d((EKT pasMIrdeHus, T. €. CTEKIO He
kpuctamusyetrcs [2]. Kpome Toro, BCIIEICTBHE BBICOKOTO AaTOMHOTO cojepkaHusi Te
(45,4%) Toukue miueHkH coctaBa TeAsGep, UMCIOT BBICOKYIO MOTJIOIIATEIEHYIO CIOCO0-
HocTh. Hampumep, KO3 QHUIIMEHTHI MTOTIIOMEHUS 1 OTPayKeHHUs TICHKU TONIMHON 50 HM Ha
IMHEe BOJIHBEI 488 HM cocTaBisAOT cooTBeTCTBeHHO S50 M 38 %. YkaszaHHBIE CBOMCTBa
TeAsGey, 00ycinoBuiIM €ro BHIOOp B KayecTBE MaTepHala PErHMCTPUPYIOUIETO ITOKPBITHS
Hocutens uHpopmanuy. 3anuck HHHOPMAIMH OCYIIECTBISUIACH J1a3epOM C JJIMHON BOJHBI
488 uM Ha wieHKy TeAsGey, TommuHoN 50 HM Yepe3 CTEKISIHHYO MPO3PAYHYIO TTOATIOKKY.
CKOpOCTh H MIOTHOCTh 3aIHCH HHPOPMAIH cocTaBmsian 806 k6aiit/c u 2-10° 6ut/MM co-
OTBETCTBEHHO, a SHEPTH 3arcy HHOPMAITMOHHOM eqHHUITH — oT 3 10 4 k/Ix.

N3-3a cynecTBEHHOIO pasiMyusl B TeMIlepaTypax KUIEHUs U JaBJICHUS NIApOB 3JIEMEH-
TOB, BXOJAINX B cocTaB TeAsGey,, BOZHUKAIOT TPYIHOCTH MOTYYCHUS IIIEHOK CTEXHOMET-
puueckoro cocraBa. OTKJIOHEHHE OT BBIOPaHHOTO COCTaBa MPUBOJHUT K KPUCTALTM3ALUH
IUIGHOK B MpoIlecce ATUTEIbHOTO XpaHeHus. 3BecTHo, uto B cucteme Te—As—Ge npu kpu-
CTaJuTM3anu (B 3aBHCUMOCTH OT COCTaBa) MOKHO BBIACIUTH (Da3bl, COOTBETCTBYIOIIHE
OouHapHbM coenuHeHusiM As;Te, GeTe, nHmuBHIyanbHBIM KOMIOHeHTaM As u Te nnm
TBEPBIM pacTBOpaM Ha uX ocHoBe [2]. [Iporieccsl KpucTauIM3anuy U CIeIyIomue 32 HUIMU
nporecchl okuciIeHust As 1 Te cylecTBeHHO yMEHbBIIAIOT CPOK XpaHEHNsT HH(POPMAIHH.

s nomyuenns rieHok coctaBa TeAsGep, MBI HCIOIB30BAIIM METO BHICOKOYaCTOTHO-
T'0 MOHHO-TIA3MEHHOTO HAIBIICHHS TI0 TPUOTHON cXeMme, KOTOPHIA, OIHAK0, He obecredn-
BaJ mpuemiieMoi ckopoctu HambuteHus (pu 0,1...0,2 HM/MHUH HE yAajIOCh MOMyYUTh Kade-
CTBEHHBIE IIICHKH, CBOOOIHBIC OT 3arpsA3HEHMs, B YaCTHOCTH, IapaMu Mmacen). boiee mep-
CIICKTHBHBIM OKa3aJICst TepMI/I‘IeCKI/II\/’I METOA AMCKPETHOI'O HAIIBUICHUA IIJICHOK, XaJbKOT'C-
HUJHBIX CTEKOJI CIIOKHBIX COCTABOB, NPEIOKEHHBIN B padoTe [1].

HpOBeﬂeHHBlﬁ KOHTPOJIb OCTATKOB HMCHAPCHUA HINXThHI MOKa3aJl UX XUMHUYECCKYIO HJCH-
TUYHOCTb 3arpy’KEHHBIM MaTepraliaM.

Bonbiias wyBcTBUTENBHOCTH HOcHTened nHpopmanmu (Ha 20..25 %) moiydeHa mpu
BBIIOJIHEHUHU IOIVIOLIAOIIErO clos U3 ciiaBoB AsTe, Se; ¢ BCIEICTBIE MEHBIIEH TeMIle-
patypsl mnasnenus. IIpenmymectBo crexon cucteMsl Te—As—Se no cpaBHeHHIO ¢ Te—As—
Ge — 3To TakKe MEHbIIast pasHUIa B TEMIEpaTypax KUIEHHUS U JaBJICHUS apoB BXOASIINX
B CTEKJIO KOMITOHEHTOB, YTO OOJIEr4aeT MOJyYeHHE IUICHOK 33/[aHHOTO COCTaBa M CIOC00-
CTBYET MOIyIEHUIO MUKPOOTBEPCTHS B TIOTJIOMIAIOIIEM CIIO€ TIPaBHUIIbHOM (hopmer [19].
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Crexsia 3TOH cuCTEMBI B OoJiee MIMPOKOM JTHAra3oHe COOTHOLICHUI MEXTy KOMITOHEH-
TaMH SBISIFOTCS HEKPUCTALTH3YIOMMMUCS. ONTHMaIbHBI IO TyBCTBUTEIBHOCTH, CTaOMIIb-
HOCTH, KO3(¢ummeHty oTpakeHus crekna cocraBa 10<As<25%; 50<Te<80 %;
2 < Se <20%. Jnst nomydeHns MICHOK U3 CTEKONI CUCTEMBI Te—As—Se TakKe HCIOIb30BaH
METOJI AUCKpETHOTO ucnapeHus. [Ipudyem MeHbIast BA3KOCTh CTEKO cucTeMbl Te—As—Se 1o
cpaBuenuio ¢ Te—As—Ge oOycmoBnuBaia 0ojice YyCTOHIUBYIO pabOTy HUCIAPHUTENs AUCKPET-
Horo wucnapenus. Ilnenku cucremsl Te—As—Se mo cpaBHeHHiO ¢ Te—As—Ge o0mamaroT
MEHbBUIEH aare3uedl K IMOJUIOKKE W MEXaHMYECKOH NMPOYHOCThIO. OJHAKO ITH Pa3IHyus
MOXHO YCTpaHWTb, HalpUMep, BBeAeHHEeM B cucreMy Te—As—Se anementoB In, Al, Ga B
kommdectBe 2 o 10 % [5]. Ha HOCHTenmsix MH(pOpMAIIUH, B KOTOPBIX B KAYECTBE MOTJIOIIA-
IOIIETO CJIOST MCIOIb30BaNM cTekia cucteMbl Te—As—Ge n Te—As—Se, undopmannoHHsle
€IMHULIBI IMEIOT BHJ| JJUIMITHYECKUX OTBEPCTHH C XapaKTepHBIMU BAaJHKaMH IO ITEPUMET-
PY, BBITSIHYTHIX B HalIPABJICHUH JIBYDKCHUSI HOCUTEIIS IIPHU 3amncy HH(opManum.

Creknoo0Opa3Hble CIIaBbl Ha OCHOBE Te IMO3BOIIIOT MOMYYaTh HOCUTENH HH(POPMAIIH C
nepdopartmoHHBIM MEXaHW3MOM 3aIlUCH, OOECIIEYMBAIONINE IUIOTHOCTH 3amucH HHEOOpP-
Maruu (5 ...8)-105 6I/IT/MM2, SHEPTHIO 3anrcH HH(YOpMAMOHHON exnHUIB! oT | mo 5 uJlx.
Cpok TroJHOCTH HOCUTeNed WH(OpMAlMH, B KOTOPHIX HCIIOJB3YIOTCS CTEKIO00pa3HbIe
crnaBbl Te, onpezenseTcs B OCHOBHOM Ka4eCTBOM IOJIy4aeMOTO MOTJIOMIAOIIEro ciios (B
MEPBYIO O4Yepellb, OTCYTCTBUEM B €r0 COCTaBE MOJBEPKEHHBIX OKUCIICHUIO 3JIEMEHTaPHBIX
Te u As) 1 cocTaBisieT He MEHee ISITH JIET.
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The work deals with the problem of carriers information of optical memory installations
on the basis of Te glasses.
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Hocureap undgopmainm 445 OITUIECKOTO
3aIIOMIHAIOIIero yCTpOJCTBa

A. A. Kprouny, B. B. Ilerpos, T. V. Cepruenxo, I'. 0. IOans,
3. Y. bopucosa, M. 4. Muxaiiaos, IO. K. Zlanun, A. B. borganosa

Asropckoe ceuaerenscTBo CCCP Ne 1340425 MIIK G11 B 7/24
Sasiurenn MHCTUTYT npobiieM MoaenupoBanus B suepretuke AH YCCP
uJII'Y mm. A. A. XKnanosa.

N3obpeTenue kacaeTcs HAKOILICHUS] HHPOPMAIMU, @ UMEHHO HOCUTENEH JUIS PEerucTpanuu
ONITHYECKOTO M3IIyYECHUS, ¥ MOXKET OBITh HCIIOIB30BAHO B ONTHYECKUX 3aIOIHSIOMINX
YCTpONCTBAX.

Henp n300peTeHnst — MOBBILICHUE CPOKa CITy>KObI HOCUTENS IPU COXPAHEHHH YyBCTBH-
TETBHOCTH, pa3penaronieii crocoOHOCTH U TMOBHIIIEHIH O€30MTaCHOCTH PA0OTHI C HAM.

Hocutenp comep XUt MOANOXKKY, HalpuUMeEp, U3 CTEKJIA, U PETUCTPUPYIOIIUN CIOH U3
criaBa, at. %:

Cypbma 5-15

Tennyp 9-19

Cenen 57-68

I'epmannit  13-19

CruiaB perucTpUpyIOIIEro Closi HOCUTEINS MMPAKTUUECKH HE KPUCTAJUIM3UPYETCS, €ro Co-
CTaB HaXOIUTCS B IIGHTpE OOJIACTH CTEKI000pa30BaHMs, YeM OOBSCHSETCS €ro BBICOKAs
CTaOMIILHOCTH BO BPEMEHH.

[oBbImeHne cpoka ciy>kObl HOCHTEIS IOCTHTaeTCsl HEe3HAUMTEIbHBIM coJiep)kaHneM Te
W OTCYTCTBHEM JPYTHX JIETKO OKHCISIOMNX 31eMeHToB. Kpome Toro, manoe copepxaHue
Te nenaeT ero MeHee TOKCHYHBIM KaK MPH U3TOTOBICHUH, TaK U MIPU SKCILTyaTalllH.

Br16op rparnunbIX 3HaUeHUH conepxamux Sb, Te, Se m Ge onpexpernsiercs Mo TaHHBIM
nuddepeHIaIbHOro TepmMuueckoro ananmsa (JTA), mpu KOTOpoM BBISIBHIIOCH, SIBISIFOTCS
CTEKJIa KPUCTAITM3UPYIOIUMUCS MM HET, a JJIsl KPUCTAIIM3YIOIUXCS CTEKOJ OIpeess-
IOTCSL COCTaBbl ¢ MaKCHMAJLHOM pasHUIEN MEXIy TeMIeparypol Kpucramnmsauuu T, u
Temneparypoit crexnoBanus T, (AT = Ty, — T,). O6macTs, He KpUCTATIM3YIONIAsCS MPH
muddepeHIranbHOM TEPMUYECKOM aHAIIU3e CTEKOJI, OXBATBHIBAET COCTABBI C COJEPIKAaHUEM
Ge 10-20 at. % u Sb 20 ar. %. ['paHMYHBIMU SBJISIOTCS COCTaBBI CTEKOJ] C COU3MEPHBIM
conepxanneM Sb n Ge. CraOmn3anny CTEKJI000pa3HOTO COCTOSIHUS y CIITIABOB C OTHOCH-
TeNBHO BBICOKUM copepkanueMm Ge (20 at. %) u Sb (mo 20 at. %) cnocoOCTByeT HAIMYHE
TpOIHOW 3BTeKTHKH. B Tabmuue mpuBeneHs! ganHblie JJTA aist cijiaBoB MO HACTOSIIEMY
n300peTeHuto (MOMEYEHH (X) U CIUTaBOB OJIM3KHX IO KOJIMYECTBEHHOMY COCTAaBY MHTPEIH-
€HTOB.

Peructpupytrontmii cioit mmeer TomumHy 20-500 M. Ilpn Tonmmae, Menbpmei 20 HM,
CHMIKACTCA JSHEPTECTUYECCKAsA YYBCTBUTCIBHOCTH M3-3a MAJIOI0 IHOITIOIICHUSA OITHYCCKOT'O
n3nydenus B cnoe. [Ipu tommuuax, 6onpmux 500 HM, CHIDKaeTcs pasperaromniast crnocoo-
HOCTb. quCTBPITeJ'[BHBIﬁ clioi MMOJIy4aroT METOAOM TEPMOUOHHOI'O HAlIBUICHUA Ha IOJIOXK-
KH W3 MOJIMPOBAHHOTO CTEKJIa, CKOpOCTh HambuieHus 0,5-5,0 HM/C, TaBJICHUE OCTATOYHBIX
ra3os B kamepe 107 MM, pT. cr. K03 (BHIMEHT MOrIOMEeHH s 1Isl MHBL BOTHBI A = 0,53 MM
cocrasmser (1,0-1,6) - 10° em ™.
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Ge a1.% Se at. % Te at. % Sb at. % Tg Txp °C AT
21,5 30 39,5 9 181 307 126
19 47,5 28,5 5 255 370 115
18 45 27 18 170 329 159
16,1 64.8 143 42 140 - -
*15,3 61,9 14,2 8,6 164 - -
*14,6 59,0 13,55 12,85 170 - -
12,85 56,0 12,85 17,3 184 275 91
16 344 42,8 6,8 219 282 63
15,2 32,7 40,8 11,3 140 236 96
12,75 55,25 17 15 167 321 154
19 57 19 5 164 - -
17 51 17 15 181 364 183
15 45 15 25 200 321 121
*13,5 67,5 9 10 148 - -
*12,75 63,75 8,5 15 159 - -
12 60 8 20 181 321 140
*15,3 61,2 13,5 10 156 - -
13,5 49,5 27 10 151 252 101
12,75 46,75 25,5 15 153 230 77
9 54 27 10 126 247 121
8,5 51 25,5 15 134 241 107

JIJIsl peTUCTpUPYIONIETO CII0sl ONTUMaIbHOTO cocTaBa Geys; Seqp, 2 Te35Sbyy mpoBOIAT
n30TepMIdecKiii oTxur B Tedenne 4 4 npu 170 °C. Kpucrammsanus cios He HaOIoqaeT-
csi. Mcipitannst HocuTenss WHGOPMAIMK C PETHCTPUPYIONIMM CIOEM yKa3aHHOTO COCTaBa
(Tommmaa 30 HM) MOKAa3BIBAIOT CIEAYIOIINE XapaKTEPUCTUKA. DHEPTrHs 3amucu HHPopMa-
IIMOHHOW €JMHUIIBI PU ATUTEILHOCTH UMITYJIbca 3armcu S0 HM COCTaBIIsIeT 3 HII.

OTHOIIIEHNE CUTHAI-IITYM HE HIKe 45 10.

IInotHOCTH 3amucy 5 - 10° Gur/mMm’.

Hocurens paGotocmocober mpu T = 40 "C; BoieprkuBaer Temnepatypy 70 °C B Teuenne
qumtenabHoro Bpemenu (10—15 cyt.) 6e3 yxyauieHus: xapakTepucTHk, temieparypy 30 °C
IIPU OTHOCUTENILHON BIaxHOCTH 95 % — B Teuenue 10 cyT.

QopmMyna nzobpeTeHHUS

Hocurens nHpOpManny It ONTHYECKOTO 3aIlIOMHUHAOIIETO YCTPOWCTBA, COAEp KAl
MOJJIOKKY U PETUCTPUPYIOIIUI CION, UMEIOIIMHA TEITyp, CEIEH U TEPMaHui, O T 11 U -
9 a1 Ol U H C s TEM, 9TO, C LENbI0 IMOBBIIIEHUS CPOKa CIYXOBI NMPH COXPaHEHUH
YyBCTBUTEIFHOCTH, pa3perIaonieid CiocOOHOCTH W TOBHIIIEHIH 0e30MacHOCTH PabdoTHI ¢
HHUM, B COCTaB PErHCTPHPYIOIIETO CJIOs JOMOJHUTENBFHO BBEJIEHA CYpbMa NPH CIEAYIOIEM
COOTHOIIIEHUH KOMIIOHEHTOB , aT. %;

Cypbma 5-15

Tennyp 9-19

Cenen 57-68

I'epmannit = 13-19
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Ansaextpudeckue csovictsa CsPbBrsu IKP atomoB 6pomMa

B. B. Ilerpos, A. B. /loces, A. B. boraaHosa,
A. A. Kprounn, M. V. Aamikesny, B. I'. IIniiora

®dusnka tBeproro tena. 1989. T. 31, Ne 6. C. 309-311.

Msuoroo6pasue ¢azoBsix nepexonos (PII) B raJouIHbIX COEINHEHUSX CO CTPYKTYPOH Iie-
POBCKHTA U BO3MOXHOCTH UX MPAKTHYECKOTO UCIOIb30BAHUS MPUBIEKAOT K HUM IOCTOSH-
HOE BHUMaHHE Hccienosareneid. B manonzyuennom kpucrtamie CsPbBr; Opumn 00HapyKeHBI
nsa ®I1 0, — D’,, — D%, [1,2], a B [3] u3MepeHBI ypyTHe MOCTOSIHHBIE, 00HAPY KUBIIINE
3Ha4ynTeNbHbIe aHoMmannu B obmactu DII. TlpeacraBnser mHTEpEC HCCIEIOBATH AHOMAIIUH
JIM3JIEKTPUYECKUX CBOMCTB KpHcTauia B 3Tol obnactu u cniektp SIKP. Kpucramnet GsPbBr;
OBUTH BBIpallleHbl METOJIOM bpumkmeHa ¢ MpenBapUTEIbHOW JOMOTHUTENBHON OYUCTKOM
OpomuIOB. V3MepeHHs: TUANEeKTPUIeCKON TPOHUI[AEMOCTH TIPOBOIUIINCH Ha HEOPHEHTHUPO-
BaHHOM KpHCTaJlJIe C UCMOIb30BaHUEM MOCTa BbICOKOH TouHocTH THa BM 400G Ha vacTo-
Te 200 I'y, oTHOCUTENBHAS MOTPELIHOCTh U3MepeHus € He mpesbimana 1,0 %. Konraktel Ha
IUTACTUHKY KpHCTaljIa HAIbULUIUCh U3 MEAW; AJIS NMPEeOoTBPAIEHHs] OKUCICHUS KOHTAKTOB
N3MEpEeHHNs € BBIONHSINCH B aTMoc(epe aprona. Crexrps! SIKP Gpoma 3anmceiBanmiich Ha
cnektpomerpe tuna MCII-13. B kadecTBe peryasTopa TeMIepaTypbl KpUcTalia H0Ib30Ba-
mucs BPT-3.

Ha puc. 1, a npeacrasieHa
TEMIlepaTypHas  3aBUCHMOCTh
JV3JIEKTPUIECKON MPOHUIIAEMO-
ctu. [Tpu Temneparype 71=420 K
HaOMIOHaeTcss a”HoMallus -
|  smexTpuueckoil MpoHHUIIAEMOCTH,

o~ 4

1

= CBHJICTEIBCTBYIOIIAS O CETHETO-
© JNMEKTPUIECKOM Tmepexoze. B 00-

nacta I (T < T) U3MEHEHHUS €
4 onmceBaioTcs Qopmyrnoit  Kro-
pu—Beiicca (puc. 1, 6)

e=CUIT =T, (M

e C=73-10°K, T,; = 405 K.
Puc. 1. TemmepaTypHas 3aBUCHUMOCTb JAMIIEKTPUUECKON CkaukooOpa3HOe H3MCHECHHE €
nponunaemoctu CsPbBr; (a)u ee oO6paTHOro 3HaueHus (0) 1 HaJIM4ie TeMIIEePaTypHOIrO T'H-

crepesuca (AT = 13 K) yka3bl-
BalOT Ha TO, YTO B JJaHHOM cirydae umeer mecto PII nmepBoro poaa, o0yciIOBIECHHBIH KOH-
JeHcanuel Moabl M; U UCYE3HOBEHHEM LieHTpa MHBepcuU. OLEHKA CTENEHH HANpSKEHHO-
ctu cBsizeit Cs—Br, Pb—Br mokaspiBaer, 4To MOH 1€3HUs «CBOOOIHO» ITE€peMeIaeTcsi B Ho-
nocty, a HoH Pb”" «exat» B okTadpe, 06pazoBaHHOM HOHAMH GpoMa. [103TOMy OKTadaphI
[PbBrg] MoryT coBepmaTh pa3BOPOT BOKPYT OJHOW M3 OCEH C OTHOBPEMEHHBIM HMCKaKEHH-
€M, a MOH LIE3UsI CMEIaThesl OT meHTpa KyOa. Mcmonb3ys 3HaueHue 7, MOXKHO OIICHUTH
CMelIeHHe TOMOTIONApHOro atoma o dopmyie T, = (2.00 £ 0.09) - 10* (Az)* [4]; orciona
Az =0.014 am.
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AHomanust JUDIIEKTPUYIECKON
56.5 °

nponumnaemoctu mpu 7> = 360 K 00y- o\ @&
ciosneHa @Il Broporo poxa, 3Haue-
HUSI TIOCTOSHHBIX YypaBHeHus Kropm
Beiicca pasue: C = 62-10° K, 574
T,=385K.

VYkazanusie B [1, 2] CTpyKTypHBIC
OII npuBOAAT K U3MEHEHUIO T'pajy- 20
€HTa DJIEKTPUYECKOro Mo, 4To MoA-  56.51 o
TBepkaaercs cnekrpamu SIKP atomoB tY
O6poma. Ha puc. 2 mpencraBneHa TeM-
nepatypHasi 3aBHCHMOCTb pE30HaHC-
Hoit uactotsr SIKP *'Br. ITpu 7>404 K 7&9 257 350 G5O TH
B CIIEKTpE HaOI0AaeTCsl OfHA JIMHUS,
COOTBETCTBYIOIIAss OJKBUBAJIEHTHOMY Puc. 2. TemmeparypHble 3aBHCHUMOCTH YacTOTBI
nooxKeHno noHos Gpoma. C momn-  SIKP ¥Br: @ — paccuntammmie mo ¢opmyne (3),
’KEeHUEM TeMHepaTypBI HpOHCXOlII/IT 0— SKCHNEPUMEHTAIIbHBIC 3HAYCHUSA YaCTOTLL
CcKaukooOpa3HOe pa3JBOCHUE IJIMHUU
cnektpa SKP, cBuaerenscTByoIIEe O MOSIBICHUN JABYX HE3KMBAJICHTHBIX MOJIOKEHUN Opo-
Ma. B TeTparonanbHo# cummerpun (rpynma DJ,) TAKMMH MONOKEHHAMHU SBISIOTCS TMOJNO-
JKEeHHs BYX MOHOB Opoma, pacrionokeHHble Baoib ocu [001], u deTbipex noHOB OpoMa B
MJIOCKOCTH, TeprieHauKyIsspHoi [001], coBepIIaomux poTarMOHHbIE TBHKEHHUS, COOTBET-
CTBYyIOIIME Mojie M.

IIpu T = 361 K crpyxrypnsiit @I conpoBokaaeTcs 3aTyXaHHEM POTAI[HOHHON MOJIBI
R»s, cooTBeTCTBYIOIIEH MOBOPOTaM OKTa’ApoB Bokpyr oceit [100], [010] u [001].

Ucnons3ys dpopmyny baiiepa [S] mis 3aBucumoctu yactothl SIKP ot Temmeparypsl,
00YCIIOBIICHHYIO BpaIlaTeIbHBIMU Ka4aHUSIMH,

V:V0+bT+C()/T (2)

I
[} i
[--1-- 3 &ﬁ:‘x
0O .
OOGOQOQQQD 00060 a0 o008 oL

Mo KCrepuMeHTalbHbIM JaHHbiM V(T) ompenemwmn 3HadeHust b u C,, paBHbIE COOTBET-
4

ctBerno 2.8 kKI'/K u 21.4 - 10" xI'/K. Kax BumHO U3 puc. 2, B HHTEpBaje TEMIIEPaTyp OT

50 mo 350 K mmeer mecTo Xopoliee COBMAICHUE YKCICPUMEHTAIBHBIX 3HAUEHUH YacTOTHI

SKP (xpuBas a) ¥ pac4eTHBIX 110 hopMyIe

v=(56974-2.8T+21.4-10"2/T) xI'n. 3)

C nmoHmxeHueM temreparypsl cinaraeMoe Cy/T BBI3bIBACT 3aMETHOE OTKJIIOHHE TCOPETH-
YECKOTO 3HAUEHUS V OT DKCIEPUMEHTAILHOTO, T. €. MPEUMYIIIECTBEHHBIH BKJIa] B TPAJAUEHT
ANIEKTPUYCCKOTO TIOJsI OOYCIIOBIICH JBM)KCHHUEM BOKPYT OJIHOW OCH BpallaTelIbHBIX Kada-
HUH.
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Method of Photothermal Information Recording
Reading and Erasing

Vyacheslav V. Petrov, Dmitry A. Grinko,
Alexandr A. Antonov, Andrei A. Kryuchyn

United States Patent 4,908,814. Int. Cl. G11B 7/00; GO1D 15/10; HO4N 1/23 /
Assignee: Institut Problem Modelirovanija v Energetiki AN Ukr. SSR, Kiev,
U.S.S.R. (abstract). // Date of Patent: Mar. 13, 1990.

ABSTRACT

A method for photothermal information recording, reading and erasing consists in that
the surface of a recording medium (1) is charged prior to the photother- mal recording pro-
cess and then exposed, during photo- thermal information recording and erasing, to a modu-
lated electromagnetic beam (8) localized to a spot size of the order of one information unit
with the energy exceeding the energy required for softening the material of the recording
medium (1), and, during information readout, with the energy less than that for softening the
material of the recording medium (1), the surface of the recording medium (1) being dis-
charged before erasing information.

DISCLOSURE OF THE INVENTION

The invention is to provide a method of photothermal recording, reading, and erasing of
information, which can change the surface energy of the recording medium in order to
change the force of the electromagnetic beam acting on the recording medium and to pre-
vent destruction of the material of this recording medium, and as a result, to provide optimal
conditions for deformation of the recording medium during the process of photothermal
recording, reading, and erasing of information, in order to substantially increase the number
of rewrite cycles and to make optical devices for photothermal recording, reading, and eras-
ing lighter in weight and smaller in size.

The essence of the invention resides in that in a method for photothermal information re-
cording, reading and erasing, consisting in that, in order to produce each information unit
from a sequence of information units having a two-level deep pattern in a recording medium
disposed on a substrate in the process of photo- thermal recording of information and for
reading and erasing of information, this recording medium is exposed to a modulated elec-
tromagnetic beam localized to a size of the order of one information unit-pit, the recording
medium being made of a material capable to spread over the substrate when softened, and
according to the invention, a charge is applied onto the surface of the recording medium
prior to the photothermal information recording, the modulated electromagnetic beam local-
ized to a size of the order of one information unit is applied to the recording medium for
photothermal recording of information with the energy exceeding the energy required for
softening the material of the recording medium but less than the energy sufficient for de-
struction of the material of the recording medium, and, for information reading, with the
energy less than the energy for softening the material of the recording medium, and the
surface of the recording medium is charged prior to erasing information therefrom.

The term “softening energy” resorted to in the description as applied to the recording
medium means the energy which is required to soften the material of the recording medium.
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The term “destruction energy" of the material of the recording medium means the energy to
which the material of the recording medium has to be exposed to for its destruction.

The advantages of the invention are: controlled parameters of the recording medium dur-
ing photothermal recording, reading and erasing of information, and high reliability of stor-
age devices which could be made small and light.

BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

The invention will now be described in
greater detail with reference to specific §
embodiments thereof and accompanying i é 1 3
drawings wherein: S S—

FIG. 1 illustrates a fragment of a record-
ing medium with a descrete recording made
as a two-level deep pattern, according to the
invention; An optical device for photother-
mal information recording, reading and
erasing comprises a cylinder 3 (FIG. 3) Fig. 1
made of a transparent material, a film of a
recording medium 1 being coated on the internal surface thereof. The external surface of the
cylinder 3 is coated by a transparent current-conducting film 4. A central electrode 6 is se-
cured along the axis of the cylinder 3 on insulating covers 5. In FIG. 3 the central elec trode
6 represents a pit. One or two leads 7 for the central electrode 6 are secured in the covers 6.
The cylinder 3 is air-tight and may be filled with inert gas when a corona discharge is used
to charge the recording medium 1. A modulated electromagnetic beam 8§, e.g. a laser beam,
localized to a spot size of the order of one information unit is used for photothermal infor-
mation recording. The beam 8 is focused by an objective lens 9. Relative movement of the
objective lens 9 and the cylinder 3 from one pit to another is effected by a positioning sys-
tem (not shown). The constant-sign voltage drop required for the corona discharge is sup-
plied to terminals 10 and 11 and, further on, via a spring contact 12, to the conducting trans-
parent film 4 and, via a contact 13 and the lead 7, to the corona-discharge central ele-
ctrode 6.

We claim:

A method for photothermal information recording, reading, and erasing, which consists
in that, in order to produce each information unit from a sequence of information units hav-
ing a two-level deep surface relief pattern in a recording medium (1) disposed on a sub-
strate, in the process of photothermal information recording, and for reading and erasing of
information, this recording medium (1) is exposed to a modulated electromagnetic beam (8)
localized to a spot size of the order of one information unit-pit, said recording medium (1)
being made of a material capable of spreading when soft over the substrate, characterized in
that, prior to photothermal information recording, the surface of the recording medium (1) is
charged, the electromagnetic beam (8) acting on the recording medium (1) and localized to a
spot size of the order of one information unit for photothermal information recording and
erasing has more energy that is required for softening the material of the recording medium
(1) but less than to destroy the material of this recording medium (1), and for reading the
energy of the beam (8) is less than the softening energy of the material of the recording
medium (1), the surface of the recording medium (1) being discharged prior to erasing of
information.
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Metal-polymeric Recording Media Intended
for Optical Data Recording

Viacheslav V. Petrov, Andrey A. Kryuchin,
Igor O. Kostenko, Konstantin P. Gritsenko

Proc. SPIE 2108, International Conference on Holography, Correlation Optics,
and Recording Materials (10 December 1993). P. 76-78.

ABSTRACT

The properties of metal-polymeric recording media obtained by the decomposition of al-
kyl tin (Sn) and antimony (Sb) compounds in low-temperature plasma have been investigat-
ed. We have experimentally determined the changes of pit shapes during the photothermal
recording and the basic medium characteristics when changing the metal and carbon con-
centrations in the films.

1. INTRODUCTION

The materials representing a “metal-polymer” composition are perspective as a recording
medium used for one-fold data writing and multiple data reading (WORM type). The ad-
vantage of given composition includes the possibilities for controlling the recording medium
properties within a wide range by changing the concentrations for metallic and hydrocarbon-
ic components. It is known that during the ablation recording the data recording density and
the signal-to-noise (S/N) ratio are greatly effected not only by surface non-uniformities and
recording medium structure but they are also greatly effected by the shape and the size of
the roller which is formed around the pits [1,2] in the process of recording. In this work we
have investigated the composition influence of obtained films on the pit shape, the record
energy, the signal-to-noise ratio and the thermal stability of information media. The choice
of tin and antymony compounds is caused by low toxicity of mentioned metals and their
compounds which allowed to use wide these recording media in the different fields of opti-
cal storage applications.

2. EXPERIMENTAL PROCEDURE AND SAMPLE PREPARATION

The films were deposited on the cylindrical and plane glass substrates, the silicon sub-
strates, and KBr crystals. The film deposition was realized by the dissociation of organome-
tallic compound vapor in the low-temperature plasma of dc glow discharge, high-frequency
capacity discharge (HFC) and high-frequency inductive one (HFI) at frequencies of 5.0 and
40.0 MHz. The pressure of organometallic compound vapor (OMC) changed from 1 to 107
Torr and supplied power changed from 50 to 500 W. The reflectivity and transmittance of
condensing film were measured during the deposition.

The film composition was investigated by means of the layer-to-layer Auger analysis us-
ing microscope JAMP-10S. The film structure and the the pit shape were analized by means
of electron microscopy using JEOL-10 mx microscope. The film thickness was determined
by the method of multibeam ellipsometry. The bond types and bond energy were determined
by the method of Raman light scattering (RLS). The data recording and the data reading
were carried out by focused rad ia 1 ion (0.8 um over the level 1/e®) of semiconductor laser
at 830 nm wavelength. The medium rotation velocity was equal to 30 revolutions per second
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with data exchange rate of 250 and 750 Kbit/s. the specific energy of record pulses was 0.5—
1.0 nJ/bit. The obtained recording media were annealed within 0-200° C temperature range.

3. RESULTS AND DISCUSSION

The recording media representing metal-polymeric structures with the metal content
from 10 to 95 at % have been obtained in the process of plasma dissociation of alkyl com-
pounds of tin and antimony. The metal content in the film increased both at increasing pow-
er supplied to the discharge zone and at increasing frequency of supplying voltage. The most
strong dependence of metal concentration on supplied power was observed in the case of
high-frequency capacity discharge at frequency of 40 MHz. The obtained films had constant
thickness distributions of chemical elements except the narrow zones attached to the surface
(57 nm) which were enriched by carbon.

The analysis of Raman scattering spectra showed that within a wide range of metal con-
tent in the obtained films -this metal is preferentially in chemically bound state. The ele-
mental link can be represented in the form of Me-O-Me or Me-R-Me.

In accordance with their structure the deposited films can be both as amorphous films
and polycrystalline ones with the crystal size up to 0.5 um depending on pressure of original
organometallic compound during the deposition; the degree of crystallization increases
when increasing pressure.

To a large extent the ablation recording

s N: process is determined by the metal concen-

] tration in the film. If the film have high

40 carbon concentration (Me/C < 1.90) an

enhanced reflectivity region is produced

w around the pit in addition to the roller
T~

characteristic of ablation recording. In the
case of increasing the recording power the
second roller appears which can be associ-
ated with funnel-shaped pits. High metal
content in the recording medium (Me/C >
2.5) results in forming the pits which have
great non-uniformities both over the roller

4 (Me%s /c%)

Fig. 1. The Dependence of S/N ratio Metal/carbon
Metal-polymer recording medium Sb,C,,
Metal-polymer recording medium Sn,C,

and over the total area. The regular-shaped
pits have been obtained within compara-
tively narrow range of metal and carbon

concentration (1.90 < Me/C < 2.31). The
dependence of signal-to-noise ratio (S/N) on the metal concentration illustrated by Fig.l
shows that high S/N ratio is achieved within comparatively narrow range of metal concen-
tration and displays the pit shapes observed visually.

Low S/N ratio shown at the beginning of the curve (Fig. 1) can be explained by low re-
flectivity due to small metal concentration and, hence, due to low amplitude of playback
signal. This low S/N ratio is also due to increased noise level which is inherent in mentioned
area and can be connected with large surface non-uniformities emerged in the process of pit
forming. Decreasing the S/ N ratio with increasing the metal concentration is connected with
the formation of irregular-shaped pits due to the evaporation of hydrocarbon component
since the laser radiation energy is insufficient for complete pit forming in the metal.

The dependence of S/N changing as a result of multiple accesses to the recorded infor-
mation is shown in Fig.2. As a result of continuous multiple access to the recorded infor-
mation the decrease of S/N ratio can be subdivided into the following main stages:
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— the crystallization of local regions

T S/NB
RS exposed to laser irradiation. Short- o | \
term S/N ratio increasing is due to !
crystallization processes when crush- 40

ing the newly formed crystallites oc-

curs [3]; 2] /\
— increasing the roller size which is

connected with the process of intensive 2 - z

metal melting and the evaporation of

volatile hydrocarbon component. Un- v |

der these conditions the pit size in-

creases and the shape of pits is dis- T . I

turbed leading to decreasing the play- o o* S0 Nl':lh!‘ .

back signal; . . Fig. 2. The Dependence of S/N changing as a result
— the eva}poratlon of me?talhc com- ¢ ultiple accesses:

pone'nt‘ leading to decreasing the re- 1. Metal-polymer recording medium Sbg;Cs;

flectivity. 2. Metal-polymer recording medium Sng;Cs;

It should be noted that all of men-
tioned processes were not the threshold ones and lasted for t=1.25h after continuous reading
during 8 hours.

Conducted thermal annealing of metal-polymeric Sn films showed that at T = 120° C the
resistivity increased sharply and then it decreased which can be connected with the process-
es of metal crystallization and hydrocarbon component evaporation leading to the film met-
allization. When annealing the metal-poiymeric Sb films their resistivity began to decrease
exponentially with the growth of heating temperature. However, in the case of the cool
down this above resistivity was reverted to its original state and the curve shape of the “an-
nealing-cool down” cycle under this condition was invariable which was probably testified
to reversible changes in the film.

4. CONCLUSIONS

Conducted investigations showed that the maximum S/N ratio of information media with
the same data recording density was observed in the metal-polymeric Sn and Sb films at the
metal-carbon ratios Me/C = 2.08. On the one hand, high S/N ratio is caused by the maxi-
mum level of signal (by the film reflectivity) and on the other hand, it is coused by the min-
imum amount of surface non-uniformities on which the laser radiation scattering occurs.

The maximum resolution (1500 lines/mm) and high quality of recording are observed on
the film of 50-55 nm thickness. The metal-polymeric Sb films have higher S/N ratio, larger
thermal stability and allow to carry out larger amount of information playbacks in compari-
son with metal-polymeric Sn films.
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1. INTRODUCTION

Alkali earth sulphides (AES) with rare-earth ion dopants additions (REI) can be vised as
recording media for optical information storage. Realization of memory elements on this
mediums is based on electron trapping by deep traps, which are obtained in forbidden band
of wide-band semiconductor by Eu (Ce)-Sm ions There are two ways of information record-
ing, using this effect. In the first case the recording of information is realized by exposure of
the material to ultraviolet and visible irradiation (350...500 nm). In this case the signal is
fixing and proportional to antistocs luminescence intensity with A = 620 nm, and A = 500 nm
in materials with Eu and Ce ions, respectively [1, 2].

The second method is differences from up-writing by reading-out information method.
Changing of absorption factor in AES with REI ions is found experimentally. Reversible
medium with reflection coefficient of laser irradiation in the range of 400...500 nm are
modulated on medium surfase and will create, probability. His absorption factor ran be
changed by 10%...30% and more time, for SrS:Ce,Sm and by 10 %...30 % for
SrS:Eu,Sm [2].

2. THEORETICAL CALCULATIONS AND EXPERIMENTAL RESULTS

In the case of magnitooptic recording medium more development has four-layer struc-
ture [4]. Schematically, medium for information recording based on the electron trapping
effect is supposed to consist of four layers. His structure is shown on Figure 1. His structure
optimization task of optic reversible medium is to make an absorption ability of multilayer
medium maximum in the ranges of 400...500 nm and 800...1000 nm. As the first and third
layers we intend to use ZnS, because this material lias the same optical characteristics as
CaS(Sr)S and is deposed on the substrate in the same technology conditions as Sr : Eu, Sm.
Hie calculations show that if n = 2, this value is measured by ellipsometrical method in ZnS
films, obtained by thermal deposition. In this case the thickness of first layer must be
~170 nm. The reversible medium had following characteristics: n, = 2.2, %, = 0.05,
d,=500nm. Our calculations showed that for maximum absorption of recording and
readout laser irradiation is necessary to make four dielectrical layers with such parameters:
for the first one n; = 2.0, d;=170 nm; for the third one n;= 2.0, d; = 200 nm. This choice of
interference coating yields absorption ability of multilayers structure 85% for recording
(A =450 nm) and 65 % for reading (4,; =830 nm). In proposed variant of reversible optical
medium on the based photo luminescence effect the important task is to direct emitted irra-
diation produced by recombination process with minimum loss from active layer
Ca(Cr)S:Eu, (Ce),Sm on to photodetector. The characteristic of losses yield quantum exit 1.
This measure determines the part of general photon quantity CaS:Eu,Sm film, which could
be taken out from this film. The main reason of # decreasing is full interior reflection of
photoluminescence irradiation on the interface active layer — dielectric film with refraction
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coefficient n;. The part of light with incident angle < arcsin (n,/n;) (internal reflection) will
only pass through the flat surface [5].

In the material with cubic symmetry and also in amorphous systems, where spontaneous
luminescence is isotropic for structure, with reflective lower surface (Figure 1: Ti,Yb,O5,

n3> 5), n for irradiation passing through layer 1 is determined by expression (fig.1) [6].
2 1/2

nel1— o, 4n,/n, .
n n,/n +1
In this case the photodetector detect the signal, which is determined by:
Q,cosd
L, =1,m,0-R,) - 2 5
ﬂ”z[”m] (1-e)
n] nl

where Q,— angle of irradiation collection by photodetector objective; 1, — internal quantum
yield of irradiation; R,; — reflection coefficient on boundary of medium 1 and 2;
o = 4,/ — absorption coefficient by photoluminescence medium; /., — energy of photolu-
minescence activation; ¢ — angle between

normal to sample surface and direct ion R -
towards collection objective of photode- 07 -
tector. 06 7
05
0,4 1
03
ZnS N1, D1 02 )
SrS : Ce, Sm N2, X2, D2 0.1
ZnS - N3, D3 160 260 360 460 d2, nn
Al (Ti,Yb,0,) N4, X4, D2
SUBSTRATE Nn Fig. 2. Function of fourth — layers reversubie me-
dium reflective coefficient from thickness
SrS:Ce,Sm: / — R from nan-recording part, 2 —
Fig. I R from irradiation part

In the case of Ca(Sr)S:Eu(Ce)Sm films irradiation by laser irradiation with wave length
in the range of 400...500 nm the films are cleared because the part of electrons will be cap-
tured by electron traps.

In the [3] is stated that maximum of clearing is in the range (400...500) nm and it is
higher for sulfides with Ce ** rather then Eu *'. The absorption coefficient can change two
and more times for sulfide SrS:Ce,Sm and by 10% ... 20% for sulfide SrS:Eu,Sm. Perhaps,
the difference is due to the fact that in sulfides with Eu*" effective trap cross -sections of
probing photons capturing by Eu®” ground state and as trap levels differ a little not large. At
the same time in sulfides with Ce’* effective trap cross-sections for trap levels is more than
100 times smaller that for the ground state.

We have to optimize the structure optimization of optical reversible medium, which uses
the reflection coefficient changing for writing and reading of information. The medium
consists of four-layers as in the case of luminescence medium SrS:Ce,Sm film is sandwiches
between two ZnS layers, with the thickness of this ZnS films must be 150...200 nm, accor-
ding to our calculations. Al - film is reflecting layer. The optical constants of Al layer are
n3 = 1.7, and 2; = 5.3. This values are determinate by ellipsometric method after thermal
deposition in vacuum chamber (P =107 torr). The estimation yields reflection maximum,
when Al film thickness is 25 nm. The reflection coefficient of laser irradiation vs absorption
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factor is calculated for four-layer medium when absorption coefficient of reversible layer
changes from s, = 0.1, before argon laser irradiation with A = 488 nm to %, = 0.05, after
laser irradiation. It is found that the changing of R is periodical. The period of the changing
is 100 nm for reflection coefficient changing in the range 65 % — 5 % (Fig. 2).

Let's study the dependence of signal/noise ratio on £he reflection coefficient in the ab-
sence of background noise. In the ideal case [7], when we can account only shot-noise. In
this case output photodetector currant is root-mean-square deviation can be writing;:

P, Rae BRac’2B)
[ = . o= .

hw hw

where P, — power of the incident light flux respectively; R — reflection coefficient; o — photo-
cathode quantum effectiveness; e — charge of electron; iw — energy of photon; B — frequency
band width of electron tract. After the reflection from recorded (r; = 2.3; %; = 0.05) and unre-
corded (1, =2.3; %, = 0.1) areas desired difference signal is determined by expression
F oeAR
Al =——.

hw
In this case signal/noise ratio is:

1/2
Al e
—=|——| AR
c (23}2th

From this expression is clear that the less reflection coefficient R the higher signal/noise
ratio. Subsequently it is necessary to choose the sulfide layer thickness with Eu (Ce) ,Sm
dopants in the range (450 + 25) nm because for this thickness values R is 35% (Fig. 2).

The calculations where performed for typical parameters of optical head: Py = 3 mVt —
the incident light flux; R = 0.35; a = 0.25; B=1.5 10° Hz; AR = 0.15.

P o’AR
ﬂ:mlg‘)—: 50Db.
c 2BRhw

3. CONCLUSIONS

We came to conclusion that main attention in working out of recording medium devel-
opment using photoluminescence effect has to be paid to optimization of writing and read-
ing-out. irradiation absorption ability and diagram of luminescence irradiation directivity. It
is found that changing of under absorption coefficient in sulfide with addition of Eu (Ce) Sn
by two times after laser irradiation with A = (400...500) nm tile reflection coefficient for
optimum choice of protective, reflective and barrier layers can be change by 15...20 %. The
reversible medium has four-layers, namely dielectric ZnS layer (n3;= 2, d;= 170 nm), optical
reversible layer (n; = 2.3; %, = 0.1; d, = 500 nm), dielectric film ZnS (n;=2; d;=170 nm);
reflective layer of Al (n,=1.7; 2¢,=5.3; d,= 25 nm) for the glass substrate.
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Numerical simulation of crystallization process
in recording media with phase-structure writing mechanism
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By means of numerical simulation was studied the thermal crystallization process dynamics
in a reversible recording medium on the base of chalcogenide semiconductors. For noniso-
thermal crystallization process simulation was used the Kolmogorov—Avraami equation.
The spatial-temporal distribution of crystalline phase in the writing area was obtained, the
writing modes under which is achieved a uniform distribution of crystalline phase in the
irradiated area were investigated.

INTRODUCTION

Side by side with improvement of magnetooptical recording media for erasable optical
carriers there is of great interest the creation of reversible media on the base of chalcogenide
semiconductors in which the writing and erasing are carried out by photoinduced phase-
structure transformations. Such media have following performances: the recording density is
more then 10° bit/mm? the threshold writing and erasing energy is of 10” J/bit, the signal-
to-noise ratio is not less than 50 dB, the information storing duration is not more then 15
years, the overwrite cycles number is 10°[1,2] .However, during development of mentioned
media one faces at least two problems:

— the difficulty of power optimization of writing and erasing pulses for ensuring the
maximum signal-to-noise ratio at information reproducing;

— the decreasing of signal-to-noise ratio with increasing the overwrite cycles number
(which can be causes by varying from cycle to cycle spatial distribution of the crystalline
phase in the readable region).

For describing the photocrystallization process is suggested a set of mathematical mod-
els. For example, the authors of the work [3] describe the photocrystallization process by
empirical equations of activation nature. The activation energy is determined from an expe-
riment according to medium characteristics changes (absorption or refractive indices) and
then is calculated the crystallization velocity. A more exact calculation model of crystalliza-
tion velocity taking account not only of the activation energy but also the nucleation and
crystal growth velocities is suggested in the work [4]. To our mind, a disadvantage of this
model is an assumption that the nucleation and crystal growth velocities are independent of
the temperature. The question of spatial-temporal distribution of the crystalline phase part in
the irradiation area is not considered in cited works. But it becomes important by choosing
the writing modes when the optimization problem of writing, erasing and reading beams
characteristics cannot be solved without due account of crystalline phase spatial-temporal
distribution within one pit.

In the present work by a numerical simulation method was investigated the crystalliza-
tion process dynamics in a recording medium under the action of a Gaussian distribution
intensity beam, including the influence of the acting laser pulse intensity and duration on the
crystalline phase spatial-temporal distribution within irradiation area.
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The process being studied takes place in two stages:

— the laser radiation absorption and as a sequence the heating of a recording medium lo-
cal region;

— the phase-structure transformations in an irradiated microregion.

According to this we investigate both the temperature field nature (in space and time)
and directly the thermal crystallization process itself. As an investigation object let us con-
sider the amorphous layers of chalcogenide semiconductors in the temperature range

T,<T<T,

where Ty is the vitrification temperature, and 7, is the melting temperature of the material
being investigated.

As a lower range limit was chosen the vitrification temperature, since because of relaxa-
tion proceses the nucleation velocity lower of the given temperature is practically equal to
Zero.

For taking into account the nonstationarity of the crystalline phase nucleation we use the
Kolmogorov—Avraami model [5] what is necessary for an adequate description of the spa-
tial-temporal distribution of the crystalline phase degree as a laser pulse parameter function
at the Gaussian beam intensity distribution in the focal plane. By mathematical model
consrtuction of the information writing (erasing) process we assume that the crystallyzation
of recording medium irradiated microregion in the pulse heating mode occurs according to
the nonisothermal crystallization mechanism.

THE TEMPERATURE FIELD CALCULATION

Simulating temperature fields we assume that the heat transfer process is purely of lami-
nar nature and can be considered in the scope of the classical heat conduction theory.

Thus, let us consider the laser beam heating process of an information carrier area which
is a chalcogenide film on a glass substrate. The heat transfer process in a film and substrate
is described by the heat conduction equation

pcpz—jzdiv(\yVT)+Q 6))

where p is the material density, Cp is the specific heat capacity, y is the thermal conductivi-
ty coefficient, Q is the volume thermal source power.

The volume thermal source arises as a result of the absorption in the film of the laser ra-
diation. The laser beam intensity / () in the plane z = 0 is described by the Gaussian func-
tion

2
I(r) = % exp[— :zJ 2)
0 0
where ry is the beam radius by level ¢!, P, is the laser power.
Everywhere below we shall consider the case when a recording medium is stationary
relative to the laser beam, then because of the azimuthal symmetry of the latter the equation
(1) will have the following form:

o 9L Y 15[y/<k>raT v j + (y/m or J +0oW 3)

" ror o ) oz oz

where the index k takes on values of 1 or 2 relating, respectively, to the absorbing film and
substrate.
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As initial conditions we take the following: at initial instant of time 1 =0
T, l0=Ty, k=12 (4)

=0
where 7 is the initial temperature.
The boundary conditions have the following form:
1. At the film-air interface the heat exchange is absent.

orW
=0 (5)
oz o
2. At the film-substrate interface is assumed an ideal thermal contact:
(0] (2)
o —pw| 0ol _yw ol : ©)
z=h-0 z=h+0 62 o 62 o
At r —+ oo it is naturally to consider 7*) — T, k=1,2.
The energy absorption by a film is described by an expression:
2
P
0=—-(1-R)arexp| - Ll -z 5(h-2) (7
Ty T

where R is the reflection coefficient in a plane z = 0, o is the volume attenuation coefficient.
For numerical solution of a boundary problem (3) — (6) we use an explicit difference
scheme on five-point pattern. The equation (3) takes the form:

(pC ) AT[,' —u. 7;+1,,' +T;‘—l,/‘—2 _2Tz,/ i Ti+1,/ _7;4,/ i Ti+1,/ _7;714,/ n T,:,/n +Tz,,‘4 _7;,/ +Q- . (8)
r v Ar 2rAr 2rAr Az’ o

MOAt

where AT, is the temperature increment in a node (7, j) during the time interval Az. We as-
sume that grid nodes at j = jj fall on the film-substrate interface, then the second boundary
condition will have the form:
1 1 2
1] Tz‘f/i—l B Tf,.io _ l//(z) Tf,(jl B i,(jo)+l )
Az Az
where T, is the temperature value in grid nodes. Whence
OAT, . +y AT,
AT;_’I,O — l// l,]gl) l// (2) i,jo+1 (10)
' vty
At the film-air interface (j = 1) one must take account of the boundary condition (5)
which, as is possible to show, brings to the following final-difference relationship:

27 Ty =T

i+l,j i

1,j i+1,1
pC
( r/ At

Ty (78 e
o Ar? 2rAr Az

Tf 2 Tz 1
+2-2— ’]+in1 an
3.THE CRYSTALLIZATION PROCESS SIMULATION

In the present work during construction of a mathematical model of writing and erasing

process we consider that the crystallization of irradiated microregion at pulse heating by
laser radiation occurs according to the nonisothermal crystallization mechanism when a part
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of the crystallized portion y(7) can be calculated according to the Kolmogorov—Avraami
equation [5, 6]

#(T)=1-exp —47” [ V(T')[jU(T")dT"F dr\, (12)

where V(' T’) is the nucleation velocity and U ( T7") is the crystal growth velocity. During
calculation we take the most general case of nonstationary homogeneous nucleation and
three-dimensional growth of arising nuclei[5, 6]. In this case

v(r)=V, (T)exp(— t] (13)
T

where V(7) is the stationary nucleation velocity, T is the relaxation time.
_m
4D
In the last relationship 7y is the critical nucleus radius and D is the diffusion coefficient

calculated according to the Stocks-Einstein equation. For V(7) and U(T) we use the evalu-
ated for a variety of chalcogenide materials expressions [5]

AG AG*N
=Nn' - A = 4 14
Vo(T)=Nn,Zv exp( RT jexp( RT } (14)
3 CAG YL _AG 15
U= fpv exp( o7 ){1 exp( RTﬂ (15)

where N is a number of atoms in unit volume of a metastable phase; n*; is a number of
atoms on the critical nucleus surface;Z is the Zeldovich nonequilibrium multiplier; AG* is
the thermodynamic nucleation barrier; AG4 is the kinetic barrier; v is the oscillation fre-
quency of atoms which take part in jumping over the phase interface; R is the gas constant;
N4 is the Avogadro number; f* is a fraction of locations on the growing crystal surface to
which can be attached structural units of amorphous phase; a is the linear dimension of a
structural unit of amorphous phase; AG is the free energy change under crystallization.

Thus, calculating the temperature field distribution in a film of investigated material and
solving for each temperature value the nonisothermal crystallization equation (12) we can
calculate the spatial-temporal distribution of crystalline phase in the irradiation area.

4. THE NUMERICAL RESULTS

Using final-difference relationships (8) — (11) there was prepared a program allowing to
simulate temperature fields in recording media. There were carried out the temperature
fields calculations in a monolayer thin-film recording medium. The geometric, thermal and
optical parameters of medium were assumed as follows: the film material is Sb,Ses, the
substrate material is silicate glass; the film thickness is, cm, 107; the volume heat capacity,
pCp,erg/cm3deg, of the film is 1,53 - 107, of the substrate is 2 - 10; the thermal conductivity,
y,erg/em’sec deg, of the film is 1,47 - 10°, of the substrate is 2 - 10°; the volume attenuation
coefficient, a, cm™, of the film is 10°, of the substrate is 0 (a transparent substrate), the re-
flection coefficient at the film-air interface is R = 0,45. The laser beam radius by level e’
was assumed to be equal to r = 0,54, the power was varied.
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As a result of calculations there were obtained thermal field patterns and their change in
time accordance with the acting radiation power and pulse duration. Thus, in fig.]l is shown
the temperature distribution in irradiated microregion under action of a 10 mW pulse at
pulse durations of 25,50 and 100 ns. As shown in figure the temperature is distributing non-
uniformly: it is the highest at the spot center, and at the distance more than 1p from the
center the temperature excess relative to the ambient temperature is practically absent. This
is explained by nonuniform (Gaussian) energy distribution by laser beam section. In fig.3
and 4 is shown the change in time of the temperature at the spot center (»=0) and at different
distances from the center at powers of P = 8 mW and P = 11 mW and pulse duration equal
to 300 ns. As shown in figures the heating velocity is not constant: it is maximum at the
initial instant of time and then falls. At acting time of > 200 ns the temperature does not
practically increase, since it is achieved the quasi-stationary temperature distribution. Be-
cause of that the heat velocity is different at different r: it is maximum at the center (+=0)
and is decreasing with increasing of r. With increasing the radiation power the heating ve-
locity is increasing.

Knowing the spatial-temporal temperature distribution in the irradiated region we calcu-
late the spatial-temporal distribution of the crystalline phase fraction y, solving the noniso-
termal crystallization equation (12). Entering in the (12) quantities of nucleation velocity
and crystal growth velocity were calculated according to formulas (13—15). In fig.4 and 5 is
shown the spatial-temporal distribution of the crystalline phase in the irradiated region at
acting radiation powers of 8 and 11 mW. As shown in figures the spatial dynamics of amor-
phous film crystallization varies with power change. Thus, at power equal to 8 mW the
highest crystallization velocity is achieved at the irradiated region center; when removing
from the center the crystallization velocity is decreasing. At the given power a crystallized
area will present a circle the diameter of which at long-term action will tend to the isotherm
diameter. At power equal to 11 mW the highest crystallization velocity is achieved at the
distance of 0,3-0,35 p from the spot center; at the spot center it will be essentially lower.
Thus, at defined power values and acting pulse duration can arise a crystallized region as a
ring; so, at pulse duration of 300 ns (fig.5) the 100 % crystalline phase region will be like a
ring with internal radius of 0,2u and outer radius of 0,4 ; only during sufficiently long-term
action (t > 200 ns) there will be obtained a crystallized region. The crystallization velocity
difference by changing the distance from the spot center is explained by different advent
conditions of crystalline phase nucleation what exhibits in a different nucleus quantity aris-
ing during the pulse action time interval in film volume unit at different distances from the
irradiated region center. Thus, at pulse duration of 300 ns and power of 8 mW at the region
center are formed about 10* nuclei in volume unit and at the distance of 0,3 from the cen-
ter are formed 10** (smaller by an order of magnitude). At power of 11 mW at the distance
of 0,3 are formed for the same action time 10* nuclei and at the spot center are formed
only 10* (smaller by three orders of magnitude). The stationary nucleation velocity is a
function of temperature the form of which is shown in fig.6. As shown in fig.6 the maxi-
mum value of nucleation velocity Vo is achieved at T = 380—400 °C; at decreasing or in-
creasing of temperature the nucleation velocity is sharply decreasing; so, at the temperature
of 280 °C or 480 °C it is by three orders of magnitude smaller than the maximum value.
Furthermore, at no isothermal crystallization an important role plays the heating velocity. As
shown in the formula (13), if the heating velocity is high and, respectively, the time of pro-
cess is little, the nucleation velocity will be sufficiently lower than the stationary nucleation
velocity (T) at the respective temperature. If at power equal to 8 mW the optimum condi-
tions for new phase nucleation arise at the spot center (the quasi-stationary temperature is
close to the temperature of stationary nucleation velocity maximum (T), (fig. 2) and with
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increasing the distance from the center the quasi-stationary temperature is removing from
the optimum (is decreasing), this leads that the maximum crystallization velocity is achieved
at the center and is decreasing with increasing the distance from the center. At power equal
to 11 mW the conditions at the spot center are far from being optimal (fig.3), since the qua-
si-stationary temperature is much higher than the temperature of stationary nucleation veloc-
ity maximum (7); and although the temperature of this area during the heating process co-
vers values which are optimal for nucleation (fig.2), but because of the high heating velocity
at this instant of time the nucleation velocity will not be high. The nucleation conditions (the
quasi-stationary temperature and heating velocity) will be optimal at the distance of 0,3—
0,35u from the center (they will approximately comply with conditions at the spot center at
power equal to 8 mW). This will cause the crystallization velocity to be the highest at the
distance of 0,3-0,35u from the spot center (fig.5).
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—wvanlo2bns  —LeSO0S S Fig. 2. The change in time of temperature at the
Fig. 1. The temperature distribution in irradi- center of irradiated microregion (» = 0) and at
ated microregion. The power is P = 10 mW. distances of 0,3p and 0,4p from the center. The
The irradiation duration is: I — 25 ns; laser radiation power is P = 8 mW; the pulse
2-50ns; 3—100 ns duration is 300 ns

5.CONCLUSION

By mathematical simulation of the
thermal crystallization process of Sb-Se
films with allowance for nucleation nonsta-
tionarity is shown that the crystalline phase
distribution in the irradiation area depends
nonlinearly on the laser radiation power and
writing pulse duration. Under specific con- |
ditions is observed a ring distribution of 6 00  zo0 30 T8
crystalline phase in the irradiation area with ————C — 3K —-—O
an evidently pronounced gap at the irradia-
tion area center. Such distribution is bound ~ £7¢: 3. The change in time of temperature at the
up with decreasing of a nucleation number cs?nter of irradiated microregion (» =0) and at
at the irradiation area center. For Sb-Se  distances of 0,3u and 0.4y from the center. The
films the excess of writing pulse power ifj:;tiidizt;())r(l) E ;)wer is P =11 mW; the pulse
over 30-40% in comparison with power
level at which is observed a uniform crys-
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tallization causes the advent of a ring crystalline area. The suggested mathematical model
allows to calculate such mode of laser radiation action on an amorphous thin film at which
is ensured a uniform crystalline phase distribution what is necessary for ensuring a high
signal-to-noise ratio during the information reproduction.
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Fig. 5. The spatial-temporal distribution of the  Fig. 6. The dependence of the nucléation
crystalline phase in irradiated microregion. The velocity on the temperature
laser radiation power is P =11 mW

REFERENCES

1. P.M.L.O.Scholte, dJ.Gravesteijn New materials for reversible optical storage applications. Proc.
7-th Int.Conf. Video. Audio and Date Rec.,York. 22-24 March 1988. pp.11-14.

2. Susumu Fujimori, Shodo Yagi, Hiroki Yamazaki, Nobuhiro Funakoshi Crystallization process of Sb-
Te alloy films for optical storage. J. Appl. Phys., vol. 64(3). pp.1000-1004. 1 August 1988.

3. H. Minemura, H. Andoh, N. Tsuboi, Y. Maeda, Y. Sato Three-dimensional analysis of overwritable
phase-change optical disks J. Appl. Phys. 1990. v. 67, N. 3. p. 2731-2735.

4. H. Situ, Z.T. Wang, A.L. Jung Mechanism of transformations in phase-change optical recording
media! Journal of Non-Crystalline Solids. 1989, N 113. p.88-93.

5. Lapin Y.K., Mihajlov M.D. Nonisothermic cristallization glass system Ge-Se. Phys. and chem.of
glass. 1990. V. 16, N 3. pp.349-354.

6. Skripov V.P., Coverda V.P. Spontaneous cristallization of supercooled liquids, Moscow, 1984.
232 p.

110



B0O3MO>XHOCTB MCITOAb30BaHMSI OKMCA0B, aKTUBMPOBaHHbIX
pPeaxo3eMeAbHbIMN MOHaMM, B Ka1e€CTBE€ aKTUBHBIX CA10€B
9A€KTPOAIOMMNHECIIEHTHBIX 9KpPaHOB

B. B. Ilerpos, B. 1. 3umenko, B. I'. Kpasen,
A. M. Aapreiiko, B. E. Poanonos

Kypnan Texanueckor puzuku. 1994. T. 64, Ne 10. C. 112-118.

Wzydens! criekTpsl (oTtomoMuHeceHIH okcunoB Sn0,, Iny03, Y,03, Yby05, CaO u ux
CMecCei, JISTHPOBAHHBIX PEAKO3EMENBHBIMU JJIEMEHTAMH, Ha TPEAMET BO3MOXKHOCTH WX
HCIOJH30BAHUS B KaYeCTBE JIIOMUHECIIEHTHBIX 3KpaHOB. 1lokazaHo, 4To mpu BO30YKICHUU
JIIOMUHCECHCHIINU aproHOBBIM JIA3€POM, MOXHO IMOJYYHUTh TaMMy HBETOB OT 3€JICHOTO K
kpacHoMy. CIIeKTphI TIOMHHECIICHITHH OKCHIOB ¢ 100aBKkamu Eu’’ XapaktepusyroTcs 3Ha-
YUTEIBHO OOJIBIIAM HAOOPOM JIMHUN CBEUCHHSI IO CPABHCHUIO CO CIICKTPAIbHBIMH Xapak-
TepucTHKaMu m3nydenns Ce’’, 4TO CBUIETENBCTBYET O CHATHH BBIPOXK/ICHHS YpOBHEHt
F 12-LIEHTPOB JIIOMUHECLIEHIIUH Eu’’. Mccnenoanne CIIEKTPOB KOMOHMHAIIMOHHOTO pac-
CesHUS CBETA [O3BOJIMIIO YCTAHOBUTH CHMMETPHIO MPHMECHOTo Hentpa Eu’’ B MaTpuiax Ha
OCHOBE OKCHJIOB PEIKO3EMEIBHBIX AIEMEHTOB, OHa COOTBETCTBYET rpymie Cs,. CuMMeTpus
nonos Ce’" pu 3amemennn uvu In**, Sn**, Y*' B pemerke oxcnaa 3HaUMTENBHO BBIIIE, YEM
Csy, TIOATOMY H CHEKTP (POTOIOMUHECIICHIINHA COCTOUT TOJIBKO W3 ABYX JIMHHAN B BHIUMOMN
00JacTy, SJHEPreTUIecKoe TMOI0KEHNE KOTOPHIX HE3HAYUTEIHHO 3aBUCUT OT THIIA OKCHIHOMN
MaTpHIIBL.

BBEJEHUE

B nacrosiiee BpeMsi B Ka4eCTBE MAaTPHIIBI JJIOMUHECIICHTHBIX KPaHOB HCIIONB3YIOT IIie-
JIOYHO3EeMeJIbHBIE CYJIb(GUIBI, aKTHBUPOBAHHBIE pEIKO3eMENbHbIMH J00aBkaMu. OIHAKO
cyabduapt ZnS, SrS, CaS XUMHYECKH HEYCTOMNYMBBI U THTPOCKOIIMYHBL, YTO BBI3BIBACT He-
00X0IMMOCTh MPUMEHEHHS! JOIOJHUTENFHBIX MEpP MO CTaOMIM3alUH SKPAHOB, CO3JaHHBIX
Ha UX ocHOBe. [loMHMO 3TOr0, BaXKHOH MPOOJIEMOIl SBISIETCS MMOy4YEeHHE TOHKUX IUICHOK,
o0ecrieunBaronX MHOTOLBETHOCTh AKpaHa, 0COOCHHO ero romyoyio okpacky. IIpenmnosna-
raeTcs, 4TO €CIM BMECTO CYJb(HIOB IIEIOYHO3EMETbHBIX METAJIOB HCIOIb30BaTh X OK-
CHIBI, TO MOXHO PEUINTh 3aJadll CTAOMIBHOCTH M IBETHOCTH 3JIEKTPOIIOMHHECIECHTHBIX
(3J1) sxpanos [1]

OKCIIEPUMEHTAJIBHBIE PE3VJIBTATbDI

Jannas paboTa MOCBAIIEHA HCCIEOBAHMIO BO3MOXKHOCTH HCIOIB30BaHUS cioeB In,0;,
(Y205)0.5(In;03)0 5, (Y203)04(In203)0.6, (Y203)0.5(Sn0,)o5 axtuupoBannbix nonamu Eu’" B
konmnyecTtBe 3—5 Bec. %, a Takxke (In203)o_5(SnOz)o‘5:Ce3+ nu CaO:Eu,Sm B konmyecTBe
5Bec.%, B KauecTBe akTUBHBIX cioeB DJI akpaHoB. MI3BECTHO, YTO BaXKHBIMU XapaKTEpUCTHU-
kamu DJI 9KpaHOB SIBJIAIOTCS IPKOCTh U HA0OP €ro LBETOBBIX XapaKTEPUCTHUK. [10CKOIBKY
CYIIECTBYET CBSI3b MEXKAY ITUMH HapaMeTpaMu U (OTOIIOMHHECIIEHTHBIMU XapaKTEePUCTH-
KaMH MaTepHana aKTHBHOTO CIIOS, TO OBIIM MCCIIEJOBAHBI CIIEKTPH! (HOTOIFOMUHECICHIINH
(®JI) oxcumHbIX MarepuanoB. Kpome Toro, MeTosioM KOMOMHAIIMOHHOTO PACCESHHS CBETA
(KPC) m3yuanach CHMMETpHs IpuMecHbIX HoHOB Eu’* u Ce’” B MaTpumax okcmoB, Tak Kak
OCHOBHBIE XapakTepucTUKH criekTpa DJI cBs3aHBl ¢ CHMMMETpHEll OIMKHETO OKPYKEHHA
meHTpa cBeueHud. VcTournkaMu Bo30yxaeHus criekTpoB DJI ciryxuimm aproHOBBIN j1azep
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JITH-502 (Aposs = 488 M) u pryrHas mgamna JIPII-250. Crnexrper ®JI B obnactu 400 —
800 HM perucTpupoBaKCch ¢ momorblo crekrpomerpa JDC-52M u crieKTpaabHOTO BBI-
gucnutensHoro komruiekca KCBY-23. Crnextper KPC momyuensr ¢ momomnsio JDC-52M.
KPC B030y>aanock aproHOBBIM J1a3epOM (Agys = 488 HM) M permcTpUpOBANIOCH MPH KOM-
10 HaTHOHW Temmeparype. Mccnenyemblie 00pasiibl NpeICTaBISIHN
c000ii TabJIeTKH, CIIPECCOBAHHBIE U3 TUCIIEPCHOTO MOPOIIKA —
- CMeCH MCXOJHBIX KOMIIOHEHT. JTOT CIIOCOO HCIONb3yeTcs
JUIS. U3TOTOBJICHHSI MUILCHEH, MpeIHa3HAuYeHHBIX B JaJbHEH-
IIEM /ISl OCaX/ICHHS TUIEHOK MCXOJHOTO BEIIECTBa Ha CTEK-
JISIHHBIE TIOAJIOKKH METO/IOM DJIEKTPOHHO-JIyYeBOTO HCIIa-
PEHUS, W TIOJyYeHUs], TaKUM 00pa3oM, aKTHUBHBIX CJIOCB TOH-
KOIUIeHOYHbIX DJI 5KpaHoB.
Amnanu3 cniektpoB @JI Bcex MaTepranos, IPOBOAUBIINICA

I, amn. ed.

05

3
¢ B cpaBHeHHH CO cnexrpamu DJI okcuaoB SnO,:Eu (5 Bec.%)
e 1 (Iny03)05(SnO,)os5.Eu (5 Bec.%),moka3piBaeT, 4TO WHTCH-
Aomut cuBHOcTh DJI yOBIBaeT TpM YaCTUYHOM 3aMEHE B CMECH OK-

Puc. 1 cuzia onoBa okcujaoM mHAuA (puc. 1,a). Crnextpsr @JI stux

OKCHJIOB XapaKTePHU3YIOTCSl JIMHUSMH HW3JIyYeHHsS: 3eJICHOM
npu A; = 545 M u xentoit ripu A, = 582 uM. Crexktp DJI In,O5:Eu (3Bec.%) Taxke comep-
JKHUT JIBE 3T JIMHUU: 3eJIeHyI0 1 kentyto. Ecnu sxe cpaBHuTh ciektp DJI (Iny,O3)0.5(SnOy)g s,
axtusupoBanHoro Eu’* (3 Bec.%), co cmextpom ®JI Toro xe okcuaa ¢ godaskoit Ce’”
(5 Bec.%), TO BUIHO, YTO 3TH CIIEKTPHI OYEHb MOAOOHBI M OTIIMYAIOTCS TOJIBKO TEM, UTO
CHIEKTp MaTephaia, akTHBHPOBAaHHOTO Eu’’, COEpIKHT JTOMONHUTENBbHYIO KPACHYHO JIHHHIO
MaJioll MHTeHCUBHOCTH ¢ A = 610 uM (puc. 1,b). UnTencusnocts PJI noBeIIaeTcs Ha 1MOpS-
IoK (puc. 1, ¢) mpu gactiaHO 3ameHe In,O; okcumom urtpus Y,0;. B cnexrpax @JI mate-
puanos (Y203)05(In203)0‘5:Eu3 " (5 Bec.%) MIPUCYTCTBYIOT JIMHUU U3JIy4EHUS B OPAHXKEBOU U
KpacHO# obmactax crektpa ¢ A = 593, 610, 630, 660 u 710 am. ocratogHo OONBIION
HaOOp JUHMI H3MyueHHs npucyin Matepuary Yb,OszEu (5 Bec.%) ¢ A = 545, 582, 593, 610,
630, 660 HM. CpaBHUTENBHBINA aHANN3 SIPKOCTHBIX XapaKTEePUCTHK M3ITy4ECHHUS MOKa3all, 9To
MaKCHMalIbHOM mHTeHCHBHOCTBIO ®JI oGmamaer CaO:Eu’’, Sm®" (mo 5 Bec.%). [lnst Hero
XapaKTepHBI IUPOKask 0JI0Ca U3ITyYESHHUS] C HEHTPOM Npu A = 610 HM U TMHUS 3HAYUTEIHHO
MEHbIIICH HHTCHCUBHOCTH TIPH A = 630 HM.

CormocraBiieHHE PACCTOSIHUI MEXIly YPOBHSIMH B DHEPIeTHUECKOM CIIEKTPE CBOOOIHOTO
wona Eu’" u muamsivu B cnekrpax @JI okCcUaOB, colepiKalIX Eu*’, MIPOBOJIWIIOCH B COOT-
BETCTBUH C M3BECTHBIMU KCIEPHMEHTATBHBIMH IaHHBIME o criektpax ®JI monos Eu’" B
Matpure Y,0; [3,4]. Habmromaemele B ciektpax @JI ocobeHHOCTH Ha JUTMHE BOJHEI 545 HM
06YCIOBIICHBI, MO-BHIMMOMY, MEPEXOJaMH >JIEKTPOHOB MeXIy ypoBHsmu 'F—D; Ilo-
CKOJIBKY B DJICKTPUIECKOM KPHUCTAJUTMIECKOM TI0JIE MAaTPHUI] OKCHIOB IPOUCXOINT IITAPKOB-
ckoe paciiernienre [3] Bo3byxaeHHOro YpoBHs 'F, mpuMecHsX HoHOB Eu’’, T0 B criekTpax
@JI peructpupytorcs aa nuka mpu 630 u 610 aM (puc. 1), COOTBETCTBYIOIIHE TIEpeX01aM
’Dy—'F,, a TaKKe MHK npu 582 HM, CONMOCTaBUMBIN C MEPEX0JA0M ’Do—"F,. Muk ®JI npu
A =593 Hm comnocTaBuM ¢ mepexogoM Do— F; [3]. JIunus usnydenus mpu 660 HM, 10-
BUJMMOMY, OOYCIJIOBJICHA MEPEXOJIOM DIICKTPOHOB MEKIY YPOBHSIMHU *Dy—'F; B Eu’* [3, 4].
Habmromaempiii Mmakcumym ®JI ipu 650 HM, BepOSITHO, 00YCIOBJICH TIEPEXOIaMU SJICKTPO-
HOB MEKJy YPOBHEM °Dj H IITapKOBCKMM TOIYPOBHEM 'F3, UTO COIMIacyeTcs ¢ JAHHBIMH 00
SHEPreTUYECKOM PacCTOSHUN MEXK/Ty COOTBETCTBYIOIIUMH YPOBHIMHU [3].

Habmogaemsrii muk @JI B o6mactu 720 HM aBTOPHI paObOTHI [ 1] CBA3BIBAIOT C AJIEKTPOH-
HeiME mepexofamu 4f°5d—4f" B momax Eu’’, KoTOpble MPHCYTCTBYIOT KaK B ILICHKAaxX
CaO:Eu’", Tak ¥ Ha MOBEPXHOCTH OKCHIOB BCISACTBUE MX HEJOOKHCIICHHSL.
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Usmepenne cnextpo ®JI okcHIIOB, aKTHUBUPO-
BanHpX nonamu Eu’” u Ce*, mossommno mocrpo-
UTh UX IIBETOBOW TpadMK B MPSIMOYTOIBHOH CH-
cTeMe KOOpAWHAT Xyz, THE Xyz — KOOPAWHATHI
LIBETHOCTH B CHUCTEME, YTBEP)KIECHHONW MexayHa-
ponHoit komuccuei o ocsemennocta (MKO).

Ha puc. 2 mokazaH IIBETOBOH TPEyroJbHUK,
KOOpJMHATHI BEPIIUH KOTOPOTO COOTBETCTBYIOT
OCHOBHBIM I1BeTaM X, Y, Z; TOUYKH, 3aKJIFOUCHHBIC
BHYTPH PaBHOOCAPCHHOTO TPEYTOJbHHKA, Xapak-
TEPHU3YIOT OIPEIESICHHYI0 [BETHOCTH, 3aJaHHYIO
JBYMsI KOOpAMHATAMU IIBETHOCTH X 1 Y.

Tak, okcuasl CaO:Eu,Sm; (Y,03)5(Iny03)05:
Eu; Yb,O;:Eu OyayT ompenensiTe KpacHBIA LBET
DJI 5KpaHa ¢ KOOPAMHATAMH IIBETHOCTH X = 0.62- Puc. 2
0.63 u y = 0.37. Oxcun SnO,:Eu (58ec.%) nmeer
KOOpJIWHATHI IBETHOCTH X = 0.42, y = 0.57, 4yTo momagaeT B KEeATHIA TPEYTOJbHUK IIBETHO-
ctu. DJI axpan, coaepxkarmmii okcuabl (Iny03)g5(Sn0,)g5:Ce u Iny,O5:Eu, Oynet umets npe-
o0nafaronnii 3eNeHbli IBET U3ydeHus ¢ koopauHaramu X = 0.39, y = 0.61. DkcnepumeH-
TaJbHBIC JaHHBIC, MPEJICTABICHHBIC HA PUC. 2 M MOCTPOCHHBIC MO aHAJIOTHH ¢ paboToi [2]
st cynbhunos Sr(Ca)S:Eu(Ce), mokaszaiu, 4To IpU HCIOIH30BAHUU B KAUCCTBE aKTHBHBIX
cioeB DJI skpaHoB okcHIOB Yby03, Y,03, SnO,, InyO; € mobaBkaMu HOHOB Eu®" wm Ca®*
MOJKHO TIOJIYYUTh TAMMY I[BETOB OT KPacHOTO 10 3eieHoro. ClemoBaTeabHO, MaTPHUIlA OKa-
3BIBACT CHJIBHOC BIMSHUC HA SHEPTCTUICCKUAC PACCTOSHUS MEXKIY OCHOBHBIM M BO30YKICH-
HBIMH YPOBHSIMH HOHOB PEIKO3EMEIbHBIX JIEMEHTOB U COOTBETCTBEHHO Ha criekTp DJI.

OBCYXIEHUE INOJIYYEHHBIX PE3VJIbTATOB

Jns ycranoBieHust cumMerpun nentpa ®JI B pemerke MaTpuibl W HACHTH(DHUKALNN
SHEPreTHYeCKUX YPOBHEH, OMpeAeSIomUX IePEeX0abl IEKTPOHOB, OBII MPOBEICH aHAJH3
cnektpoB KPC uccrnenyemsix MaTepuanoB. V3BecTHO, UTO 3/eMEHTapHAs A4eika OKCHIOB
JIAHTAHOMJIOB COACPIKUT OJIHY (POPMaNIbHYIO eTUHUILY. B nieHTpe 30Hb1 bpuinttosHa nomKHEL
HaOI0AThCsA ONTHYECKUE KONeOaHNs CO CEAYIOMUMHU TUIIaMH CUMMeTpun: 2A;, + 2E, +
2A,, + 2E, [4]. CornacHo npaBuinam otbopa, B cnekrpax KPC nposiBistrorest 4 xonebaHust
(2A,; T2E,), a B MK cniektpax — 4 xonebanus (2A,, + 2E,).

DKcnepuMeHTanbHO B criektpax KPC marepuama Yb,Os:Eu’™ maGmonamich nBe He-
pacuiernyieHHbsle TuHuU 465 u 950 CM", a B CIIEKTpax In203:Eu3 * — muamm 305, 365, 495,
630, 665, 880 1 940 cv™.

CoriacHO TEOPETHKO-TPYNIIOBOMY aHann3y, B cnekrpax KPC marepuana SnO, momkHa
TIPOSIBIIATHCA JIMIIG OfHA NHHHS. B Marepuanmax SnO,:Eu’” skcrepuMeHTaTbHO perncTpu-
poBanuch konebanus ¢ uactoramu 475, 630, 775, 940 cv . TTo3TOMy MOXKHO yTBEPH/IATh,
YTO TPHUMECHbII HOH, 3aHUMAIONIHI MeCTO Sn’’, MCIIBITEHIBAET BIMSHUE OIS KPHCTAIITHYC-
CKOI1 pemeTku ¥ CHMMETPHS ero OKpYy>KeHHs moHmxkaercs. B Y,0; cuMMeTpus rieHTpa Eu’*
noHmwkaercs 10 Cs, [3], uro mpossisercs B crnekrpax KPC (YZO3)0'4(In203)0‘6:Eu3+ Hu
(Y203)05 (IH203)0'5:EU3+ B BHJIC JIOTIOJIHUTENIBHBIX JIMHUH ¢ yactotamu 325, 380, 440, 480,
630, 940 cM’' COOTBETCTBEHHO.

OkcnepuMeHTanbHble pe3ynabTaTel KPC mo3BOJSIOT cAenaTh BBIBOA, YTO CHMMETpPHS
noros Eu’' B matpule In,O; Hrke, yeM B oAHOTUIIHOM MaTpuie Y,0s, Tak kak cnektp KPC
okcua uHus ¢ Eu’t COJIEPXKUT JoNoNHUTENbHbIE JuHUKN. Ecnn cpaBHuTh cnekrp KPC
(In203)0A5(SnOZ)OA5:Eu3+, B KOTOPOM TIPOSIBIISIIOTCS TMHUU ¢ gactoTamu 475, 495, 630, 775,
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940 cM ' CO CIEKTpaMH HCXOIHBIX MATPHII, TO OH B NEPBOM MPHOIIKEHHH COBIANAET CO
cnextpom KPC SnO..

Conocrasienne  cnektpos  KPC (In203)0A5(Sn02)0‘5:Eu3+: IITh  4YacTOoT H
(In203)0A5(Sn02)0A5:Ce3+: TPH YacTOTHI (IUHUHM ¢ gacTotamu 465, 630, 980 CM'I) IMOKa3bIBAET,
uro cummerpus noHo Ce’" Beime, yem Eu’’. ITosToMy B KpHCTaLmHueckoM moine Gonee
HH3KOI CHMMETPHH MPOMCXOUT CHATHE BBHIPOJKACHHUS ypoBHE# 'F i 'F, LEHTPOB TIOMH-
necuenmun Eu’' B oTmmume ot YPOBHEH sz woroB Ce’", uro NPOSABIIAECTCS B BUJE JIMHUU
nmanyuenust ¢ A = 593, 610, 630, 660 um B cnekrpax ®JI marepuanoB, akKTHBUPOBAHHBIX
EBPOIIHEM, [0 CPABHEHUIO ¢ A = 545 u 582 um ju1s entpos Ce’".

CBur ¥ pacieniesue yposseit 'Fi noxa Eu’" 3aBHCHT OT KPHCTAIHYECKOrO HOIS ¥ OT
paccTosHMS MEXly MOHAMH KaTHOHA W aHHOHA B OKCHJIHBIX Marpuiax. CoriacHo pesyJib-
tataM pabotsl [1], nuHTeHCMBHOCTH DJI CyIIECTBEHHO MagaeT NMpH yMEHBIICHUH ITOCTOSH-
HOM pEIIeTKH, TaK KaK NPH 3TOM YMCEHBINACTCS BEJIMYMHA DIICKTPHUECKOTO JUIOJIBLHOTO
MOMEHTA, COOTBETCTBYIOILEIO MEpexoiam 5D0—7F1, 7F2. Ecmu cpaBHHTH ABEe KyOWdYecKue
pemetku In,O; (@ = 10.1 A — moctosnnas pemerku) u Y,05 (a = 10.6 A) [3,5], To B coot-
BETCTBHH € BEIBoJaMHu paboTsr [1] 3amena SnO, Ha Y,0O3 mpuBeneT K pocTy HHTEHCUBHOCTH
®JI B okcugax InyOs, 4TO perucTpupoBanoch dKCIEpUMEHTaIbHO. OTMETHM, YTO MHTEH-
CHUBHOCTH NIEPEXO0B 5 D0—7F1,2 (593,610 am) B Eu'n’ D—'F, (630 M) O6IU3KH, YTO TTO3BO-
JISIET CeNaTh BRIBOJ O CHMMETPHIHOM OKpyskenun uoHa Eu'" B Marpumax SnO, u In,Os.

[TpoBeneHHbIE HCCIIENOBaHMS [TOKA3aIH, YTO MaKCUMyM HHTeHcHBHOCTH DJI B Marepua-
nax Y,0s, Yb,0s, CaO ¢ nobaskamu Eu’" dopmupyercs 3a cdeT mepexomoB dIeKTPOHOB,
KOTOpBIE HE BKIIIOUAIOT SHEPIETHUECKHUT yPOBEHb OCHOBHOTO COCTOSIHHSA "Dy — 'Fy. A 0THO-
CHUTENBHO OOJbIIasi HHTEHCUBHOCTD, CBSI3aHHAsI C TIEPEXOAaMH HJIEKTPOHOB MEXIY YPOBHSI-
mu Dy —7F1,2, YKa3bIBaeT HA HU3KYIO JOKABHYI0 CHMMETPHIO IIeHTpoB cBeuenns Eu’' [4],
9TO CoTJIacyeTcs ¢ pesynsraramu uccienoanuii KPC.

3AKJIIOYEHUE

HccrenoBaHbl CIEKTPHI M3IYYECHUS HOHOB Eu’' m Ce** B okcmmmpix MaTpunax SnO,,
Y,03, In,03, Yb,03, CaO. YCTaHOBICHO, YTO YHCIIO JIMHUHA U3IYYCHUS M UX HHTCHCUBHOCTD
CHJIBHO BO3pAacCTalOT B MaTepHaliax Ha OCHOBE OKCHJIOB PEAKO3EMENbHBIX DJIEMEHTOB U UX
pasnUYHBIX cMecel 1o cpaBHeHuto ¢ InyOs, SnO,. [IpoBeaeHO comocTaBiIeHHE CIIEKTPaATb-
Horo moJyioxkenus auHui DJI ¢ mepexogaMu MKy BO30YKICHHBIMA M OCHOBHBIMU YPOB-
usmu nouoB En’" u Ce’. Usyuens ciektper KPC monos Eu’™ u Ce®™ B okcnambix marpu-
I[aX, KOTOPbIC MOKA3alH, YTO HOHBI Eu®" Heonno3HauHO 3anmMaroT monoxenus In*, Sn?,
Y8 pEeIIeTKe, MOATOMY 3HAYHTEEHO MOHMKACTCS CUMMETPHSI UX OJMKHETO OKPY)KCHUS.
U3 cnexrpoB KPC cremyer, uto mousr Ce’” BHEAPSIOTCS B PEIIETKy OKCHaa Gojiee yrops-
JIOYEHHO 10 cpaBHeHHIo ¢ Eu’”.

IMoctpoeH rpaduk IBETHOCTH akTHBHBIX ciioeB DJI skpaHoB, okucioB SnO,, Y,0;,
In,O3, CaO, akTHBHPOBAHHBIX Eu®" u Ce*". TTokazauo, uro TIPH MCIIOJB30BAHNHN ITHX MaTe-
puanoB B kadecTBe DJI SKpaHOB MOKHO TIOyYUTh TaMMY IIBETOB OT 3€JICHOTO K KPacCHOMY.
Jlnst Bcex wWcClenoBaHHBIX MaTEpUANIOB IMPHUBEACHBI KOOPAWHATHI IIBETHOCTH B CHCTEME
X, Y, Z, yrBepxieHHOM MexnyHapoaHONH KOMUCCHEN 110 OCBELLICHHOCTH.
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1. INTRODUCTION

The optical memory on materials having the properties of electron trapping is a new di-
rection at development of information storage and rewrite [1-3].

Curretly are pursued investigations directed on creation of a new type recording medium
with the opportunity of information rewrite by optical methods [1-4] as well as a medium
for heteroassociative memory in optical neural systems [5, 6]. Primarily as such medium are
used alkaline-earth metal sulphides activated by two rare-earth elements.

When creating the memory on materials with electron trapping on the basis of alkaline-
earth sulphides there arises a number of difficulties: a) these materials are chemically unsta-
ble, especially they are subject to the action of water vapours; b) films prepared by electron-
beam evaporation technique have a polycristalline structure with grain sizes in the order of
20 nm what has an essential influence on the signal-to-noise ratio at information reading [3].

The main objective which is pursued by us consists in investigating the optical properties
of new synthetized materials having the electron trapping properties which are characterized
by chemical stability and are easy manufacture at preparation of amorphous structures. We
have also recomended to use CaO (MgO) dopped with Eu, Sm. It has known, that the optical
stimulated luminescence (OSL) obtanes in CaO. But OSL appears in the special prepared
structures with defects. For this aim there are some methods: thermochemical reduction or
radiation processing by electron beam. Besides that the OSL obtaines only by nitrogen tem-
perature (77 K).

2. THEORY AND EXPERIMENTAL

In fig.l are shown: a spectrum of UV exitation which is necessary for storing up the light
energy on trapping levels and corresponding to an information record pulse (curve 1); an IR
exitation specrtum of stimulated photoluminescence corresponding to an information read-
ing pulse (curve 2); and a spectrum of stimulated anti-stokes photoluminescence corre-
sponding to a reading signal (curve 3).

The presented relationships for oxide mate-
rials at the room temperature are established for
the first time.

3 In fig. 2 is shown a standard structure of
widely used currently optical disks, but now by
applying recording two-level reversible medium
for information recording by photolumines-

L 1. L /1N, cence method.

1 2

e e o o el According to a method proposed by us, in-
Fig.1 formation recoding occurs by 266 nm focused
optical radiation (the 4-th harmonic of Nd:YAG
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laser). The duration of recording pulse is 10-100 ns at

_J £20 (EYSm) the radiation power density of 10°—10~ W/cm?, re-
Z)20%e | W\m&% spectively.

_&I £ The necessity for using for information recording
= ljﬂ SrS:(Eu,Sm) the short-wave 200—300 nm laser radiation of spectral

range is caused by the fact that only in this case in
7 7 7 7 7 materials on the basis of alkaline-earth oxides will

4
A A A A A A A A occur the trapping of electrons into long-lived energy
] levels formed by rare-carth element ions in the for-
Fig. 2 bidden band of wide-gap semiconductors (band gap
width is E, > 5 eV). Taking into account the fact that
the diameter of information bit recorded on the optical carrier surface is directly proportion-
al to the wavelength of recording source: d; = 0,61(A/N,) (N4 is numerical aperture of the
focusing microobjective at Na = 0.65, d; = 0,3 um) and the recording density is determined
by relationship: p = 1/(24d,*) = 0.5 x 10° bit/mm?, then at realization of proposed method of
information recoding is achieved a high surface recording density.

The exposure time at information recording is determined by laser pulse duration and
depending on power can be 10-100 ns. The reading of recorded in form a non is carried out
by laser radiation at wavelength A = 1064 nm (the 1-st harmonic of Nd:YAG laser) which is
focused by the reading microobjective N = 0.65 up to size of d = 1 um. In this case the
power of reading radiation is approximately one-tenth as large as the power of recording
radiation. The fact that the diameter of laser beam at reading is larger than at recording has
no essential influence on the process of information reproduction. It occurs because the
photoluminescent glow, arising under the action of IR-stimulating radiation on recording
medium, is registaed only when it is a maximum, what takes place at centres coincidence of
recording and reading laser beams.

The reading signal is photoluminescence radiation of visible optical spectrum range
(520-600 nm). The location of radiation maximum and its half-width depend on the type of
used rare-carth dopes: europium or cerium which play a role of activators, and samarium
which acts as a sensitizer. Since in the method proposed by us the information recording is
carried out by laser UV-region radiation, the reading — by IR spectral range radiation, and
the registered reading signal is located in the visible spectral range, then the application of
optical filters will permit to obtain a large value of signal-to-noise ratio and will provide
high reliability at information reading.

Thus the proposed method of information recording and reproduction provides high-
speed of response for recording and reliability of information reading in real time.

The realization of proposed method on the mentioned above media allows to canny out
the multiple rewrite of information. And the simultaneous use of alkaline- earth metals sul-
phides and oxides activated by rare-earth ions and the fact that the recording and reproduc-
tion signals for these material have different spectra permits to realize two-level reversible
recording.

In fig. 2 is shown the structure of information disks with two reversible recording layers
in which the recording, reading and erasing of information is carried out by a method pro-
posed by us. The lower recording layer (level) is a recording medium on the basis of sul-
phide (presumably of strontium sulphide) with europium and samarium dopes similarly to a
prototype. And the upper level, viewed in the path of recording laser beam, is an oxide ma-
trix activated by europium and samarium. The information recording on the lower registra-
tion level (the sulphide material with dopes of Eu*" and Sm” ions) is carried out by the third
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harmonic radiation of the Nd:YAG laser (A =399 nm). By passing the laser radiation at such
wave length through the upper recording layer, consisting of alkaline-earth elements oxides
activated by europium and samarium, in it will take no place the storing up of light energy
in the form of electron trapping onto excited trapping levels, i.e. for such wavelength the
upper layer will be “transparent”. But in this case will accur the information recording on
the lower recording layer. In order that would take place the trapping of electrons by tne
upper level, it is necessary to irradiate the oxide materials by radiation at wavelengths
A =200-280 nm. For information recording on the upper registrating level one can use the
laser radiation of the fourth Nd:YAG laser harmonic (A =266 nm).

For increasing the recording reability on the lower level between recording layers is lo-
cated an intermediate polymeric layer into which one can add substances absorbing the laser
radiation at wavelength A = 266 nm and thereby preventing its ingress on the lower level.
And in a simpler realization variant of two-level registering system it is sufficient to choose
the thickness for an intermediate polymeric layer in the order of 40 pm. Such layer is used in
compact disks with an increased information recording density at two- layer variant of its
recording.

For information recording by optical method is used a collimaded laser beam with
Gaussion intensity distribution profile: I(r) = Py/(2no?)exp(-r*/207), where P, is radiation
power in center of focused beam, r is distance from spot center, & is dispersion of radiation.

In the case of using the threshold recording medium the information recording occurs
along the recording layer boundary where the power density of the radiation incident on the
layer surface reaches some threshold value Py, for a given layer. By using as recording me-
dia materials with electron trapping synthesized on the basis of sulphide and oxide materials
doped with rare-earth ions the density of which is ~10'® cm™, for recording one bit about the
size of 1 um’ the threshold recording energy is 107" j. And the saturation occurs at the in-
formation recording energy of 10" j/um*. And since for information recording is used the
laser radiation of UV spectral range, then parallel with small sizes of information bits
(d.~ 0,61(MNy)) there will be a small value the depth of focusing AZ=A/(2N,?)=0,5+ 1 um,
too. The performed calculations showed, that by using for the laser radiation focusing with
Gaussian intensity distribution profile of a focusing microobjective with N, = 0.65, the
power density of divergent laser radiation at a distance of 5 pm from a focus is reduced
more than by a factor of 30. Thus, in our case the thickness of a polymer layer between
recording layer cas be only 10-15 pm.

The information reading from two-layer reversible information carrier is carried out by
focusing in turns the radiation of the first Nd:YAG laser harmonic (A = 1064 nm) on the
surface of an appropriate recording layer. As a source of reading radiation can be applied a
semiconductor laser at wavelength ~1060 nm, too. The power of laser radiation at infor-
mation reading is more than by a tactor of 10* lower than at recording. Under the action of a
reading laser pulse in those areas of recording layer in which was performed information
recording by UV laser radiation will arise the stimulated photoluminescence glow. If infor-
mation reading is executed from the lower registering level (from a sulphide material), then
the stimulated photoluminescence glow would be a maximum in the wavelength range
A =630+ 660 nm (red light). And at information reading from a recording layer on the basis
of oxide matrix (the upper level) the stimulated photoluminescence radiation will have a
maximum intensity in the wavelength range of 520-600 nm, i.e. in the region of optical
spectrum at shorter wavelength (yellow-green light). Thus the information reading signals
from different levels are separated over the spectral range and their selection is possible
when using optical filters which will transmit only the red or yellow-green photolumines-
cence glow to the appropriate photoreceiver.
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A device realizing the proposed method
J > 13 of reversible optical information record-
HZzA 12 ing/reading is shown in fig. 3.
7 8 Recording parameters: speed response
6 —-— 200 Mb/sec, storage data time is more than 5
years, these materials are superior to mag-
. nitooptic films.

n2 3 ] The principle of operation of this device

|<|] 5 is as follows. The light flux generated by a
VoK _ laser 1 (Nd:YAG laser) is collimated by a
lens 2 and is splitted by a semitransparent
mirror 3 into two unequal fluxes. A weaker
laser radiation flux is directed on an optical
shutter 4 which transmits it only at infor-
Fig. 3 mation reading. On the way of reading laser

radiation is located a chromatic beam-

splitting cube 5 which transmith the radiation of the whole optical range (from 200 to 1200
nm) and reflects the radiation only at wevelength A=1064 nm. The other, stronger part of the
laser radiation flux is directed on a dummy mirror 6 being reflected from which it passes
through a double transducer 7 on the output of which we have the 4-th harmonic of the main
frequency of a laser 1 (A = 266 nm). After transformation the laser beam comes to an elec-
trooptic modulator 8 modulating the light flux at information recording. A laser flux, passed
through a modulator, is reflected by a chromatic beam-splitting cube 9 which like cube 5
also transmits the whole optical range and reflects the radiation only at wavelength A =266 nm.
The laser radiation at information recording (at A = 266 nm) or at reading (at A = 1064 nm)
is focusing by a microobjective 10 on the surface of recording medium on the basis of elec-
tron trapping materials 11. The stimulated photoluminescence radiation is collected by a
microobjective 10 and is directed on a photoreceiver 10 before which is set up a filter 12 tran-
smitting the light flux over the visible spectral range (A = 520 + 600 nm) and a collecting lens 13.

3. CONCLUSIONS

1. For the first time is revealed the stimulated by IR-light photoluminescence in alkaline-
earth oxides writh rare-earth ion dopes.

2. A method of information recording with the feasibility of its multiple rewrite on alka-
line-earth oxides activated by rare-earth ions is proposed.

3. The principles of two-level reversible information recording based on the stimulated
photoluminescence effect are developed.

4. A device for information recording/reading on the photoluminescence effect is devel-
oped.
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ABSTRACT

At present there exist many methods of preparing film structures on an inner surface of
cylindrical elements by vacuum technology. They are designed for evaporation of metallic,
oxide and other surface layers mainly and cannot practically be used for the formation of
optical layers using multi-component, strong dissociative materials. Therefore we have
developed the flash evaporation method using fiber as a film-forming material. This method
allows vs to obtain defect-free, X-ray amorphous, uniform over the thickness recording
layers from multi-component strong dissociative materials.

Keywords: recording media, cylindrical carriers, effusive evaporator.

1. INTRODUCTION

High demands are laid to recording media for information recording. First of all, a re-
cording medium has to be a defect-free, X-ray amorphous film with the 500-700 A thick-
ness range, capable of maintaining the X-ray amorphous state within the temperature range
from (—) 50 to 60 °C during a long period of time (10 years). The film has to be uniform
along the cylinder genenatrix and over the radius with the deviation in uniformity not more
than 5 %. The chemical composition of films has to be homogeneous, the coefficient of
reflection should be 35-40 % and that of absorption — not less than 3x10° cm™' over the
0,83 um wavelength on the whole effective area of the information to be recorded. A relia-
ble recording of the bit of information must be effected at laser radiation powers of about 7
mW with the pulse duration of 100 ns.

Amorphous films of vitreous chalcogenides are perspective materials [1, 2] for being
used as recording media. In the vacuum technology a great number of methods for evaporat-
ing films and film structures onto inner surfaces of cylindrical elements are known. But in
the majority of cases these methods are developed for evaporating metallic, oxide, antifric-
tion and other coatings and cannot be effectively used for preparing optical recording layers
from multi-component, strong dissociative materials.

2. DESCRIPTION OF METHOD

As a a recording medium of method must be evaporated onto an inner surface of a glass
cylinder having 13 mm in diameter with cylinder length / inner diameter ratio equal to 7 the
application of these evaporation methods does not give desirable results. That is why we
have developed the flash evaporation method using fiber as a film-forming material from a
quasi-closed effusive evaporator which is exclusively designed to prepare recording layers
from strong dissociative film-forming materials being evaporated onto an inner surface of
the cylinder.

The principal unit of the device developed by us for this purpose is a quasi-closed, two-
chamber evaporator of effusive type. It presents (fig. 1) coaxially arranged two thin-wall
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tubes (1,2) of different diameter, made of tantalum foil (0,04 mm thick). The lower part of
tubes is hermetically plugged (3). The upper part of tubes is plugged by a ring (4) and the
rear part of an inner tube (1) ends in a cone-shaped plug with a hole (5) on the cone vertex

designed for loading the fiber, made of a film-forming materi-
al, into the inner volume of the evaporator. Effusive holes (0,4
mm) (7,8) with constant step are made on inner and outer
tubes along the cylinder genenatrix. The angular distance be-
tween inner and outer effusive holes with regard to the evapo-
rator axis is equal to 1800. Such geometry of the arrangement
for effusive holes excludes the throwing out of drops, unevap-
orated solid particles of a film-forming material and facilitates
pressure balancing of vapor while going out from effusive
holes of an outer cylinder. The whole evaporator is placed into
a cylindrical heat shield (6) which serves as a conductor of
current to the upper contact at the same time. The shield (6)
has a slot along the cylinder genenatrix opposite the outer
effusive holes to provide free access of the vapor of a film-
forming material onto an inner cylinder surface (substrate).

The essence of this method is as follows (fig. 2). The evap-
orator 1 being cold is introduced into the cylinder 2 that rotates
around its own axis. The precise device 3 delivers the fiber 4
from the coil 5 of a preset length into the inner volume of the
evaporator . By the current pulse having the necessary magni-
tude and duration the evaporator is heated up to the evapora-
tion temperature (900-1000 K) of a film-forming material.
The vapour from effusive holes is condensed on an inner sur-
face of the cylinder.

3. EXPERIMENTAL

The tests carried by us showed that the length calibrated in
respect to the diameter of this fiber to be evaporated per one
cycle defines uniquely the thickness of a recording layers
obtained. In order to obtain one layer with the thickness of
750A on an inner surface of the cylinder having 13 mm in
diameter and 80 mm in length one should evaporate the fiber
with 32 mm in diameter and 90 mm in length. The accuracy of
delivery of +/— 0,3 mm and preset lengths of the fiber meets
the demands for reproducibility of optimal thicknesses of
recording layers.

One fully loaded coil contains the fiber of about 3 km in
length that is more than enough to evaporate approximately
30,000 information carriers.

In order to successfully realize the method of flash evapo-
ration of a film-forming material in the form of fiber using
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Fig. 1. 1 — inner tube; 2 —
outer tube; 3 — choke; 4 —
ring; 5 — cone-shaped plug;
6 — heat shield; 7, 8§ —
effusive holes

Fig. 2. 1 — evaporator; 2 —
cylinder; 3 — fiber delivery
device; 4 — fiber; 5 — coil

two-chamber effusive evaporator, its design and technological evaporation modes are of
great importance. The effective spraying of chalcogenide material that tends to dissociation
provides time minimization while spraying the mass necessary for the formation of a record-

ing layer of optimal thickness.

The evaporator with the appropriate electronic power supply unit developed by us pro-
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vides the heating of evaporators body up to the working temperature of approximately 950
K during 0,2 s, the total evaporation time being 2 s. Thus, the temperature influence of radi-
ation onto the surface of condensation is reduced to minimum that ensures a reliable prepa-
ration of X-ray amorphous films. Very diffuse rings on defectograms taken by on electronic
microscope while studying condensates are evidence to this fact. In addition the studies of
the structure of Ge-As-Se-Te films were carried out on NaCl thin shearing cuts which had
been placed onto an inner surface of an optical cylinder to bring the experimental conditions
closer to real as much as possible.

4.CONCLUSION

The technological experiments of the method for flash evaporation of fiber give grounds
to distinguish the following technical-economical characteristics

— reproducibility of properties of X-ray amorphous defect-free recording media;

— high utilization factor (approximately 0.9);

— high adaptability to streamlined manufacture and productivity;

—no direct control over the thickness of films during growth;

— simplicity in use;

— high ecology.

In our opinion the above method may be recommended for batch production of optical
storage cylinders.
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BBEJJEHUE

OCHOBHBIM METOJOM H3TOTOBJICHHS IUTAMIIOB AT THPAKUPOBAaHHUS KOMIIAKT-IUCKOB
OBLT M OCTACTCS METOJ C HMCITOJb30BAHUEM IMO3UTHBHBIX (POTOPE3UCTOB. DTOT METO 0bec-
MEYNBAET MOTY4YEHHE BBHICOKOKAYECTBEHHBIX IUTAMIIOB JUIl TUPAaXUPOBAHUSA CTaHIAPTHBIX
KOMITAaKT-ZIUCKOB TIPH HMCIOJIb30BaHUU JJIsl SKCIIOHUPOBAHUS JIa3epHBIX HCTOYHHKOB H3IIY-
4yeHu# ¢ mmHamu BoJTH 530—430 HM 1 6051ee KOPOTKOBOJIHOBOT'O H3JTyUCHHUS [T TPOU3BOI-
ctBa DVD-auckoB. OCHOBHBIMU HEJOCTaTKaMU (DOTOPE3UCTHBHOTO METOJIA SIBIISIOTCS JI0-
CTaTOYHO BBICOKAS IPOJOJDKHTEIFHOCTD MPOIIECCa M3TOTOBJIECHHS IITAMIIOB M OTpaHUYEH-
Hasl pa3pemaronias ClloCOOHOCTh MO3UTHBHBIX (POTOPE3UCTOB, KOTOPHIE MOTYT SKCIIOHHPO-
BaThCsl CHHE-3€JICHBIM JiazepoM [ 1, 2]. Kpome Toro, He3HaYUTENbHBIE OTKJIIOHEHHS OT OITH-
MaJIbHOTO PEXUMa IMPOSIBICHUS MPUBOISAT K IOSBICHMIO HA IIOBEPXHOCTH KOMITAKT-IHCKA
obmacrelt ¢ I3MEHEHHBIM KOA(PQPHUITHEHTOM OTpaXKeHHs, MOTYIMBIINX Ha3BaHHE «o0maka» [3].

OOmmit moAXoa K yMEHBUIEHHIO BPEMEHH IPOM3BOJCTBA INTaMIIa COCTOUT B TOM, YTO
HITAMIT U3TOTABIMBAETCS MyTEM CO3aHUsl pesibedpa Ha METATMYECKO MO/ITI0KKE, KOTopast
WCIIONIb3YEeTCsl B Tpoliecce perukanuu [4, 5]. B HacTosee Bpems HauOombInee pacmpo-
CTpaHeHHe TONyYrs1 MeToJl (GOPMHUPOBaHHUS pesibedpa Ha HUKEIEBBIX MOIJI0XKKaX U3 3a1y0-
JICHHOTO M OTOXKEHHOTO HEraTMBHOI'O OpraHmdeckoro ¢oropesucra [4]. OCHOBHBIMHU He-
JIOCTaTKaMH 3TOTO METO/A SIBJISIIOTCS OrPaHUYEHHAs pa3pelaronias CriocCoOHOCTh HETaTHB-
HBIX OpPraHNYecKuX (POTOPE3UCTOB M HEOOJNBIIOE KOJIMYECTBO OTIICYATKOB, MOIYyYaeMOE C
OJTHOTO LITaMIIa.

Bonpiol nHTEpEC MPOSIBISIETCS] TAKXKE K MCIIOIB30BAHHUIO TO3UTHUBHBIX (DOTOPE3UCTOB
U1t (hOPMHUPOBAHUS PEIbe(PHBIX MHKPOCTPYKTYP B TMOJUIOKKE AWCKa-opuruHana [5]. s
SKCTIOHWPOBAHUS TIO3UTHBHBIX PE3NCTOB MOTYT HCIIOIB30BAaThCSA KaK TPaJUIMOHHAS 3alHCh
c(hOKyCHPOBAHHBIM JTa3€PHBIM JIy9IOM, TaK U 00ECHEUNBAIOIIEe OOJBIIYIO TNIOTHOCTD 3allu-
CH DKCIIOHUPOBAHUE DJICKTPOHHBIM J1y4doM [6]. TIpocTeiiiium U, Ha mepBbIi B3IJIsI, HANOO-
Jiee TEXHOJIOTUYHBIM SIBIISIETCS] TIPOLIECC MOJIYyYeHHs pelibeHOro M300pakeHus] myTeM JIo-
KaJbHOTO ()OTOTEPMHYECKOTO yIAICHHS MaTepuasia METAUIMYECKOW MOJJIONKKH, KOTOpast
MOXET 3aTeM HCIIOJIb30BaThCs JIMOO B KaYEeCTBE IITaMIIa, JIMOO ISl N3TOTOBIICHHSI HUKEJIe-
BbIX Koruii (mother and sons) [3]. [ToBbimenue paspemaroniei cmrocoOHOCTH ITOTO METOAA
MOXeET OBITh JOCTUTHYTO HaHECEHHEM JOTOJHUTEIBHOTO CBETOMOTIJIOMIAIONIETO CIIOs C TOo-
CJICAYIONINM JIOKAIBHBIM yaJeHHEM C(OKYCHPOBAHHBIM JIA3€PHBIM M3IIyYCHUEM W JIOKaJIb-
HBIM TpPaBJICHHEM MaTepralla MOJJIOKKH 10 OIydeHHs penbedHoro n3oopaxeHus Tpedye-
Mo# Timy6uHBl. OTHAKO METO/] JIOKAJIBHOTO (POTOTEPMHUYECKOTO pa3pyLICHHUs] CBETOTYBCTBHU-
TEJIFHOTO CJIOSl MIMEET CYIIECTBEHHBIC OTPAaHWICHUS 110 pa3peraromeil crrocooHocT (Tomy-
YeHHEe 3JIEMEHTOB C MHHAMAIBHBIMU pa3Mmepamu MeHee 0,3—0,4 MKM TpH JUIHTETBHOCTSIX
UMITyJIbCOB 3allUCH, COOTBETCTBYIOIIMX 4-X M 6-THM KPaTHOW CKOPOCTH 3alMCH KOMIIAKT-
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JIMCKOB, IPOOJIEMAaTHYHO) M, KPOME TOTO, B 30HE OOJIyYEHHUS] OCTAIOTCS MUKPOUYACTHIIBI TIO-
TJIOIIAOLIET0 CJIOSI, KOTOPBhIE CYIIECTBEHHO BIHMSIOT Ha PaBHOMEPHOCTH IpoLecca TPaB-
JICHUS.

Heoprannueckne (OTOpE3NCTHl Ha OCHOBE XalbKOICHHIHBIX CTEKJIIOOOpPAa3HBIX IOJY-
MPOBOJHUKOB UMEIOT PSAA MPEHMYIIECTB 110 CPABHEHHIO C OPraHW4YECKUMH (HOTOPE3UCTaAMH,
B YaCTHOCTH, II0 pa3pemaromieil CocoOOHOCTH, TEPMUIECKON CTaOMIBHOCTH, Oosee MIMpo-
KOMY JHMaIla30Hy CIEKTpaJbHON "yBCTBUTENbHOCTH [7, 8]. B Hactosmieit pabote uccneny-
eTcsl TIpoLiecC NPSIMOr0 MacTepHHTa C HCIOJIb30BAHUEM HETaTUBHBIX HEOpraHMueckux ¢o-
TOPE3UCTOB.

OBOCHOBAHUME ITPOLIECCA TTPAMOI'O MACTEPUHI'A
C UCTIOJIbB3OBAHUEM HEOPI'TAHUYECKUX ®OTOPE3MCTOB

VYixe mepBble pabOTHI MO HMCCIETOBAHUIO B3aMMOACHCTBUSI ONTHYECKOTO H3IYUCHUS C
TOHKHMH TUICHKaMH XalIbKOTCHUIHBIX MOJIYIIPOBOJHUKOB MMOKa3aJIH BO3MOKHOCTD CO3aHUsI
Ha UX OCHOBE HETAaTHBHBIX M MO3UTHUBHBIX (DOTOPE3NCTOB ¢ CYOMHKPOHHOW pa3pelaronieit
cnocoOHOCThIO [7-9]. BO3MOKHOCTh CO3/IaHMsi HEOPraHUYECKHX (POTOPE3UCTOB HA OCHOBE
TOHKHX TUICHOK XaJIbKOTEHUIHBIX MOJYHNPOBOJHHKOB M CHCTEM «XaJbKOT€HHUIHBIH MOJy-
MIPOBOIHUK—METaIIJ», OCHOBAHHAs! HA TOM, YTO B TaKWX IUICHKAX IOJ JEWCTBHEM aKTHHHY-
HOTO M3JIYYECHUS MPOMCXOMAAT (POTOCTPYKTYpHBIE MPEBPALICHUs, CONPOBOXKAAIOIINECS U3-
MEHEHHEM (H3UKO-XHMHUYECKHX CBOMCTB IUICHOK, B YaCTHOCTH, PACTBOPHMOCTH B IIENOY-
HBIX pactBopax [8-13]. [lampHeiinmie McciaenoBaHUsS HEOPTaHUYECKUX (DOTOPE3UCTOB I03-
BOJIMII pa3paboTaTh OPraHHYECKHE pPAcTBOPHUTENH, O0JIaJaloIIne BBICOKOH CEJeKTHBHO-
CTBIO PACTBOPEHHMS OOIYICHHBIX 1 HEOOIYIEHHBIX TOHKHX IUIEHOK XaIbKOTCHUIHBIX CTEKOI
cucteM As-S, As-Se, As-S-Se, O3BOISIOMKE MTOTyYaTh HA HUX pelbe(HbIC N300paKeHHUS,
pasMepbl KOTOPBIX OMpeessifoTcsl cucteMor 3anucu nHbopmaiuu [14-16]. Ilpu 3anucu
MHUKpPOpENbePHBIX CTPYKTYP COHOKYCHPOBAHHBIM H3JIyYCHHEM BHAMMOIO JHMana3oHa Ha
TOHKHX TICHKaX 3TUX CUCTEM MOTYT OBITh MOJYy4EHBI JJIEMEHTH C MUHUMAIIbHBIMU pa3Me-
pamu 0,2-0,3 mxm. Pa3Huia B CKOpOCTSIX pacTBOpPEHHsS HEOOIYyUEHHBIX W OOIyUSHHBIX
YYacCTKOB 3THX IUIEHOK MOkeT omindatkes B 20—40 pa3. CylecTBeHHBIM HEIOCTaTKOM 3THX
TUIEHOK SBJISIETCSI HM3Kas TeMIlepaTypa CTEKJIOBaHMs (U1 CTeKon cucTeMbl As-Se — 110
150 °C; As-S — mo 180 °C) u HHM3Kas MUKPOTBEPAOCTh (IS CTEKOJ CHUCTEMbI As-Se —
710 150 kr/mm?; As-S — 110 134 kr/mm®; As-S-Se — 10 145 xr/mm?) [17].

[TosTOMy, HECMOTPSI Ha BBICOKYIO pa3pelaroulylo CIIOCOOHOCTb, HIMPOKUH CHEKTpallb-
HBIH Uana3oH (rpaHuLa MPOIYCKaHUs CBETa JUIs IUNICHOK cucTeMbl As-Se cocrasiser 0,73—
0,78 mxm, cuctemsr As-S — 0,5-0,6 mxm, As-S-Se — 0,5-0,75 Mxm), Heopranmdeckue QpoTo-
PE3HUCTH HA OCHOBE CTEKOJ 3THX CHCTEM HE MOTYT HEIOCPEICTBEHHO MCIOJIB30BATHCS AJIS
MOTY4EHHUS MUKPOPETbEe(YHBIX CTPYKTYP METOJOM MPSIMOTO MACTEPHHTA.

Y CcTOHYMBOCTh MIEHOK XalIbKOT€HUIHBIX MOIYHNPOBOJHUKOB K KHCIOTHBIM TPAaBUTEISIM
MO3BOJISIET UCIIOJIb30BATh HEraTUBHBIE (DOTOPE3MCTHI HA OCHOBE XaJbKOT'€HHIHBIX MOIYIIPO-
BOJIHMKOB JUIsl MOJYYEHHs pelbeHBIX NM300paKeHHH Ha HHUKEJEBBIX IMOUIOKKAX IyTeM
TpaBJICHUSI MOJIOKEK.

Penbedubie n300paskeHns MOTyT OBITH MOJy4YEHBI U M3 Marepuasa Qoropesucra, 4To
obecrieunBaeT OOJBIIYIO Pa3pelIalolyl0 CIOCOOHOCTh IMpOIecca W MEHbBIIEEe BPEMS €ro
BBINOJIHEHMSL. J{J1s pereHust 3Toi 3ajau HaMy TIPEUI0KEHO HCIIOIb30BaHNE JIBYXCIOHHOTO
HeopraHudeckoro (Qoropesrcra, B KOTOPOM penbeooOpa3yromidi CIoi BBINOJHEH W3
XaJBKOT€HUTHOTO cTekia cucteMbl Ge-S, a ¢orouyBcTBHTENBHBIN — U3 As-Se-S. Breibop
TaKoi CHCTEMBI OOYCIIOBJIEH TeM, UTO CTeksia cucTeMbl Ge-S 00agaroT BEICOKOH Temrepa-
Typoii creknopanus (350 °C) 1 MUKpOTBepAOCTHIO (220 Kr/MM?) [13], a B cTEKIaxX cHCTEMBI
As-S-Se mpoucxonsaT GoTOCTPYKTypHBIE TIPEBPAIECHHS IO AEUCTBHEM ONTHIECKOTO H3ITY-
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YEHHS TOTO CHEKTPAILHOTO JHMANa3oHa, B KOTOPOM PACTIONOKEHBI JTHHUU H3ITyUCHHS J1a3e-
POB, HCIIONIb3yEMbIX B CTAHIMSX Ja3ePHOW 3amucH (MOHHBIC aPrOHOBBIA M KPUIITOHOBBIH
na3ephl, HEOAUMOBBINA C YIBOSHHUEM YaCTOTHI, HOIYINPOBOJHUKOBBIC J1a3epbl, TEHEPHUPYIO-
mwme B auamazoHe 400-500 am). Ilpu 3ammcu mop mefCTBHEM M3IYYEHHS B BEPXHEM CIOE
HEOPTraHUYECKOro (hoTopesucra MPOMCXOAIT (POTOCTPYKTYPHBIC MPEBPAICHHS, KOTOPHIC
COMPOBOXKIAIOTCS PE3KUM H3MCHEHHEM PACTBOPHMOCTH XaJbKOTCHHIHOTO CTEKJIa B pac-
TBOPHUTEIIE, COACPKAIIUM STUICHINAMUAH U AUMETHIKETOH. [Toce moaydeHus penbeHOro
M300pakeHHs B BEPXHEM cJioe (POTOPE3UCTa MPOU3BOJAUTCS XUMHUYCCKOE TPABICHHUE PEibe-
(hoobpasyromero cios. B 3ToM mporiecce GOTOUYBCTBUTEIBHBIN CIOH HCIONB3yEeTCS B Ka-
YeCTBE 3aIUTHON Mackd. ToNIIMHA (POTOYYBCTBUTEIHHOTO CIIOS U COCTaB PACTBOPUTEISL
BEIOMpAaeTCs TaKUM 00pa3oM, 4TOOBI B TMpOIEcCe CEIEKTUBHOTO TPaBJICHUS penbedoodpa-
3YIOMIETO CIIOSI MTOTHOCTBHIO PACTBOPSIICS (POTOUYBCTBUTEIBHBIN CIIOM.

OKCIIEPUMEHTAJIBHBIE PE3VJIBTATbDI

ToHkue ruieHKH penbedooOpasyonmx U (GOTOUYBCTBUTEIBHBIX CIOEB HAHOCHUIIUCH Me-
TOJOM BaKyyMHOI'O PE3HCTHBHOTO WCNApeHHs Ha HHKEJIEBbIE MOJJIOKKH TOJIIUHOM
300 mxm. Tonmmmnaa penbedooOpa3yIoNIero CIos B 3KCIEPUMEHTAaX MO 3aliCH JHCKOB-
opuruHayioB cocrarisuia ot 100 g0 200 HM, a TommuHa (OTOYYBCTBUTENBHOTO ciiost 30—60
HM. [TOCTOSIHCTBO TOJIIIMHBI CJIOEB B pabouei 30HE COCTABISIIO 2 HM, YTO 00ECIeYNBaIOCh
pa3MelIeHIeM TOII0KEK U UCIapHuTeleil Ha paccToSHIM He MeHee 350 MM 1 TIaHeTapHBIM
BpAIIEHNEM IT0JTOKEK.

3anuce nHGOPMANNN OCYIIECTBILIACH HAa 2-X CKOPOCTHOM CTaHITUH JIAa3ePHOH 3aIliuCH
(LBR). Momnoxka ¢ HEOpraHWYECKHM (DOTOPE3UCTOM yCTAaHABIMBANACH Ha BaKyyMHOH
ianinainoe. B pexxume 3amucu TOpiieBble OMCHUS MOMI0KKH He TpeBbimanu 10 Mrm. DKc-
MMOHUPOBAHUE OCYIIECTBISUIOCH U3TYUSHHEM aprOHOBOTO Jia3epa ¢ JJIWHOW BOIHBI 457 HM,
c(hOKyCHPOBaHHBIM OOBEKTHBOM C 4HCIOBOM ameptypoi 0,85. B cucreme 3ammcu ObLia
MpeayCMOTpPEHa BO3MOXXHOCTh IUIABHOHM PEryJIMPOBKM MOIIHOCTH SKCIIOHHPYIOIIETO H3Iy-
YEeHHUs Ha MOBEPXHOCTHU JUCKa-OpUrHHaNa B UpokoM auanaszone ot 0,1 MBt 1o 10 MBT.

3amucaHHbIe AUCKH MOJIBEPTaINCh JBYXCTYIEHYaTOMY Tpolieccy TpasyieHus. Ha mepsom
JTane OCYIIECTBISUIOCH CEJIEKTUBHOE TpaBJIeHHE (OTOUYBCTBUTENBHOTO ciost As-Se-S.
[Tocne MPOMBIBKM W CYIIKH ITOJUIOKKH IMPOBOAMIOCH TpaBJICHHE pebedooOpasyromero
CJIOSI 4epe3 OKHa B (DOTOUYBCTBHTEIILHOM ciloe. M3MepeHns BHICOTHI M IIMPUHBI BHICTYTIOB,
MIPOBEJCHHBIC HA TYHHEIBHOM CKaHUPYIOIIEM MHKPOCKOIIE MOKA3aI1, 9TO OHU COCTABIISIOT
cootBercTBeHHO 100—190 M 1 0,3-0,6 MxMm. [IpencraBneHnas Ha puc. 1 3aBHCHMOCTH IIH-
PHHBI BBICTYIIOB OT MOIIHOCTH 3KCHOHHPYIOIIETO M3ITyYeHHs IOKa3bIBACT, YTO (POTOUYB-
CTBUTEJIBbHBIN CIIOH o6na)1aeT JOCTAaTOYHO HIMPOKHUM JUHAMUYCCKHUM JUAITIAa30HOM. VBenn-
YCHUC MOINHOCTU IKCIIOHUPYIOMICTO HU3JIYUYCHUSA NPUBOAUT K JIOKAJIBHOMY HCHApPCHUIO HEC-
opranuyeckoro (orope3ucta B LEHTpe 30HbI o0OmyueHus. OOmwmii Bua peiabehHOH MHUKPO-
CTPYKTYPBI M3 XaJbKOT€HHTHOTO CTEKJIa HAa HUKEJICBOH MOJUIOKKE, ITPEACTaBICHHON Ha PHUC.
2, CBHJIIETENBCTBYET O TOM, YTO pa3pellaroias ClIoCOOHOCTh HEOPraHW4ecKoro (oTopesu-
CTa MO3BOJISIET (POPMHUPOBATH IIIEMEHTHI C pa3MepaMu, HEOOXOAUMBIMH JJIsl THPXKUPOBAHUS
DVD-Hocurene#t (mmpuHa BeIcTyoB — (0,4 MkM, MuauManbHas umHA 0,4 MkMm). [ITamrer,
penbed Ha MOBEPXHOCTH KOTOPHIX OBUT CHOPMUPOBAH M3 XaJIbKOT€HHIHOTO crekna Ge-S,
OBUTH MCIONB30BAaHbl I THPAXHUPOBAHMS KOMIAKT-ANCKOB MO CTaHAAPTHON TEXHOJIOTHH.
ITpoBeneHHbIE HCCIEAOBAHNS TTOKA3aH, YTO Tocie u3rorosiaeHUst 500 OTTHCKOB reoMeTpu-
YecKre IapaMeTpsl MHUKpopenbeda ITaMia HEe M3MEHWINCh. B Hacrosinee Bpemsl HaMH
MPOJIOJDKAIOTCSL UCCIIEIOBAHMS CTa0MIBHOCTH DPelbe(HBIX MHUKPOCTPYKTYP M3 XajbKore-
HUOHBIX CTCKOJI Ha MOBEPXHOCTU HUKEJICBBIX ITOIJIOXKCK.
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Cr1iociO BUTOTOBAEHHSI AVICKa-OpUTiHAAYy
AAsI TMpa’kKyBaHHsI KOMITIaKT-AVICKiB

B. B. Ilerpos, A. A. Kprouns, C. M. Illanoiao, A. O. I'punbsko

Iatent Vipaiau Ne 53637 MIIK’ C11B7/26. [lata Buauu matenty 17.02.2003.
Bronerens Ne 2.

BuHaxin HaneXuTh 10 OOYMCIIOBAIBHOI TEXHIKM Ta TEXHOJIOTI] BUTOTOBJICHHS KOMITaKT--
JTUCKIB.

3a TeXHOJIOTIYHAM TIPOIIECOM BUTOTOBJICHHS KOMITAKT-IHUCKIB iH(OpMAIis, Ska Mae OyTH
3alMcaHa Ha KOMITaKT-AWCK, IIONEpeIHbO 3aIUCYEThCcs HA JHCK-opHriHan. Ha mucky-
opuriHam ¢GpopMyeThes perbedHe MIKPO30OpaskeHHS BiAMOBIAHO 10 3ampcaHol iHpopmalrii.
I3 penbedHOrO MIKpO 300pa’KeHHSI BUTOTOBIISIFOTh METAJIEBI KOIIii, SIKi MOTIM BUKOPHUCTOBY-
I0ThCS TS IITAMIIOBKH KOMITAKT-AMCKIB. OJIHIEIO 3 TOJIOBHUX 3a/lad B TEXHOJIOT1i BUTOTOB-
JICHHSI KOMITaKT-AMCKIB € OJiep)KaHHs pelbeHOro MiKpo300pakeHHsI Ha TOBEPXHI JHCKa-
OpHriHaiy.

Bigomuii croci® BHTOTOBJIEHHS TUCKAa-OpPHUTIHAITY JJIsi THUPaXyBaHHS KOMIIAKT-IMCKIiB
[1], B ssKOMy Ha TMOBEPXHIO CKJISHOI MiJKJIAAKH HAHOCATH IIap PamiallifHO YyTJIMBOTO Ma-
Tepiary. OTPOMIHIOIOTH IAp pafialiifHo YyTJIMBOTO Marepially B OKPEMHX TOUYKaX, BHIY-
4afoTh HOTO B ONPOMIHEHMX MICISX, HAHOCATH IIAp METAly Ha YTBOPEHY CTPYKTYpY.
Hepmomixom 1poro crmocody — aHanora € Te, Mo 3 AUCKa-OpHUTiHATYy MOXke OyTH 3poOieHa
TIJTBKH OJHA TATBBAHOKOIIISA, KPIM TOTO BUKOPHUCTAHHS TOHKOI METaJIeBOi IUTIBKU IIPH BHPO-
IIyBaHHI HIKEJICBOTO INTAMITy NPUMYLIye OOMEKYBaTH 3HAUCHHS AHOTHOTO CTpyMy Ha
MEPIIOMY €Talli POCTY HIKEJACBOIO MITAMITY, IO MPU3BOIUTH J0 30UIBIICHHS Yacy BUTOTOB-
JICHHSI HIKEJIEBOTO IITaMITy.

Bimomuii Takox croci6 [2], skuil 103BOJISIE OTPUMYBATH penbedHE 300pakeHHs Ha IM0-
BEPXHI MiJKIaJKH AUCKa-OpHUTiHANY, IO CKIAJIA€ThCS 3 TOTO, IO HA MTOBEPXHIO MiIKIAIKH
JIMCKa-OpUTiHATYy TOCTIJOBHO HAHOCSThH EJIEKTPOIIPOBIMHUN MIap HITPWAY THUTaHy, LIap
paniamifHO YyTJIMBOTO MaTtepialy, ONPOMIHIOIOTh L€ Iap, BUIy4aroTh HOTO B OIIPOMIHIO-
BaHMX MICISIX Ta BHJIYYalOTh YaCTHHH IIapy HITpHAY TWUTaHy. 3anuc iHdopmamii Ha ANCK-
OpHTiHAJ MO’KE 3JIHCHIOBAaTHCS AKTUHIYHHMM JIa3€pHUM BHUIIPOMIHIOBaHHAM ab0 ITOTOKOM
€JIEKTPOHIB.

HepmomixoM mporo crnoco0y — MpOTOTHIY € HA3bKA TEXHOJIOTIYHICTh BUTOTOBIICHHS, KA
3yMOBIICHA THM, IO A7 (popMyBaHHS MIKpOpenbedy B eIEKTPOIPOBITHOMY IIapi BUKOPH-
CTOBYETBCSl OIlepalliss HAHECEHHs MOJaTKOBOIO WIapy, ska He MO)Xe OyTH BHUKOHAHa B
€IMHOMY TEXHOJIOTIYHOMY ITMKIJII 3 IHINUMH OTICPAIlisIMH.

[MpononyeTbcs cHOCiO BUTOTOBJICHHS JUCKA-OPUTIHANY Ul THPaKYBaHHS KOMIIAKT-
JTUCKIB, 3a SIKUM HAaHOCSATh HA MIAKJIAIKY 3aXMCHUH IIap paaialliifHOYyTIMBOTO Marepiany,
ONPOMIHIOIOTh IlIap MOJYJIbOBAHUM AaKTUHIYHMM BUIPOMIHIOBAHHSM, BWIIy4YarOTh IIap
panianiiHO4yTIMBOrO Marepialy B ONPOMIHIOBAHUX MICILISIX, SIKUH BiJPi3HSETHCS THUM, IO
Ti/IKJIaJKa BUTOTOBJIEHA 3 MOHOKPHCTAIIYHOTO KPEMHIIO 1 Kpi3b BHIIy4YeHI JUISTHKH 3aXHC-
HOTO IIapy pamiallifHOYyTJIMBOTO MaTepially BHIYYalOTh YacTHHU €JIEKTPONPOBITHOTO
Iapy MOHOKPHCTAITIYHOTO KPEMHIFO.

BurotoBneHHsS MiAKIAAKA AUCKA-OPUTiHATY 3 MOHOKPUCTAJIIYHOTO KPEMHIIO T03BOIUTH
MiABUIUTH SKICTb BHTOTOBIICHHS IMCKAa-OPWUTIHATY 32 PaXyHOKBHCOKOi SKOCTI TMOBEPXHi
MOHOKPHUCTAIIIYHOTO KpeMHilo. ['0/loBHE mojsrae B TOMY, IO DOCUTH BHCOKa EJIEKTPO-
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MIPOBITHICTH JIETOBAHOTO KPEMHIIO JIO3BOJISIE BUPOIIYBATH IIap HiKeNto Oe3rnocepeHbo Ha
fforo moBepxHi: 0e3 3aCTOCYBaHHS MeTali3amii peabeHOTro 300pakeHHs HAa TTOBEPXHi JHC-
Ka-opHriHay abo OAaTKOBOTO Iapy 3 HU3BKUM CJIICKTPHYHIM OIIOPOM.

[Migxmagka 3 KPeMHII0 BUTOTOBISIETHCST TOBITHHOIO 1,2—3,0 MM, 110 3a0e3medye BUCOKY
MEXaHIYHY MIIHICT AuCKa-opuriHany. CTpok 30epiraHHs AWCKa-OpHUTiHALYy: KPeMHIAOBOI
MIAKIAIKY 3 penbe)HUM 300paKeHHSIM Maike He oOMexe-
HUii B yaci. Meran mrtamiy (HiKeb) MOXE OCaJIXKyBaTUCS
Ha MOBEPXHIO JMCKa-OpUriHay 0aratopasoBo, 10 BHKIIIO-
Yyae HeoOXiTHICTh BUTOTOBJICHHS MPOMDKHUX Kotiil. CTpym +—1
B MPOILIECI BUPOIIYBaHHs TajbBaHO LITAMIIA B TIOYATKOBUH
niepioq Moxxke OyTH 30inbimenuit B 5—10 pasis. Lle no3Bossie | ]

—J

— 2

CKOPOTHTH Yac BUTOTOBJICHHS LITAMITIB. \\_[
Jlanmii BUHaxi MOSICHIOETBCSI KPECICHHAMH, A€ 300pa- I 2
JKeHa CXeMa TIPOIeCy OJEep)KaHHA PeNbe(HOTO MIKpPO300-
1

pakeHHS Ha MOBEpPXHI AMCKa-opuriHamy. Ha mimkmanky 3 =
KpeMmHito (mo3. 1) HaHOCATH IIap pamialifHO YyTIUBOTO
Marepiany (1o3. 2), Ha HboMy (HOPMYIOTh penbedHe 300pa-

piary (nos. 2), y dopuyrots penbedue 300p =2
xeHHs (1mo3. 3) B pe3ynbrari 3anmucy iHdopmanii' i cenek-

THBHOTO BWJIYYCHHS YaCTHHH IIAPY PaMialliiHO YyTIHBOTO 44—

Marepiany. Uepe3 3axvCHHI Iap pamialifHO YyTIMBOTO

MaTepiary 3IHCHIOEThCS BIIYUYCHHS YaCTUHHU KPEMHIHOBOT 4

MiIKTAIKA Ha 3a0any rmouny (100—150) HM (1m03. 4). 5
YacTkoBO pafiamiiHO YyTIUBUA MaTepiall BIITYyYaeThCI :@:/

B IIpoOIIeci 00pOOKH KPEMHIF0, a 3aIUIIKH (I103. 5) T0aTKO- g —1

BO BHWIYYAIOTBCS IIeped YCTAHOBJICHHSAM B TaJbBaHiYHY
BaHHY. [ 0JIOBHA ifies 3aIIPOTIOHOBAHOTO CHIOCO0Y IOJISATAE B
BUKOPHCTaHHI enekTporposigHoro(< 10 Om/cM) MOHOKpH- L e
CTaJIYHOTO KPEMHI0, Ha SIKOMY TPaIMIIHUMH METOAaMH o
(dbopMyeThCs MIKpopenbed, SIKU MOKHA KOIFOBATH METO-
JlaMH{ TJIbBAHOTIJIACTHKH 3 BUCOKOIO IIIBUJIKICTIO TIPOLIECY.

dopmyna BUHaxXoay

Crioci®O BUTOTOBIICHHS JUCKA-OpPHUTIHANY JUIS THPaKyBaHHS KOMIIAKT-JHCKIB, 32 SIKHUM
HAHOCATh Ha MiAKIAKy 3aXMCHHH IIap pamiallifHOYyTIMBOTO Marepiany, ONPOMIHIOIOTH
1ap MOJYJIbOBAHMUM aKTHHIYHUM BHITPOMIHIOBAHHSM, BHIIy4YalOTh MIap pajialifiHO dyTin-
BOTO Marepiaiy B ONMPOMIHIOBAaHHX MICIAX, SKHHA BiPi3HAETHCS THUM, IO MiJKIAJKa BHIO-
TOBJICHA 3 MOHOKPHUCTAITIYHOTO KPEMHIIO 1 KPi3b BHIYUCHI MIJISTHKH 3aXHCHOTO IIapy paiia-
LIfHO YyTJIIMBOTO Martepialy BHIy4alOTh YaCTUHH €JICKTPOIPOBITHOTO LIApy MOHOKPHCTA-
MIIYHOTO KPEeMHII0.
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Oco0eHHOCTH M3TOTOBAEHMSI AVICKOB-OPUIVIHAA0B
AAsI CHICTeM Aa3epHO 3anycu MHpopManumn

B. A. Atamacs, A. A. Kprouns, B. B. Ilerpos

Peectpartist, 30epiranns i 00pooka nanux. 2004. T. 6, Ne 3. C. 19-24.

BBEJIEHVE

B TexHONIOTMYECKOM IIpoliecce IPOM3BOACTBA KOMIIAKT-AUCKOB JUISl IIOIY4eHHUS perbed-
HBIX M300pa)KCHUM Ha JMCKAaX-OPUTHHAIAX UCIIONB3YETCs Pl peibedoodpasyromux GoTo-
YyBCTBUTEIBHBIX MaTEPUAJIOB, TAKUX KaK MTO3UTHBHBIE OpraHUYECKHe (OTOPE3UCTEHI, IJICH-
KU «KPaCHUTEb-TIOJIUMEPY, XaTbKOTEHHIHbIE [TOJYIPOBOIHIKOBBIE TUICHKH U 1p. Hanbonee
IIMPOKOE MMPUMEHCHHUE HAIILIH OPraHUYeCKUE MO3UTUBHBIC POTOPE3UCTHI [1, 2]. D10 CBA3a-
HO C MX BBICOKOW pa3pemaroniell CHoCOOHOCThIO, TEXHOJIOTUYHOCTBIO MOYyYEHUs], COOTBET-
CTBHMEM JMana3oHa CHEeKTPaJIbHOW YyBCTBUTEILHOCTU JUIMHAM BOJIH CTAOWIIBHBIX M HaJeK-
HBIX J1a3epoB. OCOOCHHOCTHIO MCHOIB30BaHUS IICHOK MO3UTHBHBIX (POTOPE3UCTOB B IPO-
iecce MacTEepHHTa SBILIIOTCS Kak Mauasi ToimuHaa gortopesucta (120 am gt DVD u 150 aM
it CD), Tak M >KeCTKUH JIOIYCK Ha Pa3sHOTOJIIMHHOCTh IJICHKH (OTOPE3NCTa, COCTaBIIS-
fomeit = 2 uM. Kpome Toro, xecTkie TpeGOBaHMS NMPEIBIBISAIOTCS K popMe yriryOieHui B
wIeHke (otopesnucra, GpopMUpyeMBIe B MPOIECCE CENEKTHBHOTO TPABJICHUS OOIydIeHHOH
wieHKH (oTopesucta. OTKIOHEHHUS OT 3aJaHHOW TOJIIMHBI INIEHKH (OTOPE3NCTA IPUBOST
HE TOJIBKO K M3MEHEHHIO BEITMUNHbBI CUTHAIOB CUNTHIBAHUS U CIICKEHHS, HO M K JOKAJIBHO-
My U3MEHEHHIO KOA(PPHUIIEHTa OTPaKEHIsI KOMIAKT-IHCKOB [3].

s HaHeceHMs IJIEHOK (OTOpe3ucTa Haubosee MIMPOKO MPUMEHSETCs METOA LeHTPH-
(hyrupoBaHms, 0OECTICUNBAIOIINN OJyYCHHE PABHOMEPHOTO ciosl B mpenenax + 5 % mo
BCEH MOBEPXHOCTH MOIOKKH.

B ycTaHOBKe 1 B mpolecce HaHeCeHHS (POTOPE3NCTa METOIOM LEHTpUYTUPOBaHUS ObI-
JIM UCTIOJNIb30BaHbI CJIEAYIOIINE TEXHUYECKUE PELICHUS:

— MCIOJIB30BAJICS BAKYyMHBIH ITPHKHUM IIOJUIOKKH K POTOPY HEHTPUDYTH;

— noiuB (oTopes3rcta MpoBoAriCs 3a BpeMs 1,6—2,0 ¢ Ha TOAI0KKY, BPAIIAIOIIYIOCS CO
ckopocThio okoio 300 06/mMuH, u uepe3 0,2—0,3 ¢ mocie 3aBeplICHUs MpoIecca MOJUBa
portop pasroHsuics 1o ckopoctu BpameHus 3000 o6/muH. [Iporecc pacTekaHus U CyIIKA
IIpU TaKuX 00opoTax mpoBouics B Tedenue 90 c;

— HaHeceHHe (POTOPE3NCTa MPOU3BOIMIIOCH B OOKCe C IMojaueii yMcToro Bo3ayxa, Ipo-
HIEIIET0 Yepe3 CUCTEMY (DHIIBTPOB, U JOKAIBHBIM OTCOCOM MapoB (OTOPE3UCTa U PACTBO-
puTens;

— 3allpeTHBIE PKPAHbI HAXOIINCH Ha PACCTOSIHUU B 3—4 pa3a OoJbIIeM AHaMeTpa poTo-
pa HEeHTPUQYTH ISl UCKITIOUEHHS MONaAaHks OTPAKEHHBIX Kareb Ha MOBEPXHOCTh JIHCKa-
OpHUTHHAA.

[Tpu BEIOOpE COOTHOLICHUSI MEXAY KOJMYECTBOM IO3UTHBHOrO pesucra Ilummm 1805
(Shipley) u pacTBOpHTENS ¥ PEKUMOM CYIIKH HAaHECEHHOTO CJIOSl YUUTHIBAETCSI COCTaB pe-
3ucta U pactBopurelisi. OCHOBHBIM KOMIIOHEHTOM OOJIBIIMHCTBA MO3UTUBHBIX (OTOPE3H-
cToB (B ToM uncie u Shipley 1805) sBnsieTcs npoaykT KonaeHcaryu 1,2- HadToNMHOAMA3H-
nma (2) wm (4) cynpdoxiopuna ¢ pa3IMuHBIME HABOJOYHBIMHU (PE30JIbHBIMH) CMOJIAMH C
OTHOCHUTENbHON MonekynsipHoi Maccort 500—-1200. Cynehoadup pazdasisieTcst opraHuye-
ckuM pactBopureseM 10 20-30 % xoHneHTpanuu. B xauecTBe mieHkooOpa3ytorei 100as-
K{ BBOJAT KOHACHCAIMOHHBIE CMOJIBI B KOJIMYECTBE, PABHOM Macce CBETOUYBCTBHTEIBHOTO
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KOMITOHEHTa. B pe3ynpraTe SKCIIOHMPOBAHWS AKTWHUYHBIM H3ITyYEHHEM CBETOYYBCTBHU-
TeJIbHAs KOMIIOHEHTa BCTymaeT B (hoTomeperpynnupoBKy Boibda m oOpazyeT cooTBeTcT-
BYIOIIIME KETEHBI, IPH 3TOM H3MEHSCTCS PAaCTBOPUMOCTh B IIENOYHBIX TpaBUTENAX. Ilo3n-
TUBHBIE (POTOPE3UCTHI ITOTO KJIACCA UMEIOT BBICOKYIO A/IT€3MI0 K CTEKJITHHBIM ITOUTOKKaM
[4-6].

Jns mosrydeHust paBHOMEpHOW TuieHKH (oTtopesucTta TommuHoi (160 £ 2) HM Ha mon-
moxkke nuamerpoM 160 MM BS3KOCTH (DOTOpE3HCTa W PACTBOPUTENS IKCIIEPHMEHTAIBHO
obuta momoOpana paBHO# 2,3-2,4 ccr. CTaOWIBHOCTH MMapaMeTpoB IUICHKH (oTopesucra
3aBHCHUT TJIABHBIM 00pa3oM OT BS3KOCTH ()OTOPE3MCTA, CKOPOCTH BPAIICHUS LECHTPUPYTH,
BpPEMEHH pa3roHa LHEeHTpU(YrH 10 paboyell CKOPOCTH U OT MOCTOSHCTBA BPEMEHH MEXKIY
MOMEHTOM II0[a4l pacTBOPa Ha MOIOKKY U BKIIIOUCHHEM HeHTpudyru [6].

CyliecTBeHHOE BIMSIHUE Ha TPOLECC MONYUYSHUSI OJJHOPOJHOM, C MUHUMAIIBHBIM KOJH-
YeCTBOM NOp, 00Jafaromieil BHICOKOW CENIEKTHMBHOCTBIO TPaBJICHUs IUICHKU (OTOPE3UCTa
OKa3bIBaeT MPOIECcC MCIapeHnsl PaCTBOPUTENS U MpoBeneHHs omkura. OJJHUM U3 yCIOBUi
MOJTy4EHHs] KaYeCTBEHHOW IUIEHKH (POTOPE3NCTa SBISIETCSI HU3KOTEMIIepaTypHasl BbIIEpKKa
TIocie HaHeCEHHs PacTBOPa ITOJIMMEPa, HE0OXO0IMMast U OPHEHTAIMK MakpoMoJeKy. [Ipu
UCTIapEeHNH PAaCTBOPUTEIS INICHKOOOpa3oBaTeay (POTOPE3UCTA MEPEXOIAT B CTEKIO00pa3Hoe
coctostaue. [Ipu GpopMupoBaHUN MICHKH MaKpOMOJIEKYJIBI CTPEMSITCS MEpeiiT B yCTONYH-
BOE COCTOSIHHE, T.€. IPUHATH TaKylo (opMy, KOTOpast COOTBETCTBOBaJIA ObI MHHUMAIBHOMY
3HAYCHUIO CBOOOIHOM PHEPTrUH. DTOT pellaKCallMOHHEIN Tpoiiecc TpedyeT HEKOTOPOTo Bpe-
MCHHU, IMMOOTOMY CIIMIIKOM 6BICTpa$[ CyIIKa MOXCET MPUBECTU K BO3HMKHOBCHHIO HAIIPSAKEC-
HU B IUIEHKE (oTopesucTa [6, 7].

Hamu ncnomnp3oBanace Hu3KoTemnepatypHas (22 + 1) °C Beigep:kka OUCKOB ¢ (oTope-
3UCTOM B TeueHHe 2—3 yacoB. Ha kaIod mapTUM IUCKOB-OPUTMHANOB C (HOTOPE3UCTOM
MIPOU3BOAMIICS HIUIUIICOMETPUYECKUH KOHTPOJIb TONIKHBL. Konebanus 3Ha4eHUH TOJIIUHEI
(oTope3ncTa Mex Ly NapTHIMH COCTABIISUTH He Ooee 5 HM.

AHAJIN3 XAPAKTEPHBIX JED®EKTOB HA TIOBEPXHOCTU INCKOB-OPUT'MHAJIOB

Ha noBepxHOCTH TUCKOB-OPUTHHAIOB CO ClI0eM (POTOpE3HCTa, MOMYYEeHHBIM IEeHTpH Y-
TMpPOBaHKEM, HanboJiee 4YacTo BCTPEUAIOTCS JIOKATBbHBIE HEOJHOPOAHOCTH penbeda, UMero-
e BUJ BBITSHYTHIX KameleK — «koMmeT». K MOSBICHUIO «KOMET» MOTYT NPHUBOJIUTH IIbI-
JIMHKHY, OCEBIINE Ha MOAJIOXKKE 10 HaHECEHUs (POTOPE3NCTa, HEOAHOPOAHOCTH TOTIOXKKHI B
BHUJI€ BHIKOJIOK MIJTH LIapalyH, a TaKkKe MPUCYTCTBHE TOCTOPOHHUX YacTHUI] B (POTOPE3HCTE.

Ha mukponedexrax Bs3kas macca oTope3rcTa 00TeKaeT 3TH YACTHIBI M TIOJ] JCHCTBH-
eM LEeHTPOOEKHBIX CHJI BO3HHKAIOT JIOKAIBHBIC YTOHYCHWS, JUIMHA M IIHPHHA KOTOPBIX
3aBHCHUT OT pa3Mepa.

Bo3HuKalOT HEOAHOPOAHOCTH pesibeda IUIeHKH (HOTOPE3UCTa B BUAE PaJAUAIBHO Pacxo-
JSIIIUXCSL JTy4dei, TPUYMHON KOTOPBIX SIBIISIOTCS BOZHUKHOBEHWS! BHYTPEHHUX HAINPSHKCHUI
B IUieHKe. HanpspkeHust BOZHMKAIOT M3-32 TOTO, YTO CKOPOCTh MCIIapEeHHs pacTBOpHTEINEit
MIPEBBIIAET CKOPOCTh 00pa30BaHMs CTPYKTYPHI IUICHKH.

KoHTpacTHOCTh MOJIOC CYIIECTBEHHO YBEIWYMBACTCS IIOCIE OCYIIECTBICHHS 3aIlluCH
HHQOpMAIMU U TOJyYeHHs peibeHOro M300paKeHUsl Ha JAucKe-opuruHane. «Komerbn»,
oOpazoBasmmecst Ha nedekrax ¢ pasmepamu 1o 0,1 MM He NPUBOAAT K CYIICCTBEHHOMY
N3MEHEHHIO YPOBHEH OIMOOK M CHTHAJIOB CUMTBHIBAHMS IIPH BOCIIPOM3BEICHUH MH(pOpMa-
[I1{, OJHAKO M3MEHSIOT KOA(Q(UIMEHT OTpa)keHNsI KOMITAKT-IHCKOB.

INonaganue Ha MOUIOKKY JUCKa-OPUTHHANA KalleJb BOJBI TOXKE IPHBOINUT K MOSBICHUIO
nedeKToB, BHELIHE TIOXOXKUX Ha «KOMETBI», OHAKO 0e3 BhIpakeHHOTo snpa. [edexr ssis-
eTcs CUMMEeTpUYHBIM. M3MeHeHne TommmHbl hoTope3ncta B HeM He mpesbimaeT 20-25 %.
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Hannuane takux nedekToB HECKOJIBKO YBEIMUMBAET YPOBEHb KOPPEKTHPYEMbIX OIIMOOK Ha
KOMITaKT-JJCKaX, HO HE MPUBOJIUT K MOSBICHUIO HEKOPPEKTUPYEMBIX ommoOok. [lomananue
YaCTHIl BOJIBI HA MOJIOKKH MOXKET HPOUCXOJUTh TIPH 00IyBE MOUIOKEK C LENbI0 YAATCHHS
MBUIEBBIX YaCTHI] HEAOCTATOYHO OCYIIEHHBIM BO3LyXOM.

K mosiBiieHHIO OOMNBIIOTO YKCIIA OMIMOOK MPHU BOCIPOU3BEACHUH HH(GOPMAIINH, JIOKAJIb-
HBIM U3MCHCHUSIM KOS(b(bI/IHI/IeHTa OTPpAXXCHHUA HAa MU3rOTOBJICHHBIX KOMIIAKT-AHUCKaX IIPUBO-
JUT MonagaHUue Karl€jib OPraHn4eCKuX BEHICCTB (MaCGJ'I )4 T.I[.) Ha MOBEPXHOCTH JTUCKOB-
OpPHUTHHAJIOB JI0 WJIHM B TIpolecce 3allMcH. TOHKWE IMpO3padyHble MacisSHBIC IUICHKH CyIe-
CTBEHHO HE BJIMSIOT Ha SKCHOHHpOBaHHE (HOTOPE3MCTA, OIHAKO IMPEHSATCTBYIOT CEJICKTHB-
HOMY TpaBjieHuro ¢otopesucra. llomagaHue mnapoB Macia Ha IOBEPXHOCTh JHCKa-
OpHUTMHAIA NPUBOJNT KaK K MOSBICHHIO 001acTell ¢ M3MEHEHHBIM KO3 (QHUIMEHTOM OTpa-
JKEHUS, TaK U K CyIECTBEHHOMY MCKaXCHHIO 3aIlMCaHHON nH(popmanum.

K cymecTBeHHBIM HCKa)XKEHHSM 3allMCaHHON MH(pOpManny IPUBOAAT TAKKE ITOTIAIaHHs
OpPTaHWYECKNX MUKPOYACTHUI] HA MPOSIBICHHBIC IUCKU-OPUTHHAIBI 10 MM B IpOIEcCe OT-
xkura cinosi poropesncta (T = 90 °C). Opranmueckue 3arpsA3HEHHS PaCTEKAIOTCSA MPH
OTXMWI€ TI0 TOBEPXHOCTH JMCKA-OPUTHHATA M SKPAaHUPYIOT 3HAYUTENBHBIC YYaCTKU C 3alli-
caHHO# mH(popmanueil. Ha mtamme u Ha KOMITAKT-AUCKE STOT AS(PEKT MPOSIBISICTCS B BHIC
obnacreit (anamerpom a0 1-2 Mm) Ge3 3anmucanHO HHPOPMAIIKH.

Bribop pexxuma tepMooOpaboTku ciost poTope-
3HMCTa CUIIBHO BIIMSET Ha MPOIECC 3amucu HHpopma-
MM U TI0JTyYeHUE HUKENIEBBIX MTaMIoB. OTXKHT PH
MOBBIIIEHHOH Temreparype (> 120 °C) npuBoauT
TOMY, 4TO 3amuch MH(OpPMALMK Ha HEM BOOOIIE HE
MPOUCXOIUT, a IpU TemnepaType B Auanazone 100—
120 °C npuBOIUT K TOSIBICHUIO 00NAacTe C TIOHU-
JKEHHOH YyBCTBHTENBHOCTBIO (CM. pHUCYHOK). [Ipo-
BEJICHHE OT)KUTa cJ0si (OTOpE3UCTa NMPH ONTHMAITb-
' HoOW TemmepaType 92-95 °C ¢ ogHOpOAHBIM Harpe-
BOM JHCKa-OpHUI'MHaJIa O6eCHe‘II/IBaCT TOJTYUYCHUE NUCKOB-OPUTHUHAJIOB C MMOCTOSTHHOM OHEP-
ruei 3aniucu MHPOPMAIOHHBIX SANHHII.

BJIMSIHUE OTXKUT' A ITPU ITOBBIIIEHHOM TEMITEPATYPE
HA TTPOLIECC 3AIINCU NTH®OPMAIINU

CrnelyeT OTMETUTh, YTO CBOWCTBA MOJIIOKEK MMEIOT CYIIIECTBCHHOE BIMSHUC HA Xapak-
TEPHUCTUKU JUCKOB-OPHTHHATIOB. UHCTOTa MOBEPXHOCTH ITOMJIOKEK, OJHOPOIHOCTH CBOW-
CTBa, OTCYTCTBHC MEXaHHUYCCKUX HAMPsDKCHUH U JeopManuii SBISIOTCS HEOOXOIUMBIMHU
YCIIOBHSIMH JJIS TIOJTYYICHUS KaYECTBCHHBIX TUCKOB-OPUTHHAIIOB.

Oco0BIe CIOXHOCTH BBI3BIBACT IMOATOTOBKA K HAHECCHHIO (POTOPE3UCTA IOMIIOKEK, Ha
KOTOpBIE paHee ObLT HAaHECEH CIOW (OTOPE3UCTa, OCYIICCTBICHBI 3alHCh MH(pOpMAIH U
METaJTH3alUs] TOBEPXHOCTH JIMCKA-OpUTHHATIA.

BJIMSTHUE CBOMCTB ®OTOPE3UCTA HA TTPOLIECC 3AITMCH UHOOPMAILIMN

Ha npouecc perucrpainuu nHbOpMAIMK Ha MJIEHKAX MO3UTUBHBIX (OTOPE3NCTOB Cylile-
CTBEHHOE BIIMSHHUE OKa3bIBAIOT U3MEHEHUS 3KCIIO3UIUM B MPOLECCE 3alMCH. DTO CBSI3aHO C
TEM, YTO 3aIich HHPOPMAIMU Ha TaKHUX TUIEHKaX OCYIIECTBISETCS B 00JIACTH SKCIO3UIINH,
COOTBETCTBYIOIIMX JIMHEHHOMY Y4acTKy JKCIIO3MLMOHHOM XapakTepucTuku (061acTh mpo-
MOPLUMOHAIBHON Tepeaayn spKocTH [6]), HA KOTOPOM KOJIe0aHUs TIOTHOCTH 3alHMCBIBAIO-
e MOIIHOCTU NMPOMOPIMOHAIBHO TEePEealoTCcsl B TeoMeTpuUecke pasMeps! nutos. K xo-
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ne0aHMsAM SKCIO3UIMK B IMPOILECCE 3aIMCH MPUBOIAT KaK M3MEHEHUS MOIIHOCTH Jiasepa
3aIliCH, TaK M MOTPEIIHOCTH B pabOTE CHCTEMBI aBTOMAaTHYECKOH (hOKycHpoBKH. JIOKaib-
HBIE U3MEHEHUS MPOQUIS MOBEPXHOCTH IMOJIOKKH, KOTOPBIE HE MOTHOCTHIO KOMIIEHCHPY-
IOTCSI NCTIOTHUTEIIFHBIM MEXaHN3MOM CHCTEMBI aBTOMATHYECKOH (DOKYCHPOBKH, TPUBOIAT K
MOSBJICHUIO HAa MOBEPXHOCTU JUCKOB-OPUTHMHAIOB JIOKAIBHBIX OOJIacTell ¢ M3MEHEHHBIMU
pasMepaMu MUTOB (B MEPBYIO O4Yepelh M3MEHSETCsl NIMPHUHA W JJIMHA MUTOB, a TyOuHa
COXpaHseTcs MocTosiHHO#). MHdopmanust B Takux 00JacTsX BOCIIPOM3BOAUTCS Oe3 cyliie-
CTBEHHBIX UCKaKEHUH, 0JTHAKO KOI(PGHUINEHT OTpaKEeHHs U3-3a Pa3InHOrO Tepepacnpee-
JIEHUS MHTEHCHBHOCTH CBETa MEXIy IU(PAKIMOHHBIMH TOPSAKAMU HM3MEHSETCS Cyllle-
CTBEHHO (3aBHCHT OT yrja KOHTpouisi). Ha BbICOKOKaueCTBEHHBIX MOJUIOKKaX Ae(eKThl Ta-
KOTO BH/Ia HE BO3HUKAIOT.

Ha ¢opmupoBanue penbedHOl MUKPOCTPYKTYPBI JUCKA-OpUTHHATA CYIIECTBEHHOE BITH-
STHUE UMEET TIPOLIECC CEIEKTUBHOTO TPABJICHHS, SKCIIOHHUPOBAHHOTO HA CTAHIIMH JIa3epHOI
3alllCH IMCKa-OpHUTHHANA. VI3MEHEeHHe TOMIIMHBI TUICHKH (DOTOpEe3ncTa B HEOOIyUEHHBIX
MecTax COCTaBIsIeT He Ooree 5 %, UTO MO3BOIAET MOTydYaTh PEeNbeHBIE CTPYKTYPHI (TTHTHI)
¢ BeICOTOH mepenanoB okoio (150 £ 5) M npu ucxoxHo Tonmmae dortopesncra (155 £ 5)
M. [IpeOpIBaHME IUCKOB-OPUTHMHAJIOB B YCJIOBHSX IOBBIIICHHON BiaxkHOCTH (> 50 %) B
TEYEHHE HECKOJBKHUX CYTOK (> 3 aHEH) MPUBOIUT K YMEHBIICHNIO CEIEKTHBHOCTH TpaBJIe-
HUS TIO3UTUBHOTO (hoTope3ncTa. 3amuch MHPOPMAUN M HX TPABJICHHE IO CTaHJAPTHOH
CXEMe€ C MCIOJIb30BaHNEM CHCTEMBI TU()PAKIMOHHOTO KOHTPOJIS Ipoliecca TpaBieHus [§] He
MO3BOJISUTA M3TOTAaBINBATH TUCKH-OPUTHHAIBI C HEOOXOAMMON JUIS MOMYYECHUS 3aJaHHBIX
CHUTHAJIOB BOCIIPOM3BEICHHS TITyOMHOI TUTOB.

IIpoBeneHne NOMOIHUTEIBHOIO OTKUTA TUCKOB-OPUTHHAJIOB TIEpe]] NMPOLIECCOM 3allUCH
npu temrepatrype 95—-100 °C B Teuenue 1 vaca mMo3BOJIMIIO MOJIYyYaTh JUCKU-OPUTHHANIBI C
TpebyeMoil TiyouHoil mutoB. OAHAKO 3a CUET MPOBEIEHUS MOTOTHUTEILHBIX OMNepanui
BO3pacTan YpoBEHb OIIMOOK Ha KOMIIAKT-JHCKaX, M3TOTOBJIEHHBIX C ATUX JUCKOB-OPUTH-
HAaJIOB.

BBIBO/IbI. Meronom neHtpudyriupoBanus ¢ noiuBoM ¢oropesucta 3a 1,6-2,0 ¢ Ha mon-
JIOKKY, BPAIIAOIIYOCS CO CKOPOCThi0 0ko10 300 06/MuH, u ObicTphiM 32 0,2—0,3 ¢ pasro-
HOM 10 ckopocTtH 3000 06/MHH TOJTy4YeHBI TUIEHKH (DOTOpPE3HCTa Ha CTEKJITHHBIX ITOJUIOXK-
Kax JMCKOB-OPHI'MHAJIOB, HCIOJB3YEMbIX B TEXHOJIOTHYECKOM MPOLECCE HM3TOTOBICHUS
IITAMITOB ISl THPQXKUPOBAHUS KOMITAKT-IHCKOB.

OmnpeneneHsl ycnoBusi TepMOOOpabOTKH ANCKOB-OPUTHHAJIOB, 00ECIICUMBAIONINE TOTY-
YEeHHUE ANCKOB-OPUTMHAIIOB C BOCTIPOM3BOAMMBIMH XapaKTEPUCTUKAMH.

BBISIBIICHBI OCHOBHBIE NPHYHMHBI IOSBICHHS JAC(PEKTOB Ha IOBEPXHOCTH JHCKOB-
OPHTHHAJIOB.
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Presented in this work are the results of investigations aimed at recording information with
focused laser radiation in thin films of chalcogenide vitreous semiconductors (ChVS). Over
all the stages in creation of systems for optical recording, there widely used were thin films
of ChVS. The first optical disc carriers were designed using thermo-sensitive materials
based on tellurium alloys. Shown is perspective to use thin ChVS films for creation of opti-
cal carriers for long-term information storage. The high density of recorded information in
them is achieved when using the thermo-lithographic methods. Non-organic photoresists
based on ChVS can be also efficiently used for manufacturing master discs. Obtaining the
needed minimal sizes of pits in master discs (used in manufacturing compact-discs) is pro-
moted by a non-linear dependence of the exposure characteristics on the intensity of expos-
ing radiation. When using non-organic resists of the As-S, As-S-Se systems, there obtained
are pits of 0.25 — 0.3 pm width. Information was recorded using the focusing objective with
the numeric aperture 0.85 and radiation from a semiconductor laser with the wavelength
405 nm. The metal adhesive layer deposited on the glass substrate strongly influences on the
recording process. We chose the recording regime in such a manner that enabled us to pre-
vent local photo-thermal destruction of resist in the center of irradiated area. Presented in the
work are the results of studying optical recording in thin ChVS films prepared recently in
labs of Institute for Information Recording and V. Lashkaryov Institute of Semiconductor
Physics, NAS of Ukraine. One of the obtained results is technology for manufacturing
stamps for copying CD based on non-organic photoresists.

1. INTRODUCTION

The complex of unique physical-and-chemical properties of chalcogenide vitreous semi-
conductors (ChVS) allows considering them as promising materials for creation high-
resolution photo-sensitive materials for information carriers and registering media for long-
term information storage. Development of characteristics inherent to optical and magnetic
information carriers, flash-memory, diversity of optoelectronic devices is related with crea-
tion of technologies for manufacturing nano-sized relief structures on the surface of sub-
strates made from various materials. In many cases, it is very interesting to make relief
structures in surface layers of these substrates themselves.

For a long time, enhancement of the resolving power in photo-lithographic processes
was provided by a decrease in the wavelength of exposing radiation and increase in the
numeric aperture of focusing systems.

In the systems for information optical recording on master discs, possibilities to further
increase the resolving power in diffraction-limited optical systems are practically exhausted.
These systems allow focusing the radiation with the wavelength 265 nm into a spot of
0.35 um diameter. Only application of photo-sensitive materials with non-linear exposure
characteristics (in the best case, with the threshold ones) allow to obtain pits with geomet-
rical sizes corresponding to currently standards for modern carriers (for instance, Blu-ray
discs).
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Non-organic resists possess resolution providing to record elements with geometrical
sizes of the order of 100 nm. As it can be seen from the results of interferential photo-
lithography with using non-organic resists based on ChVS, one can make gratings with the
spatial frequencies 5350 mm™ [1]. The minimal width of prints d,;, obtained in the course
of laser recording by using focused laser radiation is defined by the Rayleigh criterion
din = K(MNA), where ) is the wavelength, N4 — numeric aperture, K — proportionality coef-
ficient depending on photoresist characteristics and technological regime for processing it.

To record information on master discs in currently formats by using radiation with the
wavelength 405 nm, it is necessary to reach the coefficient K value within the range
0.26-0.30.

A strong dependence of light sensitivity for registering media based on ChVS on the in-
tensity of exposing radiation was found in investigations performed during 70-80-th years
of the last century [2, 3].

Using the optical pulses with duration of 10 ns for information recording allows to rea-
lize heating the registering media in the regime close to the adiabatic one and initiate con-
siderable structural transformations in illuminated material owing to non-linear processes
developed under the influence of highly intense laserradiation. ChVS can be considered as
promising light-sensitive material for thermo-lithographic recording, which provides making
the prints with an essentially lower (3 to 5 times) size than that of illuminated area [4], if
using focused radiation with strongly non-homogeneous distribution of light in the latter.
The main way to record master discs in the Blu-ray format is now based on the recording
process with using phase transitions in composite materials (PTM-processes) [5, 6].

It seemed in recent years that registering materials with ablation recording mechanism
could not find their application in up-to-date systems of information recording as caused by
limited resolution of these materials and their low photo-sensitivity. However, the per-
fortmed complex investigations of information carriers for long-term data storage showed
that the carriers with micro- or nano-relief form of data representation provide the highest
terms of information storage [7-9]. The process of ablation recording is now considered as
one of the promising methods to realize thermo-lithographic recording. Application of mod-
ern systems for optical recording enables to obtain pits with the diameter close to 40 nm in
regime of ablation recording [10]. Therefore, investigation and development of highly stable
materials for ablation recording are of considerable interest.

2. EXPERIMENTAL

Our investigations of optical recording in thin ChVS films were performed using exper-
imental samples of disc optical storing facility and laser station for master discs. In detail,
the description of the optical system used for experiments with the laser station was carried
out in [11]. To record master discs in the DVD format and investigate data recording in the
Blu-ray format, we changed argon laser for the gallium nitride one. The numeric aperture of
focusing objective was 0.85. To increase accuracy in operation and fast response, we used a
piezoelectric actuator in the system for automated focusing the recording laser radiation.

The process of exposing the ChVS thin films deposited on disc substrates has a number
of features related with the high power density and inhomogeneous intensity distribution
within the illuminated area as well as application of pulsed irradiation. In detail, this process
was investigated by several authors that found a decrease in the width of recorded lines as
compared with the diameter of exposing beam and increase in the sensitivity of the power
density of exposing radiation. The attempts to considerably increase the power of exposing
beam resulted in local photo-thermal destruction of ChVS films in the center of irradiated
area [12]. These investigations were multiply repeated using more short-wave lasers (from
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He-Ne to argon and, recently, to the gallium nitride ones). Further processing the exposed
substrates in selective etchants provided creation both negative and positive images [13-15].
The shape of pits (for positive resists) and bumps (for the negative ones) depends on the
recording radiation wavelength, intensity, irradiation time and etch time [13, 16-18].

In parallel, we performed investigations concerning formation of micro-relief structures
directly in the process of exposure with pulsed focused radiation [19]. Ar-laser radiation
provided formation of micro-pits with the diameter 0.5 — 0.6 um on the surface of optical
discs. Beside pits that coded the registered information, we recorded ordering information as
well as control tracks. The latter were recorded in the process of marking the disc carriers,
while information bits were recorded near them. Fig. 1 shows a record in this carrier.

This location of information data relatively to
ordering information is realized rather simply
when using the only recording beam, however, it
cannot be recommended for creation of carriers in
the field of long-term data storage. In the latter
case, the control tracks and ordering information
should be formatted in another layer or in the
information carrier substrate. Light-sensitive lay-
ers of ChVS were deposited on disc substrates by
using thermal evaporation in vacuum from silica
evaporators with indirect heating or from metal
boats with heated screens. The thickness of layers
in the disc operation area was kept with the accu-
racy 2 to 3 nm, which was provided by placing the
substrates at the distance not less than 350 mm
from evaporators and their planetary rotation in
the course of sputtering.

To enhance adhesion of non-organic photore-
sist layers, the substrates were covered with a
special adhesive layer. As this layer, we used
chromium layers or ChVS layers containing ger-
manium. Use of germanium-containing ChVS
layers to enhance adhesion of non-organic resists
x AsS — y AsSe was also offered by the authors of
[20].

The thickness of chromium adhesive layers
should not exceed 20 — 30 nm, since a further increase in it results in increase of the energy
for recording information bits.

When these adhesive layers are absent, one can observe layer separation from the sub-
strate in the process of selective etching.

Fig. 1. External view of the recording
zone on the optical carrier: (a) data
recording is realized from one side of
the guide track; (b) and from both sides

3. RESULTS

The longest terms for information storage are predicted in the case of optical carriers
with micro(nano)-relief presentation of information bits. It is assumed here that the relief is
formed from the film of highly stable photo-thermo-sensitive resist by focused laser radia-
tion [9, 21]. Relevant storage terms in these carriers are essentially different. One of the
ways for making such photo-thermo-sensitive layer is deposition of thin (120 — 200 nm)
ChVS layers. As it was mentioned in many investigations (see, for instance [19, 22]), choice
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of these resists is reasonable due to their low thermal conductivity, high chemical stability,
high optical absorption and reflection. A particular interest is caused by investigation of thin
ChVS films where information records were made many years ago. After 30-year storage of
disc carriers, registering layer of which was made of Te;,Sb;ySes;Ge;s (quaternary compact
eutectic alloy) [23], the recorded pits have kept their shape and sizes. The reflection coeffi-
cient of the registering layer has been changed insignificantly (by 10 to 12%, which is relat-
ed with growth of the oxygen concentration in ChVS film up to10-13 %) [24].

Exposure of non-organic re-

Table 1. Dependence of track widths for negative and sist based on As-S-Se layer with

positive etching on the power of recording radiation

in the layer As;0S40Se, (A =488 nm)

focused (numeric aperture 0.8)
Ar laser beam (A=488nm)

Pgwer (zif re.cord- Track widtl;l_for Trap_k Widtlﬁ_for enabled us to obtain prints of the
ng rﬁﬂl}\z}ttlon, negatlvrfnelztc ng, posmvreiritc ng, width 250 to 300 nm after fol-
0.25 230 250 lowing selective etching. The
0.35 500 300 width of prints was changed in
0.45 600 350 dependence on power of expos-
0.55 700 400 ing radiation. The power was
0.65 780 440 varied within the range 0.23 up
0.75 880 490 to 0.82 mW (Table 1). Etching

the photoresist was made in
selective etchant based on ethylenediamine [14, 15, 25].

The data summarized in Table 1 show that with increasing the radiation power at the mi-
cro-objective output the track width is gradually increased. When using the negative etching
process, one can observe a more sharp dependence of the width on the intensity of recording
radiation.

Investigations of topology for the obtained relief micro-structures performed using the
atomic force microscope Nanoscope Illa Dimension 3000 have shown that the tracks pos-
sess a shape close to that of isosceles trapezium with the slope angle of side faces, the value
of which does not depend on power of exposing radiation and is approximately 30— 35° [11].

Fig. 2 shows micro-relief of a master disc surface after negative etching the photo-
sensitive layer As,S,Se; with the thickness 300 nm, and Fig. 3 does that for positive
etching.

Section Analysis

L 507.81 nm
RMS 52.795 nm
le 1.660 pm
RaCle) 13.962 nm
Rmax 169.96 nm
Rz 163.46 nm
Rz Cnt 2

Radius 280.91 nm
Sigma 17.781 nm

Surface distance 686.27 nm
Horiz distance 507.81 nm
Uert distance 18.280 nm
Angle 2.062 °
Surface distance

Horiz distance

Vert distance

Angle

XCP-4(Cr) 1-26.01.01
cd3001.000

Fig. 2. Micro-relief of the master disc surface after negative etching.
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Fig. 3. Micro-relief of the master disc surface after positive etching

The increase (approximately by 30%) in resolution of the optical channel in our station
for laser recording (previous micro-objective was changed for that with the aperture 0.85,
and the recording wavelength was chosen as 405 nm) did not enable to essentially decrease
sizes of the obtained relief micro-structures. Measurements of the track width after negative
etching have shown that it decreases proportionally in practice. The minimum obtained
value was about 0.18 um. In both cases, recording was carried out using laser radiation
pulses with duration close to 1 us. A further decrease in the print width can be reached by
exposing with pulses of duration 10 — 15 ns. In this case, every recording pulse can consist
of separate pulses with shorter duration (in dependence of the chosen recording strategy).

4. DISCUSSION

With the transfer to wide application of shortwave ultraviolet radiation (mainly to the
wavelength 405 nm) in systems of optical recording, the number of ChVS compositions
suitable for usage as registering media was increased.

Non-organic photoresists have no essential advantages over the traditional organic ones
in technology of manufacturing master discs in CD and DVD formats. However, they can
find wide application when recordinginformation in Blu-ray and the following formats with
a high density of recording. In the Blu-ray format, optical recording with visible light on
non-organic photoresists can be realized using short (10 to 15 ns) and power pulses of laser
radiation. Just this regime is typical for information recording in the Blu-ray format. This
action provides considerable local heating the resist and generation of large amount of elec-
tron-hole pairs, which promotes recording in the very center of illuminated area. It results in
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diminishing the recorded print. In our experiments, we reached the print size 250-300 nm
lower than the diameter of illuminated spot (600 nm).

Contrary to selective etching the images in manufacturing elements of optoelectronic
devices (for example, gratings or micro-prisms) when used are etchants with very soft con-
trast characteristics [20], just contrast etchants should be used in mastering the master discs.
A decrease in sizes of micro(nano)-relief structures recorded on non-organic photoresists
should be promoted by using the high-contrast selective etchants. Complex use of both these
factors: narrowing the print in the course of recording and processing with a high-contrast
etchant, can allow 3- or 4-fold diminishing the geometric sizes of elements as compared
with the diameter of exposing beam. By contrast, when recording holographic pictures, to
provide a linear response of a registering system, commonly used is radiation from the range
of weak resist Contrary to selective etching the images in manufacturing elements of optoe-
lectronic devices (for example, gratings or micro-prisms) when used are etchants with very
soft contrast characteristics [20], just contrast etchants should be used in mastering the mas-
ter discs. A decrease in sizes of micro(nano)-relief structures recorded on non-organic pho-
toresists should be promoted by using the high-contrast selective etchants. Complex use of
both these factors: narrowing the print in the course of recording and processing with a high-
contrast etchant, can allow 3- or 4-fold diminishing the geometric sizes of elements as com-
pared with the diameter of exposing beam. By contrast, when recording holographic pic-
tures, to provide a linear response of a registering system, commonly used is radiation from
the range of weak resist absorption [26]. While thermolithographic recording needs high
light absorption of non-organic photoresist.

As it has been shown by the performed investigations, non-organic photoresists based on
ChVS with positive etching regime can be used in traditional “glass” mastering to record
information on master discs with further producing the nickel stamps for copying CD. These
non-organic resists with the negative etching regime can be applied in the process of direct
mastering [12] when a relief image is created on the nickel substrate after exposing and
selective etching. To provide production of a large number of copies (>3000-5000), it is
reasonable to use non-organic photoresists with maximum possible melting temperatures.
To enhance durability of stamps based on ChVS, it seems expedient to use multi-layer non-
organic photoresists.

5. CONCLUSIONS

1. Thin ChVS films can be used both for creation of professional optical information car-
riers and in manufacturing master discs within the technological process for production CD.
As it can be seen from the performed investigations, ablation recording on thin ChVS films
provides long-term storage of recorded information.

2. Resolution of non-organic photoresists based on ChVS allows formation of elements
with geometrical sizes of several tens nanometers. Formation of these elements by using
optical radiation from the visible range is possible only due to application of non-linear non-
organic photoresists that are developed under exposure with power short radiation pulses
and following etching in high-contrast selective etchants.
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MeTtoan ¢popMyBaHHSI HAHOPO3MipHIX CTPYKTYP
Ha N2iBKaX XaabKOTeHigHVX CKAOII0OAi0OHMX HaIIiBIPOBiAHMKIB

B. B. Ilerpos, I1. M. Aluteun, M. /1. Tpynos, A. A. Kpiouns,
€. B. beask, B. M. Py6im, C. O. Kocriokesny, A. A. Konriok

Peectparis, 36epiranns i o0podka manux. 2016. T. 18, Ne 1. C. 3—-13.

[IpencraBnero aHaii3 METOJIB 3alMCy MIKpO- Ta HAaHOPEIhE(MHUX CTPYKTYyp Ha ILTIBKAax
XaITBKOTEHITHUX CKIIOMONIOHNX HamiBIpOBigHUKIB. [lokazaHo, M0 TpH €KCIOHYBaHHI IUTi-
BOK XaJIbKOTCHITHMX CKJIOMOMIOHWX HAIiBIPOBIAHUKIB ONTHYHUM BHIIPOMIHIOBAHHSM, SIKE
chokycoBaHo TUGPAKIIHHO OOMEKEHUMH ONTUYHUMHU CHCTEMaMH, BIIOUTKH, PO3MIPH SKHX
3HA4YHO MeHIIi JudpakiiiHOT MexXi, MOXKYTh OyTH OTPUMaHi NMPH BHUKOPHUCTAHHI HEJiHIH-
HOCTI EKCIO3MLIHHOT XapakTepUCTUKH (OTOUYTIAMBHUX MaTepianmiB. HaBemeHo naHi mpo
3aIic HAHOPO3MIPHHUX CTPYKTYp OJIMKHBOTIOJHOBUMH Ta €JIEKTPOHHO-TPOMEHEBHMH (OKY-
CyBaJIbHUMHU CHCTEMaMH.

BCTVYII

UncenbHI TEOPETHUHI Ta €KCTIEPUMEHTAIBHI JOCIIKEHHS XaJIbKOT€HITHIX CKJIOMOIi0-
HuX HamiBmpoBigHUKiB (XCH) mokasamy MOXIUBICTh TOCSTHCHHS HAJBHCOKOI PO3ALTBHOT
3MATHOCTI TPH IXHHOMY EKCIIOHYBaHHI ONTHYHMM BHIPOMIHIOBaHHSIM a00 €JIEKTPOHHUM
npomereM [1—4]. TlokazaHo, 0 PO3OiNBbHA 3AAaTHICTH HEOPTaHIYHOTO PE3UCTY Ha OCHOBI
XCH BU3HAUa€THCSA PO3MipaMH CTPYKTYPHHUX OIUHHI, SKi (DOPMYIOTH MATPHIIO IUTIBOK,
i craHoBIATH 1-2 HM [1-3]. ¥V 3B’3Ky 3 MM XaIbKOTCHITHI CKJIOTOAIOH] HAITiBIIPOBITHUKU
€ TepCIEeKTUBHUMH Marepianamu ais (opMyBaHHS Ha iXHI TOBEpXHI HAHOPO3MIPHHX
CTPYKTYp 1 CTBOPEHHSI PUCTPOIB HAIIIILHOTO 3aucy iHndopmarii [4].

Ilepiri eKCIEPUMEHTH 3 SKCIIOHYBAaHHS TOHKHX IUTIBOK XaJbKOTCHIIHUX CKJIOMOTIOHUX
HaITiBITPOBI/IHHMKIB, HAHECEHNX Ha IUTIBKU Cpidiia, Ta HACTYIHOTO IXHBOTO CEJIEKTUBHOTO Xi-
MIYHOT'O TPaBJIECHHS MOKa3alu, IO MPYU BUKOPUCTAHHI IMEPCIHHUX ONTHYHHUX CHUCTEM MOX-
JIMBO 3alMCyBaTH MIKpopenbe(Hi CTPYKTYpH 3 cyOMikpoHHUMH po3mipamu (0,12-0,15 Mxm).
[Tpu enexTpoHHO-TIpOMEHEBOMY eKcroHyBaHHI TiBoK XCH 3’ sBisieThcst MOKIUBICTE hop-
MYBaHHS CTPYKTYp 3 po3mipamu 5070 um [5].

PenpedHi CTpyKTYypH Ha IUTiBKaX XalbKOTEHIAHWX HANIBIPOBIAHWKIB, MIAPHHA SKAX
MEHIIIe PO3IUTBHOI 3MaTHOCTI TU(PaKIiiHO 0OMEKEHOI ONTHKHA, MOKHA CTBOPIOBATH 13 BH-
KOPHUCTaHHAM pPEXHUMY TepMoliTorpadigaoro 3amucy. JlokaapHe HarpiBaHHS IUTIBKU B 30HI
3arcy BUITPOMIHIOBAHHSM 3 HEOJHOPITHUM PO3IO/AIIIOM IHTEHCHBHOCTI JI03BOJISIE 3MEHIITY-
BaTH PO3MIp BIAOWTKIB A0 HEOOXITHOTO 3HAYCHHS 33 PaXyHOK BHOOPY pexXuMy 3amucy [6,
7]. CTBOpEHHIO MIKpO- Ta HAHOPENbEPHBIX CTPYKTYP C(HOKYCOBAHHM Ja3€PHUM BHUIIPOMI-
HIOBaHHSM Ha IUTIBKAaX XaJbKOT€HIHMX CKIOMOAIOHMX HaIiBIPOBIAHHUKIB CHpUsE HEiHIN-
HICTh €KCIIO3UILIHHOT XapaKTepPUCTUKH, 110 TTOB’s3aHa 3 JIOKaJbHUM HarpiBoM y 30HI 3aIHCy
Ta TeHepalli€ro BEJIMKOI KIJIbKOCTI eIeKTPOHHO-IIipKOBHX Hap. Edexr 30inpuieHHs GpoTouyT-
mBocTi m1iBok XCH y mporeci iMITyJIbCHOTO ONPOMIHEHHSI criocTepiraBcs OaraTbma Jo-
cmigaukamu [6, 8—11]. Hampuknan, y [11] Oyno BcraHoBiIeHO, 1110 (OTOUYTIAMBICTH ITIBOK
AsSe npn iXHPOMY EKCIIOHYBaHHI ONTHYHHUMHM IMIyJbcaMu TpuBaiicTio 7 He 'y 500 pasis
OinpIa, HK IPU €KCIIOHYBAaHHI HETIEPEPBHUM BHIIPOMIHIOBaHHSAM. BukopucTtanus (oTope-
3ucTiB Ha ocHOBI XCH mo3BoMsie 3MIMCHIOBATH 3alHC peNbePHUX 300paKeHb 3 MIMPHHOIO
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enemeHTiB 0,3—0,8 MKM BHIIPOMIHIOBaHHSIM 3 JMOBXKHHOKO XBmii 405 mM [7]. TexHomoris
(hopMyBaHHS €JIEMEHTIB 3 TaKUMH PO3MipaMHd TPEACTABISE 3HAYHUN 1HTEpEC I CHCTEM
3aMmucy ONTHYHHUX AWCKiB y (opmatax CD, DVD, BD [12] Ta ctBOpeHHI0 audpakiiitHanx
rpatok [13], omHak, He 3aOBONFHSIE BHMOTaM 3alliCy ITaHWX HAa BUCOKOEMHHUX HOCISX
HACTYIHHX MOKOJiHb. CTBOpEHHS METOMAIB ()OPMYBAHHSI HAHOPO3MIPHHX PEIbEGHUX CTPYK-
Typ Ha TOHKHX IUTIBKaX XaJIbKOTCHIIHHMX CKJIOMOMIOHMX HAIIBIPOBIAHUKIB IPEACTABIISIE
aKTyaJlbHy 3a1auy.

BUKOPUCTAHHS BJIMKHBOITOJIbOBUX 30H/IIB IJISI EKCITOHYBAHHSA
TOHKUX ITJIIBOK XAJIBKOT'EHIIHNX CKJIOIIOAIEHNX HAIIIBITPOBIJIHUKIB

Jis 3MeHIIEHHs JiaMeTpa eKCIIOHYBaJbHOTO
npoMeHst 3a MU(PaKuifHy MeXy 3 BUKOPHCTaHHSIM
OJKHBOTIONIBOBHX 30HIIB INPONOHYBasiocsi OaraTto
TEXHIYHUX pillIeHb, y TOMY YHCITi (DOKYCYBaHHS EKC-
MMOHYBAJIFHOTO BHUIIPOMIHIOBaHHS depe3 niapparmy,
CTBOpPEHY B MaTepiaii 3 HeNiHIHHOIO eKCIO3HIIiN-
HOI0 XapaKTepUCTHKOIO (TexHomoris Super-RENS).
Cxemy Merony 3ammcy Super-RENS naBeneHo Ha
puc. 1 [14].

VY [15] six matepian nmiagparmu 3anpornoHOBaHO
BUKOPHCTATH TOHKI IUIIBKU cypMHu (Sb) TOBIIMHOIO GST
20 HM, HK.i pO3MileHI MiX 3aXHCHUMH HHiBKaMH Puc. 1. OTpHMAHHS HAHODO3MIpHHX
(ZnS)085(S102)o,15 ToBIMHOIO 130 HM 1 100 HM Bil-  ginGurkis Ha ML XambKoreHizHOro
noBimHO [15]. Taka TexHOJNOTISA 3amucy TO3BOJIIIA HAMIBOPOBIIHAKA 32  TEXHOJOTIEIO
Ha toriBkax GeSbTe (GST) omepskaté BigOWUTKH 3 Super-RENS [14]
niHiEIME po3Mipamu 6im3bko 100 aM [15].

B anprepraTuBHINA KoHCTpYKIl Super-RENS 3amicts mapy Sb BHKOPHCTOBYEThCS Iap
okcuniB 6maroponuaux meraiiB (AgO,, PtO, ta PdO,). OnpomiHeHHS OKCHIHOTO IIapy BH-
KJIMKa€ PO3KIAaHHA OKCHAy 1 (opMyBaHHA IIapy HaHOYACTHHOK Metany. [loBepxHesi
MJIa3MOHHM, 30y/UKeHI CBITJIOM y ITUX HAHOYACTHHKAX, T€HEPYIOTh ONTHYHE OJIMKHBOIIOIHO-
B€ BUIPOMiHIOBaHHS. [[}0 TEXHIYHY KOHCTPYKI[iIO 3a3BHYail HAa3WBaIOTh PO3CIIOBATBHUM
tuniom Super-RENS [16]. TexHosorist 30y/yKeHHSI METaTiYHUX HAaHOYaCTHHOK 1 BUKOPHC-
TaHHS ONITHYHOTO OJIMYKHBOIIOJILOBOTO BUIIPOMIHIOBAHHS JIJIsl €KCIIOHYBAHHS (POTOUYTIMBUX
mapiB BHUSIBUJIACS JIOCHTh €(EKTUBHOIO /I (pOpMyBaHHS HaHOPO3MIpHUX CTPYKTYp [17,
18]. 3unTyBaHHs 3amMcaHUX HAaHOPO3MIPHUX BIOMTKIB MOKE 3JIMCHIOBATHCS OIMKHBOIIO-
JIbOBUMHU 30H1aMHU [4, 14].

Bukopucranns crenianbHUX ONMKHBOMIOIBOBUX 30HIB BIIKPUBAE 3HAYHO OB MOXK-
JUBOCTI U1 OTPUMAHHS HAHOPO3MIpPHHX pelnbe(HUX CTPYKTYpP Ha TUTIBKAX XaJbKOTCHITHIX
ckyononioanx HamiBnposimHuKiB [11, 19, 20]. Vke B mepmmx poOOTax 3 eKCIOHYBaHHS
wriBok XCH OmmKHROMOIHOBUMH 30HAaMH OyIl0 TMOKAa3aHO MOXKIHMBICTE (OpMyBaHHS
HAHOPO3MIpPHUX CTPYKTYp. Ha mutiBkax AsSe ontudnuM 30HI0M 3 anepTyporo 100 HM Oyiu
3anucani JiHii mupuHo 125 HM [11]. EkcrioHyBaHHS 3/1iHCHIOBANOCS HENEPEPBHUM BHU-
IPOMiHIOBAHHSIM aprOHOBOTO Ja3epa 3i IBHICTIO moTyx)HOcTi 1 BT/MM® 3 mOCTiZOBHIM
MIPOXO/PKEHHSAM 30HH EKCIIOHYyBaHHS. Yac MpPOXOPKEHHS 30HH EKCIOHYBAaHHS JIOBXKHHOIO
7 mxm craHoBuB 0,9 c. OnpoMiHEHHS MaJlMMH J03aM{ MPHU3BOAWIO A0 (HOTONMOTEMHIHHS
rwtiBky. [Tpu 30imbIeHHI excmo3utlii 1o 60 ¢ mounHamuCch adAiitHi mpornecu [11].

Ha puc. 2 HaBeneni 300paskeHHs IOBEpXHIi IUTiBKK AsSe 110 onpomineHHs (2,a) Ta micis
OTIPOMIHEHHS PI3HUMH J103aMH EKCIIOHYBaJIbHOTO BHIIPOMIHIOBaHHS (2,6 — Hac eKcHo-
myBaHHa 20 c¢; 2,6 — uwac excnoHyBaHHA 60 c). Ha mpomMy Xk pHCYHKYy HaBemeHi
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3D-300paxkenns (2,2) 1 BIINOBIAHUNA Nepepi3 MOBEPXHI IUTBKH (2,0), IO OMpOMiHIOBajacs
mpoTsirom 60 c.

Buxopucranas GoToiHAYKOBaHUX e(pEeKTiB y JiTorpadigHOMY Ipolieci Mae 3Ha4YHi 00-
MEKXEHHS TIPH CTBOPEHHI HAHOPEThEPHUX CTPYKTYp. TOMY HOCHIIKEHHIO IUX €PEeKTiB y
IUIIBKax INPHU IXHbOMY OJIDKHBOIIOJBOBOMY CKCIIOHYBaHHI NpPUALIAEThCS 3HA4YHA YBara.
OzHa 3 TOJIOBHUX HPOOJIEM MPH MPOBEIEHHI EKCIIEPUMEHTIB 13 3alKCy OJIMKHBOMOIBLOBUM
30HJIOM TOB’si3aHa 3 HEOOXIJHICTIO JOTPUMAaHHsS HAHOMETPOBOI BificTaHi Mk (hOKyCyBalib-
HUM 30HJIOM 1 TOBEPXHEIO ILUTIBKM (POTOUYYTIIMBOTO MaTepiany. SIK MpaBwWiIo, 30HA PO3-
MIIIYy€eThCS Ha 1 €30€JIEKTPHYHOMY TE€PETBOPIOBaYi, IIEPEMILICHHS SIKOTO KepYEThCsl CUCTe-
MO¥O 31 3BOPOTHIM 3B’ SI3KOM.

Puc. 2. 3ob6paxenHs mo-
BepxHi riBku AsSe: a) 110
ONpOMiHEHHS; 0) Ta B) TIic-
TSI ONPOMIHEHHS PI3ZHHMH
JI03aMH  €KCIIOHYBaJIbHOTO
BUIIpOMiHIOBaHHS; T) 3D-
300pakeHHs; J) TMepepi3
noBepxHi rutiBku [11]

Jnst BUpILIEHHS TEXHIYHOI MPOOJeMH, 10 MOB’s3aHa 3 PO3MIIEHHSM 30HIy Ha BHU3Ha-
4eHill BijcTaHi BiZl (JOTOYYTIMBOrO MaTepialy Ta TOYHUM €KCIOHYBAHHSM, OJMKHBOIIOJNb-
OBHI OCBITJIFOBAY PO3MIIIYETHCS HA 30H]I aTOMHO-CHJIOBOTO Mikpockomy (ACM), mo m03-
BOJISIE 3 TOYHICTIO JI0 KITBKOX HAHOMETPIB MiATPUMYBATH BiJCTaHb JI0 MOBEpXHi (poTouyT-
muBoro Matepiany [19, 20]. Meronuka Bukopuctanuss ACM st po3MIlICHHS KOHIYHUX
ONITHYHHUX BOJIOKOH, SIKi BHUCTYMAIOTh SIK OJMKHBOIIOJNBOBI OMN-THYHI JUKEpesa, JO3BOJISE
3MiiCHIOBaTH 3aIlMC CTPYKTYp HaHOMETpoBOro Macmrady. Ilpum BuKopucTaHHI y JiTO-
rpagiyHOMY TpoIieci BUTOTOBJICHHSI HAHOPO3MIpHHUX eneMeHTiB y ACM 3BuuaiinHa mipaMiga
3aMIHIOETBCS «CHCTEMOIOY», IO MPU3HaUYeHa Ul (POKYCyBaHHS ONTHYHOTO BUIIPOMIHIOBaH-
HS Ha CTaJlil eKCIIOHYBaHHSI.

VY [20] HaBeneHO AaHi PO HAHOPO3MIpPHI MEPIOANYHI CTPYKTYPH, 3aIFCaHi OIMKHBOIIO-
JILOBUM 30HJIOM Ha IUTBII Cynbginy Munr’sky (As,S;). [TniBka BUKOpHUCTOBYBaach K MO-
3UTUBHHH PE3HCT, CENIEKTUBHE TPABJIEHHS SKOTO 3AilicHIOBanocs 40-IPOLEHTHHM BOIHUM
po3urHOM MoOHOMeTminaminy. LIIBuAKICTh eKCIOHYBaHHs cTaHoBmiIa Onu3bko 100 Mkwm/c.
BamxHBOMONEOBUM 30HIOM 3 anepTyporo 120 uM Oyno 3amucano JdiHii mupuaoo 100 HM i
rmbuHoro 23 HM (puc. 3). 3anuc 3aikicHeno Ha airstHII 200%x200 MM [20]. [HopcrtkicTs
TUTIBKH AS,S3 TTICIIS CEJIEKTHBHOTO TPABIICHHS 3aJIMIIHIIACS TAKOIO XK, SIK 1 y BUXIJHOI IUTIBKH
1 He BIUTHHYJIA Ha mpouec (popMyBaHHs 300paskeHHs. OCKITBKH HIOPCTKICTh (POTOPE3NUCTY Y
30-50 pasiB MeHIIa, HDK PO3/iNBHA 3MATHICTH BHTOTOBJICHOI IDAaTKH, L€ IapameTp He
HakJamae oOMeXEeHb Ha PO3AUIBHY 3[aTHICTH mporecy. OCHOBHHUM HEIOJIIKOM BHKOPHCTA-
HOTO CIOCO0y € HM3bKa IBUAKICTE ckaHyBaHHA (100 MKM/C), IO MOSICHIOETHCS HU3BKOIO
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e(peKTUBHICTIO  OJMKHBOIIO- I}
JIOBUX 30HIIB Ha 0a3i KOHIY-
HUX cBiTIOBOMIB [20]. Bimk-
HBOIIONIFOBA  HaHOJITOTpadis
Ha IUIIBKax XaJIbKOTE€HimiB
Moxe OyTH Oinbin edexTHB-
HOIO TpH EKCIOHYBaHHI 1X
IHTEHCUBHUMH  KOPOTKHUMH
CBITJIOBUMH  IMITyJIbCaMH 3
ypaxyBaHHsIM edeKTy 3Hau- 52
HOTO 30LTbIIEHHS (OTOUYT-
nBocTi poTopesuctis [20].

X, MKM Y, MEM

Tonka 1 2,169 1,741

Touka 2 2,169 1,843
Ditt 0 0,102
JoBHaHa 0,102

39 4

- AAIMMA

13

T mGHHa, HM

Puc. 3. IlepiogudaHa CTpyKTypa
Ha TmBHI  As,S;, 3amucaHa
OJIMKHBOIOJLOBHM 30HIOM ITiCIIs
CEJIEKTHUBHOIrO TpaByieHHs [19]

0 0,74 1,48 222 296 3.7
BijcTaHb, MKM

OpHuM 31 IUISAXIB MOJOJaHHS TUPPaKIIHHOT MEXI MOXKe OyTH BUKOPHUCTaHHS OJIMIKHBO-
ro cBiTioBoro mojsi HanouactuHok (HY) meraniB, iHTerpoBaHux 3 TOHKOIO miiBkoro XCH,
TOOTO (POPMYBaHHS CBOEPIHUX IJIA3MOHHUX HAaHOCTPYKTYp [17, 18]. ['enepauis nokasizo-
BaHMX I1a3MOHIB y HY GnaropoqHux MeTaiB IIMPOKO BUKOPHCTOBYETHCS IS MiJBHILICHHS
B3a€EMO/Iii CBITJIa 3 MATPHIIEIO, SIKA OTOYYE Il TUIa3MOHHI HAHOCTPYKTypH. [lagatoue cBiTIIO
MOTJIMHAETHCS] HAHOYACTHHKAMH 1 IEPETBOPIOETHCS B KOJIEKTUBHI KOJIMBAHHS BUIBHUX €IICK-
TpoHiB y ancam6ii HY, 1m0 npu3BoaAnTb 10 Pi3KOT0 MOCHIICHHS JIOKAIBHOTO €IEKTPHYHOTO
nosst. Lle siBume, Ha3BaHE IMOBEpXHEBUM IUTa3MOHHUM pe3oHaHcoM (IIITP), Bunukae B HU
OIaropoTHUX METaJiB y BUAUMIN 00JACTi CHIEKTpa i MOXKe pO3TISAAAaTHCh K TeHepalis 3a-
Tyxaio4unx (QOTOHIB y o0macTi OIMKHROTO TMONA. BigmoBigHo, JoKambHI (HAHOMETPOBi) 00-
JacTi MaTpPUIll TUTIBKH, SKa TMOKPHBA€ HAHOYACTHHKH, ITOBHHHI 30yKyBaTHCS depe3 TeHe-
patito HOCIiB y pa3i, sikio gosxkuHa xBuii [TI1P 3HaXoquThCst B CHEKTPaJIbHOMY Aiana3oHi
Kparo MOTJHHAHHS XaJdbKOT'CHITHOI IUTIBKH. BioMO TakoX, 110 TeHEPYBaHHS CICKTPOHHO-
JUPKOBHX Tap MpH 30yIKEeHHI 3a00pOHEHOT 30HU € 3arajbHOI0 CKJIAIOBOI0 MEXaHi3My IMpo-
LIeCiB Mac-TPaHCHOPTY B XaJbKOTeHIMHUX ITiBKax [21, 22]. JlokaibHe eIeKTpUYHE IiACH-
JICHHSI TI0JIs1 IPU3BOJIUTS JI0 3HAYHOTO MMiABUIIEHHS e()eKTUBHOCTI Mac-TPaHCIOPTY PEYOBHU-
HU TUTIBKY Ha HaHOpiBHI [17, 18]. 3a paxyHok iHTepdepeHLii CBITIIOBOrO MOJIs TaKUX IUIa3-
MOHIB 1 3MiHH JOBXHWHH XBHJIi a00 MOJSpHU3AIlii Magarodoro CBIiTIa MOXYTh OyTH chopMoO-
BaHi 3HAYHO CKJIAIHINI penbedy MOBEPXHi, HK 32 JOIMOMOTOI0 3BMYalHOI iHTEepdepe